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1 S04P1052W) DESCRI PTI ON AUTOFOCUS CONTROL METHOD,
AUTOFOCUS CONTROL APPARATUS AND | MAGE PROCESSI NG
APPARATUS Techni cal Field The present invention

relates to, for exanple, an, autofocus contro@dygagggwo
an aut of ocus control apparatus and an inage

processi ng apparatus all of which are 10 suitably used
i n equi prent for inage capture, observation and

i nspection of a subject sanple through a video canera
and are capabl e of reabrEzCRgPSLakl e aut of ocus

operation by elimnating the influences of optical

systens in particular. 15 Background Art |nmage

AUTOFOUS ERRHR| MEaSIoBer BPbPHEuH CINTHRA! fA%EKﬁﬂT%t AN}
focus eval uated val ues obtained by eval uating and |

GUARE | FROCREIINE SHPPARATEE focusing from 20 i mage data
of a subject sanple (work). Nanely, imge data of a
sanpl e are collected at varied distances between a

Teasnhoall arisdllej ect, and focus eval uated values are _ |
calcul ated as to the respective inmage data to search
f or aTstﬁtE&}ﬂS@nFoéagéatb%%iw%ﬂwteszs% goroexanpha, 1

é@t@fé@ﬂ§hﬁﬁu§§ﬁ”ﬁ@@h ansaﬁo &#Bé%c %%%i %Fﬁgratus

hori zontal axis) and focus eval uat ues
sed t 4w al mape Procehisdngehppavatis plils ofolwhalchedrby

| oadi i mages whil e varyi t he | ens-to-work

BTG et 100 RIPARFST Tt BY% a1 ™ad%6, ¢ PEESY aPPRGTERELOD
&4 pldgd g drhe£f acusbeyat Uadmsh &/ alHiRmgdf at Bedeo camera
respective images. The maxi mum f ocus eval uat ed val ue

Rt heap e20804Pabboiy $isakl§ Gured@cpssPPRBAtion
Byeéllﬁyhéﬂyﬂg”Eﬂbf9ﬁ§§8gn8@§'5f(%btlcal systems in

particular.
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Background Art

Image autofocus control has heretofore been
performed with focus evaluated values obtained by
evaluating and quantifying the extenf of focusing from
image data of a subject sample (work). Namely, image
data of a sample are collected at varied distances
between a lens and a subject, and focus evaluated values
are calculated as to the respective image data to search
for a suitable focused posgition. .

Fig. 21 shows the relationship between lens-to-work
distances (the horizontal axisg) and focus evaluated |
values (the vertical axis). This relationship is
obtained by loading images while varying the lens-to-work

distance at a constant interval, and calculating and

plotting the focus evaluated values of the respectivé

images. The maximum focus evaluated value in the graph
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(focal position). The plots of the focus eval uated

- val ues against the lens-to-work distance will be

herei nafter referred to as "focus curve(s)". 51n a
conventional technique, it has been designed to varz
the lens-to-work di stance wfthin a predeterni fE4P1052WO0

.search range and determ ne a nmaxi nrum val ue of focus

eval uated val ues in the graph as an opti num f ocused
position, or to calculate an optinum focused position

19 irosedeuporMalivat ed yal ugs Hafenm 3odudbhepodition

‘maxi num val ue. The focus eval uated val ues enploy a

rERFFuRatien) of Bre ghtates Rf &hdefiorusi evabiated

' - di rsion_of . brightness, di.spersion of
gé%?%%?%%%rﬁi %g%gaﬁﬁgsgéa%%rkt & TKE. Wﬁig b3
hetéimdfitdy ng fertrbadtoratshefdike dg-deiew .as 15 an
algorithmfor finding an qptinmmfocused position from

g !
a maxiffuf GPRVEELICRYAI tREEH I -uds, PaRdPERR aRf ko
8o PBRHNAGONh AV idLgrR 88 LILLRATR:HOD boLa e AHTRE]
of steps has been put to practical use for the
perpds asngke andr dduerinbne i m rspdmein tviadee ( d8panese
: nt |.ication 20 Laid-Open Nos. Hei 6-217180 and
S OMEE15RY 8o e o R A oRELOHTT BACHES
2OF D), ofS £l BhabULAZAt Ao inkdl gebuves ksoPl OLaeds,
there is a greater ‘demand toward a far nore

Frgh ARsiveneVRhuRRed Yakeruthehipzer andspEeer on eapAprEnt
\F&I.LY@.' Chns uE&JQ%ﬁé{_tte%C hah gy Selﬁ%f ?papléﬁ %a‘m value
i mprovenent in resolution can be realize E%y adopti ng
ef dhdothtneeel eagidr svagliee afavelighghbhsis| | dhématdion of

ca e.increased by

%ri%% %%%Sgﬁg%%%f%%néf X ' L%%?V%ﬁ% grfﬁ‘é‘:‘?‘?ﬁfr ettt e

. tife alikemat A caiberdahidmOmetR8al bkeri30 via he avewdeds

by a single-mavelgn th construction. However, there
315 aligerdiepl Eart hading ai mptdmugofprosed\rept it £rom

IBlLl kRl SHCRoASs At NS i RE 1S LRaaM, OPid&on, a

‘method of dividing a search operation into a number of

steps has been put to practical use for the purposes of a
reduction in search time (Japanese Patent Application
Laid-Open Nos. Hei 6-217180 and 2002-333571 and Japanese
Patent Publication No. 2971892) .

As miniaturization of target works proceeds, there
is a greater demand toward a far more improvement in the
resolution of inspection equipment to which such focus
techniques are applied. An improvement in resolution can
be realized by adopting a short-wavelength/single-
wavelength illumination light source. Optical resolution
can be increased by a short-wavelength construction,
while the influence of chromatic aberration or the like
can be avoided by a single-wavelength construction.

However, there is the problem that the kind of
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path is limted by the short-wavel ength construction
of the illumnation light source, and an influence
such as a speckle occurs due to the single-wavel ength
construction. 5 The speckle_neans a state in which the
bri ghtness of a screen is distributed in theSP6FHPBEWO
spots, and assumes a unique pattern of grayscale

di stribution depending on the wavelength of a |ight
source or the construction of an optical system 10
bpdeeat heseedinfil usReeas hNeLssi & HbLARRAMEN 8nt Bitical
focus curve is forned so that a section iInfluenced by
rAthopt | ki ey thymtihgk eboat +eargerengiihueonisanuthéof oclis

| u d. val. t, th ti f d i
N8 LRt 5 T oinc sBRERE, Thne® cHE SHnBFPER: Skshoes 2

. epedkI®bscurkd dRid ¥© @8he BohgléliwiirilendeherBhRedudyicn.

surface state, such as reflectjvity, of an object.
BB oFRE AL NomE acReERt il dis HrdabinepadPheE a

gexl;@é@dwggster%uft@aﬁanatﬂéxfwﬁ 5.%3@.%.? exa YatGtes 2

val ues under the above- nentione i Tions cannot
stafphy dattezan ofpyiravaraDe f @cuseidyident dependheg on the

resent inventiqn s been nmade .in view of tHhe
B0 S 1620 Lap0h: SR Cartt DGR rRFEERS BF et
PV B 1 dteni.0 provi de an aut of ocus control nethod,
an autofocus control apparatus and an inage
procesBideg Zbegpparbtluences. dfhene dis ar easapeltee dgthe
F6GNd WG R0leBrmBY' 06 0Lk, OPRIALOR R efLLL DAL, NGy
I nfl'uences due to "optical systens. sclosure of 1 he
dpvierel erysi@mTaakekva laegaboxgurenhaanedepfobhens, an
aut.of ocu control_ nethod according to the present

TR SSh VA L1864 BE0EBNPR T HRIM FEEUSSY RRGETLeHui 3F gown
sh ePi Pl 22CAUTHE NSRBI Ithe nbiBEScAAtARfe S WjREhs

at a plurality of focused

curve are not uniquely determined by a surface state,
such as reflectivity, of aﬁ object. Accordingly, the
conventiocnal technique of finding a focused position from
a maximum of focus evaluated values under the above-
mentioned conditions cannot stably find an optimum
focused position.

The present invention has been made in view of the
above-mentioned problems, and an object of the present
invention is to provide an autofocus control method, an
autofocus contrel apparatus and an image processing
apparatus all of which are capable of realizing stable

autofocus operation by eliminating influences due to

optical systems.

Disclosure of the Invention

To solve the above-mentioned problems, an autofocus

control method according to the present invention
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positions differing fromone another in

| ens-to-subject distance, an eval uated val ue
calculating step of .5 calculating a focus eval uated
val ue for the plurality of focused positions on the
basis of the respective acqlired image data, SP¥FOERWO
position calculating step of calculating a focused
position where one of the focus eval uated val ues
reaches a maxi num as a focal position 10 and a

BVl 0ge5t &1 gﬁa%(eelaaetqu\i%lmgmeﬁgoﬂ 4 g;hh_%spectlve
cal cul ated foc position wth respec to t'he subj ect

TReggutataces & ottrisictmethadpperdbris shovichissg on the

?gggggg%% @ﬁ%@ asﬁgﬂﬁg% %ggg%%%tes the focu ev%%yat

Nasehyce gray seal laiaticst Fabuki Oﬂl@lﬁlﬁl‘fir@tgtﬁﬁ‘.s de
ca&seg by a speckle due to a single wavel engt For
Fﬁ'gu'?E%%&wﬁ ﬁQ?QQ1@VBﬂ€§Eﬁ@ Y?ﬂhght#QﬁlthQnﬁiyralltY of

$BBALLA NGod 5t 1 Bded, Ltﬂe%gs_{st&ff&?él ﬁkﬁq@@%‘&%@rad

distribution pattern. By this inmage s Ing, It
poage bileta.o REqEds posheibratat auldtiand antget ofanpl e

and _ opti |1 al cul.ate focus eval uat ed
P B ing & Aelie AP otk ET oyl ot s 1 B
Bﬁ&lﬁiiﬁb@fva’sh&ﬁﬁﬁ:@a%he@él Mgk iden,| MRy FHRRNKegition,
process conditions such as the nunber of pixels to be

PROcR eI Shelt Ofr sedasiveby reaiga)y aa lienist &ei ke
e9ekti Sl &PtsodNe ragme%no&l th MBS e tPh %C%%%' @gbﬁegghe

presence or abse ce of weighting can e approp ely
§b¢ @mﬂmﬁahua;dnmttbé henuo®fpewﬂonmﬁ smapim&ngtenmhheh

ess |s p t he rface 0 ert|

SRS PLEE R0 hBaD g Rl flia e T PP sy BLARERE LS
d@lmé@ dxh&:l’iéa|lﬁl$|1§t benteé idodiRGlS magéaljaked val ues,
it is suitable to detect a difference 5 S04P1052WD in

| uni ndREE1dat STBEEGREN MedtgrHdmtieg pifxbrighinaeguls ed
EERGE Y B AL biie PESSL Bl dIS SRIUngtR] AR

reason, in the present invention, image smoothing is
added in order to reduce the grayscale distribution
pattern. By this image smoothing, it is possible to
grasp the feature of a target sample (subject) and
optimally calculate focus evaluated values while reducing
the grayscale distribution pattern of a speckle.

During the image smoothing, process conditions such
as the number of pixéls to be processed (a unit process
range), a filtering coefficient, the number of times of
processing and the presence or absence of weighting can
be appropriately set according to the kind of optical
system to which the process is to be applied, the surface
properties of a subject sample, and the like.

In addition, during the calculation of the focus

evaluated values, it is suitable to detect a difference
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edge enhancenent which extracts a variation in
| um nance data between pixels of the feature and
contour sections. 5 During the cal culation of a focus

~evaluated value, if there iis nonuniformty in

| uni nance between focused positions in the saff¢P1052WO0
target area, the absolute value of a difference in
| um nance data between nei ghboring pixels varies, so
that the focus eval uated val ue cannot be 10 optimally
¢al Cuhphatke ROt d Hetwas A ghBoAVRd il B %*&lq%%ed
it is suitable to divide the cal culated evaluated
Mﬁﬂ% #yta heardy ditage posicakheetofempkoentiare e:@mpéen
t he focu luated val ue with the
2802 oL AERAAR, MR BHE -5 BT ! lyhifance
aasem b tewden adidkeiile dfunbki 88afire Syid hﬁﬁit&jd'ig sdktions.
omi focal, i mage or _a three-dinmensional imge of a
subj ed?uqlrné?mtg‘ﬁe cpdeusabiar uak &l fndufesveluatedpeetive
8phrd MROGRHAAYAT ! 18 Pifalidd Ml JQeSehuseg
posi tions, during the above-nentioned aut of ocus 3
Bgmtmns)per dtheomamEhisrgebcessa di vhalebwdatteofraithe of
U|red at .t he respect.ive focused i.tions
 REER G R S paBeEC3RES hefdvadl distorig ipg Dxels
'@@f:féli IT% Ahat! kBeb&sLEs Obval h DS WAl kedovabyde and
focused position information obtained for each of the

%ﬁ’%%&yaﬁ@%ulﬁﬁeés tFps e repgensutpaseeidfthis
SHBRGE, haviy %g s@u.‘i:gfnfg tg t%P&Fﬁz dONe Hahlihutggcan be

| nspect ‘ed an bserved uperi or resol utron with
¢veluatfdduemdes bf opei aadarawslnerrﬁmseidelﬂorfatﬁd eAbire

aut of ocus, contr.ol ar at u accordi_n t he ‘
Sp?%%eélntaqdn\?gﬁﬁd8ﬁdﬁﬁg | et %\Fﬁaduaaéaﬁcm%. e
sSEeden Whistlhgeahgnliabhgser espective focus eval uated

val ues 6 s04P1052W) for the plurality of focused

posi t TEngdghtife. bhsiks d?OSErJé@GeGlol wedathai Fenct myef
%ﬂle%g%'nr e%{n%mﬁl%&éf" irﬁa)/ge or a three-dimensional

image of a subject from the focus evaluated values of

respective saméle images acquired at a plurality of
focused positions, during the above-mentioned autofocus
control operation. This process divides each of the
images acquired at the respective focused positions into
a plurality of areas in the screen, and is performed on
the basis of a focus evaluated value and focused position
information obtained for each of the divided areas. In
this case, the surfaces of a subject having a three-
dimensional structure can be inspected aﬁd cbserved with

superior resolution with the influences of optical

systems eliminated.

An autofocus control apparatus according to the
present invention includes evaluated value calculating

means which calculates respective focug evaluated values
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focused positions differing fromone another in

| ens-to- subject distance, focal position calculating
means which 5 cal cul ates a focal position on the basis
of a maxi mum of the cal cul ated focus eval uated_ val ues,
and i mage snoot hi ng means \fhi ch smoot hes t he SR&RHTEEHO

image data. The autofocus control apparatus

cal cul ates the focus evaluated values of the
respective image data on the 10 basis of the image
datra traoplhied] by the idmeRSFRatRibds A8 bH s of
aut of ocus control apparatus according to the present
FRFEREL oHE nByIBE Db ridtadsc tedaagcauirad| =t iammgairality of
[ t .hej conpined with.i e 1

TS A K S R R L P
elibjecsubij etined, af qalr glostiy ioh tatusest Pasind=0rS whAdh
drivi means whi ch gdjusts the | ens-to-subject.
&P@FHE@E?‘—S of APl AP WercoRsthachadiiah sapxigup of
$heush¥EG1 4 AL PERHRN evah LAREENG, | HBgE ﬁ?ﬁatﬂﬂa means
and the driving means. 20 According to the present
empotieatmeans odiah isgoopbesi bhe toqstel yinpgef date .

L gh rat ut of ocus ontrol by elimnatin
PRl BEG SR, ReRrab iR il eates ThBocotte o
eeal uaeed argll eDhsehat keBpdstiMge dimage data on the
short-%avelength/sin%le-mavelength'optipal system so
basifaet i the sipsissidsite eBopbaed Zoy nikmh-imags smpekhing
pfbsgsvation of sem conductor wafers and the |ike

m crofabricated on a |arger scale. Brief Description
of Dr ddiengs1t3Foeng. contsoh muhemmEtus emestiingt tontve ew

f _an i mge rocessi appar at us according to a
Prodthl TRl Or 52T BL BRRSE AV d i i el Smdge
pvesds iy dpphraZusSbg bkosk dbmgiadn farreXxpkgkni ng

the construction of a controller 7;
acquiring means which acquires respective image data of a

-subject at a plurality of focused positions and driving

means which adjusts the lens-to-subject distance, or can

‘also be constructed as a separate structure independent

from the image acquiring means and the driving means.
According to the present embodiment, since it is
possible to stably perfdrm highly accurate autofocué
control by eliminating influences due to optical systems,
it is possible to realize sample observation using a
short-wavelength/single-wavelength optical system, so
that it is possible to realize high-resolution
observation of semiconductor wafers and the like

microfabricated on a larger scale.

