; e3e: 667d8: 69%Z: 6: T: bkOWD 001 57162 PCT/1B00100334 1 9 Ntl1V 700Z 1. The
present invention relates to the optical inspection of sem -conductor:
structures and the |like, such as nufti-layer wafers, chips, circuit boards,
etc., bei nd¥@®B¥F16bhecifically, though not exclusively, concePREABH{VAB34h gh
sp€ed inspection for defects or artifacts and the like, and to the

enpl oynent therein of selective |ayer fluorescence as an aid to
preferential discrimnative or selective inaging of predeternin?% ﬁﬂffﬁfes
or layers or parts of such structures. Background The use of a 0v70

| aser-beam excited fluorescing top dielectric layer of a nulti |ayered

sem -conductor wafer or chip or the likejfor the purpose of shadow ng

conductor patterns deposited on controlled flat surfaces there
t hereby masking |ayers therebelow, is described in U S Patent (TmummmmmI‘"""“m
5,278,012 to Yanmnaka et al; agwhMicONCUEORYTRUCTEREYIPON for enabling.the

use of such techniques with rough or randomy bunpy | ayers or surfaces and

protrudi ng angl e conductors is acconplished by the techni ques described in
ny co-pendi ng US patent application serial No. 08/880,836, filed June 23,

1997, for "Method 1k drddnE Mlvéntioh REBREtd the dtitd) inspacBbe of Ereicdonandter Parts And
The Like Wth Fluorescent Scattering Top-Layer D scrimnation And Apparat us

Therefor". it INGHRARRIRRAB likd, Blidhas mWM-9eF fafeh, cREd/crBRObEREB 4te, SeifipV Z00Z

The use of fluorescence in inspection systens for other purposes has al so

been taught, e shIfi@URTROEN rot BRABHENErRENLY with highi dpeB® & tibA fenabl e
ignoring grainy netallic conductors in structures having high contrast in

the visible gprels'drariRetiaAITe#¥ like, and to the employment therein of selective layer
!
fluorescence as an aid to preferential discriminative or selective imaging of

predetermined surfaces or layers or parts of such structures.

Backaround

The use of a laser-beam-excited fluorescing top dielectric layer of a multi-
layered semi-conductor wafer or chip or the like for the purpose of shadowing
conductor patterns deposited on controlled flat surfaces thereof, and thereby
masking layers therebelow, is described in U.S. Patent No. 5,278,012 to Yamanaka et
al; and improvements thereupon for enabling the use of such techniques with rough
or randomiy bumpy layers or surfaces and protruding angle conductors is
accomplished by the techniques described in my co-pending US patent application
serial No. 08/880,836, filed June 23, 1997, for "Method Of Optically Inspecting Multi-
Layered Electronic Parts And The Like With Fluorescent Scattering Top-Layer

Discrimination And Apparatus Therefor".
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a of Orbot Conpany and ot hers}, but not addressing the problem of
elimnating i mages from!lower layers. It has further been proposed (Hughes
Conpany) to use television caneras to enable an operator to view) in one
large fielVMOO¥BH6}| uorescence of the corner only of wafers |REEARIGO00II4a
cassette, to determ ne whether resist has been applied or re pqﬂwqﬁ m each
waf er as a nmeans of process control, as described in the arti @
Throughput | nspection Tool For Photoresigt Patterning”, Seniconductor

| nt er nat i onal )ryeqRs 3m%r):sc&%%zn insPEctiBh 898 eths fd?\Sﬁﬂ:F Q’B%se?'ﬂag zn?(% piher hand)

addresses the very much nore rigorous and difficul F pr obl

aut omat i ¢alohy 2PEbF QLM m;ﬁ& ﬂ@o&e@n@wyec@cmssﬁa&omngme %ﬁﬁggﬁ@gi ng

i nspection o t'he conpl éte surface of every wafer ts in the

resi st D%JIQI.%OM&E{O?P )sf]rﬁ{':{ﬁn:s’?ﬁ @hph'cgﬁtrﬁslf'mt g lsmléqg})%l:%nééchg[ﬁlgn?c line

wi dt h or spaci ng or ot ectsm
resi st chnigque for .
photore3|2§"?$uor g§3£9g§§Y%Lgmﬂ @gaﬁﬁ%ge anarigﬁéxg m@% n& WHol e waf er
unli ke | the tel evision rge field-of

f di def
i ew oot S [oHeh BRETonf bt BHEE hehiPicet ol (b FumLSaRee b ol
f ti f th d As t b|
ol 0. def 6B=i8f SLEREDIRTE RPN BEReIone B 1ok BeC LB SFER' Yo 4Pdenot be

detectable in | arge bright flelds of fluorescin sist as in the technique
of sai d SR T MECTIREAIHIE AEFSH RIS BHES yhethger it Saheengpeiiarc. anal ysi's
of the wafer pattern as to its conformty to design_rules) known good

r ef er enc &emovagd frran sacheypafesas a) neeang oDprogess gonirad. ay desmnibed Iﬂd@éém‘:&hd‘“a@j acent
circuit patterns on the wafer or the |ike for checking correct pattern

mor phol og'wousbpmdmpect@ﬂ Eenl FouPhateresisttRagaring”i Serpicensiugionfitgrnagiorshj ect  of
the present invention to provide a new and i nproved net hod of and apparat us
f ar enabBSeptgmbérel Ri7gh speed optical scanning inspection of nultilayer

waf ers, chips and other sem -conductors and sim | ar devices) that shall not
be subject to the prior art limtations above di scussed; but that) to the
contrary, shall enable the automatic total inspection for defects and

def ect - f ree d&pepteseminvehtignh) oh ttecshathand, rditesses thenieganhudnmpreaigssusof each
waf er | ayer, accurately defining the |location of the desired conductors and
ot her ci andidiffisily problemesf atloatadcdilyguecfofmhiapa oabaemdred pdicdnt highgpeedj ect is to
provi de such a novel technique that enables the automatic or sem -autonmatic
i nspect i edanfing ifspecionifithedonspldto sieiick by ey vafel fqralitdefdatsgeeieatsivt, and to
detect defects such as opens, shorts, nicks, protrusions) etc. and al so
resi dual pattdrRyeavRHf, @lichidairRhOdMeHs, [piftofds, REsHRCR DAk bt bi dpacinfloeh) in netal
subtractive processes) |ater descrlbed) can prevent proper renoval of netal

during agiothtldyy, ddtPfor 6MBr Gelet3€inINOpdiriRl Fedtst OThél fivertidny RBredoédbss: and, in
metal additive processes, as later nore fully explained, can prevent a

second | sy@ikouph aRA¥I @EhniRiedbr SHoRIFE K NNBredRROS AddeRhatehREbC Alallpsisoondi ng to
base nesa! below the scum causing voids or breaks. WO 001 57162
PC Tl | BOGA@033ble wafer surface, including defects that, unlike in the television large field-of-

view corner inspection of the said article, may represent only a small fraction of the

viewed image. As an example, the invention enables a pin hole defect of but one or two

pixels to be detected, which would not be detectable in large bright fields of fluorescing

resist as in the technique of said article. The invention additionally permits of automatic

analysis of the wafer pattern as to its conformuty to design rules, known good reference



