; wxe3elaB1”l 46TB>F. e~ ~r.o~. -1_ METHOD OF SEM CONDUCTOR MANUFACTURE Thi s

invention rally to nmethods of making sem conductors.
speci fi caﬂlmmmmmmgem invention relates to methods applicabl el\%ganune 2004
fhd

changi ng t he ReSid ective position of ("re-routing"”) bond pads. After an
integrated circurt (1C has been nade, it is necessary to package it in a
way that will allowit to be connected tle a circuit board. This involves
provi ding input/output termnals so that the sem conductor may comruni cate
with other segnents METHODEOFSEMICONDECTOR MANHAGTURE s i s usual |y
acconpl i shed by 10 providing bond pads on the I C which can have wres
attached to them by solder. In order to achieve greater accessibility and

flexibility, it hHhiQht&ioNsaaRs 2 ermystggﬁaﬂ@dstdﬁnmgg %@e%mucfo?& xgg&d pads

al ready present on an IC. Presently, re-routin e carri out in
accor dance wpdcifidalig, thre prasentinvemtion relates o mbthudd applieable nvheh ghargidg the t he
acconpanyi ng._dr aw ngs. Tgi"s met hod 15 conprises placing a patterned netal

| ayer P ont Bffectiysopifign of (a¢-routwg " bandpadbnduct or chip 3 such that the
nmetal |ayer conesg : 4 ( i.gure 1
a.) Anot Ker I aye?‘figf Blgggtésg}égﬁkgﬂgﬁ p&‘? HES %H;ﬁﬁagn%, {?g%cggsgfy Eoﬁégﬁﬁaéé a HI ayer.
A portion of wadyehateritrndiovaly grbedfonpectad toe ¢imduétrboatd. STHis iviobies picsidinlg SO t hat
a part of the metal |ayer at a position different to the orjginal bond pad
posi tion isI@Gt/e&ta%t@ﬂ%wélééowéabeesenaﬁqndwmsrr@wemwaye WHARYWE t he
osition of : Iodol . f:tih i s prior
get hod is t ﬂ%ﬁ’ﬁ?ﬁ%ﬁ’gg@g%gﬁ%& S‘tf.hﬁgf }%lgg%ﬁg{ﬂ%&%%@&%g ‘J;)n expensi ve
and | elfigt hy ppovadieg boikhpass oashgIy shchl can hpwuwirdegeehtd nthéR\WY)soldEhi B pr ocess

i nvol ves the spraying of m nute netal rticles onto the surface 25 of the
passi ve | ay@FdSeElFﬂ qhicye gEeRteraceessibiity r"’r@fP aFXIBﬁ%rIVStO@ieH neeasEaty 9 chasgal s
achi eved. Thj i I . tering". The equi pnent
required fop{e%qgggﬁe%?ﬁ%édﬁq@pég?%l@% ﬁ%fﬂ\l/tzorh;gr?ﬁ he process takes a | ong
tinme to carry ouPrdsemlygseclageoofingmaibe cardied s0t ihaiccadnrcenmicthiheesdthod

According to a first aspect. of the present invention there is provided a
met hod 30 OFC@BEFlﬁ?Ing‘?IQE%?%}n Figyrert RfdheaccamPEBAAE droHng. iR methodi § et hod
conprigi Ng: pheMidinhif $64Het | §178 RHa i 19Gerat ast one bond pad
on an out erc B28 ﬁél?g?og%ﬁe}jgéagﬁ%?gg%ﬂ?her eo?);a .. tgeer rr%rl-%orrpr essing a
metal foil eﬂni_yosducmbr@hipi T amditbatshe micabiayer emesntocobtct with tlendipasddy
parallel tobcs)lei(i gacfi AE (sleg %?gturg ?e(la.) %%%g?%er of passive material 5 is then laid over the

metal layer. A portion of the second layer of passive material 5 is then etched so that

a part of the metal layer at a position different to the original bond pad position is
20 exposed (see Figure 1b). This effectively changes the position of the bond pad to a
new position.
The problem with this prior method is that the process used for laying the
metal layer is an expensive and lengthy process known as physical vapour deposition
(PVD). This process involves the spraying of minute metal particles onto the surface
25 of the passive layer until a complete coating of a very thin layer of metal is achieved.
This process is also known as "sputtering". The equipment required for this method
is very expensive and the process takes a long time to carry out (an average of an
hour or so for some machines).
According to a first aspect of the present invention there is provided a method
30 of applying a metal layer to a semiconductor element, said method comprising;:

providing a semi-conductor element having at least one bond pad on an outer
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wherein a layer of dielectric material is provided between said netal foi
and 5 said sem conductor elenent. Accordingly, the present inV€nti°E%June2OO4
provi des a nmethod for re-routing bond pads which avoids the sputtering
process altogether. Therefore, the nethod of the present invention is |ess
expensive and is able to be carried out in a shorter time than conventional
met hods. 10 The layer of dielectric matel-ial nmay be initially provided

