WO 02/ 074027 PCT/ SGOL/ 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 e 126'?%9114?%{ & 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; #&E@P@ﬁ%ﬁ%ol ess netal plating on said seed metal |ayer

to formsaid cimChihe aPﬁﬁ@ﬁféﬁgw REBt LAY ONfos@l SlrcuibEhdrabmecid® fhesuphofasérhe
i nvention includes applying a netalorganic filmto said substrate surface,

wher ei n t hindicedenetahdrpositionapthst than ntheo tashhispes sehtas sputbringethestiead vgpew ons
of the

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



WO 02/ 074027 PCT/ SGO1/ 00030 -2 netalorganic filmwth said | aser beam so
as to cause thernmal deconposition thereof according to said predeterm ned
circuit iwoenaonnecti on pattern. Preferably the renmai nder rRafT/S¢18/00030
nmetalorganic filmis renoved fromthe substrate 5 follow ng the |aser

i nduced deposition process. In a preferred inplenmentation the netal organic
filmconprises a filmof copper formate. 10 Another formof the invention
i nvol ves | aser-catal yzing of selected p@&+ions of said substrate surface
and application of a netal electrolyte solution to the |aser-catal yzed
substrate surface. The substrate m ght conprise a circuit board, for

exanpl e, I 1185 d r i | f an
it ogr at ea oy AR Rl AT i sl R B R0 s e AR
be used t acpedihgrtosaidperdeicemiled chiwit steat@npeiidoapptiern. (WLCSP) . I n accor dance
with the present invention, there is also provided a nethod of formng
circuit interconnections on a substrate, including: 20 directing a | aser

beam to trace @ygerapp) Bt RthaRflet bPAR ﬁ%taIdi'g‘arﬁé' i 3 tr8mb Pe GbmVae &uBstrate
predeterm ned circuit” interconnection pattern on a surface of said

subst r &t e;follawing the laseréndiced deprisitioniprodess. er connect i on seed | ayer on said
substrate surface corresponding to said predetermned circuit
i nterconnection pattern; and depositing netal onto said circuit

i nterconnecti oy fdrisdeimp]lemaiattInetit A¢teBoand filth Aohitgisey 8TRESof Iher
present invention further provides a nmethod of formng I/O contacts on an

i nt egr at edo@@ateuit wafer, the integrated circuit wafer having a passivation
| ayer with apertures formed therein at which contact pads for integrated
circuits on the wafer are 30 exposed, the nethod including: WO 02/074027
PCT/ SG0L/ 00030 Anosher form of the invention involves laser-catalyzing of selected 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:



formng a netallic seed |ayer on the wafer by | aser-induced netal
deposition, the seed |ayer being forned in a predetermned circuit

connect i owopatorenrn bet ween respective said contact pads aad/dGoDocwmnt act

| ocations; depositing a second netal |ayer onto said seed |ayer using an

el ectroless netal 5 plating process; and formng I/O contacts at said 1/0
contact |ocations, wherein said seed | ayer and said second netal |ayer
provide electrical interconnection betweehthe I1/0O contacts and respective
integrated circuit contact pads. 10 In one formof the invention the

| aser-i nduced netal deposition includes applying a netal organic precursor
filmover said emehg pasghiiatseedldyay 6h thewhRe biyNekek Meduded mAgcRpBassHt, RO Of
sel ected portjons of the precursor filmaccording to the predetermined -
circuit confEctayembing faamed ia prgedeteraxirad Gikca corRRPtion et gbatWeery wapicHYer

of the pre%H@ﬁ%ﬁmmé%hgbm%?ON%nEQPRQE&;sor”‘Of the invention the

| aser-i nduce eposition conprises applying an organic passivation |ayer
to said wafer, |dapesitingat abyaidngetillset edigsaill isoetd 10fr s8ing arDelgamoless metal
passi vatj on_l ayer surface and application of a netal electrolyte solution
to the 7 aPHEHASSERdsurface so as to form netal deposits thereon
according 1o saisgmig0 Ry GHEIR! &lARA/G bfidbi10ERNAE CHAGBNNAIA SER jayBr BIPLES T €
i npl enentation includes application of an organi ¢ passivation yer to the
waf er pri osetandsaieth! | lager provifiec eltcimetl linteiepmsictiom hetwben dheydr® ccopdestsi wad | on
| ayer bein g tterned for eﬁposure af said contact pads. 25 A second
passi vat i on°SPESHYe TsEtelRd Ciishit cafaethads-el ect rol ess metal plating process,

t he second organi ¢ passivation |ayer being patterned for exposure of said
second netal layer at said |I/O contact |ocations. 30 Preferably the said
|/ O contlact s corprheboraqifdbe inyenihen thedasertinducedanetal dpositiondstluddsapalyings on
t he wafer.

