; _abe3ee. e| 6T. 1 DE S CRI1 PT 1 O N DEFECT | NSPECTI ON DATA PROCESSI NG
SYSTEM 5 Techni Field The present invention relates to a defqct MAR7200AR

cal
2004 i mmw mwwmmm wa processi ng system for processing data obtained from
def ect n a surface of a sem conductor wafer or a liquid crysta

gl ass substuetse, 10 etc. Background Art In general, while a sem conductor
wafer or a |j ystal glass substrate is being manufactured, a
patternﬁﬂwmmﬁ @ prOV|ded on a silicon br gl ass 15 substrate with a film
i nt erpo in such a photolithography process, the resi st
on the subst¢g®® |s uneven in thickness or_dust is adhered t her et o,

defects, such as uneveness in tHe Bihé i dt P of & Pditern after etching, or
occurrence of 20 pinholes, nmay occur. To avoid this, in a substrate
manuf act uri ng process before etching, all substrates are usual ly subjected

Subet ot o0, a mothod oPESECTofREPECITONLPRACRELREG e SYRER af 69 s

of ten enpl oyed. However, when using workers to visually inspect the
substrates, the dissimlarity in the 1 7 MAR 2004 2

5 Technical Field

The present invention relates to a defect
inspection data processing system for processing data
obtained from defect inspection on a surface of a
semiconductor wafer or a liquid crystal glass substrate,

10 etc.
Babkground Art

In geheral, while a semiconductor wafer or.a
liquid crystal glass substrate is being manufactured; a
patterned resist is provided on a silicon or glass

15 substrate with a film interposed therebetween.

If, in such a photolithography process, the resist
on the substrate is uneven in thickness or dust is
adhered thereto, defects, such as uneveness in the line
width of a pattern after etching, or occurrence of

20 pinholes, may occur.

To avoid this, in a substrate manufacturing
process before etching, all substrates are usually
subjected to an inspection for detecting a defect. As
a method for inspecting all substrates, a method of

25 workers visually checking the substrates is often
employed. However, when using workers to visually

inspect the substrates, the dissimilarity in the



checking ability of each worker, as well as the influence of dust fromthe
bodi es of workers in a clean room cannot be ignored. In |Iight of {thiMAR 2004
et hod for observing substrates at as far a di stance as possible, 5 or a
met hod for inparting a defect inspecting function to an apparatus is
proposed. FIG 4 is a viewillustrating an exanple of a defect inspection
apparatus for detecting a defect on a surface of a to-be-inspected object,
di scl osed in 10 Japanese Patent Applicati @n KOKAl Publication No.

09- 061 365. An illum nation section 101 has an illumnation |ight source and
an optical system As the illumnation Iight source, a |lanp housing is used
whi ch cont ai nsCherbiBgeAPiaipy afheachwaoekabsorbi Wglisani ither and a
condenser |lens, Further, the optical illum nation system conprises a
condenser Iensl?gru€6ﬁ9eP§iﬁﬁs Erght thEuRCALE/M Phe WPEHRS OS0dSi Bg Cfd

fiber bundle. The illumpation section 10l _.emts illum nation 20 |ight to a
to-be-inspecteﬁ°8%jgéPnfﬁggﬁtlQHEFﬁgnt éﬁgﬂégg%.og égﬂﬁndﬁiﬁﬁtWQQl‘¥©3 f or
converging a light flux is,inte oseg bet ween tge i_l.lum nati on section 101
and the to-be-?ﬁgﬁégfga SBFEQFaggé_a PFn£g§eﬁs rSEAREFa 350 £ 9SS i ded in
a positign o e h illLum nation tion.101. The line sensor
cagera 104 p?2§§ %p%%EBPﬁaggro%méafggg raa§§§e8 %ngﬁfﬁmﬁ%uﬁﬁﬁftﬁﬁQun

105. 17 NAREgOQn3aéP§r59' ejkn ESBB@Q object 105 is noved in a direction

h& %lgére, ana'

indicated by the arrowin t an i mage picked up by the line

sensor canera 104 i@Igynqh&gngsqaggtqlqngtqg%qg%n%ﬂ:%ggﬂﬁyé gp an i mage
5 pickup circuit 102. The inmage pickup circuit I02 forns a two-di nensional

i mge and supphiesctt ih9pachesh &ppR¥LEeLs(Bel SBeWRkinNe ldd1RFenRtora
canera 104 has a structure that enables the angle betwéen the canera and

the surface of sth€ate- be- hnspepkednebipeebdl8bjkethe di@akapgedn For
exanple, if the angle is set equal to the reflection angle 81 of the

illum nd0i on séapanasdObatthe Applaeatabnt KOKAG- Pabilispediced obj ect 105 can
be picked up. After that, inmages of the to-be-inspected object 15 105,

pi cked up in sjachP8rDésiBebt h Rheidduaientioh sketdbpnedlol Wwatsh anhe
reflection angle of the illum nation section 101 set at 80" (= 80) and 81,
are subj ected idlimagetpeocésghhigsbyrcheahdsancoppircel. sAstam.esdst, a
defect such as the unevenness of a filmon the to-be 20 inspected object
105 or dust at FBBhédlemépatdonsléghtaspudcandacdap@r BQUALNY df used
acceptability cglterion that is one of the inspection conditions, thereby

det er mi ni ng whEbPheR 6PRRBENEhE PBLBESINdpRBred BFRECHATES aRS N EG i ve. 25

In th -d i bed_defect i ti , fect | i ck
Sect i ontPncl dP R ERGSPHI e RBEFBRCECdERon. 181 ERART nE R RPSERor Canor &

104 17 MAR gggﬂmination system comprises a condenser lens for
converging a light flux from the lamp housing and a
fiber bundle.

The illumination section 101 emits illumination

20 light to a to-be-inspected object 105 at incident angle
0. A cylindrical lens 103 for converging a light
flux is interposed between the illumination section 101
and the to-be-inspected object 105. A line sensor
camera 104 is provided in a position opposéd to the

25 illumination section 101. The line sensor camera 104
picks up an image of a linear area of the illuminated

object 105.



4 i's connected to the host conputer for determ ning, for exanple, whether
or not the to-be-inspected object is defective. The defect inspedt/i BAR 2004
“"apparatus:including the defect image pickup section and host conputer are 5
installed in a clean room In the clean room air is dowwardly flown from
an upper portion of the roomthrough an air-cleaning filter, thereby
preventing, for exanple, dust particles fromadhering to the to-beinspected
obj ect and hence the influence of the dust3 10 particles upon defect

i nspection. However, in the above structure, one conputer is provided for
one defect image pickup section. Therefore, if a plurality of defect

- inspection appar at usé§ &cebsrdp@raries iordiesdsd dhd g mpead iioh as
efficiency, it i s necessary to accommodate the sane nunber of defect inmage
pi ckup secti on81ZRETAGE: 1REHFETEEAs Bvn thige 2CIr@MN 1o dhe THIG Gfrarfdd Kt t he

cl ean room nust _be | arge. Accordingly, .the entire equipnent involves an
i ncrease in co%?é?ewﬁﬁgﬁeﬁsugcgﬁb i aﬁPFezﬁe&F§§d§§ﬁF§%e 4 3Rurt her nor e,
since other ap araéuses inchgigg t he _host ,conputer .are, lL.ocated in the

cl ean room togétfer With t'H EcfOVTRGE tpit Sk THPP DO Bt KIS one

i nto andzout of.. cl I. QO whi l . st _.prevent. ffect. 25
bhere a e?ectEﬁﬁgggcfﬁg%uégpgpgfu;%mg Bg%é?dggﬁﬁg' éﬁ%ﬁ“%ﬁbggggigygghted
in the clean rqo diaf: i.RS r . .. C t especti vel
17 VAR 200 5o0anectedr e oAy B e e i i ces. S nce”
the inspect Orscﬁﬁtﬁﬁltle)f have dihblanent Tl 18hie0RS T feég%%gasdﬁfﬁrﬂwaé' on,

the accuracy of the entire defect inspection is reduc o, where clean

rooms 5 are | ogatadtakenghhie cHRABIELACHEE highes Heft WersPadd Yaddad AiEs
remote fromeach other, it is very possible that different criterions wll

be used for detaet surgpeet b@nthe dic-ber-amtspbatiedr iRSeAs 10T adllde the
efficiency and accuracy of defect inspection are 10 reduced. It is the

obj ect 90 the kheegkdon Ferpexem@degn idcahematadlleand capasjuddefrctthe

i nspection data processing systemthat enables a plurality of defect

i nspecti on appaedflesésonoaegdeutelebfi thenilandidstaonusateidef aodt,

i nspection. Disclosure of Invention (1) A defect inspection data processing
syst em accor di ket urhecenednthen tooppriisepecied iodritectonflit eran g udi ng

i mage pickup neans for picking up a two 20 dinensional inmage of a
to-be-inspecteBlSKFQCPPro be processed in a manufacturing process, and data
transfer nmeans for transferring data indjcative of the inmage picked by the

i mage pi ckup nmeans 2IFETCabdSE f FMAGSH Gy Thfade PR ATReRTE reRl9%%bm t he

client 15 105, picked up in synchronism with the movement of the

object, with the reflection angle of the illumination
section 101 set at 60' (= 060) and 61, are subjected
to image processing by the host computer. As a result,
a defect such as the unevenness of a film on the to-be-

20 inspected object 105 or dust attached thereto is
extracted and compared with an acceptability criterion
that is one of the inspection conditions, thereby
determining whether or not the to-be-inspected object
105 is defective.

25 In the above-described defect inspection apparatus,
a defect image pickup section including the

illumination section 101 and the line sensor camera 104



25 ~conputer; and a host conputer including defect extraction neans for
extracting defect information fromthe i nage data read fromthe gdatmMirages

" and good/ bad 1 7 MAR 200 6 judgnent neans for judgi ng whether or not the
t o- bei nspected object is good, on the basis of the defect infornmation
extracted by the defect extraction nmeans, the client conputer being
separate fromthe host 5 conputer and connected thereto via a comuni cation
line. (2) The defect inspection data procéssing system of the present
invention is a systemaccording to item (1), in which the good/bad judgnent
means has a function of conEaring the defect information extracted 10 by
the defect extt8cFPBACRESAs LRI LRedEPEEt campPa trEgifete Aed sitiia imdeddtad ni ned

def ect dictionaré, &heregg determ ning the tyge of defect, and a function
of registeringSKBWPUET cWPCHERE PR PRE BBFelP—ArGERSRECFE PPIRFE déf ect

i nspection dat rocessin stem 15 of the present invention_is .a system
accgrding to iagﬁ?EgiYernQQﬁécﬁeEhgid&P§B§§§RP§ EERALEEF H@QHHglng'y

icati | h b tori, in the dat y t
[ransm {ted t hEPB BoFFah EHESE! PARE BORSHEAR v FaS AECoRMEMIER GTS | ne.
dt f I E ' 0 , d-i tab tq .t he host
Comput o1 vi & 1 Re° Canmen Skt Fof Pr e *o0 “ThE GEP e SR peRt o otk

processing syskehghrbile. PIERANTE LAY SRl LBRLS oy ] difg, to item

(1), in which the comunication [ine is nnected to a 2 urality of

client conputetfiro(igh Ihe-a_d;gte@teahrﬂage@tiil@e_rqattﬁe%@sg,eBzie%ﬂ%;%mﬂr the
present invention iS a systemaccording toitem 1 R 2004 (3), in

whi ch the commupkegtepndlibBephgtiendacirednt aadher i mgahic ¥ Hef +&-gnt
conputers. (6) The defect inspection data processing system
inspected object and hence the influence of the dust
10 particles upon defect inspection.
However, in the above structure, one computer is
provided for one defect image pickup section.
Therefore, if a plurality of defect inspection
apparatuses are prepared to increase the inspection
15 efficiency, it is necessary to accommodate the same
number of defect image pickup sections and host
computers in the clean room. This means that the clean
room must be large. Accordingly, the entire equipment
involves an increase in costs, which is economically
20 disadvantageous. Furthermore, since other appératuses
including the host computer are located in the clean
room, together with the defect image pickup section,
workers come into and out of the clean room, which
- limits the dust preventing effect.
25 Where a defect inspection apparatus is provided
for each process executed in the clean room, different

inspectors operate host computers respectively



of the present invention is a system according to item5 (1) or (3), in
whi ch the host conputer is located in a place different froma pliat®ARn2004
“which theiclient conputer is located, the host and client conputers being
connected via the communication line. (7) The defect inspection data
processi ng system 10 of the present invention is a systemaccording to item
(1) or (3), in which the client conputer is located in a clean room for
executing the manufacturing process, and the host conputer is |ocated
out side the clean room and separate fromthe client conputer. 15 (8) The
defect inspection data processing systemof the present invention is a
syst em accor di ggnnecitieemt@4 )di fifie nemite i etfies tplirsgleabi af agpasratwmput er s
are located in different areas and connected to the host conputer via the
comuni cati on FiREE EHe( SN SHRE thatse d1s Uaddye EVieh ddife gamde el Ry i3t em of
the present invention is a systemaccording to item (1), in which the
client conputefoFndeddst deteamidatiadti dhenmdsriinasy ] iSTf i ?lef ect i ve

portion frominage data pi cked by the jmge pickup neans. 25 (10) The

def ect i nspect 6 e&gT é”ﬁp(?&é%nng‘ssfﬁdé‘rﬁe%f' tlﬁhésr?r'eg&ﬁr‘? rﬁa&ﬁri PIRS g
system agcording tq any one.of itens (3 and .(5), in which the client
177 MAR 300 8 é‘%r?pgroéra)éier?clau}&é@ e %%(C?&ﬁeoﬂ%soﬁ OreMETEHS ng a
defective porti fr [ e . dat i cked by .the i.mage pickup means. (11)
The defect i nsggcr&fciog(r%@(f’a?% ﬁrt%ce%sdl%ngel%scglsto\eénqeg’ofl?%és p‘?eé%%rﬁoﬁf\r}%nefi onis

a system acoor dhg 1 AAewller 2 S LNa hst, AL erdael udes an

i mge storage for storing I mage data picke y the 1mage pi ckup neans, and

a defect detectinapedhGors S arTRd Al aRlalddy ofs defied, tr@féi on
ality of d

nmeans for processing, 10 in a parallel manner, a plur ‘different

i mge data iterErilaedy Rnd&ddBeR sid aeFedtl 2nshha-wefecird nspection
data processing system of the present invention is a systemaccording to
any oneiof itemedl)ced.9) and (11), in which the defect 15 extraction neans
i ncl udes i mage nonuniformty renoving neans for renoving imge

nonuni formty from tihe iisTagee didjgect of the invention to provide an
economical and compéct defect inspection data
processing system that enables a plurality of defect
inspection apparatuses to execute efficient and

15 accurate defect inspection.

