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deposited localized chromium copper layer, a localized wettable copper layer,
and a localized gold or tin capping layer. An evaporated localized lead-tin
30 solder layer is located on the capping layer. '
Solder bump technology based on an electroplating method has also

been actively pursued. The electroplating method is particularly useful for
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25  exposing the metal layer while a portion of the barrier layer is maintained
between the conductive bump and the substrate. The metal layer may be an
aluminum layer, and/or the barrier layer may be a layer of TiW. Moreover, the
metal layer, the barrier layer, and the conductive bump may be layers of

different materials.

30 A conductive under bump metallurgy layer may also be formed on the
barrier layer before forming the conductive bump. Before removing the barrier
layer, the conductive under bump metallurgy layer may be removed from the

barrier layer opposite the metal layer while maintaining a portion of the
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additional enbodi nents of the present invention,
met hodsThe integrated circuit substrate may include an input/output pad

thereon, the barrier layer may be formed on the substrate including the metal
layer and the input/output pad, and the conductive bump may be electrically
coupled to the input/output pad after removing the barrier layer from the metal
layer. Moreover, the metal layer and the input/output pad may both be layers
of aluminum. In addition, the conductive bump may be formed on the barrier
layer opposite the input/output pad, or the conductive bump may be offset
from the input/output pad. A second substrate may also be bonded to the

conductive bump after removing the barrier layer from the metal layer.

3



of bunping an integrated circuit device include
formng a barrier layer on an integrated circuit

waaisorase wherein the barrier layer is of fsetPET/OR2084005818

10

15

20

30

exposed netal layer on the integrated circuit
substrate. A conductive bunp is formed 5 on the
barri erAcwdmg/\iotadctlmwwad@mbmmeagsemf tbeumgsemtimnianhmethods

cRHEbPE 23teorBRS: HESEdREIA PhlidedBERME S pairet saepr on an
t hiptdipatadedirduityibstrafewhensni tid BarrikByerad Sfit8EfréMtaM exposed
| ayer may be layers of different conductive

mehetal iaver orvibegatagrated drguit ststrate. 2 capductiie bump is formed

eSS E P G B e AR FEing HayER o ¥Rt bumo

buamd tHesulbxtraas. |I\ﬁﬁr§bv@m theoéorm Liotive &yuniy ioffset Ql@inﬁi the metal
bunp, and/or a cop conducti ve under

ne'ﬁ#'l: @”Q)Ihﬁéiﬁéﬂerrﬂaye%uﬂg% Cg@dtﬁty@, Rywap rradhemetal layn%r may be
Egé? #Cm’fgrren‘t‘%n@ (y%gﬂ?féﬁa e bunp, and a second
may be

e conductive bunp. 15

The Nt egs Bbﬁ%ﬂé&@r”rhé%%@kbﬁa&éi 8f f?i%)‘mﬁ‘h mqs@@ﬁ UsHe e exposed
i nput /output pad “on the intégrated circuit substrate

whaeetsl ﬂayelmnawbeuaelayewfealummhén @dditioe, haacortduqblvarbelmp
electrlc conne ted to. the input/out

voREs et e S (e FOldED plMpaa Sl bPHE Ancfs speper bump. A
MegorRRREVE @ntiay @Ummﬁwewllwgyﬂl@%r hidy eﬂé)@ bbifBvidbd®etween the
conductive bump be on the barrier |ayer ogposme

t higarpigr Iaypuﬁnadhg@pnﬁa@hveawﬂph@n@ arr@gent\sebeligie may be
ng?&ﬁe%e{o tfn (HBntdlﬂl%tlvé BﬁH‘ny out put pad. An under bunp

ur gy aer nmay a be between the barrier

| ayer &Fﬁ’eﬁrﬁé r%%’&’gﬁ&un@ut%{@%e lﬁéW?l%BQné![lgér nQH?@Uoulgut pad

nmetal | urgy | ayer barrier layer ma
fomtlfef otegratatheiccuitd ubstiste whaiaig the bstnlérl Iamfdartd Hmaionductlve

reagp Fre el R B ool e ke Wosepver, the

ci uhguvéu@ubga@ ainel thavh&igl Rifer MERQsRH @ lakrd 8y8luminum. In
t her eon arrier layer iS on the integrated circuit

s u%dmm éh@wéucm\f%hvmﬁen@y( pessvthedrairier l@yer oppesitesthe
¢ OH l[”“érﬁf 95&{3%916(? g%pcr;?ﬂedrlﬁll nghhﬁ{ nt@%ﬁ off%:lr‘f fom the

par |cu ayer

coinduxt«bluiwai pﬁdnﬁxraxmderft&mwhﬁalangy ldyee m@ﬁdﬁotbelbem/een the
romthe. netal 30 and t

b is offset r,

paPTIEE ey 8nd the &OBGH@W&@%pb@ﬁﬁgtheawad@wn@mta"urgy layer

: 11 baFieFReyed bé erials.

v i SR By RO R SRR B 2T L & o

THE DRAMEASin Ut sadtittbraill nfbodifrfefRCH tRE plreddr Wvention, an

illustrating integrated circuit
integrated circuit device includes an integrated circuit substrate having an
exposed metal layer thereon. A barrier layer is on the integrated circuit
substrate offset from the exposed metal layer, and a conductive bump is on
the barrier layer. More patrticularly, the barrier layer is between the conductive
bump and the substrate, the conductive bump is offset from the metal layer,
and the barrier layer, the conductive bump, and the metal layer all comprise

different conductive materials.



devi ces during internediate fabrication steps
according to first enbodinents 5 of the present

WO pweftri2ef. Figures 5-8 are cross sectional viROEUS2004/005818

illustrating integrated circuit devices during
internedi ate fabrication steps according to second
enbodi nents of the present invention. Figures 9-12 are

Cross sectlonal i Lrcuit
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anot her el enen it can dlrect y on "her
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I n contrast, 30 menﬁ?é&ﬁ%ﬁ?‘ﬁﬂ red to as
being "directly on are no
i nt er veThe BredlcpRivestion Hoail Y é@scr%@r}négﬁ ﬁJnng%?élnbﬁer with

referred to as being "bonded"” to another
cdffeenas ie tha geonsirritying dravdings Herwhich ensfatredrembodiments of

| r I n_contrast
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PCT/
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;ﬁ@?%@ﬂg@{@%ﬁ@b@&m&@%%ﬂﬂfull? EonG&PMeEStodePof the invention

to those skilled in the art. In the drawings, thicknesses of layers and regions
are exaggerated for clarity. Like numbers refer to like elements throughout.

