, cde3e™[\ (B6xT<B 1. MJULTI - LAYERED ELECTRONI C PARTS 1 9 N 0 V 2002 The

present invention rel at es”mm]mw gical i nspection of electronic parts and
+ the like, being nore part 'mm"ﬂ lﬂl’gct ed to multi-layered electronic

parts such as those used for .\4\@[&;3 fromwhich integrated circuit chips are
formed, WOdW/46408pl ay panels, nmulti-chip nodul es, and fl| exiHdTABY9/01B830 t
patches and decals, etc, wherein there are top layers of conductors in
various patterns, an intermediate |aykr (sometimes externally Dr\l%lﬂg t he
conductor |ayer on top) and conprising transparent or transl ul‘,gﬁ{

i nsul ati on, and base sMUHITRLAYEREDBLECTROMIC RARJS cerami c, gl ass, netal
and the |like, also often carrying conductors in various patterns.
Background Fl uorescent |ight em ssions have previously been used to inspect

el ectroni ¢ CiTidiplesBRARGANLIBAMEIEES k& EheddpticaliREfeclbn BPERYrEMA baits bR
conductors defining circuits deposited therein. The conductors are

gener al 'txsg?ﬁf%%eg&&%r@ ﬁé‘rti,?@lﬁﬁy Birdt Bl Vtol AUADIafdrBl sfectrare PapS sG@PRer . oxi di zed

copper, copper wwth a tin covering and the |ike, wherein the rough

su" ! aceSuBEONEedt BP VKL M| i ARSIkl Shc REABE bed RhmiE! BAIGAg) N9 opt cal

I magi ng ues. a resu nut act ur er I nspect1 on ui prent have

Y & AR Ry LG ART BRo BULB BIE . Bl af deck®, ey BRERSPURRE SPOXY

| ayer carryrh CcTors conprising el ectronic tirc doi ng

whi e 1 HESBn YRR anauaE o MefsEE EBlelr 2 it Bk feeitibanc ' o)
conduct ors ha%,e def ects such as brokennﬁga uctors uch defects wll

h
accor di rigft§malppeatrving thesengueter layer a0 g R xqt%%r&g{ar #twi se, shorts

appear dark where a bright region should be, and are thereby detected as
def ect 5. TANSUICERBSMIaHRD 2ngbast RUbAIG RE BSIERTI2y S8 O3 65TaminE 255/ TEH05 7.

PCT/1 B99/01830 1 9 N O V 2002 for this use of the fluorescence is
speci f i c&d thedikeR)ed elipr CarRaNGEINELEersdn PHEULPASERY vari ati ons or i nagi ng
I nperfections in the rough conductor |ines thensel ves.

Backaround

Fluorescent light emissions have previously been used to inspect electronic
circuit boards consisting of layers of epoxy containing conductors defining circuits
deposited therein. The conductors are generally metal that can have a very rough
finish, such as copper, oxidized copper, reflowed copper with a tin covering and the
like, wherein the rough surfaces prove too difficult properly to inspect for
defects using optical imaging techniques. As a result, manufacturers of
inspection equipment have employed lasers of wavelength suitable selectively to
fluoresce the epoxy layer camrying the conductors comprising the electronic circuit. In
doing this, the epoxy background fluoresces in a different wavelength (color)
while the conductors do not fiuoresce and thus appear dark. If the conductors
have defects such as broken conductors, such defects will accordingly appear
as non-dark areas and can be located. Likewise, shorts appear dark where a

bright region should be, and are thereby detected as defects. The importance

[t
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In.an article entitled "Digital Optical Imaging O Benzo-Cydobritene (BCB)

. Thien Films On Silicon Wafers", by R A DeVries et al, Mat. Resi. Soc. Synp
.Prac. Vol 381, 199S, pages 165-173, thin filnms have been fluoresced to
reveal WO ONK#6e8,s variations or particles and the |ike. Fl URGBZNGE0 has

al so been used to detect various cracks and inperfections in Wi parts
and the |ike, wherein fluorescent material is washed on the b r az t hen
wi ped off, so that the only place that.the fluorescent material remains is
in a crack or defect into which the fluorescent material has seeped. In
connect i fon thist bisq lof tdhenSeoneadanice | isysnecifindlydoavertome theieffestsrafshexf concern

