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W TH SEGVENTED BALL LI M TI NG METALLURGY FOR THE | NPUTS AND PUB%CB 2004
BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON The pre eh '
-invention relates to the field of sem conductor Integrated 10 Circuits
(10, specifically, to a layout and process 4 ce with
segnent eg'zjgwf} Limting Metallurgy (BLM for the | npuzcytj(sht puts (1/Cs). 2.
" DI SCUSSI ON OF RELATED ART 15 I/ Cs are used in a device to condition and

packnoe o A MO Roc) PREe i b L
However , e nu ?& reacEes t 4 8?? 000, bunping often

becones m)re advant ageous than wi r ebondi ng. Figure 1(a) and Figure 1(b)
show a sol der bunp 15 with a dianeter 1 and 20 a pitch 2. The sol der bunp

15 i fpdRedrOuNS Or Hmnuveeidial | urgy (BLM 14. BLMis al so known as
Pad Limtirng Metalturgy (PLM or Under Bunp Metallurgy (UBM. The BLM 14

is connected through a via 12 in the passivation layer 13 to an underlying

bond pad 11b, The passivation |layer 13, conprises one or nore |ayers of
nateriélggﬂéﬁgﬁlaigﬂﬂKEEEHZHxide, silicon nitride, or polyinide, 25 which
act as a barrier to noisture, ions, or contamnants. The bond pad lib is a
wi dened portion of a netal line 11la in the top netal |ayer of the device.

The line lige presGRnAEHER rdlftestd theidd by segicoriductbd Itbgrateds, in turn,
connected to an wunderlying line 9. A device ti/pl cally has 2 to 8-netal
| aylér s CGiwuits (ICh aaddn@'elstm&ﬁCaH}e to alaweufrmdazfoveéﬁ qreallewe withi | el ectrical

Co_nt aCtseglnﬁenrfT:ggﬁaﬁ Rmu%%g?\‘fe%al{ Hﬁﬁ)f T the putS/(?‘JfPUé%/td}'? substrate bel ow.

2. DISCUSSION OF RELATED ART

15 1/Os 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 1/0s reaches'
about 400 to 1000, bumping often becomes more advantageous than wirebonding.

Figure 1 (a) and Figure 1 (b) show a solder bump 15 with a diameter 1 and

20 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 (U'BM) The BLM 14 is connected through a via 12 in the passivation
layer 13 to an ﬁnderlying bond pad 11b. The passivation layer 13, comprises one
or more layers of materials, such as silicon oxide, silicon nitride, or polyimide,

25 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 to an
underlying line 9. A device typically has 2 to 8 metal layers so a via and a line are
alternated vertically until electrical contact is made to the desired part of the IC or

30 the substrate below. |
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*166166* *ACTION* 2 1 DEC 2004 WD 02/01637 PCT/ US01/ 18750 Bunpi ng can
significantly inp-rove access to the core area and nmaxi m ze uti I'zza’ng%g of
the silicon area. Figure | (a) and Figure 1 (b) show an areal arréy}

bunmps 15 across the entire active area of the chip. '"Me array 3 is
subst agg ghdhes7 periodic and may be face-centered cubircmusonasragonal to

achi eve a higher density 5 of bunps 15. A bunped device is turned over and.
" packaged as a Flip Chip (FC) A sol der bunp technol ogy based on Controll ed
Col | apse Chi P&l 4igRifi imPRve R eststodnd @ie blenand nGiximizét t ach (DCA) to

conductive traces on a ackage or circuit Roard The a rcwt board may be
a ceramuhmbspfﬁte@hcpnﬁrﬂaeﬁgerl (Agnsigwre 1(B\bey =y 1ediaH@E 3circuit, or a

silicon fé%‘tgﬁs'é{’r]%ﬁe T?g{g) %geﬁ:hggéﬂegﬁfﬂlaﬁ%; | PRLGSS 3 BSubstihtlaBlgi St ance and

i nduct aft us signiticant npr ovi ng perfor mance. A high
per f or rpagRlicknd eay bsfmbcaﬁmdmhcmmeaembto achwvméwsl@a ety Specific

