WD 02/ 27790 PCT/ SG00/ 00160 -1 BARRI ER LAYERS FOR SOLDER JO NTS Field of
the I nvention The present invention relates to fabrication of a solder

j oi nt forwal»igsmr connection 5 between a seni conductor chida/ssdoaieco
tenperature sensitive substrate. In particular, the present invention
relates to a fabrication of barrier |ayers between a solder ball/bunp and
ball-limting netallurgy. Background of the-Invention 10 US Patent No
5,937,320 provides a nethod of fabricating solder bunps on netallic. pads
enbedded in a 'sem conductgA RMEER LAVERS MORSOIDERIOINGKY i n the patent
specification attenpts to OVercome € proplrem o Tn1n the sol der
reacting with copper in the wunderlying ball-limting netallurgy to form

internetalli GSa1qR rticularly at the el evated tenperatures of solder reflow
and j oi ni ng. —'@QTQMESQI ves in the tin formng a 15 layer of Cu/Sn
intermetal | i CgheWprlefen® ifiMtiBAI BRI oNfabKORRR St a tsBRICE §bifle forCAP RRErconnection
interface. This US patent attenpts to overcone this problemby providing a

barrier baydetweentshzenipeisiucion epipranded temmgyatytglssusities subsieeict dn garticular, the
ball-limting_netallur . The, under-bu tal lurgy. provides.a face
Chat i et t 5ERoPRERisiakEr o itrisa B By et 1Pl ¢ SR R o
adhesi on and a@gcbgmlmﬁggﬁﬁtdu@bgyl,i ty under nechanical and 20 heat stress.
Unfortunately, the barrier |ayer described in US Patent No 5,937,320 is not
al ways sufficiently reliable in overcom ng the problens of tin-copper

intermetal i GSickd ! ﬂ%{aﬁ\%ﬂ{iorilnventi on seeks to provide a nethod of
fabricating a—voggla—gm'rp—cm—rret allic pads in a sem conductor wafer that

further nedudesPhisst N6 6/982320brdvidesaap@B6d of AbAEAREabIdeLhiis I motallicpadsar y
of the Invention 30 According to the present invention there is provided a
met hod of f oramhedded s sewicangueior waterelhs inventyugleseribed B thei Ratmé sracHication er |

o phss vated SepPRce BrereSGRyPiaf Bt by sfisp RISt VIEH pdePHETRe OF

underlying ball-limiting metallurgy to form intermetallics, particularly at the elevated

temperatures of solder reflow and joining. The copper dissolves in the tin forming a
15 layer of Cu/Sn intermetallics with a non-uniform thickness at the solder copper
interface. This US patent attempts to overcome this problem by providing a barrier
layer on the under-bump metallurgy (also referred to as ball-limiting metallurgy). The
under-bump metallurgy provides a surface that is wettable by the solder and reacts with
the solder to provide good adhesion and acceptable reliability under mechanical and

20  heat stress.

Unfortunately, the barrier layer described in US Patent No 5,937,320 is not always

sufficiently reliable in overcoming the problems of tin-copper intermetallics.
25  The present invention seeks to provide a method of fabricating a solder bump on
metallic pads in a semiconductor wafer that further reduces the problem of tin-copper

intermetallic formation.

Summary of the Invention

30  According to the present invention there is provided a method of forming a solder bump
on metallic pads in a semiconductor wafer, comprising the steps of:

depositing a plurality of blanket metal layers on a passivated surface of a



-2 sem conductor wafer having at |east one netallic pad, the passivated
surface including an opening above each netallic pad; applying a

phot or esi @ip ¢g¥@bewi al to the bl anket netal |ayers; patternipeg/$dv/00160
photoresi st material to provide a region for formng a plurality of 5
nmetallic | ayers over each netallic pad; electroplating a first

el ectroplated netallic |ayer on the regio-electroplating a second

el ectroplated netallic |ayer on the first electroplated netallic |ayer;

fabricating aes@lofeictOliwife RadiRg ab Ragshermétallicipad] fgYassival@d sefaow iindudihg
photoresist material; and etching the plurality of blanket netal |ayers

usi ng the soladepeningpbeis eachmefellic mskor di ng to anot her aspect of the

present invention there i r QV a f .ng. a sol der bunmp on
metallic pads in aapglg'mgcaoﬁﬁ’g%rf%l%tqgm%?%?lf{gté%orr%?rlﬁ{sefFlnge%{l lg't eps 15 of:

deposi ting a pl ur glattbiinf the phedsdsisteiatdrial &y providern @gjoashi Ktttk & phualitg o6f a
sem conductor wafer having at |east one netallic pad, the passivated |ayer
i ncl udi ng5an meplbinilaygrsedysyeachaedialigpadsl i ¢ pad; applying a first photoresist

material to provid fir egi l...:20. | ayers;
patterning the phoe?ecgﬁggfla{slﬁé %aﬁ?erelpeg‘fr @3&%?%43%1@2hﬁag'ﬁlé&ﬁh?sf?glr&g’gi on for formng
a first electropledcadpltih@ld setohdytictropkiedemetallitelagbt oa thadirst electroplated

electroplating the first electroplated netallic |ayer on the region;
renovi ng t he Mm¢tallic 116t or esi st material; 25 applying a second phot or esi st

material to the blcfgﬁjfcedtﬁnggtﬁglldellmﬁgé]g]?g{r%as%&&{d%&gmtc gye%.econd phot or esi st

material to provide a se regl ormng a second el ectroplated
metal | i cibayer, themse@gnit ploedresistshateristpiret i al patterned so that the

second el ectroplated netallic |ayer encapsul ates .the first el ectropl ated
metal lic |ayer; el SeHpsie Ry gl%@dﬂﬂa]el%%f HIp$ §{ee°‘8{d§'§?‘éfpp Aga F‘%?lér SO

as to encapsulate the 30 first electroplated netallic |ayer;