adj acent to the bond pad on the senm conductor elenent so that the netal

foil may be stuifecenthercofipr essed thereon. Alternatively, the |ayer of

dielectric material could initial I% be provided adjacent to the netal foil
as an adhesive | d)SMORAMRIFINE HeeRbEul qrio paid semicopdycier edementsp asta he

mat eri al on { ik iall her alternative, two | ayers of
15 di el ectrisgsﬁrr%r?gp?&a&glgh dg%lgdttlﬁségtdé&okﬁ)gti%?’acent to the bond pad and one
adj acent to the meteatinhdayer afdrfecatthastesial ik pyeidedAztweat safil tmetabfoslemand
aspect of the present invelnti on there is provided a nethod of creating an
i nt er cohnectPdrrepiionduciorelemenl conductive substrate and a second
conductive substr - SAl : . hei | el , spaced
apart 20 from Sﬁ%ﬁ@%ﬂgﬁﬁ%@ %gtlwgg§ gltogltlj gtarqg?tggé éirﬁlgrjo%gl ibt%lﬂgned SO
that at | eagadpwhichaboilailt fputtatingsprosdss altegetisery Theielfere)yhe mehMstdhd r om t he
side of said second substrate in a direction perpendicular to the plane of
bot h subst r DNt WKeHioRds kstiexsAsire andig ablerte becarried ouf dpassherter time than

non-i nter co%ggdéniugﬁal%etﬁ@&sq second substrate with a resistant coating; 25
subnergi ng sald substrates partially or wholly into an el ectrol ess nickel

pl ati nt0 bath so tThetlayer ok dleldcaricamesialtragy Belindidlytprovidedibdjadent &1 the bbad r at e
until a satisfactory i.nterconnect i s obtained between said first and second
subst r at es. Paf opdhetsnijcondygtopglsmeptsp that the migtal doil may be dherarorsmnsessedhi ng
step before L Q{{%ﬁ 1 : : { . | ng. hat h. The
bond pad rra;f?ég})‘(gg ét;}ell 3 %%ltgﬂ%g#%ﬁlﬁéﬁﬁé@hﬁﬁgﬁggﬁ(@{%@ %ge#lﬁgdlg%rsed in
a zincati on aflfjagent.to Afetraetahfodlaslan pikdsivedayer apaidigntic heygteto plag adagdrerfabl y be

provi ded adjgcent, to 28 June 2004.-3 the nickel |ayer which can then be
etched to réﬁéﬁqtﬂ&n&ﬁr@f%ﬂ@f%mﬂ@a@gew@- Suba fyrthes alterpative, Bro lamersof bunp
metal | {gati appd i t Lt that a
bunmp can be%léﬁ%ah%%gg% g? Bgeghﬁlgéc%(ﬁ%ﬁhg%) tgigﬁgﬁéﬁeag@r@gﬁb }a g{;hetg(?r oni c
itens. Accorhk mgtal foibastdn adesaeplagér. of t he present invention there is

provi ded a nmethod, of re-routing, at | east one bond pad provided on a

seni conduct or, saﬁ“ﬁo R OP 6 Bt 18P the RyG3ca H’de‘é“?‘h@‘é@ iBprayideddct ri ¢
material el tfhigho6l GEfiMg dnGn@Rlotn&&i0h SRRLA b FirstUontl iRe&Tbstiate %mlrgat al I ayer

to be applied to said sem conductor; 10 therno-conpressing sald netal |ayer

onto sai d sertandreduductive substratet snid sevondd stibssratecbelingparalid taiaatl spaced apart

mat eri % ; from, said first substrate, said substrates being positioned so that at least part of said

first substrate is visible when viewed from the side of said second substrate in a

direction perpendicular to the plane of both substrates, said method comprising:

protecting areas of non-interconnection of said second substrate with a
resistant coating;

25 submerging said substrates partially or wholly into an electroless nickel
plating bath so that nickel is deposited adjacent to said first substrate until a
satisfactory interconnect is obtained between said first and second substrates.

Preferably, the bond pad is cleaned in an alkaline cleaning step before being
submerged into the electroless nickel plating bath. The bond pad may also be

30 activated prior to submergence by being immersed in a zincation fluid.