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.



WO 02/ 074027 PCT/ SGO1/ 00030 -4 There is also provided, in accordance with
the present invention a circuit board including a substrate having a

di el ectriwosn2gsmat e surface, the circuit board further ipcalsGhiogosa first
netallic seed |layer on said substrate surface in a predetermned circuit 5
i nterconnection pattern, 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. Brief Descriptdi-on 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 acconpanying drawings, in which: Figure 1 is a flowhart diagram
illustrating a general circuit formation process according to an

enbodi ment of t H&efsr Bsaler prowidsAs irbapCOFdaggfr avith the presset irsentién di calg:ma;nmrd c

cross-sect i onal: c for onzon_.a su

correspond? ng %é/t \éﬁ%s%%:eegéﬂéé eap gsH%%rafe maft@ thg Gigeulf B?aafﬂ

| aser tranamhsinga fiter ﬁm@mlccmaqayefr anrr@w stibdtrateOfuriae '11‘Plésprehét§@r[med circuit
wavel engt hs; Figure 4 is a of circuit track wi dth against |aser beam

scanni ng spPEEgoIECHeR ém@még%lse@ﬂé@ﬁeahmg if@wkiéay lesee-\mdwcechmfe@abdcmﬁm, and

i ntegrated i i t her ef o ure 6 is a

di agr ammat ?géép grﬁﬁ?}%el\%épgﬁ%ggﬁl Pl%gaglgg%dag% §€fct[r(9? Swe aﬁp&tﬁgedi stribution
nmetal |ayer formed thereon; Figures 7 to 14 are cross-sectional diagrans
illTustrati R LAe formati.on of circuit interconnections on an integrated
circuit di eygiption of the Diawings s c 9 e packagi ng; and 25 Figure 15 is a
flow chart di agTagkfens ﬁ?ré)a%‘éﬂ & fOf |
according to an en‘éodelnrrgnt1 of e gr%s%\%{ alét%\}gi\r(?t%%énﬁ&Ebfgég%fg%%g’@bﬂg
exanpl é0of thaowgindigsaripfioncof caurpreférmdrmmmmm@ﬁothémcf eand tvhtlt heferquce s@Ntthe
i nvention.

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



30 Detailed Description of the Preferred Enbodi nents Enbodi nents of the
present invention provide a |aser netallisation process that is WO

02/ 074027wWep/03®21/ 00030 -5 useful in rapid prototypi ng dfcscGmesow re
circuits, circuit repair, mask nmaking and repair, and devices requiring
in-nmould circuits. The laser netallisation process can also be applied to
waf er | evel chip scale packaging (W.CSP), to produce an inproved W.CSP
that facilitates standard surface nount -sechnol ogy (SMI) wi thout under fil
material 5 between chip and substrate. The basic process for circuit
formation by way of laser netallisationis illustrated in Figures 1 and 2.
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construction, such as those nmaterials known B in pr|nte circurt
boar ds, Sor bethveen ohips andasilptrateay dhe dfasmrprocﬁseg”mawdum|fm¢mattondb}eway d¢thieserase

of |rrpl enent at.i on for. ip scale packagi ng. The substrate
sur f ace |smﬁfailfséﬁ%}sﬁllﬁ\ﬁ@gﬁdéﬁ?%ur?%ﬁF“i‘qc‘?ate adhesi on of netal deposits
thereto, such as by plasm, chem cal and/or ultrasonic rinsing of the

substrate surface before application of a precursor filmas described
bel ow. As wat er Fighee hiseflpwhihgh cmgrsmrll‘l@at@tmeﬁgeowal emuﬂefmmgtum emicéserif

coating of ) r f er format
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the liquid precursor conprises a netal organic as’’copper
formate. Acomafrpetiopr isatte asrahadel mB@&B]SCkmmeIOﬁSdTEy pbiatedr eipaiiteboards, 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



by dissolving 1.25g commercially avail abl e copper formate (Cu(HCOO) 2.2H20,
Aldrich Chemcal) into 10m deionised water. (The solubility of copper
formate i wolR/05437in 100 30 mM DI water). A small anount (KCTEdoriodosof 10%
glycerol is then added in the solution to avoid the formation of copper
formate crystals in the film (anti-crystallisation). Spin WD 02/074027