Inte rated OI’CUIt ASI 2 Field Pro FPGA), or a
Syst R e AtrEe g%‘%ﬂ% g@%@f@@?@he 110s need to

be SCah%@ldé%b%d}hmdgy@hﬁd%hmntrw«bﬁolﬂnjusmg:lupﬁquenhm (@)a pitch of |ess
fl.= 60 15 m cronS using_ W res

ter of less t 5 n-dcrons th
bal | bomdy bgﬁsedfesmeﬁ%fﬁumfﬁda@‘gﬁ& C%'Eﬁ?%?ﬁ CReES woafe boérrps with a i
di t £ Eq*hxaédmﬁu BM:H 300 .
Boner - S BBRL Thd Bkl boadd iy 66 QRS AR<hubotit o ohon. it

erma nagenent becone very crjtical when wire
| eads ogpvip nneaﬁemrwaloedsmﬁubsﬁa@ﬁumnza device al3e FRAur Ferrperature 20

exceeds 100 to egr ees ..C rrhatkel 0 425
anﬁféﬁsﬁ‘ﬁ“:”d\éf 62"@"851{‘ Izg%sgratsﬁg%ﬂ gfrwf}ﬁ}‘ me ration. can increase

reS| stance wmgn a@mﬁi&@k&cﬂ&udﬁgmmthIM$mMAP@¥qa9mF esul t | ng in an
open circuit

net al s. Sprigific ﬂ@sg“{ea\ﬁ/gﬁg?‘ﬁf @ﬁ@g gﬁ: lé*’dgﬁocan AR GERREay [HrRImJdd usi on of
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

46  microns using wires with a diameter of less than 25 microns with ball bonds of
Jess 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.

Power management and thermal management become very critical when

wire leads or bumps are scaled down. 1/Os may fail if junction temperature

20 exceeds 100 to 125 degrees C or current density exceeds 150 to 425 milliamperes
per 1/0. Electromigration er thermomigration can increase resistance by over 2
orders of magnitude before finally resulting in an open circuit. Elevated
temperatures can also cause inter-diffusion of metals. The resultant intermetallic
alloys are brittle and may be susceptible to stress cracking. A mismatch in the

25  Coefficient of Thermal Expansiori (CTE) can result in Jaxge 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 Cfor a ceramic substrate and about 5
ppm/ degree C for a Silicon substrate. A wire lead or bump may fail from thermal

shock if the thermal ramp rate exceeds about 15 to 20 degrees C/minute. Thermal
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alloys are brittle and nmay be susceptible to stress cracking. A msmatch in
the 25 Coefficient of Thermal Expansiori (CrE) can restdt in Iargf sbggr
stresses on a wre |lead or bunp. For exanple, solder has a CTE 1a6ht 208b
ppm degree C conpared with about 7 ppm degree C for a ceram c substrate
and abud .apm degree C for a Silicon substrate. A yifgsdiAf@oOr bunp may
fail fromthermal shock if the thermal ranp rate exceeds about 15 to 20

- degrees C/mnute. Thernmal -2 DEC 2004 WO 02/01637 PCT/ US01/ 18750 2 DEC
2004 WD 02/01637 PCT/ US01/ 18750 BRI EF DESCRI PTI ON OF THE DRAW NGS The

present invention is illustrated by way of exanple and not Iimtation in
the figures of the acconpanying drawings in which |ike references indicate
5 simlar elenments and in which: Figure | (a) is an illustration of a plane
view of a bunp (prior art). Figure:1 (b) is anillustration of a

cross-sectional view of a bunmp (prior art). 10 Figure 2 (a) is an
illustration of a plane view of a bunp connected to a UUM with two
segnents. Figure 2 (b) is an illustration of a cross-sectional view of a
bunmp connected 15 to a BLMwith two segnents. Figure 3 is an illustration
of a plane view of a bunp connected to a UM wth four segnents. ?0 Figure
4 is an illustration of a plane view of a bunp connected to a UUM with two
segnents where each segnent is connected to two vias. Figure 5 is an
illustration of a plane view of a bunp connected to a BLM



with two segnents where each segnment is connected to two bond pads, 25
Figure 6 (a) - (f) are illustrations of an enbodi nent of a proée]ssDE(brzugl,
form ng segmented BLM -4 2 1 DEC 2004 WD 02101637 PCT/ US01/ 18750 DETAI LED
.DESCRI PTI ON OF THE PRESENT MENTI ON The present invention discloses a novel

I ayout“@qu%fcess for a device wth segmented Ball dgasoi/mgsdvet al | urgy
(BLK for the Inputs/ Qutputs 0/05). 5 The invention further discloses that