Disclosure of Invention
(1) A defect inspection data processing system
according to the invention comprises: a client computer
including image pickup means for picking up a two-

20 dimensional image of a to-be-inspected object to be
processed in a manufacturing process, and data transfer
means for transferring data indicative of the image
picked by the image pickup means; a database for
storing image data transferred from the client

25 computér; and a host computer including defect
extraction means for extracting defect information from

the image data read from the database, and good/bad



(13) The defect inspection data processing systemof the present invention
is a systemaccording to item20 (10), in which the defect extrzuﬁj(MARnﬁﬁps
“1includes i mge nonuniformty renoving neans for renoving imge

nonuni formty fromthe inage data. (14) The defect inspection data
processi ng system of the present invention is a systemaccording to item 25
(12), in which the imge nonuniformty renoving nmeans i ncludes inage

nonuni formity storage neans for acquiring® fromthe i mage pi ckup neans, a
sanpl e i mage 1 7 MAR 2004 9 having a nondefective mrror surface or
having a uniformrefl ectance over an entire surface thereof, and storing

i mage nonuni f oi wigRedht Beanst Rersanpbénonupethereocknagé hbsuniofbemity
renovi ng means renoving the 5 image nonuniformty data frominmge data read
from the dat abaBePe¢isy dhzeder é8t IPAdpeehi BRedaRalpr eesbendedpstem of the
pr esent inventloggis a sgs%en1according to an¥Fone of item(1), (9) and

(11), in whi ch'PARTHRFEEE 2BLEREFEEL PYntRBaASTREFt REFFRRELGBTSRBSY Ur e

t i i ad di nat f h terizi

Sor 11 on of thetls. BerPhEnGarRHPRE; B NIWARRRE ALt of AfieLPEoDPAnal 6 of t he
t o- be-i t j t, terizi 5 i -.ext ti for,

compar| ng' 16 anoTRABe: afdr BARRRCHR RERRERE SeE S e B S (TR daca
read fromthe databgse. +hBeHERYL.RDEARLRY:BILIRRARSIRAL LheY ahebugen. and
i mage position correcting nmeans tof correcting the“imageé di spl acerment

detect ed by ! hgeCBALaBLELLALNInOBAELBN. £X! LACLLRANTERBS adAg( 10) 1R def ect

i nspection data processing system of the pres I nvention I's a system

according to item (1R) whiBrnWehehgbha /d8fiesthagnbhachibQRsMRARS Af urt her
i ncludes feature storage neans for storing an i mage and coorglnates of a

characterizingrpaetion 6f tBRpheikg 2hei AspeetednebirAat i ohicsht rdet-ayn nes
coordi nates of the to-be-inspected object, characterizing-portion
extractitmg neabg the defpati sgtaActimvgemesher fithndeliect HataVAR 2004 10
registered in a predetermined defect dictionary,
thereby determining the type of defect, and a function
of registering new defect data in the defect dictionary.
(3) The defect inspection data processing system
15 of the present invention is a system according to item
(1), in which the database 1s connected to the
communication line, thereby storing, in the database,
image data transmitted thereto from the client computer
via the communication line, and transferring the image
20 data, stored in the database, to the host computer via
the communication line.
(4) The defect inspection data processing system
of the present invention is a system according to item
(1), in which the communication line is connected to a
25 plurality of client computers.

(5) The defect inspection data processing system

of the present invention is a system according to item



feature storage neans, with i nrage data read fromthe database, thereby
obtai ning a di spl acenent therebetween, and inmage position corregti MaRNWBINS
“for correcting the i mage di spl acenent detected by the characterizing 5
portion-extracting nmeans. (17) The defect inspection data processing system
of the present invention is a systemaccording to item (1), in which the
communi cation line is connected to operation/input neans for supplying an
instruction to 10 the client conputer by rlemote control. (18) The def ect

i nspection data processing systemof the present invention is a system
according to item (1), in which the host conputer automatically stores, in
t he database, {(Phgeldavdidetehai aetmdetestioe bynehéslsogoedtiead tioudgnent
means. (19) The_defect inspection data processing system of the present
invention is aPsyEebit¥cedralhgnEoCPRBREEEF;: in which the i mage pickup
means is fornmed of a_line illumnation unit and a |ine sensor canera, which
20 can rove rel ati vé® oTPRedRESRE- tRSPEELAAN0BRERL PESCSSANY &YStPye of an
entire surface fB%Qe t 0- be i nspected ob .an optical axis

| ect, | f
of each of the®ti i PFERTHEL +BReT ?Pnaﬁ%egh@y?pﬁghggﬁggﬂl@ﬁhéPalF@Wbtive
to th f h -be-i t 2 j ect hei .abl.e to be .ch dt
Coiare ool hhe b Dini PERER" BReBoRRLERhER R apcadent i Anatos
Dr awi FI G i i i i i \ tyr, f def ect
T 0P on dat STaSs2a2EPERBAL S cYbilal pI UL Thi O BnoERRCLUIEAY @ Dot e

LoV O FEOREACEE Fr SEUETELAE, YL ShEetATn SRS of =
being connected via the communication line.
(7) The defect inspection data processing system
10 of the present invention is a system according to item
(1) or (3), in which the client computer is located in
a clean room for executing the manufacturing process,
and the host computer is located outside the clean room
and separate from the client computer.
15 (8) The defect inspection data processing system
of the present invention is a system according to item
(4), in which the plurality of client computers are
located in different areas and connected to the host
computer via the communication line.
20 (9) The defect inspection data processing system
of the present invention is a system according to item
(1), in which the client computer includes defect
extraction means for extracting a defective portion
from image data picked by the image pickup means.
25 (10) The defect inspection data processing system
of the present invention is a system according to any

one of items (3), (4) and (5), in which the client



t he- enbodi nent of the invention; FIG 3 is a viewillustrating a process of
conveying a to-be-inspected object according to the 10 enbodi ne ty QFRtm
“invention; and FIG 4 is a view illustrating an exanple of a nal defect

i nspection apparatus. Best Mde for Carrying Qut of the Invention The
enbodi nent of the invention will be described 15 with reference to the
drawings. FIG 1 is a schematic viewillustrating a structure of a defect

i nspection data processing systemaccording to the enbodi nent of the
invention. In FIG 1, a LAN (in-conpany network) 47 is connected to a 20
plurality (three in the shown case) of client conputers 48 that are

connect ed to respectiere linEpess e Bppareattuses i66h usecths nfsespecti ve
manuf act uri ng processes, and is al so connected to a single host conputer
49. The pl ural esErgfctdinem dafrgnitisrss M8 tamh B amhemsigry|da tospicioput er 49
can exchange inages and/or data with each other by conmmunication executed
via the LAN 47PYRfhehdmaden® icANm meansal so connected to a 1 7 MAR 200g

12 dat abase 45 havin | arge capacity storage nmedi um The dat abase 45
stores i mage data sugHa)i @Ef r‘%ﬁﬁ%a‘chl REHIUb AR PUECCSHENG aF Y DMt ypes

of data such as reci pe supplied fromthe host conmputer 49. 5 Each client
conput er%48 i's qugﬁeec?%ﬁer?eé&gllé’avr?”rtdtﬂﬂ 5% % SHATET AR et GctUrd e

for,ned, .t h f.th in hod di
Pnspect | on appardvus O IR MSRC COMBUTE 48 TiSmIs sfadfge. pickup
i it 12, i I t 3. a 0. a 6o ni cation data storage
Z|4r CEIJ'Ihe i magz1 %@&{:%F?Ce girk}o::rﬁispt%%n;qgg‘ “gargee girja}t\]?e pclocﬁie_r I %gtc ‘%oﬂnal%e are °
connected to t b SOPUULALT b 13 HSELIAR b U G d S CHNEGERL, L0e N

LAN 47. The image prckup circuit 12 connects data Ite one Tine picked

by a line 15 sensanGanMBLA ok IEIROTAHEh It & e f'cggagﬁr&é%&% ection

50 described later, thereby inputting an entire | mage of a to-be-1nspected

obj ect 3o0as a Simg@ @drsdidTerEREd, idTq06: ralie drd & e i F Ot SRddON 13
executes control for noving the to-be-inspected object 20 5, described

later, and contdaalas ivanOus ahidd/ e rsadid onadorstbiagdg the optical system
The communi cati on data storage 44 exchanges i mages and various types of
data via the LAN 47.(12) The defect inspection data processing system
of the present invention is a system according to any
one of item (1), (9) and (11), in which the defect
15 extraction means includes image nonuniformity removing
means for removing image nonuniformity from the image
data.
(13) The defect inspection data processing system
of the present invention is a system according to item
20 (10), in which the defect extraétion means includes
image nonuniformity removing means for removing image
nonuniformity from the image data.
(14) The defect inspection data processing system
of the present invention is a system according to item
25 (12), in which the image nonuniformity removing means

includes image nonuniformity storage means for

acquiring, from the image pickup means, a sample image



The i mage pickup circuit 12 is connected to the 25 defect inmage pickup
section 50. The drive control section 13 is connected to a fiIteH g“bﬁez
““section 10 for noving a filter 7 to cross the optical path or 1 R‘Bbo
13 nmoving it away therefromin the defect image pickup section 50, which

wi ||l be described later. The drive control section 13 is also connected to
a stage drive section 15 for driving a stage (not shown) for nounting 5

t hereon the to-be-inspected object 5 and%onnected to an illum nation
angl e adjusting section 18 for adjusting the angle of the illum nation
section 1 with respect to the to-be-inspected object 5. The drive control
section 13 is haviheracoandefedtiveamiamplrest®fecrveyahesicgntar ol section
22, a sanple-orientation adjusting/detecting section 25, a m croscope stage
drive section 2BiiAgmarahteetapser vaeiroancentise suctioe 3bersos, Hre
communi cati on data, storage 44 is directly connected to a CCD canera 52. 15
On the other h8RBT1RMelRegE BBRPOLEPIAItYsIpERaPEdtBEt SPA®lEhe&9%Ean r oom

53, together with, .for exanple, the database 45. In other words, the host
conmput er 49 aﬁ%g?hémagFaBBanégoﬁpétVoG&P@HlPH Hepngc & B &%t ®and renot e

fromthe.place.of each client conputer 48. 20 _The host conmputer 49 has a
communi 31 on- 0raCe 8P aRe e LT Re de AR Eat PRSI ARE s Faran e LA (e
connected to tagtﬁé§5é7' The conmuni cation data storage 46 is al so
connected to an I'nmage storage 8, which is connected to defect extraction

al gori this 40 and 41, .357fe qeommuniGatian 0a! 43600308 A6 Gxehanges, | mages

and data via the LA he 'I'mage storage stores i mages n the

dat abase 45 andrcigat gdel¥neag ven%ﬁgnw%g %gggg%é$ﬁékgg?d39EPQkﬁ%.%ﬁ’ and

can read and wite a voluntarily selecte ect “extracti on

al gorithms 40 and 4% havg (espeqbiveanadl ganht has ghithak hlo RaEhtot her, and
can process, in a parallel manner, 5 different inmge data itens obtai ned by

conbi ni ng i nci deBtaasgbasm8@nanduéinel lihghtdes Feadueodtidiadd In&dmati on
section 1 with respect to the to-beinspected object 5, and the use or
nonuse of the fbktetoriagrasasimhgeophidcabopdinateli olf w Idhdesgdescri bed 10
| ater. The defect extraction algorithnms 40 and 41 each have an i mge

nonuni formty tembeing pectiion ®f, thecharbeteénisperngepoobij@ttextwhaeth ng
section 17, an inage position correcting section 20, a defect extracting 15
section 24 anddgt@emésesceepdiharsesxpfathienyosoetiionpest ethedefdct

extraction algorithms 40 and 41 receive _
characterizing~portion-extracting means for comparing

15 an image, stored in the feature storage means, with
image data read from the database, thereby obtaining a
displacement therebetween, and image position
correcting means for correcting the image displacement
detected by the characterizing-portion-extracting means.