Brief Description of Drawings
Fig. 1 is a schematic construction view of an image

processing apparatus 1 according to a first embodiment .of
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Fig. 3 is a flowhart for explaining the operation 5
of the imge processing apparatus 1; Fig. 4 is a
fl omchart for explaining another operation exanple of
the i mage processing apparatus 1; Fig. 5 shows

exanpl es of focus curves for explaining one op@PELLEARWO
of the present invention,, FCl 10 showi ng an exanpl e
obt ai ned when i mage snoot hing and | um nance

standardi zati on usi ng focus eval uated val ues were
pRef proaesht HedestQWnng an exanpl e obt ai ned when only

i mage snoot hi ng was performed, FC3 showi ng a
converffidnd iserakppbek dbagrap By expleiewngorhe
gxRbALOL (A dIPLhal,0f 51 gg).cyl ating a focal position

y curve approximation in the nei ghborhood of a
maxi mEgf 3f deus evakdRied Fod uegilaRndng/thé 8p&t-&£Won

' sEol\_/Smr'lng, the rel ati onshi p between voltage directed to a
fen

UrtTAdy BEECEEsA™E aRBREREYAIL: 20 novenent vol tage
of a Imns; aFiig. a8£iSwenyteW 0% %liﬁ"ﬂﬁngn #gt hod of
performng parallel processing o I-oaéh g of a sanple
PRt ko ssanpdleabifonhef ivafo queoamasingt egprabties Fig.
9is aFivi ew § 8vw\néngxaa sicondfh odi nent of _.the 25
present g nventron and expl alnittys mEKRSd B9 di vi di ng
@xpBrireialy ioflkO opephtiohi &F tHe giRAenNAndehecbhNorc
focal positions in the respective divided areas; Fig.
PPTING g5 SredBle| ghenbired grhep timads serpbBingnEndf

IGHEJ&&R%?%EaEH¥§HHE99i0§0h£iﬁ§(fghﬁkze?ﬁgﬁggéa values

construction diagram appli ed enbodi nment
wird fegficegent, FAZeshowing SarbtARIRE2VWbt kiged 1@heérs @nly

'{rl%é)v\é:harotot or _expl ai nig\&gan _o&n'Bf os?’%I ._i mage ac%gi ing
gl g thine; 885 PRI IR g % STOULTH SntoRT FETOsT
example;

Fig. 6 is a view for explaining a method of
calculating a focal position by curve approximation in
the neighborhood of a maximum of focus evaluated values;

Fig. 7 is a view showing the relationship between
voltage directed to a lens driving section 4 and actual
movemeant Voltage of a lens;

Fig. 8 is a view for explaining a method of
performing parallel processing of loading of a sample
image and calculation of a focus evaluated value;

Fig. 9 is a view showing a second embodiment of the
present invention and explaining a method of dividing a
screen into a plurality of areas and detecting focal
positions in the respective divided areas;

Fig. 10 is a process flowchart of a third
embodiment of the present invention;

Fig. 11 is a memory construction diagram applied to

the third embodiment of the present invention;
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the present invention and explaining a nethod of 5
acquiring a three-di nensional inmage by conbining the
focal positions of sanple images in the focus-axis
direction; Fig. 14 is a flowhart for explaining a
met hod of synthesi zi ng thesthree-dinensionalSP%E@@?ZWO
10 Fig. i5 is a functional block diagram show ng a
first construction exanple of an autofocus contro
apparatus according to a fifth enbodi nent of the
presentigi NveAll ane16kBhatf FSr s dgnatiieRabnbbafkrocal
di agram showi ng a 15 second construction exanpl e of
thedanreTfbaus\ ceePel  apparatus according to the
fifth enpodi t _of .the resent invention; Fig. 17_is
a 1‘unclf‘l|r$na3ml§>L ogkvafegg?’%‘rgﬁus%vﬁ r#gouge&t ﬁr“gadmgnt of
thaspremdriton neeatpbe ahdt Bep Pat0fQF US ne@BbEObs 20
apparatus according to the fifth enbodi ment of the
BPELLRTY fy hErsnatregsional sinade ol CORRRDBRGCRLS

| QW0 h. ryction . of the
e IR SR A N IR AR
@bbreliimnt of the 25 present invention; Fig. 19 is a

Vi i fif tructi ple of th
it of GOUE GantPol BAPATRTLS Mo OPBIASTIDS. BrEethed (Pf

et SiRihgot hbhenpees@ithen SN QRiagll; 9s. 20A and 20B
are bl ock diagranms respectively 30 show ng
nodi f iFd&ti eRs18fat henetnaludtlioshk dfagrami shegingyst em
Of rdthe.driIRYE PE BF S f FogusO -
Firg. 21nshom§ one é%(%%%p&(}?%%§g§gogﬁ?végé€%€\ﬂ1)g
g nadiuat Ronshdpnyetoveent 1 Bits dnrodikndi 6 alk€Spresent
(focysed positions) and focus eval uated val ues; and
INWeIrltlornn;

Fig. 16 is a functional block diagram showing a

second construction example of the autofocus control

apparatus according te the fifth embodiment of the

present invention;

Fig. 17 is a functional block diagram showing a
third construction example of the autofocus control
apparatus according to the fifth embodiment of the
present invention; |

Fig. 18 is a functional block diagram showing a

fourth construction example of the autofocus control

apparatus according to the fifth embodiment of the

present invention;

Fig. 19 is a view showing a fifth construction
example of the autofocus contrdl apparatus according to
the fifth embodiment of the present invention;

Figs. 20A and 20B are block diagrams respectiﬁely

showing modifications of the construction of a driving

system of the image processing apparatus 1;
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Fig.. 22 is a viewfor explaining a problemof a 5
conventional technique. Best Mde for Carrying out the
I nvention Enbodi nents of the present invention wll
be described below with reference to the acconpanyin
10 drawi ngs. (First Enbodinmént) Fig. 1 is a s@ﬁéﬁé??gwo
construction view of an i nage processing apparatus to
whi ch an aut of ocus control nethod and an aut of ocus
control apparatus according to an 15 enbodi nent of the
preserdid nvanihesableaBRhhEe 41 a2 IFRYS BLLGESShOPing
apparatus 1 is enployed for surface observation of a -
§ﬁ%j%ﬁﬁaﬁiﬂﬂ@hép(h@ﬁﬁ??nahdn$stoswnﬂﬁfdﬂaman¢es (focused
e M_Crosco 0 enployed for defect
FOERLLIRn S £2alr BRI RRERd (e BoRs a 20
sem carndicer ivabexriewhi6h égp00nsinguet ?QOBYem of a
m cromachi ni ng being applied to its surface. The inmage
PO TG lappaREigE®1 is equi pped with a neasurenent
stage 2, an objective lens 3, a lens driving section
4, a lens barrel 5, a CCD (Charge Coupl ed Device) 25
BesteMrde, f@rcoatrylihgrodt Gharimmemt8ona nonitor 9 and

an il Jum.nation |lLght source 1Q. The neasu nt
stagéE%%P§188hE?rﬁt?§%338%§ﬁBHbHPN§nt§aBj%%ifggﬁp|e
dd fr ideanped owaws €A1 ONEHEh @ MAftele) 2ALAREanPPNg 1N

the X-Y directions (in Fig. 1, in the right and 34
P& ingis-ecti ons and in directions perpendicular to the

: shee;(gggggcgmggai$@h?%amﬁng). 10 S04P1052WO The | ens

driving section pert'orns variable adjustnent of a
| ens- Fogwok kidi st srivendyl ¢ elcatstrekyionoviey édhean image

obj ecti,ve lens 3. with respect to the subject sanple W
Prw%ﬁ%§1§€a§BP§ﬁ%E¥gs¥%g§h§ghr?%|%&t §EtiS. GRpsrol Method

and an autofocus control apparatus according to an

.embodiment of the present invention are applied. An

image processing apparatus 1 is employed for surface
observation of a subject sample (work), and is
specifically constructed és a microscope to be employed
for defect inspection of a device structure, such as a
semiconductor wafer, which is constructed by
micromachining being applied to its surface.

The image processing apparatus 1 is equipped with a
measurement stage 2, an objective lens 3, a lens driving
section 4, a lens barrel 5, a CCD (Charge Coupled Device)
camera 6, a controller 7, a driver 8, a monitor 9 and an
illumination light source 10.

The measurement Stage 2 is constructed to support a
subject sample (for example, a semiconductor wafer) W and

move in the X-Y directions (in Fig. 1, in the right and

~left directions and in directions perpendicular to the

sheet surface of the drawing).
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. subj ect sanple

5 direction (in the vertical direction in Fig. 1)
wWthin a predeterm ned focused position searching
range. The lens driving section 4 corresponds to
"driving neans” in the present invention. In the
present enbodi ment, the |endd driving section SPgPa0p3WO
constructed with a piezoelectric device, but it is
al so possible to adopt other devices, for exanple, a
preci se feed nechani sm such as a pul se notor. The
obj ectypke 18RS 3341 d 1,0t
Fobus e 4o Faby ol For ool L deanrief it e
adnsstmeniorE @i deasecep-ESrk didtaldehyatveleakyvehe
neasur nt .stage 2 / al so, he adapted to be npyed
TR 6 SEISRLE A FEE | Soirs harAeBtiahr S0 subject
$atifld WNSratha Wed80remaRt astU<Ch iGARLY €8 can-Lhange
of a particular area of a surface of the subject
SR oY At fEen¥astieabndiseadden ivhFégghl20wiblein a
ORLRAIE oo B AubBL Ao DDV YUY 10° rLOGHS S e s
osition searcﬁlng range, and oﬁipu S acqu?red i'mage
diataing @eichd omont roktespdnddhe: CARicdmBr debns” in the
constitytes "image acquiring nmeans” in the present
RIRASTY dRVEBGéPRer with the objective lens 3, the
| ens dni ¥hB0p8E6LLO b Ahd e 28el @@ﬁsbaff%ln?s'sel&ion
addition to a CCD, it is also possible to apply a
%ol osisgreckadgel ph ok uplekndleetsichdeyigeCMIS: it is
' [ o cast e.co ler, 7. 1s constructed with a
Aoz ip 18 BOBREPE) St TS o EF At R LY the

prageepreedsaiogan36n appek alds buard msregqui pprd with
n,_aut,of ocus (Angcontrol section 11 which detects an

Tk oEHEed 11 APIWEIMDPBSVEAOAD ( FBRafOCUs-axis
Pe%i; o) rop adg\llaggr%&% abr AR 18h st oSHELRCE Saddle

e autofocus (AF) control section
bt edtesspohvsly othn Merrwlowud soageol dayizkdoile the
éﬁéﬁ%%ﬁttbnﬁsn&692a in the focus-axis direction.

The CCD camera 6 functions as a video camera which
captures an image of a particular area of a surface of
the subject sample W on the measurement stage 2 through
the objective lens 3 which moves within the focused
position searching range, and outputs acquired image data
to the controller 7. The CCD camera 6 constitutes “image
acquiring means” in the present invention together with
the objective lens 3, the lens driving section 4 and the
lens barrel 5. In addition to a CCD, it ig also possible
to apply a solid-state image pickup device such as a CMOS
imager.

The controller 7 is constructed with a computer,
and controls the entire operation of the image processing

apparatus 1 and is equipped with an autofocus (AF)

control section 11 which detects an optimum focused
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5 The driver 8 receives control signals fromthe
aut of ocus (AF) control section 11 and generates
driving signals for driving the I ens driving section
4. In the present enbodi nent, the driver 8 is
constructed with a piezoel¥ctric driver equi F94&1RBRKO
a hysteresis 10 conpensation function. The driver 8
may al so be incorporated in the autofocus control
section 11. The autofocus control section 11 drives
boeLLEns (Udat PASIRELLONOA L LUINLINE: didebel By and
acquires imge data of the subject sanple t hr ough
shef QCD wfartdrea siBjécat samplerdl | thheohutofused (AF)

n the dj stance between

ositions qhtained by var
PRE ] SRS dris CSERRAPPRES stidj Tbt SLRTAESVFPEERL
dentcd 0-MPrdhedipstaBae) iatedc St ant = interval and _
perfornms various processes, which will be described

| at er ,Theo dgdvest 8 aneept rar mdvaisled igosilsi SnointRe an

' | i.e,
ol (e, oSl R PP Ry £ ufE e Sebnfichy oy
piovdssifioy kiyivihg chatlehd edrFArimndealtiondiaspl By TN

i mage and the |ike of the subject sanple W captured
%’iﬁ%@ CEBCARERE 6Fh%5d¥h"*%eé presORsteREsatntihth &
PRHdNRS i lcageh v Squihsedsdas ey h!y"s%@feéggrce of
wavel ength 196 nm for ‘exanple, is éenployed as the
FounaRissdtiioon fupghiosourhe H@iveThé wayeibngtie range of

i il i_natio i gh ource i ot limted.to the
%ﬂgkéé%%%%?o%gdgﬁ%tg%%?% éﬁgfﬁhéﬁﬁﬁa 8c§6°3393'natter
of coGheeautbfosual chipasisiddcd ilba enpheyvesi @Y lens

é%%ﬁﬁ%@f%%¥k§g % ot her. differeq;lyltrgviolet %2 _

vél BrEeHeR dife SHdven §nt 288ure@di RN ng
Miagdblsa thi 8ot £nEABGS e cACERLAING tt%x%ﬁgﬁ and é&g égrﬁeefa
Fig. 2 is a.block diagram of the constfruction o t he
4 mige plocedstrgedpbaread rhsiAn casabbgainegebsignating
the distance between the objective lens 3 and the subject
sample W (the lens-to-work distance) at a constant
interval and performs various procesées, which will be
described later, to detect an optimum focused position in
an image capture area of the subject sample W, i.e., a
focal position.

The monitor- 9 displays the content of processing by
the controller 7, and also displays an image and the like
of the subject sample W captured by the CCD camera 6.

In the present embodiment, a continuous laser or a
pulsed laser light source of wavelength 196 nm, for
example, is employed as the illumination light source 10.
The wavelength range of the illumination light source is
not limited to the above-mentioned ultraviolet range, and
as a matter of course, it is also possible to employ

light sources having other different ultraviolet
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5 outputted fromthe CCD canera 6 is converted to a
digital image signal by an A/D converter 13. The

out put signal of the A/D converter 13 is supplied to
and. stored in a nenory 14. The autof ocus contro
section 11 of the controll é? 7 reads the convéPfBY
digital image signal 10 fromthe nenory 14, and
perfornms autof ocus control which wll be described

| ater. Then, the driver 8 generates a driving signa
hoFe 1 dheRangeEVHRY1 $85E | SMurcdN HRGnghd3LSLPE Right
control signal supplied fromthe controller 7 via a

geoneecoading, tesughe and dflscdsikeont rol section 11
Is equipped with noot hi ng Ci it 11 an_aver age
| naAS Bar B AL o ke S BheoR s B BT e
ed Clnladjel PRoeekeihy dgfarand a f ogal aPQBbG | hge signal
cal culation circuit 11D, The snmoothing circuit 11A |s
PRAYEFES TRRMc R 0CHer IR shoidt ionyestedntaut ofbgiizal
ety iah8q 3N /N Ik 6 S8 g5 a td |
:ﬁhéﬂig?ggn) o? %EC%y%fc?ﬁﬁge s?&nalgﬁ%§%%%$g{?%ﬁ%%§
@f thee AdDbreovesaapl B3 Wasvhiugpldeel toespdcttuedd in a

acquir at..a plurality of focused ppsitjons and
TEO s Stg’ndsT]i‘eo a“#ﬁ%@@%ﬁﬁ%?ﬁg _ﬁ%ﬁﬁjson i tHe Hesent
atntiridieeli onredhs ol Q«f&w&mm@ht&@cm@ﬁe 14; dreduces
the dotted distribution (speckle) of brightness of

052W0

fg&Eh theamplery nbe, MY RGEPUHF BREOSABBE hFaRL e othich

:LA. othing L8.S Ly [ l.a.l).
P e B et e Sy T Il 2T
daddiinigosigaapr beesshae dradid idaiviaky seageon S4roa hihg

t he number of pjxels to be pr.ocessed (jn the bhove
Hedi Pt 2acqibySl A0, s iger Fronerre ¢S 7
via a D/A converter 17. '

The autofocus control section 11 is equipped with a

smoothing circuit 11A, an average luminance calculation

circuit 11B, an evaluated value calculation circuit 11C

and a focal position calculation circuit 11D.

The smoothing c¢ircuit 11A is a circuit which

-performs smoothing of an autofocus target area (an entire

screen or a partial area in the screen) of each of image
signals (sample images) of the subject sample W which are
respectively acquired at a plurality of focused positions,
and corresponds to “image smoothing means” in the present
invention. The autofocus control section 11 reduces the
dotted distribution (speckle) of brightness of each

sample image, acquired by the smoothing circuit 11A. A2an

‘example of smoothing is shown in [Formula 1].

[Formula 1]
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5 nunber of tinmes of processing, the presence or
absence of weighting, how to select a weighting
coefficient, and the |I|ike) can be arbitrarily set
within a range which does not allow |loss of the
original details of the fedfure or contour sE&#PHASHFO
the surface of the subject Wcaptured 10 by the CCD
camera G These process conditions may be set via an
i nput device 16 such as a keyboard, a nouse or a

t ouch aqfl The average | um nance cal culation circuit
118 i g "a c} cuit which cal cul ates the screen average
| um naicet o2 |/145 t he autof ocus target area of each
sanpl ¢ yi mage| and corresponds to "average | um nance
cal cul*ating ‘means” in .the present invention. The

- SCr eennayanageoh U NGAGE: s ORIRINE oAl r8ACInEgEUsed

position by the average |um nance calculatidn circuit
g tihsings d¢honugheér ub bitpore12) tof be bocgssegdl (anethe
val ue Pv at each focused_pasition in__an, eval uated
A e CEMRGPat P ol © r chi tTFETRE EREFFEFLIBRE . db&r i bed
haier. oEheiskal vat phoyadsiens,alttidl gheeBnekl 64i dbtdked Sof
a,circuit which calculates the focus eval uated val ue
RAPIings BIWhtQafplect mageeidndngorrespbraiento and the
B I ed.Vv J ' . s e e
Rk le) BLUPCRAL O, A TRAR 2 pinbRouRl o Miles,
nedl @d loal ¢akat pbHntheioxciginalll Gehasla obnshe uféatomre or

i ncl udin n_ed enhancenent circuit. .14 S04P1052
AdRHE B BlaE Eh it e s bh SYBAGEE Ryetih

malthe' cepdesates @n imde% pepressentatdMei s day be set
nunerical evaluation of the state in which the feature
VAiTd 3RoATBUE S8 FBNKS oTudh dsmagEeiPeatfieat | JOWFSi W &
tdch panehe seen froma variation in |umnance data
between a pixel of the feature section and a pixel of

"the c@heoaverage luminance calculation circuit 11B is a

circuit which calculates the screen average luminance of
the autofocus target area of each sample image, and

corresgponds to “average luminance calculating means” in

‘the present invention. The screen average luminance

obtained at each focused position by the average
luminance calculation circuit 11B is used for calculation
of a focus evaluated value Pv at each focuged position in

an evaluated value calculation circuit 11C which will be

' described later.