According to another aspect of the present invention there is provided a method of
forming a solder bump on metallic pads in a semiconductor wafet, comprising the steps
15 of:
depositing a plurality of blanket metal layers on a passivated surface of a
semiconductor wafer having at least one metallic pad, the passivated layer including an
opening above each metallic pad;
applying a first photoresist material to provide a first region on the blanket metal
20 layers;
patterning the photoresist material to provide the first region for forming a first
electroplated metallic layer over each metallic pad;
electroplating the first electroplated metallic layer on the region;
removing the first photoresist material;
25 applying a second photoresist material to the blanket metal layers;
patterning the second photoresist material to provide a second region for forming
a second electroplated metallic layer, the second photoresist material patterned so that
the sécond electroplated metaﬂic layer encapsulates the first electroplated metallic layer;
electroplating the second electroplated metallic layer so as to encapsulate the
30 first electroplated metallic layer;
fabricating a solder bump on the second electroplated metallic layer;

removing the second photoresist material; and




fabricating a solder bunp on the second el ectroplated netallic |ayer;
renovi ng the second photoresist material; and WO 02/27790 PCT/ SG0/ 00160

-3 etchingghpephural ity of blanket netal |ayers using the@®d@@eniunp as a
mask. Preferably, the first electroplated netallic layer is forned of the

sanme netal as the uppernost |ayer of the_dfl urality of blanket netal
| ayers. Preferably, the first 5 electroplated barrier |ayer and the
uppernost |layer of the plurality of blanket netal |ayers is forned of
copper. Pref erabl yetcHiheths phoality eff hketphetblddydoninsingthelsalder bursp hoa medk.of
nickel. Alternatively, the second electroplated barrier layer is fornmed of
a nickel iron alloy. 10 Preferably, the bl anket netal |ayers include an

adhesi on | ayep.f y,atﬂqur?ts?lhﬁre(épmed wRaafid 31%?’%? i ddl 6f %dsa{rfé{ ﬁ'Iee?ag | e

t he bl anket metal [ayer 1nc a deposite ayer on top o esl on
| ayer. Pref ergipesmost hiayadbéshenplimjier afsblaoketechetfl Tayéryy @reforablyal thoy first

thereof. Preferably, the deposited |ayer is forned. of copper, .nickel, | d
or alloys? relteplind Dprigr Boghh ! the, BPREgRES: Byer) %ﬁ/ﬁ}e plalaisy ﬁ%&ﬁa&ffﬂ metal
Sputtering. Hléggrgfsa}’g}rﬂedgﬂggﬁgposi ted layer is formed by sputtering. 20
Preferably, the adhesion |ayer, deposited |ayer and the first el ectroplated

| ayer forman under-bunp netallurgy. Preferably, the second el ectropl at ed

| ayer forns barrier. layer. to redu the formatio ..ntermetal.lics, by
it er ace] on WRiETAE, dhe, Sl ST Pag oy o Ao m i ekl AT Ry e
formed to a tpetngstroplatdieia@@Nayer A @rReddL4 MBRe] iﬁh%fllﬁ%am y, the

el ectropl ated copper layer is plated to a thickness of between 1 and 10

m crons. 125 Preferably, the nickel layer is forned by electrolytic or

el ectrol ess ating. Preferabl he nickel barrier |ayer _encapsul ates the

copper depost PEIFIHR el cEneh atetelo st aF e B pdieSlon) YT 15305 % ibe

sol der bunp dgRisrlfial ndKBe ‘lfsﬁdﬂt pedferdbly Nthie hBarkePRRtal ldyer BchiiRE aneFésli'@§Qayer

| ayers. Preferably, the solder is reflowed to forma substantia I.y

spherical sofp dgh¢ adiggion layer. Preferably, the adhesion layer is formed of Ti/W, Cr or
alloys thereof. Preferably, the deposited layer is formed of copper, nickel, gold or alloys

15  thereof.

Preferably, the adhesion layer is formed by sputtering. Preferably, the deposited layer is
formed by sputtering.

20  Preferably, the adhesion layer, deposited layer and the first electroplated layer form an
under-bump metallurgy. Preferably, the second electroplated layer forms a barrier layer
to reduce the formation of intermetallics by interaction with tin in solder. Preferably,
the nickel barrier layer is formed to a thickness of between 1 and 5 microns. Preferably,
the electroplated copper layer is plated to a thickness of between 1 and 10 microns.

25  Preferably, the nickel layer is formed by electrolytic or electroless plating. Preferably,
the nickel barrier layer encapsulates the copper deposited layer and the copper
elect.roplated layer, so that the solder bump does not make contact with the copper in
either of these layers. Preferably, the solder is reflowed to form a substantially spherical
solder ball.

30
Preferably, the semiconductor wafer is formed of silicon.  Alternatively, the

semiconductor wafer is formed of germanium or gallium arsenide. Preferably, the




Preferably, the sem conductor wafer is forned of silicon. Alternatively,
the sem conductor wafer is formed of germani umor gallium arsenide.

Pr ef er abl w0 d2p879¢0 02/ 27790 PCT/ SG00/ 00160 -4 netal lic pads/atoeoheoned of
alumnium Alternatively, the netallic pads are formed of al um ni um doped
with silicon and copper. Alternatively, the netallic pads are fornmed of

al umi ni um doped with silicon. Alternativel4; the netallic pads are forned
of copper or copper doped with other nmaterials. Preferably, the etching of
the barrier magalliclppiens forhel shalaminiteierAkthatbetyypaenmetaiic padstare formed of

el ectropl ated | ayer and the sem conductor wafer. Brief Description_of the
Drawi ngs | n clwainiyg deped, with siiosatand conprie riliespatively, i mpfallisirade gre formed

i nvention, pr rre i HS W j i iy, y
of exanpl e on(ﬁ{/a, u%nﬁﬁn ?@emgﬁ]t%%w %@eﬁq‘%@@gégﬁpﬁ%ﬁ%’?‘ﬁgﬁé %ﬁ%seh olfgél I ch:
Figure 1 is aorseppdraiobed wifirotise miadriady) Brkferaldgthe etokiug o6 theimiver meral lagersd t h
bl anket netal layers; Figure 2 is a schematic_representation of the blanket
metal | ayérs feans ryunder gpidebrees;the irpheleptrenlatad sy Freadldttﬁ"e?eé@lﬁ?ndl‘stoﬁ"@é‘ffe 3is
a schematic representation of the blanket nmetal |ayers having

el ectropl ated | ayers; Figure 4 shows a fabricated sol der bunp on top of the
el ect r opl at edBie®sssrigtion dfitheDeavdngdi gure 5 shows the barrier layers, the
el ectropl ated [ ayers and the fabricated sol der _2 bugl) wi t hout the

phot or esi st kit 6Fdeal to Prejiide % bsHerdnderstapdingel thet Rpsenk ayventony i pglersdn
etched; Figu 71 : I : by i age&fé CM@}d; i LS a
schemati c rep%rggogﬁlﬁg&g\@ﬁﬁ g&}%g&%%gg%g%@}ﬁ% r C())(gl'?l ic? Wt rwlﬁiblﬁgérgﬁ%ct% t
met al | ayers ths afdongangihg dravfings) irawhiehnat i ve process; 25 Figure 9 shows the

bl anket netal _| ayers of, Figure 8 with photoresist material havin ee
appl i ed t her e¥igured; gur els1® S%chaﬁpeqsg‘??tﬂ%Pgtaeaem‘ﬁﬁ)%i“"g)éiW eéd‘ﬁ%e dW{n‘B

the bl anket netal |ayerg§anket metal layers:

Figure 2 is a schematic representation of the blanket metal layers having a
photoresist material applied thereto;
15 Figure3 is a schematic representation of the blanket metal layers having

electroplated layers;

Figure 4 shows a fabricated solder bump on top of the electroplated layers of
Figure 3;
Figure 5 shows the barrier layers, the electroplated layers and the fabricated solder
20 bump without the photoresist material;
Figure 6 shows the blanket metal layers having been etched;
Figure 7 shows the solder bump having been reflowed;
Figure 8 is a schematic representation of a semiconductor wafer coated with

blanket metal layers as first step of an alternative process;
25  Figure 9 shows the blanket metal layers of Figure 8 with photoresist material
having been applied thereto;
Figure 10 shows an electroplated layer being applied to the blanket metal layers;
Figure 11 shows an electroplated layer on the blanket metal layers with the
photoresist material having been removed,
30 Figure 12 shows a second photoresist material having been applied to the barrier
layers either side of the electroplated layer;
Figure 13 shows another electroplated layer having been plated on top of the first




Figure 11 shows an el ectroplated | ayer on the blanket netal |ayers with the
phot oresi st material having been renoved; 30 Figure 12 shows a second

phot or esi @io ¢gy@bepi al havi ng been applied to the barrier |G opbisher side
of the electroplated |ayer; Figure 13 shows anot her el ectroplated |ayer

having been plated on top of the first WO 02/27790 PCT/ SQ00/00160 -5-

el ectropl ated | ayer; Figure 14 shows a fabricated sol der bunp being applied
on top of the electroplated _|ayers; Figure 15 shows the barrier |ayers,
the el ectropl ated | ayerdedioplaitblayefbri cated sol der 5 bunp with the

Pavi ng beon o EREd ‘amay O R dapicoly Sl KR TRl e LT I bRt

reflowed; . Figure 18 slgaws; t he bl anket netal |ayers having been undercut;
Figure 19 shows the sem conductor. wafer wth thiate ched {%g{é et . met al

| ayers and 108Wedet r opthatisdhq Barerslaysip.thoelectiapiatechisy oie 4 Bprifafedsldsr
Figure 20sshows an al te[?] vatﬁtﬁee@ﬁ)@&eﬁ%t%’%/fn Rl fRehdvayer to that shown in
sho furthe

Figure 19; Figure 21 a r alternative second el ectropl at ed
| ayer to thatFiginewsé i n shewgunelkladl@t awthl 2YpersdndingDebi egohal Beayshows t hat

after the reflow process of the solder, the solder has flown over the top
el ect ropl at ed™B¥seY t o FrORE ﬂ&%?ﬂl%élbuwpt}ﬁv%&’g?q @ﬂ@’e&

ayers. Referring to

Figure 1, theﬁigul‘gswshQV‘éhoévsﬁiﬁ‘éTiﬂﬁﬂ&@chEa‘P'ia RIRYinYitebn Andekdtiial i ty of bl anket
netal layers 1 eposited thereon. The sém conductor wafer is represented

as 12. The 2(QFigemil®ondushowss thesamicdiRlucwr wafdirowtt thefetahee dlanketsheétallapers and
however it may conpri se othe terials ch. as r mpni gal l'ium

ar seni de,lo_si i con ger mﬂ?ﬁ’fﬂpiﬁtedgﬁﬁ‘féf” wa_gﬁﬂegab@@%ﬁégﬁﬁﬂﬁ%?’ materials. The
vafter typi capibyre0®nt ai ddwd a4l dfelativy s@ontl raatl&%ﬁta}%a 16)drabithat sH6Wh qwi%ﬁgese

devices are not shown for clarity purposes. Metallic pads are enbedde
within the sem conduct ol9l ayer. These nmetallic pads forma contact for the

I ntegrated Figure 21 shows a further alternative second electroplated layer to that shown in

Figures 19 and 20; and
15  Figure 22 shows that after the reflow process of the solder, the solder has flown

over the top electroplated layer to make contact with underlying layers.

Referring to Figure 1, there is shown a semiconductor wafer with a plurality of blanket
metal layers 10 deposited thereon. The semiconductor wafer is represented as 12. The
20  semiconductor wafer 12 is typically formed of silicon, however it may comprise other
materials such as germanium, gallium arsenide, silicon germanium or other suitable
semiconductor materials. The wafter typically contains a plurality of integrated circuit
devices. These devices are not shown for clarity purposes. Metallic pads are embedded
within the semiconductor layer. These metallic pads form a contact for the integrated
25  circuit devices. Metallic pads are typically aluminium, but may also include aluminium
doped with silicon and copper, aluminium doped with silicon, copper, or copper doped
with other materials. The metallic pads are indicated by 11 in Figure 1. The metallic
pad 11 is not shown in the other figures for clarity purposes. However, throughout the
rest of the description, it is assumed that the metallic pad is positioned beneath the

30  location onto which electroplated metals will be applied.

