Met hod for focusing during the imaging of patterned surfaces of disk-shaped
obj ect s The i nvention concerns a nethod for focusing during inmaging of
unpatterned and patterned surfaces of disk-shaped objects for the
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adj ust ment of the nmeasurabl e distance froma carrier plane serving as
support for the objects to a referenc@®iptne. The nmethod is applicable
‘predom nantly to process inspection of sem conductor wafers during the
manuf act uri ng process. The purpose of an inspection during the
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cl assi fi cation. 3735 0o P A® §rEcrEsE: Suppmzft hod For °atitomatt & focussi ng
t o det er maferd¢rdve plsxenum cont r ast dur| ng the step-by-step scanning of the
object distance. The required focus position is thus obtained and the
focussi ng procedure conpleted. Using this nmethod, the secondary maxim in
the cont rEst medhedelsc applgeable pyriopérrrtAll tar pravses cionpegddnvift h the

princi pal sdmaxbibtor wm&5é@1%§ézthqet§£ﬁﬂf§@§1r§nﬁtrgégsf or automatic focussing
of a confocal |aser mcroscope in which a |aser beamis directed on an

obj ect surface and the maximumlight intensity of the reflected light is
det er m nefhedpiidpdge s;@aamilagpwtl&h uobjeehe HabtAEre TR eirftegtﬂtree%ifxeﬁﬂ&
position JS t hus qtétsl ned _and %he focussin groce ure cogg et ed.
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| ayers is,thus a eflectivity. DE 44 10 603 d has
di scl osedthem g‘?&?g 1fyh Sgséfflsé/ orrgthe recogni tion of defects
(specific |mage p0| nt features) of an inage acquired of the surface of the
sem condugt g5 WALES .c1DhdLaisdetast Q@t&l@&tehge of hbissgki nd, oot he basis of
natural distinguishi n feat ures between ckground and defect and the

typi cal presperties 5t ‘?/%ﬁCFﬁu(sSPF?‘pfﬁ Jc?fagﬂeﬁ"éé’é sfeghpres) rpf an image acquired
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of the surface of the semiconductor wafer. Direct defect detection of this

kind on the basis of natural distinguishing features between background and
defect and the typical properties of various.types of defects can, in
contrast to reference/actual comparison, largely dispense with
comprehensive information about the reference pattern, since it proceeds
from specific basic rules and rule deviations in the context of image
recognition. Rules and rule deviations of this kind are defined
substantially by geometrical and color features of the reference pattern or

reference layer, and of the defect.

It is a charactéristic of the method that an intermediate image generated
by image point classification containg image point features as
probabilities (converted into gray values) of membership in regions that
have been become known by training, including the gray value scales of

transitions between adjacent regions.

For the analysis of image contents using the basic idea of process
inspection and quality control, it is particularly interesting to know how
and with what quality the patterns and defects are being imaged as three-

dimensional structures with the aid of optical systems.
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conpr ehensi ve i nf or mation about the réeference pattern, since it proceeds
fromspecific basic rules and rule devi dtions in the context of i mage
recognition. Rules and rule deviations of this kind are defined
substantially by geonetrical and col or features of the reference pattern or
reference layer, and of the defect. it is a characteristic of the nethod
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factors spchiiase WodEs seEAOhs i gHOBDIRESSionk | Db EageOFurdnliHE tdtabiPRBat N pattern
height in the inmage field which in sonme cases are greater than the depth of

field. | ns‘tff?é’sﬁ‘i‘ﬂé’l Pe5% tP ReuFentrofind a%tanpl e, refl ectance fluctuations
si mul at e nonexi stent hei ght fl uct uatl ons or stage running errors that
supposedl 0 be control)led o poi nt ssification
T Phe t oftn B 1061 B o eST I CATIEnn CHALTE ¥ one Re PP LA AELH di g, t 0
t he met hodhatefis nedbé pePEoridd 140:c608ing1to whe olethsed kiasmédonn toBe44 aotedashat,
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esti mat ed npl e anal ysi s can escri terns o elr stati st| cs
by el | i pspitdairn cdomporeanss i andt pan bel eptimgfadeby samplet h@tlysnag:enpm described

suspect ed; pfy bl NG Qr?él?céﬂa\é?st}’lc%' }S&z %ﬂﬁ%&&dl“éi@ét%ré Cﬁ%a&?ed B Skg.d he

cl uster, aration o defect clusters fromt usters of undl st ur bed
pat t er ns pgc?@éﬁ%,:@ég%_@pynr{ﬁ §pw§gﬁ of being defectlve y:l.eld defect clusters

located outside the cluster, separation of the defect clusters from the

clusters of undisturbed patterns is considerably disrupted.

The congequence is an increase in the pseudo-defect rate and a decrease in
recognition accuracy. Pseudo-defects are phenomena in the final inspection
presentation that are recognized by the inspection system as defects on the

basis of their properties, even though they are not.

It is the object of the invention to make available to the image processor
images that result in an increase in the accuracy with which defects are

recognized, and in a decrease in the pseudo-defect rate.

According to the present invention, the object is achieved by a method for
focusing during the imaging of patterned surfaces of disk-shaped objects,
by regulated adjustmwent of the measurable distance from a carrier plane

serving as support for the objects to a reference plane, in that:
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The consequence is an increase in the pseudo-defect rate and a decrease in
recognition accuracy. Pseudo-defects aré phenonena in the final inspection
presentation that are recognized by the inspection systemas. defects on
the basis of {faehistahoPQELARS sh&Y BY AddQubtRatl IBYisBF@ N corrddtel Hyt BE
object of the invention to_describe a nmethod_for focusing on wunstructured
and st r uctPE AGR RICES® JPIYT SR- R apbid 268 Bct @ssol s 2t §HEIERT RV ET 8% i mage
processi ngu@hed he i mages surfaces, an increase in the accuracy w th which
defects are recogni zed and a decrease in the pseudo- defect rate. The
object is achieved in that the distance established by regul ated adj ust nent
I S corr ectied pusddtgvalneuviaguiat @ bupresieh aladeerthaied sn her baiid ahathe
regul ati on syste isto be utilized at .| east_for a subregi of .t he
Gurface. TS EEes; 80ary ok REGP A R ancn ke Pl el BT R R Pretstfen, e
val i d f orregisubrfeghomsurfaces cdrichi iredconiredashas iverpfusaprdsghgalges|wénce,  at
at | east POS).k I i u I fl.at fe eqi h