20 (16) The defect inspection data processing system
of the present invention is a system according to item
(10), in which the defect extraction means further
includes feature storage means for storing an image and
coordinates of a characterizing portion of the to-be-

25 inspected object, which determines coordinates of the
to-be-inspected object, characterizing-portion-

extracting means for comparing an image, stored in the



|nage data fromthe i mage storage 8 and extract a defect therefrom The

i mage nonuni formty renoving section 11 20 corrects an i mge, redd MARMGhe
“image storage 8, into a correct inage of the to-be-inspected object
resulting fromreflection, using data concerning image nonuniformty stored
in an image nonuniformty storage 16, described later. 25 The
characterizing-portion extracting section 17 conpares portions of an inmage
stored in a feature storage 21, descri bedlfater, with corresponding 17
MAR 204 15 portions of an image corrected by the i mage nonuniformty
removi ng section 11, thereby detecting whether or not the coordinates of a
plurality of p§?ﬁ¢§ﬁ§ §tozage- peanAspeétad isppectatacikaded finom fées
corrected |nage are deviated vertically or in a direction of rotation. The
i mage position dagrpasei ngheaebivoRPEg igkadytte £l SRIGC e sEherebot oo t he
i mge of the topgelns ected, obj ect verticall in the direction of 10

rotation so as ¢oR @cPOFHElHQVFSFF85§lHSté@?@é byTt Ferrecting the

har act t tract
o bo- | npect o4 taHFcot SPLaKE AR AECRrhyuoYot R, EPPRECEER 86rdi nat es.

The defegt ext ggkagg ggg%ag@lgé bgggges fromthe 15 i mage processed by
t he i nage posi |on correc Iron~20, a to-be- i nspect ed object outline
image or a particul gnspather | e, [ i_S e inherent in
t he to-be- |nspectedqobﬁe?%% ggg% S %%ggﬁﬁﬁ %Qt §%ﬁ%£§%%%tly8ta50 The

def ect coor di ngketgxt 2eLERY éa%hg@o% gegeggétéﬁawc%_scdﬁgc*&oa%t

e
coordi nates, size and tine, etc tive portion xtracteglby t he

def ect extract i (29, ,Seat WARcR4thbntemniBhieat9Bnt hese E%ak%%%c't% ypplied to
the drive control section 13 of each 25 client conputer 48 as descri bed

| ater. The lnagge@aamahVQhﬁutym&haéa@@rl@upgngH@eﬁheQné%&W%%&ohh%o
respective i mage nonuniformty renovi ng MAR 2004 16 sections 11, 11

of the tefect ekeradtean abgputbhﬁby49eabde4&oﬁtb@llWﬁge nonuni formity
removi ng section 11 of the algorithm40 is not shown). The feature storage
21 is connected betdén The despett ivepeheichadatkepirdicesd s3 reprdyisaem
extracting sections 17, 17 (the section 17 of the algorithm40 is not
shown). An i nagé shernges2nd isveohneot éd beswetrmt hecoedpect itwe idefrect
extracting sections 24, 24 (the defect extracting section of the algorithm
40 is not showi}) 1enTHélFHa§éenbﬁ§ﬁ|ﬁ@m@ﬂt?rsﬁ@tagétl6a§ﬂwr@§Cdaﬁa created
by the |line sensor canera 4, when there is no to-be-inspected object 5 as
descri bed | at et BPemﬁéﬁaﬁﬁéﬁvn@méﬁead?65b€9t6§ﬁé6?€dd@@Fé@ﬂVﬁaﬁhhéhﬁn

i deal %ror surfg?g ndefictlve mrror surface), a 15 naster substrate
wi th no def ect §9°8f °§ sa PE°RavI"ig & surface of a uniformreflectance. The

oo 1y e LAl SRS MR BB AR i on

section 1 or VBE'@Bboﬂ§e5@nkh§nventlon is a system according to item
(1), in which the image pickup means is formed of a
line illumination unit and a line sensor camera, which

20 can move relative to the to-be-inspected object to
obtain an image of an entire surface of the to-be-
inspected object, an angle of an optical axis of each
of the line illumination unit and the line sensor
camera relative to the surface of the to-be-inspected

25 object being able to be changed to obtain different

image data items.



20 properties of the inmage pickup elements of the line sensor canera 4. The
feature storage 21 stores part of an imge, and can read and write? MR ﬂﬂ@e
“of a particular range. The feature storage 21 stores inmages of a plurality
of 25 those characterizing portions of the to-be-inspected object 5, which
determ ne the coordinates of the object 5 and also stores the coordinates
of the imges. The 1 7 MAR 2004 17 image storage 240 stores an inmage of
an ideal to-be inspected object 5. Inforndtion on defects extracted by the
defect extraction algorithnms 40 and 41 is supplied to a defect 5 judging
section 32 as good or bad judging neans, where it is determ ned whether or
not the to-be-inspected obj étisf Mserdefeot of .Rrawdregher or not the

t o- bei nspected object 5 is good, and the type of the defect is determ ned,
usi ng data accunul atld&- A ddef eghemptdictVigmril Bistygtingia det ermi ned
that the to-be inspected object 5 is defective, the inmage data indicating
this fact is afiEMaiics 1/f st Ged@Gth TP Pitiasasa tes PHGaIfdmy SR ay 29

di splays a result of determnation as to whether aor not the to-be 15
i nspect ed obj e@CHTHEG &%éhﬁuie&@d’dtslﬁl% ocﬁ)\ﬁﬁ‘ﬁ PEFRNG IR of t he

productig@n line. Th Igjs ay 29 di.splays an imge caorrected by the
aforenengioned inag§1 dsﬂj%ﬁ1%: 9Q§ﬁq sﬁﬁﬁWcﬁ¥iﬁft€ﬂ§ﬁPQH%plays t he
position of a def , for e, ori. it on.t.he inmage i.n 2

accor dance w t%’%trﬁlé%tttug%e 06519 % %l)eé e tecjtm%(aéen&) i sd[ﬂ S THE caococg)aric;fii%gt%f t he

position and the deter] 'ig tion & e . £EG- JHhe comuni cation data storage
46 of the host conputer 49 1's connected to an ‘operation/input section 25

43. The operation/inpy. sectd oh A Sil"’ﬂx?é)cﬂé)&i%}geda q#osééjses the clean room
r e

53, and outputs various types of I1nstructions om t communi cati on data
storage 46 to0 cohvefiMRa2@@d be-inspected object according to the

10 embodiment of the invention; and
FIG. 4 is a view illustrating an example of a nal
defect inspection apparatus.
Best Mode for Carrying Out of the Invention
The embodiment of the invention will be described
15 with reference to the drawings.

FIG. 1 is a schematic view illustrating a
structure of a defect inspection data processing system
acqording to ﬁhe embodiment of the invention. 1In
FIG. 1, a LAN (in-company network) 47 is connected to a

20 plurality (three in the shown case) of client computers
48 that are connected to respective inspection
apparatuses 60 used in respective manufacturing
processes, and is also connected to a single host
computer 49. The plurality of client computers 48 and

25 the single host computer 49 can exchange images and/or
data with each other by communication executed via the

LAN 47. Further, the LAN 47 is also connected to a



18 .each client conputer 48 via the LAN 47. As shown in FIG 1, each client
conputer 48 is located inside the clean room 53, as well as a corgiﬁﬁﬁpﬁggg
‘“inspection apparatus 60 equipped with the 5 defect inage pickup secti on

and various control sections. The above structure can be nodified such that
pairs of inspection apparatuses 60 and client conmputers 48 are arranged in
respective clean roons 53 | ocated 10 al ong manufacturing lines in factories
situated in different separate areas (do tic or overseas areas), and each
client conputer 48 is connected, via a conmunication |ine, to the host
conputer 49 and the database 45 installed in a control center. In this 15
case, a tel ephdpeabPape 4p Raeingt@r hergehaeprechhecssogeaesipdiameas and
overseas areas_by a communi cati on network can be used as the conmmuni cation
line. FIG 2 i%'a Sehehastciviehwrepuinpgei Agta suPRiiade fopm gaChef ect

i mage pickup seftion 50. The Zg defegt 'nage pickug section 50 constitutes
a digital macroliRbetPTORtaPpa? at 88 VATEPES SYPRReCE| AakRn&HFON 3Sedti on 1
has a |ight source and an,optical systemfor line_ illypination. A lanp
housi ng equippﬁﬁch??hs%935+%éeﬁr?ﬁn%ﬁeag%§gt9&%98t§55gghing 25 filter and a
condens lens is u a he |1 r tor.ilLum.nation. .Further, the
opticalgéysten1for ?%gﬁng%% ﬁ%ncgggFgg#eg%o%galggﬁ Sﬁsép Feﬁ%eﬁgrrooy'7 MAR

200 19 convergsgo;p yhobh themifiofnLber1ABPoROUSLEEs 20d BelidBehelund) e

The illum nation section. 1 is novable wt spect to e-1 nspect ed

object 5, and £5g9£§9958? E§e5m§ﬂﬁtbbagh5fi5 EB??eEB?%BEn ur £aee cefi ohhe

object 5 at incident angle 80. A cylindrical Iens 3 r converging a |light

flux, and a S'éé%QréfﬁsiGQ?rpﬁééﬂ e;&@ﬁencbﬂﬁutékuabn@ﬁb@ﬁd%%C%gon 1 and

the to-be inspected object 5. The illum nation section |, the

cylindrical |eﬂ@a§eaﬁﬂckg§ sittubrang,i gt ggiakedohft81088c8bHCHGr @ndnhi ch
can have its angle varied voluntarily relative to the surface of the

t 0- bei nspect eda obpeatin beatben cantal kusirageedthe sHef apagefl ptibkeup

t o- be-inspected object 5 at incident angle 61. 15 -The |line sensor canera 4
is provided i ncarposttidnangpbseddtbveheontroi nattdonséBtiear 1 via the
filter 7. The line sensor canera 4 picks up an imge of a linear area of
the illum nat edoni¢etedsto Thieef compunicasianndatowsbandgei Béder whdrchl i miting
the wavel ength band of 20 the illumnation light to obtain an interference
i mge. The filt&rconpgctegatedtha FABnt7of The LMAgespASSHPcE&HECA14 and can

be arranged to_cross and be noved away fromthe optical path. The defect
i mage pi ckup S%ét?%%nects data items Of one line picked by a line

15 sensor camera 4 incorporated in a defect image pickup
section 50 described later, thereby inputting an entire
image of a to-be-inspected object 5 as a single two-

- dimensional image. The drive control section 13
executes control for moving the to-be-inspected object

20 5, described later, and controls various dtive sections
for driving the optical system. The communication data
storage 44 exchanges images and various types of data
via the LAN 47.

The image pickup circuit 12 is connected to the

25 defect image pickup section 50. The drive control

section 13 is connected to a filter drive section 10

for moving a filter 7 to cross the optical path or



50.is located in a dark box (not shown) so as not to be 25 influenced by
out'side light. FIG 3 is a viewillustrating an inspection process; pAaRURH
““by an FPD substrate outward appearance 1 7 MAR 200 20 inspection system
equi pped with the digital macro inspection function of the defect

i nspection data processing system a digital mcro inspection function and
a macro inspection function. The host conputer 49 5 controls each

i nspection station provided for the inspeéBion process via each client
conputer 48. In the inspection process, at first, a plurality of

t 0- be-i nspected objects 5 supplied fromthe upstream side of the production
line are carri 8@VByJdalsarply Ltheredreparnce tdgr dedeqt timafgeams dlgimot shown)
and thus placed in the system :The drive section 22 drives a robot 35 in
accor dance wi t Fe&% 1PRs Cluctihdshy Mémlt e dlases ibes datesect iThe Bristown in
FIG 1, so that the robot takes _a predeterm ned to-be-inspected object 5 15
out of the car FPBEIRA SEGH&Ps Lidt iSo alser conppated ttre astsdg@oidEidaeh

i nspection station, or _returns an  already inspected object 5 to the

carrier. The dé]eé:&lo'(lr)’w&&e £0ic Kip VdaGt o SO t R0 ShQWirgn fF MRURGEHRY as

t hat sh in ELG_ 2 t ly the li 20 4 t ed

1ol s ongn §nChREe0s) the FRchesdPaRErE R SROSah & erito cHked to o |
titut i.gi;t i ti St at.i W t bot

5 has conveyed s iauBaT R gl ARG e AHE e s aHa g dB IR oY age 36, the

stage drive Se‘abij%t%ag”%%s a%%_jlteh%f; rRe-11NTRAGES] PPk 2,8l 0ng fhe one

axl e, together wth t one- axl"e stage 36, 1n response to an I nstruction

fromthe driver%%gE%Qlt%e%%%onl%eJ@N%g%cteh ﬁgﬁ%%tZQQg Zhd Reive

t o-be-inspected object 5 is being noved, the e sensor canera 4 picks up
an imge of theogRirone seerfiage 10 ikheQRIHAG! Bnndkd f &) 4 halmpdef ect

detection is executed.

10 conveyance control section 22, a sample-orientation
adjusting/detecting section 25, a microscope stage
drive section 26 and a macro-observation control
section 30, etc. The communication data storage 44 is
directly connected to a CCD camera 52.

i5 On the other hand, the host computer 49 is located
outside the clean room 53, together with, for example,
the database 45. 1In other words, the host computer 49
and the database 45 are located in a place different
and remote from the place of each client computer 48.

20 The host computer 49 has a communication data storage
46. The communication data storage 46 is connected to
the LAN 47. The communication data storage 46 is also
coﬁnected to an image storage 8, which is connected to
defect extraction algorithms 40 and 41.