It will be understood that when an element such as a layer, region or
substrate is referred to as being "on" another element, it can be directly on the
other element, or intervening elements may also be present. In contrast,
when an element is referred to as being "directly on" another element, there
are no intervening elements present. Also, when an element is referred to as
being "bonded" to another element, it can be directly bonded to the other
element or intervening elements may be present. In contrast, when an

element is referred to as being "directly bonded" to another element, there are
5



can be directly connected or coupled to the other
el ement or intervening elenents may be present.
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f th
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i NSt as @oBQiderdQump sudsbe arevidad eayhe nsubatd@tedo prowde electrical

AR B B Rl i L, B
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transi stors, diodes, resistors, ?tam tors, and/o
i nkRe/BHEpad sRRBROYIfR Padrebong B@‘éé Refasming bu@pﬁeamﬂor a metal

SUBSEF s B 08 bUSBANLE RIS 14 Are RS dBLAfing 2

plural ity of integrated circ EVi C€s N or
to an i Riregerabedintinis of the:l;ur@sentinudnn@w arssilisglissed below with

TSNS g Fidies dah e o ot 1 o4 Eiserbled cisguitgubsirate
f apq ing have Qfmé'tapla%ﬁizis ta)ﬁdoé paﬁ.@&rcﬁi I%g?f’ﬁé‘: Seron. The

devi ces on the single waf ternatives,
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e e
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gé’; lik a&j’@gfpg%é‘a}g%gﬂyt/,hae {Jlu(?al\l%)o%g%légn? gé %151‘[ from a single wafer
after fabrication of a plurality of integrated circuit devices on the single wafer.
In other alternatives, the term substrate may be used to refer to another layer
of packaging substrate such as a printed circuit board.

The metal layer 23, for example, may provide an input/output pad for
electronic devices of the substrate 21 to be used as an input/output pad for
subsequent wire bonding. In an alternative, the metal layer 23 may provide a
fuse that can be cut mechanically and/or with a laser to provide

coupling/decoupling of redundant circuitry on the substrate 21. In another
6



alternative, the netal |ayer 23 may provide a pad for

el ectrical probing of circuitry on the substrate 21.
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devel o usi hot ol i t.hogr aphi e techni S
the.hor e onddelahiRerLp PRRafuby S iEheldnef b fomed
25 | ayRth&baftiet ér ZMebgodmethe egbsﬂmteem ahd 3%e friaigiNagsr 28. More
tin based sol gol d, and/or copper) may then be
particularly, the conductlve under bump metallurgy layer 29 may include
copper (Cu). A mask layer 31 (such as a layer of photoresist and/or polymer)
may be formed on the conductive under bump metallurgy layer 29, and a hole
33 may be formed in the mask layer 31 to provide a plating template. More
30 particularly, the mask layer 31 may be a layer of photoresist that has been
selectively exposed and developed using photolithographic techniques to form
the hole 33.
A second barrier layer 32 (such as a layer of nickel) and a bumping

material 35 (such as a tin based solder, gold, and/or copper) may then be
7
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using an_etch chem stry that_renpves the first
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| aitherid @@aﬁwéﬁé&f@&!ﬁ‘ﬁe\%y%g 38 Hheffod F‘&n'al?’ﬁr‘\gJBbﬂﬂms of the
Hydr ogen peroxi de - - 0 Sulfosalicylic acid -

2- Bmd@rtarmm |meteHurgyFP@y%fs@ m mwm eemosd P8y an etch chemistry
9" {2k érJnI)%s theB’r‘ﬁ%% Bér[nezr?ayer 271pre;!;)ergnfEl ia /\}vftrt\ reSpect to the metal

25 layer 23. Accordingly, the first barrier layer 27 may be removed without
significantly damaging the metal layer 23. With a first barrier layer 27 of
titanium-tungsten (TiW) and a metal layer 23 of aluminum (Al), portions of the
first barrier layer 27 may be removed using a mixture including:

Hydrogen peroxide - 10-20%;

30 Sulfosalicylic acid - 2-30 grams/liter;
Potassium sulfate - 25-200 grams/liter;
Benzotrizole - 1-10 gramslliter;
Water for makeup;
Temp: 30 to 70 degC; and

35 pH<7.



Water for makeup; Tenp: 30 to 70 degC, and 35 pH<7. 8
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15 o JeRiattioUR uiag sRpducss Z@@é’r%‘i‘?fﬂgwatﬁﬁé'%’@Jﬁ%ﬂ@@electﬂca“y
'TBécﬁI;dlékﬂ tPa ré%t@@oh‘l%@fjpéc? uﬁfn?; thfiﬁ&t Wgaéb(ii{d%ctor as
mechani cal coupling to anot suc
ardstgsadnfagrangde, ioild &Jﬂatsraalm!ax(mﬁax’%ﬁae de®i Ratent No.

23220 SDeD Bl L S PaIS NS H fio Ml alfhefeslosdemey Sheh of
buheed patarits ard heRay. mé@%’o@étew HefeiRaRn dissly éﬁfg%% B? Eé‘ﬂe%ce

the bunping material 35 and/or after 25
20 bun’pl nggﬁ‘ﬁftr dinoiy, t%bummﬂwf@%ﬁm‘aﬂv@us%i@pmwde elecirical
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Flcgjnm& @mm@nddﬂ‘leigdi@llmi antifor @ prinist REENIRLO2 AR WHTRYthe matal
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Pr¥¥bE8& dart)of Rite BRindkd! AFForhfilg the bumping material 35 and/or after

25  bonding the bumping material 35 to another substrate.

Second embodiments of the present invention are discussed below
with reference to Figures 5-8. As shown in Figure 5, an integrated circuit
substrate 121 may have a metal layer 123 and an interconnection layer 119
thereon, and a passivation layer 125 may be provided on the metal layer 123,

30 the interconnection layer 119, and the substrate 121. The metal layer 123
and the interconnection layer 119 may be patterned from a same metal layer
(such as a same aluminum layer). The integrated circuit substrate 121 may
include a semiconductor substrate (such as a silicon, gallium arsenide,

gallium nitride, and/or silicon carbide substrate) having electronic devices
9



30 the interconnection |ayer 119, and the substrate
121. The netal |ayer 123 and the interconnection

WO aye/073289 nay be patterned from a sane netal PEER2004/005818
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12T R85 £ A D 2P ver 12

paam thet intercoayestionliafenid, kadsiekagioriensy of métp@@niaﬂon layer
i ons, of the netal |ayer 123 and  th
| nles B ?F&%@'@ﬁtw%lwmﬂ@d tCBWRfPQﬁ/P%r“ﬁQStOM%e mta' l3yry 123 and

Ofthbhﬁte'ﬂé‘&ﬂeclh@méyer 119. By providing that portions of the metal layer
123 are exposed, the metal layer may be subsequently probed, cut, and/or
used as a wire bonding pad.

