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I-NPUT/ QUTPUTS AND METHODS OF FABRI CATI ON BACKGROUND OF THE | NVENTI ON 1.
FI ELDMO2{43#61 | NVENTI ON 10 The present invention rel atRES/WP1Res6t | e] d of
sem conductor Integrated GCircuits (1C, and nore specifically, to a bunp
limting netallurgy (BLM for input/output of a device. 2. DI SCUSSI ON OF
RELATED ART 15 Input/ outputs are used in a device to condition and

di stribute powe round, and_signals. The I/ Os can be wirebonded to a

r,
package Be%ubbwmé’ METALLTRGY IYBHUQVIPUAS) ANP MEFEEP D) wire.
However, when the nunber o bout 400 to 1000, bunping often
becones nore advant ageous théﬁ%ﬁeﬁ%hg@ﬁdi ng. Figure 1 (a) and Figure 1
(b) show a solder bunp 15 with a dianeter 1 and a pitch 2. The sol der bunp
15 $s formed on Ball Limiting Metallurgy (BLM14. BLMis al so known as Pad

Limtiﬁgﬁﬁ@b&ﬁﬁﬁﬂ@ﬁm Bunp Metallurgy (UBM. The BLM 14 is
connec passivation 25 layer 13 to an underlying

.bond pad lib. The passivation |ayer 13, conprises one or nore |ayers of

materials, such as silicon oxide, silicon nitride, or polyimde, which act
as a baryigeD O M BNVERTIORNS, or contam nants. The bond pad 11b is a

w dened portron of a netal Tine 1lla in the top netal |ayer of the device.
The line 1lla is connected to an underlying via 10 that is, in turn,
connected to an 30 underlying line 9. A device typically has 2 to 8 netal

| alfers so alheipresemélinyentinn relatgs ta the field of semiconductor Integrated

Circuits (IC), and more specifically, to a bump limiting metallurgy (BLM) for

input/output of a device.

2. DISCUSSION OF RELATED ART

15
Input/outputs are used in a device to condition and distribute power,

ground, and signals. The I/Os can be wirebonded to a package or board with
leads formed from Gold {Au) or Copper (Cu) wire. However, when the number of ’
I/ Os reaches about 400 to 1000, bumping often becomes more advantageous than
20 wirebonding.
Figure 1 (a) and Figure 1 (b) show a solder bump 15 with a diameter 1 and
a pitch 2. The solder bump 15 is formed on Ball Limiting Metallurgy (BLM) 14.
BLM is also known as Pad Limiting Metallurgy (PLM) or Under Bump
Metallurgy (UBM). The BLM 14 is connected through a via 12 in the passivation
25 layer 13 to an underlying bond pad 11b. The passivation layer 13, comprises one
or more layeré of materials, sﬁch as silicon oxide, silicon nitride, or polyimide,
which act as a barrier to moisture, ions, or contaminants. The bond pad 11bisa
widened portion of a metal line 11a in the top metal layer of the device. The line
11a is connected to an underlying via 10 that is, in turn, connected fo an

30 underlying line 9. A device typically has 2 to 8 metal layers so a via and a line are
-



NOV 2004 WO 02/ 03461 PCT/US01/18666 alternated vertically untilZ dl &€ 2664
contact is nmade to the desired part of the 1C or the substrate bel ow

Bunpi O3 Kilgni fi cantly i nprove access to the core aP&3/Ui0d/1%M%i i ze
utilization of the silicon area. Figure 1 (a) and Figure 1 (h) show an
areal array 3 5 of bunps 15 across the entire active area of the chip. The
array 3alternsted yesiitallyhinyil plectrioalicontantiismagd bt thadesicehpat efithedfics or

hexagongl to achieve a higher density of bunps 15. A bunped device is
t ur ned %ﬁgﬁf’gebgﬂl@%ged as a Flip Chip (FO. A solder bunp technol ogy