Typically, a passivating layer (not shown) of a material such as polyamide, silicon



25 circuit devices. Metallic pads are typically alum nium but may al so

i nclude al um nium doped with silicon and copper, alum nium doped with
silicon, wepperreor copper doped wth other materials. Them&icalobicé pads
are indicated by 11 in Figure 1. The netallic pad 11 is not shown in the
other figures for clarity purposes. However, throughout the rest of the
description, it is assuned that the netaliée pad is positioned beneath the
30 location onto which electroplated netals will be applied. Typically, a
passi vating |f¥88e (ORQ1iEoROWIateOls foriRt & &le Soatiltoadudiiokylapdrd@ith Sdabb dth¥\O
02/ 27790 PCT/ S0/ 00160 -6 dioxide or silicon nitrate_is formed on the
seni - conduct ipassivaingrlaysrtaboyaihs surfaechef the aretallia prdrgl 1-ader 9be @rpliration of ace

Cayers 10 ndraergri) L0 fad iofREht b MiaBiasd) I8y IR FREFor

solvent. 5 Oyolvept.0f the passivated sem conductor wafer 12 is a first

bl anket netal |ayer 14. The first blanket netal |ayer 14 has been known to
be formedSof Ti, Wand C and alloys thereof. In the present invention it
is preferred to, be rned. of r om _um i I I e n
to Che sem conah el Bp e e Wil ¥R AZ i n s Moy v AL BE it
known steps dfrscolanest thétél Ry&ordeapsiedn khasa t6 derfermadd of Bi, S¥land Grhasiedlloys
source into a gaseous or vapour phase, transporting thed,ggsepus or ,veifyour
phase from t Hbereahuincthe pPeeseRan¥erioadhipurRieisred ih ke farmed o Fhemtisnslnrict e

gas or vapour s€.onto bstr: ' r I i and
grow h of a ftpgmﬁégsﬁ"a %ﬁa%ggq ﬁ%dé %@ﬁgat%la&&ée@%ﬁﬁtfgﬁ%g#ﬁﬁﬁ g+18{ibzisyer 16
i s formedoon wéekhows stepabf cetvektiped coraigased ghvsa(genaakya solid phme) Cersbwmge | t
is preferred in the present invention to use copper, alt hougj? gt hgtr rrtgt al s
are known to B® AE8EEAUS QTHEAPEES BRasgy {ranspQEMgadie askaus T APRPY P TR 18§ s
thereof. The ' | i sl BE 95 AE54E ohthE
relation to tsr?epo%ﬁgIrﬂéléy‘gern.§i B%&uﬁ?ggy@gt aycz}rnﬁ%ss ene%afﬁvﬁgm%s an
adhesi on | ayesubsatsaté, twhicloydsdktsinanickati amarsegroménof afilm of the depusied matatl t he
wafer. Specifically, the sputtered C |ayer nmakes electrical contact with
the underlying alumniumnetallic pad so as to forma good electrical
E:onn_ect : ql%- TR&eGRAVIShIRE ARKSE UayZPl 8lis k¥R oh ShIRRE bRtk 14580 Whaif by d frocess
erm nal |ayer as
of sputtering. It is preferred in the present invention to use copper, although other

metals are known to be used in the prior art, such as nickel, cobalt, and alloys thereof.

The copper is sputtered using a similar process as described in relation to the Cr layer.

20  The first layer is generally known as an adhesion layer as it provides adhesion between
an interconnect and the wafer. Specifically, the sputtered Cr layer makes electrical
contact with the underlying aluminium metallic pad so as to form a good electrical
connection. The second blanket metal layer is generally known as the terminal layer as
it acts as the terminal for the solder bump to adhere to.

25
An intermediate blanket metal layer is known in the prior art to be included between the
Cr and copper blanket layers. The intermediate layer is known to include a Cr-copper
alloy composed predominantly of | Cr at the interface with the Cr layer and
predominantly copper at the opposite interface. Such an intermediate layer may be

30- included in the present invention. The blanket metal layers are also known as ball-

limiting metallurgy or under-bump metallurgy.




it acts as the termnal for the solder bunp to adhere to. 25 An

i nternmedi ate bl anket nmetal layer is known in the prior art to be included
bet ween tH(\® o287799nd copper bl anket | ayers. The internedi atpe1/80icd known
to include a Cr-copper alloy conposed predom nantly of Cr at the interface
with the C layer and predom nantly copper at the opposite interface. Such
an internedi ate |layer may be 30. includedn the present invention. The

bl anket nmetal |ayers are also known as ball- limting netallurgy or

under - bunp medet,| dihik 126D EX28hoTor88stRadteSE00/de d onth&@¥inketombtal Thyedsayoer
of photoresist material is deposited on the bl anket netal I%éers 10,

general |y by gepirall Batspigcaatiag ihroplterssist matgrial puip theserfadgeofdhe capner dayer he

copver | avet o e T1GRAR B854l oA eGSR BT A PRI S0 s,

material . Reflewveiangttemeltilgter enzhe plirosibt @ateAE. RefBRiDiad $315¢ 2k aité@ined 8
is shown deposited on the blanket netal |ayers 10. The pattern wll include
gaps 15 i B t [phoiorrsishmadsrid 18is e depesiicd b the blasletmetd daxerdd  f or
preventing the deposition of electroplated netals on top of the bl anket
nmetal layers 10 apart fromthe regions where gaps 15 are formed. The gaps

15 wi || corr ehpgadem wihl ioluds@apy &5 itieVishotdiesistehaktilGopbsalisa hisls & proaided he
el ectroplated |ayers, wi|l be forned above the pads 11. Referring to Figure

3, a first elfRcpiepsntingdhe depastionotalecireplatad: metalsron t9p of|the Rispketaneipl laya§er s

10. The first t I I [, ' ted
to a 15 th dOuBas TSP SR el 15 B EY YhE BARCYs il Rihon Bie?

st andar d1el eche oph aboveghe trecdhliv ppdsd 1welthatkinosiacttapldtéd bgerskiill lbe doinedt dbevar t .
A second el ectrop] %t ed |ayer 22 is deposited on the first electropl ated

| ayer 20. Itﬂil%Padﬁréf erred that the second el ectroplated | ayer 22 be forned
of nickel deposited by 20 electroless or electroplating techniques, which

are common ni ckel plating processes. Typically, the nickel is plated to a

t hi ckness of Ref¢miegrio Figurd 35 anfisst elestroplited flayes 20 de plppusitell ent the planketdmiety er

provi des extra thickness_t he ynder| yi Sputtered ayer,. directly above
Phe netal It o 19 na EoRishategrediet ke o 5 ayekrab nepraoapienby Shied'to’
15  thickness of 1 to 10 microns. Electroplating is conducted by standard electroplating
techniques well known to those skilled in the art.

A second electroplated layer 22 is deposited on the first electroplated layer 20. It is
preferred that the second electroplated layer 22 be formed of nickel deposited by
20  electroless or electroplating techniques, which are common nickel plating processes.

Typically, the nickel is plated to a thickness of between 1 and 5 microns.

The first copper electroplated layer provides extra thickness to the underlying sputtered
layer, directly above the metallic pad. The second electroplated layer forms a barrier
25  layer of thickness from about 0.2 to 10 (or more) microns, preferably between 1 and 5

microns.