I n connection with the present invention, on the other hand, where several

| ayer s ooptixabvdriatisnsaorinmagrey immerfeetionspo theardught aomdbetselirmsithemsdhees! ayer t hat
itself may contain conductor |ines and upon which a transparent or ‘
transl ucent i I &t artidiecdretitied SDigital Optitzhimaging COf Bepep-Qyedbritene (BIB) Thati ryi ng a
top |l ayer containing patters of conductors to be inspected for defects, a

very di ffieheOh SHEGP Weifedr eR.A. DelVhes epilj Mal. Resk [See! Syath PfocsVallzsl,
multi-layered parts for such defects and the |ike. This problemresides

from t hey quyTRasEIClia01 24, ltﬁ?ﬁffhﬁﬁth}a?éléeérf ﬂmreédedttbleremafi@@@eﬁvérfms:ﬁss?.si nce

the reflectéd incident light reflects fromthe lower |ayers as well as the

top | ayeﬁarﬁ&é@?ﬁdﬁ%l% overlay of all these reflections which does not
al l ow di'scrim natrng i nspection of just the top conductor pattern |ayer

ones oo ¢ pOHRkarALBERLS dein S ) FLBALE  BP: B Rt
o e AR R BB B e B R BRI 1
,I[ ;%u gﬁﬁ%ﬁg r\‘«ﬂSerJ gtif,n& tthg? tt%roen y? Bfaccia rt]r\\/a%%é HEOrngen \fneartériail Sﬁertnra]l%s qs' i%%over y that
crack or defect into which the fluorescent material has seeped.

In connection with the dense multi-layer integrated circuit parts of concem in
connection with the present invention, on the other hand, where several layers or
coatings are superimposed upon a bottom base substrate layer that itself may contain
conductor lines and upon which a transparent or translucent intermediate insulation
layer is superposed, in tum carrying a top layer containing patters of conductors to be
inspected for defects, a very different problem arises in the optical inspecting of such
multi-layered parts for such defects and the like. This problem resides from the
compounding of reflections from all the superposed layers since the reflected incident
light reflects from the lower layers as well as the top layer, creating an overlay of all
these reflections which does not allow discriminating inspection of just the top
conductor pattern layer alone, as required.

Attempts to discriminate the top conductor pattern images by the use of dark

fields, shallow angle illumination, color discrimination, and cross polarization

illumination have not met with success.

SUBSTITUTE SHEET (RULE 26)



use of an internmediate light transmtting preferably translucent or

. transparent insulating |layer that is susceptible, in response to a
.predeternm ned wavel ength of incident light, to fluorescing at a different
wavel engVR 0044688 conduct ors of the conductor pattern on t hePGLABI9/BIRaG
reflect the incident light at its original wavel ength and do not _.féuor esce,
and can be readily distinguished, and the desired inspectiohd oV ¢l top

| ayer conductors only can be discriniBatingly and sel ectively achieved,
whil e al so rejecting, masking or nmaking di sappear, any incident |ight
reflections flodendyethe presenlinveatiomthomevar ds herdisroverydhatthreugbithe adnmi r abl y
sol ving the above-nentioned problem Wite such an approach has been taken
Wi t h car use0f an iptermegliate fight trangmitting ereferably ranstusentontrenspaiept art, such is
not adapted for the irregular bunpy boards and angl ed conductors of nass

pr oducedinsuleting taybothatiss susceptibfes irsrespohselte d priedetesriined swwdlebgthidiie present

i nvention. Objects of Invention The primary object of the present

i nvent i oimcidentclightl] togflyoresangtar apdiffeiedewavelengthnthe copdacted ofthdrcahdattoand
apparatus for enabling the discrimnating and selective optical inspection
of def ecpstterndnithe tbp krepfefletithe ayrdeht Hifhteatts driginahwaveldngth@at oot part
and the |like conprising also internediate and bottom | ayers, wherein the
top | ayefludbrésdel 888 can ParE&IP dtin§GEEAC bAA the Bekifed dsspettititofaie téfByéd ke to
be discrimnatingly inspected for such defects, and in which the

