;e3el X\ 6VTvd 1 DESCRI PTI ON | NSPECTI ON SYSTEM FOR | NSPECTI NG DI SCRETE

W RI NG PATTERNS FORMED ON A CONTI NUOUS SUBSTRATE SHEET OF A FLEX:BLE(RT 2803
MATERI AL 5 TECHNI CAL FI ELD The present invention is directed to an

i nspection systemfor inspecting discrete wiring patterns fornmed on a
continuous substrate sheet of a flexible material, and nore particularly to
such inspection io system capable of fgeding the wiring patterns for

i nspection by use of the substrate sheet as a feeding carrier or conveyer.
BACKGROUND ART In the manufacture of the printed boards, it has been a

quite common to forma nunber of | m Lring patterns on a continuous
sugst rate i 5 sheet of a relati yegﬁgﬁt Iﬁﬁ%?]trateri al and then to cut the
For - an e So5C EAPN SOESEERAT OR TSR AN R AR B Rimtlavoc: £

boards, ipAhEEE I ' ' ' [ r gl by
one on a suitab g@gmeyer Qﬂfgeg%T?ﬁyggg$§gﬁp§WEri5p :‘]?Fggﬁzone
where theXx FIEXABEECVEATRIEI AT scanned for inspection of the wiring
pattern. However, this inspection systemsuffers froma problemin that the

boards nust be accurately | ocated on the conveyer for exact registration
with the canera in the inspection zone, and that the system necessitates

t he conveyECHRBCIUWHRT.DF THE | NVENTI ON The present invention has been
achieved in view of the above problem and provides an advantageous system
for inspectilite presendtinventons divgoped tterars imgpectiomsiyptenSosubst rat e
sheet of .a flexible material by nmaking the use of the substrate sheet as a
feedi ng daspeelingThserdier wiringrpattents) farmed orhe comerandus substragn is to
provide the inspegtion system capable of using the substrate sheet as the
f eedi ng t %glt?xé leamateriad, andesoraperiioslarlyomycdf itspection ng
patterns for reliahle i ection even with the use of the flexible
subst'fat esygﬁeelgtca&ga lﬁé)ggef)eéﬁpg Cnty Lidag paitermmtorn mspesticonbyyaseenti n
accor dang i e present i.nvention includes an inspection zone provided
with cangﬁg%gﬁ%q?é%qeiéﬁé’cf?‘?@n@h‘é@r%ﬁ f 80BVEXFFi ng patterns and
detectin i ¢ i/d Wiring pattern io on the substrate sheet. A
drawin S%)%Idei?&:%om de II?O i ntroduce the substrate into the inspection

) i i j . i | | whi ch d
out the suberriay NapREBE bR A hdsRal UM Blbn uefie ey "
define the fo@ﬁpﬁﬁuﬂﬁeﬁﬁﬁd%ﬁ%ﬁf@vfrﬂ?gﬁz{t%r gsc{rf’hl(ﬁfntgﬁ‘lg%ﬁg%ug%ﬁ-‘ﬁigm

roller as well as to give a tension to e su ratel eet t endi ng

the sebsshateoshesslatitiedy dxiblé daleridioad O SRS th YhtZARSG K EARL ifigo TEanS
is provided to control a position of the substrate sheet passing rough

t he i nspébeidescreteeihasiebospds eachosavingntitd ﬁﬁ?&'ngjgéﬁ@%ﬁ(fopﬁnté}?d @3gera
means as _indicative of the position of the individual wring patterns on

t he substicatiasphetionwf the wining papechs of the cieoeit Houels, ihBa¥ibeepg pattern
can be exactly positioned within the inspection zone relative to the canera
means f oPTPEPFeBIte plaspabei discréterabsuit boards one by one on a suitable

conveyer for feeding the boards into an inspection zone where they are
20  successively scanned for inspection of the wiring pattern. However,

this inspection system suffers from a problem in that the boards must be

accurately located on the conveyer for exact registration with the camera

in the inspection zone, and that the system necessitates the conveyer.

25 SUMMARY OF THE INVENTION o

The present invention has been achieved in view of the above

problem and provides an advantageous system for inspecting discrete



Since the wring patterns can be fornmed on the substrate sheet at a regul ar
precise interval, the exact positioning of the wiring pattern in '&ﬁemig 2003
i nspection zone is made to conpensate for a possible lateral shift of the
substrate sheet being fed and for a possible angular directional divergence
of the substrate sheet froman intended feed direction. In 3 order to
conpensate for such undesired erroneous novenent of the substrate sheet
during the feed, the present invention is contenplated to utilize a feeder
of feeding the substrate sheet into the inspection zone and a coll ector of

coll eot ik SRSHAYE 2DSEL AR S UMY DA BRI ou
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positioning of the wiring pattern within i nspection zone.

present 1 surertiloast wsing! tesubeiraeuhdmdsshel fdetRAbRarHR? HPST hehefpect
for reliable inspection of the wiring patterns, and specfic features®in
associsat i accuratd posetionthy odube wides pdtesrmdlbridrbletliAgpeaiBhoe v&aNS i s
conposed of an inspection canera nmeans and a position canera nmeans. The

i nspect i oWitdathe useredithepfloxitlessyibstraendtb et magihd solef fddiind ddrpi:rpat t ern
to an image inspector where the scanned inmage is conpared wth a reference
i tage for [ BetBpREHAONGY st¢maindadeetdanvet wethithé poegmittiaventibre ipdsideson
canera neans detects marks on the substrate sheet to acknow edge a

pre- i nspedt 1BHPGILPR iZoMeapravided withgcpaerameans dar isspestingahor e bei ng

i nspect ed t he (i nspection canera and 20 provides the position signal

i ndi cat i J@%ﬁwcﬁr@ WHNg RS And deteqting a positian of spidiaviring petiisshr at e
sheet. i s t ni.f oy m speed and the j,nspection, canera nmeans i.s conposed
of antlar r%%‘fgspﬁgﬁ‘@é‘? ishﬁeﬁanéﬁ‘ggagr' F%ﬁ@gﬁrilﬁ péoéfilﬁi%‘itt?dﬁtlchﬁ%f‘s‘i/@’t%e to a

f eedi i . h in . h X whol
wath ot SHEHAEINES O TnSRE R okl AstBeRiFd e BB dray it Tollesds T he.
f eedi C LAt i i l ..
| na casi voapfwibut RAUSHRHIER FaRCahe A S B BRR LACERPRETRG SheRSon e

d si f; t . at i .
Prther ole hAd IS ptsifEne L ddtife the dnsPECtipR 2 dMeRURLLEN ThERARS-in, |,

control medles and tvadeswi-bat r6HBEGLIWElICRRY givn@ﬂ.pt%ngiﬂn ?8 ?ﬂg is&\'ﬁ%ﬁ{t%gei mage

of the wiring pattern in synchronismw th thé position o

patt ésn. shelet far extendimpdee stibstrats pReéi Oftab@eri oM the MIBdEeSn an array
of inspection caneras arranged in an array direction transverse to a

feedi ng darsct i Arcaitrohmesasiy ptoeyisedeio sonaiol taopsivkRin bifehwhelbatmitdt h of
the wiring pattern when the array is shifted between a first position and a
second pdésicet pasping tarauglaghaingpedtoon zone based apomeaposdfionaignal o i o

f eed theéfubstr e sheet forwardly along the feeding direction by one
forward Ecﬁiﬁf é’ﬁd FRerhEgaspet indicatimepl thepusitiont ofthié r st position

conpl etes _scanni ng of a tion of, the wiring pattern, and subsequently to
feed the leab@ﬁﬁﬂ%vgmgtﬂoq?&reﬁw thepubstratevhest vatlin the inspestien t he

i ns ti ane means at.the second sition is cpnpletes, scanning of the
resltoezgf %&@%\I\A r?[ﬁblsp ¢ &Y HIE fpa te?ﬂiqad{)ﬁ%c?é%actt%P@émng’é@ ﬁ"é&f‘léné @rgt es to
feed the; : I 4 j(ttentl h that t tt i
el d st attoperyOhE R elabiertCi Sanata tpans 455 reliabls phdettaen: od duri ng

whi ch thepppgpection camera neans is controlled to nove relative to the
wWiring 20 pattiern for inspection of the wiring pattern. In a fourth node,

arranged i n kT oet ron aparan o areof FoRe oflthe AR SHEAEHE o

arranged in a directio to a I'rection

sheet soragular p@cese iR rvaD! ihew @ ffsitiBRiNGdMA PRI LA pAREM theneT ray
reci procates by one cyple along a '
25 Inspection zone is made to compensate for a possible lateral shift of the
substrate sheet being fed and for a possible angular directional

divergence of the substrate sheet from an intended feed direction. In



2s transverse direction perpendicular to the feeding direction. The control
means operates to hold the substrate sheet at a first inspection pb&i 8Lonz)n3
where the inspection canera neans is shifted by half of the one cycle in

55 i0 the transverse direction in order to scan a portion of the wring
pattern, and subsequently feed the substrate sheet by one step to a second

i nspection position where the inspectiop camera is shifted by the renaining
hal f of the one cycle in the transverse direction in order to scan the rest
of the wiring pattern. In this way, the control neans operate to feed the

. ttern. In this vay, the control ate 1o f
Stati onar 1o (96O RTOL SubR e cBrontad Riaemenimtatier ne

[ ti i t£0l t .relati to th i ri

pattern ot Tesaerandutg Bt fed, deaeBRA 1 A e il difoana

f h 1 2ehe 3 ' ' . fed i
dur' ng e eepe Ry aieof ORdAl e S6BRrats RSt B RCRsbeRbioEaNER 2 heans.