Refeﬁing to Figure 4, a solder bump 24 is fabricated on top of the second electroplated
layer 22. The solder bump is comprised of tin and lead. The preferred form of solder is
30 eutectic solder consisting of 63% tin and 37% lead, although other forms of solder may
also be used, such as high lead solder consisting of 5% tin and 95% lead. It is also

known to use lead-free solder. It is common in the art to electroplate solder. The



25 |l ayer of thickness fromabout 0.2 to 10 (or nore) mcrons, preferably
between 1 and 5 mcrons. Referring to Figure 4, a solder bunp 24 is

fabri cat edoom17ep of the second el ectroplated |ayer 22. FowSeal/@as0o bunp is
conprised of tin and | ead. The preferred formof solder is 30 eutectic

sol der consisting of 63%tin and 37% | ead, although other forns of sol der
may al so be used, such as high | ead sol der8 tonsi st ng of 5% tin and 95%
lead. It is also known to use lead-free solder. It is common in the art to
el ectropl at e Hededeof elIdftﬁ)ﬁMﬂrfg&bRiH%ll BETASIND A hbsO skillgd pr theewt Wbfis seen in
electroplating solder will be famliar to those skilled i

seen in Fi gdngurg 4thatithe splderdumer 24ynakesseniagiowih (s inpet n\ﬁ/{g‘flﬁtﬂe’toﬁgp{?&gel?yer
ni ckel _ el ectr %at Ts%sfloﬂ%(ffint}%g)h%gesﬁlt?@ forms on the phot oresist 18. 5
eEp

Referring to |gure toresist 18 is renoved using a liquid
stripper, whichis well known to those skilled in the art. Referring to

Figure 6, an etchant is used to etch the first and second nket tal.
| ayers fﬁomlierfe‘rgl&tchd&ureé@éleerah%oreﬁ“’ﬁte?%% ROV rﬂ?lnﬂaihgp Sﬁpmsg‘% Cgl ¥Phat

a portion of p]PA ledi@¥igr5t, 14' and 16' renmain beneath the sol der
bump 24 and t‘ﬁé ect%rﬁg% ate el altyers 20 and 22. Thus the solder bunp 24,

the electroplated layers 20 and 22 and the remaining part of the bl anket

| ayers 14' and 16 forma colu of . met t ed .abov

| ayered cont degferpingrio Frire,Ream 9t b’éd‘s‘ﬁ‘ Gfgbﬁﬁ%ﬁﬁé@df%‘f‘o %eb?acrﬁ‘l ﬂ%‘e{ﬁ‘? gdy\%gl I
known in the @i tﬁﬁ%ﬂic@?lgﬁgﬁreﬁé ee{tﬂeoﬁmtﬁﬂ ey Cfbhﬁga BR&NEE Mat &f JSlltl'@ﬂ of15

or a conbi nation thereo | anket fl ux may be applied to, assist t aol der
in adheriuog tWankee wetdedaysts tide aé!daﬁﬁetfemﬁ@t henga ﬁyéh% spyler RapaR (G

Figure 7, the sold f | .owed

24" . The secofieft @Pﬁ?&?%ﬁfﬁ?@&@% k@ﬁuﬁ é?ﬁﬁrcli’%n%g& Q[h%gf%gr%q at%gila

in the sol deraR4ndid fehRitOppat of fhe bianlkdt dinets b4 amide1 61 foyrara dfitmanaf mbtels

el ectroplated copper |ayer 20. The el ectropl ated copper |ayer 20 in

combi nat i on wiituhtetirebowe ehé cnakigalaered [cayieet weh the matallic pad diter Techpiswes [y er

Ealhgfzt Ir z plrrg': ?n{:} é%:afnt fgn arta tﬁﬁ ftaxrac%ngtlrﬁlc &ectf‘o@h%rﬁﬁ:af&kﬁ&?%l &gn? il Ie%hmg

riian area o
nmore sel gef i V@rgmlﬁé{tmﬁqgér@gf a thicker |layer by a sputtering process then

Blanket flux may be applied to assist the solder in adhering to the sides of the blanket
metal layers 10. Referring to Figure 7, the solder bump 24 may then be reflowed to

form a solder ball 24", The second electroplated nickel layer acts as a barrier between
50 tin in the solder 24 and the copper in the etched blanket layer 16" and the electroplated
copper layer 20. The electroplated copper layer 20 in combination with the etched
blanket layer 16° forms a thicker copper layer that is more resilient to attack from the tin
in the solder. Clearly, electroplating additional copper to form an area of extra thick
copper is more selective than producing a thicker layer by a sputtering process then

25  etching the majority of it away.

An alternative method of forming a solder bump on metallic pads in a semiconductor
wafer is now described. Referring to Figure 8, the alternative method begins with
depositing a blanket metal layer 14 of Cr or other suitable metals (as described
30 previously) onto a semiconductor wafer formed of the suitable material (as described
previously), having at least one metallic pad formed therein (as described previously).

A second blanket metal layer 16 is formed on the layer 14. Preferably, the layer 16 is



25 etching the majority of it away. An alternative nethod of formng a

sol der bunp on netallic pads in a sem conductor wafer is now descri bed.
Ref er ri ngwign2khtdr e 8, the alternative nethod begi ns with pcd®siobicdg a

bl anket netal |ayer 14 of Cr or other suitable nmetals' (as described 30
previously) onto a sem conductor wafer fornmed of the suitable material (as
described previously), having at |east on2-netallic pad fornmed therein (as
descri bed previously). A second bl anket netal |ayer 16 is fornmed on the

| ayer 14. Predittakdycoppéieblitiey bd Bities s mMRGAIOR BSEHTEDBRQL6lhe Iafers 14
sputtered copper but may be other suitable nmetals as descri bed above. The
| ayers 14 an#? 1@@6‘%@11&“@1&0&@4@@6&}’% bhket layers 10. Referring to
Figure 9, simlar to that described in relation to Figure 2, photoresist 5
material 18 is applied to the surface of the blanket netal Iayers 10 in
accordance W RéferripetopFeaed O sintieg tpaﬂlﬁtedékcﬁfoédl iy aglatidib th Eignge [ Phoet@ekist
above the netallic pads. Referring to gjllére 10, the first electroplated

