WO 02/ 074027 PCT/ SG01/ 00030 | MPROVED LASER METALLI SATI ON Cl RCU T FORMATI ON
AND CIRCU TS FORVED THEREBY Field of the Invention This invention rel ates
to the foM@&A2/G#26f circuits through the use of |aser netMITYGAODSBA, and
to circuit structures formed thereby. Applications of the invention

include rapid prototyping of printed wire circuits, wafer |evel chip scale
packagi ng. Background of the Invention In sone applications it is useful
to formcircuit interconnections through | aser induced netal deposition,
rat her than other techni ques such as sputtering, chem cal vapour

deposi tion, masking and etching which is relatively expensive. Laser

i nduced deposi },i i [ liquid
flimor solid MPkoEEpERRERMARSIARAGNERCY R Fipdmdh 489 | 20
prototypi ng of conductive trgReHTS PORMEDSTHEREBEXanpl e, US patents
5,378,508 and 4, 880,959 and international patent publication WO 92/06782
descri be various approaches for circuit formation by | aser-assisted copper
deposi ti ong; -esent |y known techni ques have several drawbacks that
have thusnE1 fasaial e@%&?pr actical application of the technol ogy. Such

dr awbacks i ncl utligs| inveiitidtn e¢lstes rio the pfoematdethedi cinguitsi theoughs deutisowfalader

electrical copductivity. Summary of the Invention I.n accordance with .
present i ripeAtiz8 ‘?n:tq%‘)r/ & icgot s g‘)’f%ﬁ%g}fr‘?ﬁ" f &pﬁ’?lﬁﬁm@?r u‘i%te invention

| nt er connegLi,ns, 9&'8&&9@%% R bffnted Do Rk, whrbagtd] RRipachld patkapaAM to trace
a predeterm ned c?l rcurt i nterconnection pattern on a “surface of said
substrate to thereby effect |aser-induced deposition of a seed netal |ayer

in said e eternli d circuit interconnection pattern on said substrate
surf ace; %@ﬁ%@ﬁﬂé _ #&E@P@i@%ol ess metal plating on said seed netal |ayer
to formsaid cimChihe aPﬁﬁ@ﬁféﬁgw ReBt LAY ONfos@l SlrcuibEhdrabmecid® fhesuphofasérhe
invention includes applying a nmetalorganic filmto said substrate

induced metal deposition, rather than other techniques such as sputtering, chemical vapour

deposition, masking and etching which is relatively expensive. Laser induced deposition
of copper from a metalorganic precursor in gas, liquid film or solid film is known as a
promising technique for repair and rapid prototyping of conductive tracks and circuits. For
example, US patents 5,378,508 and 4,880,959 and international patent publication WO
92/06782 describe various approaches for circuit formation by laser-assisted copper
deposition. However, presently known techniques have several drawbacks that have thus
far hindered practical application of the technology. Such drawbacks include limitations in

copper adhesion, line resolution and electrical conductivity.

Summary of the Invention
In accordance with present invention, there is provided a method of forming circuit

interconnections on a substrate, including:
directing a laser beam to trace a predetermined circuit interconnection pattern on a
surface of said substrate to thereby effect laser-induced deposition of a seed metal layer in
said predetermined circuit interconnection pattern on said substrate surface; and
performing electroless metal plating on said seed metal layer to form said circuit

interconnections on said substrate.

One form of the invention includes applying a metalorganic film to said substrate

surface, wherein the laser-induced deposition comprises heating of selected portions of the



surface, wherein the | aser-induced deposition conprises heating of selected
portions of the WD 02/074027 PCT/ SG01/00030 -2 netalorganic filmwth said
| aser beawosi/oas2t o cause t hernmal deconposition thereof awawahiogsbo said
predetermned circuit interconnection pattern. Preferably the renai nder of
the metalorganic filmis renoved fromthe substrate 5 follow ng the |aser

i nduced deposition process. In a preferred inplenentation the netal organic
filmconprises a filmof copper format-@€- 10 Another form of the invention
i nvol ves | aser-catal yzing of selected portions of said substrate surface
and application of a netal electrolyte solution to the |aser-catal yzed
substrate n§éﬂ£15§%ﬁi-c e WP ShitialGer Bedl s¢ TR S8 bl ko AR Hion Bereof
exanple, or nmay conprise an 15 integrated circuit wafer. In the case of an
i nt egr at edcairdingite saidperdetermitied cirtitintertdrmectixn pattepr.ef erred enbodi ment can
be used to performwater |evel chip scale packaging (W.CSP). In accordance
with the present invention, there is also provided a nethod of formng

circuit intercepggmblpiR &&aﬁad%f'_@ﬂHe%h@taler&ﬁ@@iﬁzﬂ% réBothd 86kl 1hg sAbkiARET
beamto trace over selected portions of the substrate to activate a

pr edet eY nifoléeiviog thaulkeseriindused deprsttiongmogsst.t ern on a surface of said
substrate; formng a netallic circuit interconnection seed | ayer on said
substrate surface corresponding to said predetermned circuit

i nterconnect i ofn RapleBifed iRiilerd@NAEdnt th néEloAdan@ Fitin SRhfpriskd 6 Yilin of copper
i nterconnection seed layer in an electroless 25 plating process. The

present i AY@is-on further provides a nethod of forming 1/0 contacts on an
integrated circuit wafer, the integrated circuit wafer having a passivation
| ayer with apertures formed therein at which contact pads for integrated
circui 1 on the\nwilie fomt 6f th3Qneonfios &dolvieh dasedtdralgzing @if welieergd portions of said

substrate surface and application of a metal electrolyte solution to the laser-catalyzed

substrate surface.

The substrate might comprise a circuit board, for example, or may comprise an
15 integrated circuit wafer. In the case of an integrated circuit wafer or die, the method of a

preferred embodiment can be used to perform water level chip scale packaging (WLCSP).

In accordance with the present invention, there is also provided a method of
forming circuit interconnections on a substrate, including:
20 directing a laser beam to trace over selected portions of the substrate to activate a
predetermined circuit interconnection pattern on a surface of said substrate;
forming a metallic circuit interconnection seed layer on said substrate surface
corresponding to said predetermined circuit interconnection pattern; and
depositing metal onto said circuit interconnection seed layer in an electroless

25 plating process.

The present invention further provides a method of forming /O contacts on an
integrated circuit wafer, the integrated circuit wafer having a passivation layer with
apertures formed therein at which contact pads for integrated circuits on the wafer are

30 exposed, the method including:



WO 02/ 074027 PCT/ S&1/00030 -3 formng a netallic seed |ayer on the wafer
by | aser-induced netal deposition, the seed |layer being fornmed in a

pr edet er nivoet/oc#cui t connecti on pattern between respecti WwET/S@i1Mdoasont act
pads and 1/0 contact |ocations; depositing a second netal |ayer onto said
seed |l ayer using an electroless netal 5 plating process; and formng 1/0
contacts at said 1/0 contact |ocations, wherein said seed | ayer and said
second netal |ayer provide electrical intd¥erconnection between the 1/0
contacts and respective integrated circuit contact pads. 10 In one form of
the invention the |aser-induced netal deposition includes applying a

met al or gani ¢ pr deiis®h rhéthiic ¥éed lag/éir on R fhfopd§Ihseatihdded Qf{&ﬂ@e?fﬁiﬁ@ﬁ,itﬁﬂ
thermal decopposition of selected portions of the precursor filmaccording

to the prededeifmreing frmedin agaerierminnd ieuiteonnestion paticmabasvedrersapectiel
renovi ng t@ﬁdn%ﬁﬁbﬂﬂﬁgg&iﬂ nReeRUES. film 15 In another formof the
e laser-i1n

i nvention t uce eposition tonprises applying an organic

passi vati on | ayelepdsitingai deowmtlemetal dser oaat adiy zead) 15et esingdarpeletirclss mbtasai d
organicﬁpas?iyation..Ia%er surface and application of a nmetal electrolyte
sol uti or t &4HRE ProcsssPiat al yzed surface so as to form netal deposits

thereon accor di Bgmlifs $&) Chntects rs%ﬂ'ielt/ﬁlrcﬁhﬂatéﬂo&itfoﬁk‘,i&h&&ﬂ%ﬁﬁ 400 1RR Ll B A

preferred i npl enmentalion 1 ncludes application of "an organi c passivation

| ayer to tseeondafmetal geyarr provideacldctrask interdunetometetwedte s i {0 arontdetse and
organi ¢ passivatiaon | ayer .bein atterned for exposure of said contact
pads. 25 AYSREY Vﬁlﬁtﬁg@%/‘?%afﬂﬁcwcg%?gtrpaﬁﬁy be applied said el ectrol ess netal
pl ati ng process, the second organic passivation |ayer being patterned for

exposure of said second netal . '
10 In one form of the invention the laser-induced metal deposition includes applying a

metalorganic precursor film over said wafer passivation layer, effecting thermal
decomposition of selected portions of the precursor film according to the predetermined
circuit connection pattern using a laser beam, and removing the remainder of the precursor
film.
15

In another form of the invention the laser-induced deposition comprises applying
an organic passivation layer to said wafer, laser-catalyzing selected portions of said
organic passivation layer surface and application of a metal electrolyte solution to the
laser-catalyzed surface so as to form metal deposits thereon according to said

20 predetermined circuit connection pattern.

A preferred implementation includes application of an organic passivation layer to
the wafer prior to said laser-induced metal deposition, the organic passivation layer being

patterned for exposure of said contact pads.

25
A second passivation layer may be applied said electroless metal plating process,
the second organic passivation layer being patterned for exposure of said second metal
layer at said I/O contact locations.
30 Preferably the said I/O contacts comprise solder bumps formed at said I/O contact

locations on the wafer.



| ayer at said 1/0 contact |ocations. 30 Preferably the said 1/0 contacts
conpri se solder bunps fornmed at said 1/0 contact |ocations on the wafer
WO 02/ 07400/02RC1028(01/ 00030 -4 There is also provided, irrcascmaersee with
the present invention a circuit board including a substrate having a
dielectric substrate surface, the circuit board further including a first
netallic seed | ayer on said substrate surface in a predetermned circuit 5
i nterconnection pattern, the seed | ayer -Hei ng fornmed by | aser-induced net al
deposition, and a second netal |ayer deposited on said seed | ayer by

el ectroless netal plating. Brief Description of the Drawi ngs The invention
is described in greater detail hereinafter, by way of exanple only, 10

t hrough description of a preferred enbodi nent thereof and with reference-to
the acconpanyi At svilsrysrovidedii ateordainge mathi thespreseht owehtion adiimyitabmard

illustrati : er (rew.t for Lon cess ccording to. an

enbodi nent ﬂgztl@d[n?é%prs g‘:.lésg%te ;ﬁ%{/}é%ﬁ gﬂ&écﬁlcgﬁé&??? Ssug%%eert;1gsc1 PRI afHRET
cross- sect imhalingy aefivst fietallid’ Sdst tlah @ERid sdbsth) §BEcO Bn ANpraddSeRihEatRcuit
correspanding to the process steps of Figure 1; Figure 31s a graph of

| aser t PandHFIERMRsEOM PR thosnsd layenbeing dormedydasep-dndused metah deposition, and

wavel engt hg .l i 1 JCLIGUL L Ltrac i.dth i.nst | aser beam
scanni ng s%g%@géﬁeg%lﬁgﬁg I &gé(gp%girlg%megﬁ ?’l eray al ec%rio‘le'\e':%s Wtaggﬁgﬂg‘i cated
integrated circuit die showing 20 contact pads therefor; Figure 6 is a
di agr ammat i.Cc. p f ]51e integrated circuit die with a redistribution
nmetal | ayef: e e8I CIBVHESes 7 to 14 are cross-sectional diagrans
illustrating theng QrvaRtibRls BbscAbéLi reaﬂef‘ﬁgﬂéﬁ%&qﬁéﬂe&n@y Wyt B Bhi§d
circuit die for water |evel chip scare packagi ng; an ’
through description of a preferred embodiment thereof and with reference to the

accompanying drawings, in which:
Figure 1 is a flowchart diagram illustrating a general circuit formation process
according to an embodiment of the present invention;
Figure 2 is a series of diagrammatic cross-sectional views of circuit element
15  formation on a substrate corresponding to the process steps of Figure 1;
Figure 3 is a graph of laser transmission through copper formate film of various
laser wavelengths;
Figure 4 is a graph of circuit track width against laser beam scanning speed;
Figure 5 is a diagrammatic plan view of a fabricated integrated circuit die showing
20  contact pads therefor;
Figure 6 is a diagrammatic plan view of the integrated circuit die with a
redistribution metal layer formed thereon;
Figures 7 to 14 are cross-sectional diagrams illustrating the formation of circuit
interconnections on an integrated circuit die for water level chip scale packaging; and
25 Figure 15 is a flow chart diagram of a procedure for water level chip scale
packaging according to an embodiment of the present invention.
Figure 16 shows an example of a conductive circuit formed in accordance with the

present invention.

30 Detailed Description of the Preferred Embodiments

Embodiments of the present invention provide a laser metallisation process that is



25 Figure 15 is a flow chart diagramof a procedure for water |evel chip
scal e packagi ng according to an enbodi nent of the present invention.

Fi gure loewshows4ean exanpl e of a conductive circuit formed AaT/s@aooaance
with the present invention. 30 Detail ed Description of the Preferred
Enbodi ment s Enbodi nents of the present invention provide a | aser

nmetal lisation process that is WO 02/ 074027 PCT/ SG01/00030 -5 useful in
rapid prototyping of printed wire circukts, circuit repair, mask maki ng and
repair,, and devices requiring in-mould circuits. The laser netallisation
process can also be applied to wafer |evel chip scal e packagi ng (W.CSP),

to produce F f.acl |..i e 1 rfac .

t echnol ogquﬁﬁr ﬁ%&%@?&%ﬁqd ‘?rlg% 1éllf‘lsuairltlts’ ér%&?&ﬁ%%%%#p&%ﬁ% @lﬁ%@?l&tne.
The basi ¢ prddessesf grquiringein-tmobiler olduion Dite Maer afiethidistion prRiceds! ¢matls@rbel S
illustrated in,Figures 1 and 2. Figyre 1 | fl ow chart diagram
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di agrammatic cr oss-secti onal view of circuit rmati on on a
subst rate B@ween chippantswigptiate. t Abe fasic ggscess dps cotuiFifoumation. byThvay safbkberat e

30 provides gaubatse upﬁnt i.ch,.ci rcgit i nterconnections are to be forned.
The subst r 3FE- 3510y ! lés{?\f[eyalﬁgl%‘ﬁﬁ Bi%* construction, such as those
materials known for use in printed circuit boards, or the passivation

| ayer of an integrated circuit die in the case of inplenmentation for wafer
| evel 15 chi p Eigareel por Kayi dhgrt ditgranibettrating agenérat eir¢udt formptémgpriogessriat ed

(0 et BB oL B0TRLR, SGELC U Tl G5 o

appl i cdoi odiagfandndtice ctosSoEctionhIMvasy Aes citduie dldredd WorAstiv@t & ahagbsiraie sy
hi gh 20 surface tension, achieving a _uniformcoating of a water-based
precursor FQITSHPUNINRG o esRIeRess Steps o gagure dr i hae ubsiittendl @revides s basesinonace

cleani ng apf; Rrabhie AIRBInRtiohGeSY IB§ FAed. The substrate 30 may be of any suitable

construction, such as those materials known for use in printed circuit boards, or the

passivation layer of an integrated circuit die in the case of implementation for wafer level

15  chip scale packaging.

