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-2- n0|se “The evenly di stributed array of sol der bunps can alzzzﬁ
utilized to provide uniformpower and heat distribution. Chip gﬁ“’
flexibility is also inproved using flip-chip technology. Fabrication of
| ead-tin (PbSn) C4 sol der bunps by evaporation 5 using a netal mask
was originally pioneered by IBMin the md 1960s. However, evaporation is
typically an inefficient technique since often nore.than 95% of the
evaporated material ends up on the walls of the evaporator and netal nask.
To address this problem many techni ques for el ectroplating sol der bunps
have. been proposed as alternatives to 10 evaporation. In these
el ectropl ati ng techni ques, a bl anket under-bunp netal (UBM I|ayer is
typically deposited on a mcroelectronic substrate (e.g., wafer) by
evaporation or sputtering. This continuous UBM | ayer is typically provided
on the contact pads and between the pads so that plating current can be
drawn laterally through the UBMlayer to the edge of the wafer 15
where it is typlcally collected by a plurality of circunf
contact pins.” The use of contact pins to w thdraw | ateral HﬂSr&HﬂﬂTH
UBM | ayer is nore fully described in U S. Patent No. 5, 342, 495REHJE¥DQ eF
al. entitled Structure for Holding Integrated Circuit Di es Tobe—

El ectroplated. .In org@- rm over
t he 20 cont act pa %%EFEE%{TO?’U\ 630 E%EE? %_’?g;g%fdl%o& [8?1‘

the UBM | ayer and then pho hograp I'y erne e portlons
of the UBM | ayer extendi ng opposite t'pe cop a(it é)ads Sol der bunps are then
formed by el ectroplating the exposed &M&h@-@% UBM | ayer. The
portions of the UBM |ayer ePHl@ﬂﬂ)eﬂﬂoﬁ%l‘éf‘é?,rlotrﬁfcr&é?h&%nlém?e%snﬁ#agt{grinﬁe

etched (using the 25 bunps as an etching nask) to bre
el ectrical conneméthedbandumoretparticdadgto lmﬁ’tbeds @{sfomnlmg blectricabasd ood by
t hose skill ed |nth art the(gatternln st eps

t def t
geonetry of the Pé%cu R0l CRRE Wé’é‘tmf‘gBQS%gﬂ\%l%ﬁgﬁt%@ﬂ@ tgﬁléi?’t%f‘ﬁﬁté?”sand
mechani cal connegdifermsed.
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5 Background of the Invention
A limited number of technologies are typically used in the

microelectronics industry to provide electrical and mechanical-
interconnection to microelectr.onic devices such as integrated circuit chips.
These technologies typically include tape automated bonding (TAB), wire _
10 bonding and controlled collapse chip connection (C4). Of these three
| connection technologies, C4 technology is capable of handling the highest
density of input/output (I/O) pads because it typically uses a two-
dimensional and closely spaced array of solder bumps to cover an entire
surface of an integrated circuit chip. In particular, C4 technology typically
15 utilizes solder bumps formed on wettable metal pads on a chip and a mirror
image footprint of wettable metal pads on an opposing substrate to which
the chips are soldered. Because the chips are typically soldered face-down
to a substrate, C4 technology is typically referred to as "flip-chip"
technology. C4 technology offers additional advantages because the shorter
20 interconnect distances provided by the closely spaced bumps yield faster

signal response time, low inductance and reduced simultaneous switching
R —
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bet ween the sol der bunps and the contact pads. 30 A
recently devel oped el ectroplating technique is also described in an article
by Datta et al. entitled Electrochem cal Fabrication of Mechanically Robust
PbSn C4 Interconnections, J. Electrochem Soc., Vol. -3- 142, No. 11,

pp. 3779-3785, Novenber (1995). In particula#2- the Datta et al. article
descri bes a process in which a continuous seed | ayer is vacuum deposited

over a patterned gbiké.CTReGiveriyldiswibuesl iray désd»ldyebumps Zah ad I6é utilized to
integrated circuit chip. A thick dry filmphotoresisg S then 5

{
| ani nat ed over trierowtajumlégrm PaweEr ﬁa@t*’@ahéﬁt’twt@éﬁlq@'pﬁ@'gﬂe exiyitcis also
pattern as openin Q r. Solder bunps are then forned
on the seed Iayergw ?éyglf%wgt(‘rh? ngsol der alloy into the openings
using the patterned photor eEab?ricahaMQj”f Ié@d-ﬁn [PBSM) ris soldar bfﬁlmesﬂwed/abammnl S

then renoved to isolate the C4 sol der- bunps. As descri bed B tta et al.
the 10 5 seemslmayenerpbmaékrmaSaomaa“w pienertsd BetBMde the midol9eflss an

el ectric current C%Ff‘eql\
becones the ball Hg}‘#ﬁ’ %ﬁgevgé&%&'f) ?W %’IL‘%OQ} or t gﬁétgfjﬁahggm% riofe
provi di ng both negaagseelofane eehwhfedaahteaahemdn uplmntthethIsOdsﬁ the e'i?hpomd
| ayer is also described as conpri an,adhesi on

si .ng st two | aye
layer and a 15 and mesy|raskabl@ apddgess ! ah'T é&é‘eF‘aM ‘éFé“'QHEﬁ fefescri bed as

havi ng thicknesseg e’ 000A) .

Anot her techni que %t?°@F‘ rgg'ﬁ'??? g @ﬁb’g BLF]r @o egslf:gr"ﬁ%t%g?ﬁ an
unexam ngol Japaneazappadtam. apMeseatGCWpMngﬁécm&tfﬂdsSali;lamltzettsmrﬂar-bun'@nt itled
Pl ati ng Bunp Formati n Met hlod and Waf
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provided on the contact pads and between the pads so that plating current

can be drawn laterally through the UBM layer to the edge of the wafer

15 where it is typically collected by a plurality of circumferentially spaced
contact pins. The use of contact pins to withdraw lateral current from a
UBM layer is more fully described in U.S. Patent No. 5,342,495 to Tung et
al. entitled Structure for Holding Integrated Circuit Dies to be Electroplated.

In order to define the sites for solder bump formation over the

20 contact pads, a thick layer of photoresist is deposited on the UBM layer and
then photolithographically patterned to expose portions of the UBM layer
extending opposite the contact pads. Solder bumps are then formed by
electroplating the ex'po.sed portions of the UBM layer. The portions of the
UBM layer extending between the solder bumps are then etched (using the

25 solder bumps as an etching mask) to break the electrical connection
between the solder bumps. As will be understood by those skilled in the
art, the patterning and etching steps define the geometry of the resulting
UBM contact regions which provide electrical and mechanical connections
between the solder bumps and the contact pads.