layer 20 i% depEspk B3isowpling tofheneiace et the blankgbmetal daygrs HhBcacpulanepVih |
relation to thg #Ee%et?é ? gyﬁérﬁtvsgﬁll ?)E flg ?g@%g)g({%@dee{bob thejrgetglﬁ'égg(.ﬁjs of the

sanme netal as er metal "1's copper. Referring
to Figure 11, the photoreS|st 18 is stripped away using a liquid stripper.
This | eaves the copper. electro ated | a 20 an p of the copper blanket

metal |ayer 1Bcfermeriastdgyre g, the wtgeéﬁceonlétedala&eéeaﬁa dfmstteql e the blanltes mea
I's spin coat elqkl&g 1ohss Bl { ab B ik relafly F}é?.trt e bl The ﬁi‘s@%&%@oﬁﬂ%ddﬁy&l ﬁped

to formthe pattern required using stan hographic techhi ques

17 i n t hé (phofoomed bEthe rame rriesd] aQ&elmetairlamardédefemahlgf thdmetabiseoppapl at ed
copper layer 20. The gap 17 is larger than the gap 15 so that the
photoresist 28 is spaced fromthe el ectropl ated copper Iayer 20. This wll

al l ow a 20 Seﬁé’f@f}nfgl t%qi@ﬁgll@tﬁg ph@%?ésmt?% lklsostﬂ ﬁ%,; BH dﬁgl]ua%tr p{ 0Th

encapsul ate the el ectroplated copper |ayer . ect ate
| ayer 26 is tleavesdpptipper elsctobpbted lbypa 2ehdop pf thetcopper dlankatenetaklayerddén i n
Figure 13, the encapsul ating electroplated | ayer 26 covers the

el ectroplated 25 copper 20. Again it is preferred that the second

el ect rophat edréfmaip BOFiBErel 10 BBAcAd pHILGKA méARr 2814 dpabboatdEbake bRfket
descri bed above, may be used.

metal layers 10. It is exposed and developed to form the pattern required using standard

lithographic techniques. A gap 17 in the photoresist material 28 is provided around the

electroplated copper layer 20. The gap 17 is larger than the gap 15 so that the

photoresist 28 is spaced from the electroplated copper layer 20. This will allow a

20  second electroplated layer 26 to be electroplated so as to encapsulate the electroplated

copper layer 20.

The second electroplated layer 26 is then applied as described before, but this time, as
seen in Figure 13, the encapsulating electroplated layer 26 covers the electroplated
25  copper 20. Again it is preferred that the second electroplated layer 26 be formed of

nickel. Other suitable metals, as described above, may be used.

Referring to Figure 14, solder is then fabricated onto the electropleted layer 26 similarly
to the process described in relation to Figure 4.

30
Referring to Figure 15, the photoresist material 28 is removed using a liquid stripper as

described above in relation to Figure 5.



Referring to Figure 14, solder is then fabricated onto the el ectropl ated
| ayer 26 simlarly to the process described in relation to Figure 4. 30
Ref erri ngvo 02/Fi7gur e 15, the photoresist material 28 is repoOvsdou®ilely a
liquid stripper as described above in relation to Figure 5. WO 02/27790
PCT/ SG00/ 00160 -10 Referring to Figure 16, an etchant is applied to the
bl anket nmetal |ayers 10 so as to etch awdf-the |ayers, apart froma
remai ni ng portion 14' and 16' masked by the sol der bunp 24. This process
i s conducted as described above in relation to Figure 6. 5 Referring to
Figure 17, blanket flux may be applied and the wafer sent to reflow the
sol der so as Referiapdadigust t@se otehont istaepligdatoghe blanket anrdaldryesid 4 Breanisl eleth

e T B L Bl B S, S g i g

As shown in _ 7 the ow bunp 7's 1 ndi cate

then cl eaned yﬁlmsgﬂocés@ﬁa &fduved 81 dRkribeltibs ¢ eRlatiol REFiRLRMERSS of
reflow ng is described above in relation to Figure 7. Referring to Figure
18, it isbpreferred that undercutting occurs during the wet chem cal

et ching proc to ensure cleanljiness of the et.chin I 7

under cut t i ngelf‘éfemﬁlgetasﬁ P §I7i’ @G@l(%tﬁlg%gm?'rp etar?ghgé]n e‘?:t euﬁ%%éﬁé%éﬁgﬁ?fgég the
However, the RIREt6 aPlodleicass fess FromaR® platdddi@ip A dBwt fhe ugitentsoldes lthremvgh
stress in the under-bunp netallurgy as well as inprove the nechanical

strength of tswefaprutgesionnthefasmt a Isalséansially sphasigrl shoper oS spwmiyFigpee 17 the
sol der bunp 24qand, issiﬁﬁﬁﬁtg%%k?t.r Rk e S ANET clémeBNRi qz-iémgel@nwm@r or

i
Figure 18 for convernil ence. ferring to Figures 19, 20 and
al ternatiyge fgiveat.0fhd fiocseeprdloaliges doghibtedbdvayetelatd, to Figure 26" ar e
shown. In Figure 19 the layers 14', 16', 20 and 26 are as described in

relation to Figure 16, with the solder bunp 24 not shown for conveni ence.

In Figure 20, e 3 ] i | Co | .
lange 30 mayREESrnade by 15 FpRiss s inabfiif 6Bdts WDt clifical
pl ati ng procegshing prdceguioesndilre didualintss aif thptiahind. b WS 619817,326 "undercaipisglist es

the el ectropl ated copper 20 and the renai ni ng, sputtered coppe 16' .. Thi.s
may be for medi$¢ @ phigysedisspin c‘i‘ﬂdﬁb'%knﬁé TRERREEY bl %WFWE@&FGG%&%%P i ng

15  copper layer 20 is thought to relieve stress in the under-bump metallurgy as well as

improve the mechanical strength of the bump. Undercut layers are indicated as 14”" and

16”". The solder bump 24 and the second electroplated layer 22 are not shown in Figure

18 for convenience.

20  Referring to Figures 19, 20 and 21, alternative forms of the second electroplated layer
26, 26", 26" are shown. In Figure 19 the layers 14", 16, 20 and 26 are as described in

relation to Figure 16, with the solder bump 24 not shown for convenience. In Figure 20,
the electroplated nickel 26" includes a flange 30. The flange 30 may be formed by a
two-step application of photoresist and plating process. In Figure 21, the electroplated
25  nickel 26" encapsulates the electroplated copper 20 and the remaining sputtered copper
16°. This may be formed by a process of etching the copper blanket layer 16, applying
another layer of photoresist and then the electroplated copper 26", removing the other

layer of photoresist and then etching the Cr blanket layer 14 so as to provide an undercut

in the remaining Cr 14" of the blanket layer.