PCT/ SGO1/ 00030 -6 coating, spraying or brushing technique nmay be used to
apply the solution onto the substrate. Ag- anorphous (paste-like or solid)
copper formate film34 is formed on the substrate 30 (step 14) after
baking in an oven at 70 - 75C for about 30 mnutes or drying by hot air to

tiall . . i tl f i l.m 34
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copper 36 ovi de ayer tfor ‘the circuit formation on the substrate
30. In pgrior art laser netallisation processes, scattered copper deposits
are normal ly f%uﬂg around the deposited |ines due to non-uniform beam
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nm beam and the 2d harnohi c "green beam the majori
t he beam efils gjjcuitAeradiion|oaghe substate38s a near Guassi an

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



beam profile, only the central portion of the beam has sufficient energy to
deconpose the 25 copper formate. The resulting copper line is thus clean
(no scat teocet/ocapper deposits after water rinsing) and naaTesa/000Bhe |ine
width is further controlled by the filmthickness (thinner filmleads to
finer lines) and the beam scan speed (hi gher speed leads to finer |I|ines).
30 2"d harnonic ND: YAG | aser The | aser beam has a wavel ength of 532nm
Under the follow ng conditions, the WO 02/074027 PCT/ SGO1/ 00030 -7 | aser
beamirradi ates on the substrate and heats it up to the deconposition
tenperature of the copper formate (around 200C). Copper deposits on the

ToKe, and Bear s a8 BB AL SAINGE TeeomlddIREb b bF T
is then di $wo kot bfprmates (anguridh206NM) st Capper depdsityadre theo ulbbtdatel e dTHeo Naser
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Under the pgﬂa{n&%rﬁgre. BYdras Wf“ﬁgé?{] =a§%i’§81f10’.6éaé?ré8@a@dal?eé§l WANRIRg speed =
copper for a/Sr LS ichaling SorBF fARRTRATL 10N HSTREN By il me i in
par anmet @r s watezor diletedderngoneid. = 2.5 W repetition rate = 20KHz, and beam

scanni ng speed = 10nm's. The renmai ning copper formate filmis then
di ssolved by rinsing the substrate in water or diluted formc acid. 15

Figure 3 i FuadSmdrtal Nd:Vailasty ansm ssi on through copper formate film
according to various |aser wavel engths. As shown in the graph, the copper

formate is fair(Mretdasgnberan bag a wavelpegth of he64ras.e Undadihatfplbowiag cooditionsntbed

532 It ] t has d ' - YAG | b h
vavel engt hiobf S5 ik 35, FE-UBHHR 58 0588 o ficoyBE RboolRRBlEh witereipppr
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Therefore, the absorption coefficient of the substrate controls the
t enper at ur BAT2PICEES K2 ETage OBt Tar, WaliereHtipA rate FR20SH: epd beanp scanning speed

deconposi t LaBRhRCEHS rGhaihil PR S rmate 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,



formate film The transm ssion curve also inplies that a thick filmcan be
used to produce thick copper deposits with both | aser beans. 25 Testing of
| aser t heweoal2/odeconpositi on of copper formate (or other maca/ssogamiioal
films) has reveal ed the follow ng conditions that nay be applied in

i npl enenting enbodi nents of the present invention. Oher processing
paraneters can al so effect the achi evenent of narrow clean 30 deposited
copper lines. For exanple, increasing thg-.scanning speed of the |aser beam
generally leads to reduced line width. This is illustrated in the graph
shown in Figure 4, WO 02/ 074027 PCT/ SGO1/ 00030 -8 which indicates copper
track w dt tal rd : npi pg. , I 3 |, aser
beam 1t i & Pans ek Fophdh U WARRAEENR DIFRORIE, o] Poeds BHER €
substrat e 632mglasardenm. 5 assi st ed copper deposition from solution. For
exanple, it is possible to formcircuit interconnections using |aser

assi sted copper deposition on polyimde substrate from copper electrolyte
sol ution, such i+l j § |4t d :
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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