25 The communication data storage 46 exchanges images
and data via the LAN 47. The image storage 8 stores

images stored in the database 45 and created by each



5 A swi ngabl e stage 38 has a two-axle rotary nechanismthat constitutes a
vi sual -check macro i nspection station. The operator can change th§7qﬂﬁlgmpf
“"the sw ngabl e stage 38 whil e observing the to-beinspected object

Further, while illumnating the 10 to-be-inspected object with an

il lum nation device 42 provided above it, the operator can visually detect
a flaw, dust or defect on the to-be- |nspected obj ect 5. A nacro-observation
control section 30 controls the sw ngabl el4tage 38 in accordance with an
instruction 15 fromthe drive control section 13. A mcroscope 37 (only the
objective of which is shown in FIG 3) for realizing mcro observation is

| ocat ed above @ligwt axperutaredBo ghdtceonsepdused writers i nspection
station. The two-ax|/e stage 39 20 enables the to-be-inspected object 5 to
be moved two dY%\h%‘F%ﬁJaleS%%CEﬁﬁbméga toThe AASpEEt e¥tpartion of the
object to be aIL%ned W t h ¢ alcal axis of the nlcroscoge 37.. As a
result, any voftd?atFir9s sty e’Red boP?V%nr%FpFﬁElYﬁ BégPﬁéE Bfedipdifiton of

t he object 5 25 can be nified and i nspected, The nic ope stage drive
section 26 con??o?%c?h%ga aﬁ? SFRgRTS e?ﬁ’a&ﬁo?d&ﬁﬁéigFi II[‘)‘éﬁnﬁlfstructlon

f he: d 2004 22 34
< pr ovi Hled AbAVELSEBAT NRTBLAR dnt EROEnaoFobgtcbi SoRBRVEDEA. The

posi tion sensof g% gﬁ%e§ﬁ§%£$e Bﬁ%h&ioﬁgagg g%%t%wﬁy%ei EromE%he

t o- be- |nspecte obj ec e robo s conveying

to- be- i nspect egh el Son | OLOEIBLT 9N { £QMLLUEBOSLLI PRSERSQL 34 i s

supplied to the drive control section Vi a e sanple-orientation

ad!UStlng/detefﬁé?@c@@gtbﬁfegé SChaﬁaetH@5h§eOBrtHSn&Qe'BEOEH@tEQQteEhe
drive control section 13 controls the robot 35 via the sanpl e conveyance

control section 22rods @héeél?'ticalhﬁaﬁﬁpuﬁhleﬁ myensat gakcthged
t o- bei nspected object 5 to, for exanple, each stage, onto which the object

5 is nouiht ed, 1stedjusted, and the 15 position of the object is aligned.
Thus, the to-be inspected object 5 is always adjusted in the sane relative
position on the stafkeoflefach skaraohioAsadgscithmd dbowad #he eaehot 35
conveys the to be-inspected object 5 onto the one-axle stage 36, the 20
swi ngabl e st agea®s8 amdimdge tworaxifosnagy 8omogdnghaecthenobjlech 5 assunes
the same. relative position on each of the stages, thereby enabling stable
observation. ¢characterizing-portion extracting section 17, an image
position correcting section 20, a defect extracting
15 section 24 and a defect coordinate extracting section
28. The defect extraction algorithms 40 and 41 receive
image data from the image storage 8 and extract a
defect therefrom.
The image nonuniformity removing section 11
20 corrects an image, read from the image storage 8,
into a correct image of the to-be-inspected object
resulting from reflection, using data concerning image
nonuniformity stored in an image nonuniformity storage
16, described later.
25 The characterizing-portion extracting section 17

compares portions of an image stored in a feature

storage 21, described later, with corresponding



The operation of the system constructed as above will now be descri bed.
~First, a carrier with a 25 plurality of to-be-inspected objects 5qrreqygaRVvagh
“therein is noved fromthe upstream side of the production line into the FPD
substrate outward appearance inspection 1 7 MAR 2004 23 systeminstalled
in the clean room 53, manually or by a conveyance device enployed in the
production |ine. Subsequently, a signal indicative of the start of an

i nspection is input to the operation/inpu¥5section 5 43 shown in FIG 1,
manual Iy or by the conveyance device of the production |ine, thereby
starting the operation of the system Wen the start signal is input to the
operation/inpuB°§E&PP§n°§3?ne&@ﬁgélF@ﬁﬁeééﬁﬁupértms dxaget es the foll owing
operation. 10 Wen aQains ruction.to nove a to-be-inspected object 5 has

been out put frBAMERELAFIYEYCERPPELNGeEEFEACE3 1tlo TRETERYPPELES W EFance
control section,?2

t he robot 35 shown.in FIG 3 takes a predeterm ned
to-beinspectedWBB%QSF groﬂP%oFg?h8°8£BFP8Fe§n8fnﬁv@ uFﬁﬁﬂ Y18%t he undersi de

f th iti : 34. T L ti .34 d h iti
or i ontati on of BPAG-PAPaLi AepBcPRa OBPREECR, CRAR CupRELasHnist R on
i ndi [ f g ti t ; drive. I ti 13 via th
ampl o- of 1 ent aft oh Gl st RRGP J0°CEERALT g CEELAGNLIS Show Fn FIG 1. Q.

the basis of tggrgeggggagkoEokgq58§give of the present position of the
t o- be-inspected object 5, the drive control section 13 calcul ates a

di stance to the oneraxl en3bRUBC3GLibAr CUERaMRiiGh R taliesly ieae%g; Ses 25

noved next, and supplies the sanple conveyance control section 2 own in
FIG 1 wth animagérp@bb@asa%gnwembb@ ehkeehaghs o kgaukb-pkhe robot 35

~ can al ways pl ace 17 MAR 2 24 the to-be-inspected object 5 in the sane

position and dinepttesdobbtbetoneraxkalsyage 36. the direction of

10 rotation so as to correct the deviations detected by
the characterizing-portion extracting section 17. As a
result, the to-be-inspected object is always displayed
to have the same coordinates.

The defect extracting section 24 removes, from the

15 image processed by the image position correcting
section 20, a to-be-inspected object outline image or a
particular pattern image, etc., which is an image
inherent in the to-be-inspected object, thereby -
extracting a defective portion.

20 The defect coordinate extracting section 28
detects features, such as coordinates, size and tine,
etc., of the defective portion extracted by the defect
extracting section 24. Information on these features
is supplied to the drive control section 13 of each

25 client computer 48 as described later.

The image nonuniformity storage 16 is connected

between the respective image nonuniformity removing



Aft.er the to-be-inspected object 5 is accurately placed on the one-axle
stage 36, the drive control 5 section 13 outputs an instruction t@ MARE 2004
‘“stage drive section 15, thereby noving the to-be-inspected object 5
together with the one-axle stage 36 along the one axle. Wile the

t o- be-inspected object 5 is noving along the one axle, light emtted from
the illumnation section 1 10 of FIG 2 and converged by the cylindrical
lens 3 and the slit 6 is applied to the sbfface of the to-be inspected
object 5 at incident angle 80. The flux of light reflected froma l|inear
portion of the illum nated to-be-inspected object 5 enters the 15 filter 7
that crosses t Recepeneallpaih, ofh&éhebyedry Exkghacsfioa plgdetchmisndd

wavel ength fornms an_inmage on the line sensor canera 4. At this time, if the
filmforned onaPﬁe4%uKFgée1@?g?héoﬂénﬁéoFW§6§cF€@°6BP§c§e§tﬂ§nuﬁév@ﬁ,

i nterference OCﬁurS in Liﬂht having gasged 20 through the filter 7, and
hence the unevERfe839IBFLFRR AP ASi BokefBOFBY -i nTHEr AEAGMTEN8HGESYEN 2lhe

anount of light. The Ii@e sensor canera_ 4 convyerts 'na% formng light into
an el ectric sigRaF°"ahb ?Paﬁ?ﬁV??ntﬂgesFSﬁEFC 3VFothﬁe Sﬁé&@tﬁF&%&& Circuit
12 i it f line. The. i i ck i it Al | ectri

si gnal " o8r  eopBaALHG T BXEAERCT T e P RE G T Argd ddra \HAEI SSFRGSD 117 AR 200
25 to- be-i d ' g BRViNg, b t ti t wo- di [ I
“mage data A EOF PRACEREHE BDcRapnet SRR 2 cPBaa e S ade 10

corresponding &g LBAnEBLEECHARLECh Bnet BESHERYG Al detsS ef0Lad sl the

dat abase 45 via the conmmuni cation data storage : .
I iRst ruction
? FI%

Subsequent |y, tbetdph¥e2¢0nHuol(+88CHEEBCE3 @k rELE:
to the filter drive section,lo} therebycnnsing thén%iggggq%%o 2 away

10 fromthe opkilgakipaih40At st RetsaRBwhie, the section 13 outputs an
instruction to the illum nation angle adjusting section 18, thereby

changi ngp to inci derheanghge8honuing famglie yolstidrayd nat iser @fs 8 a
illumnation section 1 relative to the to-be-inspected 15 object 5. After
that, the drivereanhtdobysehti dind3sedsput saspriangt r waknok e et R $icage
drive section 15, thereby noving the to-be-inspected object 5 along the one
axle in a diretbrba-opppsctedt obthetabowe desElrGbed. 12@eAlt baughenat this
time, the to-be-inspected object 5 is illumnated in a simlar nmanner to

t he above, thaPlpkingobpraal fghbefiorprenrtedegbiieotm hawinkl am rateiadn section
1, which has incident angle 80, is interrupted by the slit 6, and only a
light flux of WhEFBénFuéggpé 82 pgndefpréd vehBirgopse sugspeet ed 2obj ect 5.

Si nce tﬂg l'ine segsor canera 4 is glso | ocated at angle BOto the
t 0- be- | pecteﬂaﬁ FECFu ?tEaFFgHFt | iR defects, or a sample having a

surface of a uniform reflectance. The section 16
stores, in units of one pixel, data concerning image
nonuniformity due to nonuniformity in the illumination
- of the illumination section 1 or variations in the
20 properties of the image pickup elements of the line
sensor camera 4.
The feature storage 21 stores part of an image,
and can read and write an image of a particular range.
The feature storage 21 stores images of a plurality of
25 those characterizing portions of the to-be-inspected
object 5, which determine the coordinates of the object

5, and also stores the coordinates of the images. The



1 7 MAR 2004 26 reqgularly reflected fromthe to-be-inspected objec% @@ﬂQﬁ@
~not" enter the line sensor canmera 4, if the to-beinspected object LY t
“have any unevenness. |f, however, the to-be-inspected object 5 has a fl aw,
dust, 5 defect or pattern, part of a light flux entering the object at
incident angle Bl reflects therefromat reflection angle BO (= 80) and
enters the line sensor canera 4. After the image pickup circuit 12
constructs two 10 di mensi onal i mage data ihdicative of the entire object 5
on the basis of the light entering the |line sensor. canera 4, the
constructed inmage data is transmtted to the database 45 via the
comuni cat i on HBAZE stePER@e 444 Anet e hes LN dmagandf serr édeaheterhe-15
Simlarly, inaq$ data on the to-be-inspected object 5 fetched by each
client conputet %@F?%egt%Pbﬁc?n5the dat abase 45. At the same tine, the host

conputer 49 reads a uraljty of i e data [tens fromthe database 45 and
stores themin the Fﬁtﬁﬁmgtb¥gggn8g§ge9Fﬁ ?ﬁtréﬁﬁﬁﬂnPXaF §ndgaestst or age

10, cTherealt et R el s TGkl O oLgor 41 PTE A0 a0 41, excoyts e

processi ng on €ach i nage d S

Cave, 1% | Toor,aanuel(pLOLb 649295018 82 PAS SV ERs QLSKE™ WBRee, o

concerni ng i nmeage ormt nonun

the illunination S&CH O P84 ik ahé PNSr1 Hot hﬁh?h%oibé/ﬁ&gg%téé

characteristics of the I mage pickup elenents o e |l'Tne sensor cCanera 4.

The feature stgypgec 24 wiess oiesethe feat uigstRb the ﬁe;bghianéBQBE@d obj ect
5. Further, the 1 nmage storage 240 pre-stores an | nage o an 1 deal

t 0- be- i nspect ethi€€dd SobJdet SBt1é Ngosdl, t h8d | FRICL HOBUBET PRET BY rREL
features is executed in the followi ng manner. First, the |line sensor canera

4 picks up, inssedsbofmimed} o1dend nepest e6cobiested andaundeecthe 10
illum nation system of incident angle 80, a sanple

10 dictionary 31. If it is determined that the to-be-
inspected object 5 is defective, the image data
indicating this fact is automatically stored in the
database 45. Further, a display 29 displays a result
of determination as to whether or not the to-be-

15 inspected object 5 should be guided to the downstream
side of the production line. The display 29 displays
an image corrected by the aforementioned image position
correcting section 20, also displays the position of a
defect by, for example, coloring it on the image in

20 accordance with the type of the defect, and displays
the coordinates of the position and the determination
result, etc.