|t er ediHopicloRy Ghly BRI AmiAN R A8 Lelceliy P BEMER, ihAd 8l F@BEargns Ul at i on

susceptible to fludorescing 1n response to the predeterm ned incidéent

vavel enolieh bPARRFY ek iny FRLEH (o undh S b becbRgeonduct o
oSl i TRRE ARG L LEEN O SoMAk 4Blp WA AR T ST
R T L T Wi s T Ty

enabl ed o be i ed while effectively _causi ef.lections from/layers
el uds ngvesH ahiegin e PRyGHtich s et ey T e sy Binab SRS & her
and further_objects wll be explained hereinafter and are re particularly
del i neat ?'?Ft?%qe@o%‘ﬁ%ng@ﬁ%&ﬁame&oﬁH&&nﬂﬁﬁr}W %&ggék% from

per haps onqe of its broadest viewpoints, the invention enbraces a nethod of
opt i cal | §4qrassed byithe PresesbinveRtoN. of a nul ti- | ayered el ectronic part
conprising also internediate and bottom |l ayers, the top |ayer including a
pattern of, conductors to-be-inspected and an internediate |ayer conprising
transparent or translucent insulation, the nethod involving selecting a

pr edet er @biesls of doyentient h of incident |ight to which the internediate

i nsul ation | ayer and not the conductors or other |ayers responds by

f1 uor esci ng althexpdingheobiact ofdhe preseptrinvention; agdordingly, is ke piavisiedenew | i ght

upon the top layer of the part; reflecting the incident light fromthe

I ayer)s aant imgroved metHddeofranti lappératussfobanabling the disodmipating and agtective

returning fluorescing light of said different wavel ength to the canera from
t he fl uooptkel ingpactibe offedfeatsaandakie like 6Elopdayare by a intgHayereandiyctidné paet ur ned
fluorescing light to suppress all other incident light reflections to the

camer a famnhedike conipbiaing aliadnteahadiateid BERINMRSeA! Rhbaethe toftdyepy toO

present the non-fluorescing pattern of conductors of the top |ayer as

cont r ast et 8httelr/RLoABGAISOURA kO8Nl kORI OuLaRARIgAT © | ayer

image, with resections trombelow the intermedi ate 1ayer effectively

di sappeajn edio sign..t.achng . i@n are

R e e I Ry e s S A

s. Draw GeLsndinkt braRARedt s dation slidceRhitfe 35 Miorescing in response to the
predetermined incident wavelength of inspection light, selectively displaying the top

conductors as dark images on the fluorescing intermediate layer image, and with the

fluorescing image masking reflections from lower layers.
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The invention will now be described in connection with the acconpanying

. drawings. Figs. 1A and 1B of which are partial cross sectional views
.showing light reflection froma multi-layer chip or the like back to a
caner a iWoagm@esodance with the techni ques of the present inwentssmnissphe chip
in Fig. 1B having been noved in scanning to the left, in front-of the
canera fromthe position of Fig. 1A, Fig. 1Cis a simlar ViTGQNNH‘V GI'B next
scanni ng position showi ng fl uorescent 4catter back to the canera 12 %)m t he
internedi ate layer only; Fig. 2 is a graph illustrating a preferred

fl uorescent spefurthemobieatyis té poovige siicbra rovel pptnahindpectien kegheique méwreini on
material in response to Argon incident |ight of emssion |ine 488

nanonet ethe inBperting oftop layemsvwithi coridactors shd vhenlikel is seledivalgl endblad do be

i ndi stingui shable reflections occurring fromvarious |ayers of a

mul ti - | ajeagetivhile effecivelycatbing pefetois frovanidroncladingwbhdlctsrender s t he
discrimnating detection of defects in just the top | ayer substantially

| npossi bttesretidiOw, dffedivelyaotaiRed B8appal t he sel ection of the fluorescing
i ntermedi ate insulation |ayer in accordance with the invention show ng a