The substrate surface is preferably treated to facilitate adhesion of metal deposits
thereto, such as by plasma, chemical and/or ultrasonic rinsing of the substrate surface
before application of a precursor film as described below. As water has a very high

20  surface tension, achieving a uniform coating of a water-based precursor film solution such
as copper formate can be difficult. Surface cleaning and pretreatment of the substrate
using detergents, chemicals or plasma before applying the solution onto the substrate are

found to improve the wettability and thus the film adhesion to the substrate.

25 A liquid precursor film 32 is applied to the surface of the substrate 30, at step 12 in
process 10. In the preferred embodiment the liquid precursor comprises a metal organic
solution such as copper formate. An appropriate metallorganic solution may be prepared
by dissolving 1.25g commercially available copper formate (Cu(HCOO),2H,0, Aldrich
Chemical) into 10ml deionised water. (The solubility of copper formate is 12.5 g in 100

30 ml DI water). A small amount (0.5-1ml) of 10% glycerol is then added in the solution to

avoid the formation of copper formate crystals in the film (anti-crystallisation). Spin



usi ng detergents, chem cals or plasma before applying the solution onto the
substrate are found to inprove the wettability and thus the fil m adhesion
to the subgtnare2725 A liquid precursor film32 is applieddmsdneosarface
of the substrate 30, at step 12 in process 10. In the preferred enbodi nent
the liquid precursor conprises a netal organic solution such as copper
formate. An appropriate netallorganic solution nmay be prepared by

di ssolving 1.25g comrercially avail abl e copper formate (Cu(HCOO 2. 2H20,
Aldrich Chemcal) into 10m deionised water. (The solubility of copper
formate is 12.5 g in 100 30 ml D water). A small anmount (0.5-1m) of 10%

gl ycerol i ] gg%%il : I t ol d4the i copper
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apply the so{)gti on onto substrate. An anorphous (paste-like or solid)

he - .
copper f or FEPELAS %Qpi”éaﬁéﬁrh%@l&)w Phevensi 8t 4x° 6 Roabat 89 mimptesfor drying
baking in O ' out 30 mnutes or drying by hot air
to partial @I@ggg&gb?ﬁguw@@%%%@m ng formation of the precursor film
3 4 on the substrate 3 0, a circuit patternis witten on the filmusing a

conput er controlgl d Laser (step . 16). The circuit pattern traced by the
| aser beam may BECBHE GrmepnLidhs Bicavyseiila Thon Biersubstiate 30 ia Gieniibem 1§ or

exanpl e. TR&i@Gt diPhe Himl 6 réh : jLLon
of the copper1 10 fore t-ﬁateéf??frnhp ‘F‘glg%ﬁlg’hggté%ﬁllp@e tlr 'c?rhg?mqlﬁégg%g?sa}clfgd
copper 36 pothedkaserabeamedndyapercohtiolled hecardingutot a f@ADNakréwdh configiration, for

substrate 30. | ior .art .l.aser tallisation procegses, scattered copper
deposi ts areéa’??BErrgf }}ef"uf’%ﬁﬁ&eal?% %ga‘?’heéjfe&@’p%%ﬁr tﬂgeamﬁfawnaa?éﬂ% &R EORPEBr m
beam priaf i If8fmatd Rird, lesyifs 48O Her trAck SONFRE He;%%i_téd‘(%p@&a% gfo%ﬂieg RO laSertof
causes of faulty circuits, and places limtations on the Iine/spacing

desi gn. Pr deediscustiomationteatke sbstiated0r i ed out using different |aser

wavel engths to address the above issues. It is found that the fundanental
Nd: YAG | aser

In prior art laser metallisation processes, scattered copper deposits are normally
found around the deposited lines due to non-uniform beam profiles. This is a major
15 concern as the scattered deposits are causes of faulty circuits, and places limitations on the
line/spacing design. Process studies have been carried out using different laser
wavelengths to address the above issues. It is found that the fundamental Nd: YAG laser
at the wavelength 1064 nm and its 2°® harmonic at the wavelength of 532nm performed the
best.
20
A study of optical transmission of the copper formate film with respect to laser
wavelengths revealed that both the 1064 nm beam and the 2™ harmonic green beam
(532nm) transmit the majority of the beam energy. As the laser beam has a near Guassian
beam profile, only the central portion of the beam has sufficient energy to decompose the
25 copper formate. The resulting copper line is thus clean (no scattered copper deposits after
water rinsing) and narrower. The line width is further controlled by the film thickness
(thinner film leads to finer lines) and the beam scan speed (higher speed leads to finer

lines).

30 2" harmonic ND:YAG laser

The laser beam has a wavelength of 532nm. Under the following conditions, the



at the wavel ength 1064 nmand its 2 d harnonic at the wavel ength of 532nm
performed the best. 20 A study of optical transm ssion of the copper
format e fwoowi7sd27respect to | aser wavel engths reveal ed tHcarSdyowhosvhe 1064
m beam and the 2 d harnonic green beam (532nnm) transmt the majority of

t he beam energy, As the | aser beam has a near Guassian beamprofile, only
the central portion of the beam has sufficient energy to deconpose the 25
copper formate. The resulting copper lingds thus clean (no scattered
copper deposits after water rinsing) and narrower. The line width is
farther controlled by the filmthickness (thinner filmleads to finer
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| OKHz, and beam scanning s e remal ni ng copper formate

i s then 5di ﬁ@tﬂrwedllw;tdrfmmcagdi he substrate in 5 water or diluted forni c
aci d. Fundanental Nd: YAG | aser The | aser beam has a wavel ength of 1064nm
Under the following conditions, the |aser beans irradiates on the

substrate gFaddRg’dhealiNdg: ijg‘sglhe deconposition tenperature of 10 the
copper formate (raround 200' C). Copper deposits on the substrate. The | aser

paramet ers are: Thodassybeagohes a wapelengtit of dpedrin.i Sndemthe fell@@ieronditidng, dben
scannings %ﬁ%{ e_renmainin 0 f te filmis
di ssol ved yglgrjl?er?g}sa}g 3 SUbeY %uéjtq' tg%e ﬁmd %5? Et tocfﬁ? gﬂ 0&1308}11&?36133‘?%&“6 of
10 the copper formate (around 200°C). Copper deposits on the substrate. The laser
parameters are: average power = 2.5 W, repetition rate = 20KHz, and beam scanning speed
= 10mm/s. The remaining copper formate film is then dissolved by rinsing the substrate in

water or diluted formic acid.

15 Figure 3 is a graph of laser transmission through copper formate film according to
various laser wavelengths. As shown in the graph, the copper formate is fairly transparent
to both the laser radiation at 1064 nm and 532 nm. It is seen that the 2™ harmonic
Nd:YAG laser beam at the wavelength of 532 nm transmits about 90% of the beam
through the copper formate film, whereas about 80% of the 1064nm beam can be

20 transmitted. Therefore, the absorption coefficient of the substrate controls the temperature
rise and distribution, which in turn controls the decomposition process of the copper
formate film. The transmission curve also implies that a thick film can be used to produce

thick copper deposits with both laser beams.