20 acid. This leaves only the circuit interconnection seed tracks 36 forned
on the substrate 30, as illustrated in Figure 2. The foll ow ng renoval of
t he exceswqmecurgor film circuit interconnection tracks Pcarssohodisd upon
the seed layer 36 using an el ectrol ess plating process, depositing copper
or 25 nickel, for exanple. This process step is illustrated at step 20 in
Figure 1, and correspondingly the el ectrol ess 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

pl ati ng, which provides additional interconnection |ayer thickness and

el ectri cal joGoRdPrdctivdl hYrposl N9 the el ectrol ess plating process, the 30

i nterconnection tracks can be formed having a thickness range from5
mcronmetres to 10 mcroneters, with electrical conductivity of the order

f 5 RChns- hat | fficient 02/ 074027 PCT/ SGOL/ 00030 -9- |
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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.



shrink the package to the size of the die itself allows the package to be
fabricated on the wafer before dicing. Wafer Level Packaging (WP) allows
| C conponeitt ®/0ve2be shipped directly fromthe fab fully treavshi/opsokaged
and ready for nmounting by standard surface 20 nmount or flip chip bonding
technique. A particularly advantageous inplenentation of the circuit

i nterconnection formation technol ogy of the present invention involves the
formation of circuit interconnections fgj_wafer |level chip scale packaging
(WLSCP). This enables the 25 production of integrated circuit dies with

i nterconnections for standard surface nount technol ogy w thout under fil
mat eri al between the chip and substrate. The inproved W.CSP enabl es
reduction of investment cost in fabrication equipnment, in that the .
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of vacuum _coating equi pnent such as evaporator, sputter nmachine and
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i ntegrated,ci Lty 1Q. the iginal bare integrated circuit. die,
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remai nder of the precursor filmis then renpved, i )
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



| eaving a netal seed |layer on the integrated circuit die/wafer according to
the desired 15 circuit interconnection pattern (step 210). Fol |l ow ng

f or mat i onwar o2tone2met al seed | ayer (210), an el ectrol ess natc@lsghavisng
process is utilised (step 212) to deposit an additional thickness of
conducting nmetal onto the seed layer circuit interconnection pattern.

Anot her organi c passivation layer is then 20 applied and patterned (214)

| eavi ng exposed I/ O contact openings tapartions of the electroless netal

| ayer. A second electroless netal plating process is enployed at 216 to
apply addi tional netal at the exposed I/O contact opening. This is followed

by an Wﬁp@h&ilyl I/ng '5%%1/@6%'/(‘:&9%)&& cﬁ_;ﬂ;ﬁerl c}’reéthéxhﬁ%n%l%cx%&tg{la%s THE 81’1tact

portions a conta openi n erconnecti on pa sin-the
f or m of sob@tﬁraré)ty@n&llarspacﬁ& @bnﬁl@bral‘]/}ealoh@ﬂxe @ sJ1dé§ dfahé algib S0EtTHe piteh bf €izs,
using the screen print Tﬁlg es or the like. Details of the WCSP
process actUHi RSBy %Ofb lehwisapapent of the present invention are
present ed herei nbel ow with reference to Figures 5 to 14. 30 Figure 5
illustrates a plan view of a fabricated integrated circuit 50 having a
plurality of cohigast 7pids ct@@-sediivmat omdvachropglds7-10& they chip 50 diustiating an
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pitch of the contact pads may he order of 100 ™ cron 5 Figure 7
is a crosstoselsad danle Qntb@vllkmmﬂh@mwwrembemgeomiecbb51®ve|ehIrwectatm qogtaghpods

passtvat | o SyRPL IR et of Bl P BorRRe e E el v
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with gold wires bei ng coupl ed bet ween respectl ve contact pods and external

| eads. Thetherafiga. i dhegV. eqnstutionapfdthermelerigd ramptmdément, onehe @ﬁx@rﬂmmm
be 10 t | |, f
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pads (e.g..solder bunps) directly on the
interconnection pads. This arrangement is 111ustrated 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.