total sol uti ogyther dMErHRPbEER Wil %%&b{a}#@sg}e}@ﬁﬁ@%m%rﬁi Ard ﬁp | ayer

pattern of conductors and suppressing a ections bel ow the

I nt er medj i | @S A Bai respectively simlar to Figs. 3
and 4 foPQ%EHilaﬁ¥?regﬂ§é}g%ﬁe€‘% agggi n sﬁ%'\;ﬂ\;lrsﬁg the efficacy of the invention.
SUBSTI TUTE SHEET (RULE 26) WO 00/ 46608 6. Preferred Enbodi nent(s) of the

| nvention PCT/1B99/01830 1 9 NOV 2002
) Summary

In summary, however, from perhaps one of its broadest viewpoints, the
invention embraces a method of optically inspecting a top layer of a multi-layered
electronic part comprising also intermediate and bottom layers, the top layer including
a pattern of, conductors to-be-inspected and an intermediate layer comprising
transparent or translucent insulation, the method involving selecting a predetermined
wavelength of incident light to which the intermediate insulation layer and not the
conductors or other layers responds by fluorescing at a different wavelength, and
impinging the incident light upon the top layer of the part; reflecting the incident light
from the layers and returning the reflections back to an inspection camera; returning
fluorescing light of said different wavelength to the camera from the fluorescing
intermediate layer; selectively imaging only the retumed fluorescing light to suppress
all other incident light reflections to the camera from layers above and below the
intermediate layer, thereby to present the non-fluorescing pattern of conductors of the
top layer as contrastingly dark in a background of the fluorescing intermediate layer
image, with reflections from below the intermediate layer effectively disappearing.

Preferred design techniques and best mode of operation are hereinafter

described in detail.
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A typical nufti-layer chip of the character above-described is shown in

. Figs. 1A - C, conprising a base or substrate layer L, as of ceranmic, for
.exanpl e, shown carrying a |layer L3 of netal conductors C thereupon, and in
turn coV¥Q 6698 an i nternedi ate |ayer L2, generally prefeP@PIB9%08ass| ucent
or transparent as, for exanple, of organic polyimnmde material] @gpgyjgpe !i ke,
whi ch insulates the | ower |ayer conductors C fromfurther conductors C on
a top layer LI superposed upon the inbernediate insulating |ayer L2.
Incident light L froma light source is illustrated as directed by a
hal f - si |@widgsmi rror M upon the top layer LI of the chip and reflects from
the top | ayer pattern of conductors Cl. The solid vertical arrowed |ines

i ndi cat e |i ghthe inventiomawill mgwi bedeteribed in canckctied Withtthe acgnipaokingowar ds t he

i nspection canmera CAM Since the internediate insulation |ayer L2 covering
t he | owadrawiagsluctors C of the layer L3 will not be flat, but irregular with
bunps, as shown) fornmed by depressions in the |ayers, the top conductors Cl
my be sonewrgs. andarRo1 By Whh RFOp&tibl digssi sectipal dews sikswing light'ps in | ayer
L2, as shown, and sone reflection therefromw |l not reach the canera in

vi ew of Lf@tidA$dn an\)\;ﬁlflﬁa@l&ﬁ@i&‘i‘ﬂe iRy Bk @6 a GBMEKE indiccbrbian@ivith kg T egi ons

of the conductor C be reflected back at R up toward the inspection

caner a. i R B Beskherkiof B ch AP 1BAUGCReRmdyal 4 ans] ucent or

transparent Iniernmediate insulatfon 1ayer 12, al so refl ect back

tovar ds lfmARHPIR EAM AT iR LANES iy Bl POBEBHEF PE1S P 9. 18, and from

t he base i's causes a conposl overlyrng reflections from

t he various | . that.co i nal i cLid er
conduct or s o el Fr et S S8 Ae BRSRE EAIng BubEce A |

| ater be _npre.fully explajned, SUBSTI TUTE SHEET ( RULE 26) WO 00/ 46608
PCT/JBQS’FH&@%‘ElGéXq@ﬁ%U’ %Qterqqﬁ@a{:edﬁ%qrgn hd imaging circuitry may be for
exanpl e of the type descrjbed.in ri U.S. Letters Patept Nos.