1 9 NOV 2002 4 An additional object is to provide for such inspection
when the photoresist has been deposited on netal |ayers and before etching
of the underlying nmetal, to enable repair in the resist application stage
of fabricaypagsrbore etching. Still a further object is to pcmBodesds4 new
and i nproved | aser-induced fluorescing photoresist inspection system of
nore general utility, as well. ether and further objects mﬁll19ngy@pained
hereinafter and are nore fully pointed out in the appended clalns. Summary
In summary, fromone of its inportant instrunentati on aspects) the

i nvent i orlM8aeY abbadizgsprairawit Batiesis aspthe paferyor thededer ehgcking cpirgtitpapaque
conductor line pattern on the top layer of a nulti-layer integrated circuit
waf er andn@mbolopyasmslit he excl usion of patterns on |ower |ayers) wherein
the conductor line pattern is formed on such a top layer of a material that
fluoresces in response to |aser light of predeterm ned frequency(ies) and
wherein the fluorescing frequency is different fromthe predeterm ned

f requency)bjeas df iappwioat us havi ng, in conbination) neans for generating and
directing laser light of said predeterm ned frequency(ies) upon said top

| ayer along a pair of beans inpinged fromopposite sides of the | ayer at
opposite inclined angles thereto; neans for optically inspecting the |ight
of said diffengRtacdorifigleBs ¥bjbbiwPiiRssitdat invemidne preidd BY&H ahdlini#§R@Nse to
directing of the pair of beans thereupon, creating an illum nated top |ayer
f1 uor escinfighdd &%dQs&kﬁﬁ@mn&\aﬁﬁﬁ@mgﬁgm%%wwcal SRUBAIS mﬁleamrbfmn@h the
conductor line pattern VUO 00/57162 PCTI 1B00/ 00334 %9 0 V 2002 appears
as dar k 'ldﬂ?ﬁiafe?@?@ s bt ot AU f-LMAulBR MRSIAHIAQRVREs, [ SR for®E | aser beans
to ﬁyo;d exact frequency coherency that nhght generate freqyenc¥ beats; and
means fo : [ eans to
ol 1 i nat S Fe 13 etfioP i mRRAT e AUERG, TGS R el hd) SlanfsCe™ss

adj acent 460 UQ%ﬁét%rtoJal NS S{Eétpgné §ét& -é&%epggigm otoﬁh%%rg\gis?? indfie
msinterpreted as a dark - conduct of - fine. From a-broader Vi ewpoi nt) "t he

i nventiop,al sSo enco ses a.nethod of tically inspecti he
[ ght - op S SATHIGREE P o e Ly e Aoreieh efilpeng BRER o e dotfeq oy e,

integrated circuit mgfer and t he ILke to pe excl usi on of patterns on | ower
| ayer s f(ﬁlé uctors and other circuit structures thereon and their absence.

A further object is to provide such a novel technique that enables the automatic or
semi-automatic inspection of resist patterns to verify correct pattern geometry, and to
detect defects such as opens, shorts, nicks, protrusions, etc. and also residual unremoved

) or undeveloped resist scum and the like which, in metal subtractive processes, later
described, can prevent proper removal of metal during acid etch that can cause shorts and
protrusion type defects; and, in metal additive processes, as later more fully explained,
can prévent a second layer of heavier metal from being deposited or chemically bonding

to base metal below the scum, causing voids or breaks.



conprises, formng the conductor line pattern on such a top |ayer of a
material that fluoresces in response to |aser |ight of predeterm ned
frequency(ies) and wherein the fluorescing frequency is diff n m t he
pr edet er ﬁ‘?% Pfequency; directing |aser Light of said pr ed’éﬁ@ﬁﬂé’%&é‘? ]
frequency(ies} upon said layer at an inclined angle thereto; qg}Ngfﬂfy

i nspecting the light of said different frequency fluorescing from Q top

| ayer in response to directing of the I4ser |ight thereupon, creating an
iI'lum nated tMqpaddaional dbjespiseprogde fogbichhagiegticimbenths shdigretifihakover | ayers
and upon whi ch background the conductor line pattern appears as dark |ines;

and adj e 8positidhn Ml 1BGds ANDb&FoteCetéhiny mtz@uﬁdfeqygu?wwﬁ,tio%aﬂ?é dark shadow
zones between proxi ml edges of adjacent conductor l'ines between the |ines

that ni ghy,; Qb ehisCpbRcatios sRkE bPBtedicAberéalkckingonduct or Iine Preferred
and best node designs and details are hereinafter "described in detail. WO

00/ 57162 Dr ?‘é}z}iﬂ% Rg/olbﬁgp{sqgﬁl%%ld]e agnew{ld?iglg?ov-m?asgﬂi\‘lﬁu eid%o}@-s%._ib%now be

described with reference to the acconpanying draw ngs ereln ure 1 Ais

a white |ight-reflected | ki sem conduct or wafer having
a photopg%g§?9%%?%$ﬁé%%ﬁh% gfmg%i 3?%‘%ﬁ3¥gﬁggﬁgface; Figure 1 Bis a

fluorescent |ight image of the sanme wafer produced in accordance with the
met hod and apparatus of the invention, showing the effective masking bright

background of. fl uor i ng .resi t hat .accent. e he condyct or ttern to
o Ot oo oq Odher 388 BrenShit s ke e SREET AT 30l HE rise SiTfnoineBd

respectively to Figures 1 A and 1 B of via hole regions of such wafers;

Fi gur esoat ipghe appepdedfiadms chemat i ¢ | ongi t udi nal sections of successive st(eps
in the manufacture of the wafer by a positive resist additive process;
Figures 4 (a) - (e) are simlar steps for a negative resist subtractive
process, Figures S (a)-(e) are simlar steps for a positive resist with
addi t i veuBmrsubt r acti ve processes; WO 001 57162

In summary, from one of its important instrumentation aspects, the invention
embraces apparatus for optically inspecting the light-opaque conductor line pattern on the
top layer of a multi-layer integrated circuit wafer and the like to the exclusion of patterns
on lower layers, wherein the conductor line pattern is formed on such a top layer of a
material that fluoresces in response to laser light of predetermined frequency(ies) and
wherein the fluorescing frequency is different from the predetermined frequency, said (
apparatus having, in combination, means for generating and directing laser light of said
predetermined frequency(ies) upon said top layer along a pair of beams impinged from
opposite sides of the layer at opposite inclined angles thereto; means for optically
inspecting the light of said different frequency fluorescing from the top layer in response
to directing of the pair of beams thereupon, creating an illuminated top layer fluorescing

light background masking the lower layers and upon which the conductor line pattern



Figure Gis an optical |aser beamslit form ng diagram PCT/I1B00/00334 19
NOV 2002 Figure 7 is a schematic optical path diagramfor a preferred
optical inspection apparatus using a pair of oppositely directed

fl uorescend¥OB¥ET162 ng | aser beans directed inclinedy upon tRETHBF0334
surface, Figure 8 and 9 are diagrans of the TD -CCD pi xel sensor array;
Figure 10 is a viewsimlar to Figure 7 of a nodification; Figyr '
also a viewsimlar to Figure 7, but in nbre structural and legéﬁNéﬂfmf

di agr ammat ygheh @i dad 1REGLERE fiFRdjubiifpahé 85braiRRGS HePalreoflder teams kb 0CK
di agram of ‘an automatic inspection system Preferred enbodi nent(s) of the

| nvent | on BRIPEECPHERRILDCAEPRGH G BELE! FEA.RIRRLEL D 1l hFP! eTent | ng

t he novel i1nspection net'hod or ‘techniqu I ng the prese I nventi on

It is bel 'ﬁi@@nﬁ%@?%@g?@% i&égiﬁgé %r%ﬁ'és off'kﬁe.sp%irg?géﬁ%tﬂ‘gif?xﬁrﬂtér%@hér?e?ﬂ%ﬂ% or

struct UI’QS e_ PoOsSsI ( _ _ _
et cot by Gk AP r RSt e T 8RtE Mt bl hdhis o 1o

I ntroduction . . - .
tgat might otherwise be misinterpreted as a dark conductor line.

From a broader viewpoint, the invention also encompasses a method of optically
inspecting the light-opaque conductor line pattern on the top layer of a multi-layer
integrated circuit wafer and the like to the exclusion of patterns on lower layers, that
comprises, forming the conductor line pattern on such a top layer of a material that
fluoresces in response to laser light of predetermined frequency(ies) and wherein t'he
fluorescing frequency is different from the predetermined frequency; directing laser light
of said predetermined frequency(ies) upon said layer at an inclined angle thereto;
optically inspecting the light of said different frequency fluorescing from the top layer in
response to directing of the laser light thereupon, creating an illuminated top layer
fluorescing light background masking the lower layers and upon which background the

) conductor line pattern appears as dark lines; and adjusting said inclined angle to
minimize the generation of dark shadow zones between proximal edges of adjacent
conductor lines between the lines that imight otherwise be misinterpreted as a dark

conductor line

Preferred and best mode designs and details are hereinafter described in detail.