[t s advand agesllsclor of eYlldetingsttd s@bsaRl enbaindon b LipL g sheet SO

as to hold the substrate sheet at on the suction ta or=faci ating
the i rispepositionifigemsebiangsmi 5 Thl! meERYn P EYRRS hENBWASAN &AM th the
er,

substrate sheet being fed step-wi se during the 1nspection. Furt t he
suction twolleastlye Heawtout zeldet to ehifdh LalreetionM@EhYORNS Qe féb%iiwgr i ng
pattern in relation to the inspection canera neans based on the position

si gnal frédweetien20 Thepumitrobmemreoperatassin Fegpdriﬁétcptlﬁ@?@%itibhe suction
table is disposed to have its feed axis extending along a tfeeding direction
of the subgipat® shidéat dpest ene afdbiedusiw-gni nudlergarad thedravwent irofleraxi s
per pendi cg{{ar to a plane of the substrate sheet so as to adjust an angle of

the feed ¥ OPehPPedpeng o the wistag mattarnewithon thetimspbytiomnpensat i ng
for an, angul alln diver etn_ce of .the.substrate froman intended feed direction.
Theseland st i11€ Bfﬁ%&l O VST IO, (IS @S 8 (vVag s medasup b éeedinghther esent

or et or oo LS RORTE (ndR AR IS R LA BN T RSP LS IRshepooed
an’ I napecron gy arma odoR, i e RN froles b AIERRBEFS 1 pr csen
neeT o s Sk Susa e SRR el o °
are fornegimera means. The inspection camera means provides a scanned image
15 of the wiring pattern to an image inspector where the scanned image is
compared with a reference image for determination of a defect in the
wiring pattern. The position camera means detects marks on the
substrate sheet to acknowledge a pre-inspection position of the wiring
pattern which is just before being inspected by the inspection camera and
20  provides the position signal indicative of the pre-inspection position.

In a first mode, the substrate sheet is fed at a uniform speed and the
inspection camera means is composed of an array of inspection cameras
arranged in a direction transverse to a feeding direction of the substrate
sheet in such a manner to cover a whole width of the wiring patterns.

25 A speed sensor is provided to detect the feeding speed of the substrate

sheet and to provide a speed signal indicative of the feeding speed. The

control means is responsive to the speed signal to feed the substrate



FIG 4 is a plan view of the substrate sheet with the wiring patterns to be
io inspected;, FIG 5 is a schematic top view of the system FIG 638 @T 2003
partial view of the substrate for explaining an operation of correcting the
position of the wiring pattern; FIGS. 7A to 7E are views for explaining the
operation of an inspection 15 systemin accordance with a second enbodi nent
of the present invention; FIGS. 8A and 8B are schematic views for

expl ai ning an operation of a suction table applicable to the above

enbodi nent; FIG 9A and 9B are schematic views for explaining an operation

of 20 ano%ﬁer SUGt i onwt abl e al so pljcable to the above enbodi ment; FIG
10 is a scheredl ﬁie\/}l@ gm éﬁeﬁaspgrglﬂﬁtl}ﬁfas§%&%hﬂpﬁna&@opdal|1im wigrulaag hird
enbodi man{ve(?{]aggﬁ\ %r e nt. i n eri_{ti on, F:lGS. 1l A to 11E are views for

expl ai ni ng 1 he° SPErREon 1l akmtiieneprirol sreans petivrtethoiaspradianth a
fourth e i nt.2s.invention; ElIG 12 is a schematic vie
of ua mqr??lgﬂg??%e%@s ?ﬁgsgéﬁﬁﬁ}g Elh%bfbi‘ia?{%_&n?fa%awrmg gaﬁ:e@ M3 is a e e
onba nene et SR IR RAE HARISKN Al RiFEERAARER T (0 OF T |
ENBODIVENTS  Fi rs1 a SeboAmivdes thESnipkaifia BRher! hgoun Lo, LG oo there

is shown an inspection systeminto accordance

embodi menarral difi;speesiont cameead hin gBiRi Sy ey Eg@c?gélg%ﬁtggffe}%qs pegt

di screte vviringa:{gatterns formed on aconti nuous “substr
gali

f1 exi bl e fesdéngaliredivon extatin subasatehehvetiss it & c%iyefr'iﬁc%}éﬁélé Wiﬁtl?g)get 10

is a lampate_ conposed of a 0.04 mMmmto 0.2 nmthick resin-Inpregna

gl ass- shelbe wirtageatiermowthen 8 amayhschifrediestwenes k2 posi8 oW did'g
patterns 14 are forped on the upper copper |ayer 12 by etching. The wiring
pat t er ns Y8505l pPasisten éa thy arnay slieswnon sy SEiperconyrdiemetherondratéhase of a
resi st er @I{e deposi te&hé)n t he copper |ayer. The substrate sheet 10 are
formed ades€ fHPSReLe sheat prwardly iahonpahedieesing dir¢dtiph byabnset s of
position I Ki a%i 16, each ﬁet %i_ ng two dot markings 16 arranged
transver s&fy B Skep Shyangovhigh thg haspesteon seserromeanssitathe finstFl G 4. The
mar ki ngs -ar inted together with the wring patterns 14 on the
substrat ¢ 1638?1 %{?@%lgﬂesl Y IBgsgﬁﬁd)Q?Qr?Ibefltﬁ@r"éng Rattaring @adas
cal i brat isoigehBentlitc 1084 AL SuBRERLe sheet reversely by one reverse step
during which the inspection camera means at the second position
15 completes scanning of the rest of the wiring pattern.
In a third mode, the control means operates to feed the substrate
sheet intermittently such that the wiring pattern is held stationary at an
inspection position for a predetermined period during which the
inspection camera means is controlled to move relative to the wiring
20 pattern for inspection of the wiring pattern.
In a fourth mode, the inspection camera means comprises an array
of inspection cameras arranged in a direction parallel to a feeding
direction of the substrate sheet so as to cover the whole width of the
wiring pattern when the array reciprocates by one cycle along a
25  transverse direction perpendicular to the feeding direction. The control

means operates to hold the substrate sheet at a first inspection position

where the inspection camera means is shifted by half of the one cycle in



bt

30 provided therebetween. The feeder 20 includes a unwi nder 21 of*
aroll of the substrate sheet 10, feed rollers 22, 23, 24, and a dancer
roller 25. Arecovery roller 26 is provided adjacent to the unw nder 21 to
recover a protective film18 fromthe underside of the substrate sheet 10.
The substrate sheet 10 fromthe feeder 520 is 8 5 introduced into the

i nspection zone 30 by neans of a drawin roller conposed of a driving
roller 31 and a pinch roller 32, and is guided into the collector 40 by a

dr aw- out tmltlrsﬁsfu e%%ecﬁbggpdgwérna) g@eld# g;pgﬁ;e&g<§g§pei&?ﬁngggﬁéggga The

The systemincludes a feeder 20, a collector 40, and an inspecti omgza;iom
n dEe

collector 40 I nc s awn 1 of wn rate’s

rollers 4hd $dbséucitiny Red WRNAMsFANN AR bPAREY d0h k8o 15 Provi ded

adj acent to the winder 41 to supply a |I1ke protectiv m on the underside

of the SLihspé@ﬁiént]%sfi@idww%r_@rthbflﬁsglefiﬁ%!h ddmefh§s @h@f'ﬂeﬂ’b%@ﬂléer and the

draw -out roller are so positioned to define therebetween t'he I nspection
zone 30 amthdinigg\telf ofahei gxie ofcleoid the draxdwide MrédigosUBSérdirgosheet 10
horizontally in the inspection zone 30. A guide table 36 is juxtaposed

bel owst hescanbidier ztse oftidet wiinignpatherd.ns prahiowagribef @snigol dhegns he
substrate sheet flat on the table 35. The feeder 20 as well as the

col | ect oropsratg o Hoed thadwibstiaip|shoiet intatinndtaritby sor s \theseitingt he f eedi ng
direction of the E%P trate sheet in order to nmake a fine adjustment of a

t r ansver MBI 15 dgﬂéiﬂ#{éwgﬁfb%ttm Hrgthard sgeond) inspectionepasittpns atct i on.
For thisdgﬁ%ﬂgﬁf,.the feeder 20 is carr.ied by ﬁ frame 28 which is novably
supporte § MRPILEN S aeaRsih CartapH ¢ drtoemeniecralativer ta Hee f eeder