5116, 34 andie 257 88" plyeaunds SetBied funtsent SEEURIARIE Tome

mul ti-layered, product chip or other part is passed by the canmera or the
Carer o JPAATSGTERTISAtE AYEr TesURSPn SHALETALIN feARBE £ ARSULIBRHERR GNP
described, as further illustratives, in U S. Letters Patent Nos. 5, 0S8, 982,
5, 153, 6I68Nissian lines48B pawmetarsaccor dance with the present invention, this
confusion is admrably obviated through a special use of an incident |ight
wave | engt h [Fig.I3ais awiew of usevasiayipgintermingled aaelingitinpuishalie reflectienser L2 to
fluoresce with light of a greater wavel ength than the incident |ight, as
schenmat ioceurting Stoowarinustidyersiof & eullti-layer wafeagiorfoithe atdsent] ineerticoraidback from
the irregular surface of the layer L2, Fig. 1C, with sone fluorescent rays
bei ng covhichmendersithe diseriininating'defention bdeferte ingugAtie tom tayadsubstartiisliyot t ed
ray contributions off the vertical axis from exposed bunp/depression areas
of the limpassibleyt covered by the angl ed conductors. By filtering al! rays
exce?t those of the fluorescence greater wavelength at FIL, the reflections

R of "t he i nciRteRt is\why Rhadiad Witafthé s@sctiohAf andfiudiestirg intepmediated at t he
filter FIL, only fluorescent light F fromthe internediate Layer L2 will be

i maged basutahenw@wa&eMan%Wh&héImvéheéﬁ'srfwmgré eStaESHI @A toaner L2 of

t hi ckness sufficient to cause the fluorescing layer to be substantially

totally p?dlﬁéiﬁ'%@vselgﬂiv%lyf r%ﬁléhﬁﬁ% }Hé taniePsaﬁié?ﬁ of BPhdiVRE aR@shsEressHg
conductors O as dark in the uorescing light 1mage of the Tayer L2, and,
b (WPl i, gk f . [ f : s hel th
R e A A o i e

i nternediate e ctl y di sappear

cioar anrieB Serd 9ol h el el donbhisrBulriaitis bolEd ARImeBibR o e &

Fig. 2, as before stated, shows the fluorescent light intensity spectrum
for a preferred argon layer |ight source X suitable for a preferred
polyimde material of transparent or translucent properties, serving as the
i nsul ation coating layer L2. SUBSTI TUTE SHEET (RULE 2G
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WO 00146608 8. PCT/1B99/QA 830 1 9 NO V 2002 Wth this, a conparison of

. Figs. 3 and 4 shows the efficacy of the invention. In Fig. 3, a nornal
white i i mage was produced of such a multi-layer wafer circuit, show ng

all the W@sbehl nd the top conductor layer. Variations RGI/BAXOISRHN f ace of

the conductor lines is also apparent. Through this technique the toE) | ayer

Is inspected ' without interference %v overlay by any of the 18dHi 1

reflections fromthe | ayers therebel In this nmulti-layered wafer

structure the top Ia er .appe: white with many dark lines traversing it,

SRR o 5y 2R th al the layers behind | being al so

visible. It is not only very difficult to determ ne what the top Iayer IS,

but it is virA quaympkp'axgr dhinof; the char@cter ehaye-geesibed ds skt indfigs: 1

defect for that matter in the top conductor lines. In contrast, Flg 4 is a

phot ogr apfB mArisiagfa baseds sohstratenayer brsefmetemis, frcemioshavnh t he

I nvention Fig. 1C, which clearly shows the top conductors. Through this

t echni qearrying atlayer|Lapé metal condyatars €utharauipon; andireture covered by aover | ay by any’

of the light reflections fromthe |ayers therebelow. In Fig. 5, another

muf t i - clintermediate dayes Ls,igemardiig prefgrablyrteanshumpgnt or, trahspaeerittas; fordixémplepl t t o

determ ne what the top layer is, and with many |ines and bands runni ng

t hr ough of beganitassyigite ieteriabaidige likbanigels insLifatéd the Iwehiayer esnduttetsng t he
invention (Fig. 1C), the fluorescent imge very clearly distinguishing the

top | ayer frémTdreérddonduCor Cedn £1¢H 1H5drQ stperpp¥dd ub&y eHeSintéMriddRitd he
I nvention has thus far been described generally in connection with

fl uores%sr&%blnaweauon | ayers, preferred | ayers are polyim de organics
fluorescing