As shown in Figure 6, a first barrier layer 127 (such as a layer of TiW,
TiN, and/or combinations thereof) may be formed on the passivation layer
125, on the exposed portions of the metal layer 123, and on the exposed
portions of the interconnection layer 119, for example, using sputtering,

evaporation, and/or chemical vapor deposition (CVD). The exposed surface
10



123 are exposed, the netal |ayer nmay be subsequently
probed, cut, and/or wused as a wire bonding pad. 30 As
W@ b@m73265 Fi gure 6, a first barrier |layer 127 PET/UR208$005818
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layer 1%Re oﬁﬁ@@éﬁ”é”@hd’er bdrHS nﬁétéﬁdirgp Qférefzsi ?rthé@Be formed

may be renoved fromthe netal |ayer 3 w thou
si gnithe bariaryaykirfyi erpasite thetsabska@a&%%e mgtal layer 123, and
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subsitalatrgy k3ier 128enapirdiudeysspekd8u) aﬂ\dnabh%yer 131 (such as a
i nterconnection |ayer 119. Nbre particul ar

15 coluat pf RRotgrRRist Elﬂ%r p%ﬁn@lr)l mag;ba f@gréed m%ﬁa:;onductwe under

agg#ﬁggp%ﬁgfgé/r géx) g oé hgo £33 ?‘3% ftgr%@;ma[hé%ask layer
Lh;&ﬁwgm}zﬁdwg p.lmd'gtegmlatetimiwil‘lgw@yxohay)éthel@ﬁderamdﬂﬁ
ol e > fornmed..in er
o eTa Fsf 178 arbnsitadee Bigernacnt Bvend 1a1 Niore
eﬁftlcmé'm tHERhabk WHyeY 1'34%%\)6%3% I%\gepéf ﬁﬁotb ist tnat has been
erconnéction |ayer rticularly,
20 rra%@dpcl‘a@y e1asathgnd devcloagd Lsing mom:hegraahm; tehnitpes to form

gl.ectively exposed and devel oped using
ph@l %ﬁ%ﬁﬁﬁ?aphlc techniques to form the hole T,33. A

second A@é@bﬁd Haﬂy@’flaQ@rz‘d IBpekhas @Idy@h’@f nRﬂ\eD'aﬁiﬁeé] bumping
mat er | 135 (such as tin based

som&nalaéﬁdsughaﬁ@ftlrbbaw $OlHaY; gq%ramkéor eeiIpstt maylthen be
| SE A, ROl 90U ML LU metguroy ayer
25 extdkrposdteby dwoholebidd. | Eor dxayeple L seubnd barrier layer 132 and
the bumping material 135 may be electroplated with the under bump
metallurgy layer 129 providing a plating electrode and a current path under
the mask 131. In an alternative, electroless plating may be used so that a
current path under the mask is not needed during plating. Other deposition
30 technigques may also be used. After forming the second barrier layer 132 and
the bumping material 135, the mask 131 can be stripped, for example, using a
dry and/or wet process chemistry.
As shown in Figure 7, portions of the conductive under bump

metallurgy layer 129 not covered by the bumping material 135 and/or the
11



the bunping material 135 nmay be el ectroplated with the

under bunp netallurgy layer 129 providing a plating
web@anreee and a current path under the mask BGWI/US1004/005818
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25 Temp: 30 to 70 degC; and
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10

The structure of Figure 7 can then be heated so that the bumping
material 135 forms a ball while the metal layer 123 (such as an aluminum
30 layer) is exposed as shown in Figure 8. With a tin based solder bumping
material, for example, the bumping material 135 may be fluxed, reflowed, and
cleaned to provide the ball of bumping material 135 of Figure 8. With a gold
bumping material, the bumping material 135 may be annealed. In an
alternative, portions of the under bump metallurgy layer 129 and the barrier
35 layer 127 can be removed after heating the bump material to form a ball. In

12



Water for makeup; 25 Tenp: 30 to 70 degC, and pH<7.
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123 is exposed. Accordingly, the netal |ayer 123 may _
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| ayer). The integrated circuit substrate 1 may
gallium nitride, and/or silicon carbide substrate) having electronic devices
(such as transistors, diodes, resistors, capacitors, and/or inductors) formed
25 thereon. As used herein, the term substrate may be used to refer to a wafer
including a plurality of integrated circuit devices thereon or to an integrated
circuit die including a single integrated circuit device thereon. Typically, a
plurality of die can be cut from a single wafer after fabrication of a plurality of
integrated circuit devides on the single wafer. In other alternatives, the term
30 substrate may be used to refer to another layer of packaging substrate such
as a printed circuit board.
The metal layer 323, for example, may provide an input/output pad for
electronic devices of the substrate 321 to be used as an input/output pad fo’r

subsequent wire bonding. In an alternative, the metal layer 323 may provide
13
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a ||'n%¥aqfurg%; Iayey\ézg. The first barrier layer 327 may be selected to provide

15

adhesion between the under bump metallurgy layer 329 and the passivation
layer 325; to provide adhesion between the under bump metallurgy layer 329
and the interconnection layer 319; to provide electrical conduction of signals

30  between under bump metallurgy layer 329 and the substrate 321; and/or to
provide an etch selectivity with respect to the metal layer 323. Accordingly,
the first barrier layer 327 may be removed from the metal layer 323 without
significantly damaging the metal layer 323.
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1 PP SN i 1Be hbleciosasei the MeHEVBALEEN brpb3as. For example,
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15 g

A second barrier layer 332 (such as a layer of nickel) and a bumping
material 335 (such as a tin based solder, gold, and/or copper) may then be
30 selectively formed on portions of the conductive under bump metallurgy layer
329 exposed by the hole 333. For example, the second barrier layer 332 and
the bumping material 335 may be electroplated with the under bump
metallurgy layer 329 providing a plating electrode and a current path under

the mask 331. In an alternative, electroless plating may be used so that a
15



substrate 321 (i.e. when viewed from above the
substrate 321 in the 20 orientation illustrated in

wo paunes280) . More particularly, the rel ativel yPau/us2004/005818
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3
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319. As. shown .
reoe IR AR ST NG ety ADich R in
B%(Er’tleHé ab)t%ﬁ/@rt’t'g?' OB IR Ia§§r533‘?¥a||9 %e removed. More

| ect e | ow operation.
di ma@celadg,spwmona@f the ofndustivatmder bump mbmllwg}aleged%@ can
|ons of, the bu

33%é rufrﬂ?\ég leﬁgat ec%ig,ﬁ 1enﬂﬁyry Q‘ﬁi JVEMEY ii?%b%@%%qugunder burnp
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portion. Accord |n%§r a relatively thin portion 335

na@«cwﬁmgw dhe firsé berigrdayer 3370ma,ym¢omt the eetall Iayerv%‘a?ywhlle

 EfATRS bhABE o RHokE bR b B4R 279228 i A Bonaucive

bumde’rgaunm aidtallurgp Jaydr@29nef cejplpér ged) anwdibifireishrrier layer 327

el ongate portions during reflo
of titanium-tungsten (TiW), Ammonlum Hydroxide may be used to selectively
remove the conductive under bump metallurgy layer 329 while maintaining the
metal layer 323.

Portions of the first barrier layer 327 not covered by the bumping
material 335, the second barrier layer 332, and/or remaining portions of the
under bump metallurgy layer 329 can then be removed using an etch
chemistry that removes the first barrier layer 327 preferentially with respect to
the metal layer 323. Accordingly, the first barrier layer 327 may be removed

without significantly damaging the metal layer 323. With a first barrier layer
16



Portions of the conductive under bunp netal lurgy |ayer
329 not covered by the bunping material 335

W@ 2ovglotstshg rel atively thick and thin porti onBCBBS20H)05818
and/or the second barrier layer 332 can be renoved.