PCTI LBOO/ 00334 19 N O V 2002 As before expl ai ned, sem conductor wafers and
the Ii ke consist of one or nore |ayers of conducting (netal) material.

Fabri cation of ch | ayer requires the deposition of photor fine
where t heW &@@u*‘? structures are to be placed Fl uorescence, %g:gﬁg?&@?’g‘? .
previ ously expl ai ned) can be used to inspect the photoresist pattern. Wen
the photoresist is deposited on netal) this invention enabl gl\}@aoqzea st
pattern to be inspected before etching fhe netal beneath. epair
defect in the resist stage; but it is nuch nore difficult) perhaps

i npossible) to do so after etching. Both positive and negative resists used
t o manuf agiliig..Sem conductors can be made to fluoresce) rendering invisible
t he surfaﬁ‘[?eah"eath in the manner described in ny copending application
for dielectric top Iayers Such | ower surfaces nmay often have an uneven

t opol ogy that produces dark patterns in the visible white light image, as

shown in FigurslAad a 3 tlcal i mges of a
phot or esi st on lfn'g‘\’/élrtl'mr’r&“i V(‘:’(%’ﬁ cf§e°1‘§/htp f%';1}%:1%3géaéutr(l) E)éNa n’f'f‘ ht To insure

even expo urethrou ut thethlck the res nust be relatively
transpar € gwies ph gk%&%ﬁr'éa‘ 'F‘l"‘é’iffll't?ﬂtg;t r%F‘Eﬂ'Tﬁge@aﬁ"f'Sﬁ?Wr? e ultraviolet
region of the s ectrum as. hereinafter detailed To enable verification of

al i gnnents%coﬁ‘éﬁ‘%tﬂ"r walephaving 2 PROKKGRT Mt HEOPAUSIUPHEISUNBE Y U BES v e y
transparent in the visible range of the spectrum which nakes it extrenely
difficult visually to inspect for defects. This WO 001 57162 PcTnsooi 0033a

Figure 1B is a fluorescent light image of the same wafer produced in accordance
with the method and apparatus of the invention, showing the effective masking bright
background of fluorescing resist that accentuates the conductor pattern to be inspected as

dark shadow lines;

Figures 2A and 2B are similar respectively to Figures 1A and 1B of via hole

regions of such wafers;

Figures 3 (a) — (e) are schematic longitudinal sections of successive steps in the

manufacture of the wafer by a positive resist additive process; {
Figures 4 (a) - (e) are similar steps for a negative resist subtractive process,

Figures 5 (a)-(e) are similar steps for a positive resist with additive and

subtractive processes;



19 N O V 2002 9 invention, however, enables the resist to be inspected,
et ther manually or automatically or sem-automatically, by elimnating the
i mge of the underlying layers) This is achieved by fluorescing the resist
as shown WP M/BM6%ks 1 B and 2B. Figures 1 B and 2B show the"&ffﬁgaqm"a?“
fluorescing the respective resists of Figures 1 A and 2A, with éﬁ@ bri ght
(fluorescent |light) portions being the fluorescing resi st port1 V 2608 s
can be achieved by adding a fluorescent /material to the resist in the event
t hat the resis; : f ly. Figures 1 A B and
2A, B were obtarig qﬁ??ﬂgp@%%ﬁggﬁfg#ﬁgrg@%ﬁﬁ%@%éag%lyinid resi sts produced
by Shipl ey Corporation, which were found to emt fluorescent |ight in about
t he 600- 700nm wavel engt h range when excited by laser light in about 488514
nm wavel engt h range,. To fabricate.,a citcuit .using.either resist type) a
pattern of con%l'ﬁ%'t%gfr'g a;sehefmigtig ogﬁcaépgtﬁgéqg,faﬂ «gora%@%@fiﬂ?glpgtdca "ERECHOP ayer of
i nsulator which may in.turn be Covereg by a | ayer .of conducting material,
Al | 1 ol | oRRBEALS e AR QPR Aer e Nppregeamet-exciting et s rectede
photoresist, a fluid material, fills in the uneven surface beneath it, and
its top sHIFKRESY vRomgheiwater sfacposi tive resist becomes sol ubl e where |ight
hits it, and negative resist becones insoluble where light hits it. That
is, after soluble resist is renoved, positive resist reveals netal where
light hit the resist) and negative resist shows netal where the resist was
not exposed t oFigurgRtanifran¢ diegrams of therldelecEPpixelseproeviratis| y st ated, can be
additive or subtractive In a subtractive process, bare conductor is etched
away, while insoluble resist protects the |ayer where the conductor is
desised 1n an additive process, no second conductor |ayer is WO 00/ 57162
t o PCT/ | BOO/ 0083g4re 109s dview\sirid04 20 Ejpokd 2df 4 motlifecapam;t ; and renovi ng sol ubl e
resist) reveals areas where the conductor is desired and netal is applied)
form ng the intended conductor pattern. Regardless of the type of
fabrication process, resists are transparent under white light -(Figures |
A, 2A) and can Higursndés ilso appeaimiirsd Plgaramdat irampredivc@tabarid sy esci ng -
exciting light (Figures 1 B) 2B). Figure 3 shows an exanple of a positive
addi ti ve dugQenmstic fdreh, bf Fstirr AodlRuGorR anegat i ve subtractive process. In the
positive additive process, the resist is exposed to light along the desired
conducting pattern (Figure 3b). The exposed resist becomes sol uble and
washes away, revealing the insulating |ayer underneath (Figure 3c). A |ayer
of netal is depgsttedk Photi@iapamiof andfianio idspediitd shae@ conducting | ayer
(Figure 3d). The unexposed resist is renoved) along with the netal above
it) leaving a conductor adhered to the insulating |ayer (Figure 3e). In the
exenpl ary negative subtractive process of Figure 4b) the photoresist is
exposed only g pRGed BRboESEREY oEBRIMehiisl) Pattern The unexposed resist is
removed) | eaving the conducting pattern covered with a | ayer of hardened
phot oresi st (Figure 4c) The bare conductor is etched away (Figure 4d), and
final)y the hardened resist is renoved as well (Figure 4e). Figure 5
illustrates t ; L i ' [ WaTaERIY] itive and
rﬁféﬁ?&égzgdl_?%Rpﬂsr:ﬂl%epréﬁlﬁgcg%p(yafhtﬁyfg?'irﬂglte![ngﬂm\é’:tﬂ@n&ﬂiﬂf

subtracti ve proces eresist Is sited on Inlayer of metal and

the resi %sg‘ éticfn%\{gc‘fi?y\{éﬁrg\%&iuqaérlm @1L: pi'e%equmén%gn,ph E%El?ek/@{i uLe%{learndOf met al

i s deposit on top o

important first to review how semi-conductor structures are fabricated, and the possible
defects in photoresist-conductor pattern etching on developing that it is important to

detect by automatic or machine optical inspection



bare thin netal, which acts as a seed |ayer for bonding purposes. The
Temai ni ng resi st WO 001 57162 PCT/ 1 B00/ 00334 11 19 N D V 200Z and thin
netal below is etched away, |eaving a thicker netal, only s|}j duced
in hei ghtYOU1P2 r epmining. In all of the above-stated procggggé%mw%ﬁactual
practice, the conducting |layer immedi ately below the resist is frequently
an uneven surface, as schematically illustrated in Figure 4. qummer
needed to expose the photoresist can refl ect fromthe netal back t hrough
the resist, e Rﬁhgﬂnﬁ | ine wider than desired. For the purpose of
absorbing |ight and reducing reflection fromthe underlying nmetal, dyes
have accordi ngly been added to the transparent photoresists; but the
increase in visibility is negligible for visual inspection because the

i on of alignnment.

resi st nust intain its transparency tq enabl.e verifica

The. Under yi n3* PROEF SHALT SR BA R AT S A0 e PP PEOREIRTYEt ¢ or
w th underlyi sfructures, has pot. heretofqre Qeen conmercially possible .
because. et PEERIEHTS F%ﬁ?'égeéﬁrﬁ'ﬁpsi%é?féﬂa“f’g Ogé%ﬁk,qa)&éﬁ’élf‘é{ﬁ Yhe feRasitioao di m f or
rapid insPection) whi ch requires nuch stronger signal because hi gh speed
scanni ngofRhoMigsiH P feting whefe Hiegincuit spstures aisde dediacedre.  Under | yi ng t he
present invention, is the discovery of techniques for materially increasing
the avail able fluorescent light intensity, while suppressing reflections

fromlower surfaces or layers in the wafer or the |ike) now enabling
practical hi gHusresesmnce, @S0 Py TLBLy explained, can be used to inspect the photoresist

pattern. When the photoresist is deposited on metal, this invention enables the resist
pattern to be inspected before etching the metal beneath. One can repair a defect inthe

resist stage; but it is much more difficult, perhaps impossible, to do so after etching.