Incident light L from a light source is illustrated as directed by a half-silvered

mirror M upon the top layer L, of the chip and reflects from the top layer pattem of
conductors Ct. The solid vertical arrowed lines indicate light-illuminating incidence L
and reflection R back towards the inspection camera CAM. Since the intermediate
insulation layer L, covering the lower conductors C of the layer L; will not be flat, but
irregular with bumps, as shown, formed by depressions in the layers, the top
conductors C* may be somewhat angled by the projecting irregularities or bumps in
layer L,, as shown, and some reflection therefrom will not reach the camera in view of
the angle of the deposited layer of conductor C*; but flat regions of the conductor C*
will be reflected back at R up toward the inspection camera. In view of the light
transmitting properties of the transtucent or transparent intermediate insulation layer
L., light will also reflect back towards the camera CAM from the lower layer conductors
C, Fig. 1B, and from the base layer L4. This causes a composite of overlying
reflections from the various layers that confusingly makes inspection of the top layer
conductors only quite difficult if not impossible in many cases as will later be more

fully explained.
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in response to 488 (or 5i4) manoneter incident argon wavel ength
_ilkFumination. The fluorescence spectrumbeing in the range of about 500 to
. 7000 manoneters, Fig. 2, and it is mthis range that a selective filtering
(FIL) i|iWoM9uee8sful ly effected to distinguish fromany rePCHERMOMIOf r om
non-fluorescing materi als caused SUBSTI TUTE SHEET ( RULE 26) anm 6608
9. PCT/1899/01830 19 N o v 2002 by the incident light as shkor? Fi gs.
4 and 6. Qther wavel ength sources and cdrrespondi ng fluorescing materials
as in the above article may al so be used in accordance with the phenonenon
under | yi ng t ideicamen pahimding erquity ey therfor exammple of thigdype dedssibedines L4 are
sel ected fromceramcs, glass, epoxys, and netal. The invention, noreover,
i s appl inyapricar UBekeitars Patient Mo Sel k9,434 amd /HioT j08Bdprepwdosstsefimage ¢ or ot her
parts requiring such top |layer selectivity of inspection w thout confusion
by refl éuspectivh ds thrhyltigayelezymoductdhgser othgr part liuupbssed by dddiatepsmot 0 t he
wafers fromwhich integrated circuit chips are fornmed, flat display panels,
nul ti - chihdcarmetalseans dlee xhdpst.J Othdraptitalnnspeansn apsbrates ats desedbad, aer
applications. Further nodifications will also appear to those skilled in

this ar fydng ||ﬁJskra§Mé‘shm@SPQét%érg%%tMngb'SB\gBQhS A5 BES 8Rd Ki3g3@Bg, scope or
the invention as defined in the appended cl ai ns. 'SUBSTI TUTE SHEET (RULE 26)

- 1 0° 1 9 NiblaVeckBee e i predent RAntisn, tRRBAAIIh if B8mab) 6Blikikd

i nspecting the top layer ti-layer ectronic part conprising also

| nter medi,a E"ﬁ g@‘aeggltﬁs%@fgﬁﬁ'ﬁro%nt @ﬁ‘tx&% e RYE! EH%‘EWCTJP'&EPLEe%nQ%é ern of

conduct ors €- I nSpecte I sposed upon an |n ernedi at e layer of

t ranspar. V shaped
burme, - ARt TR e L Bhe SR R R o Pl Bl BT BT, 0127

t her eof

or cdet e ook o Srshe b oun by iBERRE) B Fsir) élﬁ?’g@‘fgs‘#n?gé@? "and not

th t by fI t diff t
MSJZES”C Srfggvfﬂ&aﬁ"‘%ﬁspﬂ R JBvaiincte: Nty Vikh SHAE arec TG R cal |y