The communication data storage 46 of the host
computer 49 is connected to an operation/input section

25 43. The operation/input section 43 is also located

outside the clean room 53, and outputs various types of

instructions from the communication data storage 46 to



substrate having an ideal mrror surface (such as a master substrate with a
nondefective mrror surface) or having a uniformreflectance overy i h@ar 2004
“entire surface thereof. The inmmage storage 8 stores its inmge data. 15
Since, in this case, an inmage of an object having a uniformreflectance
over the entire surface thereof is picked, the resultant two-dinensional

i mge data nust indicate its uniformsurface. Actually, however, vertical
stripes occur in the i mage because of 20 hnuniformity in the illunination
or variations in the characteristics of the inmage pickup system In |ight
of this, one-dinensional data, which is obtained by setting, at "0", the
bri ght ness of @2phxetientt gempaihest 4Br viat AessLANchdded in the pixel s that
25 correspond to the vertical stripes, is stored as i mage nonunifornmity
information in the PRag8oHBndRi FoFmi Ly SP6Ragelent TRIBUSESCESsilgy i s

executed using,an_jmge , . 1 7 200 28 prqcessing_al gorithm (not
shown). It is HPF #%ﬁl%n?deng?xgigﬁﬁsFEPmsggst?étgg$ﬂtﬁsaﬁ ideal mrror
surface or a sggple substrate havipgaa uni f refhectance over. %hehgntire

surface thereofo 5°TPOISIRE s aPFF PtaPBaﬁéghPaﬁ EHBLPPEA; Pitk
diti . Th L o Ls.suffici if.th f th
o nebo s | EEELOLPnBAE (Bl Lhup bebfs3H] KhCLRAL var b8 BURLAAS ©f Lre

bri ght nesses of prxels i v Fca i mage
pi cked by the Ling;sggsor camera 4 is calcul ated, one-dinmensional 10 data

is created by setting the | owest average value at "0", and is stored as
i mage nonuni f orm tyrhaf gpRBLI @R-LBLLDE bgﬁggen%ggggaﬁht% st@hgge 16. In

this case, the influence of mcroscopic dirt or ere i s any, can

be i gnored. 15pah§siaaQEn§pee@gsn8a§§9f§§u§esi@@gsnefc&B@nEOaggph%%Egcted
object 5 picked by the optical systemat incident angle 80, and an i nmage of

the object 5 pigkede arrangedenh apgpecBivebylthg eBbinsab3syskarehr om which
the narrowband filter 7 is renoved. Fromthese two 20 i nages, the operator

desi gnates a chhcmgtesharagtpoihiobinést be £acheriaspectadtelj egt 5, which
is suitable for specifying the orientation or position of the object 5, and
stores the chadatferezingeparétenareashéddrastiie stovages2is hrehbBi)S case,
the charac 25 terizing portion indicates, for exanple, an inage of each
corner of a rezndngathrclbebe-cospeterd4Bbjectobneatedeoygiat kon mark
attached to the to-be-inspected
communication line, to the host computer 49 and the
database 45 installed in a control center. 1In this
15 case, a telephone line or the Internet that connects
domestic areas and overseas areas by a communication
network can be used as the communication line.
FIG. 2 is a schematic view illustrating a
structure of the defect image pickup section 50. The
20 defect image pickup section 50 constitutes a digital
macro inspection apparatus. In FIG. 2, the
illumination section 1 has a light source and an
optical system for line illumination. A lamp housing
equipped with a halogen lamp, a heat-wave absorbing
25 filter and a condenser lens is used as the light source

for illumination. Further, the optical system for

illumination is formed of a condenser lens for



1 7 MAR 200g 29 object 5 or a notch or orientation flat of a sem conductor
waf'er. The positioning accuracy of image coordinates can be furthefy MAR 2004
“enhanced by storing data on a plurality of characterizing portions of each
imge 5 picked at incident angle 80 or 81. The inmage storage 240 stores a
plurality of inmages of ideal to-be-inspected objects 5. A description wll
now be given of the operation of each defect extraction algorithm which is
executed 10 when data is preset in the imh8e nonuniformity information
storage 16, the feature storage 21 and the inmage storage 240. | mge data
items picked at incident angles 80 and 81 and stored in the inage storage 8
are processed FANYSrgipar &l Lékbhitaddex Byorhéhgefleor dwtusdetd,omnal gorit hns
40 and 41, respectively. The inage data supplied to the defect extraction
al gorithm 41 i $188Kj B¥PEdeto a nonunifornity renoval process executed in

the image nonuniforpity renoving section 11, in which data stored 20 in the
i mage nonuni f or mi t y T8€ordgdMIES L ORI FEF TIREr I HE Sviakd g g tHRIRARL t o

renove nonuni form in illumnation or .in the optjcal system

Subsequent |y, gﬁg%§éaF86b§FF?FR§958BtPbﬁegftEacﬁpﬁgl§% SEPSER tShpares the
i mge of ca porij si,gnat.ed e gperator wth an, i.mage stqred in
the featire st%bgge%g?g%tﬁgrgﬁ§ed§¥e% ng SFﬁbF&%Fhﬁonpﬁﬁgtéi i nat es of
the to-be-insp ] ifqt he 0 i e are devi ated
vertically or ?ﬁ%?ﬁgﬁgigébggoéﬁ%f r%t%%%%%&@$%§?hg§§gr%n§g5iated, t he i mage
posi L1 on Correcbhigraeabl an12Bne0iEA 8RS JLe 08Il i0Rse T SQIJaeied data
is displayed on the display , and the operator can inspect an 1 nage of

the to-be-inspgetadepbiget 1318 aABYE SBRVIRY i1t $ eVl ing,Lorrected by
the image position correcting section 20 is supplied to the defect

extraction secihepeddedTbejdelect exheaglinemihd tSeet isetdbrcanpaies the
image with an image of an ideal to-be-inspected object 5 stored in the

i mage storage 24Qintkeredy 1easDdi agdathe- ba-itnspected nakig@at utilite i mage
as an inmage i nherent to a to-be-inspected object, an outline inmage wthin
an exposure range etractbrpredétehncaadhpatt s iamade, velrded SO as to
extract only a defective portion. The defect coordi nate extracting section
28 extracts thwodvotdirndvesedbtiive deof bkl varfartel of ithet ko-bwrge extract ed
by the defect extraction section 24, 20 and supplies the coordinate data to
the drive cont iBEP§eEeforbigct| A adadt cen tid lumisatiehdhdefsentf asmoradi nat e
extracting section 28 extracts the tint, size or coordinates of the

def ective portFBR ERTPECLBEPBFtERe CBIRESt deRitr doGislendedniade 28] -and
suppliei the 25 extgﬁctid data to the defect,jugging section 32. Simlarly,
the def&8t extracti GRaldBF SRNSES SeBETEed det &Ovedshd 6h RAFHkRe dat a

different fron})pposed to the illumination section 1 via the filter 7.

The line sensor camera 4 picks up an image of a linear
area of the illuminated object 5. The filter 7 is a
narrow band filter for limiting the wavelength band of

20 the illumination light to obtain an interference image.
The filter 7 is located in front of the line sensor
camera 4 and can be arranged to cross and be moved away
from the optical path. The defect image pickup section
50 is located in a dark box (not shown) so as not to be

25 influenced by outside light.

FIG. 3 is a view illustrating an inspection

process executed by an FPD substrate outward appearance



1 7 MAR 200 31 that processed by the defect extraction algorithm4l, and

~ supplies the extraction result to the drive control section 13 ang e 2004
“defect judging section 32. The defect judging section 32 reads infornmation
on defects 5 pre-stored in the defect dictionary 31. The defect judging
section 32 conpares data, such as the tint, size or coordinates of each
defect supplied fromthe two defect extraction algorithnms 40 and 41, with
the defect information read fromthe 10 defect di ctionary 31. Furthernore,
t he defect judging section 32 judges the type of each defect, nanes it,

j udges whether or not the to-be-inspected object 5 should be guided to the
domnstreanlsidénépeﬁﬁéobr§M§§?moﬁqpﬂﬁﬁ?dtHéﬁgbyhéi§pgéyaﬁgmaﬁéojudgnent
result 15 on the display 29. The ratio of the nunber of areas including
defects to thelRBRBEF1B8R fHBCEAPRI Chr EReoflefierEcigspretaonedaly t he def ect
extraction algorithns,40, 41 %or to.the tgtaL nunber of small areas (dies)
of the same shBPBSBSERBoSETLER t RedtGlbasi RLFELT LBSBBFELPN FHPChdofised as

j ud t st d. Furth .the_determ nat| whet h t
he obj et is 808 B5EE8 BEPPBF it ng CRECEPR ni G RSty GERGHEREr 4t as o

| t ' ' th ot _dicti 1. d:25 ptoviding, f
cach Lypt of GeTREr O d FRGSnrE ST GARAr A C5Renr NFRGLERE. AGRobSor tothl

area of defeCt§nsBécE?§gSE?@€ésgfv%éeééchnﬁhggbsgfﬁgﬁﬁ%5§'48 St e 2004

32 The display 29 disp an 1 mage correcte ~the™I'mage "posi tion
correcting section 29, +aBd;igaksacdishl pyeckiae, Pasi tiea cof egﬁﬁrgﬁﬁ%
and j udgmert

indicated in a color, the coordi nates of the position

result, etc. 5oAftgrpbhendgbeetqdebgetianspsapessetss ribhi $heduskhe dyi ve
control section 13 shown in FIG 1 outputs an instruction to tﬁe sanpl e

conveyance consi@k 6€Cthenp2ddgetasnt 0inakerkheakebeli 89 shewhpie FIG 3
renmove the to-be-inspected object 5 fromthe one-axle stage 36 and 10

convey ihe objechvbyanctheaswibgabliessfagre38st hat eapshit 4has thhe

vi sual -check macro inspection station. Wen the to-be-inspected object 5
has been pl acedlanedhénswhagapbeent agéh88dshoensentEb6. 23, drheesnar o

illum nation device 42 illum nates the entire surface 15 of the

t 0- be- i nspect etlobdfedb &n Ascardasget witheaopénatonctannvifsoal thei nspect
the entire surface of the to-be-inspected object 5. At this time, the drive
control sectiofri8ewaPRErah FApLionr &/ shewspérafien/ Linpot thest tde 43. |f,

inthis state, the oEe ator has 20 operated at hand, for exanple, a joy
stick incorporﬁ?%at akes a predetermined to-be-inspected object 5

15 out of the carrier and conveys it to, for example, the
stage of each inspection station, or returns an already
inspected object 5 to the carrier.

The defect image pickup section 50 (this section
is the same as that shown in FIG. 2, but only the line

20 sensor camera 4 incorporated in it is shown in FIG. 3)
is located above a one-axle stage 36 that constitutes a
digital macro inspection station. When the conveyance
robot 35 has conveyed a to-be-inspected object 5 onto
the one-axle stage 36, the stage drive section 15 moves

25 the to-be-inspected object 5 along the one axle,
together with the one-axle stage 36, in response to an

instruction from the drive control section 13. While



in.the operation/input section 4, the drive control section 13 outputs an
instruction to the macroobservation control section 30, thereby qri ViaRo00ie
“swi ngabl e - stage 38 in directions indicated by the 25 arrows in FIG 3 so as
to swing the to-be-inspected object 5 to and fro and fromside to side.
Thus, the to-be-inspected object 5 can be noved angul arly so that 1 7 MAR
200 33 the operator can easily inspect it. In other words, the operator can
set the angle of the to-be-inspected obje¢t 5 so that they can visually
detect a defect. If the operator would like to newy register the 5 type or
name of a defect detected by visual check, they input data by operating,

for exanple, theekegbbarinspechedopbiacioh/ inpbeisgchbvrd4 itheatledeat hand.
This data is stored in the database 45 via the communi cation data storage
44 and the LANS@7SOFuffReEa fhP&CHat HPcah iDape pApihet entheehssr facenput er
49 and registered in the defect dictionary 31 shown in FIG 1. If the
oper at or woul d°fi kBetgbdesp ?heavﬁségFeéthRFro@eﬁﬁcé pgessstipariieéd in time
has el apsed, the drjve control section 13 outputs an instruction to the 15
sanpl e conveyaﬁﬁ%cﬁgﬁgrol section 22 so as to nmake the robot 35 renpve the

t o- be- | ted objgct 5 fromthe sw le stage 38 and the obj ect
510t he Lol ot Bg8"380FRI GHACE: ot BE% Ao HPGAAR FOGREY nspoct | oh
tation. 20 ‘1o-be-j ject_h Laced on the two-
Stage 30 shownrarrr ofshakoSRREVECuERTE) veRbetaR e o eptte an

e O ot hBE L e6R°GOREs 8haoC 1L ¥Beagell oL 30 HASE 138 SRthee. O

t he host conputer ereby novi ng the " two-axl € st age Ner with

the to-be- i nSpget efloobkeRtaB1SOstRaL bHeARLECaLBELT 8l chite Blgroscope 37

is positioned at the coordinates o defect extracted~by the de ect 17
MAR 2004 34 COQﬁgp@@E@deéb?éEE'BQ S?QEtHEr?8wﬁﬁl€|@ﬂl%giﬁ@%&%bcEﬁ%CODE 37
a

enl arges a portion of the to-be-inspected object 5, an canera 52

attachetoto theonberonsppetdd pbgketupian hARge10hihhei6Al akgadepantion. 5
This image is supplied to the host computer 49 via the conmunication data

storage 44 andptbteidédl 4dBovandtdi sheaypdranctheadi spkan129. dEhdst khe
operator can see a mnute defective portion of the to-be-inspected object
5. At this tinElavheddstvercdateot sacthentd3bzfinapekstad obpetf sQm t he
operation/input section 43. If, in this state, the operator has operated
t he operati on/RnpacreeebsenvdBionheodtirvé sontioh S€ctiomrb3dsowhputs an
instruction to the nicroscope stage drive section 26 under the control of
t he host Conpu§%¥HQQple stage 38 1In accordance with an instruction
15 from the drive control section 13.
A microscope 37 (only the objective of which is
shown in FIG. 3) for realizing micro observation is
located above a two-axle stage 39 that constitutes a
micro inspection station. The two-axle stage 39
20 enables the to-be-inspected object 5 to be moved two-
dimensionally and enables a to-be inspected portion of
the object to be aligned with the optical axis of the
microscope 37. As a result, any voluntarily-selected
portion of the to-be-inspected portion of the object 5
25 can be magnified and inspected. The microscope stage