Both positive and negative resists used to manufacture semiconductors can be
made to fluoresce, rendering invisible the surface beneath, in the manner described in my
copending application for dielectric top layers. Such lower surfaces may often have an
uneven topology that produces dark patterns in the visible white light image, as shown in
Figures 1A and 2A. Figures 1A and 2A show optical images of a photoresist on uneven

metal conductor surfaces under white light. (

To insure even exposure throughout the thickness of the resist, it must be
relatively transparent at the exposure frequency, which is usually in the uitraviolet region
of the spectrum as hereinafter detailed To enable verification of alignment to features
below, however, the resist must be relatively transparent in the visible range of the

spectrum, which makes it extremely difficult visually to inspect for defects. This



PCT/ 1 B00100334 19 NOV 2002 12 autonated fluorescence inspection through
such increased efficiency of the signal and by using a nore sensitive
scanni ng t and device. As explained in ny said co-pe
appl|cat|osﬁgp%gﬂgtuorescent |l ight rays from each point of tﬁghﬂﬁﬂ%pggzing
surfaces are emitted in all directions) and rays can be col limate ,ﬁw %he
i magi ng canera that are not just in the vertical incident eXC|tat|onI

ray direction. Some fluorescent |ight raﬁ% will travel back to the canera
fromal |l ohvédtiah, hoawrgbe enabisadhd resigu bainspetted) witiy npaudliywrauimatibglyyr f ace
and independent of the angle of the fluorescing surface or the angle of

i 11 um nat i Rihi-abRERAHEAyERE lirhinbtHpaHE iMsheRTild \ideriAng fagerd ) 9Mhis ik Bidved
spherical (sem-) directions. The use of the fluorescence thus is not just

to obtain womidasing thttlesiat! s3Qhdwh MISLEs PR YR &8 rtgeﬁtsrlﬁmdlzeds%@rtﬁ@“t of the
angl e of incidence of the excitation onto the surface being |nspected

enabl ing tdifc dBIoNAIRE 1Rkl \é‘?anﬁ%f}aﬁﬁés RAGngOR: BRI [ aces, a

wel |l . Such wou not seen nor ma | ecte scattered

light, bUt Bg'lle cem lH%Jﬁ%JH%tﬂfné og?s@}ngr @J?%onf%ﬁs. k'!’:g; Eﬁ)rbeezféﬂl alcpbed in ny

co- pendln applica amana an appropr
filter in front nera permts éy of t
fl uor escenatddvgfsfﬁmﬁ%e& f“ﬁg%ﬂg 1 al rIeS’Bt'th ﬁveﬁt IP iy S'ga gtfrt‘&’é? yy| ng
pur pose o resen nven tomatj cal to |ns
T Rurt buelod R EVES AR/ B e Iaw%ét%f%ma iy %5 g1
scanni ng sp eds, appropri ou s of illumnatian nd of | magin
det ect or s ARUEMIdyEststy ngdafee% ‘%ﬂﬁt% P’l'PGF?éEP"’t‘g}P 1ER/ Vel e(fﬂ" F’é’s‘ﬁ”q’ ‘E)"Fe’gx anpl e,
are not suitable because inmages noving at high speeds create a bl ur
Phot ormul t 18Pt @rabeyyike; 600,708 WCV“WR“%W@"ﬁH&d@YdWht'ghtd? aboutg#$-00| 57162
PCT/1B00/ 00334 1 9 N O V 2002 13 too slow for inspection. Very high
sen3|t|V|§9 P@‘%@ﬁhﬁﬂ@dmﬁﬁoreover) since usable | aser power is restricted
and, in sonme cases) extrene care is necessary not to overexcite the
naterial or to burn it. The decision was accordingly reached to use a
time-del ay )
To fabricate a circuit using either resist type, a pattern of conductors is laid on a

substrate and covered with a layer of insulator which may in turn be covered by a layer of

conducting material, all followed by a layer of photoresist (Figures 3a, 4a and 5a). The

photoresist, a fluid material, fills in the uneven surface beneath it, and its top surface

remains flat. Positive resist becomes soluble where light hits it, and negative resist

) becomes insoluble where light hits it. That is, after soluble resist is removed, positive

resist reveals metal where light hit the resist, and negative resist shows metal where the

resist was not exposed to light

Manufacturing processes, as previously stated, can be additive or subtractive Ina
subtractive process, bare conductor is etched away, while insoluble resist protects the

layer where the conductor is desired In an additive process, no second conductor layer is



integration (TDl) charge-coupled device (CCD) so as to enable scan at high
speeds wi thout obtaining blur. To obtain efficient illum nation, at |east
three sources for possible use for fluorescing were studied: Mrcury |anps,
xenon | anwe) o@smeét asers. Mercury | anps) however, were deter nPEBRIBIHIPAoduce
only small anounts of fluorescent-exiting energy in resin materials; for
exanpl e, for 488 nanoneters, typically in the order of 5 nilljﬁquQMZXenon
| anps are only slightly better) producingonly 20 mlliwatts. I'n accordance

aser “nhstpui  iiefe 8% Buay e GLEHER s e pREY v BB Pl coPidmates 11 <

further ipportant to plac excitation frequency where the canmera is

| ooki ng, g%&ff a&if‘}?}a'&#ﬁpﬁﬁiﬁgifv"%hm@“%flwa 't‘?rd‘\é}t%r"p(?\ﬁé‘i“&eﬁ(ﬁ“f'%e | i near
time-del a -ang-integrated CCD,. a rectangle is viewed by the chargecoupl ed
devi ce) sYPEARFADFICRIRR RIQESHTCHFS ArerEATEREHRN UnFe W&Mswﬁygugsw\,mm nati on
by a | aser was accordingly chosen to fluoresce the photoresist, produced
with a cyidhermads tojappear yisibde Bogeriappopgdle Buetesamifherringdisbh(figueolr ed t o
yield the nost efficient use of the available power) as alt the light from
the | aser2B)s focused into the scanning region To do this, abeam expander
lens 1 is enployed, Figure 6, to create a beam of dianeter preferably
corresponding to the |ong dinmension of the rectangle, followed by an
external cylindrical lens 3 to collapse the circle into a slit of

appropri at e | effigite 3T$hosvswaexamaple g awesitiod additevel ppoaess, asd Pigaceldshexaat | y wher e
the systemis | ooking. WO 00/5716Z 14 PCT/1B00/ 00334 19 N O V 2002 Wil e
i n the sy=pstite wbtractivéd pro@endinnge ppgilivecatitioa panesssthk despsaisemposeti e | aser
source directs its beamupon an inclined mrror to reflect the beam (
verti cal llighd apnpeiedddiRedcdrdaciny gdttesdi(Figuee3b)a Mie eqreed/ aSisciccbhes 1 magi ng
canera the excited fluorescent rays vertically upward, it has been found

that i npisBRIbNGadd\Qash¥s hvva), rieaReaiRe dsuRtin@ RGbCurddernedtl (Bighdedcy Aandrto the
vertical) increases the fluorescent spherical em ssion available at the

canera a nfdtANy abdosiied bR paRY {dHARY 1d thE batd chtiutlingtididraFighiess) amge sur f ace
bunps. Preferably, indeed, a pair of |aser sources directing incident beans