SUrf ace, hRETRrhOe el R A R g R e e S S e
regul at i orcapydanae withealughst prefrulhe focus state being evaluated in
accordance with at |east one rule. In a first variant, the preset val ue
bel ongi ng to the highest-contrast inmage determ ned by imnmage processing is
used to e5t AFHEH YHdaRbr CBR (REGSHh JRHMC8SLONIERE FOsBRORMIRPAFT SRETaYthe pr eset
val ue bel gigleNgeteonid@ byTAELB¥bdUG s Bnd i Bi UBLA tHIBBEIL19EN Getoklestés Used tO
establish_the corrected distance. In a third variant, the preset val ue
bel ongi ng®t%2EHE i mage having a mini mum nunber of defect pixels in
proportion to the total defect area is used to establish the corrected

di st ance. L v, . in f riant e pre I el onqj to the
i mge hawnhg‘}=1 géérﬁnﬁi \Fﬁfrha%dnggé E’%? g%sé%‘c?— %gehfoéxg%n%%e%% ?‘gag%s%a 1tg %nagst abl i sh
t he corr erirgguginypbeic of defects is used to establish a corrected distance. 4 The
reference region is sel ected based on the | owest gradi ent of the height
profile of the surface, which is to be determ ned by ascertaining the

val ues of T Retifixst Wriantr SRt tHTESEarhi et PpIgery &0t e ABI%y BAEEIpT ane, at

minimum number of defect pixels in proportion to the total defect area is

used to establish a corrected distance.

Lastly, in a fourth wvariant the preset value belonging to the image having
a minimum number of pseudo-defect pixels is used to establish a corrected

distance.

The reference region is selected based on the lowest gradient of the height
profile of the surface, which is to be determined by ascertaining the
values of the distance from the carrier plane to the reference plane, at
locations of repeating height marks, for the preset value of the focus

regulation system at which at least one rule is adhered to.

During inspection in the form of a defect search one image field at a time,
the preset value of the focus regulation system ascertained for the image

field position is used for focusing.

For defect classification, in which an image that contains a defect to be

classified is compared to a reference image, acquisition of the reference
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| ocations of repeating height marks, for4 t he preset value of the focus
regul ation systemat which at |east one rule is adhered to. Duri ng
i nspection in the formof a defect search one image field at a tinme, the

preset valugeofs bhberdrRed SvikR AHeald Q8-S ifIRaaSE ehbiidaed: 01 4decd mage fiel d
position is used for focusing. For defect classification, in which an

i mge t hafefesries RLane gefsscrineg fr the eépyared im89e dRpite®-to a reference
i mage, acquisition of the reference inmage is performed with the corrected
di stance fromcarrier .,plane,to reference plane ascertained for t
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used for bl i e i . i - O .[Lage
of a seri GoF op achie; & P pGR L AR shsd U2 ' SHRER of DhERT i
preset vaFkre dgfeqtheo frgceinssdfiifdat faomnvisiaht e asesatt wivedof sketdpsvassoci at ed
i mage posidd@Brich ¥dteRthdrSdi@RS for e abiVeeRtd OMndfAUsodeMh d8Svardaqt he
basis for focus setting,. at |east one preset value which is determ ned by
trai ni ng &h A8 basis of reference regions and rules directed toward the
result. The result of an adaptive control systemis principally that
specific groperti es of the object are taken into account in fqcusing for
pur poses Of° *FEFECP™ (TEEBFTOVIGR ol BT £2817 iT6AtIO6H® ST Hfi BT ofest one

i NSt r umenpedset Nfdluenaash hiayv Heprai tids by pirk eingf ére the Masi o AfS réTprane

el i m nat eg. io Tha%di nvent 'iq:réct\:/\u Itovlv)aq:deépej %nuei(g below in nore detail with

reference™T0 The Cschemati ¢ draw ngs, in I"ch: FIG 1 shows a device

for focusing during the inmaging of patterned surf aces;

FIGS. 2a 5,26 W RENAEY, | S Lege f4 el f d 1L €gi on
The 't ) :

that are acqwe ?‘éla-' é\/lp%h%% ?(%u?s c?%%ﬁ’s g);esttte ?ﬁlgs?iin%lll—'?%\l%t&tsﬁ%e\%g the i mage

processi nprapgsirtiegndf danerhieqttareatdken npotaavoipt dn focusing for purposes of
‘defect recognition and classification. In addition, instrumental influences

having a disruptive effect on focusing are eliminated.

The invention will be explained below in more detail with reference to the

schematic drawings, in which:

FIG. 1 shows a device for focusing during the imaging of pattexrned

surfaces;

FIGS. 2a - 2¢ show binary images of image fields of a defect region

that are acquired with various focus settings;

FIG. 3 shows the image processing unit and camera activation system in a

block diagram; and

FIGS. 4a - 4c show binary images of image fields of a defect region
that are acquired with various focus settings in order to

ascertain the number of pseudo-defect pixels.

In the device depicted in FIG. 1 for focusing during the imaging of
patterned surfaces, a wafer stage designed as an X-Y stage, of which only

the portion displaceable in the X direction is depicted, carries a focus
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bl ock di agram and FIGS. 4a - 4c * ghow binary inmages of inmage fields
of a defect region that are acquired with various focus settings
in order to ascertain the nunber of pseudo-defect pixels. In
the devi cacdery Giyseha B. ByGuayl of OickoQienbnG durd Bgriike 4 NRYI RGeptidaabt & ned
surfaces,  a wafer stl&ge designed as an X-Y staglli of which only the Portion
di spl aceabisE-FHrPEALERES PectiToRa®Ladhiei T, 1T A FPiegeabeo ¥ §8’flﬁcﬁg Fystem