After nickel plating, a passive layer may preferably be provided adjacent to



applying a |l ayer of photo resist over said netal |ayer; carrying out photo
l.ithographic and etching steps on said | ayer of photo resist so as @7une 2004
reveal at |least a portion of said at | east one bond pad; 15 applying a

| ayer of photo resist to a side of said sem conductor opposite to the side
upon whi ch said bond pad is |ocated; cleaning said portion of said bond pad
with an al kaline solution to renove any-®Bxides fromsaid portion of said
bond pad; immersing said structure partially or wholly in a zincation fluid

to acti vat e tidnitked lhendhphcanitheneiesdtelgdsaireleal 4 pation ef firseedld sybgratevhol |y
in an electroless nickel plating bath so that nickel is deposited on said

bond pad ink _naaﬂ%mﬁiﬁr-éwr?mtvéhﬁéﬂpa (UBMhdayerqmubernmlicd fpithesewaled net al
| ayer; pr OVIp@{'tﬂgn &0 thzﬁ%ecfung; cz{i’lao%iiléfc%d%gééﬁ £l cﬁﬁﬂe@ﬁ?ﬁ'to §tfRed NE resul ting
s to cover sard nickel pla

sandwi ch 25"structure so I ng; and etching said
passi ve | ayelectrival/€leetadni@itetheast a portion of said netal |ayer. Each of the
first, second and third aspects of the invention are applicable to all

known waf er substspeking o thid agpechektbe peasentdpvession thawe wrrsevidebaor sil i con.

The various di i hS ol Q. L r invention may
be pol yim dé]gé éfr?écg(gtl% ﬁgl#t%%;ﬁés S# %her%glfi:@a%%ﬁl%aﬁ JJ%@H?@E{O&I Sa%(gi | | ayer
used has a it rls than 18 m crons or 28 June 2004 -4 nore

a3
preferably ranges from3 to 5 microns. The thernp-conpression step of the

first and third &pacing adeyer Rédickptiinmatsripkeiheeadirent (p sid senuepnduetont a
pressure i ng%gﬁa%%ﬁaf%g{eg?@gg ¥ RQF";‘F. ) ?etmi@orfcﬁnﬂﬁ?-r ature in the range

of 200 to 3 ric Is polyrmde 5 and in the range

of 1501G 0 200C whiestmblsntpredsit@tsaldoment Ryéradntd said séhiebidRkdrsbiagtd €sin. I n
the second and third _ aspects of the invention nentioned above, it is -
preferabl e sdwiehgaid laysspt diglepiricwaateritdy ns a | ayer greater than 3 microns

thick or nore pr i . j.crons thick. In order to
deposit such 10 %&@gﬁgyﬁay&iiﬂg?{eoﬁggr&e@'fe{ gal{ljgagkgl;{spggi um hypophosphi te based

bath at a tenper ahnyiagiont pligo tidngeaphic afld dichidDélepsain Qidilapat dfPhotoretifte range
"nvent i on wSPRS BEerel ShiER QBN PLE B E o B tati ve
15 applying a layer of photo resist to a side of said semiconductor opposite to
the side upon which said bond pad is located;
cleaning said portion of said bond pad with an alkaline solution to remove
any oxides from said portion of said bond pad,;
immersing said structure partially or wholly in a zincation fluid to activate
20 the bond pad;
immersing said structure partially or wholly in an electroless nickel plating
bath so that nickel is deposited on said bond pad in an amount sufficient to connect
said bond pad to said metal layer;
providing a layer of passive material adjacent to the resulting sandwich
25 structure so as to cover said nickel plating; and
etching said passive layer to reveal at least a portion of said metal layer.
Each of the first, second and third aspects of the invention are applicable to
all known wafer substrates including those made of gallium arsenide or silicon. The
various dielectric layers in the methods of the present invention may be polyimide or

30 thermoplastic resins.

Typically, the metal foil layer used has a thickness less than 18 microns or



exanple only, with reference to the acconpanyi ng draw ngs, in which: 15
Figure 1 illustrates schematically in cross-sectional side-on view fgm%vmm
prior art nmethod of re-routing a bond pad; Figure 2 illustrates
schematically in cross-sectional side-on view a nethod of applying a netal

| ayer according to a first enbodinent of the first aspect of the present
invention; 20 Figure 3 illustrates schedatically in cross-sectional side-on
view a nmethod of applying a netal |ayer according to a second enbodi nent of
the first aspecpretratilheangesfeomt3 ionvemdromm; Figure 4 illustrates

schematically in.crqss-sectional side-on view t hod of | yi ng .a net al
| ayer faccord!yng El“ge ﬁ}e{rﬁp-,can@mgap.s@atofﬁ?e ﬁ‘lrﬁfaa’f‘ﬁlgg a%l?ﬁ@cﬁ“ﬁ&f’%@‘ Spresent
i nventi on; Eﬂe@éﬁﬁﬁy%aﬁleh%%ﬁ@éﬁéss%@ﬁqﬁéfa%?& bnmmaroqaﬁ-@a%aona' si de-on

view, a nethod of "creating an interconnection between a first conductive
substrat e atethpgraereon thecranghuetft 2000 S66YE whewrtherdielectoc dataral wi pdiyintide second