from oppeSLisiied RS isFeRoAd, 216nB Willcthk PRI FNEL QS |califg He8siuRHr afuy i N
| at er - di scussed Figure 7. BecauSe the fast scanning 1n high speed

| nspect i iy ANIIARR: MPEXFiguld 365, A IR ¢ 9@9:{;,' MRptivelsOhttacabdpBeNE8r r equires a

strong excitation source such as nultiple lNasers, the nmere use of such to

i ncrease FREWE b AL gﬁl)tlo)[esfspﬂ%xhge%eg Ofn tlc\%?qm gég'irtzg'@&ndgechf‘gr ﬁmernb%gs wi |l

interfere and canc one anot separate |l asers or |aser paths are

so used, uhé‘,?po%ﬂ@isws!&ﬁ&)%ﬁ%ﬁ@%&dngs&ﬁg ﬁngnkb@er&mﬁﬁaﬁg@p&fe pattern

can wel |l be 'tine varying. ertal n phase random zi ng dévi ces are

avai | abl ardefi&d o%&reisig FRiLY h 9 HR2Wate c\%&p: ot4 gl):hemwa (Fi g 44 ,%ngenefi t of
e @@ans. %H@ } tﬁe t ?

using multip technique o prese nventi on) however)

enpl oyi n i me-del av-and- i nteaqr SO P] with the pair of oppositely
incli nedﬂgélgfns ,eqﬁﬁag%ﬁgéeﬁgk %1{39'8 #cg%stl veq @Ua%%law thout the | oss of power °
Consi dering, then, the nultiple laser illum nation systemof Figure 7) a

pair of

Figure 5 illustrates the use of a positive resist in combination with additive and
subtraétive processes. The resist is deposited on a thin layer of metal and the resist is
removed where final metal is desired A thicker layer of metal is deposited on top of the

bare thin metal, which acts as a seed layer for bonding purposes. The remaining resist



| asers on opposite sides of the imaging canera TDI -CCD directs respective
béans t hrough beam expanders 1 and 1' (as in Figure 6) upon nirrors that
direct the e WO 00/ 57162 is PCT1I BOO/ 00334 19 NO U i | ar
beans thr ou@ﬁ%@%ﬁgdri cal lenses 3 and 3" to generate slits o S‘m‘b AJand
s' “inpinging at simlar but opposite inclined angles (preferably about 45)
upon the resist conductor surface (schematically represented as "r") "p" in
Figure 7), of the wafer on the scanning s‘tlage SO Iabel ed By u | ?g ?@étl me

delay inte kO T | hor| z nsor
rove 1 ( G BetaBeBRTE AN ler¥ing LK el B2 1 ays
emtted frgm"téthe.]l(aser.-.bgam excited vvafer surface and coI I | mat ed at the
camera pro e @MUt he canera (PA, etc.) sunmmed over each col um,
with the output of the CCD being the sum power of both beans. 'This result
is attained in accordance with the invention by causing the integrated
charge in the tjne-delay-anilintegrate CCD tp be. electrically noved at the
same speed in th&ﬁd%(e/‘ihﬁé boyg- SE‘HEA Q&gF%SFCSSWraFQJ@ng?Q'Cﬁﬁ ?P"SHC‘F‘SﬁaEEanni ng
stage or is otherw se scanned. Each tinme the stage noves one row) the
charge is dmnediatglydirdow 8ig resistinBeguepily an urE'a(éﬁsqr&g@ras pragmadgally ilustrgted) s

therefore positioned to enable illumnation of a different group of rows
al ong t he wdilgurede T heHight needed i expogsahephaserepsitcan seflegidrosythe pietad haek gr oup of
rows being illumnated fromeach | aser- beam fl uorescent excitation of the

waf er sur f teeughSharmasist, fegposegamimeayidettbamdesped. hertthe pudgpsenf absorbing lighht on
one row produces the sane output as a tine-delayingintegrated CCD wth one
unit of | i gidreducimaodfiectionlfo®m timwmdetiyieg pesil tdyenhavg acrdingih bérmadded @nal

di strnibution will not be overlapping, as shown in Figure 9, producing the
net eff ecttheftrahdparent phabresise; butube ieressetin sisthilitly s iepiigibleddredsialy each | aser
i ndependently Since the width of each beam can be easily focused) nmultiple
| aser beaninpeastion bedaubdiis rddtst andadaihrpatsednsparerichisenably vetifidationbf exact
frequency coherence, in accordance with the invention, enabling an
extremel y #fgnnehent fluorescent excitation system The use of the very
sensitive tinme-delay-and-integrate canera system further enables the

i magi ng of WO 001 57162 16 PCT/1B00/ 00334 ~ s No v zoo2

The Underlying Problem

Automated inspection of the fluorescent pattern, with underlying structures, has
not heretofore been commercially possible because the returned fluorescent signal is
) weak, generally much too dim for rapid inspection, which requires much stronger signal

because high speed scanning allows only a very short camera exposure time.

Underlying the present invention, is the discovery of techniques for materiaily
increasing the available fluorescent light intensity, while suppressing reflections from

lower surfaces or layers in the wafer or the like, now enabling practical high speed



fluorescing surfaces also with great efficiency. The filtering out of al
but the fluorescent rays) at the canera, Figure 7, noreover, blocks out or
masks all reflections fromlower |ayers in the wafer or other device, and,
as shown WA OPsEE2es | B and 2B; enabl es sel ective view ng ofCEHRWMEH s on
the fluorescing surface Wile the use of a pair of oppositely1iq@Whﬁ&dly
directed slit beans of laser light froma pair of different bu# ar

| asers is shown in Figure 7) the two sligt beans may, if desired, be derived
froma single n.laser source as shown in Fi-gure 1 usi ng _a, pbeam
ol 1t er MR AR BE Honet L o R B R B et e ST BB e
(length or. other var.ij.ations) to, avoid ,exact frequency coherency that m ght
ot her wi s%s’%?'lg’roéetsé"f'%ﬁifé%%)g beé?g‘f'guq/\ﬂ"fjﬁéﬁﬁﬁcel | ation effects, as before
described. In either case (Figures 7 or 10)) the |ight-opaque conductor
line pattern "p" on the top fluorescent resist layer "r" of a multilayer
integrated circuit wafer or circuit board or the like, are optically

i nspect ed to Ahexpdaipsdiginpnhsad cqrpgndisepPbrrtioawide flugiresest lighy raysrfer®i ng t he
fluorescent-excitation | aser |ight of a predeterm ned frequency(ies) upon
sai d | ayeach apighef the Pupicseaing Beliaes arqpmitgddn el diseqtiogs.zndrays cambdpposi t e si des
of the layer at opposite inclined angles thereto. The optical inspecting of
t he fl uotadlemetnd fqritgthitfnaafngdiafr\‘eeﬂrtéﬁtar¢ pai s setiba efticelgoadeny ekeitaonhight op | ayer
in response to the directing of the pair of beans thereupon, creates an

i |1 um natagdirtaion] Spme flubrescens bgingaysivghtrabeldiagk cuthd camekifrogn elhef flawer

| ayers, and upon which the conductor line pattern appears as dark |ines,

( Fi gur esangRdand igByuldihend bpeapgtpoaionobf thi sunfiee and indepaelentxfahsangle aflj ust ed or
is such as to avoid exact frequency coherency that mght, as before noted,
gener at ethé flecresdingysupfaad 65 thaankis of ilumpradsn ttecauie kachetionsrgingpanicld he pair of
beans are adjusted to elimnate the possible generation of dark shadow

zones bediedipheyin il ¥phericaME2hi0) dikdwhs 1 ThPGId 6BA0NA0RS4nde BulisthoY jud002 edges
of adjacent conductor |ines between the lines as shown in Figures 1 B and

2B) and fhledtaidddattastObliQIs¥its erele sohé brift@H PiRliRgepatdeat ORthk aggledact or | ine.
The inspecting is effected by nonitoring the fluorescing light in the TDI