The evaluated value calculation circuit 11C is a -

circuit which calculates the focus evaluated value Pv of

each sample image, and corresponds to “evaluated value
calculatihg means” in the present invention. In the
present embodiment, the evaluated wvalue calculaticn
circuit 11C has a construction including an edge

enhancement circuit.
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section, a clear imge exhibits a sharp variation,
while a blurred imge exhibits a mld variation. For
this reason, in the present enbodinent, the focus
eval uated 10. value Pv is cal cul ated by eval uatin

‘the difference in |uninance data between nei Gi4& %ﬁawo

pi xel s by the use of edge enhancenent. Alternatively,

- the focus evaluated value nmay al so be cal cul ated on

the basis of a derivative of brightness, dispersion
of brigtiRS HreaRaL! Eﬁbb:’iﬁﬁenﬁw élfé t“lf%lcugr ocess
exanpl e, the operation shown Fornul a 2]
sﬁﬂl@ﬁtﬁiiwﬂiuﬂﬂ qmdnehseefaanlmmmﬂureptesanﬂy&;vehefehy

findin i.fferenc nance et ween each
Bl e R i BURE: Hhe o Rare ¥it ity chofRaruTe
the esiwsedenictdehechbs an! %@@@& \@ald At1OR 1A b2 . t hes
vertical direction, and the consequent detects a

£ PRarRes™ doa |aoﬁarhat:h@nhmulzmwrmnqﬁa dacei brtween a
ﬁ‘ﬁﬁ&[ gl fefath,%epggék%ﬁ 4.9 & \;{J] O %12 ntour

m nance varlation between an e I on poiln

shet son s gundicag imags,ekhihﬁmmxﬁlshanﬁ mdridtuﬁnnaﬂnﬁle

Ofbfuz%" Xde il.n%logfb%eihégi r%(t: iﬂ?f Zrar[liotrlrgilll a %c]arlthfs -1
reason, in the present embodiment, the focus evaluated
value Pv is calculated by evaluating the difference in
luminance data between neighboring pixels by the use of

edge enhancement. Alternatively, the focus evaluated

value may also be calculated on the basis of a derivative

of brightness, dispersion of brightness, and the like.
In an actual process example, the operation shown
in [Formula 21 is performed on all pixels of an acquired

image, thereby finding the difference in luminance data

between each pixel and the surrounding pixels. In this

formula, the antecedent detects a luminance vaxriation in
the vertical direction, and the consequent detects a
luminance variation in the horizontal direction.
Accordingly, it is possible to extract only a luminance
variation between an evaluation point and the surrounding
ones, irrespective of the luminance of a pixel to be
processed.

[Formula 2]

1 2 1] |-1 01

0 0 0]+-2 0 2}x
-1 -2 -3 -1 0 1

B | =

In this example, a pixel area to be processed is 3

x 3, but may also be set to 5 x 5, 7 x 7 or the like. In
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evaluated value Pv ©

In this exanple, a pixel area to be processed is 3 X
3, but may also be set to 5 x5, 7 x 7 or the like. In
15 S04P1052WDO addition, although the coefficient is
wei ghted, the manner of setting of the coefficient is
arbitrary, and processingitay al so be perfor f84P1052W0
W t hout weighting. During the calculation of the focus
eval uated value. 5 Pv, after the cal culation of the
above-nenti oned edge enhancenent fornula, a division

RAQLESSH | SAIIRRMNEUnY LBe £t s SGF eRD w%\igﬁm%%a,' ggLnance

cal cul ated at the corresponding focused position by
rhRney ephgiedimonaficehe cabetif ati@rt cis eaibtittaBy, and

S| ggiééf@lh%i tH? fgcus 10 eva uaﬂgf,%glue .0of each
anpre” tmags §-8°V8F kST otHtr < byt WM Fg 98 B us

eval uahad n¢alcie BPuOcebiaigtebbtHh&octegevenianes medtve .
circuit by a screen average |um nance Pave obtai ned

BY/ t HeF 0 rites sodaihgtioe uek dp g vwTmeas iospdwhdsy
LERURLA) R or Y (o RV QU ({
I'n [Fornﬁﬁﬁ 3 ,uggéegugﬁvg%gﬁg&F%F?gqu%oéFFF§ﬁ¥g Men
e (s9réen ave2@gkotusitdaposiddionylard kitmchance at the
i-th 1n addition, ?S Pv(%i i%Ja f ocus eval uat ed val ue
P HHRAE Y FREUPSHHPPRETEY DY Jdifs ¥FERES: LHTHAPRES
@ lditatid ciPaveti 11BS FpeeieeRaaYP! agRe fAqused
position. shown in %Fornula 4], the focus

each sample image is a value found
by dividing a focus evaluated value Pvo obtained by the
edge enhancement circuit by a screen average luminance
Pave obtained at the corresponding focused position, as

shown by [Formula 37].

[Formula 3]

Py(i) = Pvo(i)
Pave(i}

In [Formula 3], Pv(i) is a focus evaluated value
based on standardized luminance at the i-th focused
position, Pvo(i) is a focus evaluated value at the i-th
focused position, and Pave(l) is a screen average
luminance at the i-th focused position.

In addition, as shown in [Formula 4], the focus

evaluated value Pv may also be calculated by multiplying

 the calculated value obtained in [Formula 3] by a maximum

value Pavemax of the screen average luminance. In this
manner, a decrease (a quantitative decrease} in focus
evaluated value due to division based on average
luminance is compensated, so that a quantitative change
in focus evaluated value can be easily viewed in later

reference to a focus curve. In addition, the screen
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eval uated value Pv may al so be cal cul ated by
mul tiplying the cal cul ated val ue obtained in [Fornul a
3] by a maxi num 25 val ue Pavenax of the screen average
| um nance. in this nmanner, a decrease (aquantitative
decrease) in focus evaluat¥d val ue due to di FiC4P3A52WO
based on average |um nance is conpensated, so that a
guantitative change in focus eval uated val ue can be
easily viewed in later 30 reference to a focus curve.
hiepgdd 11 80inde SEEACRLL6nPOARH0R2MD Ay er AgE éimited
| um nance used for nultiplicatiron is not [imte to
thethexiarimuraivad ueandndayal slosd dea animinimmny ah liee oor
tﬂg {i&g. [Formula 4] 5 Pv(i) = Pwo(i) x Pavemax

ave |§ Accordingly,. the reason why a val ue found by
di vi di ;jgprainiaval uat ed val ue cal cul ated during edge

~enhancenent by screen average |um nance is enployed as
"a focus.,evByafat val ue (Pv) is that the focus
0 ey U2

eval u Ty 8% ssociated with how | arge the
| um nance difference between an eval uati on point
pi xeljccamdinbey, stine otrebary whiyxel sailee Sounddby i f

(
here is nonuniformty _in |um nance hetween acquired
‘?Jr?é]g%&“gaﬁal EREIUAbER YRINE Adueten BHriLﬂg gd¥®en

@IS IRGNitNHABE €A AW NANCEmERaNekUest PPN as a
di vidi ng the sum of the |um nances of individua

o svednstrduvahge a(Ber deh Wt haet Soaiis evaberted
VPRI AL1858E L8 SE B Moy llar® IRECTRA Yah Qe avold 2
n e u a]] Ug O%: an

vari ation | t absol ute v hé resu t
daf tadeatoed bendesn 20 dtalmtassupednthapigel yafanges

di fference fromthe ;urroundng ixels is, for ]
Se‘k%’??d}“éf,ln@og.ﬂ%% Fom Frardit diff FBPERCLS GROBE HREHsS
ﬂﬁ)ﬁdMiﬁ%ﬁc@VBéﬁﬁgeﬁLE@&EE?@E.Q%ages and there occurs a
variation in the screen average luminance (a luminance
value_found by dividing the sum of the luminances of
individual pixels constituting a screen by the total
number of the pixels of the screen), it is ﬁecessary to
avoid a variation in the absolute value of the resultant
calculated index,

It is assumed that a luminance difference from the
surrounding pixels is, for example, 20%. The luminance
difference of 20% becomes 10 for an average luminance of

50, and 20 for an average luminance of 100. Accordingly,

even in the case of the same variation rate, the absolﬁte

value greatly varies depending on the original screen
average luminance. This problem hardly becomes serious
in optical systems such as general visible microscopes,
but the problem becomes remarkable in optical systems
such as ultraviolet microscopes.

For this reason, in the present embodiment, to cope
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50, and 20 for an average |um nance of 100.
Accordingly, even in the case of the sane variation
rate, the absolute 25 value greatly varies dependi ng
on the original screen average |um nance. This
probl em hardly becones serildus in optical sySPaR$052W0
such as general visible mcroscopes, but the problem
becones remarkable in optical systens such as
ultraviolet mcroscopes. 30 For this reason, in the

Qi@ﬁe£ﬁcﬁ”§¥¥@eﬁ?ﬁhmi£9n&@p@éﬂﬂ%é%%ﬂelgggﬁikopﬁgh such

screen | um nance vari ati on, each focus eval uated
v lieateed] odlarcedadgriaged dier ienh aigenenhansement is

ndar di z wi.th screen_ avera | um nanc Pave) s
B B O o e S e Tl Ve e Pt
the t hef udmeeusrevakuat esey al wieis 622 REarPREYSAt 84 the
Nanel y, val ues each obtained by dividing a focus

EQcltt dtved upkiede VBY UB R ecak dis axisaRaiteg - s dfanehlyay sledge s
] L d_yal

A IS i e e

evgresggendimgnanceenf ab@ragel lanliGaher aaacempldfed ence

€f 20% becone O.f %10/50) and a_focus eval uat ed
Al R IrRESRRaTErE o S0 T AvEPSYE SYahiaaer v fue

100G mN¢agel Ui Rageeesh f{ RN 0NEe 10Hi 49% 8! P shecoies
0.2 (20/100), i.e., both focus eval uated val ues

bovineinge diiffesarpe ovhet0s Aecomgisngl 2, (10450 nfankerce
ﬂctﬂéeﬂﬁhgtéﬁn\?ai nelﬂ{nﬂ%ncc%s%et \ﬁegnsé é:gl’?eaq grage
positions on the ?ocus eval Uated vl Ues°%an be
Blnimanateds The fndad Dosidsree cakcelaht®noEixEnidlsblD
is a cir%uit which cal cul ates a focused position on
R8s Ps 2 SROAL MK nhnfi vaPe& ot O5UF 0RYRL e i afddie s

auilnig gealvguhabgen SthdM t Rece¥@ M Rd MRl US f1uence of
cal culation circuit 11C, and corresponds to "foca

Wodiatilens c Anclitat parrardmtsteenn fohvspd esent tionermm dine
£d@CR6LRhar LaROE Bl ALAPYR CIhERL dgterm nes a

The focal position calculation circuit 11D is a
circuit which calculates a focused position on the basis
of a maximum value of a focus evaluated value calculated
in the evaluated wvalue calculation circuit 11¢, and.
corresponds to “focal position calculating means” in the
present invention.

In general, image autofocus control determines a
focused position by acquiring sample images at a
plurality of focused positions differing from one another
in lens-to-work distance and detecting a focused position
of a sample image at which a maximum focus evaluated
value is obtained. Accordingly, the larger the number of
sample images (the smaller the amount of focus movement
between samplgs), the more accurate the autofocus control

can be. However, on the other hand, an increase in the
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focused position by acquiring sanple i mages at a 25
plurality of focused positions differing from one
another in lens-to-work di stance and detecting a

focused position of a sa i mge at which a nmaxi mum
focus eval uated value i snglt?t ai ned. Accordi ngPy4Ft#a2ko
| arger the nunber of sanple inages (the snmaller the
anmount of focus novenent 30 between sanples), the nore
accurate the autofocus control can be. However, on

tinébet heff Jsagd.esanehfsr €854n i thdhasks %04;833052&{@

nunber of sanples leads to an increase in the tine
Fedui redl 9 rosessinag, seothdatthehdrighglrepded
PEEEGRIBIGS f chiae, gyg%gﬁgsc&ﬂﬁtoﬂ?eco%ggea FEILIRY

0 ensure. 5 For I'S reason resent
enbock ment, as shomn in Fig. 6, an optlnun1focused
p05|t|on Qcal S|tjon) is detected on the basis of

a maxiiRmMNaPuES2BRR m) 1 1bf TR IPESISEREd SPBedE Ve (it ed

yibwe Si ang | ypa - at ed
val ues (Pv n+f§ 4 b%w%ﬁgﬁ:ﬂﬁhgﬁkpgb%gtg?ﬁu§§§a€%?n}

eIl P 3)) deA§C§ﬁd\mn|¢hﬁ:lk@81@ afhe fezaiuposi huon
BE{000 b, RRHOKLPL o8, A Al L ue whi ch s

_ convex. — Accordin
p\hl:gkibﬂj‘yh@(fdnﬁ@;yﬂb&rﬂﬁ@ fchtaﬁ;d etv@maltéal b Budd (Pv(m-1),
E‘é?‘él mat e quadratic curve by the 15 net hod of | east:
‘5 “Heréby FY My HY @ a8daPvimedl) position.

In Fi Qg BhognSohi gidine i, e Il
cal cul ast edof 1|r‘lom t h%%e p0| nte:1 f%%ﬂrrf)oggg{&)f rﬁlgql%)rhoool
l)ﬂ)ilteé daghedrifiie devae elrivé appupwarrﬂ}elqpnvex

AR LT od R S Yt bopath e oo

umsrd/eto &ameXhﬁétﬁﬂlyamﬂ}cﬁwn@ﬁ:%d qb 8L B EY CuBR NS the
(OR Pv(m 1), Pv(mHl), Pv(m2), Pv(m2), Pv(m 3)
Chwdppst ﬁ%%lr%e thiggebyh 1 nEhBY GRAARSAAS Gpen

fkadi HogheRbn. 1n Fig. 6, a solid line is a curve
approximately calculated from three points (Pv(m), Pv{m-
1) and Pv(m+l)), a dashed line is a curve approximately
calculated from five points (Pv{m), Pv{(m-1), Pv(m+l),
Pv{(m-2) and Pv(m+2)), and a dot-dashed line ié a curve
approximately calculated from seven points (Pv(m), Pv(m-
1), Pv(m+l), Pv(m-2), Pv(m+2), Pv(m-3) and Pv(m+3)).
From the fact that the graphs are open to different
extents but the positions of the respective apexes are
approximately the same, it can be seen that the method
shown in Fig. 6 is an approximation method which is
effective in spite of being a simple process.

The above-mentioned curve approximation method is
not limitative, and a focal position may also be detected
by a method (collinear approximation method) of finding a

focal position by calculating the point of intersection
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extents but the positions of the respective apexes are
25 approximately the sane, it can be seen that the

nmet hod shown in Fig. 6 is an approxi nmati on net hod
which is effective in spite of being a sinple
process. The above-nentioned curve approxi mat S84P1052W0
method is not limtative, and a focal position may

al so be detected 30 by a method (collinear

approxi mati on nethod) of finding a focal position by
68|, CBbAt b3 NE ROISR-a9bmt Nt 878 664 4 Ohgl $hrouBAPLH32VO
of, for exanple, a straight |ine passing through two
peints Pv(m) autd BVet) ) wikl hthéel dienersind atsaighght

k ' ough_anot her, two points Pv(m1 nd
by o BSOS aRRCAE! rid rbtiimud e qand B (o
aprnat othel stppdotinm@ni 6Hr Met Bp@E AxidmkisORorel erri ng
gack to Fig. 2, the menory 15 is enployed for various
pEFEHPONCT (FUEveparBrorBa kb rol | er 7. '
Speci faLaldyind BE-REEDN ¥ §Pase éHetdg%ggﬁngéyiQSeéﬁi%yed
an on

allocated to a first nenory section a se
for nerpkgus egterenioEB {0 HeCRBask fidre vanicoudler 7.

?ﬁgéf 10 in,_.the autofocus control section_ 11. In
e b et e MOSAPRBRTY TRAGHSUr FHhBeRPEH- SPekd

AEISCaten R of £liRetaubRbof Use GO Alsa §aAPhEséABULS
are respectively acquired at a plurality of focused

BRHREY GIRCTiPR WRP| Eothr Yeed-far wenk odsseRetetiendeimg
Rt d nuotisd ) vahiedy %géﬁgég ly, it is possible to

I ncrease the speed o e aut'of ocus control conpared
to thdmcade whesent wassodineens it® sheppedtiad ieagh speed

f ocused position, an i e is acquired. 20 Fig. 7 -
%ﬁﬁ%é?q %’SFQEESn@ﬂ??f%gh%wﬁﬂpgﬁﬁivaﬁémpa?r%%ﬂ%ﬁﬁtQ¥e
tdepd @fisredki Wichdi s68tA0MN Hi-d1e 6%V§6c§s@@%@§ﬂﬂi%ns
nmovenent voltage of the |lens driving section 4. The
bl dhievilegsséervork Aipidnast iz pieapgerent inwowshi ce
varied. Accordingly, it is possible to increase the
speed of the autofocus control compared to the case where
when a lens is stopped at each focused position, an image
is acquired.

Fig. 7 shows the relationship between voltage

directed to the lensldriving section 4 by the driver 8

-and actual movement voltage of the lens driving section 4.

The lens driving section 4 made of a piezoelectric device
is equipped with a movement-amount detection sensor for
position control. The actual movement voltage -shown in
Fig. 7 is a monitor signal of this sensor. The directed
voltage is varied by a predetermined amount at a period
of one video signal frame of the CCD camera 6 after the
lens has been moved to an autofocus control start
position. A comparison of the directed voltage and the

actual movement voltage shows that although a delay in




10

15

20

25

30

IS equi pped with a novenent-anount detection sensor

-for 2.5 position control. The actual novenent voltage

shown in Fig. 7 is a nonitor signal of this sensor.
The directed voltage is varied by a predeterm ned
amount at a period of one@f deo signal franmeSefPLAB2WO
CCD canera 6 after the |ens has been noved to an

~aut of ocus control start 30 position. A conparison of

the directed voltage and the act ual novenent vol t age
shats fhouah acde! ay L0 SO4RLOTZND s Lespose
served the movenent of Lhe 1ens I's SHpot

ahe tine| imdtimendoat bst boy agpheplayr erap app:mmh&téjl? hehe

sane jn a [ly.increasing range with the steps of
SEHE 1 o e 0¥ ABOT P S L AR G P aet BEEDS | 0F

€RE &R sRERtiRaket Bfal:@&%ec?peﬁbﬁstﬁls ap, aquale sReed

with respect to fhe directed voltage corresponding to
¢ eseenyudlats fbedlene c@pelrwgdeg/ au fans azmptaé Bpegéswirle

h h
BEILIE e e CUTRREER YAk T Re R oA Bt T

é@.@ais spealdiat Bdesmpd 11061110 it samp0aSiaaded e \Wqu@Red
t he focus axi s coordinates. Furthernore, in the

PR BN HARE, 1B SRnpmehiopdgdngcghpBriFonit is

PEACESS A0 ca1EaFL e eYah uat ﬁea'f%%ugalaf&gia&@@ values

process are perforned In para i n order
athcer eamstang sptedvat mtﬂfeacﬁmwpexasl onordndiese

proce can be constructed b ouble buffering
of prg‘glerés%ll AE°F g™ ddts Bresn u?f“%’ gbfa%’é‘a ih 3" ©

BREAN G JRARA Y 1 SRCHI 6Fe dSBindAnRd reahigubabifgrdde dneus
eval uated value Pv, while | oading image data into the

tHeROPYOSRES | FF I Tqumechancagablel hin mudasnito
AP 8 LPBOE ﬁ@tﬁlé@ﬁgﬁﬁ ?T,%Eagfgg ;6ach even frame

IS processed in the secon ry section 15A, while
i mage Th@aeaptoaeiwes;j urdm g:eeamlmscddctedmey i sheordmagdzed
bd%férlng 0o Bgoggggqgés¥%§ééM5ata previously loaded in
the second memory section 15B and calculating the focus
evaluated value Pv, while loading image data into the
second memory section 15A. In the case of the present
example, image data loaded during each even frame is
processed in the second memory section 15A, while image
data loaded during each odd frame is processed in the
second memory section 15B.