integrated circuit chip, with connecting tracks coupling respective contact
pads and interconnection pads. This arrangenent is illustrated in Figure
6, whi ch wiooe7se chip 50 15 having interconnection pads PLAZRd0mEsd

t hereon 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 | ayer apertures can be round or square shape.
The passivation layer may 20 be siliconlhitride or silicon oxide |ayer,
for exanple, patterned with reactive ion etching or other techniques. An
organi c passivation layer 106 is forned on the surface of passivation |ayer
104, as shown in Figure 8. The organic passivation |ayer is preferable to

i nprove adhesion 25 between the adjacent |ayers. The organic passivation
| ayer may includé sBewrosyligwsut, ¢he r¢dgpputdon pbihenelderioal etrmestiongiis dbineed

mat eri al s. n_E t a 0 6 i erned to
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material.s on  the passivation |ayer 104. The |1 quid photoi mageabl e

mat eri aPs Bie¥ipskeandishown dpBiget Helaser wating procegidlesyihed iisteipgbove may be
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Further curing forms he organi ¢ passi vat ayer.
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and shown in Figure 9 aser witing process escr r'ei nabove may be
used tdOtransforn1the selected portlons of copper formate dry film 108 to a

copper seed l|ayer ,110. Fiqure | 1 u he [ 0
afror rompval ofSPHEr PERF AFRG PR TS B bURo) BESeE D Bat PHEvockEs i s

performed blgadi@@ﬂmat@nqa@pm tayREludd Bt mymfce%@l olt@y ShitablOmbRriaRa

thlckness around 5 mcron as shown in Figure 11

shown in Figure 12, apertures 116 are patterned in the pass1vat1on layer 114 to expose

portions of the electroless metal plate 112 for interconnection 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.



Anot her organic passivation layer 114 is then fornmed on the surface of the
die. The organic passivation |layer 114 can include BCB or polym de or

ot her sui wabd2e7#trerials. As shown in Figure 12, apert ur @CTISkB1A0630
patterned in the passivation |ayer 114 to expose portions of the

el ectroless netal plate 112 for interconnection pads 122. The passivation
15 | ayer apertures 116 can be any descri bed shape such as round or square.
The organic passivation |ayer 114 such. gs- BCB and pol yi m de can be
prepared by spin coating the 1liquid photoinmge materials on the
passivation |ayer 114. The liquid photoinageable materials are baked to

evaporate the s o%ﬁﬂ: t. c ern
the apertures 1?%‘\:1?@?% Ilgs(rztjezrco nec %01]18 lﬂde%f;om%&l ecrlsoéeg}?%for#n ég@‘hee_
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el ectr oﬁesprlmtedhmﬂmhﬁd withsuitdife ehgoraee e forastha sblder brampd. ayer to prevent
copper diffusion in the solder bunps. Electroless nickel plati ng is a

nmet hod that can be selectively deposit onto desired | ocations

control |ing t heTRYrWaCSPPHRBALRE! R8psARLkcEBEM iHbteehe taénnE@rzbérf&fm&ﬁ at the

autocatal ytic chem cal reaction. An imersion gold |ayer O (Figure 13)
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sol der Ipastmeusioi Recalvestidml @sistedi cikalt/ bdmroslsaﬂst@w ittogUnaehtiotdl pRAr Addons.
Suitable solder alloys include, but are not limted to eutectic t| n-| ead

al | oys, tlﬂl-acff‘éraﬂlpaqhﬂlz)%u@@r&faﬁtho@S%tl n and tin-copper contain 99.3%tin.
The sol der paste is screen 5 printed and nelted with suitable tenperature
to formthe sol der bunps. The W.CSP processing steps described hereinbefore
can be perf or mednatxatripde of e rbnduedue teixcuivafoamed év atcopdanbe fudtte tHehiavevefoar i s

si ngul at ed., The. sen ¢ gductor waf er can
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.



then dice to individual chips with conventional dicing nethods. The chip is
then ready to 10 nount on a conventional printed circuit board or substrate
wi t h conventaanial27pi ck and place or flip-chip nounting matdisGoiAm3exanpl e
of a conductive circuit, formed in accordance with the invention, is shown
in Figure 16. 15 The foregoing detail ed description of the invention has
been presented by way of exanple onli and is not intended to be
considered limting to the invention® %'defined in the clains appended
hereto. WO 02/ 074027 PCT/ SGOL/ 00030 -14- Cainms: 1. A nethod of form ng
circuit interconnections on a substrate, including: directing a | aser beam
to trace oiBsisel ect ed portions of the substrate to activate a
predeterm ned circuit interconnection pattern on a surface of said .
substrate; formng a nmetallic circuit interconnection seed |ayer on said