aspect _of the, present i ti.on., The t hod of appl.yi.ng a netal layer to a
seni conduct 879 g‘ltgﬁ%ef’m%toa@@g?d‘g}?@gﬁwlf CFW&‘“&E‘?@‘S rEwopl3stiG he present
i nvention Wdgl, now be described with reference to Figures 2, 3 and 4. In
each of the three enbodi nents, the sem conductor elenent 20 contains a 28
June 2004 -5 sinil thelecuhdpad tifidd Spetthof thieginenhian chentidmedodfbovbidt 81 enent whi ch
is desired to_be rerouted to the |eft-hand side. The jnvention_ is not only
appl i cabl e PTEpRIF i\wrfgevpﬂ&dauféseﬁgqrelsa W,&éﬁﬁlt%dlﬁa%%ml%en% kidd to

mul ti-pad e U0 isHeh , - e ' ded for
each re-rou%rlﬁ’%&tg?%%egé. 5 ?rr?]g%ftﬁ? tP ﬁrs éﬁegﬁgg@fﬁefﬁ?&rg%ﬁ%ﬁfgp{)ﬁbggﬁgi on, a

| ayer 16f di klyewss iticprefereditabse2fsadsurd dppapliveghiteritased beeh hiG empeetweaver t he

sem conduct qQr el ene 2 bond pad 21. This ef. 1s required in order
o hohi eve. QSRR SP3 Tumeirutah infh whet ALe0 1000 i

ther no- conpeReshIeR diGePPiafiHg bhd. then used to attach the nmetal layer 23 to
the layer of dielectric as Shown in Figure 2b. The netal |ayer has a
pressure exert edThépesenttinemtion svilhpp firdsr descabediby wdy tof npeiatitatiee so t hat it
bonds well with the dielectric. The resulting(ﬁtructure i.s a thin netal

| ayer 23 paPHAmRIE oply, withdelerence tp he apqonpagxinBdrawingsdn 3441 (see Figure
2c) . Bgfore ther O IMLREFHeO Sohetatiballyiad3RE&idnAl HBE-bh Jidwa khbwn L he | ayer
of dielectric material 22 to achieve dgood bondi ng. After

t her no- conppasesirbmethodef i&routmglattiond psd;r uct ure is fully cured. A second

enbodi nent of the.invention may be used as an alternative.to th bqve

orocess and i s i IS 7 AsareR oheptaEat inAgohgtorh iae i vidsBa mefd ot o
llayer 23 i sapiipmaatiRélaMaydt sdcdrling th aYREt elbodir@iof tHeOiOaspect 4 tHenhi ch i's
chosen for its good adhesive properties) which is then pressed onto the

el ement andprssert ipeentioy directly. This results in the same structure as the

i mbodi s d.. d bej . d f h
meal Thyer by arire MRS s ER RRGedl- ARl eSSBS bl "

al ternati veapslymgawiethNafdraidt et dthgads adeédhidlethtoahneht &€ fHe farkt 4spbét of ktHest aspect
of the invention, a |layer of dielectric is applied both to the el enment bond

pad 25 21 agreserpameantieny ayer 22 and to the back of the netal |ayer 23 as an
adhesi ve layer 24, Thi s I in..a slightly 1hi I ndw ch of
e Pl et e LR et RS B SRR Eelodol s o

dielectric but t overa € Sa I'n"'e

t he par anet gpslyiag athetal lagsrmecardingrte ashiodembedinrheofthe fiastashdcasaky by the
particular material used for the dielectric. It is preferable that 30 the
t enperdX ur e PreseRfiRv@NEPN}t han the gl ass transition tenperature of the

G et | et sl R R g5 TRORL o ATHELGH 6, Rl
of creating an interconnection between a first conductive substrate and a second
conductive substrate in accordance with the second aspect of the present invention,

The method of applying a metal layer to a semiconductor element in
30 accordance with the first aspect of the present invention will now be described with
reference to Figures 2, 3 and 4.

In each of the three embodiments, the semiconductor element 20 contains a



-6 bhased material is used for the dielectric passive |layer, the tenperature
of thernoconpression should be between 200 and 350C. A pressure of ﬁ.\‘ﬁE2004
340 kPa to 420 kPa (50 to 60 psi) is also sufficient. If the passive layer
is made of a thernoplastic resin, a tenperature range of between |50 and
200C is nore appropriate. A5 pressure of 340 kPa to 420 kPa is al so
appropriate for thernoplastic-resin |ayérs. The netal |ayer in each

enbodi ment typically conprises a netal foil of |less than 18 microns in

t hi ckness. $ingltdoadbyd 21 he tegightihand sids of therlehientindiidnis desiredio bkness and
nor e preferabl%11 still range of from 3 tf‘if‘ n crons. Lf .a layer