The operation of the image processing apparatus 1
according to the present embodiment constructed in the
above-mentioned manner will be described below with
reference to Fig. 3. Fig. 3 is a process flowchart of
the autofocus control section 11.

First, inicial settings are inputted such as an.

autofocus process area of the subject sample W, a focused

position searching range of the same, the amount of focus
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The operation of the image processing apparatus | 25
according to the present enbodi nent constructed in the

- above-nenti oned manner will be descri bed bel ow with

reference to Fig. 3. Fig. ]js a process flowhart of
the autofocus control section 11. First, initpraftit052W0
settings are inputted such as an 30 autof ocus process
area of the subject sanple W a focused position
searching range of the sanme, the anount of focus 21
DOARILID2 \W twBare TRiRgeDebMBEss | TR gR: SAPiesdt Qabeocus-
acquired (a focus- axis step length), an imge
FRPOL TR Y i-0RR ARAJIansIeeldE ehivoRdddan, and an

i g i .angd t tof nt j
€000 TURR TR SehaifRn [otko 200, B rBAP Abatdene
aoniof @ uiss comtaudgledst art position al ong the focus-axis
directiPn g.n %he piesent enbodi nent, a _direction
t owar d % FEISTETEEL L8BRApF S WY MMIRG dFPTed by t he
LSt SH Y it reaCEEQRt 4po @t GH SO AA¥hEeS cRus 24P &
i mage of the 10 subject sanple Wn synchronismwth an

AheRft iy rldhw Ghiez prgseignebgdimsnt , S2 datesB)on Thermrd

| iit.ljgr%gsfélﬁo‘(:_jl‘é%—t %’é@nf;l\%gﬁidiafgéeef’n of 4LiNe ac) uit:kgd%lé’zggpéreiving

l'ens-to- an coordi nat €s
secuiored , ( shapaSsp. adftred hatsangplle0dmageval ughd on
process which is, 15 made of screen average | um nance

HEARIR S Hadd SEROBEMIT ddde 28nhBAEEMENt and
sHiEHRNGe 1952848hdl Zati Ofs 0T ddh@sgcauiiad samPlecus-
image is perforned (steps S5 to S8). The screen

W agordamangacetcahe ediingdssepplst épag@0(Bs)sts-
o yhed by the average | umnance.cal.culations circuit:
f%%? Acarcal a 8% s%?%%ﬁ éV%%éﬁ%ﬂ?ﬁﬁanﬁg |§E)Used in
a cal afitati ehaof a focwus enahisatieod pabo€ss NwidicH ateer
step. The screen avergge ] um nance cal cul ati ng
made of screen average Tuminance calculation, image
smoothing, edge enhancement and luminance standardization
for the acquired sample image is performed (steps S5 to
s8) . |

The screen average luminance calculating step (step

S5) is computed by the average luminance calculation
circuit 11B. A calculated screen average luminance is
used in a calculation of a focus evaluated value in a
later step. The screen average luminance calculating
step may also be performed after the smoothing step (step
56) .

The image smoothing step (step S6) is processed in

the smoothing circuit 11A. In the image smoothing step,

image smoothing is performed with, for example, the
operating formula shown in [Formula 1]. In this step,
the influence of speckles due to the single-wavelength

mode of the light source is eliminated from the acquired
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step may al so be perforned after the snoothing step
(step 25 S6). The inmage snoothing step (step S6) is
processed in the snmoothing circuit II'A In the inmage
snoot hing step, 1inmage snoothing is performed wth,

for exanple, the operating?Pormula shown in [EBfFLPZ2WO
11. In this step, 30 the influence of speckles due to
t he singl e-wavel ength node of the light source is
elimnated fromthe acquired 22 S04P1052WD sanpl e
sAmee: ithgeedge enhancenent step (step S7) is executed
by * the eval uated value calculation circuit 11C In
this Tiegdos dnhfprenest istdnunistepcs7data detowsn by

I xels .of .5 the.feature d, cont.our_.secti.ons_ | .
%%%éﬁﬁgfg% ) VERES 83%%“@% ‘ﬁbéﬁ%ﬁ?*%oﬁhﬁra3§h3ﬁﬂsin
sty M alidifeefteong dl uabever O Halthe tRawkbenObi kdes of
sanpl e i mage snoothed in the previous snoothing step
g dipaseye and cRetewr ciratians disf cedendated lptidined
%@%ﬁit&n@%@n&okoﬁnﬁ? uéhc;vgl q_\ﬁal[% ﬁlﬁlxa%gemer-lr Hhea
the | um nance standardi zation step (step ) O
stared andithiengpatlie dHctise exaaipiat dchagel seoothed | At athd n
st he screen averggﬁ [ um_nanpce is

ith
SR e froot i Ba St ESS | (At A eq %09 THS eolrilatad

diod fe-etrleC Hlsabb0RiAdd CAd Ui cl laral Bothg B&éﬂ?'e shown
in Fig. 3, the focus evaluated value Pv(i) based on
Stedivgdedi ¥eduPuni nance in [Fornula 3] is cal cul ated
by di viding e1 LRcls, &Y t . ( [

obt ai ne hbytbﬁelﬁﬁeV|6%%%%%%g%%%ﬁé%%g§%ngg%ét%%x%éﬁgﬂ
&7 sthydolrdigdingeethavisage duatvaandevhPayeta)guizted in
obta%ged,i tEe screen average _| um nance, cal cul ati ng
%ﬁ%ﬁ)_ (¥%EB 88F . SHHC MG RE AN L IBABANSE ep® R HFmSEl-
TARS sitkPt € saBxe skt &F AFHTHO Rl AELLA0PI1ud Ned N1 1on
| oop, a process :

circuit 11C. In the example shown in Fig. 3, the focus
evaluated value Pv(i) based on standardized luminance in
[Formula 3] is calculated by dividing the focus evaluated
value (Pvo(i)) obtained by the previous edge enhancement

step (step S7) by the screen average luminance (Pave(i))

obtained in the screen average luminance calculating step

(step S5).

The above-mentioned steps S2 to S8 constitute an
autofocus loop (AF loop). In the AF loop, a process
similar to the above-mentioned one is executed on a
sample image‘acquired at each focused positiomn.

In the present embodiment, as mentioned above, the
CcD camera 6 captures images of the subject sample W at a
predetermined sampling period with the objective lens 3
being continuously driven by the lens driving section 4,
and the image acquiring step (step $3) and the focus

evaluated value calculating step (step S8) are processed
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simlar to the above-nentioned one is executed on a 25
sanpl e i mage acqui red at each focused position. In the
present enbodi nent, as nentioned above, the CCD
camera 6 captures i mges of the subject sanple Wat a
predet er mi ned sanpling peri<t with the object SP4PLBRIWO
3 being continuously driven by the I ens driving
section 4, 30 and the inage acquiring step (step S3)
and the focus evaluated value calculating step (step
98) par£1 U pPCcassed 23 4P105 i al Ei,gs. 6
andp7) . ACC??L i ngl%yfag\%h:??le ?\rgéaorlfdggggglévgﬁjﬁ e&c}'g%/al ue
6pcuheeprlavdtngs v laeqair e sarpyrisous imgequirbdi agnple

| at ed,. t he _nex anpl e, i mage can he ,acquired,, so
Fage P} st oatohoatedh fd Bt e tinl% dfRdreniains
gegqibeedf dneHatage rebudi €691 ¢4 Rl i1aRrd cadnpkncr ease
in_the speed of autofocus operation can be realized.

ohEfitaed Gtal? REVERENET| epgt Frase (e vébpecsigrals cand
3! BACheS A ifnu'thgsggg&a 5@%05&%& 'eggei{gﬁ. o be
nd a i ply t'he

brought to an e the process o i NQ

- Fezlikzaxval uat ed val ue of each of the acquired sanple

i-mages by the maxi num val ue (Pavenax) of screen

aver aé‘g‘e\{'ﬂ l}%\engﬁE@ﬂJ@O‘é%ﬁ dFtefE 85cari =t ve n
TORS e uenthes hheul peusa vl Matged \t@ﬂeuaFPyosé gach of
the sanple images 15 becones equival ent to the case
hiriththy-a ke epdr anfinghe fororgss stomwlicaplEbnemitize 41

[ [ ) ) iR fl hart
e WA yathe, 52 000AE I Fe B2 e el O
itreyeca gultaki paxofumt-hel docimevaldabgdsyabae Aveddip:

dge enhancenent and, ,as 20 shown_in step SIOCA in Fig.
fﬂ? t'fie e&‘SfﬁiF‘égi HA°RS the 2k $iddp, TReconsequence,

arndnd zehh 0ol vhaud ospsevaluatedcyal lg@mpw; thddess

screen average | um nance nmay be collectively

‘ uadffadent seaptize | errpe Sawndudbynghe hepepatriatg ng
formula shown in [Formula 4] mentioned above.

It is noted that, as in the flowchart shown in Fig.
4, the AF loop may be cdmpleted after the calculation of
the focus evaluated value in the edge enhancement and, as
shown in step S10A in Fig. 4, after the completion of the
AF loop, the standardization of the focus evaluated value
with the screen average luminance may be collectively
performed on all sample images by using the operating
process shown in [Formula 4]. In this case as well, as a
consequence, it is possible to realize a process similar .
to the example shown in Fig. 3.

In Fig. 5, a solid line shows a focus curve (FC1)
obtained by performing smoothing (step S6 in Fig. 3) and
luminance standardization (step S8 in Fig. 3), and a dot-
dashed line shows a focus curve (FC2) obtained by

performing only smoothing without performing
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process shown in [Fornula 41. In this case as well, as
a 25 consequence, it is possible to realize a process
simlar to the exanple shown in Fig. 3. In Fig. 5 a
solid line shows a focus curve (FCl) obtai ned b
perform ng snoot hing (step “%6 in Fi g. 3) and S94P1052W0
| um nance standardi zation (step S8 in Fig. 3), and a
dot- 30 dashed line shows a focus curve (FC2) obtained
by perform ng only snoothing w thout performng 24
SAREABZVA t idraRdahdl 2at-b@l HoLPALS CEEMAVR!. a0for

l'umi nance. For conparative purposes, a conventional
FEER3T W (UREPFes ., showanvantignal Xgauss lsowmeby FE3)

d; Li n_he seen fromFig...5  according to
tgﬁééag Tolj%e% it één%%disgg’@, %Vtai(go%%%cgilb Eto greatly
anel i xaitean ar aeea Fpbhuebgeds pyadibrd@nigcab spat em
and nake appgrent a peak of a focus eval uated val ue
PEEHLYAMAUEFERS  afT dFt PREFIHPIR I @564y sneliokalre

Sition i F o . |
.21? a%llhtée@ %ndf l@%%&%gt g @aé?o?ggtg&l 0 io p ee?[l aﬁngi(r)] m(%el 5 g n hé]ﬁarent
gheeak vl &l dioguls amdlsihgtievalwe|@ndich degpricedl as an
area influenced. by .t he

, t e diti . [ t . .
BTSS0S PRR I BAOR e PO hRAP iR by ATTORHTIE Yol
- bt bapssivIegec ¢Bellidal BemsE: R daitir-adti 80tsE&Pus

(step S3 15 in Fig. 3) may be omtted if necessary.
EREdEron ByenpéRf 6PRT hgWe kel ¢ughh ande sinahgardve o

€fbal tayeI em0SSi bl € to achieve further amelioration
of the area 1 nfluenced by the optical system so that
it 1s Ipossidiktéonp athcevehd aarawriafidocenratiebdetiest i on
of the focused 20 position. Then, _.a focal position
%%chcueﬁatslyr? <Ly gﬁn(ggeﬁm%jﬂc)’ra'?esfﬁwo ﬁfeﬁ‘.“ogﬁﬁyg otal2
o Id dmagl, Cuhat 10Mi REREESStdridarddiesutied BYephesfgeas
position calculation circuit 11D.

in Fig. 3) may be omitted if necessary. However, by

performing the luminance standardization step, it is
possible to achieve further amelioration of the area
influenced by the optical éystem, so that it is possible
to achieve far more accurate detection of the focused
position.

Then, a focal position calculating step (step S11)

is performed. This focal position calculation process is

executed by the focal position calculation circuit 11D.

In calculation of a focused position, as mentioned with

reference to Fig. 6, approximate curves passing through

points including the maximum value of the focus evaluated
value and a plurality of neighboring focus evaluated
values are found to detect an apex, and the apex is
determined as the focused position.

Accordingly, the focal position can be efficiently

and highly accurately detected compared to hill-climbing
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In calculation of a focused position, as nentioned
wth 25 reference to Fig. 6, approxinmate curves

passi ng through points including the maxi num val ue of
the focus evaluated value and a plurality of

nei ghboring focus eval uat ed> val ues are foundSP§P1052WO0
detect an apex, and the apex is determ ned as the
focused position. 30 Accordingly, the focal position
can be efficiently and highly accurately detected

0RRGHET Quliildv i3 BEoEE SOAPLOSRM0 JERbhods vhieh

0} so that 1t i'$

ave heret ore been w de y used,

- posss hpesdidbolgy eat logpeantyeasersdse syieedmiedavtohnoedsocus

operatjon. On the other hand, in the case where the
P_ﬁE@T%ﬁn5 work di stance along the horizontal axis of
Fi 9. &d $mebtrnk® hBRaf ulh SRAr&dLd 3Qee khel lef@ide
determ ned that the objective lens 3 has passed
vorbudistarfac udenta pbsi hoohzaurahgopercdt iFdg, Fnhgeset
| Siti-on hec S._._unnecgssary at a poi nt
B S T R ar PP o iy ST s PR E P et
biee rashaad vy lhat 3arByNpas£sd achiqagMiaqeecheed

det erm ni ng whet her an objective | ens has gassed
P Ui 4Wded OpESPELBR; 1TRE® aau siddRgdLeromes

| @tgUldd gt he bawggaiﬁé §@5@é@1§e&e&%$%f<¥l+ﬁfg so that

appr oxi mat'i on by usi ng an objective |ens pass
opeaiglom thinel cexcbediraguaed dryt ailmatf eamesingéval Amtaed
val.ue ich j iven as .a paraneter .or i.s |earned
Yot Hote et e2p Y Bhad pi D R Shishr i EnaTERe Tas
pakend FiHiahigh at hacane,]po@:ftjgﬂy,sitnﬂsﬂehqsoaj fELhYE bens
3 to nove to the focal position (step S12) is
P Irimed the PomRRY PheSHAR FDO AP ESREVOILCBf t he

di | C { . ti bove,
éﬁﬁ%ﬁ%ﬂméﬁﬁ@ﬁ bﬁgggub§n eégggﬂﬁgﬁf}gﬁg anggsg.

according to t pr esent [ 0ssSi bl e

tlratdblay hgdidf exaehilighyya certain focus evaluated value

(which is given as a parameter or is learned from the
result of past focus operation) and the like.

Finally, the step of caﬁsing the objective lens 3
to move to the focal position (step S12) is performed,
and the autofocus control of the present embodiment is
completed.

As mentioned above, according to the present
embodiment, it is possible to stably perform highly
accurate autofocus control by eliminating influences due
to short-wavelength and single-wavelength optical systems,
g0 that, for example, microstructures formed on a surface -
of a semiconductor wafer can be observed and inspected
with high resoclution.

(Second Embodiment)
A second embodiment of the present invention will

be described below.
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accurate autofocus control by elimnating influences
due 25 to short-wavel ength and singl e-wavel ength
optical systenms, so that, for exanple,

m crostructures formed on a surface of a

seni conduct or wafer can be %bserved and i nspe&P4g1052W0
with high resolution. (second Enbodi nent) 30 A second
enbodi ment of the present invention will be described
bel ow. 26 S04P1052WD As the miniaturization of

M ni myy Ratd eER W AEhsac (B %@%ﬁmuﬁs%ae&eme@ﬁdms

recent sem conductor wafers are beginning to assune
fiprece$s aaildisiepsooratisst recent esnivondueitorheaghts are
|rect10n ht sourcegghaV| shorter. 5 mavelengt

R .l Yot ROGF ot ety SoriB

ﬂhé:ajd\&ﬁﬁgﬂgﬁ@i&eb@maﬁﬁcy e GoR@ee st NevimgbeioRier
focusabl e sections of an object having a great

WY%%EH&S needhehghlowes derith faf drsaisoRnfehghe @xits
& e da Ll ERIL A t@hagggﬁnéosagélae%esse Pl p%gé%bgs at

el ght's I'S necessary érform an
Emﬂus&bf&xﬂﬁﬂtngnspefaanOﬁbj%mﬁﬂhaﬁmmgdetgﬁﬁaﬂedlﬂfﬁﬂénce

to .be focused. on!',_ for exa whi ch of  the o
LLATHBE of ]e_g %a%p‘i RN ng hgdghtag¥ats (1 &t efrEsen
St fBiGEE e HdE BB £ 2 Be § OAVENES QAN L1 Y QG ¥S e ERPL R ghts,
nmet hod of finding an optinmm focused position 15 from

¥ociss T@F@lﬁ?&m‘dtvap@é‘éomSan e tdiveadwansage opebei i
‘HﬂﬁﬁJ de t | fogus To_co
Wt %ﬂ s pro (lerﬁhe aél]lrrée % %pcrf gfgopuﬁeng B’ alitbr GegPle.
wonttr alf mekehedrasces dbho taangle Aresenbe 1B¥€N4E an and
brin in int focus_an arbitrary surface of 20 a
%%%digeé‘ fAGea dig¥sdednce GPPHEPEHPRdb BKHOUS a
&S{eeN kahoﬁeoge§£ﬁ&fﬁﬁiéﬁﬂdﬁﬁlmhﬁ BeudBaVosition

rs

description of the fi enbdodi ment, reference has
ewn fesde eyadnabxAnytleud s hes ¢headfigedvantage of being

unable to bring a desired section into focus.

To cope with this problem, a method of applying an
autofocus contr&l method according to the present
invention and bringing into focus an arbitrary surface of
a sample allowing a difference of he1ght to exist in a
screen will be described below.

In the above description of the first embodiment,
reference has been made to an example in which a focus
evaluated value is calculated on the whole (or a partial
area) of an acquired sample image. In the present |

embodiment, as shown in Fig. 9 by way of example, an

‘acquired sample image is divided into a plurality of

areas, and focus evaluated values are calculated to
calculate focal positions for the respective divided
areas Wij(i, j = 1 to 3).