2. By waytwehlphlieaeet-enentaSmirogcdRl bhictfvd orid acegrtioqn afrectdbskozhaped
obj ect 5,_for | e a wafer, is displaceable with respect to focal plane
F-F of a ?ﬁé‘?b’é%Bg%w&Bfectl ve 6 in a vertical direction for focusing

pur poses. The rel ative displacenent of carrl er plate E-FE with respect to

focal Pl ans Befouad Do ascerhaiped wiihond pdist Ly IRasuLonsnl syatem 7

by neasuring the di st an e stage BUrTace serving as referen pl ane
B- B. | NEHIC Ry deneasuraimeAtwidhstre fnductase amasyrdnesit systeont ol meyssrérg i s

al so sul tahl fufabel Tl BIPALLNO-LhRUebeal JpasiLianachcarsler Pl ane B E

as setpoint. e setpol nt elng i ned evice control and regul ation
system 8 in the context of the focusing nethod according to the present

i nventi OnIr(cﬂl@El\;eom%ug%E' Badlm 7, Asldn0aiSQEC Sorkol Ssye@biPl 8d Misd an
illum nati n% tical s stem 12, a focus measurenent system 13, and a CCD
g

measur enefitt i3 fﬂ‘P t%‘fgetb%é’ﬁﬁ)‘éiaﬁ RS iR Y Sgcﬁi‘ﬁél%f’éﬁei §eE @by way

OL dsem t rﬁ@aﬁrﬁ@nthd@‘ekﬁﬁhtmlgy r&e@ﬁ.ﬁecgbgﬁalae\a@[l:d&fﬁasvraQHEnguia"&f&:@m 14

addi ti ona as.an_inm t ybe system and. a defl ectiopn mrror in
its beam %Va%ﬁ R @ %1 g'[’ #af]i‘e %"‘é‘ifé‘f’%rﬂef ARCTTFERR r 6 BEBF* hind
camer a acinweatiamn (se}stemewe;scamﬂeca f ocus regul ation system 19 are connected
to the central device control and regul ation system 8. X and Y
measur enent systens (not depicted) are connected to the inputs of stage
acti vati oh ldght egndcz 1THe oenpletl svief astidfeniastingatptdnabsysben 17, leeddecust o X

and Y driyes,falea0 é]maerﬁ'%' cifad) Jc%rmé/é{%t@émeﬁl}a@%tém 14 into"PiH HBLH QUL PUL S
of i mage processor and canera activation systen11 are
of microscope objective 6 by way of semitransparent deflection mirrors 9,

10. CCD measurement system 14 additionally has an imaging tube system 15

and a deflection mirror 16 in its beam path,

A stage activation system 17, an image processor and camera activation
system 18, and a focus regulation system 19 are connected to the central

device control and regulation system 8.

X and Y measurement systems (not depicted) are connected to the inputs of
stage activation system 17. The outputs of stage activation system 17 lead

to X and Y drives (also not depicted) for wafer stage 1.

Input and outputs of image processor and camera activation system 18 are

connected to CCD measurement system 14.

Whereas focus measurement system 13 and inductive measurement system 7 are
connected to the inputs of focus regulation system 19, focus setting system

2 is coupled to the outputs.

Device control and regulation system 8 predefines a movement and operating

regime pertinent to the wafer inspection.
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connected to CCD neasurenent system 14. ‘ Wher eas focus measurenent
system 13 and inductive neasurenent system?7 are connected to the inputs
of focus regulation system 19 focus setting system 2 is coupled to the
out put s. Devi ce control and regul ation system 8 predefines a novenent

and operating regi me pertinent to the wafer inspection. %
activati O?Fagﬁsatcéﬁﬁ’it?%rﬁi’sltﬁ‘é X 2 the & PR dEsE ?ﬁé‘F%rwatféf)l%‘bie J0 BePe

noved in &dRAPINGremdag inhe {6 fiRquéfiiberdpssitions, thd& nand Y
measur enent s stenms signaling the fact that the intended posjtion has been

r eached. ‘Rﬁaéf‘ eGheSY5h ’%sctsl"gféalén%r’fﬁetﬁfﬁé SRSt B 1B THEYEOEhE Wl P %l f ace
ont o CCD rexa@féd e NMettossysd epjetivd\s hﬂagebé Sy8E€SHIILE Eitha¥é Shie MAFRr PHRERSS O
and camera aﬁgnatl on_system 18 14 focys state %}hat g?ar ant ees

anal yzabl &Fnage 5T oHuEET By wa§>“o’f“a%e S 3 BUEThG By SRR RETCBnpri ses
focus neasnd eamaria sgtsvemob3systesus.setti ng system 2, and focus regul ating
system 19. Li ght source 11, configured as an LED, radiates in the near
infrared region at. approz. 870 nm for clear separation fromthe

"measur ererfiocks gitate ghat jswarantdes epplyzsbpecmpgrs 5 srednqasoby depiet ed). To

avoi d strayuki @y fdmCelt, cdlifised ERLUS maliRehdtt! Bfhcl ADPEQN:s Socdikdiz.
The focusing system operates in accordance with a neasurenent principle in

whi ch a t86T*Bi7 e84 ifREYL PSR dY B2 ™ & oscope obj ective 6 onto the
surface to be focused Intensity differences, resulting froma telecentric
return i th S generall offset t ect to an_identical |

ref erence zlst orjc%c FPE ryseas it IfﬁM saelaf"éajst chanhdl sy raf?/\% region
phot odi od®ts agpcbxt heTP amalf}bzedeea#\ Sfeoexmednsﬁrametﬂeasmeb@emnreeaclhedtvmntltdﬁe

' ntenS|tyhé¥eL€65 %Bgé%lbﬁ éQEE&h {not depicted). To avoid stray light effects, the 7

LED is also cycled at approx. 3.3 kHz.

The focusing system operates in accordance with a measurement principle in
which a test object image is imaged by microscope objective 6 onto the
surface to be focused. Intensity differences, resulting from a telecentric
return image that is generally offset with réspect to an identical
reference test object, are sensed in two separate channels by two
photodiodes and then analyzed. A focused state has been reached when the

intensity difference is zero.

To achieve this state, the photodiode currents corresponding to the
intensities are converted into voltage signals, amplified, conveyed to
focus regulation system 19, and digitized. A control algorithm calculates a
high~voltage adjusting value to be output, which is transferred as an
analog signal to focus setting system 2 for vertical displacement of

carrier 4.