based. on Cafi ang%ln}fﬁ:gﬁ ChbRVeaR | %g-mzqd for Direct
Chip Attach (D("ﬁ!)n%to C nductiﬁzle ir:baces%(;%ttgﬁga(%&g%grgagga circuit board. -
The ci retilizatibo af thedljconaren. FéanilqasartbFigake] (F)rshoweth AfbaliargayBpard  ( PVB)
fl e>gi ble.circ silicon subst rg{.e. _Bunpi ng a device al so reduces the

ut, or
[ es Dt A EETERALS dearis e uiTe ACK YRLATER of afihép-dihgarray s suhs ity i ng
per for : ' C j } . i . an
Pl oo oaic hidy HEHREPRICEQARY b Foxatid Ance M A AR ERSR . Tl Gate
Array (FERGA)ps 16 AsdburipedSystients ournad Orepaidpiikagodys HAUp Gl CH00 to 7000
1/ Cs so thl Ié Cs n&gg to be%cal ed dﬁg@ to limt die size. Wrebondi ng may
i nvol ve!&° EF’E ymprteghnologyibasedson Coptrolad Gollapse (hipdonmeetiom(( anet er of
| ess t ) Py VM0 f t ' s.. Bunpi ng may
i nvol ve u%g@vﬁﬁﬁ%emgﬁ&%&gf a ut? nghtﬁtg&’% msélgg g%%dg pitch of
abd0t tRSuit bo@) The ciraxisbo2q nkgwbe a neraage sEbtrady) Brinteel WadingrBoagierent  becone

very critij en, wire |leads oy bunps are scaled down._ I/Cs may fail if
juncti éiﬁé\#ﬂg’?ﬁbﬁé? Fﬁﬁr@m'é’%ééﬁﬁgnfﬁ qﬁ%ﬁ@@@é&”@@‘@éﬂﬁﬁﬁbﬂdensi ty
exceedsasandeArAdndi hhéARRA gln% : }s | H:u?'i

t her rmrﬁg gratcfegdrtll égﬁg%tjah%‘% easeé ?‘.eésl g‘tﬁgﬁi e @aﬁggg%%gmlgéggfg 0 cr%atgni t ude
bef ore fi naAlhigh estfbtrhanreidevits, apbras aiminprocdsb@y ah applidati@per at ures can

290 CByESal bhégrafed Gl THidli rogrmmable Cate Array (FPER) ot a ©

15 System-on-a-Chip (SOC), may have about 600 to 7000 I/ Os so the I/Os need to be
scaled down to limit die size. Wirebonding may involve a pitch of less than 60
microns using wires with a diameter of less than 25 microns with ball bonds of
less than 40 microns. Bumping may involve bumps with a diameter of about 45 to
90 microns and a pitch of about 125 to 300 microns.

20 Power management and thermal management become very critical when
wire leads or bumps are scaled down. I/Os may fail if junction temperature
exceeds 100 to 125 degrees C or current density exceeds 150 to 425 milliamperes
per I/O. Electromigration or thermomigration can increase resistance by over 2
orders of magnitude before finally resulting in an open circuit. Elevated

25  temperatures can also cause inter-diffusion of metals. The resultant intexmetallic
alloys are brittle and may be’suscePtible to stress cracking. A mismatch in the
Coefficient of Thermal Expansion (CTE) can result in large shear stresses on a
wire lead or bump. For example, solder has a CTE of about 30 ppm/ degree C
compared with about 7 ppm/degree C for a ceramic substrate and about 5

30 ppm/degree C for a Silicon substrate. A wire lead or bump may fail from thermal
2.