20. Likewise., the, collector 40 is garried.by a frame 48 which is novably
supportedyggn%pfai%g(eé& {9&‘5@5@@0 W%?f%t"ﬁé“ﬁ RAtFERse novenent of the

camers 25 51 ot ohernereh i Rl L AP RlofEs PRt 1o Subitiat? e i on
i i “HE DOSHTPO dPI HEES 10 MGG on

el LSS_S*%%Bﬁﬁéﬁéﬂgﬁ%%?ﬁﬁh?@%e3_@-‘%1?% ARsdispPblek SRR VRTEVE o array

Tanner et Re bt aser v en e Atts, 108 AN et A e

sheet 10 sugtifoedtadbletbihiher thy shsitrSet sk a% &Bql&i@”ﬁ{@sxyﬁéﬂra%éog%@gt hel d

9 5i0 15 20 25 stationary. The caneras 51 and 54 are connecte

control | dtatGéh the suebiorotdtdd mefh@iliimﬁlgfthéfih%é&ﬂwn? heTReshictdh of the

Wi ring patterns and scanning the 'same. The controller 60 also controls the
speedsof takledimay bhemeubbie an aysbheonistn with. thet Swbstosnt singetsbeirs 6d t he
drive rollers 31 and 33, in addition to the operations of the feeder 20 and
the col| é&epwWisg dwdhgdiheginspectiomsvEustherthesnictidretant. miay bai s

enbodi nent, .the controller 60 acts to feed the substrate sheet 10 at a

uni f or m SiEEE Fﬁ’@% tr¢urpak pesttiomngont the wiking patierancotdatizs te
provided_ pn.a shag;t of the B}iﬁr&ch roller 32 to detect,the speed which is
acknow edgedlByCeHel SHReH Isoba anfté@dp%%léwftélﬁl‘t&il frem #&ent ai ni ng

t he feed %F% ed _constant. For t es% Furﬁoses, he control jaffr_GO_i ncl udes, as
shown i nPEPEIOB CANBAMGAN;- oF QEABIS BIRGHhJOCHG0R dableis dip t or ed

g R e A

5 i - : i A
carer SShef 3058 i L Br S8 RSl 0BG B SURBARIT 0T

st vt cpim Bratecania s LR ot oMM AMRIE GIOAGIS il i nde

21, drive rollers 31 and 33, an in or eep peed

const ant reghacthadt fHRY fedd1npedirertibn, SRS Lo r?%%fc}g?of TR Qb1 W ring

pattern with a reference i'mage representdtive of rect wrtng pattern
to det er divergseichef thdsubsirabe frat 81 inksidigl fsanAedtionef ective or not.
If the wiring pattern is determ ned defective, the pattern inspector 64
stores an i déheséiapat sl otlrperbjest ghdddvardtipsonarfehtiledroMiid ng pattern
into a nmenory 66 such that the defective wiring pattern could be reexam ned
or rej ecpeesarienezintern byill béeomecmadre dpperenddnonf ilmafodowingber . The
identificatiqon nunber may be printed on the substrate sheet so as to be
acknow edgseripjiomed thegaeferpd ambodimenys veher kalosh édgaxhjoyctionl0



counting the individual wiring patterns being inspected. The position
canera 51 detects a pre-inspection position of the wiring pattern ;ﬂgw@@phm83
is just before beiing i nspected by the inspection camera 54 and provi des a “
position signal indicative of the pre-inspection 5 position to the position
detector 61 where it is analyzed to give an error with respect to a correct
feeding axis. The error includes a tramgverse di splacenent error and an
angul ar divergence error of the wiring pattern in the pre-inspection
position in relation the correct feeding axis. Such error is evaluated in

t he proce IAY:'S) nsation signal to a to position controller
67 which ?22%8&%g&?%ﬂﬁ%k%&?ﬁgﬂﬁgansverse novenment of the feeder 20 and/or
the collector 40 in such-a manner as to elimnate the error, thereby
placing the wiring pattern into a correct position for inspection by the

array of BRIEMIPESURIPTENR OBFTHEIDRAWRIGEhe operation are expl ai ned
wth reference to FIG 6. Each of the position is caneras 51 has a field of

vi ew 52 WF1G. derst 2 peXspedtivande - aR aa. indheatiohes ydtehhén Betbedandd viifht he
pre-inspection position is inclined with respect” to the correct feeding
axi s, ms &Howhenmbodmenyoefeheresbinf iedentivaral |y, the corresponding
mar ki ngs 16 _captured respectively in the field of views 52 of the

i ndi vi duaF1gedi isi bbleekusliagran ahtve tespextiensyatemX and/ or 4Y with

ref erence bg the center X-axis apd Y-axis. Such deviations represent the
angul ar dFlfer deifce seetienabrieweot aanbstiale diesplarwiunh numberf ofhe wiring
pattern. FLG 6 dennnstraggs ugdesired angul ar di vergence A of the wiring
pattern 1WIHDEPILSHECAIG 0¥ME} eedi ng axis FX. Based upon (err) and 4Y
bei ng obtained,. the,2s processor eperates the conpensati on signal for
ot nonac | FAC st PHET yB Gl s ubs oty phesomith e Sirime pASas Bodiet | on
of behgg ﬁﬁiﬁgﬁ&ﬁg the i nspection canera 54. 11 Second Enbodi nent <FI GS.
7A to 7E . FTAto 7TE illustrates an inspection systemin accordance
with as d 'Hgﬁf . i jon which is simlar in
constructeléz}é))a%' \/S\A'eiltg%??%e |artgti&n§6%en§ﬁmee§gé%?{lt hat an inspection canera a

54A i's COPPGSEGisof paeRar @iéwwf@fe;%ﬁm%a@%o @ggfagﬂ;@g}qlgoﬁéﬁﬁéﬁ%%vefse

direction of the substrate sheet an ransverse

di recti om@&bmﬁﬁg the positiRPSiftthenvRink!fa&terfA to 7C and a second position
of FIGS. 7D and 7E. Like parts are designated by like nunerals with a

suf fix | FI@B. GtA Y& 7E The viawsr foruiplaisdfy die opeaseeni 6f BY iAspbs8en

di stance such that the entire width of the wiring pattern 14 i's covered
when 1he yitem ar acshidamc: byith hesaticatchonebddimernof hike foresénand second
positions. Wth the use of the inspection canera 54A of this structure, a
control i8vead®no feed the substrate sheet 10 in forward and reverse
directi orks gpwgrati on_of the systemis now discussed. As is shown in FIG
7A, when ¥HaSwSA agdodBratenschepaticedews fomerphiinipe an operaison iadie wher e

the correspaondin osi tj.on rkings. 16 are captured by the position caneras
51A, the %‘%ﬁ%qlbf[%é‘% %E)Blrlﬁflbg’aﬁfbﬂﬁ%@@otvﬁee 1RE; sheet 10 at a rel atively
hi gh spe o] fir i nspection.positiop of FIG . 7B where the | eading edge
of the W?ﬁl%(fﬁg%a?{léﬁﬁﬁei hargliB Y Qe X PR NG 8B OBAF AR 04 54A

Then,,.t h I strate sheet, 10 at relatively | ow speed
by one fgarwa?11 g'i‘gu ggfq%Fagﬂée%lgﬁ&tsﬁiﬂ%ae iGh @PPV&’FIBEOQP@PH’?C with the

) . i : g i . whi ch a hal f
of “The. wir B! pat e (et et BE gl B pEBHebl Veat)s AE-URTRGY ™ T
i nspect i Qﬁiﬁﬁ@ﬁi%cﬁfﬁnéﬂﬁoﬁh%‘@Q%ﬁﬁiﬁ\}&tﬁéﬁ“5Ver se direction to the second

position, as shown in FIG 7D. SubsequentlTy,’the substrate sheet 10 is fed

by one rgvighSe1s¥epo dtl B Afe hebaki fo! Y Idf of FIG 7E,
during 12 5 which the remai %e@h%élgﬁﬁﬁg%wbﬁieﬁ%ﬁggtqg% 14 is

scanned. ifibpsctibhesyaneir i acecrdindewith 4 ifBarRrbERIdinserBcanfiRdpRysdigedi ng
the substrate sheet 10 forwardly and then reversely by the sane step.