30 A recently developed electroplating techmque is also
described in an article by Datta et al. entitled Electrochemical Fabrication of

Mechanically Robust PbSn C4 Interconnections, ). Electrochem. Soc., Vol.



direction through a plurality of wafer dicing streets or scribe |lines 5a
whi ch are patterned between. adjacent .chips. In particular, a barrier netal
| ayer 9 is formed over an entire surface of the wafer 5 using a sputter
vapor 25 deposition technique. The barrier netal |layer 9 contacts
the wafer 5 at the dicing streets 5a and prowddes a conductive path for the
plating current to enter the substrate. The techni que descri bed by

Mat sumur a exposes t4f% Naf et, mri?ﬂ%lﬁﬂihﬂr@/eﬁn&nﬁ( (éﬂﬂS)prlocm'ﬁtmigr dhefatta et -
However, exposure qf th urf a wafer betwe adj acent
chips can be di f { iduprticle SgacabE 6? aﬁgge%t'awsbmcqm@ﬁoaéﬁ?%f% VaG{imeng
of processing, angy |té<?%%|ta(ﬁﬁttéﬁﬁﬁ%ﬂ%&h&|Bx36ee$rdp@1?ﬁn%ﬁ§4]er on a face of
cont am nati on. Mreov in order to provide a - resistance

| ateral current paarhmtegreteldammua!mhml aPl tHidy dry ﬁlm@y\otmesisttlayd!relSrtbd:rat ively

t hi ck, which neans that subsequent ,renpval, of the, barr] et al.
al so be di¥ficult léﬁﬂ“?tg‘i(ﬁ"’?b davefiang 07 er”é?ﬁ i de ‘&‘?H}?eﬂ? gﬁ?—l‘? pa&ern

underlying the barg r’{fﬁ%@l{l thd tgreé‘@tdlaz@ll des|dBHBB s%?é ﬂﬁéﬁfcﬁnu‘éd on the

Schottky contaets na orm etvveen the barrier tal layer 9 and the
exposed di ci ng st rseetl dayerycealeswoplatinglad®bSorsaldertdlioyriatethef operdngy vgihgtheg

and uniformty of the el ropl at d sol der er t echni ques_ for

el ectropl ati ng sol%ﬁerﬁiﬁﬂém&’%ﬂ% &f&é&?‘?@éﬁp’?aﬁk thie(,jleg(é(i gasﬁheé’ et al.
entitled Advanced g flRH t5'|!;cﬂa@'th€ dPsolder bumPBs.0PRSEAErbE B - DéitH &wgle tvbunt
I nternational: Advanced El ectronics Manufacturing Technol ogi es, San Jose,

Cal ., Vol101, pp. seed-lage,pesigoms a(d@efgmctmemcagse #l proyisles encelestricisugenp
Tochnol 007 A N ik 6 e e D RN B ethad AR Wl e
SPIE Vol . 2256, pRim#ikg4Betallurgy (BLM) for the solder bumps by providing both
mechanical and electrical connection to the chip. The seed layer is also
described as comprising at least two layers: an adhesion layer and a
15 solderable layer. These layers are each described as having thicknesses in a
range between about 0.1-0.5xm (1000-5000A).
Another technique for electroplating solder bumps is described
in an unexamined Japanese patent application No. 05-166815 by
Matsumura, entitled Plating Bunip Formation Method and Wafer Plating
20 Jigs. The Matsumura application describes using a backside contact to draw
| plating current through a wafer 5. The plating current is drawn in a vertical
direction through a plurality of wafer dicing streets or scribe lines 5a which-
are patterned between adjacent chips. In particular, a barrier metal layer 9
is formed over an entire surface of the wafer 5 using a sputter vapor
25 deposition technique. The barrier metal layer 9 contacts the wafer 5 at the
dicing streets 5a and provides a conductive path for the plating current to
enter the substrate. _
The technique described by Matsumura eXposes the wafer
surface during back-end processing steps. However, exposure of the surface
30 of a wafer between adjacent chips can be difficult from a process standpoint
when performed at the end of processing, and can result in reduced chip

yield and wafer contamination. Moreover, in order to provide a low



15 " (1994); Yung et al. entitled El ectroplated Sol der Joints for
#lip-Chip Applications, IEEE Trans. on Conponents, Hybrids and

Manuf act uri ng Tech., Vol. 14, No. 3, pp. 549-559, Sept. (1991); and Yung et
al. entitled Flip-Chip Process Uilizing Electroplated Solder Joints, Proc.
1990 International Electronics Packagi ng Corderence, Marlborough; Mss.,

pp. 20 1065- 1079, Sept. (1990). Conmmonly assigned U S. Patent Nos.
5,162, 257 and 5, 28&tdHte lateralungrenlt path) ahe hiakriermaetab tiyeo® mbhecieedpbdtel ng

sol der bunps for flip-chip ap | i cation t he di sclosure f
her eby i ncor por afdlatiyaly &higkpy f@f@?@ﬂ%g‘atAHb%?rql“Fa Ee"b?/"al_log “é%,\,géT”e"éh?t?k | ed

Appr oaching a Un'JrY%f/é} i {)B,sééée difficylt & bR4 qg)d & ottt ggtdfq .6&9%@%@

Bunps on a Silico onents, cka
Manuf act uri ng Teahd -undaritinig, th¥ddarriér. mem IayMB aﬂc5§o|dbbbumpchRaras(m996)

al so describes an el ectroplating ceII n for achievin ni fo ol der
bunp hei §ht by rrﬁﬁh?ithYa@Qﬂf?ftﬁ FaaYphla® ifergn Z’G%Y%Qﬂtmgﬁlﬂ'?&"legﬁlg S*’ﬁﬁé\yh?iual
sol der bunps. C 0 rtdg)‘f”at
uniformty of t he @‘?ﬁteykdr!es esél%%fs %rﬂi El%'Ilst‘e::gat E&“S‘Fg{’ ofiet‘";3 Ol%%!?pcé lnl§est be
achi eved by mani pod amufbgntth@fltleé emchepmmwluer hunhpla. of the silicon

wafer and the width of the ectr ytic bath ex&osedt e waf er urlng

the el ectroplating step. 9%?‘3‘3 tﬂ"lﬁr"tfﬂ"s? AP @“E‘&é@'@’%gmﬁﬁfs
el ectroplating t ﬁggﬁb%ueﬁ arﬂ@l‘ég ‘Bys%hhé e?wﬂt rﬁi‘t’lga Acﬂ/ah@eé‘ SBfRS Alfpy CApt hods

of electroplating 0 not require the exposure
of dicing street ﬁ’rahessemgth ISuefade Mmmslsterrgatmnat elviaabed Ebectroniasf

densi Ty ¢hrough. NABURHARE TeriTiogamssn shmaly VA- dnepr godrezonept "