. alloys are brittle and nmay be susceptible to stress cracking. Azml’swﬂﬁ/cﬁﬂﬂlln
- the Coefficient of Thermal Expansion (CTE) can result in |arge shear
stress¥® BA3F1 wire | ead or bunp. For exanple, sol der H4I/ESOUTE66f about 30
ppm degree C conpared with about 7 ppm degree C for a ceram c substrate
and about 5 30 ppm degree C for a Silicon substrate. Awre |ead or bunp
may fai shdckafttieRémmdl rémp N 2éelidAbd Gt 1Eoto\HD (2242340 :niRitl, PRbIA18666 shock

if the thermal ranp rate exceeds about 15 to 20 degrees C/ m nute. Ther nal

cycl i ngoyaing ghkawerthemeal rampyateameny dagcanss o vizadsed ar Witpg thbewatkor bunp to

crack ue . to. fatigue Lnduce el astic deformatiopn or creep deformation.
Thus, t%%e Oaléf]grgé“g#lcfé%,Ei:aesg%géozﬁ?jfiég?ﬁ@cfgﬂg%ﬁofr?'@g‘?n'due to high currents
and hi gh t emueispiiéreiudeof &/ OF)je8peGARCEEDoWBRI FDs, [aStRhEH &idds THE DRAW NGS

Figure la is an illustration of a pllain'view of a prior art bunp. Figure
| b i% aand highdemperabires fs amajossonesant i onal view of a prior bum Figure 2a
is an illustration of a cross-sectional view of a portion of sem conductor
device. Figure 2b is an illustration of cross-sectional view show ng the

formati on of an opening over a bond pad in the device of Figure 2a. Figure

2c i s BRIEFIDESCRIFTEONIDF aHHE DRAWEEGEonal vi ew showing a formation of 20

a ball imting nmetallurgy (BLM on a device of Figure 2b. gore 2d is an

illustration of a cross-section view showing the formation of a bunp on the

device of Figure 2¢c. 25 Figure 2e |s apn il]Justration of a cross-sectional
59 gsgi@an ’chh%“

vi-ew showi n§8HE ladhap Hius gho%Q B P %?affﬁ\ém&m | ayer fromthe
de\zli'oce of Figure 2d.

Figure 1b is an illustration of a cross-sectional view of a prior bump.

Figure 2a is an illustration of a cross-sectional view of a portion of
semiconductor device.
15
Figure 2b is an illustration of cross-sectional view showing the formation

of an opening over a bond pad in the device of Figure 2a.

Figure 2c¢ is an illustration of a cross-sectional view showing a formation of

20  a ball imiting metallurgy (BLM) on a device of Figure 2b.

Figure 2d is an illustration of a cross-section view showing the formation of

a bump on the device of Figure 2¢.

25 Figure 2e is an illustration of a cross-sectional view showing the removal of

exposed portions of the BLM layer from the device of Figure 2d.



2 4 NOV 2004 WD 12103461. PCT/US01/ 18666 Figure 2f is an ill usé r[‘atNUtVnZﬁrﬂff a
cross-sectional view showng the reflow o the bunp on the device of Figure
2e. DEYRIZEBSHESCRI PTI ON OF THE PRESENT | NVENTI ON The @FiCddéfi/1$6¢¢ention are
novel ball limting netallurgies (BLM for input/outputs (1/Gs) for
devices and their nethods of fabrication. In the follow ng description
numer ous spdiighiec2fdesmillstratich ofs aspesichibaaltiéw shelvine thdireBRgiopns, and
processes are set forth in order to provide a thoroué% 10 under st andi ng of
the pr&ehummonthe davicefdFigwiel2eed in the art, however, will realize that
the invention may be practiced wi thout these specific details. In other

i nstances, well-know sem conductor equi pnent and processes have not been
descri %Aﬁﬁli’s 'iliil_!'i : 3 ecessarl l'y obscuring the
pr esent V o, v v - a novel barrier |ayer
metgls or ball imting netallurgy (BLM for input/outputs to a device
such as sem conductor devices. According to an enbodi nent of the present

i nventi on afhe ppesehdintvpnitiord @i el balClintRy BelanAehi MoPg a bal
limting nmetallurgy (BLM forned thereon and a lﬁokufr%@yr@the BLM According
to a fimRut/enEods ?ié@@)fwdteni@emmirmem@ds phiabgieatidre Thahd |imiting