30
Referring to Figure 22, a solder bump 24 has been reflowed to form a solder ball 24’

where the electroplated copper (indicated as 36) and the sputtered copper (indicated as



anot her | ayer of photoresist and then the el ectropl ated copper 26",

renovi ng the other |ayer of photoresist and then etching the C bl anket

| ayer 14 v00z3779@ provi de an undercut in the renai ni ng CPCLAGOW@I0140he

bl anket layer. 30 Referring to Figure 22, a solder bunp 24 has been
reflowed to forma solder ball 24" where the el ectropl ated copper
(indicated as 36) and the sputtered coppedl¢indi cated as WO 02/ 27790

PCT/ S0/ 00160 -11 16') are subject to the formation of intermetallics by
contact with t6areBubjbet toahelfrmiatibh of BermeTeliécsrbyceaitach avithi té in hyspldesball i s
known to forma slower internetal Lig, that stop once a certain.thi ckness
has been reacifed Iheruckel Qagsier jayer %ﬁt ePnEto3M ﬁofo;frg an%lpge{]m??rg)retﬁ lcc%gtroﬁg to
a copper tin internet.al]. t -hi ;

compr | a1 ng ot S B dibEres T Sy ARAEK, The R aRKBERE AL RS, IRRE SRy
bunp i's more confaidd #Nh @gpémst ihleemétalliont Doa tofthe rexén nbickhéss o theV dopperhe
addition of the encapsul atl\r%}c); ni_ckel barri er éa er f3§r%her dorg{tn%cti%]%{&{:s
provi ded Bo t9EESEEePuted sPpRer 8 and glectroplathd capRer P RaIdEE BRI IR OTE e
present inventi.on .has. : . QWM : . 3
encapsul at i ngre%g%% na%gle etcl:lk: ?%%fagbggfﬁétgﬂegérﬂl?séy@?% i %?%g?ﬁ?g%ceggéﬁﬁlgtmg
amount  of i ntjedIBhmdiel lager Rrth&tpresstisreisipedvidel tadll epped t hr ough t he

el ectropl ated copper | ayer which also helps inprove the mechani cal
strength of the bunp; and 15 3. Th el ectroplating of additional thickness
to the term nal_.layer hla1 ' Yind resSel redti the
than sputter inl?gm{uoge:r? le% é‘lg F ﬁ%ﬁa He? h%dgtgsnéeéggﬁhaﬂﬁ/{begﬁe?%gtl?{éﬁgﬁgn%svﬁrli%at i ons
can be nmade tfllbwingdeasngest nvention without departing fromthe basic

i nventive concept._Such nodificatiqgn maI\J/' iratlude t he itﬁ of ot?rgli 20 t
suitabl e metal sl nTRencgpyHasng speppdrclectioplare hertl"f‘?'«?mpﬁ’ g fedypeR e frmoun
descri bed herei %ff}ftern@’alﬁ@e use of other suitable techniques in formng the
respective netal [ayers. Such nodification and variations are intended to
be within the sQop$tress relied ipaddsasntd thrnghtthoelectraphatedheanperelager whirk Rlsp fekps be

deter i ned fromhe | of SHONGIPREHLRI A vl a7 790 POT/ S0/ 00160

15 3. Th electroplating of additional thickness to the terminal layer of the ball-limiting

metallurgy is more selective than sputtering to an additional thickness.

Modifications and variations can be made to the present invention without departing
from the basic inventive concept. Such modifications may include the use of other
20  suitable metals in the various layers other than the preferred metals described herein or
by the use of other suitable techniques in forming the respective metal layers. Such
modification and variations are intended to be within the scope of the present invention,

the nature of which is to be determined from the foregoing description.



-12- Cainms 1. A nethod of formng a solder bunp on netallic pads in a
sem conduct or wafer, conprising the steps of: depositing a plurality of

bl anket m@igaj2/awers on a passivated surface of a 5 sem genkbesiewal er
having at |east one netallic pad, the passivated surface including an

openi ng above each netallic pad; applying a photoresist material to the

bl anket netal |ayers; patterning the phot-d2esi st naterial to provide a
region for formng a plurality of netallic |ayers over each netallic pad;
10 el ectropl atlnings a first electroplated netallic |ayer on the region;

el ectroplating a second electroplated netallic |ayer on the first

el ectropl at ed- nethmatkod efjferminghyoldesbuay o wetalior pads ip 2 semichaduséeroafer,

nmetallic |ayer; .« i photoresi st material; and 15 etching the
plurality of Cﬁfngﬁﬁ%@gqﬁr%%lgﬁ)g ayers using the solder bunp as a mask. 2. A

met hod of form ng ®psalisiera pliglitp roMmblaskdti BetpBdsetNon &@aIsbRAMAUSIGce Ve 8T ,
conprising the steps of: deposjiting a plurality of blanket netal |ayers on
a passi vaged sspiqoadecter wafer hgvigg gf@ﬁ‘d@l@t wetalligfrad, hehasyvaed puface ingading
metallic pad,,t : i i hcluding an openi ng above each

nmetal lic pad; ggg?@?%gb%a%aﬁgée%ﬁé%ﬁesi st material to provide a first

region on the bl anpplyinged photofesigemateripltbtis blaniget iveal phyetspr esi st material to
provide the first region for formng a first 25 electroplated netallic
| ayer over each neweHFIHRE thePhotoresist meierial itpgravide & regian for &smingp phuselity of

metallic | ay%etglglctl rsr&%ggghmétgﬁ}g\ﬂa g the first photoresist material;
appl ying a second photoresist material’to the bl anket netal |ayers;

patterni @g the seaisutioplatihgtdastslieccmdptddahetblbic payey baléheaegionond regi on for

formn 30 a second el ectropl ate tal|ic |layer, the secon hot or esi st
mat er i g| pattern edlecgoplaiing ap second e ectroplated meYa?lic layer on t(fle 1rstp electropeiateg

metallic layer;
fabricating a solder bump on the second metallic layer;
removing the photoresist material; and

15 etching the plurality of blanket metal layers using the solder bump as a mask.