Ther eaf t anyvenbwrsubstrate sheet 10 is fed forwardly at the high speed to a
position of FIG 7A for inspection of the next wiring pattern. It is noted
t hat the Igési 12ds acsotmmatisviesc vfal swdificabion efitthdifoenth emisedieaent;he
pre-inspectjon position of the wiring pattern 14 using the position

mar Ki ngsal‘(s‘ii n order to achieve correct positioning of the wiring pattern
at the first inspection position of FIG 7B in the sane



to manner as made in the first enbodinment. Further, it is noted in this 15
20 connection that the controller acknow edges the pre-inspectionpb$i(tli 8603
of the wiring pattern 14 when the position markings 16 conme into the fields
of the view of the corresponding position canmeras 51A even if each marking
16 is not strictly coincident with the |ongitudinal center of the field of
‘view of the canera, i.e., the Y-axis as showmn in FIG 6. Then, the
controller operates to feed the substrate sheet 10 by a fixed distance at a
rapid speed and to feed it by a suitable distance at a | ow speed for
effecting a fine adjustnent of the wiring pattern to the correct position
of FIG TBA.nXmaistheatdtdn vodwtdiadénsmddioon 4XstaMtin ddicrdaalen®githid is
possible to make a reliable inspection of each wiring pattern while

r educi ng feth embodeneht edithecpiteiseal ynivasfent i ng t he indi vidual wiring
patterns. As shown in FIGS. 8A and 8B, it is preferred In this enbodi nent
to 25 dispose a suction table 70 behind the substrate sheet 10 in the

i nspecti one for_hol ding the substrate sheet by a suction force while
the wiri g?jaé&lw]@ DES:QBJ%JJQN @HeTHr%EMBQBIB%ENESMA. In order to
assi st holding the substrate sheet 10 fl agai_nst the suction table 70,

t her €® may 13 be utili ;:ZBStpé -41§F¢Iétr%lt:b(%b\mi%63re controlled to press

the_sheet a |_st.the t ahl ﬁg rh n the wiring pattern,conmes into the
]E)OSI tion of ggg T 148 Ah¥ ;De% i et ‘?r@rﬂst#%‘gﬁh IREPGLAIQN §y Stera @Ectl OBI

' . _ : g T
70 1 s o abefl PR iRl fk PrBeRtal oty brisht inEfnldn i the' | engih
al ong thg%&%%“iﬁg)rg\/f@@& 't8f1n§@e£€‘8fsctr9€ee§{fﬁ§g@é@g?ﬁ‘ﬂég@ggcan move for

i nspecti y t I nspection tanera, I. t9%fs of FIGs.

/B to 7Eéoﬂﬂhh%u@?§dl§‘eitf‘z?ﬂedsa licﬁsé ﬂéﬁb’i@gﬁfig&ap\ﬂi%ngal [eShawn in FIGS.

9A and 9B, a vertically nov e suction t nay utiTized for

hol digng shewsisFIaL 8, shesjubiefieahedan ishe léi\ﬂn’ih&%sl?@h{;%ééd 6fia\':%b|3fe

position of being scanned and for rel easing the substrat'e sheet ile the

sheet i snfracof @ @mirhethpcke resiapéeiprepnaes] bl oR-$edthel IsPasbl dikep S tion.
The suction table 70A is pivotally supporfed to a base frame 72A through a

cyl i nder uiBtisiwkasoppebdéapersol 20! ér}eé)wﬁrﬁ%gﬁtem@l14aﬁesf@ﬁméa diengy! i nder.
Wth this pivotable structure, the table A can act to conpensate for the
angul ar dpper gepper dayer 1debpeteliny t Thepsiihigopatteray o berimpetesd
positioning of the wiring pattern in relation to the inspection canera. The
t abl e 70RVitbegiresentsableananende bthdmedirthoderefta resisoimategislubst rat e

sheet with the base frame 72A supported 20 novably on a guide rail 74, in
or de¥5 t od¢pP31od it eeppear layer. he Thebsubsiratesstemtt Mimradorheed nspect i on
of the wiring pattern. In this cqQnnection, the table 70A as well as table
70 of FI Ja@ﬁ“ﬁﬁ? tg@ Ipsh aituali wining patterovcl4 avidhmderabaetsnobposition
conpensat e for tgg traﬂsverse.di sg‘llacerrent error_ based upon the position

signal f e 30, sashisedhavine tyo 4ot makiagsd Garrangadiansyerstlyhe
first di : ird [ t <H G 10> Ref j t |G 10, th [
shoan arf ASPBEH: 8} T SERT e Sheps Libcisr ol 1 £ H0ad hi FacanBBengsnt of
th i i Lch s imlar to t fiyst di t t that
an i nepect rin B IbER M IhE winbatiGat i oar Tacenbrare Eek
b t b : [ | & - -di Lon.. . Lik t

e deailosat aa By RS it LB P BB e LR A O L A A b e o
"B'. Theyjwmgpaetdiyeicanera 54B is conposed of an array of canera units
arranged closely along the feeding direction such that the entire area of

the wiring pid ey5tcsANnBEuGERARTREIMN2D, NS 1T 8SIRR () Oh G AMEN Rkl fted in

the transverse direction with the substrate sheet (z)’el ng kept “stationary.
Wth thezase30fpiorided thespbetworn cantiaf&ideol0tilthuddd Halnkender 21
controll er 60B operates to feed the substrate sheet 10 intermttently for
provi di nof anstinddsg ial tolperfithe sibrstrgewhieeh 1thdevii molpRal2 28, 24, aadnned
for inspection. Also in this enbodinent, a |ike position canera 51B
provbdest danpesitdlder si gifal iAdecavemeroliet B6 isrpavidbdtddagkaveokhsd for
the wiring pattern at the pre ss inspection position so that the controller
r espond$ N §iRddpahdat @drertehprotective film 18 from the underside of the

substrate sheet 10. The substrate sheet 10 from the feeder 20 is



error when the wiring pattern is fed to the inspection position of being
scanned by the inspection canera, by shifting the feeder 20A and/of ix BET 2003
collector 40A. A like suction table 70B as utilized in the second

enbodi ment is provided for stably hol ding the substrate sheet while the 20
wiring pattern is scanned as well as for correct positioning of the wiring
pattern in relation to the inspection ganer a 54B. Fourth Enbodi nent <FI GS.
11Ato 11E> FIGS. 11Ato 11E illustrates an inspection systemin accordance
with a fourth enbodi nent of the present invention which is simlar to the

2s third enbodi ment except that, an inspection canmera 54C i s conposed of
separ at e 8HRGUCEhINS Bronspacti@rarong dtheyfmeanay ldr deawi-on retlerne

s 2 e EBhed R A el B A AT AR e B0
< R LI S S I R
14 ar essﬁd. Pl fhat di@?%ﬁﬁlfe.%ﬁfﬁ %g mﬁm_ﬁ% admltﬁ‘g“g 4 :@gendgﬁ%f@% ol
subst ?a?gﬁyﬁgg&%@‘égg’ %%gofgv%érﬁ ‘g%’epﬁw%r télﬁpe%i % 5¢CAt {‘?‘H’efhe‘ij?ns ction

camera 54GohYy QRERYAE §s BrOPRIdSd{d RIS 1 aéiﬁaemqntdo@aé@ggatﬂggef”st

and second positions. q)gr ati1on ogjthe systemis now di scu shown in

FIG 11Aproteniv&€ilm onnthePahlerdidé b PIRCselstrafe Bem%iﬁlﬁ’ﬁétdxpfhé’osi tion
where theé correspondi ng position markings 16 are captured by the position

caner as Slfddrhl .coifheod taav-iapelbiresnd thé edwi-bait Tebkirratasspositidiedt a

relatively high speed to a first inspection position of FIG 11 B where the

| eadi ng ¢dgiefoie therokiativegnpitet Brapetdiorszahe @ledndi tchgive aftensiurd offost

i nspection canera unit 55C. Then, the inspection canera 54C is caused to

shi f 110i n exhendimghthvesebsdateshéonl®haribantalty ¢héhednspectios toomn 3 FI G

- 11C with the substrate sheet 10 held stationary for scanning a half area of

the wiri dygyade dahlq 36 isguxéapestbiehawdheosubsieade strerinl 0tihghsubst rat e
di,st ance correspondi ng t he_spaci ng