25 Testing of laser thermal decomposition of copper formate (or other metalorganical
films) has revealed the following conditions that may be applied in implementing

embodiments of the present invention.

Other processing parameters can also effect the achievement of narrow clean
30 deposited copper lines. For example, increasing the scanning speed of the laser beam

generally leads to reduced line width. This is illustrated in the graph shown in Figure 4,



15 Figure 3 is a graph of laser transm ssion through copper formate film
according to various |aser wavel engths. As shown in the graph, the copper
format e | waf@io7koe7transparent to both the | aser radiatiorrcarsGod®dosnm and
532 ran, It is seen that the 2 d harnonic Nd: YAG | aser beam at the

wavel ength of 532 m transmits about 90% of the beam through the copper
formate film whereas about 80% of the 1064nm beam can be 20 transm tted.
Therefore, the absorption coefficient ofg8the substrate controls the
tenperature rise and distribution, which in turn controls the

deconposi tion process of the copper formate film The transm ssion curve
al so inpli : o 6Her t RRe
deposits ngj';i;1 B@?ﬁgﬁeggj e E%eféérclrsﬁ Z%#?‘ﬁgato?ar%lgg%e?hsec%ﬁn%ﬁé dq'gcorrpgssllngl on
of copper Pimmlaser(bermot her netal organical filns) has reveal ed the
followi ng conditions that may be applied in inplenmenting enbodinents of
the present invention. Other processing paraneters can al so effect the
achi evement of pag EEer%Eﬁﬁl@ to%nﬂew&efaegeeamaﬁ %ge@% thg%“as%f&gﬂﬁé £y lase

i ncreasi ng the scanni speed of the |laser beam denerally leads to ofuced
| i ne wi 8t hassiptadscappet Idbpmtmt égni wolutien.griaphexeply it s Fogsible 6, fond clrcult

02/ 074027 PCT/ SA01/ 00030 -8 whi di track h.obt ai ned at
vari ous. | SRR g date SR b BoSRio B B ol o gbpel °

possi bl e t gleteslfet fgutid®! akucheed £i é&qh&h&rciaﬁyeéva‘ﬂ'abfeh@o?ﬁé’iﬁér% QoMibAIfrbAser
5 assisted co per d%OSItI on fromsolution. For exa

gssible to
formecir cuL? arechilemsode ngYAQsleqaera;gsbgtue@ld wmﬁémfde\ﬁo‘gli tlassn fom
pol yi m de b te sol tlo ]
conmmer ci aI y R;T%el% % tg@é%pe 6%0% £ Ié? F%’ﬁ Wa}solr]p” W %33 er—cg\t%g@ i, pT the
pul se- rl'OdeMmYd&Guﬁ@S@ﬁncE@ﬁh@t@théﬁﬁﬁl reation aQ&rtefr)d’béAfompI@fﬁ %uﬁ(ﬁf of €% ions
process. In testlng the deposition process was initiated

| aser - cat affy 20 rigkabipe e 1giupisey A ROnEGRE acBleaﬁ%P@&de@t of rﬁle? ﬂh&raﬁﬂéﬁﬂtoﬁo@f of
a tartarat g &%ﬁw B éﬁ% Egg @%e?faﬁ?b %ngﬁlgg‘f%%rén@ hg'sbé‘e% 8l TSP EEAY

envi r onment ’SU7 Ca
and scanning times was investigated, and the optimum laser conditions were found to be

I=31A, Scanning speed: 0.01mm/s-0.06mm/s, and Rep. Rate: 10K-40K.

15
Referring again to Figures 1 and 2, where a circuit pattern is written on a precursor
film such as copper formate, it is desirable to remove the remainder of the film before
further processing. This is achieved at step 18, where the portion of the precursor film not
exposed to the laser beam is dissolved by rinsing the substrate in water or diluted formic
20 acid. This leaves only the circuit interconnection seed tracks 36 formed on the substrate

30, as illustrated in Figure 2.

The following removal of the excess precursor film, circuit interconnection tracks

are built upon the seed layer 36 using an electroless plating process, depositing copper or

25 nickel, for example. This process step is illustrated at step 20 in Figure 1, and
correspondingly the electroless copper plating layer 38 is shown formed on substrate 30 in
Figure 2. The copper 36 deposited at step 16 acts as a seeding layer for the further
electroless copper or nickel plating, which provides additional interconnection layer
thickness and electrical conductivity. Using the electroless plating process, the

30  interconnection tracks can be formed having a thickness range from 5 micrometres to 10

micrometers, with electrical conductivity of the order of 5 pOhms-cm, that is sufficiently



deposited copper line on the laser Qswtch frequency, scanning speed of
the | aser beam and scanning tines was investigated, and the optimum | aser
condi t i onwomerog420und to be 1=3 1A, Scanni ng speed: 0.0 PCWSEHOIGEMI S,
and Rep. Rate: | OK-40K. 15 Referring again to Figures 1 and 2, where a
circuit pattern is witten on a precursor filmsuch as copper formate, it
is desirable to renove the remainder of the filmbefore fin-ther
processing. This is achieved at step 18:9where the portion of the precursor
filmnot exposed to the |aser beamis dissolved by rinsing the substrate
in water or diluted formc 20 acid. This |leaves only the circuit
interconnqggpgppﬁﬁﬁgﬂ$ﬁﬁggg.36 formed on the substrate 30, as illustrated
in Figure 2. The followng renoval of the excess precursor film circuit:

i nterconnection tracks are built upon the seed | ayer 36 using an
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substrate 30 in gure 2. The coppér 36 deposited at step 16 acts as a
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pat hwalls for electronic 5 packaging that prom se profound change the
desi gn and manu‘Lact ri n(% i d.circuits. IBMintroduced flip chip
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The CSP have common attributes of minimal size, no more than 1.2X the area of the
original die size, and are direct surface mountable". US Patent 6,138,348 and US Patent
15 5,776,796 shows the cross section of CSP packages using redistribution and flex interposer
from Flip Chip Technologies and Tessera respectively. Array packaging technologies
shrink the package to the size of the die itself allows the package to be fabricated on the
wafer before dicing. Wafer Level Packaging (WLP) allows IC components to be shipped
directly from the fab fully tested, packaged and ready for mounting by standard surface
20  mount or flip chip bonding technique.

A particularly advantageous implementation of the circuit interconnection
formation technology of the present invention involves the formation of circuit
interconnections for wafer level chip scale packaging (WLSCP). This enables the

25 production of integrated circuit dies with interconnections for standard surface mount
technology without under fill material between the chip and substrate. The improved
WLCSP enables reduction of investment cost in fabrication equipment, in that the
redistribution layer and interconnections can be deposited without the need of vacuum
coating equipment such as evaporator, sputter machine and chemical vapour deposition

30 apparatus. Furthermore packaging size of the integrated circuit is reduced to the original

bare integrated circuit die, which has hitherto been unachievable.



bonding. )Wiile the idea of using a solder to solve the interconnect
reliability problens associated with this direct connection technol ogy was
al so real weoert/oas@a array connections. 10 According to oned@domiobizon " CSP
is categorised as sem conductor chip structures that have been ruggedi zed
to facilitate the ease of chip handling, testing and chip assenbly. The
CSP have common attributes of mnimal size, no nore than 1.2X the area of
the original die size, and are direct syjface nountable”. US Patent

6, 138, 348 and US Patent 15 5,776, 796 shows the cross section of CSP
packages using redistribution and flex interposer fromFlip Chip
Technol ogi es and Tessera respectively. Array packaging technol ogies shrink
t he package to the size of the die itself allows the package to be
fabricated on tBgursvabeas abedw cRardidfghon oNE@EreE@Yéﬂ mastha?td&gss(a\%!%’ﬁdn?g td)ws
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processes described hereinabove. The remainder of the precursor film is then removed,

leaving a metal seed layer on the integrated circuit die/wafer according to the desired

15  circuit interconnection pattern (step 210).