drive section 26 controls the two-axle stage 39 in

accordance with an instruction from the drive control



15 .thereby noving the to-be-inspected object 5 to and fro and fromside to
side as showmn'in FIG 3 to situate it in any voluntarily sel ect edf pO#iAR i200k.
“As a result, the operator can situate a defect in the center of the field
‘of vision of the display 29, and can see the 20 defect in nore detail on
the display 29. If the operator would like to newy register the type or
name of the defect detected by m croscopi c observation, they can register
it in the defect dictionary 31 by operati4® the operation/input section 43
as in the case 25 of the visual check. If the operator would like to finish
the m croscopic observation, or if a preset period. in tinme 1 7 MAR 2004
35 has el apsedseehkoriride control section 13 outputs an instruction to the
sanpl e conveyance control section 22 so as to nmake the robot 35 renove the
t 0- be-i nspect ed objRcPOofibiPRheendpratfielst REEVIdedngbover @ PRENobj ect 5 5
in the carrier. Further, if to-be-inspected objects 5 are left in the
carrier, the drfvRUdnthbrhsklei 5AP2S 2auiesCPRERYEE - be TBEqREALEAPRY
conveyed and subjected to the abovedescrjbed series,of inspection
processes. Aft%?$5?¥ gﬁ gﬁgﬁﬁt?nEB@cP%ﬁl%bf@c?§d5056ﬁ95Fﬁé 0y Rt k8Scarri er
are inspected, _the series of .operatjops _are finished, K agd the systemis in
t he staﬁgby state %ﬁ%??p?ﬁge%egsj%% r?ev %gen%ﬁﬁtgagPﬁeggoﬁ§ Al t hough in

t he above enbogi i ngl e_hos ut et kS e .a _plurality
of host conputge]drngF %ngeéhgegs E% }ﬂgéegggg,gﬁﬁ%é?eéairgﬁkgﬁﬁgFﬁgP process
functions may [ [ ! Sg,C . JRULLh ol es of

t he host conpu?g?ﬂ4§$ée§§%§gbbgl%gﬁ?ggo%%u?ngégbgﬁaﬁt%é gg?agggg%are not

limted to the.gboys: desctiBrd19NGsa ERE 8XABRLE. tRRLHRSL CONPUter 49 nmay
have a function corresponding to that of the database 45. Furthernore, a

i croscopi ¢ i na@eudtingpeetbeninyhsebtisndeter nopedndebastisve £( Nge, may 25
automatically be stored in the database 45, so that the operator can
inspect10t on iheoghspley, 28hkatiet veAbsArrbheseperahi 08/ cBpUto3Igcthen 43
may be 1 7 MAR 200 36 connected to the comunication data storage 49 of
each client conpober388yiansheadampléheosteyehueecbntwbilcBethdon 22.
operation/input section 43 is connected only to the comruni cati on data
storage 46 of Aseahvssutbpptherandunt Aft mpwaneuel pf the apebat-i on/ i nput -
section 43 may be connected to the LAN 47 or to another conmuni cation |ine.
Mor eover, the imsgechodupbiechi Pytot ofagecxempine keghuséageor ag&o21 and
the i mage storage 240 may be installed not in the host conputer 49 but in
the 10 dat abas®l4sh thet@oiegbr at isnmPHptiedseéti 8AI4sted, condedthed to a
connunicition | ine, each _cljient conputer 48 can be operated from a faraway
place. tn partPREF&ON| AfatRPeaRIPEEM 5f 2419BFY - hi gRUdegtd€ 5P-OBsanl i ness,
to 15 mnim ze,the igfluegce f .dust iaised .entaﬁthnsgﬁptor enters the
clean room it PEPEEEPFaBPeSPhar tRef ¥R¥HI A9ABEEERt &P £RE SPEEn room

uni ess they negd, £0; 60t 6ok BEOROBH LRoCYPAHEE L ! 8L AXMRLG 2 Vi Sual

i nspection. The renbté ton rof of ‘each client comput el "using ‘a 20

communi cation |ine ggahkes Tash LBSASC! kALS RS ORY ALY J 4 he Execut ed

putside the_clean room As a resu t,_the occasi ons of the-“entrance of
i nspectors intgetgsgbeaBdr g8LeaNsshaRbf kaanbhy-Bgi1kedyeed stdherghy

mai nt ai ni ng a hi gh degree of Cleanliness.

20 swingable stage 38 and the two-axle stage 39, so that
the object 5 assumes the same relative position on each
of the stages, thereby enabling stable observation.

The operation of the system constructed as above
will now be described. First, a carrier with a
25 plurality of to-be-inspected objects 5 received therein

is moved from the upstream side of the production line

into the FPD substrate outward appearance inspection



25 :The display 29 and the operation/input section 43 may be integra}g@ %@4
one body such as a touch panel. Further, the above enbodi nent desér' 5 H
“exanpl e of 1 7 MAR 2004 37 an inspection procedure for each

t o- be-inspected object 5. This procedure of inspection, however, nay be
changed, or sone of the inspection processes may be omtted. 5 The defect
detection function (defect detection algorithm enployed in the host
conputer 49 nay be installed in both the fdst conmput er 49 and each client
conputer 48, or installed only in each client conputer 48. In this case,
the i mage pickup circuit 12 of each 10 client conputer 48 is connected to
the i mage stor2¥et8™ WASEALL&dcdRnERELeBLEANt KEOFhaBacanuAldy- gar bivor
extracting section 17. The characteri zing-portion extracting section 17 is
further connect®dVEB2LHE aéVéEF 8%?#8¥?ﬂoﬁnsééﬁi8ﬁ°§@céﬁ@ntaénﬁeature
storage 21. 15 The grgvision gf a defect detectin functk&g@at the client
conputer 48 side en3BPESIMERELY d8t NG fBIEaERIEUPH 2% 5 Hge of a
to-be-inspectegnob%ectcg.is f et ched b¥ ea h cIien%.cogputer 48. Thi s means
that the defect deteRtFEh Pr 58es8PEhn Be gSrPBFﬁé IR/ RPEH 26965468, and

t he processing,ho : he st ,co 9 si n be reduced. In
addition? t he %gssgggﬁp%5e59§9 %énggg%ggé§i8?eg ﬁgéaggngeﬁééFﬁe related to

def ect detecti  LecQed e i ‘|l e da 4 ia.the LAN 47 of
anot her connun?%g%égngFiE%? gﬁgagPE%Fﬁb%?geftEﬁgéggghég%Fgﬁbgcgﬁguter 48

via the databaggefatriShnee the herembodiyAeAL theaghatli @ngammuter 48 1
7 MAR 2001 38 having the defect image pickup section 50 is separate from

the host conpuigpuétbarvhigopBeadebagtngatestindochuaat i @aang 13 ge0d/ bad
determ ning function, the each client conmputer 48 can be installed in the

clean room 5 S53ompiifeth@ghesbcaesputae 481andihheopperatiican/ i nput section
43, etc. can be arranged outside the clean room 53. Therefore, even when

instal 1&g a pl ural Whgnotnchinentruetiput ebs mdFet @ evharcd idpeafdd ci ency of

i nspection, the size of the clean room 53 can be 10 m nim zed, . t her eby
reduci ng the cosjectqbi had beent hetpgti pment th&hds i veheosysiémset ttiloa
enbodi nent is econom cal ly advant ageous. Further, since only the nmain body
of each inspectdohoapbaratusleocandeyasheckpairodospatérnd@2ar ¢hes | ocat ed
in the clean room 53, the nunber of occasions of the entrance of inspectors
into the cl eantPB8 33 pBOYNgANT FEGRt Py trEBECadPrEREteBinesatoabey
enhancing a dust-proof effect, Mreover, since an operation instruction
fromthe 20 opé?%ﬁ?ﬁﬁ??nﬁﬁﬂegEc?i8Ht49fiEh?r§ﬁ§ﬁﬂﬁfeén@om@a@ﬁ &It &sx

KU AT S R s e NIRRT K.
v anL Check  TREE L SEeL AR 5L EHL Dol MLOT B URHR 2, CCp R carera to
place, using ths_gpesALLARLEAPHL 8R! 50N a4 suph1 PR320 ation
indicative of the detection result to the drive control
section 13 via the sample-orientation adjusting/
20 detecting section 25 shown in FIG. 1.

On the basis of the information indicative of the
present position of the to-be-inspected object 5, the
drive control section 13 calculates a distance to the
one-axle stage 36, through which the object is to be

25 moved next, and supplies the sample conveyance control

section 22 shown in FIG. 1 with an instruction to move

the object. As a result, the robot 35 can always place



39 An image of the to-be-inspected object 5 picked by the defect inage

pi ckup section 50 and obtained via each client conputer 48 is tenporari
“stored in the database 45 and then subjected to defect detectionld Mﬁﬁlﬁﬁ%t
is being fetched by the host conputer 49. Accordingly, imge data can
commonly used, and the host conputer 49 can efficiently execute the process
of detecting a defect. As conpared with the time required for picking
an i mage of the to-be-inspected object 54fder the control of each cl
conputer 48, the tinme required for data analysis for defect determ nation
executed in the host conputer 49 is sufficiently short. This neans that
def ect det ect iGre dretr-1msprected pelel edt obj But the 15ams pasttied ahdost
-wWithin the time required for data analysis. Until the host conputer 4
detects a def edtredheonppen gile eResanbet #aaeetdbperform any operation
related to the detection and hence can performanother job in a 20 pa
manner. The host cohbt@Ertne tonkenirseartgdppbieste’ ifmgecuapsely
transmtted fron1e%§h client conputer 48, which enables a skilled ins

to judge whet R3S

judgnengslevel
be mai ntai ned

R e P et at b2y effi sEBoA L YR SOBEFAY so,
concerq{ i mage data fromeach client conputer 48

h
STt Oth L1 PRI HRIL S AR P PEOB okt s B agReTBAY Fr o

be_mai nt _ . .
of 8 Var g6 amsUHEe I e MR S LAY TG ¥ b REnberoar Cari ehy=Ebn

48 enabl es ear
det er m ned
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UL £GH O Ofe NGNLAE PETEVEL 588, 318 PReoHB! §kHE!
While the to-be-inspected object 5 is moving along the
one axle, light emitted from the illumination section 1
of FIG. 2 and converged by the cylindrical lens 3 and
the slit 6 is applied to the surface of the to—beQ
inspected object 5 at incident angle 60.

The flux of light reflected from a linear portion
of the illuminated to-be-inspected object 5 enters the
filter 7 that crosses the optical path, whereby only
light of a predetermined wavelength forms an image on
the line sensor camera 4. At this time, if the film
formed on the surface of the to-be-inspected object 5
is uneven, interference occurs in light having passed
through the filter 7, and hence the unevenness of the
film is detected in terms of changes in the amount of
light.

The line sensor camera 4 converts image forming
light into an electric signal, and transmits the signal
to the image pickup circuit 12 in units of one line.
Thelimage pickup circuit 12 converts an electric signal

corresponding to each line into image data while the

be

up 10
i ent

9
rall el

pect or
t he 25
can
def ect
genent
uters
to be



5 good or bad, thereby enhancing the reliability of the defect dictionar
31 or that of a recipe related to defect detection. The present inWENARo%h
‘s not limted to the above descri bed enbodi nent, but can be nodified
appropriately 10 without changing the gist. Industrial Applicability The
present invention provides a conpact and economi cal defect inspection data
processi ng systemthat enables a plurality of defect detection 15

appar atuses to execute defect inspection ef%iciently and accurately. 17
MAR 200 41 CLAIMS 1. A defect inspection data processing system
.characterized by conprising: an inspection device provided in a clean room
and havi ng i mgeopPeriupsBerbafAsoPdechi ekiiAgmapiage wehdirsbrsi onal i nage of a
t 0- be-i nspected object to be processed in a manufacturing process in the

cl ean room a cfFPRatrechplgetWeoHhBENEdORELt hBapAsPaEsi- onAdéeircEhand havi ng
data transfer neans for %ransterrlng 2ata i ndi cative of the imge picked by
the i mage pi ckupPABEnBICEYPaCLbftiRi ¢4t FER2ERReIRBESCHARBCEPAGSThe ¢l ean

roomto an outside; .a dajabase for.storjng imge data transferred fromthe
client computer>5Pa%tha £8nﬁ5ﬁi83%?5ﬁ PFHgF£a d Egﬁo%WaSSWBGFérlﬁrovided

outside the cle m Vi h ni cation Line and including defect
extractio% neangg?%ggeﬁ?rggéiﬁagggnggtgssvﬁﬁfgbﬁaFPSWuPFSREﬂﬁg Fﬁ%@e dat a
read fromthe d ) g@Nn o] badyj Wwdgenent neans for judgi ng whet her or
not the to-be-i%égg%§§d4gb?3gt9ﬂé gggd?qby j udgenent criteria such as the

nunber of defects, aguggggFgth?teghé agqvghgog§gpﬁgsgéfg§%eﬁ% rggi ons) on

t he basis of the defect ormation extracte extraction

means. 20 2. Thﬁxdgf@Céukﬁ§e§cahomn§e&age&eﬁeﬁéieaesxiﬁ%agaage%ging to
claim1l1, characterized in that a plurality of inspection devices are

provi Sled for theesBDBhaLHYr tAErBHPCASTin the €ieaBrr ORE afg one hast
L erlO from the optical path. At the same time, the section
13 outputs an instruction to the illumination angle
adjusting section 18, thereby changing, to incident
angle 61, the angle of illumination of the
illumination section 1 relative to the to-be-inspected
15 object 5.