upon the er to cause reflection of the incident ht back
verti caICPlij ﬁhﬁéﬁ'é‘clt ifomtheLRBeEe £6M: |"?Fﬂ-{ﬂ"?ﬂgtrlelf@ttlegﬁa‘t'5 pbytioBEei n; neans
for filteri ng out the vertlcally reflected |ight of said predeterm ned

wavel en@ffthe yegical g PW@P@?@&W%?GW%S'@%E@&& of theclgyen MRACPYRIES BYis i n
front of the canera for collimating fluorescent |ight of said different
wavel endihargied eenduckassn BhBitermocalineus axeent Mhase of theiffyorgpaescs g@AtSrwi th at

| east some fluorescent rays being collimated fromdirections other than

ver t i caMayelepgihuatiflihghe reflectionsor ef thenncidentswavetengsh ohigos udhenst Heare
directions fromthe internediate | ayer including a fluorescence

cont ri bsupgrassedantion Sberdilie,onhofitdrescentlight ffomrthe gntkamédiate paveet: willd shaped
bunps; neans for selectively creating an inage in the canmera, only fromthe
col | i matbedmagediby thte dadmepa €A ryith aghioresting interinedibtd taeer Ingf tidknessher
incident light reflections to the canera from|ayers above and bel ow t he

bunpy i sufficieatiicedisk dyefiuorédtrigabyertto bersedetahtidifyetotip-obbgeeds 8 Rguleat t ern of
conductors on the top layer as contrasting dark inmages in a background of

the 1 ua eswing thé"ﬁdérlé‘%‘# F@&&n‘ GRBhJUICTBGG! AMhrir thelfRiot@eing BfBt i@ bel ow
the internedi ate | ayer effectively di sappearing.
of the layer L, and, because all incident light wavelength reflections R from layers
below the intermediate layer L, are masked or suppressed, they effectively disappear
(shown not passing through filter FIL in Figs. 1A and 1B), affording a clear and
selective inspection of just the top pattern of conductors C*.
Fig. 2, as before stated, shows the fluorescent light intensity spectrum for a

preferred argon layer light source X suitable for a preferred polyimide material of

transparent or translucent properties, serving as the insulation coating layer L2.
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2. In an apparatus having an inmaging inspection canera for optically
i nspecting with the aid of incident light of a predeterm ned wavel ength the

o top | ayeyo efucdodnul ti-1ayered el ectronic part conprising algG 5086135 di ate

and bottomlayers, and in which the top layer includes a pattern o
conductors-to-be-inspected covering portions of an internedi @quv?p@r of
transparent or translucent irregularly bgnmpy insulation of materi t hat
fluoresces in response to the incident light at a wavelength different from

sai d predet er \Wiftpthi¥ay BipsHan df PRs PUBRY 4|sRY¥RE tiemEdgionehd phadtiore! Y fl at
regi ons between a plurality of depressions therein; and wherein it is

desired glﬂgigtﬁh nbrtal ﬁ:‘t‘@ﬁ%t‘gﬁ;é&% @gggl’bo‘&%d’ oPﬁ;cB%CrﬁLMﬁﬁL %vatf&ecinofcgifera’

filterin the 1 nci dent r term ned wavel eng to produte

e T T
el U BORELRTRE Ol D Bhe TRALAN ) QoL bShA Ve Chadeser ng. 2
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Further modifications will also appear to those skilled in this art and all such is
considered to fall within the spirit and scope or the invention as defined in the

appended claims.
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having irregularly spaced and shaped bumps, and with some of the conductors angularly covering
only portions thereof, said apparatus having, in combination, an incident light source of
predetermined wavelength to which the intermediate insulation layer and not the conductors and
other layers responds by fluorescing at a different wavelength; an optical path for directing the
incident light vertically upon the top layer to cause reflection of the incident light back vertically
to an inspection camera for imaging the top layer therein; means for filtering out the vertically
reflected light of said predetermined wavelength to prevent its receipt by the camera; a
collimating lens in front of the camera for collimating fluorescent light of said different
wavelength emitted from the intermediate layer in all directions with at least some fluorescent
rays being collimated from directions other than vertically, resulting from fluorescent emissions
along such other directions from the intermediate layer including a fluorescence contribution
from uncovered portions of said irregularly spaced and shaped bumps; means for selectively
creating an image in the camera, only from the collimated returned fluorescing light rays while
filtering all other incident light reflections to the camera from layers above and below the bumpy
intermediate layer, thereby to present the non-fluorescing pattern of conductors on the top layer
as contrasting dark images in a background of the fluorescing intermediate layer image, and with

reflections from below the intermediate layer effectively disappearing.