Following formation of the metal seed layer (210), an electroless metal plating
process is utilised (step 212) to deposit an additional thickness of conducting metal onto
the seed layer circuit interconnection pattern. Another organic passivation layer is then

20 applied and patterned (214) leaving exposed I/O contact openings to portions of the
electroless metal layer. A second electroless metal plating process is employed at 216 to
apply additional metal at the exposed /O contact opening. This is followed by an
immersion gold layer applied at 218 over the electroless metal portions at the I/O contact
openings. Finally, interconnection pads in the form of solder bumps are applied over the

25 1/O contact metal portions, using the screen printing techniques or the like.

Details of the WLCSP process according to the preferred embodiment of the

present invention are presented hereinbelow with reference to Figures 5 to 14.

30 Figure 5 illustrates a plan view of a fabricated integrated circuit 50 having a

plurality of contact pads 102. The contact pads 102 may be aluminium, aluminium alloys



a fabricated integrated circuit die or wafer having a passivation |ayer
formed thereon to 5 protect the integrated circuit but having apertures
formed t hewoeizrn7am7expose the contact pads. At 204 an or gadms@asmsisvat i on
| ayer is applied over the existing passivation |ayer of the integrated
circuit in order to inprove adhesion for the interconnection |ayer. The
organi c passivation layer is patterned so as to expose the contact pads. A
precursor film such as a netalorganic.fidlmis applied over the organic
passivation | ayer at step 206. 10 Sel ected portions of the precursor film
are caused to undergo thermal deconposition, so as to form copper
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i nt egr at ed°WHAE Brds mpep FOH@(‘EB‘F&I@Q@“{T@PSE he desired 15 circuit

i nterconnection pattern (step 210). Follow ng formati on of the nmetal seed
| ayer (210), an electroless nmetal plating process is utilised (step 212)
to depo§it an aBigutd Gnal a tdosskseetimabfvievonbioagh 7 neft tle olibo50 tilestiatieg anayer
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techniques or the |like. Details of the W process according to the

preferred BRiEsonedheo WS consbuetinn ehtherrelsrred rembndiment; on the odien bandw
with refer i 5 Fi il r a spl view of a
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The cont acintqeatsd Mh2uiteshipye waghutdretting aheld Bouphngl tedpsctid® Eohtdd?40dd and
PCT/ SG01/ 00030 (typically AI/CuO 5 or A/Si O 5/Cu0O 5) or caopper or other
suitabl e mEfEsquppetio s.c dRisgeangement is illustrated in Figure 6, which shows the chip 50

15 having interconnection pads 122 formed thereon and coupled to the contact pads 102 by

interconnection tracks 112.

As shown in Figure 7, the passivation layer 104 is patterned to expose the pads 102.
The passivation layer apertures can be round or square shape. The passivation layer may
20  be silicon nitride or silicon oxide layer, for example, patterned with reactive ion etching or

other techniques.

An organic passivation layer 106 is formed on the surface of passivation layer 104,

as shown in Figure 8. The organic passivation layer is preferable to improve adhesion

25  between the adjacent layers. The organic passivation layer may include Benzocyclobutene
(BCB) or polymide or other suitable materials. As shown in Figure 8, the passivation layer

106 is patterned to expose the contact pads 102. The organic passivation layer 106 such as
BCB and polymide can be prepared by spin coating the liquid photoimageable materials on

the passivation layer 104. The liquid photoimageable materials are baked to evaporate the

30 solvent and followed by photolithography process to pattern the apertures on the contact

pads. Further curing forms the organic passivation layer.



pads are typically spaced peripherally along the four sides of the chip 50,
The pitch of the contact pads may be of the order of 100 mcrons. 5 Figure
7 is a crosseaeaional view through 7-7 of the chip 50 il IrcavsGuiongpoan
integrated circuit wafer or die 100 havi ng contact pads 102 and a

passi vation | ayer 104. A conventional integrated circuit packagi ng m ght

i nvol ve nmounting the integrated circuit 50 to a lead frame or the |ike
with gold wires being coupl ed between rekbective contact pods and external
| eads. Then, the integrated circuit and inner portions of the |lead frane
may be 10 encapsulated in a plastics material, for exanple, with ends of
the | eads extending therefrom The W.CSP construction of the preferred
enbodi ment, on the other hand, involves the formation of interconnection
pads (e.g. sol dés sbgwpsl)l Hgirecq, | the @@distﬁbuﬁ@mpé@mde@ricalr eaningctisis gs fownidd

connecting; n thv nLercanne tion
pads. Thi b8 fSutBERoNA i 0 b forfh B Rl BBR BRFric OSBRSS 50
15 havi ng topper dormnge tdrp Filpass 1 Zorhdns tﬁéﬁefgeﬁn padivaaow i@t ddieribed
contact pads 102 by _interconnection tracks 112. As shown in Figure 7, the

passi vafi oPtevioglrandohows ipigues Red laserexpbag proresspsigaryibed dereingheve may be
passivat Oﬂselgaté %%ttﬂé See&d ﬁloﬁlg’%?%o erSfHng(tg dg)g?iﬁ)rﬁ %tht% Q@«?@e}/%éd"”
| ayer e Silicon Rtrrde oxide l'ayer, for exa e,
patter ned lmybhlt(ba@igwce 10itlnstedteshibegsopper smbdiléaiyetbl@hatftameﬁwvﬂrbfmhgaa:hmmng
passivatio 6 is formed on the syrface of passivati er 104,

as shown |ﬁh?1 %Cgogess GORPCLPIGURE BrOSassSs vs&%mﬂ tayiéposﬂsa Wmaeéfaé{sri Fenthe ’

i nprove adébeau &r 1?@&%&&%&%&1&% o?% 88BN sSho 110 passi vati on.

| ayer may Include Benzocycl obut ene ( ) or polym de or ot er suitable

mat eri d0s, As shown in Figure 8, the pa55|vat|on Iayer 106 is patterned to
expose t he cont pads 102. Th atl 106 BCB
e pol yi do. cahPBBEVZAIP GO 14 cEoL PG MEnre Gt SHECOPF eGuaoite
nmaterial s @ganichsPasvhlakt 0 !:e]yieuua@eCBT&epdu{Iﬁwedn ralﬂetr QhiRCARIcBials. As
materials are baked to evaporate the 30 solvent and followed b

phot ol i t ho#ioaphin Bigeedssd apsrtpeestldrere natteped tuthes passivetien daier dd¢ tosapese

Furt her Cuﬁéx%gng 8f IR eti&?ro%sgﬁ*@ta(f p?a%g ﬁ'ly %r 1%{ercl:o%ectlon pads 122, The passivation

15 layer apertures 116 can be any described shape such as round or square. The organic

passivation layer 114 such as BCB and polyimide can be prepared by spin coating the
liquid photoimage materials on the passivation layer 114. The liquid photoimageable
materials are baked to evaporate the solvent and followed by photolithography process to
pattern the apertures 116 for the interconnection pads. Further curing forms the organic
20 passivation layer. The organic passivation layer can be formed with thickness range from

5 to 40 microns, for example.