CCD al ongcigstze @8 fHe\eRcif2i0 offo tRE X@lacE BB InSpddier, endbliag ;ﬁd}ﬂlagmgng&Mer i's
scanned, and wherein the resulting integrated charge in the IS

el ect ri called sifthdel 8Ad Abn-pIRRarSBAR.S RS QR ASUSHGBURIGRI BE Nkiged dd s@@ShikH ONi Ng
each |l aser beamto illumnate a different group of rows along the CCD, to

produce @-Rgftreflt&Cer it MEGut Sty WRRIiMAERE AubHIESE M A BRheSi gnal s
produced by each |aser beam ndependentl|y. e slit | aser beans are

pref er abl,yi {6 Fea &ﬁ;&@aﬁ.gaspui@?&arania%izaa@)sétfem%tvaemmqmqﬂmsﬁ%i gi nal

beaminto a substantially circular beam and then passing the expanded beam

through @efYd EOH el i8R h btk &bk En ftRe BES Y& eRSrals S 1t of |aser
l'i ght foﬂ?tei npf’%gfng@d% l Eél:lg"aet(l)ngt"?laygr}J.1 Tife o esul t s l'o et hg?sﬁr evi ously
describ k 2B were obtained wth an argon | aser emtting 488
nm and g%%ﬁ% q??é%égﬁé I'l1lum nation (nodel Las-1000) produced by Laser
Physi cs) The systemal so used a TDI (Tine Delay Integration) CCD camera
chip for scanning (nodel 1024x96 TDI by Reticon) The pair of oppositely

Si dedi rected gti\%:%?ﬁhe Lpned%myiﬁlgiphrspo\é\éeéﬁhé ;')’]r%:leinp l%q'en txonalg a@t%g\lagca?lfy tg l?r?sggct45 to the
vertical and t0 the

wafers, circuit boards, chip modules and the like, for pattern defects at high scanning
speeds, appropriate sources of illumination and of imaging detectors must be considered

Conventional television cameras, for example, are not suitable because images moving at

high speeds create a blur Photomultiplier tubes, which only look at a single point, are



pl ane of the wafer surface In sone applications, however, small |ine breaks
and the like may not be illum nated where the pair of inclined beans casts
shadows over the break fromthe side edges thereof For such S|tuat|8r%§, i
has been fWOM/STHAt adjusting one of the inclined WO 00/ 571GH1BO0/003
PCT/ 1 B00/ 00334 18 ~ s N o v 2002 beans up to an angle of 90 or so, as shown
with the left-hand | aser beamdirected at substantially normal 1®di0fépge N

to the wafer in Figure 1 1, and with thel3other (right hand) beam still at
an acute I uch rob be.. a mrably.s e st at ed)
further rm?lgg {%P{Ve ofrl"ﬁg%é'ggent Wr@%ﬁflss va' 'éé?quggd p'ﬁ%r\ég‘gesr onfcl%tuﬁ% tlf\?gntl on

al so lends_jtsel i.ncor aut ong i on
features YT e r&s‘i”ﬁtefl ﬁ@d §9/§CE ‘%35‘?’; E’i{remeafﬁfedﬁﬁﬁgsﬁéﬂb éo ‘2” & '§r fn a

| aser - si mul at e% fl ugr esc resi st inmaginh S 1()Wh ich y. al so be that
of i gur e MALEHE] or ¢ 037E s eeawpwwgfg Y ILBIdP HFe 4 HRGRR e aner as - a
col or canera for TV noni t or pl ay %so | abel ed %d top and bott om caner as

for the vvaf"égmb‘P"éTlHBrChHéﬁcﬁ‘é’l‘idﬁ%é?E GGR) &1 ade enaplesqan &t igh seepde aner as may
al | ow conparison for AAD and material identification, in turn with
wel | known “ﬂﬁlqué@bfa'rﬂéfgé?‘@nce and design rule analysis. The scanni ng stage
may be automatically conputer controlled and nonitored, as shown, wth
detected defect information fed to the conputer froma defect collection
buffer. Further nodifications and applications and uses of the invention
and its met hoddlogppainefficieal #lomiration, at sasthlvse sgkedsifecpdssiblenise fert ) and such
are considered to fall within the spirit and scope of the invention as
def i ned i dluphesciap pendeudied: Maersury lah@ps1Bnbh (amps2@pidasthatMersury lamped i s:

)

/

however, were determined to produce only small amounts of: fluorescent-exiting energy
in resin materials; for example, for 488 nanometers, typically in the order of 5 milliwatts,
Xenon lamps are only slightly better, producing only 20 milliwatts. In accordanc;: with a
preferred version of the present invention, an air-cooled argon laser has been found to be
most useful, producing 1000 milliwatts. It is further important to place the excitation
frequency where the camera is looking, and, again, efficiently to use all available power.
For the linear time-delay-and-integrated CCD, a rectangle is viewed by the charge-
coupled device, so that illumination of a rectangle is required. Slit illumination by a laser
) was accordingly chosen to fluoresce the photoresist, produced with a cylindrical lens as
shown in Figure 6. Such has been discovered to yield the most efficient use of the
available power, as all the light from the laser is focused into the scanning region To do
this, abeam expander lens | is employed, Figure 6, to create a beam of diameter
preferably corresponding to the long dimension of the rectangle, followed by an external
cylindrical lens 3 to collapse the circle into a slit of appropriate length This way, all

power of the laser is placed exactly where the system is looking.



| . A nethod of optically inspecting the |ight-opaque conductor |ine
pattern on the top layer of a nulti-layer integrated circuit wafer or

el enent t clusion of patterns on |ower |ayers, that i

form ng t&gﬁggﬁg tor line pattern on such a top |layer of a na%eP?a 3‘%hat
fluoresces in response to |aser light of predeterm ned frequency(ies) and
wherein the fluorescing frequency is different fromthe predef @rNoyrigw
frequency, directing laser |ight of said4predeterm ned frequency(ies) upon
said | ayer along a pair of beans inpinged fromopposite sides of the |ayer
at opposite inclined angles thereto; optically inspecting the [ight of said
different fre 1L Ng: : i o directing
of ' the pair of "oagin etIREREb i BB EairRBe iRl i H phRREBIE -
fl uoresci |i ght. Background naski the. | ower rs and, ugon whi.ch the
conduct or e Bke dB S SRl RO 7 o R RGN RBAR SRR on o
the pair of | aser.bea to,avoi d exact frequency.coher t hat m ght

gener at e ‘fR”&d@“eWﬁﬁ?f B\érgafcg,; ang KeFelvgs ﬁgsiﬁ? HE?&% %P"beﬁ%g?ief(%teg 3@%(%&%“ Ml es of
the pair of.bﬁans to eIinLnate thﬁ Seneratign of. dark shadOM/ﬁones bet ween
proxi mal “EHFRYY ypwate. ddenpeeadRddRB MPINGE the £YBHOT bRaM 3L 3B ANRIR R thii ght
otherwi se be nsinterpreted.as a dark conductor line. 2. The method clai ned
in cl ai mSYriapflaad P theoraiseld inchrasinthrollenrescentspherispbemissioyayidablerhtiesai d pair
of beans froma pair of separate |lasers. 3. The nethod clainmed in claiml
wher ei n tRBeHANd fem sl sudace popiony decdening iresplasisies sndsprfacehiumpsa common | aser
beamto create the pair of beans. 4. The nethod clained in claim1 wherein
t he i nspdeeteragly, indepd.ccpairdisemoniced direnying incidany beams dramgoppagites sidesa (
time-del ay-integration CCD al ong successive rows of pixel sensors thereof
as the t@pdikbsush indingd angieschre nsed anblevai i lathedisesssddiFigure i'nt egr at ed charge in
the CCDis electrically shifted at the sane speed as such scanning, and
positioning each |laser beamto illumnate a different group of rows al ong
the CCD, to produce a net effect of summ ng the nonitored fluorescent |ight
si gnal s pr odu@Bedausy teafakt scameng ibéain spectkipsredaon providddreeryrbttieatnetoai ned i n
claim1l wherein each |l aser beamis first expanded in a substantially

ci r cul ar cbikamiglitchnidtencd requises asdoideeitgtivrasonydel sach asombltipledasetsotikel| at t en t he
beamto serve as a slit of laser light for inpinging upon said top |ayer.