32? \(/avtegﬁoti!i’%’%fg?%’g%%L%by@%gggﬁggﬁ@sp@tﬁrﬁh@ttﬂﬁ anthadaple 88 n i€ at a

i i Bt |G 11D. S , i
second | pepeel b PESlE LoD, .5, R SRR, g nepect carere
b e ng_paftetion srinsy eh0E LG e SBTRIA Wi fad PAMbCTu e @ figtn 2
e Lhapotfoh &5 piReed S RIiRARchLEF Y (rhBdy PR BbRulda iR IBhstrate o
FIG 11B; i 111 : }: | at.i h
wiring porreragpdllad d Hedingireclidol ° POL (A1 pLEHpSERER [@ 0T, "

second | RAGEH IBNaMPsid 28 WhidH & nﬂok%bliryns ;ﬂg{tghqor £FUEE] BaktA 1o

i nspection time of consecutively inspecting Iscrete wring patterns

whi | e asalivivnghe tigaidvalrke ndol 8airertd otheofeddia 20di VI dwalise theg patterns.
Also in this enbodinent, to the position canera 51C serves to realize a

correct poHetimn#fgsafartivel Wi ra flanpau8ewhidy iwhaovabl¢ewporeed b6 o i r st

i nspection position with the control of shifting the feeder and/or the

col | ¢t ofixied base #Pdusgdovetit treaisversam o simess exf ihe chHettors40enbodi nent .
The suction table as discussed with reference to FIGS. 8A and 9A nmay be
appl i cabl e tbheHaspeesentzaysBOmsfmovidedsait ppapood misitissucamgrabe
reliable_inspection. FIG 12 illustrates a nodification of the third

enbodi meftt fior meneterime tthe pasiiest merkingrel & Bubansinspesbosdcamesn wt ray of
cl osely grranged canera .units 55D tg cover a half length of the wiring

patt ern 19F SGHEIAEGHIG HETHE PRdCRY dg pJdie erspadtiensapecimdd 1pgledes sane

sequence_as di scyssed with.reference t | GS. .11A to 11E of the third
o mof ATEHY O Gt Haie Sfpaangsd closely ih'4 tiansverse array |
25  perpendicular to the feeding direction of the substrate sheet 10 in such a

manner that the entire wiring pattern 14 is scanned while the substrate

sheet 10 is fed in the forward direction with the camera units being held



Referring to FIG 13, there is shown an inspection systemin 20 25
accordance with a fifth enbodi ment of the present invention. Thes jnspECcigon
systemincludes a display 80 for re-inspection by hunan eyes of ‘the W ring
pattern determ ned to be defective by the i mage processing as expl ai ned

wi th the previous enbodi nents. The system further includes a backup table
90 whi ch passes the substrate sheet 10 g hereon and serves as a supporting
desk when a personnel requires to apply a force to the wiring pattern being
nonitored by the display in order to, for exanple, nend a defective portion

ith a hapd-tool . The basic struect f th t i f 20E
of Teedi ng iR Ybst 1 Beeanicrashland St omiesid iden conireliSn 0 for

i i . |-l . 4 f | | i .h b h

on_ bevi nace DR bp8Rtdns Bt Gt Hling dhello SRt PEHL wihe B8tefhaena
d i : ] d t { y.at
sheet 10 feriiptrihting. STRHE Sbheidllorb0 3 BB AR S ReeR FERRIRET <o
i i 5; 20 I : i -1 ol , il

Lhe” or aw ot Spoftrate ¥ReEOLOPLED e fRatink o BIRWECRIVE spPrs Fg ' 5
pi nch g ol 331 iB48diPbanresthdepvaaion e fdhaeklef 20 £hd $RE chﬂg?/ét&ﬁig{]aw out

roller set 1s a pair of vertically spaced guide rollers t he
feedi ng dircdading the traverasd mébensiitdteiobf.er IndhifemisodRAEAEHe0 t he
backup table 90 and are so positioned to introduce the substrate sheet 10
through agoitroéler gl nets td fieed ohe smbstratésheabll® @ng wiifsgr dpeedsubstrate
sheet on top of the table 90 through an outlet 92 at one |ongitudinal end
of the taliireughi gpoispassioranner0.t al eotryaemcoder 35w matvided| @i aset 33E

and 34E i riser roller 93 which is vertically novable in order to lift
t he subst&ﬁa}é@ tplll@huliﬁli‘%(a§2ﬁﬂdiﬂt@ﬁieth%lbpée@mmh16 gk wiedged byeet .

Wh h b h 10 | d f [ [ f th i
pat ekt HrecoRgeTlerdi] dor odeed Porcoatia) ohmmnte raRgdheckothpactbl e 00
for reliable rect:og'ti n of the defective tltera.as Il as for .
facilitattHSEd ‘ha;F It95& RETRNGSp ?@Pﬁ‘tﬁa ¢he ﬁ@p&&ﬁ%@s showeelied. A
troll Ok i ' | ti whi ch _deri f, 25
output of! Fie 2t Aasestifia Bskfirgt B aB oMY 1 alvP ot Ehuliiet Heta hat
whi ch fio: gL t ' f jve, That i
the i dent TP RE BRIHORCANELT SIES SRR T  GuREpt B (PpiRb BRI BegehE '
transm t (@ $euririe] foRkEAY fife gggg’g:gﬁﬂefﬁﬁgpﬁg)g?ttﬁefi?l‘%ﬂe[:ﬂ%h ¢hinerd

pattern on the table 9 the non ectiverwring p ern.

Local 15 nf&y @%F@@d&b‘etb@tdm Ifee det&dtioh cﬁtmrféeﬂ%grsptél%ﬁ?ctfxn odtg)éﬁ é%fot ﬁg

20 25 found within the area of the wWiring pattern Ts also obtaln

i mage pr dibessparg] dotedter feXid ﬁ@ﬁt@ﬁfrot&éﬁbﬂﬁs WHﬁﬂi i keAt hefivayedar to the
controll er 60E such that a television canera 54E is controlled to nove to

t he partispdeat contratllern6 dor gionitrellmgridgnspeeds ofabe wiwiféedeiediteo t he
di splay 80 for easy recognition by the personnel. If the defect is judged
to be eadioliersshland Iheand veimdes| 4k am ordee to feepstheofedchspeadlcenstargs a
mendi ng dﬁ% to mend the defect with a suitable hand tool. Like position
canmeras 5hke patiarn mspgctor b ynpareuthe sbaanedimmgesofthatetting wat ch t he
position natr ki ngs_,on tt%e substrate sheet 10 and detect a pre-inspection
posi t3%n RAMEHEWILR A IEERNCS HNRRREEPAE S abstcop b aratiget WEpg patieynt he
canmera 54E. ,Based upo he information about, the pre-jnspection position,
the contrdl @%ﬂr%gei‘?{g?ﬁ&t@q WW@%@@F@W‘P‘%S%H@ 1S 86%%63%\% 08 diot.

i nspecti Ltl-0n, il e.-making suitable correction for possible errors
of the |4 etﬁgf\sv%ﬁgt}?ﬂgé%gnﬁgﬁﬁéﬂﬁl&%&@%%bv%gﬁmtﬁ%rrhin WHLSOT e of the
| ke mannaer oo SeALisRipFalhPgt B8ned (BT aE e rhy
LI < CONIRES erhbEy (RPLEc RIS 8 s Aot L AR B 20! Y sbout

a vertical axis o cylin suc can adjust its

ori entsat i rh e B¢ rre;&tearf%ﬁé@&@r Bg;rgtf%é%@% e Ha&esHaRdN Fhfgence

of the substrate sheet froman 1nten direction.
The identification number may be printed on the substrate sheet so as to

be acknowledged by the image inspector or may be acknowledged by



Al t hough the position markings are printed separately fromthe w gim@m 3883

pattern in the aforenentioned enbodi nents, they may be printed within th
area of the wiring pattern. Further, the relative position of the separate
printed markings to the wiring pattern may be suitably selected in
consideration of the particular arrangenent of the inspection canera and
the other configuration of the system g 19 Clains 1. An inspection system
for inspecting discrete wiring patterns (14) forned integrally on a
continuous substrate sheet ( 10) of a flexible material, said 5 system

o gt IO R LA RBRTRIR e 51 2l
i ri i : ' 32
105 P cOmE ok DT i L) PRATEANS I 22,
B L R T AR T A

i nspection zone, said draw out neans pos

i nspect i opaERRg i VN il : : i IE . roller
reans and s e ot ver S pToNaUgs 8Rsitor (endl TBRRITANOL R Bl AU EH g G

subst rat epebitesn $b thegitsivionhiletesabs 6i1NRLES 05 ZRER; ! 60)
whi ch controls a posi gfi‘t%)n of said substrate éheet plé’szseﬁjlfg}; ?ﬁ‘?%%gﬁé}zgfd

i nspect i owittonespcicd aiponrectplesidingmxss gnalheletrit Rihies al HafavBi@ Means
as indicative of said position of said zo individual wiring patterns on

sai d substisplacemest exrohandsai dngniqrediviergenoaerror of 9he avirbegeratlef) for
f eedi ng sai chﬁsubst_rate sheet towards said drawin roller means froma first
stock (2110 tRg Ps@ilaspasdPnapesisiosein relatisin the coretd)fetding akiect Bnghsai d
substrate sheet past thyough said drawout roller neans into a second stock
(41 ) of SHP 1%&3@3% YhEee prapeswrdahéergivela epnss)satin bigmal tor avi ded

at legst one.of two |qcatjgns,.
f5 ﬁosmon controlfét 67 Which responds to make the transverse movement

of the feeder 20 and/or the collector 40 in such a manner as to eliminate
the error, thereby placing the wiring pattern into a correct position for
inspection by the array of the inspection camera 54. Details of the
operation are explained with reference to FIG. 6. Each of the position

15 cameras 51 has a field of view 52 with center X-axis and Y-axis. When
the wiring pattern 14 in the pre-inspection position is inclined with
respect to the correct feeding axis, as shown in the figure, or shifted
laterally, the corresponding markings 16 captured respectively in the
field of views 52 of the individual position cameras 51 show deviations