More 20 particularly, portions of the conductive under
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10 | ayer 323. Pﬁ ons of the flrst barrier |layer 327 not
e bl

covered by t unping 30 material 335, the second
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nder  bRE SRR reR%% 2pahiaBH plEeBRicsest Rodide. in U.S.
uspagerNE 5:802,¢1e U B. Batéhallo 8329808, BAJIIrMSS. Patent No.
barri er Iayer 327 preferent| al{%@seth respect to the

nme® &89 &8/ r The discirstisesiPhgash o ineéents are iherelaipeprporated
15 325er‘3ﬂ¥|rpﬁe r%h‘ _ etf&?—)%es' gni ficantly damagi ng the

I ayer rst barrier layer 16 WO
2004/ 07512515 alerhatiga 0oditions 81 the Baderddump metallurg%/ layer 327 and

ttmﬁn u?b%ﬁ\e? gyeegé.(«’mﬂ@ggrm %haelrgéc%@gbare?r |2ypeB32 and/or
32&1@“@1)4715@@“%%‘(%@33? 8’9?@)@?‘1&\?? bel r%ﬁd%'d%fore reflowing the

Hydr ogen roxi de - osal
2 Bomgirgmealerics 335. F’(nca)sd;ihglm thal cﬂa‘ndayermmﬁh@ay be omltled and

20 ﬁlmS/ | Ig’tl eBUq‘i@Benn@&é aﬁ%;% ragééeocg%gangg Hgﬁ%g a passwatlon

Re@'yéf BEQ% WieH %tbtﬂﬁpm@ﬂﬁéf@r@ 8084 Rofvet UAREFreh&Ving
exanple, in U S Patent No. 5,892,179, U S Patent

NoPOwmios of gnder humpanetallgrgyRayens2dend fisstisarientayersa?, the

ST PRy B S EERE ERBN e, DRl i e

r ebBFieitccerovided on elongaie poriions and a relatively thick layer 335a is
25 provided on enlarged width portions as shown in Figure 12.

With a tin based solder bumping material, for example, the bumping
material 335 may be fluxed, reflowed, and cleaned to provide the ball of
bumping material 335 of Figure 12. With a gold bumping material, the
bumping material 335 may be annealed.

30 As shown in Figure 12, a ball of the bumping material 335 may be
formed, and the ball (relatively thick portion 335b) of the bumping material
335 may be electrically connected to the interconnection layer 319 through a
redistribution routing conductor comprising remaining elongate portions of the
first barrier layer 327, the under bump metallurgy layer 329, and/or the

35 relatively thin portion 335b of the bumping material 335. Moreover, the metal
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In an alternative, portions of the under bunp

metal lurgy |layer 327 and the first barrier |ayer 329
wmei40m326eF ed by the second barrier |ayer 332 aPdr/vg2004/005818

the bunmping material 335 of Figure 11 may be renoved

before refl ow ng the bunping material 335.
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t h| ; F’Eé@h'éé’ﬁ%ah@@bnﬁr?&n 13H. O‘Théhﬁe@?até&'c%hY@thtrate 421

tion 335b of the bunping material
15 an@zyvecludeiaesemlcahdumwr wibsicia/(erspes a snhcon gallium arsenide,

i 2% IR e 200y RS oatRr R e B YA devices

Gs@!cﬁlawﬂré(ns@l’@@s kg gedTeioes, iRipadBérsc and /o lrtdiféﬁo@h,‘iformed

provi de el ectrical_ and/or nechanical couplin

antheiaen. s&@ﬁ%ﬁt@"@@uﬂ?@ issmasisiaie may b @%@%&éfﬁf@f to a wafer
ci fn%moﬁr\ﬁ Mﬁt;ep%ég gcfrc@@ gi/ep{geg )’gﬁér‘e%g%il t6'dnGHidgrated
20 Accmuii qinglnyclutiimg anemgle |hmatea%ram)déyme theremd, Tyepitally, 2

roped,, an nded after fornng the bunpin o
by 57 Sisatarmhr GHT RPIG Bl Al T RGN o 2 lurelity of
Fn@% drate PSRt ARAINGH iBRbIAkSfr FoY b{ﬂer%n@%u\v@g,t fhe term
e present 1nvention are di scussed bel ow,wth
r es@mraie may Be giseddo 15el th anethehayer oh paclgagm &apstme such
i nt e%ratﬂﬁd o] rcijé ubstrate 421 may have first and
seffd P CIrpad, P@r 423a-b and a first passivation

25 !’i%e: hiiﬁé NG| h@epﬂ@% defegambple gt plovicy ah snptd@aitgut pad for
electronic devices of the substrate 421 to be used as an input/output pad for
subsequent wire bonding. In an alternative, the metal layer 423 may provide
a fuse that can be cut mechanically and/or with a laser to provide
coupling/decoupling of redundant circuitry on the substrate 421. In another

30 alternative, the metal layer 423 may provide a pad for electrical probing of
circuitry on the substrate 421. The metal layer 423b may provide an
input/output pad for electronic devices of the substrate 421. The metal layers

423a-b may both include aluminum.
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substrate 421. The netal |ayers 423a-b may be
patterned froma sane netal |ayer (such as a sane
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I -h_may both include alum num 18 WO
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silicon di oxide and/or S|I|con nltrlde) and/ or an
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portions of the second netal |ayer 423b. Mire
integrated circuit device) as discussed in greater detail below.

A first barrier layer 427 (such as a layer of TiW, TiN, and/or
combinations thereof) may be formed on the second passivation layer 425b,
and on exposed portions of the interconnection layer 419, the first passivation
layer 425a, and the first metal layer 423a, for example, using sputtering,
evaporation, and/or chemical vapor deposition (CVD). The exposed surface
of the first barrier layer 427 may be subjected to cleaning using wet and/or dry
cleaning operations before a subsequent step of forming under bump

metallurgy layer 429. The first barrier layer 427 may be selected to provide
‘ 19



particularly, the interconnection |ayer 419 may extend
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exéﬁ@ér%wﬁﬁ'nﬁ‘étaﬂﬁ#&ytlﬁ éiuRg, %Yﬂpé)héfé 438 n?dWé)formed in the mask
chem cal vapor deposition (CVD). The exposed surface

15 of layRe421 ite provide mdrlaling tamplate exiosieg padjosstaidhe gnder bump
cl eani usi n t .andlor dry. . cl eani atjpon
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PCT? @stz@wemmcsan%i@é@ﬁoaﬁd pisingeRPctolidogiytic raRRiques to form
ﬁ %glébl ayer 429 and the passivation |ayers 425a
; to provide adhesi on between the under
20 bun’p nﬁtﬂdondgmrherylayeﬂ@m Gtht deea ilanterrod eilskedtareha bumping
ovi de ectrical nducti on of
o1 ek RN G dolin Bemet RRaT GGy TP PR Hisy then be
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25 COﬁ@t’é’ltUrgﬁ EVE @zgtprmdrr@t abldtingelé@yéde éﬁ@ aRirdm @attbender
the mask 431. In an alternative, electroless plating may be used so that a
current path under the mask is not needed during plating. Other deposition
techniques may also be used.
After forming the second barrier layer 432 and the bumping material
30 435, the mask 431 can be stripped, for example, using a dry and/or wet
process chemistry. As shown in Figure 14, portions of the conductive under
bump metallurgy layer 429 not covered by the bumping material 435 and/or
the second barrier layer 432 can be removed. More particularly, portions of

the conductive under bump metallurgy layer 429 can be removed using an
20



10 on the barrier |ayer 427 opposite the substrate
421, the first netal l|ayer 423a, and the
WO paoafozaehecti on | ayer 419. More particul arly, P€HES2004/005818
conductive under bunp netallurgy |ayer 429 may
i nclude copper (Cu). A nmask |ayer 431 (such as
| aymh @Terwﬁgv thatgemovesdhe copaugtiver l)ndmbttmp nmta’mnrgy fayer 429

hoPe SRy Yo Bpee SR AT Rbtel Sen BE ARG e frt
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under bunmp = netal %/er 429 offset fromthe

| npeHiepRIEne yﬁdehwmpzmg allsydayerd 29 .c Wit a gonduetive under
5 poro B B A0 B UG Gl R ZHR e Bl o

phﬁtarnﬁumhoggaahI(anpoﬁkmrrmeﬂnﬂ—tydﬁmde mér;ebbcusedéta%electuvely
20- A second rrier |layer 432 as a lay
n| E@@P‘}e ‘ﬁtﬁ%?r\’@ defp R Be 33'3@3( layen 449 V‘éh”lel lﬁalntammg the