| BL i fi | 1 fil i Si i ck-el -
Vanadi S e G P REL AP Bl GBS P AR moferio. pr osen
[ ti : Ll _1iti | | BL i i ckel ni obi
i oy Ffensiteld R procebtBy ardfts Kkin B K eeN AT FRFOFEh i trogen or by
Ut 1] 2 A taHATEbe 1B PHIich b oOpt BEIBAH wll 1 b R@LBELA uT 9y (BLM  the

reliability Ii ime Of an 25 input/output can |ncreé_se . The
i nput / oaatipe that thenvehtibh maptegRattided Witidu@hdss shelefd ddtadsli Tnasthior
provi ding the |£Iputt| ng and outputting of electrical signals to a
seni comgtaawes, well-know semiconductor equipment and processes have not been

described in particular detail so as to avoid unnecessarily obscuring the present

invention.

16 The present invention are a novel barrier layer metals or ball limiting
metallurgy (BLM) for input/outputs to a device such as semiconductor devices.
According to an embodiment of the present invention an input/ output device
includes a bond pad having a ball limiting metallurgy (BLM) formed thereon and
a bum'p on the BLM. According to a first embodiment of the present invention

20  the ball limiting metallurgy (BLM) comprises a first alloy film comprising nickel-
vanadium-nitrogen. According to a second embodiment of the present ixweﬁﬁon,
the ball limiting metalturgy (BLM) comprises a nickel niobium alloy film. By
saturating a vanadium-titanium film with nitrogen or by utilizing a nickel-
niobium film for the ball limiting metallurgy (BLM) the reliability lifetime of an

| 25  input/output can be increased.
The input/output (I/O) of the present invention is ideally suited for
providing the inputting and outputting of electrical signals to a semiconductor

device or integrated circuit such as a microprocessor, memory, application
4



device or integrated circuit such as a mcroprocessor, nenory,? apNQVc2Bliton
-4 2 4 NOV 2004 WD 02/03461 P CT/U SO 1118666 specific integrated circuit

( ASI C) WQ §243¢61pr ogr ammabl e gate arrays (FPGA) and espdGHUSW/16466re a | ar ge
nunber of 1/0Cs are required (e.g., 600-7000 I/GCs). An exanple of a portion
of typical sem conductor device or integrated circuit 200 is shown in

Fi gur e Bpecifiteintegeat2dQircic (ASIEY, field progeameiableorats Hhah¢ gTPG;A)SaHﬁh as a silicon
substrate 202 having a plurality of active features 204 such as

transi sewmesially vhezpadirge nyntber Qstree eopuiredie ga600-700 I¢&sur es 204 are
coupl ed togg;her into functional circuits through nmultiple |evels of

i nt er connectal SWHMPIEYBREHOR PhPIAESamEeRRICto Aqvigecr|inearater el ectri cs

evel s SreAB MR SRR DTS T udShnetieolbRebrhests are
LYPigal duehla8bBitoRlsu el RU0LRIHAR G RudRL A a%w@fegggeéﬁdﬂ@% al um num

doped with copper and copper. Co VI as are pically forned

with tumgsiesrstnt @pacifods fRthedithbrehNThe SRR feathifes08 Rréduplepper . The
upper nost |evel of netalization includes interconnects 206 and bond 15

pads 21tegetheninty fdwtipoal dimnits thyopgl sjul 2l laveds ofiitenednpas 20dns of t he upper
nost Iev%Li_tegf metalization to which electrical contact to external devices

are made° frniong Aaothes by indorlaver dirlectierd LBV . Hieatricad gemtagt omret al i zat i on
is bla qvered w t h assivati.on, | r 214 whjch a barrier to
i oA 2R oo R Aok s Y Beciest Hbtef VLD AR ayer 214