"a segment of a 13LM may be electrically connected to nore than one

under | yg 180 AyE PRAWINENt i on can reduce the incidence and

m Xt ur Ty O alture due to operation at high current and
hi gh tenperature. In the follow ng description, nunmerous details, such as
specific materials, 110 di nensions, and processes, are set forth in order

Lo provide gni BRondfvendBiE ihaRMEY Aoy bheaRiéalindtMamtioan. However, one
e

skilled in t art wll realize that the invention nmay be practiced

W t houtin tieefigtrpooftithe atcampaayiag dsawings inovhich Likqnefesensesindigatel - known

sem conduct or equi pnent and processes have not been described in

par & cimiarelements apd Jxwhigh 5y 0i d unnecessarily obscuring the 15 present
i.nvention. The layout of the device in the present invention wll be
described first. According to a first enbodi nent of the present invention,

a BLMis SpFigh:ei(h?%Muﬁ%ﬁﬁWSp%ﬁv@@vﬁMﬂnp(pﬂgm.e 2 (a) and Figure 2
(b). One or nore of the segnents 24n nmay have a substantially pol ygonal
| ayout, such as a hexagon or 20 an octagon. The segnents 24n are in close

proximty f igg%cﬂfbgt&sh%é?lgga%gﬂﬁ F%Soss-%@%‘é@ﬁ@iwgfasﬁgﬂﬁ Wrforads). W 11 bl ock

t hé' propag |
10
Figure 2 (a) is an illustration of a plane view of a bump connected to a BLM

with two segments.

Figure 2 (b) is an illustration of a cross-sectional view of a bump connected

15  to a BLM with two segments.

Figure 3 is an illustration of a plane view of a bump connected toa BLM

with four segments.

20 Figure 4 is an illustration of a plane view of a bump connected to a BLM
with two segments where each segment is connected to two vias.

Figure 5 is an illustration of a plane view of a bump connected to a BLM
with two segments where each segment is connected to two bond pads.

25
Figure 6 (a) - (f) are illustrations of an embodiment of a process for

forming segmented BLM.



i ndi vi dual segment 24n. The segnments 24n al so provide redundancy to .
counteract defects that may occur randomly in the segments 24n2 BoBBC 20l
segnents 24n are connected to the sane overlying bunp 25 as shown 25 in
Figure 2 (a) and Figure 2 (b). Each segnent 24n is al so connected to one
under | wig@oydsa 22n. One or nore of the vias 22n may hedasayserkst antial ly
pol ygonal | ayout, such as a square or a rectangle. The vias 22n are in
"close proximty to each other. The spacing 26 between the vias 22n w ||

bl ock t DETAMRIPBESCRIMTION @F CEIFRRESENTINVENTIONN Yy i ndi vidual via 22n. The
vias 22n al so 30 provide redundancy to counteract defects that may occur
randomy in the vias 2 DEC 2004 WO 02/01637 PCT/ US01/ 18750 22rL One or
more of t he The preseatinventiopatischises mhdvel loyduwtand prockssdnr 4 Hevicver | yi ng  bunp 25
to which.,they are electri.c onn . pot h vyi 22n e, connected to
t he sar‘?@“ﬁ ﬁ%%’?‘?‘ﬁ%ﬁ“ﬁ%‘ﬁﬂﬁ“péﬁl%@“%@@k@g‘?{a‘ﬁﬁiﬂ?‘%{g’s‘%“?‘a"2??2. on of the
undeg | yThegnvéntionZdahérmbicldsasthaee segiietiesfaBIiM mapddlelectdtally t he via 22n wil |
make 5 fall contact with the |ine 2l1a de giﬁ%e any m salignnent. According

to a s_é’x?Bﬂ?F“’éinbﬂéﬁ‘P e Yplerlyingvda et hond pad; Bie myventopcat Lay be split into
more i Bnh80he RHIRASandSHilmER thdevESy of FRIMBIM SIS opbAWBnah  Figure 3.

Al four segments 34n are connected to the same overlying bunp 35. Each
segnenthigheurrent aad highttemperstyre. under | ying via 32n. Al four vias 32n are
.10 connect Qg rlyi | 4 b pad 31b.