(1996); Adema et al. entitled Flip Chip Technology: A Method for Providing
Known Good Die with High Density Interconnections, Proc. 3rd
International Conference on Multichip Modules, SPIE Vol. 2256, pp. 4149

15 (1994); Yuhg et al. entitled Electroplated Solder Joints for Flip-Chip
Applications, |EEE Trans. on Components, Hybrids and Manufacturing
Tech.,.VoI. 14, No. 3, pp. 549-559, Sept. (1991); and Yung et al. entitled
Flip-Chip Process Utilizing Electroplated Solder Joints, Proc. 1990
International Electronics Packaging Conference, Marlborough, Mass., pp.

20 1065-1079, Sept. (1990). Commonly assigned U.S. Patent Nos. 5,162,257
and 5,293,006 to Yung also describe methods of electroplating solder

“bumps for flip-chip applications, the disclosures of which are hereby
., incorporated herein by reference.
An article by Lin et al. entitled Approaching a Uniform Bump

25 Height of the Electroplated Solder Bumps on a Silicon Wafer, |EEE Trans. on
Components, Packaging and Manufacturing Tech.- Part B, Vol 19., pp. 747-
751, No. 4, Nov. (1996), also describes an electroplating cell design for
achieving uniform solder bump height by rhanipu|ating the plating current
density through individual solder bumps. In particular, according to Lin et

30 al, the uniformity of the thickneéses of the electroplated solder bumps can

best be achieved by manipulating the ratio between the width of the silicon



10 It is therefore an object of the present invention
to provide inproved nethods of form ng sol der bunps on integrated circuit
substrates. It is another object of the present invention to provide

i nproved net hods of el ectroplating solder bunps of uniform hei ght on
integrated circuit substrates. 15 -5- It is still another
obj ect of the present invention to provide solder bunp el ectroplating

met hods whi ch el wafenand theevidée df the elrposlytidibatmexpaseddo she wafergdsuingi the
bunp formation. 'Iihese {]d of her objects, features and advantages are

provi ded, accor df g PRI2HRG S8Pesent i nvention, by nethods of el ectroplating

sol der 20 bunps onHoNeRAF fﬁcﬁﬂltﬁktéﬁé‘i'nk tH@sfeeécﬁw\}éﬁhBHalbﬂE@b;?%nH@f er

contacts to draw el ectropl ati ng durrent vertical |y throu ers
These met hods i rtetlumiquehethetee!gt | odntiinesito dped aeedw@prcmeﬂv@ds of leleatgiplating

t ted f | t | | t { ted gircuit'
around. pover amPdAGHTPEIECH acicharadies B sipcipts ot ficie 1o fGhse
layer (e.g., < Gofdkr@y ﬁﬂd&§§%§5) tlﬁznﬁbﬁéatlon of elabBR Hl%cﬂ%pﬁat#ﬁ% i de waf er

contact to draw el ectropl ati ng current al ong vertlca aths which extend in
paral | el througdesignsfoomanipuldting ghea:blapagisuandt densltyttﬁmlahibmdr\adeal The
ground pads arecsg’ilff rablsy electrically coupled to the substrate at
substrate conta 3? (eg , N+ or P+ diffusion regions) and the

signal pads are preferably electri gaHrya Qjmhgmh\;ép,t‘bhe 30 - substrate
through active sem conductor devices ...) to which the
signal ¥hds are directly otig th@refetqaryobracaoﬁdrte presentenvemthmtq pravide

o 1 . U o, el b, SRRt s PRIBRERUEBhs

However, plating current ilgis'giotHércatjetiodfethalgrsen® inveation to provide
improved methods of electroplatmg solder bumps of uniform height on
integrated circuit substrates. '

15 It is still another object of the present invention to provide
solder bump electroplating methods which eliminate the need to expose
dicing streets during solder bump formation.

These and other objects, features and advantages are provided,
according to the present invention, by methods of electroplating solder

20 bumps on integrafed circuit wafers using backside wafer contacts to draw
electroplating current vertically through the wafers. These methods include
the steps of drawing plating current through an integrated circuit wafer by
electrically shorting an integrated circuit’s ground, power and signal pads -
together using an ultra-thin plating base layer (e.g., < 0.075um thick) and

25 then usin'g a backside wafer contact to draw electroplating current along
vertical paths which extend in parallel through the ground and signal pads
and into the substrate. The ground pads are preferably electrically coupled
to the substrate at substrate contact regions (e.g., N+ or P+ diffusion

| regions) and the signal pads are preferably electrically coupled to the
30  substrate through active semiconductor devices (e.g., FETs, BJTs, ...) to
which the signal pads are directly or indirectly attached.



wafer's dicing streets so there is no need to expose the wafer's dicing
streets 5 during sol der bunp formation. Instead, the conbined
contributions of the plating currents drawn through the substrate contact
regions and the active sem conductor devices is sufficient to naintain the
pl ati ng base | ayer and underlying pads at uiform potentials even though
the plating base | ayer has a preferred thickness of |ess than about

0.075[ err] mwhi ch facilitatrepartidular, plating sutvemtjs gumeferabip dedwni$m pgrales hor t

duration etching,sten. These unjf.orm,and.typically non-zero potentials can

cause the rat esg@f'okéé}ée‘? I“E)tﬁg'ﬁ’f‘?%ﬁ"ﬁ%tb@CthY%%WCBH¥¥gPW$\9F%%§"é RebsiEer by

limting the anDggfia@freb@ingr QJiO\ﬁé'\str?BFati[;ErcﬂH%Ht Fshﬁtmﬁﬁhqgtﬁgﬁﬁﬁtd er. The
al so be anced

uniformty of the electroplated sol der nps can en y using
hi gh density conwaferiselicioglstregtssodhere it fd need to expsadbé mafer{sCdicing streets