| t
o Pl v e B e leh-aBd s e fRAGoR isater SO AP HET L oGPt hyifth 36 1t he
range of frogy, le tb%n§ Qasﬁm b@a@ifeat&ﬁm_?f@ereﬁraneerémcatét'ﬁ met hod of
| ay vantage o e

appl ying a net r has t totally avoiding t sputtering

process. Th&patawmetat hyersis neédeddpt gachge-tdhringgradess.ayer by

t her no-_conpr essi on, i ener gl | h chea er than cqnvent |

sputte|5| ng procegs %&% H@Pﬁﬁ’?étg?ﬁ’@ “bYet‘j‘E‘ g layertq{éih%?céggmatqrﬁggﬁ{si on can

be carri ed depodiibd o hTer Girfikt Gl ind BATIGSRMUER LIcARAL 20 B bétfd g AT ocesses.

The omi ssion of this sputtering process (which can be a bottleneck in the

| C packagi nhislnee ssequrainhyrder to aclied gowd bondingiier themetaldaywathabs tpl aced i n

the sputteri |neto undergo netallizatio t herefore has

R AR X ety R e e T P

takes just @efigy BF BidleRfic a%Q,hGWﬁ‘ 1@F§F@’?{Pt’ﬁ%bt§1 LYethA agiré‘s!sﬁr‘éte&bﬁed

internmediate ldyer Is required to achi eve good bonding so that the netal

| ayer 10s nobn #ppd isapplied ecd taysetl(bem]bmfatlummb thatdt bendsrwdlhweitp theatielacttic. To

conmpl ete th re-routin rqcess, ref or. S negcess t 0. i nt erconnect

Che et ol |1 Syereoving SBiabiedea tan ot e s g auislal Pr EEHBCHApar R iBE hod o

doing thi s bé&n c2r1| @éngﬁ[lCQ@? 25 The interconnection between the bond pad
nmus

21 and the netal 1ayer 2 have | ow el ectrical parasitics to reduce or
prevent any si gnBeforogsrmédcempression,intselesioabhett pamialty dee thellaysnlo€ i n

different e ronment s ure. 5 sho n enb di ent according.to the
second aspeg‘teieﬁ’frlct’ﬁ%tep?tl\érfga l?t‘eY‘?tg%ﬁV%‘i‘% & RGO OMRIESS IS then t he bond
pad 2%hsand pRL‘h |Sﬁl-{,{&{1re%§f,ﬁg,&§éd’ eady provi ded parallel to one another) is

made. The process firstly conprises laying a passive |ayer of photo-resist
25 over 28 Jund 200 entbodimentrodttlzd 1nt/aymn rﬂa' beTised ap mtabemstntdte theet al

| duri th i T t . ~Next t-h h
Stops (see PryGPaccess s s Mdhsfnehan Elfrs 3 S8 EhOVmHGUGHTa e lSHBTELIRGS) of o5,
netal [ayer 2% ﬁ@éba@!dﬂbi@lﬁ?ﬁ Hhﬁ 1dyRY 61!' or%ﬂm& Qorhﬁé/tﬁﬁi 2 wﬂlgﬁfstchase@%f iton of the

original bond pad 21. Such chem cal etching and hogr aph E steps are wel |
known in thgo adheswc propetiies) whish isthen atﬁésedfomm@lemmaﬂd and gadc| eaned in

an al kal i ne ;sol n ve an ala el of .phat g-resist 26
'S apet eq fE%He TRASHEETT Rl S B Bl R B Rp BERE ie £° See
Figure Sa). bdhuisad chlld upbeinbQepuritb@ Grom BF nidia 1avRE BY adhia laysnof dRlated except
for the bond pad surface. Next, the entire structure is imersed in fluid
to active tf(fecHiwe pPdds and rrake t hem receptrve 10 to the next stage whi ch
is nickel platin hi s

zi ncation step, %hfuﬁp%: u'c}li use IS Sri!m%'% rrlgg égglgrigrﬁﬁ&}dngﬂt Oft §etr ably
between 30 agct/diGhe fﬂventzom@aetyeﬁaf &1teleatri¢3yaﬂ>ﬂltedtb@t<teﬁ> the eteﬁrénﬂlsbﬂdq)aatS

m nutes. The wafer may be wholly or partially imersed; it is only

necesdary t RheS § RassH&Hesad and ixthe braek:et the snial daver 23 a5 pw ﬁdhqse’ﬁtlﬁb@ﬁﬂ‘t Af t er
this, the | r h Thi s
5 shown | niEroun R ik S Rl T AR 20 (e Bl IIELIORY |2,