2. In an apparatus having an imaging inspection camera for optically inspecting with the aid
of incident light of a predetermined wavelength the top layer of a multi-layered electronic part
comprising also intermediate and bottom layers, and in which the top layer includes a pattern of
conductors-to-be-inspected covering portions of an intermediate layer of transparent or
translucent irregularly bumpy insulation of material that fluoresces in response to the incident
light at a wavelength different from said predetermined wavelength, the bumpy layer comprising
relatively flat regions between a plurality of depressions therein; and wherein it is desired that the
fluorescent wavelength only be received by the camera, filtering out the incident light
predetermined wavelength, to produce therein an image of the pattern of conductors that is
contrastingly dark in a background of the fluorescing intermediate layer image, with light
reflections from below the intermediate layer effectively disappearing, a method of enhancing the

fluorescent imaging, that comprises,
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vertical as well; the collimating further enabling the reception of fluorescent ray contributions

also from said exposed areas of the depressions that have been left uncovered by conductors,
thereby to contribute to the fluorescent light received and imaged at the camera, and providing the

fluorescent light image that achieves the contrast of the dark conductor pattern.

3. A method as claimed in claim 2 and in which the insulation layer is provided with via or
contact holes which appear dark within the fluorescing image in view of the reflection through

the holes from non-fluorescing layer(s) below the insulation layer.

4, A method as claimed in claim 2 and in which the bottom layer is a base substrate selected

from the group consisting of ceramic, glass and metal.

5. A method as claimed in claim 4 and in which the insulation is an organic layer

susceptible to fluorescing in response to the incident light wavelength.

6. A method as claimed in claim 5 and in which the organic layer comprises a polyimide.

7. A method as claimed in claim 6 and in which the incident light is provided from an argon
source having predetermined emission lines at 488, and, or 514 nanometers, and the fluorescing
insulation different wavelengths is in the spectrum in the range of from about 500 to 700

nanometers,

8. A method as claimed in claim 2 and in which the part is selected from the group
consisting of wafers for the forming of integrated circuit chips, flat display panels, multi-chip

modules, and flexible circuit patches and decals.

9. In an apparatus having an imaging inspection camera for optically inspecting with the aid
of incident light of a predetermined wavelength the top layer of a multi-layered electronic part
comprising also intermediate and bottom layers, and in which the top layer includes a pattern of

conductors-to-be-inspected covering portions of an intermediate layer of transparent or
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predetermined wavelength, to produce therem an image of the pattern of conductors that is
contrastingly dark in a background of the fluorescing intermediate layer image, with light

reflections from below the intermediate layer effectively disappearing,
apparatus for enhancing the fluorescent imaging, that comprises,

a pattern of conductors applied on the intermediate layer such that the conductors lie at angles to
the layer and cover only portions of the bump depressions to expose some fluorescent areas
thereof to the camera; collimating means disposed in front of the camera to gather in fluorescent
rays, not only those vertically emitted from the intermediate layer, but also rays emitted along
directions off the vertical as well; the collimating further enabling the reception of fluorescent ray
contributions also from said exposed areas of the depressions that have been left uncovered by
conductors, thereby to contribute to the fluorescent light received and imaged at the camera, and
providing the fluorescent light-background image that achieves the contrast of the dark conductor

pattern.

10. Apparatus as claimed in claim 9 and in which the light source is an argon source of
predetermined emission lines at one of 488 and 514 nanometers, and the fluorescing insulation
different wavelength is in the spectrum of range from about 500 to 700 nanometers.

1. Apparatus as claimed in claim 9 and in which the intermediate layer is of a polyimide.

12, Apparatus as claimed in claim 9 and in which the part is a wafer chip.