20 AX and/or AY with reference to the center X-axis and Y-axis. Such-
deviations represent the angular divergence error or the transverse
displacement error of the wiring pattern. FIG. 6 demonstrates
undesired angular divergence 0 of the wiring pattern 14 with respect to
the feeding axis FX. Based upon AX and AY being obtained, the

25 processor 63 generates the compensation sigr.lal‘ for eliminating the error
before the wiring pattern 14 is fed into a position of being inspected the

inspection camera 54.



one between said feeder and said d-i-awin roller nmeans, and the ?Bﬂféém 3
between said draw out roller neans and said collector. 2. The syst 8t
forth in claiml, further including a feeder (20) for feeding said
substrate sheet through said drawin roller means into said inspection
zone, a collector (40) for collecting said substrate sheet past through
said 20 drawout roller means from ggid inspection zone, said feeder and
said col lector being novable in a transverse direction generally _
perpendi cular to a feeding direction of said substrate sheet through said

hiTcing at loast one ot BumBRaNneRl ERASeaN BB n oai d 1 ransver se
i a v ri ng palesr ATk Rooh ARHRUREE phARsBHENtn s et SEFerdiRee v or 1
conpr | ses " 5 SRR BORSR et St E A otV Sl S o

pi noh Tl [or br oo L TSE st dtideROER PRt IR WnifCiRid crlbiay or

to feed sBlA BubshipsedsbPebparhie EinSNSLRMSS A8lpd¥d Qldr&g pai m 1,

wherein 20 said canera nmeans conprises an | nspection canera neans (54) and

a posi ti oftanaverse dixqotiofbd} the aubsiraspehito00RTES miEaBId ifther OV di ng
an imge of said wiring pattern to an imge inspector (64) ere said i mage

i s conparlgansyetseadiret Bioenbetwomye finst piesieion BAHIGS of Aatglgleahdi said
wiring 25 pattern, said inspection camera neans (54) conprising an array of
i nspect i dﬁ%&?ﬁbp%lta@lﬁarfgﬁléﬂn T dindetEi onlikaparerae designbeedibiglike 21

direction of sajd substrate sheet ig such a manner to cover a whol e wi dth
numerals wit a sutfix letter of ‘A’.  The camera units 55A are spaced

10 by a fixed distance such that the entire width of the wiring pattern 14 is
covered when the units are shifted by the distance between the first and
second positions. With the use of the inspection camera 54A of this
structure, a control is made to feed the substrate sheet 10 in forward and
reverse directions. Operation of the system is now discussed. As

15 shown in FIG. 7A, when the wiring pattern 14 proceeds to a pre-
inspection position where the corresponding position markings 16 are
captured by the position cameras 51A, the controller operates to feed the
substrate sheet 10 at a relatively high speed to a first inspection position
of FIG. 7B where the leading edge of the wiring pattern 14 is aligned

20  with the inspection camera 54A. Then, the controller feeds the
substrate sheet 10 at a relatively low speed by one forward step to a
second inspection position of FIG. 7C with the inspection camera 54A
held at the first position, during which a half area of the wiring pattern
(as indicated by hatched lines) is scanned. Then, the inspection camera

25 S4A is moved in the transverse direction to the second position, as
shown in FIG. 7D. Subsequently, the substrate sheet 10 is fed by one

reverse step at the relatively low speed to a position of FIG. 7E, during



of said wiring patterns, said position canera neans (51) detectinggwgﬂﬁﬁ
(16) on said substrate sheet to acknow edge a pre-inspection positio 2063
said wiring s pattern which is just before being inspected by said

i nspection camera and providing said position signal indicative of said
pre-inspection position, a speed sensor (35) detecting the feeding speed of
said substrate sheet and providing a speed signal indicative of said

feeding speed, to said control mnmeans controlling to feed said substrate

t hrough said inspection zone at a uniform speed based upon sai d speed

kR e TRy A VR T

S, s 8 PUyE 3Ll TR SRR Y LA AR ADE R Ll o
d d

20,55 & HIEURATSe oG R AR RS SnESEDS TEREARAETE, %

an i mage @ib&ae YASLNED P@Té&f&rﬁvﬁr@i@r hﬁﬁ?@hﬁgﬁ%ﬁ&&ﬂaﬁbﬁmgfﬁtﬁ | mage

is conpared with a reference i nmage deter ‘ai d

i ri ng; 257 pafdreitspereich BOshe RRIGATRAA FRAD, (51A) detecting marks (16) on
sai d substrate sheet (10) to acknow edge a pre-inspection position of said

22 wiring patlteés notéd that the pesithef eamdrek I AReRati &t bisanbddianast i on
canera and providing said position signal indicative of said preinspection

posi ti on, tosdeteait ihpeue ons peatiore position (F4Ne wofRG pe3eAn 17 1i§ngofhs

i nspection caneras (55A) arranged in an array direction transverse to a

f eedi ng dPeREOMarkiggs d Gsubsrdert to sbhetve coaedipaxitienihpefitiel e wi dth of
said wring.pattern when said array is shifted between a first position and
a second WOLNERAter ahike drshynspicieen posidendtBhtt 9B iedhs sapeeati ng to
feed said substrate sheet foi_wardl ig along said feeding direction by one
forwald STERNGHASHGARR: Wntheafigst gt anEbsthesanisisanoted th thisst
position ¢co tes.scanni ng_of ortion of said wiring pattern, and
subseque n{qri}?%c 1913 éﬁagﬂ?%l CEHE@f@f@@%@@‘#&@% tRe pyetipspaetioavepsidian ep
during i o0k | canera neans.at sai,d second posi.tion conpl etes
scanni n%ﬁmig}lﬁé{g 2 gﬁ%@ﬂg V@e\ﬂ ﬁ}%aoﬁﬁﬂ?l‘ém?ﬂ@ﬂgﬂﬁwﬁ%w% rt]léeet forth
in clai mga et gl i o ises an_inspection mer a
means (54%3:1 andf g’l@pggt?‘{vis@fnﬂéﬁ%@%&&@@ﬁgﬁ@?m%?%eﬁ%m&Y e&aﬁra means

(S4B) pr @ fthriing TROR: Abt SHAIIIING Rt ith i AihJiIRGRAINSAGEL Ay vher e

said image is conpared with a reference 1nage def ect

in saisd wheifiglcaf tveew, oPshé 2hehdiasiild. OthE ¥akds A8 M WR HBIF IS gCt i ng marks
(16) on said substrate sheet to acknow edge a pre-inspection position of

sai d wi riTgemathicecontwoil e dseqated 1@ ebed ehbajutttiftengeiced PyySaitkddspect i on
canmera distance at a rapid speed and to feed it by a suitable distance at a low
speed for effecting a fine adjustment of the wiring pattern to the correct
position of FIG. 7B in consideration of the deviation AX. With this
20  scheme, it is possible to make a reliable inspection of each wiring
pattern while reducing a run time of consecutively inspecting the
individual wiring patterns.
As shown in FIGS. 8A and 8B, it is preferred In this embodiment to
dispose a suction table 70 behind the substrate sheet 10 in the inspection
25 zone for holding the substrate sheet by a suction force while the wiring

pattern is scanned by the inspection camera 54A. In order to assist

holding the substrate sheet 10 flat against the suction table 70, there may



23 and providing said position signal indicative of said pre-inspection
position, said control neans operating to intermttently feed sai @ (0 GCT 2003
substrate sheet so ‘that said wiring pattern is held stationary at an

i nspection s position for a predeterm ned period during which said

i nspection canmera neans is controlled to nove relative to said wiring
pattern for inspection of the wiring pgtgtern. io 7. The systemas set forth
inclaiml, wherein said canera nmeans conpri ses an inspection canera neans
(54C) and a position canera neans (51 C), said inspection canera neans

) and a position camera neans ( ecti on an
Said | 528g@{‘éﬁ@%%%ﬁsagé‘doﬁwvr“a%ﬁfé}'@hi’airte?c?éﬁa%ﬁsﬁ%%ﬂ%%% st e‘“t§¥ a def ect
sai d i g€ 13" O 73 refél ¢ d
cai o subst PP ERE EbS AL hr B Wi B Aol ERR e Bing BatTioa s "
canera and ook oG ST REL A SHECTE APRPRTIEE SNjahh ol BR "

pre-i nspet:ztm@nfd@q@lidlﬂe,sc%ﬁh@n'%fb%%%twn PR ErdTe d editd ﬁ?ﬁ?” sing an

array of inspection cameras (55C) arrange a direction paralfTel to a

f eedi ng dsuppobited of asskise SRt rEE & Haogovadlatol @ Hﬁﬁ%dqéﬁ%ﬂi‘ﬁi&g@‘ dth of
b c along” a

said wiring pattern when said array reciprocates by one cy 2s

t r ansver sthalifeedingpdineetivenso ¢chhathd subsirdtd sleebnp0 daieaidwanfosai d control
means operating to hold said substrate sheet at a first inspection position

wher e sai thspesiam byrtheainspachimansamsrshi. &1, dkthyeen thiddpbaitfomwd oS FIG;One
cycle in said transverse direction to scan a portion of said wiring
pattern, ARdIedbseyhdathsingdeelidsagainstuitbe tabke Zheet Fhythengasshpwmoin second