As shown in Figure 13 nickel under-bump metallization 118 can then be deposited

in an electroless process to provide sufficient adhesion for interconnection pad solder

25 bumps while protecting the copper redistribution tracks. The electroless nickel portions
118 also serves as a barrier layer to prevent copper diffusion in the solder bumps.
Electroless nickel plating is a method that can be selectively deposit onto desired locations

by controlling the surface preparation and conditioning by means of an autocatalytic
chemical reaction. An immersion gold layer 120 (Figure 13) is also applied to prevent the

30 electroless nickel 118 from oxidation.



WO 02/ 074027 PCT/ S&1/00030 -12 As shown in Figure 6, the redistribution
of the electrical connections is fornmed inward fromthe contact pads 102.
To form tWe® eedimtri buted el ectrical connections |ayer, aPpcigganod3or nat e
dry film108 is forned on the organic passivation |ayer as described 5
previously and shown in Figure 9. A laser witing process described

her ei nabove nay be wused to transformthe sel ected portions of copper
formate dry film 108 to a copper seed Jlmyer 110. Figure 10 illustrates the
copper seed |layerll O after renoval of the remaining film Electroless
copper plating process is perforned to deposit a copper |ayer 112 on the

seed | ayer 110 i e : ] CL i i 11.
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15 layer apertures 116 can be any d shape such as rou or square.
The or gani printpdesd vwitedwithayiabld tmpetatire ds fBERhanddpobuymps. de can be
prepared by spin coating the |I|iquid photoirnage naterials on the
passivation |layer 114. The |iquid photoi nageable materials are baked to
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the apertures 116 for the interconnection pads. Further curing forns the
organi ¢ 20squaisendpgtargyalerdgeal or efereothg avaifer ip sisgilateti die sepmonduntorbeafeoeaned
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el ect r dbesmopieeSScdreiondl Peinedf ditcuitchiarddhegbfatd Gfithi dneeRMAL pidkomdoad
sol der 25 bunps_- while protecting the copper redistribution tracks. The

el ect r ol esBlagd euddip-ohép poppiingimegthad.so serves as a barrier layer to prevent
copper diffusion in the solder bunps. Electroless nickel plating is a
met hod that can be selectively deposit onto desired | ocations

An example of a conductive circuit, formed in accordance with the invention, is

shown in Figure 16.
15
The foregoing detailed description of the invention has been presented by way of
example only, and is not intended to be considered limiting to the invention as defined in

the claims appended hereto.



by controlling the surface preparation and conditioning by neans of an
autocatalytic chemcal reaction. An imersion gold |ayer 120 (Figure 13)
is al so apl 20420 prevent the 30 el ectrol ess nickel 118 Hamesaoaxdasati on.
WD 02/ 074027 PCT/ SG1/00030 -13 The sol der bunps 122 conprising the

i nt erconnection pads can be fornmed (Figure 14) by screen printing of

sol der paste on the el ectrol ess nickei/innersion gol d contacting portions.
Sui tabl e sol der alloys include, but axé" not linmted to eutectic tin-I|ead
alloys, tin- lead alloys contain 95%tin and tin-copper contain 99.3%tin.
The sol der  paste is screen 5 printed and nelted with suitable tenperature
to form tHBUBS| der bunps. The WLCSP processi ng steps descri bed herei nbefore
can be perfornmed at the sem conductor wafer |evel or before the wafer is
si ngul ated. The sem conductor wafer can then dice to individual chips with
conventi ohal dAahétgodref fesiing clieeit GltblRohigectiblon £adhétrhte, hBluagnt on a

conventional pr,inted fﬁéf”” board or substrate with conventional pick and
pl ace or flip-HFCHIEBUET Aepiniottrase ovarselegtedioatins of theowhsfeate (e circuit,
formed i n,aceqr P e i i I i 5 The
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of exanpl e onfoymirgnaimesalliotirduitt iated@tnt@ioneseed tusierl o eald Isubitiatngurfeet he

invention as defined in the cl ai appended hereto. WO 02/ 074027
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trace over selected portions of the substrate to activate a predeterm ned
circuit ipelgpeeesstion pattern on a surface of said substrate;

2. A method as claimed in claim 1, including applying a metalorganic film to
said substrate surface before activating said predetermined circuit interconnection

pattern with said laser beam.

3. A method as claimed in claim 2, wherein the step of activating said
predetermined circuit interconnection pattern with said laser beam comprises heating
the selected portions of the substrate surface with said laser beam so as to cause

thermal decomposition of corresponding portion of the metalorganic film thereon.

4, A method as claimed in claim 3, including removal of the remainder of the

metalorganic film from said substrate.

5. A method as claimed in claim 2, wherein said metalorganic film comprises a
film of copper formate.
6. A method as claimed in claim 1, wherein the step of activating said

predetermined circuit interconnection pattern comprises laser-catalyzing of the

selected portion of the substrate surface with said laser beam.



formng a netallic circuit interconnection seed | ayer on said substrate
surface corresponding to said predetermned circuit interconnection
pattern; wod2degnsiting metal onto said circuit interconnactn/suoisessd | ayer
in an electroless plating process. 2. A nethod as claimed in claiml1,
including applying a netalorganic filmto said substrate surface before
activating said predeterm ned circui}lgnterconnection pattern with said

| aser beam 3. A nethod as clained inclaim2, wherein the step of
activating said predetermined circuit interconnection pattern with said

| aser beam con&ri ses heating the selected portions of the substrate
surface wW-th sai@eihedess sltined dn glaimo bc Mpdeding 1Heplyine deBisind Rledtiobrie of
cor respongdip | on: t D6t RL i c T : et as
clainmed in cﬁgﬁ%&%é Qﬁlgg{egépﬁsg r e%@g?%ﬁ?ﬁgidméﬁgﬁ%?%u%%?ég rrgﬁlgl organic
filmfromesdlayesubstrate. 5. A nethod as clainmed in claim2, wherein said
nmetal organic filmconprises a filmof copper formate. 6. A nethod as
claimed in claiml1, wherein the step of activating said predeterm ned
Circuit igter coRGRAA ANCIRRNISHh R IAAMD WiRGdn bAT Fhsef Bl YZedi8raid (s o S€l ect ed
portion of the substrat% surface with sgel?%l fqasesre Eeam %%81/07&11 %

PCT/ SG01/N@Y0G lakbr Fpparetmet hod as claimed in claim®6, including applying a
netal electrolyte solution to the activated substrate surface to formsaid
metallic circuit interconnection seed layer'. S. A nethod as clainmed in
claim 1, gwhereAmsRddof ReRIngRABIY ifer8SRREASRBLSINMEHRe, NN | aser
apparatus. 9. A nethod of formng circuit interconnections on a substrate,

i ncl udi ng:  didieeting g laset besgy tolizsgern poedeteamined cprceid sttenconnestiocpatteu t

I nterconngct LoRLAFLEE Qubstrate to thereby effect laser-induced deposition of a seed

metal layer in said predetermined circuit interconnection pattern on said substrate
surface; and
performing electroless metal plating on said seed metal layer to form said

circuit interconnections on said substrate.

10. A method as claimed in claim 9, including applying a metalorganic film to
said substrate surface, wherein the laser-induced deposition comprises heating of
selected portions of the metalorganic film with said laser beam so as to cause thermal
decomposition thereof according to said predetermined circuit interconnection

pattern.