"el ectrol essie samiehod. This neans that no electric current is required to be

fed through the bath in which the wafer is_ submerged in for nickel plating
to occur. In thi én%%cageboeﬂee%hepataeew?t the rltrnap %trrrssswe@tﬁmr@ed in a

ni ckel pl at I he bond
pads. 20 ThromyRPhkeli'br bR AR R B 1 FAEe) iR
receptive tdlertempemmrrt sepredtedein thy gidse transitet tempeszttm]e of theedialetiictlayet ni ckel

deposited i endent on the duration apd tenper.a i.ch, the wafer
is subner geguﬁ Est H%“ g‘ﬁt"l‘?g"%ltrﬂnctﬁg'ﬂ’e‘ia?rﬁp g\ﬁéiéeq?‘"dnﬁiﬂy% ]38 H\N?Vq’i‘éqeg ht so as
to forman interconnect 27 between the netal |ayer 23 and bond pad 21 as
shown in Figure Se. 25 The nickel plating bath conprises a nickel based
salt fluid. For this step, the tenperature is preferably maintai ned between
70 and 90C and a duration between about 20 to 30 minutes is generally
sufficient to produce a nickel interconnect of appropriate thickness.
Usually, 8 to 15 microns in thickness is sufficient to create a good
electrrcal connectron 30 After the abovenentroned steps the photo resrst

N - o Y b1 Y ~~N o .



appropriately. The first and second aspects of the invention are ideally
used in conbination to provide a nethod of re-routing a bond pad on @une 2004
sem conductor wafer. Although the total nunber of steps of this co i ned
method is nore than in a conventional 15 prior art process involving a
sputtering nmethod, the advantages obtained in terns of tinme, expense and

t hr oughput outwei gh the additional corrpﬁexi ty. The above nethods are
suitable for all sem conductor wafers known in the industry, including GaAs
and si | i conbaged Bpaterial ispged fpidhodiglectry nassiyaiyar, the tempergtire pf Bspngq ng a

metal |ayer ] Pﬁﬁ I%me , Ld rJSinNG ovi di ng
a sem - cond%octg?%rgsszq%e@rlr@ﬁ g%/e?\%%e%a Iagggts6?%9%%%8%53%%“%%03%?&?4 Qr face

t hereof ; thEgPaGOCOEPDHSS & dig suffisicad If dielpagyitolagér il nRdsoe 8 RekRbplaste ement so
as to be substantially parallel to said at |east one bond pad; wherein a

| ayer of di &Pt famperaiuieprge ofdepresni I3 ang D0Keis metie@ppiopsptef ¢ | and 1o
said sem co I . e | &l erein said | ayer of
di el ecfric Irgr}g%kglho‘gaﬁ ﬁoﬁﬁéﬁgggggﬁlﬁﬁ? gqr%ftesgolr@el?gégfﬁ%gcd%gﬁd LA d et al
foil is therno- cOnpmeansFenidjcaciesinbbdineai @pio@}l?boﬁ?ri@ﬁsahﬂ&hlfﬂoﬂ oredserial . 15
3. The nethod of claim1 or 2, wherein said netal foil is provided on one
side with athpay@migonginsthickpessc Preferablyy thefatl dy leas thae § microns in thickness

t her no- conp j ; J f i i nt erconnecti on between
a first con£ ?i'?{)@g)ré%%é%%}’r%{llél ggfé%%%gggfelgréﬁ]?!@or’ﬁ %g?rihs\'/e substrate, said
second subst r at elfladayrg op adiedsiveldidlectriathssACEA: RPAFSundrto B dsataBlyf inr St
substrate, said substrates being positioned so that at |east part of said
first 1ubsttharangest o bres pHewny inthicknessom t he si de of said second
substrate in a dj i { t bst rat es, -

sai d nmet hod corrpjf“lg gﬁ\%@&fge%ggﬁ%éﬁj%g&pgﬁ}ggéQg’?&#\lg%%lr ﬁ%set?@gg‘r’\%ngﬁeoor{a of said
second substotalyeveidiyg the sptedingproczedt Tigabov e prozegi dfappBinth thelsdt4lat es
partially or wholly into an el ectrol ess nickel plating bath so that nickel

i s deposi t el@yeid)ybamo-gmprgssior isigsneraliy iuch cheapst than thegonyventionabr y
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The net hod er Cconpri si an a ne Cleaning step before
sai d 48bner githguchiragre quickly than conventional sputtering processes. The omission of this

sputtering process (which can be a bottleneck in the IC packaging process as only a
limited small number of ICs may be placed in the sputtering machine to undergo
metallization at any time) therefore has a significant time advantage. Typically the
thermo-compression process takes just a few minutes.

20 One disadvantage is that a dielectric intermediate layer is required to achieve
good bonding so that the metal layer is not applied directly to the bond pad as in the
prior art. To complete the re-routing process, therefore, it is necessary to
interconnect the metal layer thus provided with the bond pad in some way. One
method of doing this is described below.

25 The interconnection between the bond pad 21 and the metal layer 23 must
have low electrical parasitics to reduce or prevent any signal loss. Also, the
interconnect must be reliable in different environments.