Accordi ng tg‘dtgg?%]%r gﬁ%%ﬁ#ﬁe&?ﬁrl‘%#&%ﬁede%?@%éﬁfg%s %gﬁfig%n, eacb segnent 44n

of 18 Bldimenyordparabprveessesiatecetforth it buder toryrovida a4Roroughich as the two vi as
42h..shova in E{qur ordin a fourt i ment,..of the present

i nvent UORETSERT Shé?ﬁég&?‘?ﬂﬂg%ﬁﬁvﬁmﬂ%&%%ﬁggﬂ%%m to nore than one

bond paghiHd hat SieGhvattionifay ¥Oprabied witdat hdde pabedihridetdisgwr € S.

other instances, well-known semiconductor equipment and processes have not

been described in particular detail so as to avoid unnecessarily obscuring the
15 presentinvention.
The layout of the device in the present invention will be described first.
According to a first embodiment of the present jnvention, a BLM is split
into two segments 24n as shown in Figuxe 2 (a) and Figure 2 (b). One or more of
the segments 24n may have a substantially polygonal layout, such as a hexagon or
20 an octagon. The segments 24n are in dose proximity to each other. The gap 23
between the segments 24n will block the propagation of a defect arising in any
individual segment 24h. The segments 24n also provide redundancy to counteract
defects that may occur randomly in the segments 24n.
Both segments 24n are connected to the same overlying bump 25 as shown
25 inFigure 2 (a) and Figure 2 (b). Each segment 24n is also connected to one
underlying via 22n. One or more of the vias 22n may have a substantially
polygonal layout, such as a square or a rectangle. The vias 22n are in close
proximity to each other. The spacing 26 between the vias 22n will block the
propagation of a defect arising in aﬁy individual via 22n, The vias 22n also

30 provide redundancy to counteract defects that may occur randomly in the vias
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The process to formthe segnented BLM of the present invention will be
described next. First, the passivation layer 23.is patterned to }qr B¢ 2804
22n to expose the 20 bond pad 21b as shown in Figure 6 (a). The patterning
can be done with photoresist or with photodefinable polyimde, Next, BLM
i's forgrfeossyal |y by sputtering. The BLM usual | y hasceriisowesrso | ayer 24a
and an upper |ayer 24b as shown in Figure 6 (b). The | ower |ayer 24a

“provi des good adhesion to the |anding pad 21b and the passivation |ayer 23.
The 25 meneloa;mre aﬂhenﬁyzhenfagnbawerﬁnpnﬁfsﬁzmﬁumhd&e)ﬂ h a thickness of

about ns he als for th | ower | ayer 24a
i ncl ude g‘&f’@ﬁ% glleft*i’f:%y 0?’;}%{%55?#‘("14&3%—5"&?&@&?1 per (Cr-Cu),
or Chrmmsm(zﬁhéﬂyu? HPRAY 21b2YRE botdthal 2y ishGsoraawsk dydhesi on to the | ower
| ayer 24a and is wettable by solder. The upper |ayer 24b nmay be formed from

Ni ckel -wwlerlyingdinieZhe that has begn widenedito ensteesthatthe sisgdn willonakeo 8000

Angst r &l 'J / US01/ 18750 possible netals for
t he upf)%?“ %@r g‘el nc?‘g}de%{?egéﬁ z %I g““e T om um Copper (Cr-Cu), Copper
(Cu), Gol d Mu)rdniyltohséeoﬁdledxbbﬂﬂmmn)nf&mpr@emﬁmmﬁohﬁh BlMAay . The | ower
Iayer the | ayer 24b of the BLM act ffusion barriers to
met al s E?Im ég%hé?’ cﬁ?ﬁg'eo‘?%ﬂﬂtﬁ%dé‘é‘f”éﬂ ed for the 5
bunp ZEFxgd&dsthﬂchwhgxﬁde&Bﬁomlcowa&o&&waﬁaov g beimpegsneen the | ower

| ayer 24a and the up | ayer 24h tq further revent i nterdi ffusion of

net al s. aﬂ&‘#%ﬁ%%ﬁh’é&?‘&?é“ﬂé?éﬁ“ﬂﬂ@@%@ﬁ% fgypwiagdBraieon to both the

| oygr | ﬂ%mt\ﬂﬂeﬂ Bink t thé ing on the netals used in
t he. uppge ayer ¢ g’ﬂgl‘“ gg%{ertgego&c ggsag:opper (Cu) or Gold (Au),

may al so beAcmedingma tlurtbem!lcﬁimppmf thegresen iftvextiorp eahesegmetiddat i on or
CorrOSItﬁR PfBlt..lUIeméJ conn e&tomorethanonevm&n such as the two vias
42n shown in Figure 4.
According to a fourth embodiment of the present invention, each segment
15  54n of a BLM may be connected to more than one bond pad 51b, such as the two

bond pads 51b shown in Figure 5.