I nglpudeged] inPMBE Nt b fpisilly LEL £ %l@ti]t rovide hernetic
seal i ng ?)f devi ce 200 g Igdry}}u%%gﬁgggfaﬁrégﬁigﬁer 1%4%? provi di ng

scr at ¢ aiphiiues, taldninum doped with copper and copper. Contacts and vias 206 are

typically formed with tungsten but can formed with other materials such as
copper.
The upper most level of metalization includes interconnects 206 and bond
15  pads212. Bond pads (or landing pads) 212 are widened portions of the upper
most level of metalization to which electrical contact to external devices are made
to semiconductor device 200.
The upper most level of metalization is blanket covered with a passivation
layer 214 which act as a barrier to moisture, ions, and/or contaminants. A typical
20 passivation layer 214 includes a lower hermetic silicon nitride layer 216 to provide
hermetic sealing of device 200 and an upper polyimide layer 218 for providing
scratch protection.
In a method of forming an input/output in accordance with the present
invention an opening 220 is formed through passivation layer 214 as shown in
25 Figure 2b to expose a portion of bond pad 212. Opening 220 can be formed
utilizing a photoresist layer and well-know photolithography and etching
techniques. Alternatively, opening 220 can be formed in passivation layer 214 by

utilizing a photo definable polyimide film 218.
-5-



In-a nmethod of form ng an input/output in accordance with the p??eieWV 2004
I nvention an opening 220 is forned through passivation |ayer 214
in 29V@0H0HE! 2b to expose a portion of bond pad 212. BEEMSHHISESD can be

formed utilizing a photoresi st

etching techniques. Alternatively, opening 220 can be fornmed in

as shown

| ayer and wel | - know photolithography and

passi vat i onNexyerbadliimifing metallingy(§L4) phblaoketsddpoaitt oyl yi mi de fil m 218.

-5 NOV 1004 WO 02/ 03461 PCT/ USQ1/ 18666 Next, a ball limting netallurgy
iP&SHY B4 o eperng Akand, ertodiend; pad 2128s shewnim o openi ng” 220

d ontg_ b 21 ' Fi 2C.. | mbodi t of th
or esontriaan Fo erboREnEtRY Tl Mokt e BeBmynesreFipen | ncl udes a

(BLM

| ower

passivatioh | ayer 214. The | owere

L8 05 204 U P s BRI, Do

pad 212 and
med from

titéni adhéslon tobdrl pad P XCkiiEsSsivhtiapRyer 200-1HR0BAerdd {iBlesioRISr P € et al s

for adhesion |ayer 224 include but are not limted to titanium
(Ti W, 224emeagbaforfikd)fronorbtemponTijmwition thickness \wé hbeltrB00A1 508% hOtges such as
sputteri n%R}can be used to deposit adhesion |layer 224. 10 Accordi

pr esenPo¥s

| ayer

t he pr

t ungst en

ng to the

e et fonadhsaion layerie4 mglustethuttiate Byt lusited to fitaolumes an upper
26 whi ' t b | der ., A di t first nbodi t of
Bl 0 e Rl P S h 460 A WEKPOORLFiRgSor i Ckel

vanadi ek 28l 008 e Ddd @URBoliPadHEH s b8 T mto lock the  vanadium

wth nitrogeh so t

rei abi | i t YAQbrding +BkM prebént 4RRSTion I bald B itiRE h{é@ﬁﬁngﬁ fBﬂM?m e
rum

nitrogen to sufficiently prevent the oxidation of van

It cannot“react w

Xygen and degrade the 15

anount of

n the upper

fil m 2idéludesar nppdi lngat 226 whidk ipwesabie by sukier. Apcdrfimguppdirst i | m i ncl udes as
much nitrogen as

15

20

25

embodiment of the present invention the upper lay 226 is a film consisting of
nickel, vanadium, and nitrogen. Nitrogen is added to the film to lock the
vanadium with nitrogen so that it cannot react with oxygen and degrade the
reliability of the BLM. The upper layer 226 includes a suitable amount of nitrogen
to sufficiently prevent the oxidation of vanadium in the upper film 226, lnan
embodiment of the present invention the upper film inchudes as much nitrogen as
vanadium. In an embodiment of the present invention the upper film 226
includes about 8 atomic percent vanadium, about 8 atomic percent nitrogen, and
the remainder nickel. The upper nickel-vanadium-nitrogen alloy film 226 can
have a thickness between 1000-4000A.