In the calculation of the focus evaluated value of
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'ﬁptical system Throug

eval uated value is cal culated on the whole (or a ,
partial 25 area) of an acquired sanple imge. In the
present enbodi nent, as shown in Fig.. 9 by way of
exanpl e, an acquired sanple inmage is divided into a
plurality of areas, and fd&us eval uated val ué8481852wW0
calculated to calculate focal positions for the
respective divided 30 areas Wj (i, j =1to 3). In
the cal cul ation of the focus eval uated val ue of 27
égé?L9§%¥g d§@§ﬁe9f LQ de¥$geﬂm%%§%ﬁm%%hinbngﬂ§
snoot hi ng and standar di zat1on U ng sScreen~aver age
suadmnticatticohuaiag stcnedaratarddwdemdhanhe which are

above-mentioned first enbodi ment , are executed, .
AERbIH g1 o ERfe OF AP PBSYE T TR kelivdh & (B SH| Ghbgaiment
aﬁg%ﬁc&itxédietﬁ@&@pdm%mutuﬁelf%ann{:bgf@f&% R¥arAbe
t he above- nenti oned process,
ApdpEg ted gr despohad gl tlouthdeiagpéofilvended e dn
§§§§g§fN4¥€%r§ obtained. At this tine, in a case where
& of the 10 divided areas differs in focal posi tion
from ahabheh, the abecomentappricepirobbat, afdiid erenass
of height .in the focal plane exists between both
R ELSPEGIPHALO] FhBeEBfRECT s diptidlefoapere of bl atre

Setd Mad OCHE! figi ONSHA | O RY «adesi,ApaL 1 Hig W Rl
parameter what is to be given priority 15 in
destiaad piregsadiééesediposicdompositdopl Esonfandeher, it

fer_ar S lows. .1, A target.at the shortest
U S s R R T T R e e
s ekis2s Bet@eg@lib@th tdhedongesthhenstt BeSanax €
di stance 20 (the | owest |ocation of a sanple). 3. A
BRATIAG &P BEEFPFBAR el iStg darUsingpRPepe e P¥bcused

RO$ildra@A nde & 08 da DYa FRAO df Yyhat! HEMENBel 80kt PHiority

- screen division (a nore characteristic

in determining a focused position.

Examples of the parameter are as follows.

1. A target at the shortest lens-to-sample
distance (the highest location of é sample) .

2. A target at the longest lens-to-sample distance
(the lowest location of a sample). ’

3. A particular position in a screen.

4. An optimum focused position decided by majority
from the result of screen division (a more characteristic
section). .

In addition, although the example in which the

number of screen division is 3 x 3, i.e., 9, has been

mentioned with reference to Fig. 9, the number of screen
divieion is not limitativeﬂ As the number of screen
division is increased, more detailed information can be
obtained. In addition, divided screens may overlap one

ancther, and the number of screen division may be
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| ARGE sy 1HePRgdate

section).. 25 In addition, although the exanple in-
whi ch the nunber of screen divisionis 3 x 3, i.e.,
9, has been nentioned with reference to Fig. 9, the
nunber of screen division_is not limtative. As the
nunber of screen division3® increased, noreSa&PHPIPN
i nformati on can be 30 obtained. In addition, divided
screens nmay overlap one another, and the nunber of
screen division may be 28 S04P1052WD dynami cally
AL AR 6l QcUSLatNdid WIS confs £ TBALI Oned
above, according to the present enboglnent, It is
possi B meptdanpdf abtori |acoopéng th Bhe présam:

f acusi ng .oper.at.i on whi can deternmne "where to , he
PR, Dy SCReP G g it e L oY grRn itk an
et DFd tiodudighgt @%g'kai:ﬂgnawﬁpgym PRELVn@Aef OFhére to
target sanple. Third Enbodi ment) A third enmbodi ment
RSBt PHvERPLORAVING et ig Hesbei gbdebel ow.

L% &b Cri RLLOE the [ t

}%?%f ergc cgivwdlelp'uﬁhggrrlrg%% %ofcgé%agg ngn'? SgygF easlitzallr Etan
sampXeocal i mage of a subject sanple from acquired

i mge (data by applying an autofocus control nethod
accor&&ﬁ@rgoﬁ?ﬂggﬂﬁﬁ% nt invention. 15 In the case of
a nor ERknepli SAbodid®Mod ftnd bRESEn A HROSE Qilwill be
obj ect exceeding the depth of Tocus of the optica

dsaardieds belewed Irhedhet ileseyhpt dogy| @baitiey Firsersed
é{@&ﬁ&%@ﬂ%?&@%ﬁ@f%é ket Qg RULLORS, o%f
e sall STl ed.

I nspecti on .or observation cannot

. Attdrptizing anl yen2foddl SinpigeblbEMasebiade SIS Ty-om

nmet hod of obtaining a %!obally f ocused ommi f oca
%@m& 19pE em 2ot ems etntael

neHHRC alccopli A tsyshepand R 1ReLhedoef obtaining a
gl obal Iy focuséed i nage from i nages
In the case of a normal optical system, if a three-

dimensional object exceeding the depth of focus of the

.optical system is viewed therethrough, a globally focused

image cannot be viewed, so that the pﬁrpose of inspection
or observation cannot be satisfied. Attempts to solve
this problem are made by using a method of obtaining a
globally focused omnifocal image by using a épecial
optical system such as a confocal optical system and a
method of obtaining a globally focused image from images

of different angles on the basis of trigonometry, but

neither of these methods can be inexpensively realized,

because special optical systems need to be employed.

On the other hand, a method of performing synthesis
on images of an object after having hierarchically
acquired the images has been proposed (Japanese Patent
Application Laid-Open No. 2003-281501). However, there

remain problems such as the capacity of image information
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of different angles on the basis of trigononetry, but
25 neither of these nethods can be inexpensively
real i zed, - because special optical systens need to be
enpl oyed. On the other hand, a nmethod of performng
synthesis on inmages of an %bject after havi n§04P1052W0
hierarchically acquired the i nages has been proposed
(Japanese Patent 30 Application Laid-Qpen No.
2003-281501). However, there remain problens such as

e pt f ﬁﬂ@% . Lnf gﬂ@g' P to
Egegg?ggé%yﬁotﬁessi S, %531/%{ hg IS %%1% ssdl%%ést]lgﬁze%ﬁd algg
pesabulondylobiidiaiabbéecafifeer t e apgpiidittion of a
BEU£aiit% of images. To cope with these problens, in

g present” 5" di nent, an omifocal inage of the
subj ecto P &i\hi $he8Ot B ASIknd) tiRe tREOpeSSRE
executing the autofocus control nethod nentioned
§BBYdLTeNE hareswdifprpdninige ef Hhe subdebsdeample Whis

| t1ow] i DeFlg, . 10 AR |
SR hE P o2 oPeRe Peatfer Binn bl FRBProRES 10

steprébimgrR)d afenstiandar ab@vangint hehnd Geusreyaionat 8 the

al ue f an acquired i mage (sanple point) with the
gb?‘?"és‘?i‘g?ﬂﬂalﬁﬁ@cr eBif fATEGE (FdRMnaRcehoThel e 10.
Ah eRfadd & aitHdsay ihg Lhep cotd SR NG aaagasapéef Nehe
process flow (Fig. 3) nentionéd above in the 15
gesre r { praro ) ofoft keahflaxdi s dihee fiocugndvaheated value

rr.es [ e not ed hy i.dentjcal reference
S SRR TR B R P Bt er Mo hR T e, 1
tomgesHiitesSissreas Avatdgnadndbevee.n the
description of the second enbodi nent, an acquired
sanpl g1 S6LERaGEePS A%/iddd lewt 50athe urarTespBidisteas

& é@1th%ngrbﬁﬁg§3fﬁgﬁrﬁﬁ&ﬂn%hngeh@igﬁgdr§§@$ L V&ne
divided areas WJ are synthesized. It Is note that
dercrimition of tbeefhrstianksiddmeng, nendpahei cul arly

ééf?é 1gny hgaggesg égg denoted by identical reference
numerals and the description thereof is omitted.

| In image synthesis, as mentioned above in the
description of the second embodiment, an acquired sample
image is divided into a plurality of areas (Fig. 9), and
images corre8ponding to the respective divided areas Wij
are synthesized. It is noted that the number of screen
division is not particularly limitative, and as the

number of screen division is increase, finer processing

can be performed. The size of each divided area can be

scaled to the unit of one pixel. In addition, the shape
of each divided area is not limited to a square, and can.
also be modified into a circle or the like.

As the memory 15 (Fig. 2), as shown in Fig. 11, a
third memory section 15C for omnifocal processing is

prepared in addition to the second memory section 15A
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nunmber of screen division is increase, finer

processing 25 can be perforned. The size of each

di vi ded area can be scaled to the unit of one pixel.
In addition, the shape of q?ch di vided area i s not
limited to a square, and can’ al so be nodifi e®%*AL853"0
circle or the like. As the nenory 15 (Fig. 2), as

shown in Fig. 11, a 30 third nenory section 15C for
omi focal processing is prepared in addition to the

SREOAIpPEEDE e S Ealaigen 34bA 382904 PHISMO vl Ghames and

processes image data | oaded during even frames and

fhe SeEord TRIMSTY se6Eiren1EBBhek PasEEssedTpgRge

gaded gutidip. Lo S e By [Ys88EL LM, 5C

|hs pr ov&gfecf%t gf%@n hesr?-}tzgec]'j.ﬁllrrrfdgéne gg?asé?g}égéglgé

aeeprdvild€] , withstoksggehaseaed SGAaddrdssiordtagahei ghta
wor k di stance) informatjon on each_of the

-to-
b e oot S TAge R oadaCh: FF T RO G een s A ePiage-
Bk aa s ORYS ke rmdPE3nf 8L SLOK IdW diRe Qﬁv@.\ﬂ@hu%_@gs

val ue information on each of the divided areas Wj.
WDl i pepiel Wiiige i synthaniseqdi fntgd, iamge stomagabjred

I e i . I L, i f
FEER! £ AT RIED 812, SEMATRAEY B DLHLOLLLYS

e20s-¢0 iy Kidiigeanaeecadndlifocus eval uated val ues for
the respective divided areas Wj are cal cul ated on

each oft T8 F¥RERABHe Phetfeomnddecallt éragn PhegesHikect
bogm extdaghed inabehals selatiye lda}f:v ! gmﬁeﬁ%t ﬁgd

shows the hi ghest™ focus evaluate e anong
o sred] prsddd ongj difheripy obessiong efhoshet-hési téng- o

ngire: i e is_perforned. . i focal i e
s@#&té;ﬁ%ﬁ nf'n%gﬁs O?%St?ﬁﬁ%ﬁ%gééﬂVéiﬂﬁsrﬁggnFF%n is
cansd ¢itictee d ivil dbBea abay ewipritoned cmanen. oReégeni &g

to the process flowhart shown in Fig. 10, the
HhocRP st 1opgps . sand o2 Ber e idgadee #asnbaanagyiraeerd

WRIEH 6 d PRERciDetDl iRabeRablt dind dadwareas M inby: a
focus evaluated value among the divided areas Wij, the
prodessing of synthesizing an entire image is performed.

"Oomnifocal image synthesizing means” in the present
invention is constructed in the above-mentioned manner.
Referring to the process flowchart shown in Fig. iO, the
process of steps 81 to S8 is executed on an acquired
sample image in units of each divided aréas Wij by a
technique similar to that used in the above-mentioned
first embodiment, and then, the process goes to the image
synthesizing step of step S8M.

Fig. 12 shows details of step S$8M. After the start
of an autofocus operation, the first acquired image is
used to initialize the third memory section 15C (steps a
and b). Namely, in step b, the first image is copied to

the synthesized image data storage area 15C1 and the
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technique simlar to that used in the above-nentioned

- 25 first enbodi nent, and then, the process goes to the

i mage synthesizing step of step S8BM Fig. 12 shows
details of step SBM After the start of an autof ocus
operation, the first acquired inmage is used £§4P1052WO0
initialize the third nmenory section 15C (steps a 30

and b) . Nanely, in step b, the first imge is copied
to the synthesized i mage data storage area 15Cl1 and
hBegid infOAREARAVG toRaLENA -4 f ORI ON195QR2GE A ERe
15C2 is filled with the” first data, and focus
Ebartadalh vanseSogus evpledted tdisiess eagragepardatds5tie

' I f s .evaluated val ue i nfqrmati.on for the
PErSa g, LS YL IBL SN VA [ AR T Re B 1
efioryaseet ifor 156 ditieaghasdad he jseeprdeand

subsequent processLngs, the focus eval uated val ue of
&AL 78 ithggélang PABOrY overticm(lgsted val ue of a

synt heg| z&@y %gehérse&&@%r}%p (s\sﬂ'tbtggqﬁggg §§$8§%£§£%s,

each of the divided areas dse
bherotue dfedustedavahtedol dnamfuitted angyer eddi tinge

Ls |larger,, the i e is copi eq, and height
F U SR VPO B SO VAl %ﬁ%ﬂ?%e&elf“ 51 ARE| grmpared
ROEH esoNdithert @obheack 0pF athd MREA janeavadat g ( {Sé.@eﬂo

e

dg. Conversely, in a case where the focus eval uat
vhal uéPof £3Sehehers ite dacegevirduahed exluenefupdat i ng

S (I0i5 000 SNl BERLELRY AP i

nuiber of sSCreen
mbpass: ioor aodefofuanevd{ BRht:deald)iel sSneoppheted. I n
tion flow of the. autofocus contro

h 20
CrRee g, ca, BB GoP i | e AF RaBoAEe broem Bren

Eorarerded yheii Rgal eagdedvhditd dHe $RCONdvIRARE Y SELT IO b5

15A, the above-nentioned process is performed on each
Bie arguiged duagar tasswellesf. mive ubdagéndat e pérfdmmned.

foQ”dﬂé%aqun is repeated by the number of screen
division (step e). In this manner, a process for one
frame (33.3 msec) is completed.

In the operation flow of the autofocus control
sequence, for example, while the image data of an even
frame is being loaded into the second.memory section 154,
the above-mentioned process is performed on each of the
divided areas Wij of the image data of the previous odd
frame which is already loaded in the second memory
section 15B, and the necessary data and‘information are
copied or updated in the corresponding storage area of
the third memory section 15C.

In the present embodiment, the above-mentioned

process is performed together with the autofocus control

of the subject sample W mentioned above in the

description of the first embodiment, but the process can
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frame which is already | oaded in the second nenory 25
section 15B, and the necessary data and i nformation
are copied or updated in the correspondi ng storage
area of the third nmenory section 15C. In the present

- enbodi nent, the above-nenti®¥hed process is pSORELABAWO

together with the autofocus control 30 of the subject
sanpl e Wnenti oned above in the description of the
first enbodi ment, but the process can 32 S04P1052WD
ahsg pe iﬂg%?gyggﬂyi y gg?%9$g§d. The above-nenti oned
process 1S performnme Bn € nunber of inmges
necessame fabovadtmehoitised Jrddeats dsbpskfof@e8Son the
section, _height information on the. section, and a 5
PHEBST evhl ARA%T PRCGESEREr BYF THPIRSUSObESI BAL Brbest-
€86fs Ofe cd 16 dingided 2he8smW{oitod e I9Rt96n, and a
conpl eti on of autofocus operation. Accor |ngPy, not
6arys t ¢ieafushege dralpes theveo £ ovrmdibratodd adhetihéosubpelstof

W but__al so.an focal I e and. the shape of
?ﬁgpéﬁ%¥%% aml gégv%ggPﬁ% %%m%é%%?¥EEHSHFPHe°gnd in
sesbfodue dpdiraedoh . ofaddrdigdigiidedoar easy Whe #dbused
particular, if the synthesized inmage copied to the
Bt et AQpndiagéedabh Shorsgyl aatesarede Wsbutsplagen

[ -(5Fi n 0 ' ] :
S PR ERS drt e Snd " T STt R AR o
bé ea prwiosss ondfinppuadein vfal henmebjfect ewehl efAstBe over
%Png&%II%%ar . range, so that the state of height
FSTTTbaiew 8ttt he di spl ayed subj ect sanple Wcan be
easi | yrgpaspedulas | e e hRcussopelathffe &bied to
Furt hernore, since the omifocal inmage of the  subject
Shapherthesdyfthdspge ddala uigrqacharsat 66kuss dbsnrayed
SRUhRd ReAEY! 80 (hRg! ey PraseRAYeRE! PBeulind Sin cacn
possi bl e to ensure %lg 'y accurate autofocus € nt't of
& the divided areas can be observed during the process

of movement of the objective lens 3 over the full search
range, so that the state of height distribution of the
displayed subject sample W can be easily grasped during
autofocus operation.

Furthermore, since the omnifocal image of the
subject sample is synthesized by using the autofocus
control methodraccording to the present invention, it is
possible to ensure highly accurate autofocus control by
eliminating influences due to short-wavelength and =
single-wavelength optical systems, so that an omnifocal
image of surfaces of a hierarchically developed structure
such as a semiconductor wafer can be acquired with high
resolution.

(Fourth Embodiment)

A method of synthesizing a three-dimensional image

of a subject sample from image data acquired during




10

15

20

25

30

elimnating influences due to short-wavel ength and 25
si ngl e-wavel ength optical systens, so that an

omi focal inmage of surfaces of a hierarchically

devel oped structure such as a sem conductor wafer can
be acquired with high -resoftition. (Fourth EnS@diPAeREKO
30 A nethod of synthesizing a three-di nensional inage
of a subject sanple fromimge data acquired during 33
S04P1052W0 aut of ocus operation will be descri bed
helewoads aoh O by §R9ALEERL 0L 008 GRS A fourth

i nvention. As nentioned above, the image autofocus
epbpdinent ofcthe messeanpliieveneies. at a plurality of
focused 5 sitiaons.and perfornms focus eval uation. .
nccor dindn ol ane ReBHP e s ot pperation
pogaibee tamsyntihesjeseal at PLELaL] FENSH GRRNcLABRIE by
extracting focused sections fromdcquired sanple
PREYESORR ARG MATHAG St fecrscasebnatiean i oAscordingly, in

' ' %ﬁiﬁﬁi d wth_t ight_ 10 _direction
Egég%ggéméﬁ I g. f%hgy %yb%f&gﬁ%ﬁ% e,toafstyg}:he?%%s%d
pbzéee+ dimelstientdloimhgs beeaxpesidoine EdmsedcBeotions

anpl e images Ra, _Rb, Rc and Rd acquired during an
BB SR L ARPAf, LPBERS ot e i 6 e EPRUsEd

888t 15 are P RIFReda i bR 285NNtk the Hs%gm
direction (in the focus-axis direction), so that a
fhreetipmensi onal inmge of a structure R can be

synt hegj - np. Qf the t hod of sypt hesi zi ng
a thrgg%%%?ﬁ%ﬁgﬁoﬁgS'i%gda accor iﬁ&apgg?hegg?%%ent
fotoskdrgisiits on? Aes Bovhon i o ddrowWdidotmel &hdeadtt.of

In F?g.,14,-steps correspondi ng to those of the
ﬁ%lER/je- mERISSn &G f FPst RC b dtheiitaudmieg. 49Ying eaBenot ed

YL HeNld Gle ra@fi 8HENESCu AUHTBI A S AT theJesLi i gl
thereof is omtted.

are combined with one another in the height direction (in
the focus-axis direction), so that a three-dimensional
image of a structure R can be synthesized.