ﬁr%‘?n?é}éﬂﬁg/?rﬂi‘ié’ and/ or copper) nay then be

ective ormed on portions of the conductive under
b unp rrePartiansgnyf thayiest battiér layein42 nby covered djyethéfiﬂxmpmg

10 b AP RASe s ne i RRiepIavet 43¢ BHRaY Eamalting pRdions of the
Un%&e%ﬁ"?ﬂp%ﬁet@ﬁhﬁw Ly EY42P% 5 tl‘f’é’f?b@ r&oded %s@ﬁéﬁﬁdﬁg

el ectrode and a current path under the nmask 4 .
anchemistryahat emevescthediretlbarpientayey 42d proterestiallysuith respect to

th t current upder 't not need

Plefsp s igyerchit BEahe 0o RS fi bl o8 et may be
berem‘@@bd Mitheut Sighificastly #8msg rlﬁeb‘ﬁétf inefalllayes 42432 With a first
and the bunping naterial 30 4 the mask 431 can be

15 st bakiesdayer g2 e&fdﬁ@mlém-umgsgeraﬁdv\@ aeop frstiiegtal layeeéddda of
Chsg}uch %f/‘re(ﬁ% é)%lpt%ﬁ%; oftnE! figé{rti%rfliér Ia&@F EQ?E@@PBe %e\’ﬁoved using a

con net al
cowextarck imglidieg:bunpi ng mat eri al 435 and/or t he second

barrier |ayer, 432 can be re More particularly,
portions of L't @%h@%r@ch{? %?grﬁ’ burrp met al | ur gy

| ayer 429 ca§UHeS@&YB¢réa'dus2ﬁ HaM=ditewy 2004/ 075265
20 PCT/ US2004/ 0Bstassiunaseifatshed®2PP\oramslliteenoves t he

conducti ve uBéeeobianie neti@ldrargyliteayer 429

pref erenti al Water fdr maelspect to the first barrier |ayer

427. Accordi Mghp: 3héo TOeyC; badri er | ayer 427 may
protect the pH<gt netal |ayer 423a while renoving
o portions of the under bunp netal lurgy |ayer 429. Wth

a Conduf&e;é?rgﬁgﬁgroff @ngl 4”@&@%He‘r‘lﬂ9é’hé%§rso4%%t e bumping

copper t barrier Tayer
ti trwhémmmsmera igatl While faninsi metalyldy@xém (mmhm an

eSS0 &5 Sibesdihy TR kfin bR g cef GUMPING matoRal, for
example, the bumping material 435 may be fluxed, reflowed, and cleaned to
30  provide the ball of bumping material 435. With a gold bumping material, the
bumping material 435 may be annealed. In an alternative, the bumping
material 435 may be bonded to a compatible substrate without first forming a
ball.
Accordingly, the bumping material 435 can be used to provide
35 electrical and/or mechanical coupling to another substrate (such as another

integrated circuit semiconductor device and/or a printed circuit board) while

21



first metal |ayer 423a. Portions of the first barrier
| ayer 427 not covered by the bunping 10 material 435,
wo b@4peeend barrier |ayer 432, and/or remai ni NRCT/US2004/005818
portions of the wunder bunp netallurgy |ayer 429 can
then be renoved using an etch chem stry that renoves
t hthef firsbmetallayar423a/ierexpp@edr diceorstinglyl the finst imetal layer 423a
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10p H‘BY'H% 0 i%’r'?éﬁ mgy S%BE’SMS*IQ@ PlurRlity OF PHRLP SR PP spspective
43 r t r Qi
T S T o e PR T o PO B By e thus
mabempravided laecorbiu’rgatmgmbadnémeras of §te prepentirventiah ad.discussed

It {l mat e 435 0
boﬁﬁﬁ\sea vER e o Fig oS 0k Wi sk bt Fickee B o regpect to
rés 9ACC andidiahith rddpRchitPigieeg®tgui al 435 can be
use to provide 35 electrical and/or mechani cal

15 coupl i njach sHppersirustise@5d: tor@xanlasmaydaclede a first barrier

or (G B s o NG S or GRPbBBAPRS 450, an uncer
PCEUM@Z’G@’A;/IIQ@BI&@er (émhfew & layaebaboppare bn4B3dirstarrier layer,

exposed. Accordi ngl the first netal Iayer 423a 1y
beaE@ erlever ¥a Se(ﬁﬁ‘ﬁ%@@f“@ﬂﬁ}’ﬁér(s'ﬂ&m%s BRI PTATE&!). Each bump

I 0B85 gy EQ&mﬁat he aPe?@?Bé%d §§Iagf‘ﬁglln%r, 218 buR) dnl%r a

un‘pl ng to anot
20 copper bump. Moreover, one or more of the bumps 835, for example, may be

on a support struciure 851 opposiie an input/outpui pad of the substrate 621
as discussed above with respect io Figures 5-8. In an aliernative, one or
more of the bumps 635, for example, may be electrically connected to and
offset from a respective input/output pad of the substrate 621 as discussed
25 above with respect fo Figures 9-12 and with respect to Figures 13-14. In
addition, each of the metal layers 623 exposed through holes 633 in the
passivation layer 625, for example, may be provided as discussed above with
respect to Figures 1-4, with respect to Figures 5-8, with respect to Figures 9-
12, and/or with respect to Figures 13-14. The passivation layer 625, for
30 example, may include an inorganic material (such as silicon dioxide and/or
silicon nitride) and/or an organic material (such as polyimide).
As shown in Figure 16, a second electronic device including a
substrate 711 and bonding pads 715 may be provided for coupling with the

device of Figure 15. The device of Figure 16 may be a semiconductor
22



substrate. 5 Figures 15-17 illustrate assenblies of

integrated circuit devices according to further
weriadiizent s of the present invention. The i ntRQr/asmd4/005818

circuit device of Figure 15 may include a substrate

621 and a passivation layer 625 having a plurality of

haht=yréed ditoeitelavica incluginghelestrenis:girsslia ghereirp ooreover, the

f . ti tal | 23 h j
15 5 BRES 748 35 Bl 7 =Rl B8 R 15
Pl ErHihg thetEwRHIS aA3itePRatirs BRfipsifay Pensrelided on the bonding
structures 651. The integrated circuit device of