subst r at el.sur f Aagethedof Repadiingit itesahntcHoRI! £5ubstad, mtlditigt
i nt er connect i (@).(ﬂ pattern; and depositing netal onto said circuit

i nt er connect i CHISSHBA 3|l33¢E beanntofrace ogen selsctedportignstof thy sybgfeaiet® 2. A net hod

as cl ai meg.i =Y 4 neludi " I | & £ said
ubst rat oo T e e A R AERER pR T RN & old Rt
i nt er connect i clormpegy 4 metalld ticutantbrdoanestionesead 13er dn sEit Babstase shrgiceed i n

claim?2, wherein.the st f activating said redetermned circuit
inter conn‘@cf’feisl_?ﬂ?%b“(ﬁ Ttoesta’rﬁie&te&%e%?‘?ﬁl qlggggntslggm_l PPYIE: H¥ating the
sel ect ed portigpssifhg hh@aISsMs baid sy ifiBeEni¥ctibn 3&ddal @SR anb88Ra1Qsas 1o

cause thermal deconposition of corresponding portion of the netal organic
fil m t her®afing mocgssmet hod as claimed in claim3, including renmoval of the
remai nder of the netalorganic filmfrom 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.



5. Anethod as clained in claim2, wherein said netalorganic filmconprises
a filmof copper formate. 6. A nethod as clained in claiml1, wherein the
step of awtoozav¥ng said predetermned circuit interconne®dmsGopaddser n
conprises |aser-catalyzing of the selected portion of the substrate
surface with said | aser beam WO 02/074027 PCT/ SGOL/ 00030 -15 7. A nethod
as clainmed in claimé6, including appl é’_ng a netal electrolyte solution to
the activated substrate surface to formsaid netallic circuit

i nterconnection seed layer: 8. A nethod as clainmed in claim1, wherein
said | aser beamis _generated using a Nd:YAG | aser apparatus. 9. A nethod
of formng ci ro uethiod: & eliRet if siimof, Mcduding rapplying dcmgtal rfdectrofiite ect i ng a

| aser beaﬁl&tﬁn&(ﬁ ?E«ﬁa&ivgfeﬁ%ﬁﬁs‘%{a 'ﬁ?%c&{eo][@%tsaid%&%ﬁﬁ%gfet glﬂgré:%’ietcﬁ&ﬁ' on a

surface of sal strate to thereby ect laser-in position of a
seed netsakdlayger in said predetermned circuit interconnection pattern on
said substrate surface; and perform ng el ectroless netal plating on said
seed netal layer to formsaid circuit interconnections on said substrate.

10 A metiod ag e dRdclbind @Bl 1, bEkILAE 1RRPbYAS SiBhal Qigani ¢ fi1m

to said substrate surface, erein ser-1nduce position tonprises
heat i ng d¥d: Yol dasteabppoatts.ons of the netalorganic filmw th said | aser beam
so as to cause thermal deconposition thereof according to said
predetermned circuit interconnection pattern. 11. A nethod as clainmed in

clai m 10,9, ncl AGhdiRod SMURHnghrchid utér8SRHBEGHs B a SuUbStratBBhal@hgani ¢ filmfrom
said substrate. 12. A nethod as clained in claim10, wherein said

met al or gani ¢ fditegiieg agaseslesanyio tace mpofdetsopjred cironitrittterconnection 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.

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.



13. A method as clained in claim9, wherein said | aser-induced deposition
conprises | aser-catalyzing of selected portions of said substrate surface
and appl woai2zioom2of a netal electrolyte solution to the | aarseabvaizyzed
substrate surface. WO 02/ 074027 PCT/ SGO1/ 00030 -16 14. A nethod as cl ai ned
in claim13, wherein the substrate conprises polyimde. 15. A nethod as
claimed in claim9, wherein said | asef. beamis generated using a Nd: YAG

| aser apparatus. 16. A method as claifred in claim9, wherein the substrate
conprises an integrated circuit wafer. 17. A nethod as claimed in claim9,
wherein the substrate conprises an integrated circuit die. 18. A nethod as
cl ai med it cl & metlmd agrdaimed inelpian s3sharein shessnbplaate comnssspelyimide. surf ace
of a passivation layer on said integrated circuit wafer. 19. A nethod as
claimed in claim18, wherein the circuit interconnections conprise