A suitable nickel-vanadium-nitrogen alloy film 226 can be formed by
reactive sputtered utilizing a nickel-vanadium target in an ambient containing
nitrogen. In an embodiment of the present invention the nickel-vanadium-
nitrogen film 226 is formed by magnetic sputtering with Argon (Ar) from a nickel-
vanadium target in a magnetron sputter chamber, such as manufactured by
Materjal Research Corporation (MRC)} while nitrogen gas (N?) is fed info the

chamber. No oxygen is present in the chamber during sputtering. Nitrogen (IN2)
-6~



vanadium In an enbodi ment of the present invention the upper f4 EnN@¥620ps

I ncl udes about 8 atom c percent vanadi um about 8 atom c percent nitrogen,
and 20WMth@/Béttai nder nickel . The upper ni ckel - vanadi umBGT¥9&a@s66al | oy film
226 can have a thickness between 1000- 4000A. A suitable

ni ckel -vanadi umnitrogen alloy film 226 can be formed by reactive

sput t er gas Wtted frvatragrade sithkient tosatadate the degpsited fibar?2awhithamtrogant & ni ng
nitrogen. | 0 an enbogt'i:#nent of. the, p‘rﬁs_egt i nvention the nickel -vanadi um 25
ni t r ogef* £F th’??%“ti OPTREEPLIY STRIGRAYS 16 fehtie arnaegelPR SPA§HN (Ar) from a

R AR s TR SBRE RR TS g e
(10) | S5t 4 B0t 00955 EASS Bl Khakliy BABTOST T 10

fed §n aifusingab ﬁxéé:lixfdc_ﬁlaﬁﬂfoﬁcﬁziﬁﬁhﬂﬁé{ WollPindRRGSHeGEsilthhd® ot dfie W L N
nitrogen. In an enbodi nent of the present invention N2 is fed into a
magnet r BoMslpyrtaewd credtambléability isueat e bet ween 15- 30 seens. By nitridizing a
ni ckel -vanadiumalloy filmit is thought that the nitrogen acts as a | ock
to prevent tlﬁéh%ﬁ@aaa@mhndmry of &ha Resentinvertiondhe tipper layer 6226 zi ng whi ch

woul d i t he resi stance, of th BLM | ayer .and create reliabilit
issues.omq\i%gzés&%gaﬁﬁwwﬁ{oﬁe PR EBodrRsREAL it PrepEtupper Izlyer
of 226 ; ' ' - i1 abi NI w1 Jln an enbodi nent of
the pr e’?%?@%é%ﬁ’?ﬁ@ﬁ?%&%%ﬁ%@#%éI(Fglﬂg’)%N%ﬁ)éf“f‘ﬁﬁobi um (N - Nb) al | oy

haviong aﬁ}ﬂoﬁﬁm@s h0Btdhit pedcedl m%mmwﬁm%&%&ﬁ%ﬂlg@t he remai nder
ni ckel N'). A nitckel-niobium (N -Nb) alloy having a thickness between
1000- 4Gede]-aéobila (HE-Adb) alloy having a thickness between 1000-4000A can be used.

A suitable nickel-niobium (Ni-Nb) film can be formed by any well-known method

such as by sputtering from a nickel-niobium (Ni-Nb) target. A nickel-niobium
(Ni-Nb) upper film 226 has shown good reliability.

15 The BLM 222 acts a diffusion barrier to metals. Depending upon the type
of metallurgy selected for bumps and the BLM, additional layers may be inserted
between the adhesion 224 and the upper layer 226. The intermediate layer used
must have good adhesion to both the adhesion layer 224 and the upper layer 226.