Fmglsim@?itim@ opinsteas ptieumas 636Afhigure 15.
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o olcfias 2 Fyrajalfchs e iefosey Hefbordyifincidliimps 635
I( saedh after b%mdm'g Ith@éubsunatef M 10tmsdt1% ¢hd bumplsk&ﬁﬁr. i Ene mhetal layers
aver, and a layer of a seco arrier, layer (su s

10 a P23.dpr sxamplacsigy thusdhe wa&g» B4l Preksd, @ﬁﬁ?ﬁﬂ ‘&!!e ﬁapged after
be ' 1 I
ool A fipe 838 HndKy Htertb i (NeBumBR a8 toing Second
f osulesteip7d 1. @iye bemare of thripetaltlayers 633y fer &&mMple, may be
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al aééclstgilihg%f r%di\ﬂwdﬁnt amRsr fality Brcltyathfisthe §@strate 621. In an

exanpl e, may be electrically connected to and of fset
15 f r alteraaties ps ov@ore plitheoneial faysie 68 naw bsurebedtetest
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angr R PR RES ER AR ¥z JnbRRBRbrizRyE; HE BF pilufof the
of midhe la@rgleﬁﬁaﬁa}/ $e623 expios bdnt ho pughddelesricd 3oupling
the passivation |ayer 625 for_exanple n%% be .
pr BeRED GEcUinswilBsdhe mbslalg PR1 apd spelienslesqis sybstrate
1- ' respect to Figures 5-8, with respect to
Fiéﬁ?@&Hgy&§2, and/or with respect to Figures 13-14.
20 The pashi thatdrewingsyand 6@scifi¢airorg tharrdepybdeangistioetd depical
an i nor gani terjal. (such as siljcan dioxide.and/ or
o Pt Ay el b S A Tpamne FlPeRy R FPESHE R g ere
p%bﬁgwé%), thehSa BNy in'k GbeHiCaAd dedciftERbRas Y 8R hot for
device ‘including a substrate 711 and bondi ng pads 715
mapuipesps of liondtatien, thesopbera) the inventien being 2ef ferth in the
Figure.15  The device of Figure 16 nay be a
s RIOBINIERETS 22 W 2004/ 075265 PCT/ L2004/ 005818
25integrated circuit device including electronic
circuits therein. Myreover, the
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bondi ng pads 715 may correspond to respective bunps
635 of Figure 15 for bonding therewith. In an

w@bkdog/om2ss ve, bunps may be provided on the bonPCTyS2004/005818
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pads 715 in addition to or instead of bunps 635 of
Figure 15. 5 As shown in Figure 17, bonding pads 715
of Thab¥Whighds Qlaimed Is2  bonded to respective bunps
635 so that substrates 621 and 711 are electrically
and nechanically connected. Moreover, the netal |ayers
623 ( sdchf\ setihodiof humpingya sebstnate ibeludingos peetalf lager thereon,
qgoat7he bunps 635 and after bonding the
‘ﬂmBQ? the bunps 635. The netal |ayers 10

gﬁﬁx o]; RS B riEE b i sSAE inGHiing B8 Bietaimypr
after begpgi td&‘?ld?l:‘ﬂ‘ﬁée ﬁﬁ?}aérP HehﬁarﬁgF%r s élhrtﬁé%amer

711. One or re o ayers exanp
malayeeis betveet tbe|omgdacil\aslelumpraj1cbhhermaxblsarate:ahdj yvh?andaln the
d/ or r edundant

anﬁg'aé)l}/‘%‘t&gltﬁﬁr#&%uﬁ%:}ﬁpmﬂi‘% %'ﬁ%l’éfﬂgear ate 621. In

oy be- BELEENNT e len I b, R fdeadtiiite frthe
61Barrlen layertiioe tite hrRstaldbystethestsy @tpodingEthelf meta lay@iile

| ayers 635 may receive a wire bond to provide

el mﬁlmtﬁlmg adaspgs!@rhgf thechateenlayer batwe%n thietganguckive bump and
supsd & 53 @%1 and anot her el ectronic substrate and/or
devi ce. (? n the draw ngs and specification, there

have been disclosed typical preferred enbodi nents of

the invention and, although specific ternms are

enpl oyed, A heyhed acmanhg to Clafenewhésredh thedasisdtiadé ic¥fprises an
sense onlc{ﬁland not for purposes of limtation, the

scﬁﬁ%r@fe EYigstiedh bei ng set forth in the
followi ng clainms. 25 23 WD 2004/ 075265
PCT/ US2004/ 005818 That Wiich Is Clained Is: 1. A

ther con®: At HER R IRLP BRI W TR M JpyTPmerises

| agralninuhelayghstrate including the netal |ayer;

form ng a conductive bunp on the barrier [ayer wherein

the barrier layer is between the conductive bunp and

the substrate and wherein the conductive bunp is

of fset fir shineHocheseardingylerslaimd ainerein fherbamigr tayer comprises

cog%ro\fq—m}mp, renmovi ng at | east sone of the

5. A method according to Claim 1 wherein the metal layer, the barrier

layer, and the conductive bump all comprise different materials.

6. A method according to Claim 1 further comprising:

before forming the conductive bump, forming a conductive under bump

metallurgy layer on the barrier layer; and

before removing the barrier layer, removing the conductive under bump
metallurgy layer from the barrier layer opposite the metal layer while
maintaining a portion of the conductive under bump metallurgy layer between

the conductive bump and the substrate.
24



10 barrier layer fromthe nmetal |ayer thereby exposing

the netal layer while nmintaining a portion of the
wharomioei2es ayer between the conductive bunp andPCT/ig2004/005818

substrate. 2. A method according to Caim1 wherein

the substrate conprises an 15 integrated circuit

substrate. 3. A nethod according to Caiml wherein

the nmetal |ayer conprises an alumnumlayer. 20 4. A

met hod decdathed ascaidinagtorClainarwhetai tha cenductiveynder bump

co j T 5. A nethod according to

d %&bméﬂér%\éﬁggﬁgtdgdpﬁgyer, the barrier |ayer,

and the conductive bunp all conprise different

materials. 25 6. A nethod according to Claim1 further

5conpri sBNAA niethed acéSriig D CREM@RHERN Hee BoMfctive under bump
form ng a conductive under bunp netallurgy |ayer on

t haafaliyrpy layes e, therharber layer eemprise diffeientyanatarials.

| ayer, renoving the conductive under bunp 30

metal lurgy layer fromthe barrier |ayer opposite the
net al I@y Whi

intaini ti f.th
conduct i'v W&%?aeaﬁ?nf?fdnma%%%ﬁﬂ% 1|%° Si: 8§%W5§0 5}9(? t he
duct | . 4/ 075265

ner uso BEro Ry She Rondue e, Rimta £ SRPan BafHer layer on
10 whveeumderHeurnp noktaliurgg layetarhdremthensdcehtdWzatiet RYef and the

conpr.i ses copper. 5 8. A nethod according to Claim®6

whBEeT5RE FE%?IJHWi IQer RIBPTISR Hierentanictiply ancymberein the

A ST Baiier Riyer &Y BEnUIPHERrREIS Bl et St ive

befinder hunpimefatitrgydayetuct i ve bunp, forming a second

barrier layer on 10 the under bunp netallurgy |ayer
wherein the second barrier |layer and the under bunp

metal lurgy |ayer conprise different materials and

15 wher ei n1gh§‘ m@ﬁ&?ﬁ@g‘%ﬁ?jﬂgetp Glaive @ whensit theeseaang barrier layer
copgyetit¥enugp and the conductive under bunp
metal lTurgy layer. 15 10. A nethod according to Claim?9

‘wherein the second barrier |ayer conprises nickel.
11. A nmethod according to C aim 10 wherein the under

bunp 11. A method according to Claim 10 wherein the under bump
metallurgy layer comprises copper.
20

12. A method according to Claim 9 wherein forming the second barrier
layer comprises selectively forming the second barrier layer on a portion of
the under bump metallurgy layer wherein the second barrier layer is offset

from the metal layer.