1 9 N 0 YMe2O0s2 dTQuétppainereass pboer pinalyhlng intnsiepoblag thheohdrgittbeapaque
conductor line pattern on the top layer of a nulti-layer integrated circuit
waf er or wéll afterfdre hAd threlonelansthen IDfwPsiphtdiasepsiod imaepathoyre 6 usadheheei n t he
conductor line pattern is formed on such a top layer of a material that

f | uor escbsamywilEesR®eghadeQodi@s eid fhe httrférendy Reteircdafiwet be tinROueyiay (i es) and
wherein the fluorescing frequency is different fromthe predeterm ned

f r equenc wWhikajeHainhasdaidoriaMi d8vicésare avdilabR] ihetost ifeRascih®@powemneittat i ng and
directing laser light of said predeterm ned frequency(ies) upon said top

| ayer al ang, obidiundefthd:asHEt JfiFing gRkifIE BBAMRD PWHthitk: 1StHiRfeOF tHeyRedeayer at !
opposite inclined angles thereto; neans for optically inspecting the Iight

of said mivEhesre RbwbI&IMRANEYing LitldBRGLANE-ihilepiitd DEDI@RetadWith théipdiesponse to
the directing of the pair of beans thereupon, creating an illum nated top

| ayer f'b‘ﬁ’ﬁcﬁﬁ&}/ﬁ‘r@blideglﬂEarﬁ@%gfe%PﬂaWﬁléétm&Qﬁl WiV thk #8 LB p&REE upon whi ch
the conductor Tine pattern appears as dark 'lines, neans for adjusting the
operation of the pair of |aser beans to avoid exact frequency coherency
that m ght generate frequency beats; and neans for adjusting said opposite
i nclined angl e [ : : L ] t e rapl: of dark
shadow zones gg?&%ﬁ% p?@@f@%ﬁtg gg%&gpﬂgﬁkgggﬁ ggﬁgﬁg%§€?1l %gg%etmeen t he
lines th ight otherw se,be m. sinter . a rk conductor line. 7.
The. appaare” Srafieg ath SEre et e TR S el B ERFT S acni eved
by neans,for ,qgenerating said pair of beans frama pait of separate |asers.
The appat’ 5?‘1%%§§mcﬁx8f“?f@ff § EH‘%cll gﬁsh‘? E‘%@&%“W&OE&F@ deciibamPardedsr oduced
by neans for optically splitting a cormon | aser beamto create the pair of
beans. 9. The apparatus clainmed in claim6 wherein the inspecting is
effected by nmeans for nonitoring the fluorescing light in a

ti me-del ay-integrati on CCD having successive rows of pixel sensors; neans
for scanning said rows as the top layer is scanned at a predeterm ned
speed; neans for electrically shifting the resulting integrated charge in
the CCD at the sane speed as such scanning; and neans for positioning each
| aser beamto illumnate a different group of rows along the CCD, to
produce a net effect of summing the nonitored fluorescent |ight signals
produced by each | aser beam i ndependently.



19 N O V 2002 21 10. The apparatus clainmed in claim®6 wherein each |aser
beam 1S first expanded by a beam expanding lens in a substantially circul ar
beam and then is passed through a cylindrical lens to flatten the beamto
serve as gydlobk71 g? | aser light for inpinging upon said top |m@vigiBoodoBss A

nmet hod of optlcal y inspecting the |ight-opaque conductor |line pattern on
the top layer of a multi-layer integrated circuit wafer or elepﬁn@vtﬁ t he
exclusion of patterns on |ower |ayers, that conprises, form ng 2007
conductor line pattern on such a top layer of a material that fluoresces in

response ¢igcul298imb tgHighdylinaeae sl Nafd T iegientylitaslighndanher ei n t he
fluorescing frequency is different fromthe predeterm ned frequency,

di'r eCti NG Afhg bi gmzap&m ?b&s.terﬁc%&ﬁﬁglm@réf&myswc:s%é%m%pes%s%! d layer

at an inclinet e there optica nspecting the

di fferent Jndﬁﬂgﬁﬂ%},atc%leé%rﬁa%angr%gg tteg'gs Lop. ”‘Piw?{ﬂj}enn &ﬁﬁo&gﬁar oy ‘hdl recting

of the | aser an i1lfumn ayer dor esci ng

| i ght back round maski any pon

conduct or® %"HBE 3 3Bt &P r\a%gﬁﬂegg ”sggltg%fi?e énte%{ gég)s a Qﬁla&gﬁ:l i ned

angle to nimze the generation of d on betme r.oxi mal

edges of ‘?Tcﬁ ’éf‘g]éﬁ‘f‘e‘é‘%dﬂé'?%’?ta] SERROS Tt aﬁgﬁ‘sé]?ggﬁmrz\)e@% Vﬁ%’(’t“alrﬁogﬁ’?'gdt'her wi se be

m si nterpret ed as a dark conductor | i ne. od claiped in claiml1l

wher ei n t1hE fpgrsarent Faypemitiediirom thedgssabermy erﬂteswgﬂ%gv gfeiead Folipatedal ar beam

and then is flattened to serve as a slit of laser light for inpinging at

sai d i ncl¥haEmerAPredusp Bixelsdt theraperafer eicd3sumped qyet ¢sl celsmp| Withd in claim

11 wherein the i r:!rﬁ;:)ectl ng is effected by nonitoring the fluorescing |ight
3 ti meoutieyt £f therf¢€Bbaingdhe mappaweRf betickeamsi Jhis rw& igftagied 8l sensors

the eof as the top layer is scanned, and wherein the resulting |ntegrated

char ge i receprdagerwvitlstheinuentipe by F%PSHISHFQ wteazated dherasdmihedigesedelaysaniiuch

scanning. 14. The method clainmed in claim 1l wherein said naterial is a

resist, tinwgepaCEDXtotbe electridaliy moivedhat thaishragspecdindbyg devirg ak theeraferi ght i n

about 488 514 nm wavel ength range to emt visible Iight in about the

600- 700 reurfacevis Inenvgt lon thenspanniddbstagperas athgswisoscawedi Fath yme Heptgei ng t he

|'i ght - opaque conductor line pattern on the top layer of a nulti-I ayer

i Nt egr at edoEisooerdawtbé ehrarge isehi@ed ohe taw omthealevibe sEash laskr tramt sbit (65'0r | ower

| ayers, wherein the conductor line pattern is fornmed on such a top |ayer of

a resist theefore positidned té enableaomsatinn pbs guifeseant poup afwws along the CCD,

such that the total power output is the sum of each group of rows being illuminated from
each laser- beam fluorescent excitation of the wafer surface. Since, for example, the
output with 100 units of light on one row produces the same output as a time-delaying-

) integrated CCD with one unit of light on each of 100 rows, the positioning of each beam
signal distribution will not be overlapping, as shown in Figure 9, producing the net effect
of the sum of the fluorescent signals stimulated by each laser independently Since the
width of each beam can be easily focused, multiple laser beam power can thus be added
together in this way, without exact frequency coherence, in accordance with the
invention, enabling an extremely efficient fluorescent excitation system The use of the

very sensitive time-delay-and-integrate camera system, further enables the imaging of
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noted, generate frequency beats, and said opposite inclined angles of the pair of beams

are adjusted to eliminate the possible generation of dark shadow zones between proximal
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pixel sensors thereof as the top layer is scanned, and wherein the resulting integrated

charge in the CCD is electrically shifted at the same speed as such scanning; and

positioning each laser beam to illuminate a different group of rows along the CCD, to

produce a net effect of summing the monitored fluorescent light signals produced by each

laser beam independently.

The slit laser beams are preferably formed, as before described, by first expanding
the original beam into a substantially circular beam and then passing the expanded beam
through a cylindrical lens to flatten the beam to serve as a slit of laser light for impinging

upon said top layer.