Next, a bump 228 is formed on BLM layer 222 over bond pad 212. A buinp
20 228 can be formed, by for example, forming a photoresist mask 230 having an
opening to expose the BLM layer over a bond pad as shown in Figure 2d. Solder
is then electroplated onto the BLM 222 as shown in Figure 2d. The solder forms a
mushroom shape as shown in Figure 2d. The solder may be from lead tin (Pb-5n)
or lead inditum (Pb-In). Tin prevents oxidation and strengthens the bonding to
25  the BLM 222. The use of nickel (Ni} in the upper 226 BLM layer 222 enables the
plating of lead.

A



A sui t abl e ni ckel - ni obi um (Ni-No) filmcan be forned by any well l}k#\;@)&hgﬂm
met hod such as by sputtering froma nickel -ni obi um (N -Nb) target.

ni ckeM§2d8#Im (Ni - Nb) upper film 226 has shown good rRET/HSAIBESG. 15 The
BLM 222 acts a diffusion barrier to netals. Dependi ng upon the of

metal lurgy selected for bunps and the BLM additional |ayers may be

i nsert ed b!éiteWeehe Ppivdordistsiagin?34 ramavdchanduppess paviens 228.MDheg

i nterne e Ia er used must have good adhesion to both the adhesion |ayer
224 an&’ Fo‘rea%byz@éerlwékm aze Vel etshingragstown iBLM | ayer 222
over bgnd %)Qd 212 A b 20 228 can be fornmed, by for exanple, formng a
photor frask 230 havi ng an opening to expose the BLM | ayer over a bond
pad as sho ;Etntﬂ:' en I nto the BLM 222
as shown |\r/1N%| gur e&ggﬁaﬁ%he%?‘%d&ﬁranfdg% Prsoq %Cg grl(r)egl% ap e asH%hown in

Fi oI ea 2slderThempabeas siown REFi |%@Iﬁélﬂn m%fhi%%@lde?d' um (Pb-1n).

Tin prevents oxidation and strengt hens t he ond ng to 25 the BLM 222. The
.use of inrthaige P2§ diperids upba thippypes 826 Bl Mleayd bn 2RAr sidablees the plating of

| ead. NOV 2004 WD 02/03461 PCT/US01/ 18666 Next, the photoresist nmask 230 is
r enov s@TEERratianes Soperampines kish Bier spider swh eh9aPe/ 1%t by weeighéd by sol der

bal | are renopv. ing as shown_in Figure Next, the substrate

is heatF'gﬂ WP/t aﬁ‘ﬂ&\?’gﬁ*’gff Cfewﬁﬂ%baft Pipeigyolirsheh §’E)‘T’7('j@‘?f §3rrCtIH3ﬂ8W§ sol der bunp

228 a b he u of the sqlder in bunp

228 g enairsered @ T SitonEd iy e G RN o f et

cqrmcer&ﬁﬁis bRBSpackSfe awmh €Théthf BnltRada g@eg bo el is dSrmibel LS SN by
rerovvs at” about 300-360C while in an eutectic solder such as 37

Pb/ 63 Ta“m (Sm)efr Isolder with atedativehBlow2A0lEng thmpeeftlioywdh e 0P0°22% than be

connected to a corresponding 10 bunp on a package or board. The bunp on the
packadamy 238t the dhip willkaet sefloy during the chip attachment process.

The novel input/outputs of the present invention and their methods of
fabrication enables the fabrication of a large number (between 600-7000 I/ Os)
15  across the upper surface of device 200. The I/Os of the present invention can '
support current density of between 200-300 milli-amps per bump, and can
withstand operating temperature between 110-120°C without reliability issues.
The input/output of the present invention enables the fabrication of
semiconductor devices which require large numbers of I/Os.