25

13. A method according to Claim 12 wherein forming the conductive
bump comprises selectively forming the conductive bump on the second
barrier layer offset from the metal layer.

30 14. A method according to Claim 13 wherein selectively forming the

second barrier layer and selectively forming the conductive bump comprise

25



nmetal lurgy | ayer conprises copper. 20 12. A nethod
according to Caim9 wherein formng the second

wharioes26s | ayer conprises sel ectively form ng PEEUS2004/005818
second barrier layer on a portion of the under bunp
nmetal lurgy | ayer wherein the second barrier layer is
of sslectivély forming theesatondbairier 24yet andAhewohdudctive bump using a
according to Claim12 wherein formng the conductive
buﬁﬁ”‘@dﬂ%?lf'ses sel ectively forming the conductive bunp
on the second barrier |ayer offset fromthe netal
| ayer. 30 14. A nethod according to Claim 13 wherein

sel ecti ¥6] WA inethdchgcddrdingsted®ain Hawhérein trayesnduntive bump
selectively form ng the conductive bunp conprise 25

5 wWoconpairey sbiegstens obselder g 1and/eeedRaTvel y formi ng
the second barrier |ayer and the conductive bunp using
a sane mask. 15. A nmethod according to Caim1l

wher ei n,kh Vv st _one ..

of - sol adb: ARG ciant FRGRTT R SRR et tve
t obGhid coMpidEsy ﬁléctfv@lyTFlaﬁng hige BORTUSH theebaliefiayer offset from
corrprlses selectively plating the bunp on the barrier

| athte mefaldaeri rom the netal layer. 10 17. A nethod
according to Caim1 wherein the integrated circuit
substrate includes an input/output pad thereon,

T 15 Bl B el Bl Bl e
angubétesteiimcludes 80 nfbigtduysutipamthesed f\/\mﬁiemhbhﬁmer layer is
barrl er | ag/hee;r]|$ opp05| te the 15 input/output pad.

rre fargedaen tiage mciiding thevmatali lawwdrﬁleanpub{g@put pad,
rer R et ?%%“92%. R SRR R bafy e Seposi the

151 nuipmcﬂ/eatmthpadnput/out put pad thereon, wherein the
barrier layer is forned on the substrate including
the netal |ayer and the input/output pad, and vvherei n
after rermw ng the barrier |ayer fromthe neta
| ayer, fRe cHRtNRs @Q@"@@@ﬁol@a@ détwhergin Shet@@isﬁ' dayergnd the

t hBuipad BShREMBRAL aluminum.

10

20 192. A meihod according io Claim 1 wherein the subsirate includes an
input/output pad thereon, wherein the barrier layer is formed on the substrate
including the metal layer and the input/output pad, and wherein after removing
the barrier layer from the metal layer, the conductive bump is electrically
coupled fo the input/output pad.

25

20. A method according to Claim 19 wherein the metal layer and the

input/output pad both comprise aluminum.

21. A method according to Claim 19 wherein the conductive bump is
30 formed on the barrier layer opposite the input/output pad.
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25 20. A method according to Caim 19 wherein the
nmetal |ayer and the input/output pad both conprise

wa@bkamionizes 21. A nmethod according to C aim19 MEUS2004/005818
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t he conductive bunp is 30 fornmed on the barrier |ayer
opposite the input/output pad. 26 WD 2004/ 075265
PCT / USZDEMAO@EM a@rdiAgﬂetGiam 48 awdheateinghecobdaictive Bump is

cond Vi is offset fromthe
i n% 3 SI? é?U?Raﬁet hod according to Claim.l

further conpr|3| ng. 5 after renoving the barrier |ayer
fromthe netal |ayer, bondi ng a second substrate to

th
e conggcheﬁ s’ﬁ&g’;,gf)cr ate Pnel uéﬂfﬁrfeﬁhér éﬁﬁbﬁgﬂ%t al

conpri sIng: I ng an exposed

| ayer tQﬁéﬁ%oﬂfﬁb &eb@ér'ilb?laﬂeﬂl%?n fHe Heeal $aiRst bahd@ing a second
of fset fromthe exposed netal layer; and a conduct i ve

busybsirate e theagonductivapeimmher ei n the barrier |ayer is
bet ween the conductive bunp and the substrate, wherein
t he conductive bunp is offset fromthe netal [ayer,

and whepein the barrier the 15 conductive bunp,
and t heﬁﬁet&é\ Q?%W'CQIGV'C@ Présén%‘l fferent conductive

mat eri al s tronic de to daim
74 wher BekbEfatedgfif ?feeXé%ﬁ%@%i%ﬁ%&%@%@H

integra .
20 compf eni iR L Fptie oRRE AR o BxBIOgL S laver,
el amﬂronl c device accor d| ng to Caim24 wherein the
barrier layer conprises titaniumtungsten. 25 27. An
eI ectr oamndavﬁn@eblammhﬁdoaraedaaehwgsrméheebarrteméayer is

o1 B TR Rn B EL R GRS St PngtBndf} qangluctie

COBQM@ ik \OEfsebliom the fmétes %?e&tadmﬁérawme)lﬁaﬁ@k (8fer, the
gol d, and/or copper. 27 WO 2004/ 075265

Pccrsarmg@wmmf@d thg. mml Bvet el samprigeviiéerent senduditye
tom‘ét&hé&?“ further conprising a

25. An electronic device according to Claim 24 wherein the electronic
device comprises an integrated circuit device, and wherein the substrate

comprises an integraied circuit substraie.

26. An electronic device according to Claim 24 wherein the barrier

layer comprises titanium tungsten.

27. An electronic device according to Claim 25 wherein the exposed

metal layer comprises aluminum.

28. An electronic device according to Claim 25 wherein the conductive

bump comprises at least one of solder, gold, and/or copper.