& bac? df mens | GHTATE SRS DARPJRERRNeT | B, e, 6o RitiedaaR BV IR OrE has
at |east one gr%qaangednaﬁtsaarg@artﬁﬁ;ugngheQnegtrat@%sg{a@& RIS mt@%ggwm

of the present invention, an integrated circuit substrate is provi
conprising a pl wemicondurftor dexicesainguff@ient to maintain the plating liass layed and

electrostatic discharge protecti.on (ESD) .devices, coypled thereto at a, first
face of the subslf'?cge{@?"%ﬁﬁ&aatplm oém( ??,teépglﬁ YET tl&?fé#ﬁh*‘@p‘ll?“'b%\ggse fayer'has
el ectrically conipgdfedled thitlkifess P Wss ¥ith MWERW.025mUvhich fagdieged ively. A .

plating base layer is then formed on the substrate, in ohmc contact with
the pad¥) The pistbseqpearasembuglassingag shomsluratioraetcbingostep.e Toese unifomo ahd

| ayers 25 ' i ngl uding a titanjum adhesi,on | ayer having.a thickness of
| ess than about %9152\6‘/ gﬁa-z%r%ggheg?iaka%rca&se §I'i""nﬁt3¥ o{ ﬁlFEﬁEﬂ‘é’gQFg%ﬂé’_’epl ating
base | ayer is priigliyaiforinoidrees the wafeeby ilwstihy thé BRdunt bh faté¥alEadrbhty Of

I nput and out put pads together. Solder bunps are then el ectroplated on the

pl ati ng base | ayBroughsthaplatingbasedayer. blheljuaifdrmyjtypohitherajectonlated sobteri cal | y

th h the 30 t f the.fj t f .
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plati ndgdase | ayohnettisn [C4)r(Aflipichi tédhpslogierartibp Uktefspapsig BRdgroand t he

plurality of input, and output circuits . ) )
. and signal pads in a two-dimensional array on each "flip-chip" so that each

signal pad has at least one ground pad as a nearest neighbor.
According to one embodiment of the present invention, an

integrated circuit substrate is provided comprising a plurality of input and

20 . output circuits and electrostatic discharge protection (ESD) devices coupled
thereto at a first face of the substrate, and a plurality of input and output
pads electrically connected to the input and output circuits, respectively. A
plating base layer is then formed on the substrate, in ohmic contact with the
pads. The plating base layer may comprise a composite of two metal layers

25 including a titanium adhesion layer having a thickness of less than about
375A, and a copper layer of similar thickness. The plating base layer is
preferably formed to electrically "short" the plurality of input and output
pads together. Solder bumps are then electroplated on the platiné base
layer (using a template) by drawing plating current vertically through the

30 substrate from the first face to a second face thereof via a first plurality of
parallel electrical paths formed by the plating base layer, the plurality of

input and output signal pads and the plurality of input and output circuits



-7- and the ESD devices coupled thereto. In particular, plating current in
the formof | eakage current is drawn through the input and output circuits
and the ESD devices coupled thereto. For exanple, in the event an input
device or circuit conprises 5 an insulated gate field effect
transistor (e.g., MOSFET) having a gate el edtrode coupled to an input pad,
plating current is preferably drawn through the transistor's gate insul ator

(as | eakage currgid }heabSD ideisitet Reuplédsthenste. | pastiquiar; platingfcurieat av diel |
pl ati ng current can be substantial, when the corx‘g‘lned Ieal:cgge currents
through all the formuef lerkage eurrqnd dgdrayvn through thy,input apd QUIPYLSIreyits and

considered. In WL@'@BEVQL’??Q@#?E&%{H_ Is also drawn through a plurality

of ground pads are pre ohm'cal ly connected to the wafer

through a plurality of highdyexhonsld, pothicasient agiiomst deMieser girauitdompeisesar e
preferably interspersed closely anpng the iné)ut and_ out g‘ut_ signal pads to
limt |a®eral cuant émulated gatefigld effgrt ransistomles. MR B4 saving= gate | ayer.

Thus, according L.Ov: ' [1Ls: - Lhize a
(hick pracing basecrafe PogHed o gLt Bl nlaig cUBRTE EraflatiP o 2
current during tiheoggtetHe tbaisistonogate énsuldior &fs |Bekagei qurient) afd inbe tix awi ngs
FIGS. 1A-11 illustrate cross-sectjional vi ? of internediate, 20

structures il usiyostrateg ENipPEFEGN @é&%‘?‘fﬁ.’iﬁ ﬁaﬂ@s&{rmﬁm ibesubsiagtial hunps

on_an i ntegr at edyfibh L boRihals RaRar GRS fitobin ANIThE Shp@RdHERARd OF  { he

present invention. trate ut and output circuits
whi ch ca be utiodutpaticircuits) are porasidergd.c Um mdditichy; phatingpaurrest ds also plrawpads,

25, st rated SPrah Y oSS T tn S SIGSBLRL SRR, dor PuTPS

connected to the wafer through a plurality of highly doped contact regions.
These ground pads are preferably interspersed closely among the input and
output signal pads to limit lateral current flow in the ultra-thin plating'base

15 layer. Thus, according to the present invention, it is'unnecessary to utilize a
thick plating base layer or a wafer’s dicing streets to "sink" lateral current
during the electroplating step. '

Brief Description of the Drawings
FIGS. 1A-11 illustrate cross-sectional views of intermediate

20 structures illustrating a preferred method of electroplating solder bumps on
an integrated circuit substraté, according to a first embodiment of the
present invention. :

| FIGS. 2A-2B illustrate CMOS input and output circuits which

can be utilizéd to draw plating current from input and output pads,

25 respectively, during the method of electroplating solder bumps illustrated by
FIGS. 1A-11.