Irg?rgle(r:ut Ingf}ﬁglgfsI9td‘¥°£’#§%??e£%£¢1@?}s’%gg;ﬂg{lﬂ ggggagrtigglé %{At: zgaj%}et Pg scan the
feed Db alllisd terch &g B atrS8ohert Higoparhenhec ining RAtETORary
reans. 1o FbS SREBIORSTROEY sfliufoTany 1ok Flod Tnig b derEorhedlopect | on
Claim 4 {4Tg U BAELEIC fod rdhu b st BPsiAiGbdOHen Thsatiarn
tsﬁgls ter gzgﬁag%@e{fﬂf : :l; l’fl%%ﬁ&ﬁ@ﬂeﬂbl?@ 07 i$ 3o BHBP SLALS P ES ol adlPhd s @
72A through a cylinder 73 so as to be pivotable about a vertical axis of
15 the cylinder. With this pivotable structure, the table 70A can act to
compensate for the angular divergence error detected by the position
camera for correct positioning of the wiring pattern in relation to the
inspection camera. The table 70A is also movable along the feeding
direction of the substrate sheet with the base frame 72A supported
20 movably on a guide rail 74, in order to follow the movement of the
substrate sheet during the inspection of the wiring pattern. In this
connection, the table 70A as well as table 70 of FIG. 8A may be
movable in the transverse direction in order to compensate for the
transverse displacement error based upon the position signal from the
25  position camera, as discussed with reference to the first embodiment.

Third Embodiment <FIG. 10>

Referring to FIG. 10, there is shown an inspection system in



25 said suction table by a suction force, said suction table being. .
controlled by said control neans to hold said substrate sheet V\,hiﬁeU%Bi@Ua
wWiring pattern i s being scanned by said inspection canmera neans and to

rel ease said substrate sheet after said wiring pattern is inspected . 5 g .
The systemas set forth in claims , wherein said suction table (70A) has a
feed axis extending along a feeding todirection of said substrate sheet
and is capabl e of swi nging around a vertical axis perpendicular to a plane
of said substrate sheet to adjust an angle of said feed axis with respect

L faos . . _ e or ¢ PeTRrat .
ol ati on fo°oreyios SALA Pl chibaSfheRE Dby el kbR R Ty E)?':E in
Taim 8 . . _can : . . 't
aid 20 sihore S GR BrSpEHREEH A R R TR R OERAE A T
system as exeénd9hldng Rhé!fabfidg dMRRARIN 0F3he s‘iﬂiﬁf%e%% 1qp§¥§ii§es a view

canera (54E) which gives a 25 Selected area of said wring p ern on a

di splay (30ville imgpeetdmzebye dirstisy es Likai ghit ' hRg
provided with a backup table (90) upt)n 216 \/\%chﬁgﬁie%ss %tﬁag?g%g eet

bei ng $edlike referaBSTRAGTerdls iwishecsu ffix Jggte ®ff ‘G’ i nm%CMsP@cﬁio‘hcret e
W ring patterns on a continuous substrate sheet of a flexible material by

maki ng t heamsradi4Bhe compbsedaifears herty af can’ﬁ@@dﬁﬂﬁs@ﬁfﬁﬁ%éd clbselyystemis
capabl e of assuring accurate positioning of the wiring patterns (14) for
reliabl e PHIp2ERe daeding diedtiamsuck shat thdentiresirbh @ fshbstirng sdteetn (10)
as the sole feeding carrier. The inspection systemincludes an inspection
zone (30) BRAF BG4 Wwhetihe inspeetion cangena ioshiftegée thagramsvénsdi vi dual
i0 Wring att[erns {h%ﬁ% and d%teﬁti ng a pﬂsi tion,of said wiring pattern on
the subst PHEEUEHLE SHRSIIRE sneet benng kepy stafignary-deWith thatussdete t he
substrat ey - 1 ectio ong,, -Associated with the inroller is a
S0t 0 R SR OB A OR A N A S, i oL
i nspecti oo ZPiife 8MstritdOfedd P@?Htetrﬂligﬁefﬂtpye £51 Src'n?iscﬁrelge{ Sandstill Bg%i\/(\)e ¥
during which the wiring pattern is scanned for inspection.  Also in this
embodiment, a like position camera 51B provides a position signal
indicative of the error of the above kind for the wiring pattern at the pre-
15 inspection position so that the controller responds to compensate for the
error when the wiring pattern is fed to the inspection position of being
scanned by the inspection camera, by shifting the feeder 20A and/or the
collector 40A. A like suction table 70B as utilized in the second
embodiment is provided for stably holding the substrate sheet while the
20 wiring pattern is scanned as well as for correct positioning of the wiring
~ pattern in relation to the inspection camera 54B.
Fourth Embodiment <FIGS. 11A to 11E>
FIGS. 11A to 11E illustrates an inspection system in accordance
with a fourth embodiment of the present invention which is similar to the
25 third embodiment except that an inspection camera 54C is composed of

separate camera units S5C spaced along the feeding direction of the

substrate sheet 10 and is movable in the transverse direction between a



is the drawin roller and the drawout roller as well as to give a tension
to the substrate sheet for extending the substrate sheet stralght-gnr@ggq%¢3
t he inspection zone. ‘A controller (60) is provided to control a position
the substrate sheet passing through the inspection zone based upon a
position signal detected by the canera neans as indicative of the 20
position of the individual wiring pattgins on the substrate sheet within
the inspection zone. Thus, the wiring pattern can be exactly positioned
within the inspection zone relative to the canera neans for reliable
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FIG. 12 illustrates a modification of the third embodiment in which
the inspection camera 54D is composed of an array of closely arranged
camera units 55D to cover a half length of the wiring pattern 14. The

15  scanning of the wiring pattern 14 can be made by the same sequence as
discussed with reference to FIGS. 11A to 11E of the third embodiment.
Fifth embodiment <FIG. 13>

Referring to FIG. 13, there is shown an inspection system in

accordance with a fifth embodiment of the present invention. The

20  inspection system includes a display 80 for re-inspection by human eyes
of the wiring pattern determined to be defective by the image processing
as explained with the previous embodiments. The system further
includes a backup table 90 which passes the substrate sheet 10 thereon
and serves as a supporting desk when a personnel requires to apply a

25 force to the wiring pattern being monitored by the display in order to, for
example, mend a defective portion with a hand-tool. The basic

structure of the system comprises a feeder 20E of feeding the substrate
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and are so positioned to introduce the substrate sheet 10 through an inlet
91 near the bottom of the table and emerge the substrate sheet on top of
the table 90 through an outlet 92 at one longitudinal end of the table.
Disposed between the table 90 and the draw-out roller set 33E and 34E
15 1s a riser roller 93 which is vertically movable in order to lift the
substrate sheet 10 up away from the table 90 while feeding the sheet.
When the substrate sheet 10 is stopped for inspection of the wiring
pattern, the riser roller 93 is lowered to land the sheet on the table 90 for
reliable recognition of the defective pattern as well as for facilitating to
20 handle the wiring pattern by the personnel, if needed.

A controller 60F includes a retrieval section which derives from the
output of the image processing as made in the previous embodiments
that which one or ones of the wiring pattern are determined defective.
That is, the identification number assigned to the defective wiring

25  pattern is transmitted to the controller 60K which responds to feed that
wiring pattern on the table 90 while passing the non-defective wiring

pattern. Local information as to the location of a particular defect
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10 detect a pre-inspection position of the wiring pattern immediately before

being inspected by the camera 54E. Based upon the information about
the pre-inspection position, the controller 60E instructs to feed the
wiring pattern to a correct inspection position, while making suitable
correction for possible errors of the lateral shift, directional divergence
15 by moving at least one of the feeder 20E, collector 40E, and table 90 in
the transverse direction in the like manner as discussed with reference to
the previous embodiments. In this connection, the table 90 is mounted
on a foot 94 to be rotatably about a vertical axis of a cylinder 95 such
that the table 90 can adjust its orientation in order to compensate for the
20 angular directional divergence of the substrate sheet from an intended
feed direction.
Although the position markings are printed separately from the wiring
pattern in the aforementioned embodiments, they may be printed within
the area of the wiring pattern. Further, the relative position of the
25 separate printed markings to the wiring pattern-may be suitably selected
in consideration of the particular arrangement of the inspection camera

and the other configuration of the system.
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Claims

1. An inspection system for inspecting discrete wiring patterns (14) formed
integrally on a continuous substrate sheet (10) of a flexible material, said
5 system comprisiﬁg:
an inspection zone (30) provided with camera means (51, 54) for
inspecting the individual wiring patterns and detecting a position of said
wiring pattern on said substrate sheet;
draw-in roller means (31, 32) for introducing the substrate sheet into
10 said inspection zone;
draw-out roller means (33, 34) for drawing out said substrate sheet
from said inspection zone, said draw-out roller means being positioned
to define said inspection zone between said draw-in roller means and
said draw-out roller means and to give a tension to said substrate sheet

15 for extending said substrate sheet straight within said inspection zone;

control means (60) which controls a position of said substrate sheet
passing through said inspection zone based upon a position signal
detected by said camera means as indicative of said position of said
20  individual wiring patterns on said substrate sheet within said inspection

Zone.
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a feeder (20) for feeding said substrate sheet towards said draw-in
roller means from a first stock (21) of said substrate sheet;

a collector (40) for collecting said substrate sheet past through said
draw-out roller means into a second stock (41) of said substrate sheet;
and

a dancer roller (35, 45) being provided at least one of two Jocations,
one between said feeder and__said draw-in roller means, and the other

between said draw-out roller means and said collector.