11. A method as claimed in claim 10, including removal of the remainder of the

metalorganic film from said substrate.

12, A method as claimed in claim 10, wherein said metalorganic film comprises a

film of copper formate.

13. A method as claimed in claim 9, wherein said laser-induced deposition
comprises laser-catalyzing of selected portions of said substrate surface and

application of a metal electrolyte solution to the laser-catalyzed substrate surface.



on a surface of said substrate to thereby effect |aser-induced deposition
of a seed netal layer in said predetermned circuit interconnection
pattern owos@id4rubstrate surface; and perform ng el ectr dEEEGOHMROGEDH
plating on said seed netal layer to formsaid circuit intercolnections on
said substrate. 10. A nethod as clained in claim9, including applying a
metal organic filmto said substrate ﬁéj_rface, wherein the | aser-induced
deposition conprises heating of selected portions of the netalorganic film
with said | aser beam so as to cause thermal deconposition thereof
according to said predetermned circuit interconnection pattern. 11. A
net hod aslé| aidviethod as| daimed dn clpine [ Lovhegein dhpsrdbtrase comprises palyiaéde. of t he
nmetal organic filmfromsaid substrate. 12. A nmethod as clained in claiml10,
wherein said nmetalorganic filmconprises a filmof copper formate. 13. A
met hod aslsxc| ai Awebthed gd elhimed, in\Wheh e, iwheadinl sdiad $aer b egbndepasisingon
conpri sesN ser-catal yzing of selected portions of said substrate surface
and appl NE&AG Asek anpafalgsal el ectrol yte solution to the |aser-catal yzed
substrate surface. WO 02/ 074027 PCT/ SG01/ 00030 -16 14. A nethod as cl ai ned
in claim13, wherein the substrate conprises polyimde. 15. A nethod as
cl ai med i9. cl ah meghoddsarlginedsacldinh &swherbimahe ssbstratearoatpedesiai mtegaatedNd: YAG
| aser apparatus.. 16. A nethod as clained in claim9, wherein the substrate
conpri seSH WA Egrated circuit wafer. 17. A method as clainmed in claim o,
wherein the substrate conprises an integrated circuit die. 18. A nethod as
claimed in claim 16, wherein said substrate surface conprises the

A method as claimed in claim 9, wherein the substrate comprises an integrated

circuit die.

18. A method as claimed in claim 16, wherein said substrate surface comprises the

surface of a passivation layer on said integrated circuit wafer.

19. A method as claimed in claim 18, wherein the circuit interconnections
comprise input/output contact redistribution tracks for wafer level chip scale

packaging of integrated circuits on-said wafer.

20. A method as claimed in claim 19, including the formation of I/O contact pads
on said input/output contact redistribution tracks for, in use, coupling the integrated

circuits on the wafer to external circuitry.

21. A method as claimed in claim 20, wherein said I/O contact pads comprise
solder bumps for, in use, surface mounting of said integrated circuit on a circuit
board.

22. A circuit board including a substrate having a dielectric substrate surface, the
circuit board further including a first metallic seed layer on said substrate surface in a
predetermined circuit interconnection pattern, the seed layer being formed by laser-
induced metal deposition, and a second metal layer deposited on said seed layer by

electroless metal plating.



surface of a passivation |ayer on said integrated circuit wafer. 19. A

met hod as clainmed in claim18, wherein the circuit interconnections

conpri se wapato7ent put contact redistribution tracks for waf@vsdoawaizochi p
scal e packaging of integrated circuits on-said wafer. 20. A nethod as
claimed in claim19, including the formation of 1/0 contact pads on said
i nput/output contact redistribution tysacks for, in use, coupling the
integrated circuits on the wafer to external circuitry, 21. A nethod as
clainmed in claim?20, wherein said 1/0 contact pads conprise sol der bunps
for, in use, surface nounting of said integrated circuit on a circuit
board. 22. A circuit board including a substrate having a dielectric

substr at e3sur fRacgrcuftSoar@ | dsCHlbimdIOR elafmriNefhdrainl #di MBtaRid kéedlt 178t al i c
seed | ayer on said substrate surface in a "predetermned circuit

I Nt er conrfeBIPIISes ¢9@PeRrn, the seed | ayer being forned by | aser- induced
netal deposition, and a second netal |ayer deposited on said seed | ayer by
el ectrol ess netal plating. WO 02/074027 PCT/ SG01/00030 -17 23. Acircuit
board as 2l ai ectidcitChatirdN a8 2clainh@r B Blaich €378k RdrbinCthseadohd@dtal LEEPr i ses
copper. 24. A circuit board as clainmed in claim23, wherein the second

met al | ay*@MPIISHRPPP8es copper. 25. A circuit board as clained in claim 23,
wherein the second netal |ayer conprises nickel. 26. Acircuit board as
claimed in claim22, wherein the netallic seed layer is fornmed by applying
a net al organi QA fdidcaitobdaad Sdi elaisnedsinr alin 28, f@k@eianthet frbndImetsletgeposi ti on
of portions of the netalorganic filmaccording to said predeterm ned
circuit iNPWFEeIHEE on pattern using a | aser beam

26. A circuit board as claimed in claim 22, wherein the metallic seed layer is
formed by applying a metalorganic film onto said substrate surface and thermal
decomposition of portions of the metalorganic film according to said predetermined

circuit interconnection pattern using a laser beam.

27. A circuit board as claimed in claim 23, wherein the metallic seed layer is
formed by applying a film of copper formate onto said substrate surface and thermal
decomposition of portions of said film according to said predetermined circuit

interconnection pattern using a laser beam.

28. A circuit board as claimed in claim 27, wherein a Nd:YAG laser is used in the

laser-induced metal deposition.

29. A method of forming I/O contacts on an integrated circuit wafer, the
integrated circuit wafer having a passivation layer with apertures formed therein at
which contact pads for integrated circuits on the wafer are exposed, the method
including:

forming a metallic seed layer on the wafer by laser-induced metal deposition,
the seed layer being formed in a predetermined circuit connection pattern between

respective said contact pads and I/0 contact locations;



27. A circuit board as clained in claim?23, wherein the netallic seed |ayer
is fornmed by applying a filmof copper fornmate onto said substrate surface
and t her malo o2cbeeamposi ti on of portions of said fil m accor diargsdoa/osesnd
predetermned circuit interconnection pattern using a | aser beam 28. A
circuit board as clainmed in claim27, wherein a Nd: YAG | aser is used in the
| aser-induced netal deposition. 29. % nmet hod of formng 1/0 contacts on an
integrated circuit wafer, the int eg'r§t'ed circuit wafer having a
passivation |layer with apertures forned therein at which contact pads for
integrated circuits on the wafer are exposed, the nmethod i ncl uding:

form ng a net depasitingerestcony sretad fayehentambidrseby layasesing an aleeidolpsst rattal
depositiq " t he seed,l ayer being formed in a predeterm ned circuit
connect i SF P& LR 58 ween respective said contact pads and 1/0 contact

| ocati ons; WOf&2id #0Pdortsetd SR 100 Q8ftactdeaaint, wikkrainsakioRed Mytahnd ayer
onto said seed | ayer using an el ectrol ess netal | ati ng process; and

formi ng Bid sceendabretal dayes previde Gleé@lﬁ@bwerﬁmﬁm@hgémmg@ HOseangpckeed | ayer
and sai . V. r.Qv.l | ectrical interconnection between the
1/0 cont %g?ge%sgﬂggﬁ%tg 3&%@%&3&&6&%@% circuit contact pads. 30. A nethod
as clainmed in claim?29, wherein the |laser-induced netal deposition

i ncl udes _appl yi ng a netal.organic, precursor filmover Cg{gi d waf er  passivation

|l ayer, ebf ect Bsthadeasrdrimeddn igs <Pt oprest thedpsseiicpd meta Hepetighe

pr ecur sor;, fil [ g 1 447 &) qnnect i pattern
using a Il%cg%dreg]b%g%?ﬁéﬁgﬁ ?tg&)g%%n%p %rﬁglqg% garg}dr}%grsglgf%tg%g p%r ec‘ltjlrs}slolfgﬁefr ilm 31.
A net hod eésctirigathermiali decompositi@0of sdheereel port ensdofpthe quesiosor ffillmaccomrdmg ses a
filmof copper formate, 32. A nethod %s cl ai rrefl in claim?29, wherein said
| aser - i nd® @‘@Cpra g‘g}l{l?qjﬂlrcmt connection paftern using a laser beam, and removing the

remainder of the precursor film.