27



conductive under bunp netallurgy | ayer between the
barrier layer and the conductive bunp. 5 30. An
webk@anraes ¢ devi ce according to O aim24 furthP€T/US2004/005818
conprising: a second substrate bonded to the
conductive bunp. 31. An electronic device according to
Cl ai m 229 ént dlectraioplevicerarcanding mq»mlalnuﬂﬁ)tfurthmobommpnsmg a
ubst ate rein the

h d
| nGetdUcTEE HGSr Rur B Gt DL g b p e e T8t hnd the

copnefiic@ideinifle i nput/output pad. 32. An electronic
device according to Claim31 wherein the input/output

pad and the netal |ayer each conprise alum num 15 33.
An el ectronic device according to Caim31 wherein the

5 conduct B0 e Anbeleptrorsic aeviceeadrarding to ICigiar 24 fyrtertepmprising:
i nput/output pad. 34. An el ectronic device according
to O ai smsgtonghsubstraterhondeddadbe conductive bumps f - set
fromthe input/output pad. 20 35. An el ectronic device
according to Claim25 further conprising: an under

burrpme IIur ayer, bet ween rle | ayer and
the A G AaiGeAGOrHES IR G, roMprigng an
! ah‘x?bt/@ﬂ utt g‘éd Qﬁ(ﬁb‘?ﬁtep?é%@ rcgﬁé@ﬁ%hb%at@' \Xllﬁ&{eﬁﬂhe barrier layer
mat eri al 5 36. A hod of bunping an el ectronic

10 deand me:wnnlwcstivagatms atsselestrically cohneétad tatheinpotledtput pad.
netal |ayer thereon, the nmethod conprising formng a
barrier |layer on the substrate offset fromthe exposed

met al r: and 30 form ng a,condugtiv t he
hor i or B R clBRGoRIR dev s drmording to Clgiar 51 SMate ok

thﬁg@n%dgﬁﬁ?‘é@ iR 3nstal RRep 8BSk &8 nslé’%%rﬁlrﬂjrﬁ he 28
WO 2004/ 075265 PCT/ US2004/ 005818 conductive bunmp is

offset fromthe netal |ayer, and wherein the barrier
| ayer, the conductive bunp, and the netal |ayer, all
15 conpri s83diAfrf éleeimdnic aiedicetaccerdingtie Claile 31 WigfeinAhe conductive
nmet hod .according.to C aim 36 ggerel the el ectronic
dePHide 1= o8 ?ibég%ergﬁy$rn?%%‘%%lﬁ e %tpl&é%ﬂdce and
wherein the substrate conprises an integrated circuit
substrate. 38. A nethod according to Caim 36 wherein

the bar gj e &¥Efronic device according to Claim 31 wherein the conductive
bump is ofiset from the input/ouipui pad.
20
35. An electronic device according to Claim 25 further comprising:

an under bump metallurgy layer between the barrier layer and the
conductive bump wherein the under bump metallurgy layer and the barrier

layer comprise different materials.
25

36. A method of bumping an electronic device comprising a substrate
including an exposed metal layer thereon, the method comprising
forming a barrier layer on the substrate offset from the exposed metal
layer; and
30 forming a conductive bump on the barrier layer wherein the barrier
layer is between the conductive bump and the substrate, wherein the
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10 conprises titaniumtungsten. 39. A nethod according

to Claim 38 wherein the exposed netal |ayer conprises
wa@bemionizes 15 40. A net hod according to C ai m B8I/US2004/005818

wherei n the conductive bunp conprises at |east one of

sol der, gold, and/or copper. 41. A nethod according to

C eomaBdiveununheis offsgifiosn the medaltayer, and evidareini the barrier layer,

under bupp netal |l ur ayer tween the barrier 20 .
28 cohIeNE LRI cet thE Tittab VRS el somBria Tieat Bompctive
t opfat@liag 36 further conprising: bonding a second
substrate bonded to the conductive bunp. 25 43. A

nmet hod according to Claim 36 wherein the integrated
circuit substrate includes an input/output pad

5 t her eon3@nd\ mie¢hcd acddrdinigetorClaim I38yenereamthet électronic device
conduct.ive by are electricall onnect ﬁ to, the )
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wh j [ q pad and 30 the netal |ayer
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PCT/ US2004/ 005818 45. A nethod according to Caim43
wherein the conductive bunp is on the barrier |ayer
opposi t 881 Femetimad acedrding tpaClaird @6 whereirmthe sarcier Riyeg
to daim43 wherein the conductive bunp is 5 offset

10 ¢ r gAPAEeS HinurpdundsteRad. 47. A nethod according to
Claim 36 further conprising: an under bunp netall urgy
| ayer between the barrier |ayer and the conductive
bunp whegei L. r
barri erg};glda{1 W%@i?ygg&n%gﬁgg[g dcl?i? Pﬁ? gﬁ{/%nrgkrg%ﬁ%a?@%gg%%al layer
mettigrioés bluminogm.an integrated circuit substrate
including a netal |ayer thereon, the nethod
conprising: formng a barrier layer on a substrate

i ncl udi n8 the netal |ayer; 15 form ng a conductijve
15 punp on4Phé Bgithedaceiging tarepin 98 wieensin theegonduglivg bump

anEPEPHEER At RBsEARE 8F AEr MR AL RISt et Trom

the netal layer; and after form ng the conductive
bunp, renoving the barrier layer fromthe netal |ayer

t her eby 4ex pogiefttod Aecdreingl tol @xih 36tTuttBen@dmpasiApNg a
portion of the 20 barrier |ayer between the
conduct farmihu aroandciiveusddrsiurap enstallurgy laver between the barrier

20  layer and the conduciive bump.

42. A method according to Claim 36 further comprising:

bonding a second substrate bonded to the conductive bump.

25 43. A method according to Claim 36 wherein the integrated circuit
substrate includes an input/output pad thereon and wherein the barrier layer

and the conductive bump are electrically connected to the input/output pad.

44. A method according to Claim 43 wherein the input/output pad and

30 the metal layer each comprise aluminum.
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49. An integrated circuit device conprising: an

integrated circuit substrate; an exposed netal |ayer
worootlogs2sht egrated circuit substrate; 25 a barPCBUS2004/005818

| ayer on the integrated circuit substrate laterally

offset from the exposed netal layer; and a conductive

bunp on4bhé trethodactarding taH{aiain 4 3t wieetedn tHeecordugtive bsimp is

b h duct | he sup d
e 368 pafferdah Hroste He ttEudRRE T om the et a
|l ayer. 30 30 0/5

46. A method according to Claim 43 wherein the conductive bump is

5 offset from the input/output pad.

47. A method according to Claim 36 further comprising:

an under bump metallurgy layer between the barrier layer and the
conductive bump wherein the under bump metallurgy layer and the barrier
10 layer comprise different materials.

48. A method of bumping an integrated circuit substrate including a

metal layer thereon, the method comprising:
forming a barrier layer on a substrate including the metal layer;

15 forming a conductive bump on the barrier layer wherein the barrier
layer is between the conductive bump and the substrate and wherein the

conductive bump is laterally offset from the metal layer; and

after forming the conductive bump, removing the barrier layer from the

metal layer thereby exposing the metal layer while mainizining & portion of the

20 barrier layer between the conductive bump and the subsiraie.

49. An integrated circuit device comprising:
an integrated circuit substrate;
an exposed metal layer on the integrated circuit substrate;

25 a barrier layer on the integrated circuit substrate laterally offset from
the exposed metal layer; and

a conductive bump on the barrier layer wherein the barrier layer is
between the conductive bump and the substrate and wherein the conductive

bump is remote from the metal layer.
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