FIG. 3 is a plan view of a flip-chip containing solder bumps
formed according to the method of FIGS. 1A-11.
Description of Preferred Embodiments

30 The present invention will now be described more fully

hereinafter with reference to the accompanying drawings, in which

preferred embodiments of the invention are shown. This invention may,



FIGS. 1A-1l . FIG 3 is a plan view of a flip-chip containing solder bunps
fformed according to the nethod of FIGS. 1A-1l. Description of Preferred
Enbodi ments 30 The present invention will now be
described nore fully hereinafter with reference to the acconpanyi ng

drawi ngs, in which preferred enbodi nents of -8he invention are shown. This
I nvention may, -8- however, be enbodied in different forns and should

not be constr uedhawelkflideeémbedicdenadiffetntiorhs et sHould hobbecionstrired ST ,
t hese enbodi nents are provided so that this disclosure will be thorough and

conpl ete, and wi limiteg toytheambkgdimeatssas fartbhereia. iRalksrt these ehadimentsiarel ed

in the art. In t 5 " he.t il | ayens, and,regqi ons
are exagger at ed Bgc?v'(é?%?? ttr}?tqhﬁ’\liﬁe'pﬂé%ér@“r% @rm&g&f ?'&% C§ﬁ3)rlr%tﬁt gnd Wi
t hr oughout . Mor e@UBr corives therseBpe bf tid indeRtos tod Wdse skl inathe argefpthe

conductivity type" refer to alternative conductivity types such as N or
P-type. Referri ngravwngs.dheititcknessoflayers @angiregions ar grxaggeedted fergclaoty.

il be desert bop e Tr e P55 R4 REm G RlARRBLE Nk b Shee

present inventi oBendudivityaypé'yamd "sebhi cond 0tivindypeOrefdets slesrative circuits
are preferably formed at a first face of a sem conductor substrate 10 of

first conductivi €gndygdity fepesysucbraseNiorditiPe: echni ques known to those
skilled in 15 the agbferfiig hoW's Fﬁ%ﬂ/&??ﬂncpyld:é.%—28%?&?&3”&@636
pri se typlcal - based 1Tput "ah t

devices and circuits may co out pu
circuit$0l2a, 12methdds of elettrositng soldes bhmpyonpintdgrated wircUESUpstelates adhl

f{‘,ﬁg, “vss) Thot onbe e Bt damrding % one eibadiment BPIRS prasBht ¥
invention, a plurality of active semiconductor devices and circuits are
preferably formed at a first face of a semiconductor substrate 10 of first
conductivity type, using conventional techniques known to those skilled in
15 the art. As illustrated best by FIGS. 2A-2B, these devices and circuits may
comprise typical CMOS-based input and output circuits 12a, 12b with
electrostatic discharge protection (ESD) devices such as input protection
diodes and transistors coupled to power supply (Vdd, Vss) potentials. These
input and output circuits 12a and 12b may be coupled directly to respective
20 ~ input and output signal pads 14a and 14b. A plurality of relatively highly
doped substrate contact regions 16 of first conductivity type (e.g., N+ or
P+) may also be formed at the first face of the semiconductor substrate 10
using conventional techniques. These substrate contact regions 16 are
_ illustrated best by FIGS. 1A-1l. One or more "well" regions of second
25 conductivity type (not shown) may also be provided in the substrate 10.
Referring now specifically to FIG. 1A, during the course of
forming the above-described devices and circuits using conventional
techniques, a first electrically insulating layer 18 (e.g., SiO,) is preferably
formed on the first face of the substrate 10 and then photolithographically
30 patterned. In particular, the first electrically insulating layer 18 may be
patterned to expose the substrate contact regions 16. At least one layer of

metallization (e.g., aluminum) is also preferably patterned to define the



I nput and output circuits 12a and 12b- may be coupled directly to respective
20 | nput and out put signal pads 14a and 14b. A plurality of ,

rel atively .highly doped substrate contact regions 16 of first conductivity
type (e.g., N+ or P+) may also be fornmed at the first face of the

sem conduct or substrate 10 usi ng conventi onalg.t echni ques. These substrate
contact regions 16 are illustrated best by FIGS 1A-1l . One or nore "well"
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electrically insulating |ayer may De patterned to expose the substrate
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skilled in the art. An ultra-thin plating base | ayer 24, having a preferred
t hi ckness of | essFIGhdi€.16n particularalyotite €ved? diecsubisirate7HD )3 sericondnctosr med
on the substrate 10, as illustrated.by EIG, 1C | art,i cul a I n..the _event
the substrate 10 \{vgfeé cgmrgmﬁj%?\(v&dlrr?énsmnal array of _dplps Ehereln, the thmg%ase
layer 24 is preferably formed to cover all of the chips and to electrically
interconnect all the signal and power supply pads on all the chips together.
15 However, the plating base layer 24 is preferably not formed in contact with
a wafer’s dicing streets which extend between adjacent chips. According to
a preferred aspect of the present invention, the plating base layer 24 is
preferably formed as a composite metal layer by sputtering a blanket
adhesion layer of titanium having a thickness of less than about 375A and
20 then sputtering a more highly conductive layer of copper of similar
thickness on the adhesion layer.
Referring now to FIG. 1D, a plating template 26 having an
array of openings therein is then formed on the plating base layer 24.
Preferably, the array of openings in the plating template 24 define the
25 locations of the array of solder bumps to be formed on the signal and power
supply pads. A backside wafer contact (not shown) is then attached to a
second face of the substrate 10 and then a relatively short duration
electroplating step is performed to define an array of wetting layers 28 in
the openings in the plating template 24, as illustrated by FIG. 1E. These
30 wetting layers 28 preferably comprise a layer of nickel having a thickness of
about 5,000-25,000 A. As will be understood by those skilled in the art,

the electroplating step may be performed by exposing the plating base layer



waf er conprising a two-dinmensional array of chips therein, the plating base
l‘ayer 24 is preferably formed to cover all of the chips and to electrically
i nterconnect. all the signal and power supply pads on all the chips

t oget her. 15 However, the plating base |ayer 24 is preferably not
formed in contact with a wafer's dicing streel® which extend between

adj acent chips. According to a preferred aspect of the present invention,

the plating base | 29e6 addelecrglyeé plaipigibatior aretithen Hasingpusbacksitrt whfdrayer
by sputtering a bl anket adhesion |ayer of tltg{ll um havi ng a thi ckness of
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5, 000- 25, 000 A. AsEQ’b'devB:%s%ﬁ [e%ttﬂg%bgy those skilled in the art, the
el ectroplating step nma per orrre y exposing the plating base | ayer
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waf er contact to draw plating cijrr nt thm) h the substrate 10. Q contrast
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plating current (I,,.) is preferably drawn as leakage current through the

transistor’s gate oxide and into the substrate 10. Plating currents may also
15 be drawn as leakage currents through the ESD protection devices. These
leakage currents can be substantial when the confributions of all the leakage
paths through all the input circuits 12a (and output circﬁits 12b) are
considered. Moreover, as determined by t.he inventors herein, these leakage
currents can be drawn through state-of-the-art gate oxides without becoming
20 permanently trapped and inducing threshold voltage (V,,) shifts. Thus, state-
of-the-art attempts to scale integrated circuits to smaller and smaller
dimensions, including thinner gate oxides having thicknesses in the range
between about 40-100A, are corhpatible with the present invention.
In addition to leakage currents, plating current is also drawn
25 directly through a plurality of ground pads 14c which are preferably
ohmically connected to the substrate 10 through a plurality of highly doped
contact regions 16. These ground pads 14c are preferably interspersed
closely among the input and output signal pads 14a, 14b to limit the
amount of lateral current in the ultra-thin plating base layer 24. Here, the
30 combined contributions of all the plating currents (1,0 drawn through the
substrate contact regions 16 and the active semiconductor devices and

circuits 12a, 12b is sufficient to maintain the plating base layer 24 and the



(I[err]) is preferably drawn vertically through the substrate 10 fromthe
first face to a second face thereof via a first - plurality of parallel
electrical paths formed by the plating base |ayer 24, the plurality of
“input and output signal pads 14a, 14b and the plurality of input and out put
circuits 12a, 12b and ESD devi ces coupl ed thgneto. 10