The results of the previously described Figures 1B and 2B were obtained with an
argon laser emitting 488 nm and 514 nm frequency illumination (mode! Las-1000,
produced by Laser Physics) The system also used a TDI (Time Delay Integration) CCD
camera chip for scanning (model 1024x96 TDI by Reticon) The pair of oppositely side-
directed laser beam slits were inclined at an angle of about 45° to the vertical and to the
plane of the wafer surface

In some applications, however, small line breaks and the like may not be
illuminated where the pair of inclined beams casts shadows over the break from the side

edges thereof For such situations, it has been found that adjusting one of the inclined
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As before stated, furthermore, the fluorescent resist inspection process of the
invention also lends itself to the incorporation of other automatic inspection features
outlined in the system block diagram of Figure 12, wherein a laser-simulated fluorescent
resist imaging system (which may also be that of Figure 7 and 10) is shown cooperating
with several imaging cameras -- a color camera for TV monitor display (so-labeled). and
top and bottom cameras for the wafer or other device inspection stage. The last-named
cameras may allow comparison for A/D and material identification, in turn with well-
known pattern reference and design rule analysis. The scanning stage may be
automatically computer controlled and monitored, as shown, with detected defect

information fed to the computer from a defect collection buffer.

Further modifications and applications and uses of the invention and its
methodology will also occur to those skilled in this art, and such are considered to fall (

within the spirit and scope of the invention as defined in the appended claims
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multi-layer integrated circuit wafer or element to the exclusion of patterns on lower layers, that
comprises, forming the conductor line pattern on such a top layer of a material that fluoresces in response
to laser light of predetermined frequency(ies) and wherein the fluorescing frequency is different from the
predetermined frequency, directing laser light of said predetermined frequency(ies) upon said layer along
a pair of beams impinged from opposite sides of the layer at opposite inclined angles thereto; optically
inspecting the light of said different frequency fluorescing from the top layer in response to directing of
the pair of beams thereupon, creating an illuminated top layer fluorescing light background masking the
lower layers and upon which the conductor line pattern appears as dark lines; adjusting the operation of
the pair of laser beams to avoid exact frequency coherency that might generate frequency beats; and
adjusting said opposite inclined angles of the pair of beams to eliminate the generation of dark shadow
zones between proximal edges of adjacent conductor lines between the lines that might otherwise be

misinterpreted as a dark conductor line.

2. The method claimed in claim 1 wherein increased beam power is achieved by generating said

pair of beams from a pair of separate lasers.

3. The method claimed in claim 1 wherein the pair of beams is produced by optically splitting a

common laser beam to create the pair of beams.

4, The method claimed in claim 1 wheztein the inspecting is effected by monitoring the fluorescing
light in a time-delay-integration CCD along successive rows of pixel sensors thereof as the top layer is
scanned, and wherein the resulting integrated charge in the CCD is electrically shifted at the same speed
as such scanning, and positioning each laser beam to illuminate a different group of rows along the CCD,
to produce a net effect of summing the monitored fluorescent light signals produced by each laser beam

independently.

5. The method claimed in claim 1 wherein each laser beam is first expanded in a substantially
circular beam and then is passed through a cylindrical lens to flatten the beam to serve as a slit of laser

light for impinging upon said top layer.
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conductor line pattern is formed on such a top layer of a material that fluoresces in response to laser light

of predetermined frequency(ies) and wherein the fluorescing frequency is different from the
predetermined frequency, said apparatus having, in combination, means for generating and directing laser
light of said predetermined frequency(ies) upon said top layer along a pair of beams impinged from
opposite sides of the layer at opposite inclined angles thereto; means for optically inspecting the light of
said different frequency fluorescing from the top layer in response to the directing of the pair of beams
thereupon, creating an illuminated top layer fluorescing light background masking the lower layers and
upon which the conductor line pattern appears as dark lines, means for adjusting the operation of the pair
of laser beams to avoid exact frequency coherency that might generate frequency beats; and means for
adjusting said opposite inclined angles of the pair of beams to eliminate the generation of dark shadow
zones between proximal edges of adjacent conductor lines between the lines that might otherwise be

misinterpreted as a dark conductor line.

7. The apparatus claimed in claim 6 wherein increased beam power is achieved by means for

generating said pair of beams from a pair of separate lasers.

8. The apparatus as claimed in claim 6 wheiein the pair of beams is produced by means for

optically splitting a common laser beam to create the pair of beams.

9. The apparatus claimed in claim 6 wherein the inspecting is effected by means for monitoring the
fluorescing light in a time-delay-integration CCD having successive rows of pixel sensors; means for
scanning said rows as the top layer is scanned at a predetermined speed; means for electrically shifting the
resulting integrated charge in the CCD at the same speed as such scanning; and means for positioning
each laser beam to illuminate a different group of rows along the CCD, to produce a net effect of

summing the monitored fluorescent light signals produced by each laser beam independently.
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expanding lens in a substantially ciicular beam and then is passed through a cylindrical lens to flatten the

beam to serve as a slit of laser light for impinging upon said top layer.

11. A method of optically inspecting the light-opaque conductor line pattern on the top layer of a
muiti-layer integrated circuit wafer or element to the exclusion of patterns on lower layers, that
comprises, forming the conductor line pattern on such a top layer of a material that fluoresces in response
to laser light of predetermined frequency(ies) and wherein the fluorescing frequency is different from the
predetermined frequency, directing laser light of said predetermined frequency(ies) upon said layer at an
inclined angle thereto; optically inspecting the light of said different frequency fluorescing from the top
layer in response to directing of the laser light thereupon, creating an illuminated top layer fluorescing
light background masking lower layers and upon which background the conductor line pattern appears as
dark lines; and adjusting said inclined angle to minimize the generation of dark shadow zones between
proximal edges of adjacent conductor lines between the lines that might otherwise be misinterpreted as a

dark conductor line.

12. The method claimed in claim 11 wherein the laser light is first expanded in a substantially
circular beam and then is flattened to serve as a slit of laser light for impinging at said inclined angle upon

said top layer.

13. The method as claimed in claim 11 wherein the inspecting is effected by monitoring the
fluorescing light in a time-delay-integration CCD along successive rows of pixel sensors thereof as the
top layer is scanned, and wherein the resulting integrated charge in the CCD is electrically shifted at the

same speed as such scanning.

14. The method claimed in claim 11 wherein said material is a resist, transparent to visible light and
activatable by laser light in about 488-514 nm wavelength range to emit visible light in about the 600-700

nm wavelength range.

15. Apparatus for optically inspecting the light-opaque conductor line pattern on the top layer of a
multi-layer integrated circuit wafer or element to the exclusion of patterns on lower layers, wherein the

conductor line pattern is formed on such a top layer of a resist material that fluoresces in response to laser
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predetermined frequency, said apparatus having, in combination, means for generating and directing laser
light of said predetermined frequency(ies) upon said top layer along a beam impinged at an inclined angle
thereto; means for optically inspecting the light of said different frequency fluorescing from the top layer
in response to directing of the beam thereupon, creating an illuminated top layer fluorescing light
background masking lower layers and upon which the conductor line pattern appears as dark lines; and
means for adjusting said inclined angle of the beam to minimize the generation of dark shadow zones
between proximal edges of adjacent conductor lines between the lines that might otherwise be '

misinterpreted as a dark conductor line.

16. The apparatus in claim 15 wherein the inspecting is effected by means for monitoring the
fluorescing light in a time-delay-integration CCD having successive rows of pixel sensors; means from
scanning said rows as the top layer is scanned at a predetermined speed; and means for electrically

shifting the resulting integrated charge in the TDI CCD at the same speed as such scanning.

17. The apparatus claimed in claim 15 wherein the laser beam is first expanded by a beam-expanding
lens in a substantially circular beam and then is passed through a cylindrical lens to flatten the beam to
serve as a slit of laser light for impinging at said inclined angle upon said top layer.

18. The apparatus of claim 15 wherein said inclined angle is about 45 degrees.

19. The apparatus claimed in claim 15 wherein means is provided for directing a further laser beam

to impinge substantially normal to said top layer.

20. The method claimed in claim 11 wherein a further laser beam is impinged substantially normal to

said top layer.