2. A method of forming a solder bump on metallic pads in a semiconductor wafer,
comprising the steps of:
depositing a plurality of blanket metal layers on a passivated surface of a
20  semiconductor wafer having at least one metallic pad, the passivated layer including an
opening above each metallic pad;
applying a first photoresist material to provide a first region on the blanket metal
layers;
patterning the photoresist material to provide the first region for forming a first
25  electroplated metallic layer over each metallic pad,;
electroplating the first electroplated metallic layer on the region;
removing the first photoresist material;
applying a second photoresist material to the blanket metal layers;
patterning the second photoresist material to provide a second region for forming
30 asecond electroplated metallic layer, the second photoresist material patterned so that
the second electroplated metallic layer encapsulates the first electroplated metallic layer;

electroplating the second electroplated metallic layer so as to encapsulate the




the second electroplated netallic | ayer encapsul ates the first

el ectroplated netallic |layer; electroplating the second el ectropl ated
metal li c Wway@r7e@ as to encapsul ate the WO 02/ 27790 PCT/ S@RA/I<ExOM60- 13
first electroplated metallic |ayer; fabricating a solder bunp on the second
electroplated netallic layer; renoving the second photoresist material;

and etching the plurality of blanket mnetall3l-ayers using the sol der bunp as
a mask. 5 3. A nethod according to clains 1 or 2, wherein the first

el ectropl at edfiRedladtidplated myallidIsydror med of the sane netal as the uppernost
| ayer of the pluraljty of blanket netal layers. 10 4. A nethod according

to claims 1 or 2, ﬁﬂh@?aé‘inﬁ aspiler purgp OBFIEOSFPQI& @?@@Pﬂ?&?q@éﬁau}“d@éﬁ& and the
upper nost | ayer of fnlagl gégécb{la/p@mgg%%n tal layers is formed of

copper. 5. A met hod accor I ng ai s wherein the second

el ectropl at ed bar rétetiing dy¢arlurality of biaikek rﬁétahllaszétehsmgﬁlefsold‘ér behpad aagskr di ng
to clains 1 or 2, wherein the second el ectroplated barrier layer is forned
of a nickel alloy. 7. A method according to clains 1 or 2, wherein the

bl anket metalj | ay A%nétg&!l lé‘!g&)'&@l tﬁ% deﬁ'f)xgels bPB, LK Fﬂéaﬁrsggﬂ%g@giteg x{xﬁgﬂic

under | yi ng rretalllc pa cordihg to claim

bl anket mnet allajayierfoinnal ofite sandemoti hedhe Lipyemostnlayerpofothe tgleraittheS blanket
| ayer. 25 9. A nethod according to claim?7, wherein the adhesion |ayer is
formed of Ti /thg"‘yfif? all oys thereof. 10. A method according to claim S8,
wherein the deposited |layer is formed of copper, nickel, gold or alloys
thereof. 30 11. A nethod according to claim7, wherein the adhesion | ayer
i s formedOby 4putmethodgccording s Adin@0l BICT/v8E0EN AL HBt electroplated barrier layer and

the uppermost layer of the plurality of blanket metal layers is formed of copper.

5. A method according to claims 1 or 2, wherein the second electroplated barrier layer
is formed of nickel.

15
6. A method according to claims 1 or 2, wherein the second electroplated barrier layer

is formed of a nickel alloy.

7. A method according to claims 1 or 2, wherein the blanket metal layers include an

20  adhesion layer that adheres to the underlying metallic pad.

8. A method according to claim 7, wherein the blanket metal layer includes a deposited

layer on top of the adhesion layer.

25 9. A method according to claim 7, wherein the adhesion layer is formed of Ti/W, Cr or

alloys thereof.

10. A method according to claim 8, wherein the deposited layer is formed of copper,
nickel, gold or alloys thereof.
30

11. A method according to claim 7, wherein the adhesion layer is formed by sputtering.



-14 12. A nethod according to claim8, wherein the deposited |ayer is
formed by sputtering. 13. A nethod according to claim8, wherein the
adhesi on Wway@rnyigeposited |ayer and the first el ectropl atped/dGymbichor m an
under - bunp netal lurgy. 5 14. A nethod according to clains 1 or 2, wherein
the second el ectroplated |Iayer forms a barrier |ayer to reduce the
formation of internmetallics by interactieddwith tin in solder. 15. A

nmet hod according to claim 14, wherein the nickel barrier layer is formed to

a L 0 thicknesa @kthbehwedingd toadsinbs, Nileiein she deposifdraydn diforned byl bmatetiog.
claims 1 or 2, wherein the electroplated copper layer is plated to a

t hi ckness of between 1 and 10 mcrons. L 5 17. A nethod according to claim

ayer and el T\ GPORH af T apE ST Bl g, WRkeln o ERERRR BLET gl R0 4B,

| ayer and thef rop ayer, so tha e oes not

make contact fistdledtiopifted [y form 4Bunddrainpatetalbagy.ding to clainms 1 or 2,
wherein the solder is reflowed to forma 20 substantially spherical sol der
ball. 19. 5A met hod according to clains 1 or 2, wherein the seni conductor

wafer is for 0, il 5 . ol.di |
wher ei n the. net A mriS) ab@filng foat LT aRkiR IR A Ty Bl
clains 1 or Zarndidsyrir fo teligcarhi friratopafimtdrmetallibs bydppertio? Rith Ainme tbidelr.
according to clainms 1 or 2, wherein the etching of the barrier netal |ayers
30 forns an under cut between the first electroplated | ayer and the

sem conduct ory 3naf §ethod according to claim 14, wherein the nickel barrier layer is formed to a

L0  thickness of between 1 and 5 microns.

16. A method according to claims 1 or 2, wherein the electroplated copper layer is

plated to a thickness of between 1 and 10 microns.
L5 17.A method according to claim 13, wherein the second electroplated layer
encapsulates the deposited layer and the first electroplated layer, so that the solder bump

does not make contact with these layers.

18. A method according to claims 1 or 2, wherein the solder is reflowed to form a

20 substantially spherical solder ball.

19. A method according to claims 1 or 2, wherein the semiconductor wafer is formed of

silicon.
25  20. A method according to claims 1 or 2, wherein the metallic pads include aluminium.
21. A method according to claims 1 or 2, wherein the metallic pads include copper.

22. A method according to claims 1 or 2, wherein the etching of the barrier metal layers

30 forms an under cut between the first electroplated layer and the semiconductor wafer.