One example of the method of synthesizing a ﬁhree~

- dimensional image according to the present embodiment is

shown in the flowchart of Fig. 14. In Fig. 14, steps
corresponding to those of the above-mentioned first
embodiment (Fig. 3) are denoted by identical reference
numerals and the description thereof is omitted.

In the present embodiment, a three-dimensional
image buffer clearing step (step S1A) is provided after
the initializing step (step S1). In step S1A,
initialization is performed on a memory area which stores
the past acquired three-dimensional image. Then, as in
the case of the above-mentioned first embodiment, sample
images of a subject sample are acquired at a plurality of

focused positions, and smoothing, calculation of a focus
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In the present enbodi nent, a three-dinensional 25
i mge buffer clearing step (step S1A) is provided
after the initializing step (step S1). In step S1A
initialization is performed on a nmenory area which
stores the past acquired t3fee-di mensi onal i FAGBLO52WO
Then, as in the case of the above-nentioned first
enbodi ment, sanple 30 i nages of a subject sanple are
acquired at a plurality of focused positions, and
8UROLOLOG v AL LA Qg8 LREMR.GhE 0 4EHES2VO
eval uat ed val ue throdgh egge enhancenerit, and
standardi zticon odf thhecedbolhd@dEdacuevelakhuatiedalue
vaEHe wth the ¢ nresgonding screen _average | um nance
BFE" DT fSHTEPRER & 28h S6F SER o2 SehAsie U geECcestERs S2
berESimed Af teicht be Eﬁécﬁéﬁft;l@ningige.@“qsﬁ:@ﬁgssﬁv%U@é)e.d
val ues, the past data and the acquired data are
conpdidrattheachlcpdphionnot hehe ciasars evaduetdd whleds,
t d he.acquired data is_in.focus
gfﬁ%l Sl?ﬁ%gtgc (%ll%r gggdg%ﬁl?&s‘&i %atfaoc?ﬁ:éa e Wgaﬁ?%c%'é seaoq‘h
ppiat i g tHee sdatani 8olfepbdd ot Ft epeSPASt dHts and
process is executed on each of the sanple ipmages.
B e nRch debRal S HRgECSYt Y Aifnghrearguired (data
D& 658 Nfodud/, eRhOR ! r | e i
above- nenti oned Bﬁgﬁﬁighéffﬂﬁgﬁﬂg%géhghg?Fai%Sthe
preseamednisdebnBAR) - t H&ikb psoceen is ahkaxdulstl iant @agh
[ f.ar Wj as in the case of the
g%&%%%ﬁ%ﬁFﬁgnggggégbnd enbodi nent so that the
above-Teiicec Attlefs D60SE 1M ReFarnedi 0ingardhd” the the
di vi ded areas, but the nunmber of screen division is
ot HarfiVeatarPy 1 fi APRBETWeE-othd 1 fBeprbees serld e
Benred- perfof gethidy ap t é.g{)g.g%e)ég%es I;]lfere%{HHdAlment, the

according to the present t, I's possible

S@resasillsy divddedeinot @plumcptityuetf ecesedviposs tironhe

églsfeo ronrattlh%n a%gv}a b rﬁer‘?y Jk.) ér?é: c{ sse%@:!de e\ravbggg.mgrllé osc‘;Jl that the

- above-mentioned process is performed on each of the

divided areas, but the number of screen division is nbt
particularly limitative and the process may also be
performed in a unit of pixel.

Therefore, according to the present embodiment, it
is possible to easily acquire not only optimum focused
position information on the subject sample W but also a
three-dimensional image of surfaces of the subject sample
by combining a plurality of focused sample images with
one another in the height direction after the completion
of autofocus control.

Furthermore, since a three-dimensional image of a
subject sample is synthesized by using the autofocus
control method according to the present invention, it is

possible to ensure highly accurate autofocus control by
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t hree- di nensi onal inmage of surfaces of the subject
sanple 25 by conmbining a plurality of focused sanple

i mages with one.another in the height direction after
the conpletion of autofocus control. Furthernore,
since a three-dinmensional i¥Page of a subject S94RHPE2WO
i s synthesized by using the autofocus 30 contro

- method according to the present invention, it is

possi bl e to ensure highly accurate autofocus contro
bY 5 3BnS0. 01 BALI g Lib e t
SaTPeTEY naenest BAL DY S RS S dna
systbesyawd drivath apthres- sdévens| aaltharage tatee-
éurfacesagg_a hi erarchi cal | devel oped structure such
MM TonfiiF P TWEPEF2EEH Do B HEHETCEd SRILE hi gh
86601 S8 @Mt rldehirleh sEBROGE BN dm A drdddt 2 TRQEL PERLy Qfe
the present invention will be descrlbeg below. I'n the
abauirerkstitilpthiigh gksedebiof. t he enbodi nents, 10
refere as, been made to the exanple in which the
autofo@ﬁ%tgbﬁggg lﬁ%?ggd according to the present
i nventd difth kedbiifenbyot thd PRELP06aF8hBYon will be
agparatus 1_which uses a conputer as the core. This
doRSt IR 5 IMs  nmore or | ess conplicated and may not

-mat ch Heeds %%thl.SdéisgPlﬁt{tcﬂ‘glbzﬂd%ch'\%@ltﬁe L %rrjé ents,

al gorithm whi ch executes ocus contro
retordiqy hee bhenpmedento tihmy entainpd ebynsivhptle tias dwar e

i zed. i : which do not need
Bl B o B el e Bl AES REBATR b can

bevarseibn 1sarban i wedery rangeige2@raepbicali 9fsaidis 1
can be considered to greatly contribute to industrial
IhetSssn 2 SCEBREPRGHY, thah adke -delt s mromiFwictime s

658 &Y 1&@%9?{522&&&&%%&?%% LS eMRIEhOnl b8 for

construction o .
simple focusing. Namely, if an algorithm which executes

the autofocus control method according to the present
invention by simple hardware can be realized for various
cases which do not need post-focusing processing, the |
present invention can be used in a far wider range of.
applications and can be considered to greatly contribute
to industrial automation.

Accordingly, in the description of the present
embodiment, reference is made to the construction of an
autofocus control apparatus capable of realizing the
above-mentioned autofocus control method according to the
present invention without using a computer. As will be
mentioned latexr, the autofocus control apparatus can be
constructed with a video signal decoder, an arithmetic
element represented by an FPGA (Field Programmable Gate
Array), a setting storing memory and the like, and, if

necegsary, further employs integrated circuits such as a
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aut of ocus control apparatus capable of realizing the

25 above-nenti oned aut of ocus control nethod according
to the present invention wthout using a conputer. As
will be nentioned |ater, the autofocus contro
apparatus can be construct® with a video si gi94P1052W0
decoder, an arithmetic element represented by an FPGA
(Field Programmabl e Gate .30 Array), a setting storing
menory and the like, and, if necessary, further

eppl QM§ntB&ﬁg§:%c%Q~,sﬁh@C%tl§)sughPﬁé Pt SUARLA52WO

CPU (Central Processing Unit), a (Pul se Mot or
@@ﬁtr‘éﬂ@rb Nl aan esteanadl mﬂnmgyy Tﬁbeseeéémmrm same
F ézqnqo rr| ngbboard d are used as a
CI rEUTT 50l d TR PEPTY P Wsihefeft single

mhrchlﬁOEEéWdﬁhnﬁi h&eacpﬁéhhgebéﬁmﬁbﬂéﬂﬂ whikh 8bntains
Constructjon Exanple) Fig. 15 shows a functional bl ock

GhagriRrsit PIansMnigenst ructi on exanpl e of the
aut of ogpis, HOML Q) -ARPRLA ording to the present

i nvention. The shown aut of ocu 0 control apparatus 31
is congig udt%@hmwshaafundf;‘nomlgr]ﬂloc]ﬂeua@eam%f anfirst

EPGA 42 field 43, ROM RAM 45, a
Gﬁi’@“’%f?& 'fr%afﬂpgegg%gﬁb? %WtO%QHSdé?&%ﬁf@ﬁaﬁP%r%@s

- asesird Dig &g afeC pse8RAE Al hédhtich aNTRRALRGH rg;bg:%focus

signal_ encoded in NTSC format, and the 15 anal og

?%@@%uquw%éﬁwest@m@gfrucﬁeedmde:@ si yhdeo detpuelr

&deddd0 F digi i gpge, sianal whi cl clud

hor | zont%l /\‘/aglr :E?(k;’}a\‘I ngnchjjf:onl Zi ng S gngl’ é%él\f“’( even-

RoMiRAed)s, OBDPHadds puaher &)1 f& elitduitornat i on, and
dum anc nforma ion.. 20 The FPGA 42 is constructed

Wi th t FEIBRENERLRS Y JErT GMPAGCRE ceRR e Higied
mrmutaaial@gallmagecsssgﬁ&l | dheddifn aU QTREUS ERRL I OArhc{ |

(Fig. 3) according to the present invention
e D@ IveRinsnédiabovevertahdy the video signal

decoder 41 into a digital image signal which includes

- horizontal/vertical synchronizing signals, EVEN (even-

numbered) /ODD (odd-numbered) field information, and
luminance information.

The FPGA 42 is constructed with arithmetic elements

for performing predetermined computational processes in

the autofocus control flow (Fig. 3} according to the
present invention which have been mentioned above in the
description of the first embodiment, and corresponds to
the “image smoothing means”, the “edge enhancement means”
and the “evaluated value calculating means” in the
present invention. |

The FPGA 42 extracts information on an effective
section in a screen from the synchronizing signals and
the field iﬁformation digitized by the video signal

decoder 41, and stores luminance information on the
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description of the first enbodi nent, and corresponds

to 25 the "inmge snoot hing neans", the "edge
enhancenment nmeans” and the "eval uated val ue _

cal cul ating nmeans” in the  present invention. The FPGA
42 extracts information on &h effective sectiS®4PLASZWO
screen fromthe synchroni zing signals and 30 the

field information digitized by the video signal

decoder 41, and stores |um nance information on the 37
SO4RLODR 5 i @B k[t field Iy, .43,
At the sgﬁ&%%{e,l\%ﬁgﬁgr gggggurg%% I4‘y3 T e%g'eg?%rﬁ%rﬁee
fivkd dehwrirelJequemdtialdysubpdciedntithe dipliameanal, 43,

c es .suc filtering, (i e snoot hi ng)
g@ér ‘g‘éé T encra]\cnegt‘? EQW@HFE??%HQE?BWWS&?HFB%%d
mlluerm:_i;cuirﬂatg}@%mobﬁhiﬁg@li,tg‘@@ra%@eh{nﬁ%tnbgns of the
field mepory 43, the CPU 44 and the PMC 46 can al so
FRlrhtdr it st fosushevEbeatel vakworadileylesiche In
f 4 Is of ct F 42, The fiLeld ne y
e P Eiharbr, Pe 10 Mgt o ofaE C20
#f ondretlieorPM 46r den hbshabdl Eneonpdletesi ghathe WbEh 22
interlaced, formand includes franes

iSO tted in , ]
' ‘l’é'g%%#%f#%oc fFhes dﬁgﬁgeof’gahn‘é‘?/%?ﬁmi% @fafbeaFPERy 2 -

fiel dThEheichd hénBRPages:d NELPHA it@ﬂpei‘ai{% ad &g
system_ for exanple,” varies the |ens-to-wor st ance
Bye fieldisifegmakéopcin4erdan thdandiechr video 49igmal
ve a St por.t i subj ect _saml e and
T SERy TS i PR TR h oS GR( FBEApdes frames

g towhifahomst hedé osfsan evmadiuatied dvahdesn obas a1y .
at focused positions and

i mages, respectively acquired ] .
con‘pu?ré’& E%Ut fié ‘P@%&Sﬁ%.t% ReLEfiLeNeRANHIR, etHe e CPU
0 F E2RORASmb et Near{OCalne PRRILLIAN,GRL C ﬁ)lﬂ,%
élrryésan_s" in the E?egenta?nvent on. STﬁg ‘E&%R({Jl\% 'S by
¢REd T thet BEMN§S oped athent Abftiwaud tf 67 thenGR d4stage

élﬂprﬂrﬂ%) aagﬂbg Qgt pgzgrg‘prﬁ?é earrf’d calculates an optimum
focused position (focal position) from the focus
evaluated values of sample images respectively acgquired
at focused positions and computed by the FPGA 42. In
this example, the CPU 44 corresponds to the “focal
position calculating means” in the present invention.
The ROM/RAM 45 is used for storing operation
software for the CPU 44 (programs) and the parameters
necessary for calculation of focal positions. The |
ROM/RAM 45 may also be contained in the CPU.
' The PMC 46 is a control device for driving a pulse
motor (not shown) which moves the stage, and controls the
stage via the interface (I/F} circuit 47. In addition,l
the output of a sensor which detects the position of the

stage is supplied to the PCM 46 through the I/F circuit

4.
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necessary for cal culation of focal positions. The 25
ROM RAM 45 may al so be contained in the CPU. The PMC
46 is a control device for driving a pulse notor (not
shown) whi ch noves the stage, and controls the stage
via the interface (I/F) ci%% it 47. In additi GP3P1PREWO
out put of a sensor which detects the position of the
30 stage is supplied to the PCM 46 through the I/F
circuit 47. 38 S04P1052WO I n the autof ocus control
appar atwscrdl £@R_FbLUst ednt i 145 ARG ARNLLAREH cred
manner, a video signal of a sanple image is suppfled
fRohhe oy caestd oReidc mansenot a shivden sifpimad wifdeosample

s | 0S| t to th PGA 42 vi h i d
38081 oI ok BPoR ST G s Mgl Bnown.

frhive mahdeo cailgnallatisonnpodtéacts @walrmained vahibethe
conputation are performed on the input inmage. The FPGA
T50E0 aais J5CHSTedar UAPCHh G SIS HHEICPBVRTAgE | he
Lol h 0 @ IAGRE ORI 2hAsSE Indicat (g, af the end
of 10 a field. Tﬁe Cé%§4£§%%%3%ﬁggg#%§'g§gF i nat es of
gofpietat it age perfhemednpngtlod drdpeterddagk .t henhd irlad,
d_uses. the . coordi nate s.the | ens-to-work

&7 SRR ¢ UPn v huobed i dibd B GRUseAnat Heen
tepheg esf Ry sthehRBADInd Ss Dindl NBRIRQESSsabY £RE dAE or
aut of ocus operation of the present invention, the CPU
A48 k% orms cal cul ations of focused positions. Then,
the AdpGayses qg? t pt i mum

foc ugglé’lepg:gigt Jiglon, cg%%f%tbnp etcgjéartﬁgégt%gt %fo%uéocrﬁjs
opegatdtorrhel niaddgt bOntha aot e tievifsa, 28nd Unsdd Qthe

P P B ar RE LA ORalt o TRIde FAeRER: & AR erEbr ned
aboneeratablied! brbbesau A adts, capkhebaapPardd User
égméﬁmgfiggessary for the autofocus operation of thé
present invention, the CPU 44 performs calculations of
focused positions. Then, the CPU 44 causes the stage to

move to an optimum focused position, and completes the

"autofocus operation. In addition, a screen division

function, omnifocal image synthesis for the subject
‘sample, and/or three—dimensionallimage synthesis are
performed if necessary.

If the autofocus control apparatus of the present
invention constructed in the above-mentioned manner is
organically comnected to existing focus axis moving means
such as CCD cameras, monitors and pulse motors, it is
possible to realize a function equivalent to the above-
mentioned image processing apparatus 1, so that it is
possible to carry out the autofocus control method
according to the present invention by means of an easy

and simple construction. Accordingly, the autofocus
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i nvention constructed in the above-nentioned manner is
25 organically connected to existing focus axis noving
nmeans .such as CCD caneras, nonitors and pul se
notors, it is possible to realize a function
equi val ent to the above- nme®?ioned i nage proce¥”iPAg52Wo
apparatus 1, so that it is possible to carry out the
aut of ocus control nethod 30 according to the present
invention by nmeans of an easy and sinple

ct,l h autofocus 39 S04P1052WO
%gﬂﬁ?%F 2 f§$%§QJ ?he¥6Fés§Etlnv RS qgloso
extrenely athkartagealss inntkenssodf céOStarmNdnstallation

'installation space. (Second Construction Exanple) 5

EP§°€16 is a functional block diagramof a second
constr@ggddﬁ@_Q%%ggggcggoﬁhgkgﬁgfgocus contro
apparatus according to the present i nventi on.

Sect i Ofisg - Cler ﬂ@s@oﬁ@nnglbnal hiobeckuskichgrant o€ &i sstond

Qn exa ( 15) _are denote
e %%%éﬁlon fBFe 8 f Eh%@?%?%fO%ﬁﬁi%9ﬂ§r gtﬁ%?@ﬁatus
dee@fdiﬁg(ﬂbtdha’@ﬁkséﬁtoﬂﬁféﬁﬁﬁonJ ngstbeiphgsent
constructijon exanpl e, an autofocus control apparatus

SOTTSRYWENA S FhRBENUERE 4 delee of igisdl c@@@@mctlm

P t| P
%ﬁﬁné%é?xﬁﬁé(m ?gu%?g4§énigg$#§pMLove1%%%t%%§85 c
Runefalcus aggntthel dappatafiudeddrimfidieibredst is omitted.
ﬁgqﬁlructlon exaggle is,adapted to use the field
Henory PASSSRG SEFPSFRTELTE rofeii s Arafd tPAPERA e B oL

apprals BQ REOEBSS t Mct&d 651 A adhd m&@%oaéléﬂal'égﬁﬁher
simlar to a TV (tel evision) imge. However; if

B )Fhé?utF(?ﬁa‘cé§ opBFafPBnt4 s thek OM/REY 46cotihe, Pmceaarﬁe
'éﬂgqﬂﬁpgvgncgegglgog7be used, and there is also a case
where the required process needs only to be perforned
in uffies abbvereedsioned addidficatns thnsrbackpp@yatus 31

§¥Qng%irst construction example is adapted to use the
field memory 43 and perform control with frame
information in order to process an interlaced image as an
image similar to a TV (television) image. However, if
only autofocus operation is taken into account, frame
information need not be used, and there is also a case

where the required process needs only to be performed in

units of fields. In addition, this fact may provide

merit.