i nput/outiBut cAamidkdd eclhididd ibutdiarn, Wwhaeks sdiolasepb&in Isedkracddl Wwigcal e
packagi nqu?& i nﬁﬂegrat ed circuits on said wafer. 20. A nethod as clained in
cl ai m 19, NEN¥AG dAsHganP8EYSor nati on of 1/0 contact pads on said input/out put
contact redistribution tracks for, in use, coupling the integrated
circuits on the wafer to external circuitry. 21. A nmethod as clainmed in

cl ai m 20, lewherAmetlsal ab dldideddmtiaot 9pabereohp silstratesngeisebaminsegiaied i n use,
surface nmounting of said integrated circuit on a circuit board. 22. A
circuit bcdré}lﬁwa%‘?ﬂ uding 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 interconnection pattern, the
seed | ayel’. beihgetlrdasceléimet d elaim Prvherein the sestrdteposiprisenan iategraiedecond
nmet al Iayc%.rcugﬁg)eosi ted on said seed | ayer by electroless netal plating.

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.



WO 02/ 074027 PCT/ SG01/ 00030 -17 23. Acircuit board as clainmed in claim
22, wherein the netallic seed | ayer conprises copper. 24. A circuit board
as cl ai mewa o2/0ckrrm 23, wherein the second netal |ayer caqwsc@eso@opper.
25. Acircuit board as clained in claim?23, wherein the second netal |ayer
conprises nickel. 26. A circuit board as clained in claim22, wherein the
metallic seed layer is fornmed by applying a netalorganic filmonto said
substrate surface and thermal deconposition of portions of the

metal organic filmaccording to said predetermined circuit interconnection
pattern using a | aser beam 27. A circuit board as clained in claim23,
wherein the netallic seed layer is forned by applying a filmof copper
formate gnto sAighcaHbBIAAlR SbiicdCh 8 (72T WRdreindReOMRANId k@ YyePOr ti ons
of said filmaccording to said predetermned circuit interconnection
pattern wompgses ¢oppeir beam 28. A circuit board as clained in claim 27,
wherein a Nd: YAG |l aser is used in the |aser-induced netal deposition. 29.
A nmethod of formng I/O contacts on an integrated circuit wafer, the

i nt-egrat ed, ci rg Wikcueb&dd aVElRghed RASHIN 13, ORhdraietheWsdcbn@REdtalUlLer f or ned
therein at which contact pads for integrated circuits on the wafer are
exposed, ORWIRHIPPHCI. i ncl uding: formng a netallic seed | ayer on the wafer
by | aser-induced netal deposition, the seed |layer being forned in a
predeterm ned circuit connection pattern between respective said contact

pads and 25/ O ondi@ait baedtdsoslaimedOn0lati 4082 Aviedin SESL4I00B Anetall Biydeposi ti ng

a second netal |ayer onto said seed | ayer using an el ectrol ess netal
comprises nickel.

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;



pl ating process; and formng |I/O contacts at said |I/O contact |ocations,
wherein said seed | ayer and said second netal |ayer provide electrical

i nt er conne@t 020m42et ween the 1/ O contacts and respective ipdTesgawedoci r cui t
contact pads. 30. A nmethod as clained in claim?29, wherein the

| aser-i nduced netal deposition includes applying a netal organic precursor
filmover said wafer passivation |ayer, effecting thermal deconposition of
sel ected portions of the precursor Fi§ﬁ1according to the predeterm ned
circuit connection pattern using a | aser beam and renoving the renainder
of the precursor film 31. A nmethod as clained in claim 30, wherein said
precursor fil depeitrg sewond nfetdl dayef ontoppidrseédlayat vsin@an elacelessadeta cl ai med
in cIa|n1§§ wherein ald | aser-i nduced deposition conprises applying an
organic & E%J%R%%%ap yer to said wafer, laser-catalyzing selected

portions of sakhifg YaNtEtRAS S s\éﬂitll/(!mohtab‘tﬁbca?déhﬁ agkeerainGarinRbd ytt &g of a
netal electrolyte solution to the |aser-catal yzed surface so as to form

netal depaidi seeoncheetsd dayeéid?tlf@Yld¢ algcricalsintatcqnneeieare befiviser the FOusantasthnect i on
pattern. aﬁgnm§<ﬂﬁ%QQg yer ghﬂgﬁmaaﬁ%hgln129 i ncluding application of an