For exanple, in the event an input device or circuit 12a conprises an

insul ated gate fi @hdedyihg@ads rﬂasmtarur('ﬁ:r@ potb’%?&mﬂi‘%’é% tfhe%ﬂ’éﬁn%base
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scale integrated circuits to smaller and di mensi ons, including
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are conpatible w nes d|t lon nts,
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ground pads 1l4c wbitpht arreuntsreisrm:l a/nd)ﬂmssablp»‘otféem@@teei&egom AgdridgpSt rate
10 through a plurality of highly doped contact glons 16. These ground

pads 14c are pr efréuaaﬁgyurrﬁﬂbﬁscbewge@re,qtldgbrqu@na)n raliy ofrgroundmads ddgut

si gnal pads 14a, tg | al, current i the
ultra-thin plati n‘éﬁ%h e ﬂz{%&atyg%hﬁggéw f‘ﬁi %géaefo {he béﬁ%ﬁ Ltpgwrough the
contributions of plutalithef bighly @eped ‘contics rddidsy 16.) TheaWBstrite oMOR thBe
substrate contact regions 16 and the active sem conductor devi ces and

circuits 12a, 12b"eF’%°V§df fromaithaPlatingatht Sihe plating terapiatey 26 4s therasesmoved and
the 15 using conventional techniques, as illustrated by FIG. 1G. Then, as

illustrated best by FIGS. 1H-11, the ultra-thin plating base layer 24 is

removed using a short duration etching step to expose the passivation layer
22 and electrically isolate the solder bumps 30 from each other. The solder
bumps 30 can then be reflowed, as illustrated by FIG. 11, or the reflow step

ZQ can be performed before the step of etching the plating base layer 24
itlustrated by FIG. 1H. Thus, the present invention is compatible with etch-
before-reflow and reflow-before-etch techniques.

" The uniformity of the electroplated solder bumps can also be
enhanced by using high density controlled collapse chip connection (C4)

25 ("flip-chip") technologies and by interspersing the ground and signal pads on
each "flip-chip" so that each signal pad has at least one ground pad as a
nearest neighbor. In particular, a preferred arrangement of ground, power
and signal pads on a flip-chip is best illustrated by FIG. 3. As determined
by the inventors herein, at least 10-25% of the contact pads should be

30 ground pads to maintain |, at a sufficiently high level during the wetting

layer and solder bump electroplating steps.



under | yi ng pads 14a-14c at uniform potentials even though the plating base
{ayer 24 has a preferred thickness of |less than about 0.0 75/[err]m These
uniformand typically non-zero potentials cause the rates of electroplating
to be highly uniformacross the wafer by limting lateral current flow

t hrough 5 the plating base |ayer 24. feferring nowto FIGS. 1 F-1G

an electroplating step is again perforned to plate.a plurality of PbSn

sol der bunps 30 on the Corr'ﬁﬁﬁ%?1?%‘99‘.82'aHHa‘:PEEmﬁ?%'W%Hm‘Jﬁa SdidSlosdder €

again, the plating current preferably drawn as age current

through the inputysiest dferred embedirpetits of tiseliventida and2bltowgit spect&Derms
protection devices. In addition, plating current is drawn di rectlg{ t hy ough

a plurality of graseempleyes, they arf ¢sedainea geaeris all esiRtivaIsPse BANANGE o
t he substrate 10 hrough the.plurali i : ¢ i 16.
The substrate 10 f?'ép't' N 8%6’é%hg+]b{r}n%t-%épglog[e I{‘%Sﬂ%gtﬁ ﬁp%él%taf{)ﬁﬁdﬁwe
tenpl ate 26 is t fgnowsiE®aANs.5 usi ng conventional techniques, as
illustrated by FIG 1G Then, as illustrated best by FIGS. 1 H1ll, the
ultra-thin plating base | ayer 24 is renoved using a short duration etching
step to expose the passivation layer 22 and electrically isolate the sol der
bunps 30 from each other. The sol der bunps 30 can then be refl owed, as
illustrated by FIG 11, or the reflow step 20 can be perfornmed
before the step of etching the plating base layer 24 illustrated by FIG 1
H. Thus, the present invention is conpatible with etch- before-reflow and
refl ow before-etch techniques. The uniformty of the el ectropl ated sol der
bunps can al so be enhanced by using high density controlled callapse chip
connection (C4) 25 ("flip-chip") technol ogies and by interspersing
the ground and signal pads on each "flip-chip" so that each signal pad has
at | east one ground pad as a nearest neighbor. In particular, a preferred
arrangenment of ground, power '

[



and-signal pads on a flip-chip is best illustrated by Fl 1 ned
by the inventors herein, at |east 10-25%of the contact p shoul d be 30
ground pads . to maintain I[err] at a sufficiently high | evgm mm,
wetting Iayer and sol der bunp el ectropl ating steps. Mm/l”m
and specification, there have been discl osed-13ypical preferred enbddi fent s
of the invention and al t hough specific terns are enpl oyed, they are used
in a generic and descri ptive senseTeATWAHICH S ALAIMED [$oses of [im.tation,
the scope of the invention being set forth in the 5 fol |l owi ng

cl ai ns. -13- THAT VHICH I S CLAI MED I S: 1. ‘A net hod of' el ectropl ating

sol der bunps on an int egrate 1t, S

sem conduct or input devices at ﬁ'\péjt ¢§8§tr%§“@%%§%§bg9‘ ura frltk%%té?f
i nput pads el ect r'cﬁ"t%hk%uﬁ@t?ﬁ@%ﬁibrlsﬂ‘né Aplphhfyedf §e¥hn@én<$tﬁltblcmpdudé0m:es apat
devi ces, conprising the steps of pl ati ng

base | ayer which dirstcface tharegf amba tpiunahé' ofl inpyt pags @lFCVWBUY CB&HQCtﬁéé‘éﬁ%r

on the substrate; d tro atl base | ayer
by drawi ng platind "Lﬁjfyeﬂf qﬁé{?g%%?péorﬂﬁng Fggl?ée g%ft he first
face to asgsecond face thereqrf,mﬂn% @ﬁfdt,hgtbagéuﬁ)@rlwmcbfelwﬁllyedhoeﬂseber| cal
pat hs which 10 extend throu the plati ngb base | ayer and the

u

plurality of sem quueility of Inm&b@ﬂdﬂtﬂged&f 0" the s
electroplating solder bumps on the platmg base layer by

strate; and

drawing plating current vertically through the substrate from the first face to
a second face thereof via a first plurality of parallel electrical paths which
10 extend through the plating base layer and the plurality of semiconductor

input devices.