The process to form the segmented BLM of the present invention will be
described next.

First, the passivation layer 23 is patterned to form vias 22n to expose the

20  bond pad 21b as shown in Figure 6 (a). The patterning can be done with
photoresist or with photodefinable polyimide.

Next, BLM is formed, usually by sputtering: The BLM usually has a lower
layer 24a and an upper layer 24b as shown in Figure 6 (b). The lower layer 24a
provides good adhesion to the landing pad 21b and the passivation layer 23. The

25  lower layer 24a may be formed from Titanium (Ti) with a thickness of about 200
to 1500 Angstroms. Other possible metals for the lower Jayer 24a include |
Titanium-Tungsten (TiW), Tantalum (Ta), Chromium-Copper (Cr-Cu), or
Chromium (Cr). The upper layer 24b provides good adhesion to the lower layer
24a and is wettable by solder. The upper layer 24b may be formed from Nickel-

30 Vanadium (Ni-V) with a thickness of about 1000 to 8000 Angstroms. Other
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Photoresist is applied and patterned so a gap 23 can be etched in the BLM
between the vias 22n as shown in Figure 6 (c). After strippingzhelgg 2004
phot oresi st, another |ayer of photoresist is applied and patterned so
.sol der 25 can be electroplated onto the BLM asshown in Figure 6 (d). The
sol der wWppho@7f ormed 15 from Lead-Tin (Pb,-Sn) or LeadTrusdii8ysq Pb-1n). Tin
prevents 05 ddation and strengthens the bonding to the ELM The solder in
" the openings of the photoresist will straddle the gap 23 between the vias
22n, mepesiblametaB\enths abpyr lay& a4 baliele Niekep (M), hesinsdmiToppec one

and 1 helCapCre oo wepd e MDA CobE PR Cont rol T ed to
produce a C%%ﬁo%&’lﬁyei?@ﬁ{dﬂl\@ﬁzﬁflérh}éﬁ‘h‘il%fﬁ\éBLMa&Q&Eﬂusibﬁi ght and all oy

conposition also depend on the current density distribution across the
waf er abritiewsemegtals. é&WﬂréﬂBeﬂdﬁl&%‘ethmeeiOﬁ@e%ﬂ“ﬁﬂ eflectedsforithe voi di ng can

resutt £r ' . e [eTal Widafdat i ng sol ution
Wi tﬁ% n LW%{%@?O dgraaglr?ﬁg§%)§i?§lheeg%? event eg&%gg%ss pgérrt i ons of the
upper | Zgand Zddupped ldyhe24boradurthenprevedtimtaxtiifivbionoé metads. Aogyver ed by sol der 25

: oved by et chi h in, Fi. , ting .|
FUr nacaRlg e STF R L Es) P Serd B e volh Wigrsh e &y The BLM 1 nio
a singl e pp@ 1dfer 28b. Depending ohitBiinetaB vséd in théappa hyer@4BQ t enper ature of

the solder 1n the bunp_25 on_ the chi epends on the types of -7 DEC 200
WO 02/ C2BBINg ARy FF 836 A5TEORRGT &%f)&lré?%&é&w alriby wedroveb i | ve

el e B 2B P e R e o & cut oot i 6
sol der, sucRhetoresist Pppliedsmd patternsiso agan8d oan begiiched ipdte BEMr ces C. The
bunp 2 DeBiedn e Gk PorCAnBEmSR %&%% & fi).tA(}te@ stpbldgha Qﬂ.ba)ges@f,”p on a
another layer of photoresist is applied and patterned so solder 25 can be
electroplated onto the BLM as shown in Figure 6 (d). The solder may be formed
15  from Lead-Tin (Pb-Sn) or Lead-Indium (Pb-In). Tin prevents oxidation and
strengthens the bonding to the BLM.
The solder in the openings of the photoresist will straddle the gap 23
between the vias 22n, merge, and eventually rise above the photoresist to become
mushroom-shaped, as shown in Figure 6 (d). The height of the photoresist and the
20 pitch of the openings for the bumps must be well-controlled to produce a
consistent solder height. Uniformity of solder height and alloy composition also
depend on the current density distribution across the wafer and several
parameters in the plating solution. Solder voiding can result from generation and

entrapment of hydrogen gas and plating solution within the plated solder and

25 must be prevented.
Excess portions of the upper layer 24b and the lower layer 24a which are

not covered by solder 25 are removed by etching, as shown in Figure 6 (e).
Heating in an oven or a furnace will reflow the solder sitting on the segments 24n
of the BLM into a single bump 25 as shown in Figure 6 (f). The melting
30 temperature of the solder in the b;.lmp 25 on the chip depends on the types of
-7~