After that, the drive control section 13 outputs
an instruction to the stage drive section 15, thereby
moving the to-be-inspected object 5 along the one axle
in a direction opposite to the above in FIG. 2.

20 Although, at this time, the to-be-inspected object 5 is
illuminated in a similar manner to the above, that part
of a light flux emitted from the illumination section 1,
which has incident angle 00, is interrupted by the
slit 6, and only a light flux of incident angle 61

25 strikes the to-be-inspected object 5.

Since the line sensor camera 4 is also located at

angle 60 to the to-be-inspected object 5, a light flux



di sposed outside the clean roomis connected via the communication line to
each of the client conputers connected to the inspection devices. AR R
200 42 3. The defect inspection data processing system according to cValm
1, characterized. in that the inspection device and the client conputer are
arranged in the clean roomin each of factories located in different areas,
and the client conputers are connected via the communication line to the s
host conputer set in a control center. 4.2%he defect inspection data
processing systemaccording to claim1, characterized in that the database
is placed outside the clean. roomvia the communication line: 5. The
.def ect inspectPeRlaaly prédesseAgfspat shcasooberigspectieal mblecto 5
characterized in that the client conmputer conprises the defect extraction
means and the §688/ a8 FGHQénEH? ABAfs SeRGOKasagerandyi df dhestoribeg i nage
data picked up,by the i na pi ckup neans, and defect information and a
good/ bad judgeﬁﬁgPeFE§9IP é?FFaétQ&eﬁynPﬁe d&fe Y0P INGS Sreads i n the
dat a base: The deg i pectlon data pr.oces system according to
Claimior 5 CRUPASFer FBedtPn FﬁéPSPﬁEtSG‘o&E)B&&t' BiGeTe s el o

functlon of co g the_defect inf ti,o ract ed b t he defect
extraction neaﬁgg E CHebd eagfapPé i Stefe 1gﬁ% %ngd ECSATRED BREF ect

oot o oBhBY s (LS TALILAA DR UPD Of Ol ct s 2L URgLadaLl e

defect is good 6 StoFi NGt he i nage “Befect judged

to be bad in tpgfgggglgﬁsgnﬁgd Baofupx:t by of 4l d&yan&ghf d_cgee,@gg%

result on display neans he defect i1nspection pr OCEéssi ng sys
according to ckaigvd, gcharacterized in that the host conputer updates a
recipe for a new defect 25 to be judged to be good or bad by the good/ bad

j udgenment means by hieer thé NABgR0QA A3t ¥RE Lfi tdafeesand- (idis WBE. of

defect registered by operation/input
10 dimensional image data indicative of the entire object

5 on the basis of the light entering the line sensor
camera 4, the constructed image data is transmitted to
the database 45 via.the communication data storage 44
and the LAN 47, and stored therein.

15 Similarly, image data on the.to—be—inspected
object 5 fetched by each client computer 48 is stofed
in the database 45. At the same time, the host
computer 49 reads a plurality of image data items from
the database 45 and stores them in the image storage 8

20 via the communication data storage 46. Thereafter, the
defect extraction algorithms 40 and 41 execute image
processing on each image data item stored in the image
storage 8.

In this case, the image nonuniformity storage 16

25 pre-stores information concerning image nonuniformity
due to nonuniformity in the illumination of the

illumination section 1 or variations in the



mean- and-stores it in the data base via the comunicationline, and
distributes the recipe fromthe database to the client conputer. 7 Nkre 200
“defect inspection data .processing systemaccording to claiml, s
characterized in that the host conmputer connects inmage storage neans for
storing i mage data picked by the inage pickup nmeans to the comunication

| ine via communi cation data storage neans) thereby connecting the defect
detection neans to the image storage neans’in a parallel manner. io 9. The
defect inspection data processing systemaccording to claiml,
characterized in that the defect extraction nmeans includes inage

nonuni forni ty charageenbanscs haf phe- smagespiakye abemanter nift yhdat a
resulting due to nonuniformillum nation and nonuniformty in
characteristicsi® ?%%@%rp?%mﬁﬁaeﬂeneﬁbg,f?@Fué@cﬁtgiagﬁxéﬂspéﬁ-the i mage
is storage neans, on the Pasis of image data obtai ned by picking up a
nondef ecti ve stbetFatEN®ria28arpP eChalifgta RRT1BPREFEEAcEPAREE Bver an

entire mrror surface therepf, and i mage uniformty renoyvi ng neans for
removi ng an noﬁ%ﬁ??%?hi ef?%%9?nﬁbgrﬁg?aggﬁtEFﬁéﬁtB§Z§h@niHﬁégeppékup

i h f.the, i i f ity.d d. i he 2Q i
nonuni £ 0 m Uy 38 o 408 rEGRES S0 PHREC AePELFET nEpect bnoBAEARRr Bt BPng
di . ' teri Ln.that the i ick
T ormed of afrad aEhShIEEmEre! O, FneRtenpolbat v orRE 10 a

direction of '§oif$ﬁ$%%em§PH§?E”t with respect to the to-be-inspected
2s di

obj ect, and one 2s nsi onal " data obtained by setting a | owest brightness

of a pixel, that #;/ZsMRRA04; A4 E?nQBEaEQEQrQY4ﬁéggkeggﬁﬁoﬁﬂsk%%@e of

t he nondefective substrate wth the i né sensor ca is stored as

i mage nonuni f o1 tie dababénihbsetBECOPPALNI E08RAT 1hie 8t EHRJE MEans. 11.

The defect inspection data processing systemaccording to claim9., s

characteyized imdhatatheni sPgeenonBnifhoidehy SHhELEJH MPaNSsHRBBENS an
substrate having an ideal mirfor surface (such as a
master substrate with a nondefective mirror surface) or
having a uniform reflectance ovef the entire surface
thereof. The image storage 8 stores its image data.

15 Since, in this case, an image of an object having a
uniform reflectance over the entire surface thereof is
picked, the resultant two-dimensional image data must
indicate its uniform surface. Actually, however,
vertical stripes occur in the image because of

20 nonuniformity in the illumination or variations in the
characteristics of the image pickup system. In light
of this, one-dimensional data, which is obtained by
setting, at "0", the brightness of a pixel of the
lowest brightness included in the pixels that

25 correspond to the vertical stripes, is stored as image

nonuniformity information in the image nonuniformity

storage 16. This processing is executed using an image



average brightness of pixels of lines of a two-dinensional image picked up
with the |line-sensor canera by noving the canera in one directioH?MM%E "
“relative. 'to the nondefective substrate; and stores one-di nmensional . agg
obt ai ned by setting a | owest value to "0" as inage nonuniformty 10 data.
12. The defect inspection data processing systemaccording to claiml,
characterized in that the defect extraction nmeans further includes feature
storage neans for storing an i mage and codBdi nates of a characterizing
portion of the to-be-inspected object; which determ nes coordinates of is
the to-be-inspected object, characterizing-portion-extracting neans for
conparing an i Pageessdngd ailgortid hiredngrte sftommnage neans) with i mage data
read fromthe database, thereby obtaining a displacenment therebetween, and
i mage position corrédét ilifg s uldr tord@img s tigtagailu o e ettt
detected by the characteri zing-portion-extracting 20 neans. 13. The defect
i nspecti on dat énpﬂ%égsm%ﬁr%stsélrﬁfé‘(‘?@oﬂﬁ fg SEEPdEaisHbE tratee darvdmided ' in
that: the inspection devkge is formed of digital macro inspection neans

having a nacroupﬁgﬁémpF8 EcﬁﬁPFef8W36bF§ﬁﬂ %%?(ﬁﬂqﬁﬁﬁﬁlRﬂeQQQﬁ

IR it S r T S LIt e L PR el b S e o
v coe . M- gl o d .' |

ane n et o (AR LoMRGE MR Al N 28 S ot Cnans,

by magni fying anui gWeeh gh%fp?fw&i)g}ti%@%?‘.reﬁ%e@ %rfpgﬁg%ﬁ_,saq_gg S dfe host

conputer, which serves to sen ormati fect extracted

by the defect ¢ateglhan 198aNS £f LOWMINE MRHQ JBIE fRld Seled W“ttgféf’em

digital, macro inspection nmeans, via the communication I'ine, to-a

computer of theidiegiskaloF ehateirasheats o 1®ARTed)aSR JHMIdLONL L1
automatically aligning the defect with an observation optical axis of the

i 0 micropgcope Byteonisr erkaft@danyi axitali ngt age Alowdd® dviidle BLNR at
i nspection neans; and has a function of manipulating the biaxial stage of

the digital ni¢od,i aspedsi eroreanas AmAeRONIACH AUirl t MAHJ AT an
conduct ed by ‘

'~ in the image nonuniformity storage 16. In this case,
the influence of microscopic dirt or dust, if there is
any, can be ignored.

15 The image storage B stores an image of the to-be-
inspected object 5 picked by the optical system at
incident angle 60, and an image of the object 5 picked,
at incident angle 61, by the optical system from which
the narrow-band filter 7 is removed. From these two

20 images, the operator designates a characterizing
portion of the to-be-inspected object 5, which is
suitable for specifying the orientation or position of
the object 5, and stores the characterizing portion in
the feature storage 21. In this case, the charac-

25 terizing portion indicates, for example, an image of

each corner of a rectangular to-be-inspected object 5,

a recognition mark attached to the to-be-inspected



an:,operator with the operation/input nmeans connected to the host conputer.
i5 14. The defect inspection data processing system according to £T7aMAR 28}
“tharacterized in that the host conputer has a function of automatically
storing a mcro imge of a defective portion judged to be bad by the

good/ bad judgenent neans, that is nmagnified under the m croscope, in the
dat abase. 20 15. The defect inspection data processing systemaccording to
claim 13, characterized in that the digitdP macro i nspection neans further
conprises a |line sensor canera and line illumnation nmeans that are
arranged to be normal to a direction of a relative novenent of a uniaxial
stage on whi chobhiectoSkheoZsai nopeht ed obsjlenttaits opl £4ded, odhck a swi ngabl e
stage on which the to-be 1 7 MAR 200 46 inspected object is .placed, and
macro il uni nafEBACRBANStaRdvaferD caher Ropidvicned Jaborainany i rigede
stage, and the host conputer has a function_of di S%| aying a macro imge of
the to be-.inspREFEdPELLEcCaPi PRed Ukl hitt KRS CEEDbYaftos i dadi B8R neans
of the host conputer ii,ge sg tgat t he svvi,%%abl e stage is renotely

mani pul at ed by®aR-8pératdr s COFELSRAG RS BPEFACPSn Ath RRrChedirge
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107] 7| 107|7|EldEE@%he image having its deviations corrected by the
image position correcting section 20 is supplied to the
defect extraction section 24. The defect extraction

10 section 24 compares the image with an image of an ideal
to-be-inspected object 5 stored in the image storage
240, thereby removing a to-be-inspected-object outline
image as an image inherent to a to-be-inspected object,
an outline image within an exposure range or a
15 predetermined pattern image, etc., so as to extract
only a defective portion.
The defect coordinate extracting section 28
extracts the coordinates of the defective portion in
the image extracted by the defect extraction section 24,
20 and supplies the coordinate data to the drive control
section 13. 1In addition to this, the defect coordinate
extracting section 28 extracts the tint, size or
coordinates of the defective portion extracted by the
defect extraction section 24, and supplies the
25 extracted data to the defect judging section 32.
Similarly, the defect extraction algorithm 40

executes defect extraction on image data different from
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104| f &10%r&’ () 289" 20PREIEF- theoPrkrert 1o0oesult to the drive control
10%m& ()-10%r& () - ***+U+++dE~ 104| 1 10%&' ()-/10%r& ()--
18@%&?&%- 10@hﬁg%yion 13 and f%% defgct judgi%g sectionKEZ. The

defect judging section 32 reads information on defects

5 pre-stored in the defect dictionary 31.

The defect judging section 32 compares data, such
as the tint, size or coordinates of each defect
supplied from the two defect extraction algorithms 40
and 41, with the defect information read from the

10 defect dictionary 31. Furthermore, the defect judging
section 32 judges the type of each defect, names it,
judges whether or not the to-be-inspected object 5
should be guided to the downstream side of the
production line, thereby displaying the judgment result
15 on the display 29.