For this reason, the autofocus control apparatus 32
according to the present embodiment has a construction in
which the field memory 43 is removed from the first

construction example. According to this construction,

- timing processing for transfer of information to the

field memory is not necessary, so that a physically and

logically simple construction can be achieved compared to
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merit. 25 For this reason, the autofocus contro
apparatus 32 according to the present enbodi nent has
a construction in which the field nmenory 43 is
removed fromthe first construction exanple. According
to this construction, tini%fy processing for EP4R$PERWO
of information to the 30 field nenory is not
necessary, so that a physically and logically sinple
construction can be achi eved conpared to 40 SO4P1052WD
Ehe ahove-fBRinned iLEs! o6ADBHILCIAPN XA o 1
addi ti1on, since focus evaf Uat on processi ng can
@@dibwmd s:rnqmlftoszusf efragldsion arrouss e canebet s can
be_ provi far ex the interval of sa I|n
PEERR e ot il SFa Pt Bt anv BEL MR G0 DRpOF B0t be
phevides! £ORSEMPAL] 0BneXERBLLyAhigh é&%ﬁ@h&sof focus
processing in units of frames. (Third Construction
evaht te9d Fag.ues7 caa hef yadurohatonpansd doaghantbisia
ons [ t he aut.of ocus
SO R L e, BB ol 5B LE wnite
ebbOdinment . Secti ons correspondlng to those used in
the fiyst construction exanple (Fig. 15) are denoted
by i dentics SPBFEFERELCN NEARREY, and the detail ed
descriply 07t her §0fFuh&e AT 8fhockd diAghhf Bf eS&Hira
construction exanple, an autofocus cont r ol appar at us
SIS rusnsy geaed e @ﬁ tﬂ‘n@ i ergisgrahtded odpparatiys
) he t.he. ROM RA the PMC 46
%gn%{cﬁ% /A{% (t:zlhrc |93 ﬁrﬁbo%lu B¥ oc{\ée%%ln ol
mpm@omls@ ab thes@rﬁg@cmtm Ahet GiStstUebhobrexegl e
qp ed with a construction in which the |ogica
Flge PRC 3bei derordieddomtinel rrEarancand

ﬁﬁhéf%gﬁpe%%@n%hEOQEEa£1é&L&ésé?1ﬂé§%u9¥§e%@ofsls omitted.
unnecessary conpared to the above-nenti oned
BPoriste aeisent construction example, an autofocus control

apparatus 33 is constructed with the video signal decoder
41, the FPGA 42, the CPU 44, the ROM/RAM 45, the PMC 46
and the I/F circuit 47. -

The autofocus control apparatus 33 of the present

construction example is equipped with a construction in

 which the logical block of the PMC 46 is contained in the

FPGA 42 and an independent logic circuit of the PMC 46 is
unnecessary compared to the above-mentioned construction
example. According to this construction, an independent
IC chip for the PMC 46 is unnecessary, so that reductions
in circuit board size and mounting cost can be realized.

(Fourth Construction Example)

Fig. 18 is a functionallblock diagram of a fourth
construction example of the autofocus control apparatus
according to the present embodiment. Sections

corresponding to those used in the first construction
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exanpl e. According to this construction, an
i ndependent 25 I C chip for the PMC 46 i s unnecessary,
so that reductions in circuit board size and nounti ng
cost can be realized. (Fourth Construction Exanple)
Fig. 18 is a functional bldck di agram of a fo@ORRLO52WO
construction exanpl e of the autofocus contro
apparatus 30 according to the present enbodi nent.
Sections .corresponding to those used in the first

Clhs SQ4P1Q52 anple (Fig. 1 are
ERM L b W gemoe2p Rt tP Richr el ~2ek-Bhe
dehard kg, desribet denat hedeaésiBigtidd athereo® tiBeomitted.

_gresent constructi on exanple, an autofocus contro

B QRIS SR, SORGREVFHEPBICTRTM ] ey ifgéeTeryfaFontrol
1,_-;_t , he, s
SRS Tl i BonpPrlictla 1l [ Ml oL (b 8Rex
¢irciie BRSGA 43ndthheCPUF4¢] r ity tROM/ RAFhE Sautinf ADUS
ntyol .appara of _t he esent .constructi on
(iR MNP it i S B R e a0 or

ahe flocuyrstcageuis gonstructed wi th an anal og-

signal -control |l ed piezoelectric stage instead of a.
pul se TheoPYotaRbst ARNPEP DRRRFEANUS 48 PE tBedpresent

=Tl 1L he . 1N \V.e-: i.gne
%%nst#ﬁ%?%%hegxgg%ég%é ?%h%ﬁ%ﬁgv%ﬁgpgﬁégﬂDgEg?%?Q%%it
#@u o o itheofponat sdaga, id odrarcrexaedl @i thhen Gk Bdg-
and i-n this se the ADDA circuit 48 need ngt be

DA g o P EFRAF L O eki =t A LLABOASY DR &1 T AT
Hdso®, BACitheUnb/BRCEIARuIS M Gid ¢lely fArpEQRNERE i fig: @
directed voltage fromthe CPU 44 into an anal og
%N%uﬁﬂ,lnwﬁﬁﬁea ﬁvﬁﬁm@m¢%ﬁquwﬁﬁﬁqnﬁwqoﬁsﬁrUQDi@hr%%ﬁmPIE-
10l fAMBE | 0o aaB) S0 LLQMM 8.5NObe( 0L ed in,

ic etects the nmovenent "position of the

e zoeinpder i chesCage44 | Mmd airditgiitsalcasegnaé ADGDA
feedi.ng back the digital sjignal to the CPU 44, If,
%%}%%theé‘gb%ﬁdc’aﬂ?r T RS GRSt a8 an external circuit.

In the AD/DA circuit 48, a DA circuit section is a

circuit for converting a directed voltage from the CPU 44

into an analog signal, while an AD circuit section is a

~circuit for converting a signal from a sensor (not shown)

which detects the movement position of the pliezoelectric
stage, into a digital signal and feeding back the digital
signal to the CPU 44. If such feedback control need not
be performed, the AD circuit section may be omitted.

(Fifth Construction Example) |

Fig. 19 shows, as a fifth construction example of
the present embodiment, a specific construction example
of the autofocus control apparatus 33 which constitutes
the above-mentioned third construction example (Fig. 17).
Sections corresponding to those shown in Fig. 17 are

denoted by identical reference numerals, and the detailed
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be perforned, the AD circuit section may be omtted.
25 (Fifth Construction Exanple) Fig. 19 shows, as a
fifth construction exanple of the present enbodi nment,
a specific construction exanple of the autofocus
control apparatus 33 which4bnstitutes the S04P1052WO
above-nentioned third construction exanple (Fig. 17).
30 Sections corresponding to those shown in Fig. 1" 7
are denoted by identical reference nunerals, and the
Q4R1Q520 d i ption thereof is
ggé@ﬂe@%ﬂ §héer%ﬁ%esen Eﬁ%{lr uction exanple, an
aut of aoushec prtsehtappasaiwst 35n ie&:fﬁg et uat ede¥eddus
t he video signal _decoder 41, the FP the CPU 44,
GOPHESh FERGAUE5AS 55aﬁOW%‘ﬁdatwl@hR&hGowA@@e%sgnal
ABERHA) A5Brran dphve p u n r
circuit 4%]1 tgl% Egé%\ &Ihnl %?%IL]{T]%’ n484 R%\C/I%%E%% F“%SO ‘Lé&
P Lﬁfﬁ’m t(ﬁt@tlcoﬁaedbmrscéews MeEﬁﬁy)Sa@BandnSB@ dﬁi\l’e@f
‘WA L are rm%nt wi ring board 50. 10 The
YsIF FEmotry ggﬂcgnlaozghreorsm%g Corr 88pbRdAto the

abimielieAngores ROM R 4% 1804 ithe of é%BnEIEHBfé’ S\
stores operation problens for the CPU
HR-offobudndopaPat rbh Phiwhiah Aneg mpnﬁ@e#apnoa ¢oumin as
@glq&ugoaggvggent speed and a snoot hi ng. condi tion),

| € the SRAM 15 45B is used for tenporarily storing
the va‘heoﬁiaspanan@tpr&mecﬁsmysm £oBPHb Bt Dt o
f.ocu tion CPU 44. The RS driver 47A is

I Eheser BERLLORER 204N A% eceBearyepbrmenory 15
SN bpathonen Wi B £rRa 18QUCRIERL éQdC&FEWCF&%

via the connectors 53A to 53D. In this exa
PEFEtaonsipbhhett atng olrtﬂ@n@an@@ct(eucssas anﬁbcals

ofh@heht! Eﬁg%%@ﬁ& rold80o9f; Cptéo'n i onn e%h]:] Ct[l'éed SRAM

connect or power sour C|rcw
45B is used for temporarily storing the various

parameters necessary for computations of focused
positions in the CPU 44.

The RS driver 47A is an interface circuit which is
necessary for communications with external equipment
connected via the connectors 53A to 53D. - In this example,
a Ccp camera is connected to the connector 53A, and a
higher-level controller or CPU is connected to the

comnector 53B. A power source circuit is connected to

the connector 53C, and a focus stage is connected to the

connector 53D. The focus stage is equipped with a pulse
motor as a driving sdurce, and a PMC serving as a
controller for the pulse motor is incoxporated in the
FPGA 42.

As mentioned above, the autofocus control apparatus
35 according to the present construction example can be

constructed as a board-mounted structure having, for
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the connector 53C, and a focus stage is connected to
the 25 connector 53D. The focus stage is equi pped
with a pulse notor as a driving source, and a PMC
serving as a controller for the pulse notor is
incorporated in the FPGA 42 As nentioned ab&PEéP1PREWO
aut of ocus control apparatus 30 35 according to the
present construction exanple can be constructed as ,a
boar d- mounted structure having, for 43 SO4P1052WD

I e 0 .gl.de; _in
L G e Bsohas PN L delrr s §4bTeun
whgoh | Ydw ous devvdlciese chhebbet of osxscwnintg an Adtyhotithm

ccording tq the resent inventio e nounted on the
BSTERELAR oty BoseRoBR g0ty L et G ot e O; the
posseit et 2ee n8AHEEH0RS tHk aPRRAL UIr¢ASt BoaRd

sinplification of apparatus constructions. In
2fdi T3/, conrpEsuEhECR redtsmitoposisabilal Fat Feml vte

EO4E ATER s Ga aggggagasaés | 1od S5 R0SS:RLe LY gasily

‘nmeet on-site n or aut ot ocus operation 1 n

appRusinislcdnsihdetibase aut eidadidonpniinte €I Presdion

wﬁujd nat. have been used. Although the enbqdi ments of
The bt CLoRy 8ht FERIPHSNe PR PRddSGEEREGabblelst he

P asante iﬂ@/%yatsiiq?, m8bt SRUWESE HeedOlrdhl Bl:EEF-LQsany
of the enbodi ments and can 15 be nodified in various
R torPn HEL Badustotial helekdhniloade audedoohst hentrol

%@%ﬁ %%ﬂ%ii gﬁg or.example,_in the above

1L
on 0 I rst enbo&?nent, r ef erence has

been mAd&cught bRe comisdd itfdnitan oftiheh pre¥est t hevention
ive lens .3 in the focus-axis 20 direction in

*2???‘;&2?}%@& PEErTEREY| BAQYE o-RhRRe sgMst dRvention, of
Auryatiisvely, 15hec848308 £ Us wg%bagménééna#& dBy
be adapted to be noved. In the above-nentioned first

ifded ia WpiVPwg ways on the basis of the technical
idea of the present invention.

For example, in the above description of the first
émbodiment, reference has been made to the construction
which moves the objective lens 3 in the focus-axis
direction in order to vary the lens-to-sample distance.
Alternatively, the stage 2 for supporting a sample may be
adapted to be moved. |

In the above-mentioned first embodiment, a driving
sYstem for varying the lens-to-sample diétance is
éonstructed with the lens driving section 4 made of a
piezoelectric device and the driver 8 thereof. This
driving system is not limitative, and it is possible to
use various other driving systems capable of highly
accurately and smoothly varying the lens-to-sample
distance.

By way of example, Fig. 20A shows an example using
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system for varying the | ens-to-sanple distance is 25
constructed with the lens driving section 4 nmade of a
pi ezoel ectric device and the driver 8 thereof. This
driving systemis not limtative, and it is possible
to use various other drividfy systems capabl e S§fFL052WO
hi ghly accurately and snoothly varying the
| ens-to-sanple 30 distance. By way of exanple, Fig.
20A shows an exanpl e using 44 S04P1052W0 a pul se
gobOI s&thditR Y LW BOGRRULLS. sbi-Ad! S 1fBRR4 oA IV
21 generates a driving sign he pu se not or O
gnivée bhhgjenegfat@scantirdi isggabdnsuppld ethef pahsa potse
tor ontroller 22. 5 1In fddltlon although t he | ens
‘g"‘%é‘%ﬁ“‘ilogn 2 FERERE! phit SR hotBP 126 hr & ORdapPelse
ﬁ@tgg snvei iy $o- called feedfoward control, it is
possible to use a construction in which a sensor for
det ect¥h@dddig onposithenghothetaps podivilingnsertion 4
\ a ntro of a drlving, source
€£8 &%%%“hhomé%%%% %gns%ruc n‘%xanp %‘ﬁvg 8¥|€?ng
Syl edn fdudfoweedt E:OhSraldrit/I g it by o hieedhack
control. A driver 24 generates a driving signal for a
PRV TRF Syt dfy #5316k ﬁh%eﬁ%%? st deteshingl 18Rgnal 15

S&PPL i Kk fcfro@t%@eoﬂbgytlgﬁé egd 'Iﬂgavcﬂcf %]u'f rzig_ee!iga&]t;“ S

case, a cylinder unit, a notor “or the ke can
G@mﬂrQ&iOﬁ(@ ﬁmevanQVSQQrsqsten123 A position sensor

26 d h
oot ont Qe ?0P SPoHRCSH | e G SBh BT S5 put o

-@a:ixomb NgrstiefiC whiicB7corfrdhe 4 epdivigiCisbabtct BY

su(ﬁE%es a position conpensation signal to the output
FFoEtredi-t BBV athedbasnsrafest hedpiitigtd wignal

the Posiitiily $oR8eh 26 &9 B8 U PRF L QBne £81 M 65D

of the driving system 2
supplied from an output dlrectlng circuit 25. In this

case, a cylinder unit, a motor or the like can be applied
to the driving system 23. A position sensor 26 may be
constructed with a strain gauge, a potentiometer or the
like, and supplies its output to a loading circuit 27.
The loading circuit 27 supplies a position compensation
signal to the output directing circuit 25 on the basis of
the output of the position sensor 26 to perform position
correction of the driving gystem 23.

In the above description of each of the embodiments,

reference has been made to the example where the video

signals supplied from the CCD camera are in NTSC format,

but video signals can also be processed by the PAL (Phase
Alternation by Line) format. Video signal decoder
sections can also be replaced to cope with other formats
such as IEEE 1394 and Camera Link. In this case, the

function of a video signal decoder circuit may also be
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In the above description of each of the enbodi nents,

25 reference has been nade to the exanple where the
video signals supplied fromthe CCD canera are in
NTSC format, but video signals can al so be processed
by the PAL (Phase Alternati®n by Line) formatS049Ll8eawo
si gnal decoder sections can also be replaced to cope
with other formats 30 such as | EEE 1394 and Canera
Link. In this case, the function of a video signal

IRCOASSrLid £ Uid vIRY rpliaogbe 45 S04P1052W0

- incorporated 1 n the FPGA 42. Furthernore, the focus

eval uaiwd-heaingee, amdetﬁecuéoev&&uhqnﬁﬂmahmes ahdsangpl e

L f e NI T TR

the phayerbarn e creni be&ogdiﬁg Oo lond Quetdek m@ﬁd&%

sanple images. In this case, an encodér circuit for

e¥mRrEq e siepliayedr pat Fba meniNKSC DrRilge ) ksogather

I g ;he se ar at el ovi ded
0 B Wil TR0 e 20 SRR B BB o ¢
ﬂérknnnnbﬂumm@tedchomnﬁnemasléﬁ tJ(NTs@xa&pkﬁe ithRe and
ute{oqus control ,apparatus having the construction
‘ﬁ’e%ﬁ' ABovdSCi hmedE WK e pﬁqwa&elﬂ/h@rp‘ff—fiﬁd
B0 UERHer $6rS04P1ARZVIO s i Borhhe B s2UHAT B UShe
control nethod including: an imge acquiring step of
kel -mavgteds gevppuents ofmgbodatanpilea shbj evtobvces

- it it di ff f
BTl e AR 0 B Sl O e ph2hE8, e

an thealdssicedprabheocat hell 8i iy slepiakneal cul ating
each focus eval uated value for each of said plurality

of .10 focused positions on the basis of said
respective acqui red i nage dat a;
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a focal position calculating step of calculating a
focused position where said focus eval uated val ue
reaches a nmaxinmum as a focal position; and 15 a
noving step of relatively noving said lens to said
cal cul ated focal position vit®h respect to sai F04P1052W0
subj ect, said autofocus control nethod characterized
in that: 20 an image snoot hing step of snoothing said
acquired imge data is provided between said inmage
acquiring step and sai d evplisat ed val ue cal cul ating
step, and said focus evaluated value is cal culated on
the basis of said snoothed i mage data. 25 2. An

f I d di t laim1,
har act bt o s REP PP h R nhhate

cal culat iingo#t epqufirifgl steptd N ERli@aMgaveERE8tive

| um nance of said_acquired 30 inmage data is provided
BRSO 2 4ttt & WhDECtnaged BEvE K g oft docuand 47
@MM:L & e\i’qlr%e fggﬁlabﬂg da %t}‘gély qu'l ng cﬁ%ltgnkg cus
eval uated value By said cal cul ated screen average
bepwermce lienused ths subgjefiocus eval uated value. 5 3.