The feature whereby the measured intensity difference is additively
overlain by a digital value, identified in a specific manner, in the form
of an offset or preset value is for variable utilization of the focusing

system.
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To achieve this state, the photodiode currents corresponding Co the
intensities are converted into voltage signals, anplified, conveyed to
focus regul ation system 19, and digitized. A, control algorithmcalcul ates
a hi gh- voI'ltoagr&uaelj WSt 11 vadtrel t0gbei thil PillertNdlesd dpSrattre@n&f ar t&biag an

I tting system?2 for verti di spl acenent of
22?r ?grsh%ﬁéﬁoﬁo Sceé%%il Er%% <%arrgb & gbjr?ﬁ’és%?“&ﬁt |bﬁt‘£’ﬁ'§ﬁ‘§?dd V§Terdhidet?s

addi ti vel ypuch\aer patiemtbthag thegumadnsvw @effar@tem mbasctel wizhspeakf i ¢ nmanner,

the f fs [ uel for yar able uti i on of the
:‘gcus?ngorﬂ%gr@%&@ g§§ér,]“sg% ea%fih ]%tl edc%)sht ro xactgfbrl Fhsrﬁmﬁer{‘/aé‘r“f'ﬁgqt Cokle

oper at es @sfinedepbisey. domthadl thysbpegiteasigner 4 with object 5 nust be
di spl aced vertically to such an extent that the intensity difference
measured with focus nmeasurenent system 13 and digitized is of exactly the
same magnifCURIiIPAEER? datesiPRetit buthimpopsidleppogay efstiyn of fsetconrtlieng

to the inwaBtiHm, td hakst thalSeBRERLE &yBVe\BYardf b '}%eoiécﬁsi a1 l@%agé‘% ha”d

to adapt the regul ation systemplane to the actual focal plane

on the ot fer"HafdHéPs tPé?F‘S‘E élaa%ps’zsﬂﬂﬁré§efqe@wma§ fFParfdat aplape @t bl | shed.
What is ewsesdliished.s that the Z position of object 5 established by way of
the offset is still a regulated position, since wafer topol ogies are still
being stabilized. Essentially, a parallel shift of the real object surface

i s acconplwhshed. esseaepﬂnd‘s I‘tglaOI’I:HehE RSt 1dn08s @b 4de 5 XecabBliinBa ¥, SREGE i C

I f h dj ff nt val ues of i nductive
\r/rgagﬁr Ce)metrti"t;l 9503%%%%%7 E * eﬂu alI e%tpoglﬁ’jsC’é‘se?r%Ses‘%/ag@’é LORPTALES £ B tence

pl at e B- Bbeingr Ifiéal?léelfsﬁ ngsw;t;{telrtwopsemare‘sleév@nfdmﬂ nlge cesp|obg e Blr Dice
obj ect 5 fikoyRRBRASLIisAOSI tiON to the next. Measurement signals, to which
focus regul ation system 19 and focus setting system2 conti nual ly react,
are generated in guick succession (at |east every 40 ns).

Part i cul abkyersigflidni @NbodMiok e PREKECALabNYERL LAN ES: LABHSE Ol GFRer
can thus result in different values of inductive measurement system 7,

since the latter uses the stage surface as reference plate B-B.

The focusing system operates even during displacement of object 5 from one
position to the next. Measurement signals, to which focus regulation system

19 and focus setting system 2 continually react, are generated in quick

succession (at least every 40 ms).

Particularly significant for the present invention is the use of CCD
measurement system 14 in combination with image processor and camera
activation system 18 to identify the focus states established with the
focusing system, by calculating, using a contrast function of a contrast
program known per se, the highest-contrast and therefore sharpest image

from an image sequence.

An adaptation of the focusing system that is essential for carrying out the
method according to the present invention is provided by a procedure which

determines the preset values for the focus regulatién system that minimize

the pseudo-defect rate as stated in the presentation of the object. Rules

based on the effects of various degrees of defocusing are used.
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measur enent system 14 in conbination w tgh i mage processor and camnera
activation system 18 to identify the focus states established with the
focusi ng system by calculating, using a contrast function of a contrast
pr.ogr am kepewsunpE&bose (Fidie 28 ghest f6ond pasitiand b haeetonpats efpest akerage
froman i nmage sequence. An adaptation of the focusing systemthat is
essent i al°ﬁtg?a1§§r §R®fib®but the nethod according to the present invention
is provided by a procedure which determ nes the preset values for the focus

regul ati el that,,m_nj i gef ra so3fka Ln the
O qR¥ St %e&ggjtm haT G Do RapUG=delec] A 2L R5.dHkalednt

presentation of 0] ect . | es base e effects of various degrees
of def oculdiagg fedd depdcted, Qftichin fbcided (te irgdyidual rixede B -pbsitheon fno,

means t hat defeqhsaPl@rufRbh MBLbYI8IRCEE D, ar® RS BEdseblerr] (count = no)
with a total defect area Alerr] Is present In the irmge field depicted,

which is divided into individual pixels Pi. In the present ideal situation,

pseudo- dejgat $ JIlighd hefdRsMY FRf QFEA! 2b) , \WhE hiekedl I8t debacusing,Herr],
(FIG 2b), the defect count rises to n[err] > n[err] as conpared to FIG 2a

due to tR® GEBRATFBMC T £7rée B éhtRgerEdre Priirsthesayderiaienet &er- Plerr]

beconmes sl h&tuaibsdretbert Bdcdhed@heticrarna Al&tblal dbf&itr hred Agr-eages due
to the | arger nunber of pseudo-defects. The nunber of defect pixels Plerr]
> Plerr] ¥icgezses dug tR ey érwesorpees ioigPsqier rdefertisc Th pumkareof fieest and
si ze of psisele-res egt sides2 rise, and there is also a definite increase in
total defect area A2 > Al The defect count rises to n[ferr] > nl, and

the nunber of defect pixels to P2 > P1. For rule application, with the
X-Y stagevith sdverpeidfpalsiposinki G1G. &%) i negengerkesdofide pf pseadgesiefedeh

with a_ prﬁ%ehs\é‘?l U ftgéret bg alengS dgégqu@tjjngpeas%yﬂ %m‘.@q{a§é&dapé/a @2 V>a| ue
I'm', is acquired fromthe wafer surface, then binarized, stored, and

processed®wsi ng correspondi ng i mage processing al gorithns. The binary inage
contai ns the correspondi ng defect and the

The defect count rises to nz > n;, and the number of defect pixels to Py >

Py.