Figure 5 shows an embodiment according to the second aspect of the
invention in which an interconnection between the bond pad 21 and metal layer 23
30 (already provided parallel to one another) is made.

The process firstly comprises laying a passive layer of photo-resist 25 over



28 June 2004 -10 6. The nmethod of claim4 or 5 further conprising inmrersing
said substrates partially or wholly in a zincation fluid before SaiQSJune2004
subnergi ng step. 7. The nmethod of any one of clains 4 to 6, further
conprising: providing a passive |ayer adjacent to said nickel plating and
resi stant coating; etching through said _passive |ayer so as to reveal a
portion of said second substrate. 8. Thd-met hod of claim 7 further
conprising: 1 o providing an under_ bunp netallization |ayer adj acent to
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adj acent to a netal |ayer to be agplled to sald sem conductor;
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said at | east one bond pad; applying a | ayer of photo resist to a side of
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passive layer to reveal at |east a portion of said netal layer. 5 10. The

met hod of ahbe prte swyrhg ehallvmaruneiadlyimsersedsié s edyaaessey ithat thechond or
silicon waf Sz{d i?s}é%%e%e%'the zincation treatment. After this, the interconnection is made

15 using a nickel plating method. This is shown in Figure Se. The nickel plating is
performed using a so-called "electroless” method. This means that no electric
current is required to be fed through the bath in which the wafer is submerged in for
nickel plating to occur. In this stage, the wafer is partially or wholly submerged in a
nickel plating bath which deposits a layer of nickel plating 27 on the bond pads.

20 This depositing occurs because the bond pads have been made receptive to receive
the nickel by the zincation step. The amount of nickel deposited is dependent upon
the duration and temperature at which the wafer is submerged in the bath. The
nickel is allowed to build up in height so as to form an interconnect 27 between the
metal layer 23 and bond pad 21 as shown in Figure 5Se.

25 The nickel plating bath comprises a nickel based salt fluid. For this step, the
temperature is preferably maintained between 70 and 90°C and a duration between
about 20 to 30 minutes is generally sufficient to produce a nickel interconnect of
appropriate thickness. Usually, 8 to 15 microns in thickness is sufficient to create a
good electrical connection.

30 After the abovementioned steps, the photo-resist 26 on the backside of the

wafer 20 may be removed using a standard chemical etching process and a passive



11. The method of any one of clains 1 to 3 or 9 wherein said |ayer of
dielectric material is nmade of a polyimde material. 10 12. The net %’f‘un%fZO 4
any preceding claimwherein said netal foil, said second substrate, “0Of sai
metal |ayer are formed of a nmetal foil having a thickness |less than 18
mcrons. t 5 13. The nmethod of any preceding claimwherein said netal foil,
sai d second substrate, or said netal Iay%’r are forned of a netal foil

having a thickness in the range of from3 to 5 microns. 14. The nethod of
any precedi lgye28imaydheanplind &nibg tept off the sandsrieh goistirp sicayier dwirdcked fir st

substrate ar e or er ba 1 he neth of any one of
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greater thampositish@f @itsoridihdl bondpadlé askberfebivederedfoutd ik BoAdpaMIgy ei n said
nickel plating layer is Iin the range of from8 to 15 microns thick. 17. The

met hod of ari§vesHag &t metal lagers Rojowing thy, themermplunslar-bumh enatalbizationessi on
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2004 -12 18. The nethod of claim 17, wherein said |ayer of dielectric
material is pol yids Wih fefisbaspectiof theoneeniionetheieon ng requitemestiorised out at a

tenmperature | fr 200 tQ C. 519, e, met.hqd.qof claim 17
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of from 150 to 200C. 10 20. The nethod of any one of clains 1 to 3, 9 or 17
to 19, lhher diyrvaseng thedempereripaakdirationsefaybmergeaee incthe nickelplatingbatissur e i n
t he range ofa ;nrogvp?at% KPa to 420KPa. 21. The nethod of claim3 wherein said
adhesi ve Iayg s an’organi c conpound in the range of from5 to 8 mcrons
thi ckness. 15 22.ThehRstmidResbndlaspdctd 6¥ the RiveRtion ki i@ally $8¢HinelbinabrS are
imersed or said structure is inmersed in a zincation fluid nade of a zinc
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t he range of 1 .es. 20 23 The nmethed of claim.4 or 9,
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conprising at le 1 i I net .

according to anya%tregggg? ﬁlgmgﬁg%{%%é@{le i&ﬁetsﬁ%@&g‘? ﬁﬁgﬁ?’%%gsaﬁlsoé’vrﬁ @gﬁ%uct or
chi p conpri dhdgtry hacheingdeh f andnyliconevagérscl aims 1 to 23. 30 26. A net hod of
applying a netal layer to a sem conductor el enent substantially 28 June
2004 -13 as hereinbefore described with reference to Figures 2, 3 and 4 of
t he acconpanying drawi ngs. 27. A nethod of creating an interconnection

bet ween two conductive substrates 5 substantially, as herei nbefore
described with reference to Figure 5 of the



acconpanyi ng drawi ngs. 28. A nethod of rerouting at |east one bond pad

provi ded on a sem conductor substantially as herei nbefore descri bedzgvlj 2004

reference to Figures 2 to S of the 10 acconpanyi ng draw ngs. une
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with a layer of dielectric adhesive material before said thermo-compressing step.