The ratio of the number of areas including defects
to the number or the total area of defects extracted by
the defect extraction algorithms 40, 41 (or to the
total number of small areas (dies) of the same shape

20 exposed on the to-be-inspected object) may be used as a
judgment standard. Furthermore, the determination as
to whether or not the object is good may be performed
by determining the type of defect as a result of
comparison using the defect dictionary 31, and

25 providing, for each type of defect, a judgment standard

concerning the number or total area of defects, or the

number of areas including defects.
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e position of each defect indicated in a color, the

coordinates of the position and a judgment result, etc.
5 After the defect detection process is finished,
the drive control section 13 shown in FIG. 1 outputs an
instruction to the sample conveyance control section 22
so as to make the robot 35 shown in FIG. 3 remove the
to-be-inspected object 5 from the one-axle stage 36 and
10 convey the object 5 to the swingable stage 38 that
constitutes the visual-check macro inspection station.
When the to-be-inspected object 5 has been placed
on the swingable stage 38 shown in FIG. 3, the macro
illumination device 42 illuminates the entire surface
15 of the to-be-inspected object 5. As a result, the
operator can visually inspect the entire surface of the
to-be-inspected object 5. At this time, the drive
control section 13 waits an input from the operation/
input section 43. If, in this state, the operator has
20 operated at hand, for example, a joy stick incorporated
in the operation/input section 4, the drive control
section 13 outputs an instruction to the macro-
observation control section 30, thereby driving the
swingable stage 38 in directions indicated by the
25 arrows in FIG. 3 so as to swing the to-be-inspected
object 5 to and fro and from side to side. Thus, the

to-be-inspected object 5 can be moved angularly so that
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object 5 so that they can visually detect a defect.

If the operator would like to newly register the

5 type or name of a defect detected by visual check, they
input data by operating, for example, the keyboard of
the operation/input section 4 located at hand. This
data is stored in the database 45 via the communication
data storage 44 and the LAN 47. Further, this data can

10 ‘be input to the host computer 49 and registered in the
defect dictionary 31 shown in FIG. 1.

If the operator would like to stop the visual
check, or if a preset period in time has elapsed, the
drive control section 13 outputs an instruction to the

15 sample conveyance control section 22 so as to make the
robot 35 remove the to-be-inspected object 5 from the
swingable stage 38 and convey the object 5 to the two-
axle stage 39 that constitutes the digital micro
inspection station.

20 When the to-be-inspected object has been placed on
the two-axle stage 39 shown in FIG. 3, the drive
control section 13 outputs an instruction to the
microscope stage drive section 26 under the control of
the host computer 49, thereby moving the two-axle stage

25 39 together with the to-be-inspected object 5 so that

the optical axis of the microscope 37 is positioned at

the coordinates of a defect extracted by the defect
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object 5. At this time, the drive control section 13
10 waits an input from the operation/input section 43.
If, in this state, the operator has operated the
operation/input section 43, the drive control section
13 outputs an instruction to the microscope stage drive
section 26 under the control of the host computer 49,
15 thereby moving the to-be-inspected object 5 to and fro
and from side to side as shown in FIG. 3 to situate it
in any voluntarily selected position. As a result, the
operator can situate a defect in the center of the
field of vision of the display 29, and can see the
20 defect in more detail on the display 29. If the
operator would like to newly register the type or name
of the defect detected by microscopic observation, they

can register it in the defect dictionary 31 by

operating the operation/input section 43 as in the .case

25 of the visual check.
If the operator would like to finish the

microscopic observation, or if a preset period in time
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Further, if to-be-inspected objects 5 are left in
the carrier, the drive control section 13 causes them
to be sequentially conveyed and subjected to the above-
described series of inspection processes. After all

10 to-be-inspected objects 5 contained in the carrier are
inspected, the series of operations are finished, and
the system is in the standby state until the next
carrier is mounted thereon.

Although in the above embodiment, a single host

15 computer 49 is employed, a plurality of host computers
may be used. In this case, the required internal
process functions may be distributed in the host
computers.

Further, the roles of the host computer 49, each

20 client computer 48 and the database are not limited to
the above-described ones. For example, the host
computer 49 may have a function corresponding to that
of the database 45. Furthermore, a microscopic image
of a portion, which is determined defective (NG), may

25 automatically be stored in the database 45, so that the
operator can inspect it on the display 29 later.

Also, the operation/input section 43 may be
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the operation/input section 43 'is connected only to the
communication data storage 46 of the host computer 49.
5 Alternatively, the operation/input section 43 may be
connected to the LAN 47 or to another communication
line. Moreover, the image nonuniformity storage 16,
the feature storage 21 and the image storage 240 may be
installed not in the host computer 49 but in the
10 database 45.
If the operatioh/input section 43 is connected to
a communication line, each client computer 48 can be
operated from a faraway place. In particular, in a
clean room of a very high degree of cleanliness, to
15 minimize the influence of dust raised when an inspector
enters the clean room, it is desirable that they should
not enter the clean room unless they need to enter the
room to execute, for example, a visual inspection. The
remote control of each client computer using a
20 communication line enables most inspections and
operations to be executed outside the clean room. 2As a
result, the occasions of the entrance of inspectors
into the clean room can significantly be reduced,
thereby maintaining a high degree of cleanliness.
25 The display 29 and the operation/input section 43

may be integrated as one body such as a touch panel.

Further, the above embodiment describes an example of
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5 The defect detection function (defect detection
algorithm) employed in the host computer 49 may be
installed in both the host computer 49 and each client
computer 48, or installed only in each client computer
48. 1In this case, the image pickup circuit 12 of each

10 client computer 48 is connected to the image storage 8,
which is connected to the characterizing-portion
extracting section 17. The éharacterizing—portion
extracting section 17 is further connected to the
defect extraction section 24 and the feature storage 21.

15 The provision of a defect detecting function at the
client computer 48 side enables defect detection to be
executed when an image of a to-be-inspected object 5 is
fetched by each client computer 48. This means that
the defect detection process can be performed at high

20 speed, and the processing load on the host computer 49
side can be reduced.

In addition, the host computer 49 can
appropriately update a recipe related to defect
detection, record the recipe in the database 45 via the

25 LAN 47 of another communication line, and distribute it
to each client computer 48 via the database 45.

Since, in the embodiment, each client computer 48
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5 53, and the host computer 49 and the operation/input
section 43, etc. can be arranged outside the clean room
53. Therefore, even when installing a plurality of
client computers'48 to enhance the efficiency of
inspection, the size of the clean room 53 can be
10 minimized, thereby reducing the cost required for the
equipment. Thus, the system of the embodiment is
economically advantageous.
Further, since only the main body of each
inspection apparatus 60 and each client computer 48 are
15 located in the clean room 53, the number of occasions
of the entrance of inspectors into the clean room 53 is
significantly reduced, thereby remarkably enhancing a
dust-proof effect.
Moreover, since an operation instruction from the
20 operation/input section 43 is transmitted to each
client computer 48 side via a communication line such
as the LAN 47, each inspection apparatus 60 can be
controlled from a faraway place. If each visual-check
macro inspection station is automated using a CCD
25 camera to enable observation with a monitor, it can be

controlled from a faraway place, using the

operation/input section 43.
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5 while it is being fetched by the host computer 49.
Accordingly, image data can be commonly used, and the
host computer 49 can efficiently execute the process of
detecting a defect.
As compared with the time required for picking up
10 an image of the to-be-inspected object 5 under the
control of_each client computer 48, the time required
for data analysis for defect determination executed in
the host computer 49 is sufficiently short. This means
that defect detection on the to-be-inspected object 5
15 is executed almost within the time required for data
analysis.
Until the host computer 49 detects a defect, the
operator does not have to perform any operation related
to the detection and hence can perform another job in a
20 parallel manner.
The host computer 49 concentrically pfocesses
image data transmitted from each client computer 48,
which enables a skilled inspector to judge whether or
not each image data item is good. This being so, the
25 judgment level concerning the image data from each
client computer 48 can be maintained constant thereby

to enhance the accuracy of the entire defect inspection
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-#10% | & ()-3 process. Furthermore, the concentric management of a

large amount of image data supplied from a number of

client computers 48 enables early collection of new

defective image data as a material to be determined

5 good or bad, thereby enhancing the reliability of the
defect dictionary 31 or that of a recipe related to
defect detection.
The present invention is not limited to the above-
described embodiment, but can be modified appropriately
10 without changing the gist.
Industrial Applicability
The present invention provides a compact ana
economical defect inspection data processing system
that enables a plurality of defect detection

15 apparatuses to execute defect inspection efficiently

and accurately.
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an inspection device provided in a clean room and having ifnage pickup

5 means for picking up a two-dimensional image of a to-be-inspected

object to be processed in a manufacturing process in the clean room:

a client computer connected to the inspection device and having data

transfer means for transferring data indicative of the image picked by the

image pickup means;

10 a communication line for connecting the clean room to an outside;

a database for storing image data transferred from the client computer

via the communication line; and

a host computer provided outside the clean room via the communication

line and including defect extraction means for extracting defect

15 information from the image data read from the database, and good/bad

judgement means for judging whether or not the to-be-inspected object is

good, by .jud'gement criteria such-as the number of defects, an area of

defects and the number of defect regions, on the basis of the defect

information extracted by the defect extraction means.

20 2. The defect inspection data processing systém according to claim 1,

characterized in that a plurality.of inspection devices are provided for the

manufacturing process in the clean room, and one host computer

disposed outside the clean room is connected via the communication line

to each of the dlient computers connected to the inspéct-ion devices.
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The defect inspection data processing system according to claim 1,
characterized in that the inspection device and the client computer are
arranged in the clean room in each of factories located in different areas,

and the client-computers are connected via the communication line to the

" host computer set in a control center.

The defect inspection data processing system according to claim 1,
characterized.in' that the database is placed outside the clean room via
the communication line.

The defect inspection data processing system éccordin.g to claim 1,
characterized in that the client computer _cbmprises the defect extraction
means and the good/bad judgemeht means and has a fﬁnction of storing
image data picked up by the image ‘pickup méané, and defect information
and a gbod/bad judgement result extracte_d'by the defect extraction
means in the daté bése.-

The defect inspection data processing system according to _claim 1or5,
characterized in that the good/bad judgement means has a function of
comparing the defect information extracted by the defect extraction
means with defect data registered in a predetermined defect dictionary,
thereby determining the type of defect and judging if the defect is good or
bad, and storing the image data of the defect judged to be bad in the
data base, and a function of displaying the judgement result on display
means. |

The defect inspection data processing system according to claim 1,
characterized in that the host computer updates a recipe for a new defect

to be judged to be good or bad by the good/bad judgement means by the

"S10% U& ()-S MLO%1 7 MAR 2004
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means and stores it in the data base via the communication line, and -
distributes the recipe from the database to the client computer.

8. The defect inspection data processing system according to claim 1,

5 characterized in that the host computer connects image storage means
for storing image data picked by the im'age pickup means to the
communication line via communication data storage means, thereby
connecting the defect detection means to the image storage means in a
parallel ma-n.ne-r.

.10 9. The defect -irispectidn data proceséing system according to claim 1, |

| characterized in that the defect extraction means includes image
nonuniformity storage means that pre-stores image nonuniformity data
resulting due to nonuniform illumination and nonﬁniformity in
characteristics of image pickup elements, for each of pixels of the image

’is storage means, on the' basis of image data obtained by picking up a
nondefective substrate or a sample having a uniform reflectance over an |
entire mirror surface thereof, and image nonuhiformity removing means
for removing an nonuniformity from image data obtained by the image
pickup means with use of the image nonuniformity data stored in the

20 image nonuniformity storage means.

10.  The defect inslpection data processing system according to claim 8,
'characterized in that thé image pickup means is formed of a line sensor
camera, which is disposed to be normal to a direction of a relative
movement with respect to the to-be-inspected object, and one-

25 dimensional data obtained by setting a lowest brightness of a pixel, that
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line sensor camera, to “0" is stored as image nonuniformity data in the
image nonuniformity storage means.
11.  The defect inspection data processing system according to ctaim 9,
5 characterized in that the image nonuniformity storage means obtains an
average brightness of pixels of lines of a two-dirhensional imége picked
up with the line sensor camera by moving the camera in one direction
with relative to the nondefective subétrate,- and stores one-dimensional
data obtained by setting a lowest value to “0" as image. nonuniformity
10 data.
| 1.2.- The defect inspection data processing system according to claim 1,
characterized in that the defect extraction means further includes féature
storage means for storing an image and coordinates of a charadterizing '
portion of the to-be-inspected object, which determines coordinates of
15 the to-be-inspected object, characterizing-portion-extracting means for
comparing an image stored in the feature storage means, with image
data read from the database, thereby obtaining a displacement
therebetween, and image position correcting means for correcting the
image displacement detected by the characterizing-portion-extracting
20 : means.
13.  The defect inspection data processing system according to claim 1,
characterized in that:
the iﬁspeotion device is fofmed of digital macro inspection means having

a macro image pickup unit for obtaining an entirety of the to-be-inspected

25 object to be processed in the manufacturing process as a two-
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portion detected by the digital macro inspection means, by magnifying a
view of the portion under a microscope, and
5 the host computer, which serves to send position information of a defect |
extrabted by the defect detection means from the macro image data sent
from the digital macro inspection means, via the communication line, to a
client computer of the digital micro inspection means, has a anct-ion of
automatically aligning the defect with an observation optical a'xis of the
10 microscope by controlling a biaxial stage of the digital micro inspection
heans,- and has a function of manipulating the biaxial stage of the digital
micro ihspectibn means in accordance with'a manipulation conducted by
an operator with the operation/input means connected to the host .
computer. |
15 14, The.defect inspection data processing system a.ccordfng to claim 13,
characterized in that the host computer has a function of automatically
storing a micro image of a defective portion judged to be bad by the
good/bad judgement means, that is magnified under the microscope, in
.the database.
20 15.  The defect inspection data processing system according to claim 13,
characterized in that
the digital macro inspection means further comprises a line sensor
camera and line illumination means that are arranged to be normal to a
direction of a relative movement of a uniaxial stage on which the to-be-

25 inspected object is placed, and a swingable stage on which the to-be-
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the host computer side so that the swingable stage is remotely

| manipulated by an operator as operating the operation/input means.