For rule application, with the X-Y stage in Ehe neutral position, an image
series of "n" images, each with a preset value for the focus regulation
system modified by a value "m", is acquired from the wafer surface, then
binarized, stored, and processed using corresponding image processing
algorithms. The binary image contains the corresponding defect and the
pseudo-defects. These images of the image series are used to ascertain the

optimum focus and thus the optimum preset value.
The selected image is used for detection and classification of the defect.

This procedure is performed by using a configuration for image processor

and camera activation system 18 as shown in FIG. 3.

Similarly to FIG. 1, image processor and camera activation system 18 is
connected on the input and output side to device control and regulation
system 8, from which an input- and output-side connection to focus

regulation system 19 also exists. Focus regulation system 19 is supplied
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pseudo- def ects. These i mges of the |mage series are used to ascertain the
opti mum focus and thus the optimum preset val ue. The selected inage is
used for detection and classification of the defect. This procedure is

perfornmed, Ry M3bngs SRS Qégsﬁké&%tfﬁstlemgew hoﬁl?&%oﬁoc%@ds&%@ﬁé &ystem
activation system 18 as shown in . simlarly to FIG 1, inmage

processor? &fd ]Qf’aﬁ%‘?“%%%f’ﬁl%’a"tqtéﬁa%e\fstem 18 is connected on the input and

out put side to device control and regul ation system 8, from whi ch an i nput -
and out puj - side COI’II’IeECtI ondto ocus, t%yl atign system 1&9 at |ts£

Focus regtl atTOnFEYSTEN 18 |°amerap6|=|]evd‘ 7 RYEEa T+ 6 0¢U3 1r?§‘a‘§nd're

syst em 13isnctimeshed fonf deusnset amchgusguxt efde? te an Che reasinepkhtablyytarctsa Mat ed.
In i moe pLAgeRsnleAnd CANRIA.BCL LYAton SXSLEMS Al gk yatlennit 20

i s connecte € i nput “and ou put Si reasur enent system 14,
frame grabbér2f1Acuivetiay brEr 202is gounled g ﬁremrtyeﬂ@utm\:dtara anit Heetic

uni t 24. ﬁ%&lev&to'c%kl‘de'atndz }és%xﬁ%?i&-ﬂ 281l WbNELs QUL AUL cddd s dNnhgd OF

i mage proceSsing and Classification 21 that also possesses access {0 i mage
menory 2 Fremary Gdn ek teorecthan irhals gl exiexiats fuon CCD neeayrrere syskistem 14

via frameygr ahhRr gbnafbibhNahi 26l z&2 2b0td TRAS WERRYY223. It is
advant ageous to arrange, between franme grabber 21 and bi nari zer 22, further

i mage processing conponents 25 for inage inprovement, noise suppression,

and def ecit R8CEAMEdgRBus toARGARGE NBelwked friahsigrabbdhe1 rddaesid0ibhea ybj | i zed,
the nunber of defects in the inage is to be brought to a m ni num A check

i s made i WAPTT ARRYS ETORRSEInY °B$p°6’8ﬁfrﬁ PAgEThE™APEf BEREEVEReta Traffier faniliar
t 0 one skédppeekdinn} h@daddfect reeaptitodn.t he binary images stored in inmage
menory 23. Each tine a defect is recognized, the counter is increnented
by, for exanple, one unit. The image with the m ni nrum nunber of defects is
sel ect ed. Accoyb@itrigvm iaofixat of 20e cavisesta he sitihiapd . t thehautbeanst defedst o | mage

processorfiel assief k £ali o b%&ﬁh%”lcf]a nldledi ch a classification of the
defects present” in the imge f interns of their color, pattern, and

shape, is perfornmed according to known rul es using a cl assi fi er.
A check is made in arithmetic unit 24 by counting the defects, in a manner

familiar to one skilled in the art, in each of the binary images stored in
image memory 23. Each time a defect is recognized, the counter is
incremented by, for exawple, one unit. The image with the minimum number of

defects is selected.

Activation unit 20 causes this image to be transferred to image
processor/clasgification system 21, in which a classification of the
defects present in the image field, in terms of their color, patternm, and

shape, is performed according to known rules using a classifier.

The classified defects are collected in a processing unit 26 and stored,

and are available for display after completion of the inspection.

According to a second rule, the number of defect pixels as a proportion of

the total defect area is to be brought to a minimum.

In each stored binary image, the defect pixels as a proportion of the total
defect area are counted. The image with the fewest defect pixels is

selected and is conveyed to the image processor/classification system.
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The classified defects are collected in_a processing unit 26 and stored,
anid are available for display after conpletion of the inspection.
According to a second rule, the nunber of defect pixels as a proportion of
the total defect area is to be brought to a m ni num In each stored

binary image, the defect pixels as a proportion of the total defect area
are counfEEPTRS HonAJGEIRR tLE hehiedst I daperates e FISS s 4adice i M4PRET| 5