2. The system as set forth in claim 1, further including

a feeder (20) for feeding said substrate sheet through said draw-in

roller means into said inspection zone,

a collector (40) for collecting said substrate sheet past through said
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draw-out roller means from said inspection zone,

said feeder and said collector being movable in a transverse
direction generally perpendicular to a feeding direction of said substrate
sheet through said inspection zone,

said control means (60) comprises a mechanism of shifting at least
one of said feeder and said collector in said transverse direction, in
response to said position signal, for correct positioning of said wiring

pattern in said inspection zone .

3. The system as set forth in claim 1, wherein
cach of said draw-in and draw-out roller means comprises a driving
roller (31, 33) and a pinch roller (32, 34), said driving roller being

controlled by said control means to rotate, and said pinch roller pressing

said substrate sheet against said driving roller to feed said substrate sheet.

4. The system as set forth in claim 1, wherein

said camera means comprises an inspection camera means (54) and
a position camera means (51),

said inspection camera means (54) providing an image of said
wiring pattern to an image inspector (64) where said image is compared
with a reference image for determination of a defect in said wiring
pattern, )

said inspection camera means (54) comprising an array of

inspection cameras arranged in a direction transverse to a feeding
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direction of said substrate sheet in such a manner to cover a whole width
of said wiring patterns,
said position camera means (51) detecting marks (16) on said
substrate sheet to acknowledge a pre-inspection position of said wiring
5  pattern which is just before being inspected by said inspection camera
and providing said position signal indicative of said pre-inspection
position,
a speed sensor (35) detecting the feeding speed of said substrate
sheet and providing a speed signal indicative of said feeding speed,
10 said control means controlling to feed said substrate through said
inspection zone at a uniform speed based upon said speed signal,
said control means being responsive to said position signal and said
speed signal to activate said inspection camera means (54) for scanning
the image of said wiring pattern in synchronism with the position of the

15 wiring patterns.

5. The system as set forth in claim 1, wherein
20 said camera means comprises an inspection camera means (54A)
and a position camera means (51A),

* said inspection camera means (54A) providing an image of said
wiring pattern to an image inspector (64) where said image is compared
with a reference image for determination of a defect in said wiring

25  pattern,
said position camera means (51A) detecting marks (16) on said

substrate sheet (10) to acknowledge a pre-inspection position of said
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wiring pattern which is just before being inspected by said inspection
camera and providing said position signal indicative of said pre-
inspection position,
said inspection camera means (54A) comprises an array of
5 inspection cameras (55A) arranged in an array direction transverse to a
feeding direction of said substrate sheet so as to cover the whole width
of said wiring pattern when said array is shifted between a first position
and a second position in said array direction,
said control means operating to feed said substrate sheet forwardly
10 along said feeding direction by one forward step during which said
inspection camera means at said first position completes scanning of a
portion of said wiring pattern, and subsequently to feed said substrate
sheet reversely by one reverse step during which said inspection camera
means at said second position completes scanning of the rest of said

15 wiring pattern.

6. The system as set forth in claim 1, wherein
20 said camera means comprises an inspection camera means (54B)
and a position camera means (51B),
said inspection camera means (54B) providing an image of said
wiring pattern to an image inspector where said image is compared with
a reference image for determination of a defect in said wiring pattern,
25 ‘said position camera means (51B) detecting marks (16) on said
substrate sheet to acknowledge a pre-inspection position of said wiring

pattern which is just before being inspected by said inspection camera
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and providing said position signal indicative of said pre-inspection
position,
said control means operating to intermittently feed said substrate
sheet so that said wiring pattern is held stationary at an inspection
5  position for a predetermined period during which said inspection camera
means is controlled to move relative to said wiring pattern for inspection

of the wiring pattern.

10
7. The system as set forth in claim 1, wherein
said camera means comprises an inspection camera means (54C)
and a position camera means (51C),
said inspection camera means providing an image of said wiring
15 pattern to an image inspector where said image is compared with a
reference image for determination of a defect in said wiring pattern,
said position camera means detecting marks (16) on said substrate
sheet to acknowledge a pre-inspection position of said wiring pattern
which is just before being inspected by said inspection camera and
20  providing said position signal indicative of said pre-inspection position,
said inspection camera means (54C) comprising an array of
inspection cameras (55C) arranged in a direction parallel to a feeding
direction of said substrate sheet so as to cover the whole width of said
wiring pattern when said array reciprocates by one cycle along a
25  transverse direction perpendicular to said feeding direction,
said control means operating to hold said substrate sheet at a first

inspection position where said inspection camera means is shifted by
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half of said one cycle in said transverse direction to scan a portion of
sald wiring pattern, and subsequently feed said substrate sheet by one
step to a second inspection position where said inspection camera is
shifted by the remaining half of said one cycle in said transverse
5 direction to scan the rest of said wiring pattern.

said control means operating to intermittently feed said substrate
sheet so that said wiring pattern is held stationary at said first and second
inspection positions at which said inspection camera means is controlled
to move relative to sdid wiring pattern for inspection of the wiring

10  pattern.

25 8. The system as set forth in any one of claims 4 to 7, wherein
said inspection zone is provided with a suction table (70) which is

positioned behind said substrate sheet to hold said substrate sheet flat on
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said suction table by a suction force, said suction table being controlled
by said control means to hold said substrate sheet while said wiring
pattern is being scanned by said inspection camera means and to release

sald substrate sheet after said wiring pattern is inspected .

9. The system as set forth in claim 8, wherein
said suction table (70A) has a feed axis extending along a feeding
10  direction of said substrate sheet and is capable of swinging around a
vertical axis perpendicular to a plane of said substrate sheet to adjust an
angle of said feed axis with respect to said feeding direction for correct
positioning of said wiring pattern in relation to said inspection camera
means.

15

10. The system as set forth in claim 8 , wherein

said suction table (70) is movable in synchronism with said

20  substrate sheet being fed through said inspection zone.

11. The system as set forth in claim 1, wherein
said camera means comprises a view camera (54E) which gives a
25  selected area of said wiring pattern on a display (80) for inspection by
human eyes,

said inspection zone being provided with a backup table (90) upon
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which said substrate sheet being fed.
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ABSTRACT

An Inspection system for inspecting discrete wiring patterns on a
continuous substrate sheet of a flexible material by making the use of the
substrate sheet as a feeding carrier. The system is capable of assuring
accurate positioning of the wiring patterns (14) for reliable inspection
even with the use of the flexible substrate sheet (10) as the sole feeding
carrier. The inspection system includes an inspection zone (30)
provided with camera means (51, 54) for inspecting the individual
wiring patterns (14) and detecting a position of said wiring pattern on the
substrate sheet. A draw-in roller (31, 32) is provided to introduce the
substrate into the inspection zone. Associated with the draw-in roller is
a draw-out roller (32, 33) which draws out the substrate sheet from the
inspection zone and is positioned to define the inspection zone between
the draw-in roller and the draw-out roller as well as to give a tension to
the substrate sheet for extending the substrate sheet straight through the
inspection zone. A controller (60) is provided to control a position of
the substrate sheet passing through the inspection zone based upon a
position signal detected by the camera means as indicative of the
position of the individual wiring patterns on the substrate sheet within
the inspection zone. Thus, the wiring pattern can be exactly positioned
within the inspection zone relative to the camera means for reliable

inspection thereby.

12003
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10 substrate sheet 51 position camera
11 glass-sheet 52 field of view
12 copper layer 54 inspection camera
14 wiring pattern 55 camera unit
16 position marking
18 protective film 60 controller

61 position detector
20 feeder 62 speed detector
21 unwinder 63 processor
22 feed roller 64 1mage inspector
23 feed roller 65 speed controller
24  feed roller 66 memory
25 dancing winder
26 recovery roller 70 suction table
27 guide roller 71 press roller
28 frame 72 base frame
29 base 73 cylinder

74 guide rail
30 inspection zone

31 drive roller 80 display

32 pinch roller

33 drive roller 90 backup table

34 pinch roller 91 inlet

35 rotary encoder 92 outlet

36 guide table 93 riser roller
94 foot

40 collector 95 cylinder
41 winder -

42  feed roller

43  feed roller

44  feed roller

45 dancing winder

46 supply roller

48 frame

49  base