2. The method of Claim 1, wherein the plurality of
semiconductor input devices comprise insulated gate electrodes electrically
connected to the plurality of input pads; and wherein said electroplating
step comprises drawing plating current through the insulated gate electrodes

"5 and into the substrate.

3. The method of Claim 2, wherein said step of forming a
plating base layer comprises forming a plating base layer having a thickness

of less than about 0.075um, on the substrate.

4. The method of Claim 3, wherein said electroplating step is
preceded by the steps of forming a plating template having openings
therein, on the plating base layer; and wherein said electroplating step
comprises electroplating solder wetting layers in the'openings in the plating

5 template.



2. The method of Claim1, wherein the plurality of sem conductor—naput—

devi ces conprise insulated gate electrodes el ectricall to the
plurality of input pads; and wherein said electroplati H’“@@E M”Hm
drawi ng plating current through the insulated gate el ectro n g iMand
into the substrate. 3. The nethod of C aim J34-wherein said step of formng

a plating base |ayer conprises formng a plating base |ayer having a

thickness of less than abou, Phé€ Afethsd of Wlaif3}! WhePdiAShidpRLing badd fayspt hod
- of Cdaim3, wherein said electroplating step is preceded by the steps of

form ng a pl ati ngomprisesiaeompasitg ab@etitaniysn adbedom layen havingp thickneshad e
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The et hod of O addtRan Wh6GLEIMSAal d pl ating base | ayer conprises a
conposite of a titanium adhesion |ayer having a thickness of |ess than
about 375A and a copper conductive | ayer having a thickness of |ess than

bout 375A. 6. Th thod of ' furth i sing the st f
fofowi ng. the el oot r opl ot ed-s oRa B0 CIIE 3 lfRel 2pRrisie Fhothsce!
layer. 7. The neiéfisiviplg tﬁ%@lé&t%}plé‘b@@@éid&rbbﬁqurﬁn@gétéhm@ tﬁé&ﬁmhgg Bagestayert e

further conprises a plurality of ESD protection devices coupled to the
plurality of sem conductor input devices and the plurality of input pads;

oo uher e g2 el oo (o8 9 e ST SFPLASC oM LAIEAL °,

el ectropl ating seliseratdfiiter @dniphised h gdaaligHof ESD protection devices coupled to
the plurality of semiconductor input devices and the plurality of input pads;
and wherein said electropléti.ng step comprises drawing plating current

5 through the ESD protection devices and into the substrate.

8. A method of electroplating solder bumps on an integrated
circuit substrate, comprising the steps of:

forming a plurality of semiconductor devices and substrate
contact regions at a first face of a semiconductor substrate;

5 forming first and second pluralities of contact pads electrically
cénnected to the substrate contact regions and the semiconductor devices,
respectively, on the semiconductor substrate;

forming a plating base layer which electrically shorts the first
and second pluralities of contact pads together, on the semiconductor
10 substrate;
forming a plating template having openings therein, on the
plating base layer; _
. forming a backside contact on a second face of the
semiconductor substrate; and
15 electroplating solder bumps in the openings in the plating
template by drawing plating current vertically through the substrate via a
first plurality of electrical paths formed by the plating base layer, the first

plurality of contact pads, the substrate contact regions and the backside



circuit substrate, conprising the steps of: formng a plurality of

sem conduct or devi ces and--substrate contact regions at a first face of a

sem conductor substrate; 5 formng first JmﬂlﬁMI“ﬂtlm‘J”m
pluralities of contact pads el ectrical | y connected to the su

regi ons and the semiconductor devices, respets-ively, on the seh donductor® *
substrate; formng a plating base |ayer which electrically shorts the first

and second pl ur aldont£8, While @ithakdnddadly drﬁ%@@ddm@narblanﬁg%uﬁ@ﬁﬂu&m@ﬁlhl 0
substrate; form ng a:fggl atln tenpl ate havi ng openi n?s therein, on th
ro

pl ating ¥hse | ayd rthf-‘ﬁg strasa(ykasaaecqndw @htumfaa @Céaﬁmcpatbsc@rufedtmethe

sem conduct or su tropl ati n der
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vertically througlevides aﬁ@hﬁbm%.&e@omaﬁ;t rst plurality of electri cal pat hs
formed by the plating base |layer, the first plurality of contact pads, the

substrate contact regions and the backside contact, while sinultaneously
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base | ayer, the seenng tie praaaln$tbas@flay‘e(arusa@tthea,aﬁiertmﬁnﬁsem soRehh@madRyvi ces
and the backside contact. 9. The nethod of Claim@8, further conprising the

step of etching the plating base l-ayer using the sol der bunps as an etching

mask. 10. The nethod of C ai t T . 0g
tenpl ate conprises form ngalrgnp? g ngﬁ&?eﬁp@%% ﬁa%ﬁpélgﬁgrqlrgﬁ%g 0? Ecgrpghgttb\ﬁi ch
extend opposite tphatirfg tedriplateccorasrived fodminglad platag eémplan having openings

therein which extend opposite the first and second pluralities of contact

E pads.

11. The method of Claim 10, wherein said-step of forming
first and second pluralities of contact pads is preceded by the step of
forming a first electrically insulating layer on the first face of the

semiconductor substrate.

12. The method of Claim 11, wherein said step of etching the
plating base layer is followed by the step of dividing the semiconductor
substrate into a plurality of integrated circuit chips by dicing the

semiconductor substrate along a plurality of dicing streets.

13. The method of Claim 12, wherein said step of forming a
first electrically insulating layer on the first face of the semiconductor
substrate comprises forming a first electrically insulating layer on the

plurality of dicing streets.