20



Tin (Sn) or solder with a relatively low nelting tenperature sych HSV1gHE
so that bunp 228 on the chip will not reflow during the chip attachnent
process. The novel input/outputs of the present invention and their nethods
of fabrication enables the fabrication of a | arge nunber (between 600-7000
|/ Cs) 15 across the upper surface of device 200. The 1/ Gs of the present

i nventi onygaglagiwpport current density of between 200-300 mlli-anps per
bunp, and can w thstand operating tenperature between 110-120C wi t hout
reliability issues. The input/output of the present invention enables the
fabricatiqgn of ] I.C i.ch require | arge nunbers of 1/GCs.
20 NOvV 2004 V\éA@ﬁﬁ&nﬁ%ﬂ“ﬁﬁ?:én%ﬁlﬁeoﬁg%@@r a device conprising: a bond
pad; a ball |i aibdonggpadstal lurgy (BLM on said bond pad conprising a first

alloy filmconprising nickel-vanadjumnitrogen; and a bunp on said ball
liniting metal ﬁLhagWW'BEweféllwwszMbeﬂ/ﬁ?ﬂff ge'ﬁd Bﬁgaoa?ﬂﬂsirw%gwi n said
first all s i . ; ~ AT . atom c percent as vanadi um
3. The i n%ﬁ?g gmgﬁﬁbgﬂgﬁg@%l%@r@ hﬁlgjgl%g %?‘?st alloy filmconprises a
suf fi ci ent anoparbdungd onisaicbbalhlimdingrreeiiurgyq(BliM)i on of said vanadium 4. The

i nput/output of claiml1 wherein said first alloy filmconsists o
approximately 8 atom c percent nitrogen. 5. The input/output of claiml

wherei n sai d firhgtingltipdt dfBidim PAHeRaA shiPfst 4A8PAIN IRiudes & The
i nput/output of claim1l wherein said ball limting nmetallurgy (BLM
further conmhiniegen by aterdictpargenias vanadéind second fil m conprises titani um

3. The input/foutput of claim 1 wherein said first alloy film comprises a

sufficient amount of nitrogen to prevent oxidation of said vanadium.

4, The input/output of claim 1 wherein said first alloy film consists of

approximately 8 atomic percent nitrogen.

5. The input/output of claim 1 wherein said first alloy film is between 1000-
4000 A thick.

6. The inputfoutput of claim 1 wherein said ball limiting metallurgy (BLM)
further comprises a second film wherein said second film comprises titanium

and said second film is formed between said first film and second bond pad.

7. The input/output of claim 1 wherein said bump is a solder bump.
8. The input/output of claim 7 wherein said solder bump is Pb-Sn.
9. An input/output for a device comprising:

a bond pad;

a ball limiting metallurgy (BLM) on said bond pad comprising a first film

comprising a nickel-niobium alloy; and



and said second filmis forned between said first filmand secc?né NBMdZQﬂéd.
The i nput/output of claiml1l wherein said bunp is a solder bunp. The

i nput/output of claim?7 wherein said solder bunmp is Pb-Sn. An input/output
for a device conprising: a bond pad; a ball limting nmetallurgy (BLM on

sai d bond pad conmprising a first filmconprising a nickel-niobiumalloy;

and 2 4 NOV 20@damp ohisaid nREHNObIUke HaY filbd ohsait bayi lititimg fetslairdy bal |
limting netal lurgy (BLM 10. The input/output of claim?9 wherein said

ni ckel - ni éBLMbh al | oy conprises approximately 10 atonic percent niobium

11. The input/output of claim9 wherein said first filmhas a thickness

bet ween 1000- 04000 A. 12. The input/output of claim9 further conprising a
second fi 1M compeiigputgoutpiit efrilaim wnmeedem ssid dickeleiobiuim klioy somprisesl bet ween
said first filmand said bond g 13 The input/output of claim?9 wherein
sai d bunp @PBraxirsaieher O Rierpic perc AHRAOPINPUL / out put of clai m 13 wherein said
sol der bunp is a Pb-Sn solder bunp. 10

11.  The input/output of claim 9 wherein said first film has a thickness
between 1000-04000 A.

12.  The input/output of claim 9 further comprising a second film comprising
titanium wherein said second film is formed between said first film and said
bond pad.

13.  The input/output of claim 9 wherein said bump is a solder bump.

14.  The input/output of claim 13 wherein said solder bump is a Pb-Sn

solder bump.
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