An autg{o%ué centrol . met hod according to %Iaimjh N
V2RI FatUS | FRSA P OV §3EBd O aFdtculating

char alfefi

€adie Wl Al @vellepregab d1hocksr evaliaredMal Beubslity of
cal cul ated on the basis of a | um nance data difference

Wissh pafjiddene prxehg baskaief sehd resrestigeedat a.

gghd&régwfmgggfgggg,controI met hod according to claim
1, characterized in that, in said focal position

cal culeatfiorgl position calculating step of calculating a
focused position where said focus evaluated value reaches
a maximum, as a focal position; and

a moving step of relatively moving said lens to
said calculated focal position with respect to said
subject,

said autofocus control method characterized in
that :

an image smoothing step of smoothing said acquired
image data is provided between said image acquiring step
and said evaluated value calculating step, and

said focus evaluated value is calculated on the

basis of said smoothed image data.

2. An autofocus control method according to claim 1,

characterized in that:

an average luminance calculating step of
calculating screen average luminance of said acquired
image data is provided before or after said image

smoothing step, and
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step, said focal position is calculated on the basis
of a maxi mum of said cal cul ated focus eval uated val ue
and a 15 plurality of neighboring focus eval uated
val ues. 5. An autofocus control nethod according to
claim1, characterized in ¢hat, in said i mages04P1052W0
acquiring step, said respective inage data is
acquired at said plurality of 20 focused positions
whil e said distance between the I ens and the subject
i's conjipuqusl 1,804,634 of oc control -met hqod
accord%ng to é%g%%%f? bghg%gg?gﬁéz%éﬁéf?%%%ﬁ %&598a£68
vehdge bygshid mplstdptadd ssaidn2avevadel dledinsldee is used.
gglcul't%qgﬁ;tgpjgre erfgrned in parallel. 7. An
atit 5T 0T U CEM TS WefHod2atEor ding to claim 1,
characterized in that ultraviolet light is used as a
30 light source for illumnnating said subject. 48
SUPI B\ROEFocns aanbFosuse thed raxtcaretimgd tac coaiinng,
L. ar, eri.zed_by divjding sai.d acquired
%ﬁ%gée@%%%%z?dn? 21 ﬁ%‘il’ u?él g?%/é{o?v% %aa%e%arY&‘l&‘&I cul ati ng
saldulachly posip, i eaidf Goceackvealusadd Wlviedeg areas. 5
9. ﬁgkag%ffocu control nethod according to claim38
CHEFALTRT 80 e BEGHPr PhR kBRI TR AR Lenddé EoFesas d
BUbIES! ) enkNB9k21 001 hMBALS Alodldh hRcaL AOSLLI ons
of said respective divided areas anong sard drvided
areas. 10 10. An autofocus control method according to

| ai m,g, [ erjzed by uj rin . .
%hree- |ﬁ€%§?8§§% ?%%ﬁgongQ§§¥%a§ﬁ%ﬁ§&99b§o claim 1,
Syatdesiring immgRatat isas4id oealPQYsii-ans 0h18aidcing
respective divided areas anong said 15 plurality of
Fr%%rfrsegflﬂo&OF%ngPsmowm Beladecoprr Shenpanbel of a

hDEIMHM E said calculated focus evaluated value and a

pPlurality of neighboring focus evaluated values.

5. An autofocus control method according to claim 1,
characterized in that, in said image acquiring stép, said
respective image data is acquired at said plurality of
focused positions while said distance between the lens

and the subject is continuously varied.

6. An autofocus control method according to claim 1,
characterized in that said image acquiring step and said

evaluated value calculating step are performed in

parallel.

7. An autofocus control method according to claim 1,
characterized in that ultraviolet light is used as a

light source for illuminating said subject.
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an i mage acquiring step of acquiring respective inage
data of a subject at a plurality of focused 20
positions differing fromone another in a distance
between a |l ens and the subject; an eval uated val ue

cal cul ating step of calcul #8ng a focus eval 43 052WO
val ue for each of said plurality of focused positions
on the basis of said respective 25 acquired imge

data; a focal position calculating step of cal culating
8. fo@%§%§uﬁ§ﬁﬂdﬂs°@oﬂ@§6§ AL d AR, e H %&eglgﬁkuf
reaches a maxinmum as a focal position; “an novi n
§héipa©¢emeﬂﬂi ibye [ vihiingg s ad dat@uisrdd inBesdiata into a

t.ed focal o tio th,respect to.said
BRI By SR eSio-Saathebite BEH Acatoprsdtion

cbﬁr@ﬁ}erdﬂ@allwdlwgbadbggasan i mage snoot hing step
of snmoothing said acquired inage. data; and 5 an

average | um nance cal cul ati ng step of calculatlng

' d d
s eCANSHRIELUTLORREE, O o EBASY, L mgey 2

and in that: sai ocus eva

oharamteﬂxzadsbqfasqudr$ngoaﬂemhmiﬁmﬁaxkﬂmageaad $8ia
| ye oht ai ned V|d|ng sai d focus eval uated val ue

 di,
% i é’alséfaﬂtgﬁéazwﬁeé*ﬂ ISR ralgesdighifesiderpsifdens of
851 ¢ atebJeRtUseeWal iakgdaval y eamc;]r%; s%ﬂda @LQ‘&QEHS areas.

control nethod according to claim
characterlzed in that, in said evaluated value

£&! culat C ev Iuateg
ca]cu gg0§5§ﬁs éé%ﬁ%ggﬁ&%: ﬁﬁﬁﬁgﬁf 183t§9d???%?éhce
d:im::/m:&:rerﬂdjedc et apiuet Sng na Stk AGT tiched chARgemdad dof
said subject by synthesizing images at said focal
positions of said respective divided areas among said

plurality of focused positions.

11. An autofocus control method including:

an image acquiring step of acquiring respective

~image data of a subject at a plurality of focused

positions differing from one another in a distance
between a lens and the subject;

an evaluated value calculating step of calculating

a focus evaluated value for each of said plurality of

focused positions on the basis of said respective
acquired image data;

a focal position calculating step of calculating a
focused position where said focus evaluated value reaches
a maximum, as a focal position; and

a moving step of relatively moving said lems to
said calculated focal position with respect to said

subject,
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20 13. An autofocus control nmethod according to claim
11, characterized in that, in said focal position
calculating step, said focal position is calculated
on the basis of a maxi num of said cal cul ated focus
evaluated value and a plur&fity of nei ghbori i 4238§3W0
eval uated val ues. 25 14. An autofocus control nethod
according to claim11l, characterized in that, in said
I mage acquiring step, said respective inmage data is
acquir ' I | gﬁﬂﬁggf j tjons while
sai d df%%%%%éﬁ%g¥ﬁggﬁgtﬁ%ngésc%O an ﬁﬁgﬁgu ject is
toatiudimusly varied. 50 S04P1052W0 15. An aut of ocus
control_nethod acc%§Qing %o claim11l, . characterized
in that™ sy RYETREGd PHRG SF efiamdidy Fa16y arautead
vahge dadLulaid ng step are perfornmed in parallel. 16.
An aut of ocus control nethod according to claim 11,
char acterdvas@den lpdnanrer gl enkatingHteps afsed as a

Lighty Soul i Lnat i ng. subject. 10 17, .An
autg{:}%l ocus gggsnét‘r%(r?lﬂ ﬁeb?%gga%grg%%%e t%pcslaé"ldm e red
thagaciard,zethdyirdithiadi: ng sai d acquired i nage data

into a_.p ality of areas and cal cul ati.ng said foca
4 i

posi t iBHE FACUEAEHAONAESH VT W7 detl Grléadated 9. the

Balé Df Qo s GN IhRlotiREN9lage c@idi NP cl ai m 17, ,
characteri zed by acquiring an omifocal imge of said

subj eé& valusyebisadhedngyi dbigeding ssdidl flooval epadiiatohs
' [ Lyi reas anong.said divided

e Byf S SR B S S) Hatnebr ut A g e

£ adamdl Zocuzharvatuacededabye acquiring a

t hree-di nensi onal inmage of said subject by

synt hesi zing i nrages at said focal positions of said

1£espeali ¥erdir¥b08d-aheAST b Al orBl HEaLLt ¥1 0fm 11,
focused positions.

characterized in that, in said evaluated value
calculating step, said focus evaluated value is
calculated on the basis of a luminance data difference

between adjacent pixels in said acquired image data.

13. An autofocus contrel method according to claim 11,
characterized in that, in said focal position calculating
step, said focal position is calculated on the basis of a
maximum of said calculated focus evaluated value and a

plurality of neighboring focus evaluated values.

14. An autofocus control method according to claim 11,
characterized in that, in said image acquiring step, said
respective image data is acquired at said plurality of
focused positions while said distance between the lens

and the subject is continuously varied.
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- screen average 15. |um nance

25 20. An autof ocus control apparatus including:

eval uat ed val ue cal cul ati ng neans whi ch cal cul ates a
focus eval uated value for a plurality of focused
positions on the basis of respective acquired imge
data 30 acquired at said pl?fality of focused S04PL052WO
positions differing fromone another in a distance
between a lens and a 51 S04P1052W0 subj.ect; and foca
position cal cul ati ng means whi ch cal cul ates a focal
pesi tion ArdhRRasharebl antBxbaUR ArSitld tLahgihat ¢d
focus eval uated value, 5 said autofocus contro
spphuratesi eedhrigc ttdeitz ediBy impge| adiwirimmgeepneothisagd

' of hes,sal.d acquired i e data, and

SR Tab s R Rl a8ing PR AP R aREY dha la ec
pakaklées. cal cul ated on the basis of said 10 snoot hed
i mage data. 21. An autofocus control apparatus
according to claim 20, characterized by including

era M i [ a L at
ayer a0 |HBAGE cHALEY] Ad DLARA fggél%prtg dlf??f%ﬁefi
dhervacend zechdmadcherti rétdranvichat hiotal ues abted aedaby

'9ividin iggf foi&s eval uated val ue by said

i1ght | squr
C

aftul are Cert EWéPﬁﬁénguﬁ?ﬁgn% J&tused as said
focus eval uated value. 20 22. An autofocus contro

aﬁparatus according to claim 22, characterized in
that $8 GFUEPAPGHEeBONET e Metdiad|agtdorglimgahs FSadughl,

W l.uni d
o P feoi vkl CHl S MEGBIEE TN o
Phegel dat af 25e23. addl aall of betine aHirdIfcappapakiision

rdi.n lai.m ,
Pgrcoeadch %ft Osa%dadlv:Lded areas.

18. An autofocus control method according to claim 17,

.characterized by acquiring an omnifocal image of said

subject by synthesizing images at said focal positions of

said respective divided areas among said divided areas.

19. An autofocus control method according to claim 17,
characterized by acquiring a three-dimensional image of
said subject by synthesizing images at said focal
positions of said respective divided areas among said

plurality of focused positions.

20.  An autofocus control apparatus including:

evaluated value calculating means which calculates
a focus evaluated value for a plurality of focused
positions on the basis of respective acquired image data
acquired at said plurality of focused positions differing

from one another in a distance between a lens and a
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20, characterized in that said focal position
calculating neans cal culates said focal position on
the basis of a maxi mum of said cal cul ated focus

eval uated value and a 30 plurality of neighboring

focus eval uated val ues. 52 BD4P1052W0 24. An S04P1052W0
aut of ocus control apparatus according to claim 20,
characterized by including omifocal inmage

synt hesi zi ng neans whi ch synt hesi zes an omi f oca
isiBgect Of ;%@ d subj ect by using said acquired inmage
data. 5 25. An autofocus control apparatus according

to cl aferal2@osdftacacteilirrédt bygimednaliwigich calculates a

ree-di mensi onal ,image .synthesizi ng nmeans whi ch
g%ﬁ?ﬁ ?Einlntésloe{l i é:g?d%ﬁ@ﬁ& 8haf m‘?ﬁ‘n’d@ﬁ“ d?aéqs?ﬁ’ilﬂi subj ect
by luel aged st aC@vianedreanggidat a. 10 26. An aut of ocus

control apparatus according to claim 20,
t

char act®d ZeFoppcHei Agnesakt aprARRL UM thaxalssardzed by

TRUDEEfh S Lk sholoR i Che 3L dafial Ul ed il Y8,
cal cul at1ng ans, sald-~focal posrtion calcul ating
gegnsyed Sinsgied darageasdoot hi ng nmeans, and aver age
| um nance alculgting neans whi ch cal cul ates screen

aver ag@ AT eRAACE bF SBFU FHEY S FRStAVE FBGHEed on

80816 tcdlivial R0aEd ca$ a1 8L 88! Sn Oned Pdiraldet %0k
devi ces. 20 27. An autofocus control apparatus

apeotitchd megecHaice. 26, characterized in that a
driving controlling device for controlling driving
means whi ch adjusts said distance between the |ens
2nhd t e subpEotus Scomiid ethppnrsdivg ackbeli hgbear 61236

. An autof gcus control apparatus according to claim
%@, CIREPREE S EE 8T ni PRLYE (R YREAdsaBE PaRGE

& il A0 mBBABSwh $&h Ucd TRGEL P UG TBaR§geaNd

fﬁ%;Lance of said acquired image data, and
characterized in that a value obtained by dividing

said focus evaluated value by said calculated screen

average luminance is used as said focus evaluated value.

22, An autofocus control apparatus according to claim
22, characterized in that said evaluated value
calculating means is edge enhancement means which
éalculates a luminance data difference between adjacent

pixels in said acquired image data.

23, An autofocus control apparatus according to claim
20, characterized in that said focal position calculating
means calculates said focal position on the basis of a
maximum of said calculated focus evaluated value and a

plurality of neighboring focus evaluated values.
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average | um nance cal cul ati ng nmeans are constructed
with 30 a single FPGA (Field Progranmable Gate Array).
53 S04P1052WD 29. An i nage processi ng apparatus
i ncludi ng: image acquiringsgeans whi ch acquires
respective i mage data of a ~3subject at a pl ur al94BFISRWO
focused positions differing fromone another in a
di stance between a |l ens and the 5 subject; eval uated
val ue cal cul ati ng nmeans which cal cul ates a focus
eval uakre el iterdsOlcopirdl phppatdtvs Acedr¥B¥Redo claim

gsitions on the basis of said respective acquired
Eﬁag‘éhﬂﬁ%%ij»e#b%%ﬂ BodnrilyAingl ennbioerl ewus  which

bt ) basis aof. a 10.

%Eﬁ%ﬁi %?ng;fﬁ C al“g%l%gt ggﬂpggﬁgg%’/ a%a ATBH 5P zﬁaée s dRd
abvEagd nedrseathilph uséhgt Butllyacgubsed ainthdee @tz sai d
cal cul ated focal position with respect to said

subj ect, said i nage. processing apparatus

ghar acierdudE RYis EBALHEL NG 4BH8, S m&ggwﬁgnélaim
whi ch snoot hes said 15 acquired i mage data, “an
ehardra@aqtred 2o byainsiiding csr esral iered ovalluémage

' ul ai ' f i d. di d )
| %gzln?%nﬁ %gggg meble Pasls of S8l g1 %ens‘gga:: ie#ggggtee?%%ﬁ 1

processing apparatl _
PBage 26 clrdact@rjiezedoPyusned UsH it ARaed LHEL8aAS€: .
cal cul ati ng neans whi ch cal cul ates screen average
| um nance of said acquired inage data, and

2dar agkehuEedobist Baht Aol alif Rl A a%@o&l%ﬁg'ngi Sthim
said focus eval uated val ue by said cal culated screen
20, fharage erdriedahy ebé tng sevhssrwdied fWachs acbahnat ed

Y ' rocessing apparatus according to
cialwﬁ5§%ru?%g?§??§r$%%p i tha %lﬁ%%egvgﬁgﬁ?ed val ue
<zl aulaatingg meABaNS sa HA efges le aica N tameanst ¥y Gheans,
cahiulates a 30 |lum nance data difference between

e dBRECp PREPERIRI sie S acqif PegTagRgduBARAnce

calculating means which calculates screen average
luminance of said image data are mounted on one circuit

board as a single or a plurality of devices.

27. An autofocus control apparatus according to claim

26, characterized in that a driving controlling device

‘ _for controlling driving means which adjusts said distance

" 25

30

between the lens and the subject is mounted on said

circuit board.

28. An autofocus control apparatus according to claim
26, characterized in that said evaluated value
calculating means, said image smoothing means, and said

average luminance calculating means are constructed with

~a single FPGA (Field Programmable Gate Array) .
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54 S04P1052WD 32. An i nmage processi ng apparatus
according to claim29, characterized in that said
focal position calculating neans calcylatesfsalqd
focal position on the basis_of a S maxi numo aj
calculgted focus eval uated val ue and a pIuraJ$Q%P%ﬂ52WO
nei ghboring focus eval uated values. 33. An inmage
processi ng - appar atus according to claim?29, :
characterized by including omifocal inmage _
opnt hesi zimgyd preessingi appsyathesizesidmpmMmnboeal
i_mage of said subject by using said acquired imge
ﬁﬁg.lré% PRATHEYE P 6Ce8dTrRE Apparatiie dowmalidagat of a

- @@l BL29% ¢ &rﬁﬁﬁﬁagﬁgg;g@lg¥ch98hggéégkions di fferir

t hr ee- di nensi onal synt 'zl ng means _
syamhese zasothathrige adidiensionabet vemgea dfersaiathds tthipect

g¥b98E99 gggfhé%éﬁ“@é—%eigggguggéfﬁg means which
calculates a focus evaluated value for said plurality of
focused positions on the basis of said respective
acquired image data; focai position calculatiﬁg means
which calculates a focal position on the basis of a
maximum of said calculated focus evaluated values; and
moving means which relatively moves said lens to said
calculated focal poéition with respect to said subject,

said image processing apparatus characterized by
including image smoothing means which smoothes said
acquired image data, and -

éharacterized in that said focus evaluated value is

calculated on the basis of said smoothed image data.

30. 2An image processing apparatus according to claim 29,
characterized by including average luminance calculating
means which calculates screen average luminance of said
acquired image data, and

characterized in that a value obtained by dividing

' said focus evaluated value by said calculated screen

average luminance is used as said focus evaluated value.

31. An image processing apparatus according to claim 29,
characterized in that said evaluated value calculating
means is edge enhancement means which calculates a
luminance data difference between adjacent pixels in said

acquired image data.
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~ 32. An image processing apparatus according to claim 29,

characterized in that said focal position calculating
means calculates said focal position on the basis of a
maximum of said calculated focus evaluated value and a

plurality of neighboring focus evaluated values.

33. An image processing apparatus according to claim 29,

~ characterized by including omnifocal image synthesizing

means which synthesizes an omnifocal image of said

subject by using said acquired image data.

34. An image processing apparatus according to claim 29,
characterized by including three-dimensional image
synthesizing means which synthesizes a three-dimensional

image of gaid subject by using said acquired image data.