organi c ‘passtv er prior to said |laser-induced netal
deposition, the organi c passivation layer being patterned for exposure of
sai d contact pad 34. met hod_as cl ai med in _claim 33, including

appl i cat i38n oA aleélp@o%oplmféﬁn@lalrﬁa?é’swba&eirbﬁhe|lagﬁéﬂnwﬁ¢awt gieg%lwm
el ectrol ?ﬁ&udé@éa%:p ﬁ%h' ﬁ&ai?afrga%?é Etec & Ffh WL %éﬁ‘aaf&hfer Ipagst?éa!g‘g? dlh)?é}",ol ayer

bei ng patterne Xposur e~ o second netal [aye
cont act leffeetirigothsrmaNde0@hPIARRY oPETEcRErH OEaf the];ﬂec%sorﬁlme&choxdiim cl ai ned

inclaim3 re|n5|dl Ocontact co ris der unps .forned at
Ry Pt M o S 2 Alrses PR 2o dPRoVBE el i m
35, incl yghRddd TeROPLGLECEILP! ess net aI pl ating

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.



process perforned after application of the second passivation | ayer and
before formation of said solder bunps. 37. A nethod as clained in claim
35, incl udiow/appiyi ng an i mrersion gold | ayer over the rmetrdGdepssi ted in
said second electroless plating process before formati on of said sol der
bunps. 38. An integrated circuit wafer construction including a plurality
of integrated circuits and a passivatjion |layer -thereon, the wafer
construction including a netallic seed | ayer fornmed on the passivation

| ayer by | aser-induced netal deposition in a predetermned circuit
connection pattern between contact pads of the integrated circuits and
respecti\&@. | / @ owthalcas ¢laiseed inredaimt 3o whetein seidnlé®rasotactsnedmprisheoldenc! udi ng

a second ,netal. | ayer d ited onto the seed_|ayer by an el ectrol ess netal
plating pPrpEdga .Salgﬁﬂﬁﬁ?rgﬁ?ti?‘:@go%% %@Ft‘”ﬂﬁ%{f er construction as clai ned
in claim38, wherein the netallic seed |ayer is fornmed by applying a

nmetal organic filmonto said passivation |ayer and thermal deconposition of

portions 3f t Hemegiod asrcdaimice i cleim dé cioekiiding a sscondiplgcivolessanerlmlaiées ci rcuit
i nt i i .a b 0. An j.nt t i it f
const  ucti oo beRBhEL Gale LRIBOBSS uRESBond el ISP AR BB,

conpr i sedomdtionwf ehideoppebuhps.mate. 41. An integrated circuit wafer
construction as clainmed in claim 38, wherein said passivation |ayer

i ncl udes an organi c passivation layer. WO 02/074027 PCT/ SGO1/ 00030 -20 42.
An i nt egraat ed xCi L840t : q t I i i rther
'l udi ng 2 sécegeeies ke SRR 15, b NGAR RAIIE, IthnG b Bolflay i o
second passthe atetdnlepesited ihsaid sepoap elettusles flainpestoadss dafode foratandfict

| ocations.. 43 AF integrated circuit wafer construction as clainmed in claim
42, furt K& SOldsEPWEPHg ™1 / O contacts forned at said I/0 contact |ocations.
44, An integrated circuit wafer construction as clainmed in claim43,

wherein said _ o
38.  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.



| /O contacts include solder bunps. 45. An integrated circuit wafer
construction as claimed in claim44, wherein the 1/0 contacts include a
further eWwecizookess netal |ayer applied after said second pqrassiiwaisoon

| ayer. 46. An integrated circuit wafer construction as clainmed in claim45,
i ncluding an immersion gold | ayer applied over said further el ectrol ess
nmetal |ayer. 47. An integrated circuihopackage formed fromdicing an
integrated circuit wafer constructiof”as claimed in claim38. 48. An
integrated circuit package formed according to the nethod as clainmed in

cl ai m 29.
42.  An integrated circuit wafer construction as claimed in claim 38, further

including a second passivation layer over said second metal layer, the second

passivation layer having apertures formed at said I/O contact locations.

43.  An integrated circuit wafer construction as claimed in claim 42, further

including I/O contacts formed at said I/O contact locations.

44.  An integrated circuit wafer construction as claimed in claim 43, wherein said

I/O contacts include solder bumps.

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,