4. A method of creating an interconnection between a first conductive substrate

20  and a second conductive substrate, said second substrate being parallel to, and
spaced apart from, said first substrate, said substrates being positioned so that at least
part of said first substrate is visible when viewed from the side of said second
substrate in a direction perpendicular to the plane of both substrates, said method
comprising:

25 protecting areas of non-interconnection of said second substrate with a
resistant coating;

submerging said substrates partially or wholly into an electroless nickel

plating bath so that nickel is deposited adjacent to said first substrate until a
satisfactory interconnect is obtained between said first and second substrates.

30
5. The method of claim 4 further comprising an alkaline cleaning step before

said submerging step.
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5 providing a passive layer adjacent to said nickel plating and resistant coating;

etching through said passive layer so as to reveal a portion of said second

substrate.

8. The method of claim 7 further comprising:
10 providing an under bump metallization layer adjacent to the exposed portion
of said second substrate; and

creating a bump on said under bump metallization layer.

9. A method of re-routing at least one bond pad provided on a semiconductor,
15 said method comprising:
providing a layer of dielectric material either adjacent to said semiconductor
or adjacent to a metal layer to be applied to said semiconductor;
thermo-compressing said metal layer onto said semiconductor so as to
sandwich said layer of dielectric material;
20 applying a layer of photo resist over said metal layer;
carrying out photo lithographic and etching steps on said layer of photo resist
so as to reveal at least a portion of said at least one bond pad;
applying a layer of photo resist to a side of said semiconductor opposite to the
side upon which said bond pad is located,;
25 cleaning said portion of said bond pad with an alkaline solution to remove
any oxides from said portion of said bond pad,;
immersing said structure partially or wholly in a zincation fluid to activate the
bond pad;
immersing said structure partially or wholly in an electroless nickel plating
30  bath so that nickel is deposited on said bond pad in an amount sufficient to connect

said bond pad to said metal layer;
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10.  The method of any preceding claim wherein said semiconductor is a GaAs or

silicon wafer substrate.

11.  The method of any one of claims 1 to 3 or 9 wherein said layer of dielectric

material is made of a polyimide material.

12.  The method of any preceding claim wherein said metal foil, said second
substrate, or said metal layer are formed of a metal foil having a thickness less than

18 microns.

13.  The method of any preceding claim wherein said metal foil, said second
substrate, or said metal layer are formed of a metal foil having a thickness in the

range of from 3 to 5 microns.

14.  The method of any preceding claim wherein said at least one bond pad or said

first substrate are aluminium based or copper based.

15.  The method of any one of claims 4 to 9, wherein said deposited nickel forms

a nickel plating layer greater than 3 microns thick.

16.  The method of claim 15 wherein said nickel plating layer is in the range of

from 8 to 15 microns thick.

17.  The method of any one of claims 1 to 3 or 9, wherein said thermo-
compression step is carried out at a temperature greater than the glass transition
temperature of said layer of dielectric material but less than the decomposition

temperature of said layer of dielectric material.
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10 20.  The method of any one of claims 1 to 3, 9 or 17 to 19, wherein said thermo-

compression step is carried out at a pressure in the range of from 340KPa to 420K Pa.

21.  The method of claim 3 wherein said adhesive layer is an organic compound
in the range of from 5 to 8 microns thickness.

15
22.  The method of claim 6 or 9, wherein said substrates are immersed or said
structure is immersed in a zincation fluid made of a zinc salt at a temperature in the

range of from 30 to 70°C for a duration in the range of from 10 to 15 minutes.

20 23.  The method of claim 4 or 9, wherein said step of submerging in an electroless
nickel plating bath comprises submerging said substrates or structure in a sodium
hypophosphite based bath at a temperature in the range of from 70 to 90°C for a

duration in the range of from 20 to 30 minutes.

25 24.  An integrated circuit board comprising at least one semiconductor chip

produced using a method according to any preceding claim.

25. A method of making a semiconductor chip comprising the method of any one
of claims 1 to 23.
30

26. A method of applying a metal layer to a semiconductor element substantially
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accompanying drawings.

28. A method of rerouting at least one bond pad provided on a semiconductor
substantially as hereinbefore described with reference to Figures 2 to 5 of the

10 accompanying drawings.