5 package or board. The bunp on the package or board is forned fromggb
(Sn) or solder with a relatively |low nelting tenperature, such aé 200
degrees Q so the bunp 25 on the chip will not reflow during the cW
.attachnment process. Segnented BLMis conpatible with other pro~ess flows
used t q.d Rkessoumps for the 11 0s. A few exanpl es wi | |pdeusmensisoned here.

El ectroless plating of .10 Nickel (N) does not require a mask but
"requires that an internediate |ayer, such as Zinc (Zn), be plated fikst on

the Al UieBiBeleflell ahilReir fedateteGbhiatrptidrlsaFcr examtplepahighd ehd ssl@a; conduct i ve
di el ectr| C % be used to _electroplate the solder. _Solder danms or sol der

st ops 92 BR/P by Weighé Peisenty wilpvaRt abop3W05p ddsisegessc while bunps. The

sol der Loxest, refdd 6 Bl ked away 15 to
mr-~e u%%kt%%dt}t%%‘lé%gsg?(the Bﬁ%ﬁdﬁ?&tﬁ%@guﬁgﬁg Md pegr | ayer 24b and

the | ower | ayebuﬂwscdndlhehlbmmbgcomcmdt@ Gm@m&b@lgwtﬂent ially. 7be

BLM pay b ect b hot or esi st _dur4 t Mis al so
conpga' B‘T‘g" S'ffﬁg?' ﬁﬁ&‘é’rﬁ’ at?‘g %Bée rb &fgﬁﬁnps%?%% pha pargde
sol der mrmﬂowmuﬁgmp@nwe,mmm%o dégrbes C, 26 theni ssi on shoul d

be less than 0.02 count/hour/ca ensitive sen conductor devices such as
menory PHRRSS oxctieichimpillhnat reflow BFHEM%H#@W%W PHSfrati on' of netallic

Lead (Pb) T soiafbd B caRMibIE Wtk pROd fdwdusdl sl | s free of - Lead
(Pb) may b fromAl't érnate Bal IIurgé (ABK. ABM i ncl udes

bi nary, bmwafarf}le 4@ Ay e mlﬁ‘ﬂiﬂhﬂl@mﬂﬁéhﬂer essPlting@éh as Tin

(Sni iﬁjcg‘g&wé%é’gﬁﬁ%fre%pggéaﬁverqr ppe;m{léﬁ%#kg%ry al | g;dvﬁaﬂmaum

met ti NohsPRid(Zn pfbe?MeHﬁ.%wnthb@lmanuﬁ(AmmerCtmmvepﬂhncl ude a Ti n-~Copper
(Sn-Cu) bi nary aI

oy or a Ti ver bi na | | oy, Sol der itself
may be SEFEORpdRd HWHW er}geé%gcq %‘ ®El ectrical ly
5883 UCidoyfer é%ﬁéf y&déﬁ%})s xaay P@dedl dubnpTefldW td EiRiteRnspreddisf of Wi th 2 DEC
the bumps. The solder ball may be reflowed before the excess BLM is etched away
15  to minimize undercutting of the BLM under the bump 25. The upper layer 24b

and the lower layer 24a of the BLM do not have to be etched sequentially. The

BLM may be protected by photoresist during etch.
Segmented BLM is also compatible with other materials used for the
bumps. A low alpha particle solder may be desixable to prevent soft errors. Alpha
20 emission should be less than 0.02 count/hour/cm? in sensitive semiconductor
devices such as memory chips. Environmental concerns require the elimination of -
metallic Lead (Pb) from solder by about the year 2004. A bump which is free of
Lead (Pb) may be formed from Alternate Ball Metallurgy (ABM). ABM includes
binary, ternary, and quaternary alloys formed from metals, such as Tin (Sn), Silver
25 (Ag), Copper (Cu), Antimony (Sb), Indium (In), and Cadmium (Cd). Anexample
is a TinGilver-Copper (Sn-Ag-Chu) ternary alloy with a melting point of about 215
degrees C. Other examples include a Tin-Copper (Sn-Cu) binary alloy or a Tin-
Silver (Sn-Ag) binary alloy.
Solder itself may be eliminated by stencil printing the bumps from an
30  Electrically Conductive Adhesive (ECA) or paste. ECAs include epoxy resin with
-8-