14. The method of Claim 13, wherein said step of forming a
plating base layer is preceded by the steps forming a passivation layer on
the first and second pluralities of contact pads and then patterning the

passivation layer to expose the first.and second pluralities of contact pads.



padé. 11. The nethod of Claim 10, wherein said step of formng—fi+rst-and
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of C aim 14, wherein sai tep of formng,a platjng. base
sputteri ndba Fhe metheéiaaﬁjcf 4 yHhergn ﬁé@ﬁ@r&foﬂg% Yation

| ayer and on th i @w- bt d f fingPads.
The net hod of Cﬁ!ﬁ@%ﬁ%ﬁgg\/‘\%@#;&n sg’le%gé ep"%lféjgzg‘]r‘%yérggéal%ﬁrgﬁﬁ?\% E‘ se |ay
conpri ses sput t tdnigmaeort tHededpdsed firstyand secondiphiralities ofarontactgadshe exposed
first and second pluralities of contact pads. 17. The nethod of C aim 15,

wherein said el

ectroplating step
17. The method of Claim 15, wherein said electroplating step

comprises electroplating a wetting layer in the openings in the plating

template.

18. The method of Claim 17, wherein said step of forming a
plating base layer comprises sputtering a layer of titanium having a
thickness of less than about 0.05um on the patterned passivation layer and

on the exposed first and second pluralities of contact pads.

16.
er

19. The method of Claim 18, wherein said electroplating step '

comprises electroplating a wetting layer containing nickel in the openings in

the plating template.

20. The method of Claim 18, wherein said electroplating step
comprises drawing plating current through the substrate contact regions and

the semiconductor devices, but not through the dicing streets.

21. The method of Claim 13, wherein said electroplating step
comprises drawing plating current through the substrate contact regions and

the semiconductor devices, but not through the dicing streets.

22. A method of electroplating solder bumps on an integrated

circuit substrate containing a plurality of active semiconductor devices in



co’r’rbriS'es el ectroplating a wetting Iayer in the—opemnmings in the plating

tenplate. 18. The nethod of Caim 17, wherein sai t nhgghg a

pl ati ng base | ayer conprises sputtering a Iayerjﬂlium:!mrmﬂz“\rmpg a

t hi ckness of |ess than about 0.05[err]mon the passi vation | ayer
and on the exposed first and second plurali4li7es of contact pads. 19. The

met hod of Claim 18, wherein said electroplating step conprises

el ectropl ati ng athesdbstgte &yka phoratiai of cantaitqleds el ectdided!yopemieates tionthehe
plating tenplate. 20. The rrgt hod of  Caim 18, wherein Sf":li d el ectropl ating
step conprises deglivenserpicandreior deyises, ComRIiEe NesteRmt r at e cont act

regi ons and the sem conduc : i IcRé reets.
21. The thod of Claim 13?&5‘[\%5?\& @22% gg’séei 'eégtérr %Fﬁ?‘%&ﬁgﬁg Sﬁ%ﬁ%ﬁﬁes

drawi ng pl ating elirakeytoftdoratg ipatih cogativert patthe colpdteate; anelgi ons and t he
sem conduct or devices, but not through the dicing streets. 22, A nethod of
el ectropl ating sol der bunpé&lesiroplatingtseldesiuumes or the plagpgiase AYEE W ai ni ng a
plurality of acti ' ' ' € e vid R FirEt3diaraling o
plurality of —confj\e(l%’f’ﬁ‘g%g@'yg@{r%tca ?ﬁf??gh%hcg[hetgeg%bﬁe active i W
seni conduct or depagesiel eleetrital pathg formed bgpike plating base layer and the plurality of
formng a plating base |ayer, which electrically shorts the plurality of
contact 1Bads t og@ctvg serpicopductordeYicat-e; and el ect ropl ating sol der bunps on
the plating base | ayer by drawing plating current vertically through the
substrate via a first plurality of parallel electrical paths formed by the
plating base |ayer and the 28l uTte imeharf ofiQlaim 22, whereinvsaid stepcoignming a
devi ces. plating base layer is preceded by the step of forming a patterned passivation
layer on the plurality of contact pads; and wherein said step of forming a

. plating base layer comprises forming an adhesion layer comprising titanium

5 on the passivation layer and in ohmic contact with the plurality of contact

pads.

24. The method of Claim 22, wherein said step of forming a
plating base layer comprises sputtering a metal adhesion layer having a
thickness of less than about 0.05um on the plurality of contact pads; and
wherein said electroplating step is preceded by the step of forming a plgting

5 template having openings therein on the metal adhesion layer.

25. The method of Claim 24, wherein said electroplating step
comprises electroplating a wetting layer in the openings in the plating

template.

26. The method of Claim 25, further comprising the steps of
etching the p.lating base layer using the solder bumps as an etching mask;
and then dividing the substrate into a plurality of integrated circuit chips by

dicing the substrate along a plurality of dicing streets.



23. The nethod of Caim 22, wherein said step of formng a i e

I'ayer is preceded by the step of form ng a patterned passivatjon | ayer on
the plurality of contact pads; and wherein said step of forn‘?gm mmmn

base | ayer conprises form ng an adhesi on |ayer conprising ti ,m””"!
on the passivation layer and in ohnmic contaq8-with the plurality of* cdhtdct »
pads. 24. The nethod of C aim 22, wherein said step of formng a plating
base | ayer conprises sputteyi nthaam@BicH ofGhemi 26) Widreln §ad iehctiplftirkaes s

of less than about 0.05[err]mon the plurality of contact pads; and wherein
sai d el ect ropl at comppsisespdiasvipg tasihgdcusyent erosigh she plyralitv efgaciivel ati ng 5
tenpl ate havi ng openings therein an . th ta hesi | ayer. 25. The

net hod of O ai m & 'c\?HgPEﬁoﬁ d§¥\c85'3?%&cﬁég§)éﬁhr{§g§§8g38ﬁ€% ses

el ectroplating a wetting layer in the openings in the plating tenplate. 26.
The met hod of C aim 25, further conprising the steps of etching the plating
base | ayer using the solder bunps as an etching mask; and then dividing the
substrate into a plurality of integrated circuit chips by dicing the
substrate al-ong a plurality of dicing streets. -18- 27. The met hod of
Claim 26, wherein said electroplating step conprises drawi ng pl ating

current through the plurality of active sem conductor devices, but not

t hrough the dicing streets. :