‘conveyed ok Opdcifico i dEREE: PHRSES $9Chasebidntatd QmSyshem  According to a
third rule, which is illustrated in PIGS 4a-4c, the nunber of

pseudo- defect pixels is to be brought to a m ni num Pseudo- def ect pi xel s
P-p are detedtdpfect| ixchatPrararendeioctd wiceds [thettawd 14 tethe abhgarediébect F,

defect P gonohiltiedged e IRl oLl graptasl soliesl e, apcupulation of
pplid by o

def ect pixels. éfect pixe t are at m ni num
di st ance OQMWVﬁrmﬁumnlﬁéildefOéc@ef&Fé xakstﬁcount ed as part of |t. The
pseudo- defect pixels PpF |eft over using this criterion are counted. Xn
t he present exanple as shown in FIGS. 4a to 4c, in which a distance d to

def ect P T8PSDRELTT X BIXSHSdPh that pae &t hes? £RaR A RiTHIvR Gretanre eSuni 5Fom he

resul ti ngnauideb: QfrePsRddesRLEGE Pirtebs sBpp is five in FIG 4a, one in
FIG 4b, and four in FIG 4c. The binary imge that has the fewest

pseudo- def ect pixels Pl[eer] (FIG 4b) is selected and used for inmage
processi Myeagdudd aesedti pakelenPpr LeBSbley waDeO B N@griteracd euetdountéde, the
defect with the gredtest contrast is to be inmaged. The i mages
acquired with CCD neasurenent system 14 via frame grabber 21 are processed
i N i mage Imr cioe pBédet Usdnp 25 aanchasHhjreeted o @ continagiich a distance d to

defect F of one pixel width is less than the minimum distance dpin, the
resulting number of pseudo-defect pixels Ppg is five in FIG. 4a, one in

FIG. 4b, and four in FIG. 4c.

The binary image that has the fewest pseudo-defect pixels Ppp (FIG. 4b) is

selected and used for image processing and classification.

Lastly, according to a fourth rule, the defect with the greatest contrast

is to be imaged.

The images acquired with CCD measurement system 14 via frame grabber 21 are
processed in image processing unit 25 and subjected to a contrast

maximization process.

A contrast maximization process is based on dividing the image fields into
windows of, for example, 3 x 3 pixels. In each of these windows, the gray
value of the central pixel is ascertained on a digital scale of 0 to 255,
and the difference in terms of the gray values of its neighboring pixels is
calculated. A mean is created from these differences. The gray value
difference thus ascertained for each window is summed over the entire image

field. The result is stored with the image field.

The process is repeated for each of the predefined focus settings.
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maxi m zation process.- A contrast naxinization process is based on
dividing the image fields into w ndows'df, for exanple, 3 x 3 pixels. In
each of these w ndovvs the gray val ue of the central pi xel is ascertained
on.a digi tl‘g‘% ﬁ %h éntQ*aLQ l%gg £1 804 5§ hk[qued id %g@:pq:ﬁe'nﬁxgﬂnﬁﬁrﬂf vhibge gray
val ues of el g orlng plx?s 'S ate mean 1s created from
these dif fléffemenss, Thd igrasedyfdrudmatief beocesetng hud caagufiedtries- f or each

wi ndow is summed over the entire image field. The result is stored with the
i mage field. The process is repeated for each of the predefined focus
settings. For THhe ¢ReyRETY: EPPRILEACS FREGEL Mg Forysdng HET Hife THFRITEE e *R%xi num
gray val ugeghdtf @I%@Qlca%ﬁ’!gnl %h&&@drém&uldr&getw 6L pobdighiamttly used,

cIaSS|f|cat|don For the exe 0] ntsr ardn f ocusi ng i ng
i nspect i o -ERYSleFEE 929°a 8% FfL Y ?b r%qu"gﬁrnt Ib ?’ht OPSChe o hdL
predom nari:hys.used, although this does not si gni fy any I i m tat| on on the
usability of the other rul es. In order to carry out the nethod according

to the present invention, for both inspection and defect classification it
is first Meceskaryo terxebet rHhaendshod @cserdipgge tog PrhRentotRFeRERFUl 827 on

system whiyghy, glrﬁsgg&lgﬂgdnlaa&éjfeggrmggéﬁtl@attl% i@%&rﬂ%gtr@cebéﬁﬂyu%ces and on

the other hand narrow down the search range f focus setting referring
to a subragtermise kaséc sipttirass forshe é?amnreguliattl% SHEEWS WRISP PB D&l Hfce the

optical fQgHs JHRpSAN-EERYr Sikth-fanlad1 WAl Cdhcoperatl & tha drher inaha afaedow egl on,
agai nst CCD neasurenent system 14, which operates with vi 5| ble li Cl her

h
di srupti V(§°Wﬁfqhﬁeﬁ%?§§ha‘faé‘9‘€irﬁ°ﬁ"i‘ Fg%h #ebrPc R o Hing SR G § P o9t A"
nmeasur enEfHursa/cSatsemMeﬁdm(ﬂalé hﬁtcm}héeﬁsaw aQr pahaate wnse@btuoalsébe@st t he

hi ghest-contrast im a guen vj el
pattern, i"FAEHE PO} r?%'fema?g]heglk er‘% glr?en lnfga eg %ﬂi?%?%m 8pr eset
val ues fonnehhneceinenu$ysefgrunat wmnclsyvse:emesTmhp‘rJ@sele Vaghte Pe*rert Aesrfupkine
reg_ul ati Or}Lnﬂ%tg%%l‘ %@eog@fggné Qnd r}%t;lé ggleg.gggg tutes the basic setting or

basi c of f set ocu5|ng during |nspect|on it is
i nportant whether the surface to be

CCD measurement system 14 and the contrast program are used to select the
highest-contrast image from an image sequence of a device-mounted test
pattern, in the form of a checkerboard pattel;n, made with different preset
values for the focus regulation system. The preset value for the focus
regulation system belonging to that image constitutes the basic setting or

basic offset OFFS_G.

For focusing during inspection, it is important whether the surface to be

inspected is patterned or unpatterned.

An unpatterned surface is substantially free of reflectance fluctuations.

Influences of pattern topology on the focus setting are insignificant.