WO 02/ 01637 PCT/ US01/ 18750 a filler of conductive particles, such as
Silver-filled epoxy. The electrical conductivity may be isotrod ¢ BEC 2004
ani sotropi c. ECAs axe useful for thermally sensitive devices since a
.tenperature of |ess than about 160 degrees Cis needed to cure the
adhesiwg oBispP! Yeri zing the resin binder. ECAs havepewnwsotastiosadvant ages
relative to sol der bunps. Contact resistance of ECAs is about 25 m cro-ohm
" which is higher dmthe 10 m cro-ohm for solder. ECAs al so have | ow thernal
conduc tifiliet b@nahctlepirtidles, such a¥bilverdilletkpotie Thedledtticd] Operate at | ow
power. However, electrically conducti ol rs. are being devel oped with

t her ma/CORHHHRY FRAYthedsotrapi @H{”BBPW@%FX‘ESMBT thepaliorpetitive with . 10
sol der sendiveQdvicesBad J‘ﬁ&ip‘éta@ﬁre%f QayinaR abbnit 66 aeprBiiced Bbddaand t he
acconpanyi ng process to acconplish such a_device have been described. The
above mMeWmmMemwdﬁ-E@shevwmnt ed BLM However, the
present.. i pvention .al.so _co . ] Ll Vi segnent ed bond
pad.% 1??@"%"56%@%‘:“3 s\‘/)\nﬁ%'g :51%%3?’“%5” ﬁo%ﬁ%gbg%%al% %e{’cgz% wire lead to
two or mi@behut@ithiié Righér thal thed Opaidrosshm fortsoldac. BCAsalssilavé lw benef i ci al
reductions in incidence  and sg\{,grli?‘ky 8{3 é/Q failure. Ma$/ enbodi nents and
nurrer othermatcepuctivities of abomtddp 3/ s e‘ﬁ‘??m‘bsrtﬁg?’afeoatg “vi de a t horough

under S?&O&'ﬂ. P wbed, BRCRICEREMndu AR Polthers ebetly ddv@dpedWithn the art will
apprectate that n=y of thHe features in one enbodi nent are equally

appl i ctisrmakcondustiviitiesaf sboutsA VE/ mE§vehigh wopklbe campriitivg vith | | al so
ap%ec;oq&éa the ability to nmake various equival ent substitutions for those
specifTC naterials, processes, dinensions, concentrations, etc. described
herein It iVaroas bmbudihentt afadlevica avitht segmented BLYandbther i pti on of the present
I nvention shoyl d be taken as I Ll ustrative, and, not, ligiting, wherein the
scope YFOPMREVIREBEITESS ﬂ\?%cr?ﬁpclfﬁé SHARA cgevbcgtha&%%eprﬂeﬁ%'g;egy ®he cl ai ms t hat
f ol | 0Wabove embodiments refer to a bump overlying the segmented BLM. However, the

present invention also contemplates a wire lead overlying a segmented bond pad.

15 Inthat case, a wire bonder is modified to attach a wire lead to two or more

segments of a bond pad so as to achieve similar beneficial reductions in incidence
and severity of I/ O failure.
Many embodiments and numerous details have been set forth above in
order to provide a thorough undersbhding of the present invention. One skilled
20  in the art will appreciate that many of the features in one embodiment are equally
applicable to other embodiments, One skilled in the art will also appreciate the
ability to make various equivalent substitutions for those specific materials,
processes, dimensions, concentrations, etc. described herein. It is to be understood
that the detailed description of the present invention should be taken as
25  illustrative and not limiting, wherein the scope of the present invention should be

determined by the claims that follow.