31. A method as claimed in claim 30, wherein said precursor film comprises a

film of copper formate.

32. A method as claimed in claim 29, wherein said laser-induced deposition
comprises applying an organic passivation layer to said wafer, laser-catalyzing
selected portions of said organic passivation layer surface and application of a metal
electrolyte solution to the laser-catalyzed surface so as to form metal deposits thereon

according to said predetermined circuit connection pattern.

33. A method as claimed in claim 29, including application of an organic
passivation layer to the wafer prior to said laser-induced metal deposition, the organic

passivation layer being patterned for exposure of said contact pads.

34. A method as claimed in claim 33, including application of a second organic
passivation layer following said electroless metal plating process, the second organic
passivation layer being patterned for exposure of said second metal layer at said I/0

contact locations.



conprises applying an organic passivation layer to said wafer,

| aser-catalyzing selected portions of said organic passivation |ayer
surface awd @mpkizcati on of a nmetal electrolyte solution tRCTSGH1/00030

| aser-catal yzed surface so as to formnetal deposits thereon according to
said predeterm ned circuit connection pattern. 33. A nethod as clained in
claim?29, including application of an organic passivation |ayer to the
waf er prior to said |aser-induced netal™ deposition, the organic

passi vation | ayer being patterned for exposure of said contact pads. 34. A
met hod as clained in claim33, including application of a second organic
passi vat i3n | dysretliogd] 4soslpimpdsiai dpisl 6 twhekes saidel @l coptaatsi sognpisocekls; t he

second orngani iv.ation | ayer bein atterned for exposure of said
second mety psIcf%‘?g?%sa‘itga@e{%(g°‘19t6éﬁ%°6‘ﬁ?légc&tilp‘S Yons. WO 02/ 074027
PCT/ S&1/ 00030 19 35, A nethod as clainmed in claim34, wherein said 1/0

contacts conprise solder bunps forned at said 1/0 contact |ocations on the
waf er. 360 A HemsBdas claimeddr claim 8P aingludBie 4 seepudiclegirelessavetaloplatieg:t r ol ess

met al pl at.i f . af application of the second

passi vat ﬁ)%é\éagsayg%ﬂ%ﬁ%f 51@% %ragﬁf{%glro fgraéfieéhr? cog i%asglgﬁtgoé} IWﬁpa%l% geif.or% met hod
as cl ai nefrniatioalofiisaid 3bldet bahpddi ng appl yi ng an i mersion gold layer over
the netal deposited in said second el ectroless plating process before
formati on of said solder bunps. 38. An integrated circuit wafer

const ructyron ingludi . : Al f. i r ' i

passi vat ion | aySeHad chibiE bk 39 b6 BbGihe £ Hibbin M Byer |
seed | ayewerthe methl depedited pasdd vedond nletiayless giytingamecess bafoce ormeatian of
deposition.,n redetermned circuit connection pattern between contact
pads of tSWgSP]r@EB‘E"&P%d circuits and respective 1/0 contact |ocations, the
waf er construction further including a second netal |ayer deposited onto

the seed | ayer by an el ectrol ess netal plating
3 An integrated circuit wafer construction including a plurality of integrated

circuits and a passivation layer thereon, the wafer construction including a metallic
seed layer formed on the passivation layer by laser-induced metal deposition in a
predetermined circuit connection pattern between contact pads of the integrated
circuits and respective I/O contact locations, the wafer construction further including
a second metal layer deposited onto the seed layer by an electroless metal plating

Process.

39.  An integrated circuit wafer construction as claimed in claim 38, wherein the
metallic seed layer is formed by applying a metalorganic film onto said passivation
layer and thermal decomposition of portions of the metalorganic film according to

said predetermined circuit interconnection pattern using a laser beam.

40.  An integrated circuit wafer construction as claimed in claim 39, wherein said

metalorganic film comprises a film of copper formate.

41, An integrated circuit wafer construction as claimed in claim 38, wherein said

passivation layer includes an organic passivation layer.



process. 39. An integrated circuit wafer construction as clainmed in claim

38, wherein the netallic seed layer is fornmed by applying a netal organic

fil montowsaizxb7prssi vati on |ayer and thernal deconpositi @trsGHpoodsnons of

the netalorganic filmaccording to said predetermned circuit

i nterconnection pattern using a | aser beam 40. An integrated circuit wafer

construction as clained in claim 39, erein said netalorganic film

conprises a filmof copper formate. 4% An integrated circuit wafer

construction as claimed in claim38, wherein said passivation |ayer

i ncludes an organi c passivation |ayer. WO 02/074027 PCT/ SG1/00030 -20 42.

An integr42ed gﬂ‘lr m&ramf%rcur,towgfer L@mstrm‘tlas & glaimetl iin Jhim rﬁ838‘urt11iqyrt her

i ncl udi ng; d 1] over con t al t he
RS0 RGRPET R e, BBL 5T i BB PR TR 5™ e

second passrv ion avi N per

| ocat i onspas@&atlﬁnlamtmh@t@ﬁrtarers@wnied\wﬁﬁa J/CosuHidol tddaffnsas cl aimed in claim
42, further including 1/0 contacts fornmed at said 1/0 contact | ocations.
44. An i ntegrated circuit wafer construction as clained in claim43,

wherein s 1.0; ts lAc u e AN gr circuit
waf er cong%ruc on e%gétgﬁa(ﬁ%g #gfég@ﬁ%ﬂ%ﬂm%g;rgﬁéq Cli% con ’g%‘t

i ncl ude alrfcwdnﬁgaWOebﬂuabﬂscﬁbmsai arehid|l/O eyredct aqeptioed after sai d second
passivation layer. 46. An integrated circuit wafer construction as clai ned
in claim45, including an imersion gold |ayer applied over said further
electrol eqs Mhalinle@fid cifthir Wit BERELAIFhISiENY in RERKALS JiRIR thify O
dicing an integrated circuit wafer construction as claimd in clalm 38.

48. An i nl/egoataets ivtludusdlderdokgge f or med according to the nmethod as cl ai ned
in claim 29,

45.  An integrated circuit wafer construction as claimed in claim 44, wherein the
I/O contacts include a further electroless metal layer applied after said second

passivation layer.

46.  An integrated circuit wafer construction as claimed in claim 45, including an

immersion gold layer applied over said further electroless metal layer.

47.  An integrated circuit package formed from dicing an integrated circuit wafer

construction as claimed in claim 38.

48.  An integrated circuit package formed according to the method as claimed in

claim 29,