The focusing system is adapted to the semiconductor wafer and, in
particular, to defects on its unpatterned surface using a procedure in
which, based on the basic setting OFFS_G of a selected defect, an image
series is acquired using various preset values for the focus regulation
system. The preset value at which the pseudo-defect rate is minimized as
stated in the presentation of the object is determined by rule application

in the form of the second rule.
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i nspected is patterned or unpatterned. __An unpatterned surface is
substantially free of reflectance fluctuations. Influences of pattern

t opol ogy on the focus setting are insignificant. The focusing systemis
adapted to the sem conductor wafer and, in particular, to defects on its
unpatterned surface using a procedure in which, based on the basic setting
OFFSG of d&°%eMectiRiPedbiqcrt nakteirgdeswénsass it iacrpreperryusonhe Aantbert
preset valfsess mebsifeehtocysidiedh IRt i@Rted st 848 wIhg PRERELsy ahd&Atphi ch
t he pseuda-defect rat e§/it?’ﬁm' ni.m zed as stated in the presentation of the

obj ect is ‘JeFBrNIHEY B | L AHPIEETT 8ATSh the form of the second rule.
For the inspection of patterned surfaces, it is necessary for the optical
focus neasur.enent syst to he apted to the wafer thickness and to the

i mage contsIglﬁg of %?rheogg%ecgans&ﬁc? of Waft&F2c® T9Hi8 ﬁ’f‘td‘b‘ﬁéeﬁ?f’nfiﬁet%ési s of a
r ef er ence subgeiant dmathe genespondsrt eafarsatiy egh @ls@ et Hiechspnxcanshieien ovaf er
and can alsg,he a chip or a portion of a chinp. The size of the reference
region is determned by the fact that with the resulting adaptation of the
optical focus neasurenent systemin the formof the preset value of the

focus reguhatiga w&h@mef@%&@f%uéﬁ ng Q%Ce%ﬁeévap thD ﬁég%ﬁﬁzﬁgﬁh thel NE

reference region is selected using a method with which, -at t ocati ons
of repeat i HEPGRIPREIRS? (Harke Phifalr EpugdiRssurtienhetvghen jrothd Eprmed on
t he basis tak gheeebasite @ff 60 £6ESr&GuILPLNEHNRRAL OB FREE 1 dgTBOGrkSeven
determ ned, by inage processing for each |location, fromseries of inages
each acqui"Fle%a/qﬁi FH°8-different default setting of the focus regulation
system Val ues for the distance between carrier plane E-B and reference

pl ane B-B_ allqcated in.each case to the highest-contrast inmage yield a
hei ght pr g]lﬁlg‘lzée%erence TEIIOBI % e SERT CERL& g‘?g\ﬁﬁf"éﬁx.h BPP At By on for
whi ch t he lhedtglobs prfofepeatippdstgsesatkse (markk | wat tpirghicegtimdhendhti s

sui tabl e as.the)raferense dga%gg% tne WabDU NG LEILEENGE LEALON. o3P J TRIe
series isin turn acquired wth -
image is determined, by image' processing for each location, from series of

images each acquired with a different default setting of the focus

regulation system.

Values for the distance between carrier plane E-E and reference plane B-B
allocated in each case to the highest-contrast image yield a height profile
of the semiconductor wafer. A flat region for which the height profile

possesses the smallest height gradient is suitable as the reference region.

Within the reference region, an image series is in turn acquired with
various default settings of the focus regulation system, at at least one
selected position and on the basis of the basic offset value OFF _G. The
preset value of the focus regulation system associated with the particular
highest-contrast image ascertained by image processing is stored as the
reference setting OFFS_refy;i,yi [as the] reference basis for inspection,
with its location coordinates (i for the X direction, j for the Y

direction).

The region with preset values of the optical focusing measurement system is

"learned" in accordance with the number of selected positions.

—
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vari ous def ault settings of the focus regul ation system at at |east one
sel ected position and on the basis' of tHé basic offset value. OFF G The
preset value of the focus regulation system associated with the particul ar
hi ghest - CORLTASk ol MOLASLETHA %anagcmgg@eﬂoage&mgg&m & eredersrddee
reference setting OFFS reference basis for inspection,
with its [rggied. o?m:em@sm ﬁa@& aha ftére t WetiXthe 9eat i¥nreqospsiinghdedects.

di rection). The region with preset values of the optical focusing
measurenent system.is "l earned” in accordance with the nunber of sel ected
posi t i ons.The Tegdoprdy SRE-ing RIRFESESathce voter hRRAEEY It TyFewS coiibarfabl e to
the refer elRgend-agi QAFleOMBch rmgetdat%xcb gbneraliyao Mt Ratdia @adhptifve

recogni zi ng. def ect The regl otgl'e setti ng co ri ses the wafer topol ogy of
the regi orff-TB%t £Br FRCuEHandish o F’écrtegﬁté‘et U&ti ons generally do hot
have a disruptive effect on focusi ng, due to their repetltlve nat ur e. | f
t he ref l e%f n CO RZI Onn%oxq lfJJ.gII;S PI ffer IQEG I On%oxgse 1%e \<f| 0

i denti cal |nage rEont RSt 5% p055| S ) conp fsate for this

in the _rramd_ent:a:laﬂearc#yedmceritﬂ;edlﬂoysa@ﬁqupwsegpmwlmc}e gepresmte fqEothigef ect
classificat of ggnds! Lhﬁ!ahy SDEGESSH Yol 2PRL fhgeoRiical focus

measur enment systemto t er thicKness and the 1 nmage content of the
sem conductor wafer using a reference region. The reference region is

sel ected ig t iGS2ME IBIMICLL 28 LDWelISRECE] 9@ce§@§rﬁ%§eﬂ§a‘p@-|t&ebﬁcﬁch9n
criteria are flatness and freedom from def ect s- In defect classification,

it is mor dOFRT "SPEY AERSYATS, ©F de RERT ViR e P 0 Ko P 88T R SPBYent of
ref | ect ancfef ddiGtortduicosts wafed hisimgiaf M@renceFeesgfrohl srhaurqmsa;ceaﬁegmgfs
series of acht'e% L BLK K is a%%w red,_at égast one I ocal ?f the

ref erence $&g7 0N, “usT R T Re"BasT &5s &% |lns -G an Sﬁesrl1 ng FEreht preset

val ues of qrheexhacense Eegfulegs | aod éwﬁetmfrandietfh@ts

14 hi ghest-contrast inmage is selected by i mage processing. The associ at ed
focus setting OFFS ref ind the distance FP_ref between carrier plane E-E
and r ef er eifcéefsicanelaps K igpeiay oted sameyspeareprlemngeassprey. def egeh wafer, to

ClaSSifi(3QEh@£hsate for reflectance fluctuations on its surface.