Thus, we have described a novel layout and process for a device with

30 segmented BLM for the I/Os.
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Thus, we have described a novel |ayout and process for a device with 30
segnented BLMfor the 11 Gs. -9 2 1 DEC 2004 What is clained Iilré Dgcd wlice
havi ng | nput/Qutput (1/0) connections to a package or board ri g
bond ‘pad; vias di sposed over said bond pad; a BLM di sposed over said vias,
said BLMsplit into two or nore segnents, said segnments in close proxi m'ty
to each other, said segnents separated by a gap; and a bunp di sposed
directly on said segnents 2. The device of claiml wherein said bunp
conprises a Lead-Tin (Pb-SU) solder, 3. The device of claiml wherein said
bump is free of Lead (Pb). 4. The devicé of claiml wherein said bunp
conpr i SWhatds dlaime8ii$:ver - Copper (Sn- Ag-Cu) ternary alloy. 5. The device of
claiml wherein said bunp conprises an Electrically Conductive Adhesive
(ECA). 6. THeAdievice havifig hipai/Qutput(i(©) ednneimnsitoBi pdckagewr beeda di f f usi on
barrier to metals. 7. The device of claim1 wherein said BLM conprises a

| over |Ruprisiagd au upper layer. 8. The device of claim7 wherein said

| ower |ayer conprises Titanium (Ti) with a thickness of about 200 to 1500
ANgst r o, pod pddie devi ce of claim 7 wherein said upper |ayer conprises

Ni ckel - Vanadi um (N -V) with a thickness of about 1000 to 8000 Angstrons.

10 2 DEC v%ﬁ(dlsposcd over said bond pad;
a BLM disposed over said vias, said BLM split into two or more segments, said
segments in close proximity to each other, said segments separated by a gap; and
) | a bump disposed directly on said segments
2. The device of claim 1 wherein said bump comprises a Lead-Tin (Pb-Sn) solder.
3. The device of claim 1 wherein said bump is free of Lead (Pb).
4. The device of claim 1 wherein said bump comprises a Tin-Silver-Copper (Sn-
Ag-Cu) ternary alloy. |
5. The device of claim 1 wherein said bump comptises an Electrically Conductive
Adhesive (ECA).
6. The device of claim 1 wherein said BLM provides a diffusion barrier to metals.
7_The device of claim 1 wherein said BLM comprises a lower layer and an upper
layer.
8. The device of claim 7 wherein said iower layer comprises Titanium (Ti) with a
thickness of about 200 to 1500 Angstroms.
9. The device of claim 7 wherein said upper layer comprises Nickel-Vanadium

(Ni-V) with a thickness of about 1000 to 8000 Angstroms.

10



10. The device of claim| wherein said segnents conprise a substantially
pol ygonal |ayout. 11. The device of claiml wherein each of said sfeqmgltzgl
is electrically connected to two or nore of said vias. 12. The ée ice o
clairh 11, wherein said vias are laterally offset froma center of said
bunp to which they are is electrically connects. 13. The device of claim11
wherein said vias conprise a substantially polygonal |ayout. 14. The
device of claim1, further conprising another bond pad, wherein each of

sai d segrrentlﬁ-T‘be@v@@tofﬂi}mﬂyVl’é@mﬂE&?@nﬁlﬁs%‘&ﬁmjsﬁéﬁﬁpsfﬂaﬁﬂb)hd sai d anot her
bond pad. 15. The device of claim 14 wherein said bond pad and said anot her
bond pasblygoeal lsymiieral |y of fset froma center of said bunp to which they are
el ectrically connected. 16. A device having 1/0 connections to a package or
board conprildi iy deviceas clain bevherepeaicklpEpvkegmenteis ebeatritally cannested d bond pad
having two or nore segnents, wherein each of said segnents is electrically
connectig@wb or ok Fkaid®iae. or said vias, and a wire lead attached directly
to said segnents. 17. The device of claim 16 further conprising lines,

‘é‘gie(rje: inngg? rl|2Q'II‘hesd%iv*Eina of 61iE 11, Swhefeirbsai vind &8 ldtetalyosiiectad atcontewef or nore
said bump to which they are is electrically cormects.
13. The device of claim 11 wherein said vias comprise a substanﬁglly polygonal
layout.
) 14. The device of claim 1, further comprising another bond pad, wherein each of
said segments is electrically connected to said bond pad and said another bond pad.
15. The device of claim 14 wherein said bond pad and said anothér bond pad are
laterally offset from a center of said bump to which they are electrically connected.
16. A device having /O connections to a package or board comprising:
vias;
a bond pad disposed over said vias, said bond pad having two or more scgments,
wherein each of said segments is electrically connected to two or more or said vias, and
a wire lead attached directly to said segments,

17. The device of claim 16 further comprising lines, wherein each of said

segments is electrically connected to two or more said lines.
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