For this purpose, an image series of a heighé mark is acquired at at least
one location of the reference region, using the basic setting OFFS_G and
using different preset values of the focus regulation system, and the
highest-contrast image is selected by image processing. The associated
focus setting OFFS ref and the distance FP_ref between carrier plane E-E
and reference plane B-B are stored as preset values for defect

classification.

"Defect classification" means comparing the image content having a defect

requiring classification to the image content of a reference image.

By setting the distance FP_ref of carrier plane E-E from reference plane B-
B, the image content of interest in the reference region is acquired and

stored as a reference image.

Using the default focus value OFFS ref, an image series of the defect image
is acquired using different optical focus settings, and image processing is

used to select the highest-contrast image. The distance between carrier

i
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"Defect classifications neans conparing _the i mage content having a defect
requiring classification to the inage cofitent of a reference i mage. By
setting the distance PP ref of carrier plane E-E fromreference plane B- B,
the inage conf 0% Of FdHQLAR! pldhe! B LELRNEDEL I AYIRR 113088 Ghiaduand
stored as a reference 1 nage. Using the default focus value OFFS ref. an

i mage seriths ssttitee fopfasguigipggide defechuimegt Wak nif GPTHRERPRHC BRti cal focus
settings, [QBg d ABUSaRE HCeSSIRE: i TabfRdplHoses €Ct the hi ghest-contrast

i mge. The di stance between carrier plane 2-E and reference plane B-B
associated wth that image constitutes the setting for acquiring the defect
i mge thata ssmia@ppaoedadre iheaseefereitaeticimyeaidtect dmagsd.f i cati on purposes.
A simlar procedure is used for additional defect irmages.

/- 7t y I [Fig. 1] zum Antrieb = to drive
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vom MeJsystem = = from measur ement system [Fig. 3} 14 —EEbmeasurenent
system 21 Frane grabber 25 |[|nmage procéssor 22 Binari zer 23 \ ge nenory
ﬂtst em 2

20 Activation unit 24 Arithnetic unit 21 | nmge “ME
classificaiiQp system 26 Processing unit 13 F ocﬂ

Focus settTng system 19 Focus regul ation system 8* Device control and
regul ation system d ai ns 1. A nethod for focusing during

i magi ng ofy Unﬂa&ettﬁ&f@grmusﬁ%t E@fl@@dlmaglng o8 Wgdtae e aofutasks shames-obj ect s
for the appllcatlons of def detection and. def ect gas i fication, by
regul at ed adj §8¥RENTPIGFET: hBY regul%@&s%ﬁﬂas?%ena. % éﬁ%é"e??‘éﬁ??’ 2PrIET pl ane
Sﬁr\“d ng as suppst EI éarﬁlfjm@lane servibgest supmra faf ehear@bgeq:tlsatm.a whfErenee

t he di stance establishe r ated a tnent s .co using an
unr egul at ed pPi Qﬁs c?%gancee??tag%ls}r? t re ul hgg:ment lSSt emg i s
to be utili Zedoﬁiecl:ﬁﬁ.‘bif airnmn:aeg@@bﬂ:@gpma@fvatllue ts:ubé attellzzmldat 1easfwé9r a
previ ously Iear neéd for t a(égl on. 2. The nmethod as defined in Caim
1, wherein thé prgse va utilized is ascertained on the basis
of an image sequence at at Ieast one position in a substantially flat
reference .y egiQd Aty ddgs %érfgﬁ&? in Claim 3T 481 Pri@Seirekatl Uasudfist he focus
regul ation system bei ng used acquire the i mage sequence, and the
qual ity of theseessprad oo thecbfsns of antigpge FERMRYEvAtudt d¢2BY BA i nage

processor accgrgivigntid AtsubSasieiNg, flat réﬁﬂ&nc@&@gi&iﬁo@rﬁieéuﬂfahéle to be
utilized being ascertained therefrom 3.  The net hoﬂaaﬁédef n Claim

2, wherein th¥igh &8 3Caried PHEIpYAFRYS preset, xpipes of & Uy d:e?H atin
hi ghest - cont r @gétdn B hGalusehft eheIbal issdred heing evalmetédhethcdr&trance.

with at least one rule.

3. The method as defined in Claim 2, wherein the preset value belonging
to the highest-contrast image determined by image processing is used

to establish a corrected distance.

4. The method as defined in Claim 2, wherein the preset value belonging
to the image having a minimum number of defects is used to establish a

corrected distance.

5. The method as defined in Claim 2, wherein the preset value belonging
to the image having a minimum number of defect pixels in proportion to

the total defect area is used to establish a corrected distance.

6. The method as defined in Claim 2, wherein the preset value belonging
to the image having a minimum number of pseudo-defect pixels is used

to establish a corrected distance.

7. The method as defined in one of Claims 3 through 6, wherein the
reference region is selected based on the lowest gradient of the
height profile of the surface, which is to be determined by
ascertaining the values of the distance from the carrier plane E-E to

the reference plane B-B, at locations of repeating height marks, for
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4. The net hod as def| ned in Claim2, ‘wherein the ﬂ!‘ﬂ IJ preset
val ue belonging to the inmage having a mi num nurrumlﬁ m \ ﬂL ‘m
identified by the i mage processor on the object surfate s used to

establish t he rggé g?ﬂ{eﬁggrﬁg focu§ reg-wﬁ] 1ggt%%getf?‘sa\td§}tlcﬂe%1llga§d ahon 2,

wher ei n the ruels e preset aue l'onging to the 1 mage
havi ng a m ni puka narﬂs’élpr@ﬁ tdef ect pixels identified by the inage
processor on the object surface in proportion to the total defect area
is used to establish the corrected distance. 6. . The nmethod as defined in

Claim2. vher 8% WRBoT GF PG4nthal THé™ pretidirein during dBsHECoMYitAg M6 t he
i mage having aefddtismxe nedrRar faf ofs ausee deérChe a timg)l XRé sprbdamzaiueedf by
t he i mage processor on th]% t%1ect surface |s ? e nmet hod as
defined in on&®f BPRITHEHPLR? FYGHEB 2SGRHTERAEIH ?fetP%flé‘F%?\cfée}%f% iR

sel ect ed basedsousetihod cvmstingr adi ent of the height profile of the surface,
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