WO 02/ 01637 PCT/ US01/ 18750 LAYOUT AND PROCESS FOR A DEVICE WT SE@%NE@I;
BALL LIMTING METALLURGY FOR THE | NPUTS AND QUTPUTS 5 BACK TH
I NVENTION 1. FIELD OF THE | NVENTI ON The present invention relates to the

" fiel vobz/@em conductor I nt egrated 10 Grcuits (10, mRgysRfgsspeci fically,
to a layout and process for a device wwth segmented Ball Limting
Metal lurgy (BLM for the Inputs/Qutputs (I/GCs). DI SCUSSI ON OF RELATED ART

15 1/Cs gn&, T%vllrﬁﬁ{ PSSO A twgﬁeﬁﬁ P gappwer, ground, an
si gnal s. EL% 8 I Wi th | eads forned
from Gol d u) “or pper wiTe. nber of 1/GCs

reaches about 400 to 1000, bunpi ng often becones nor e advant ageous t han
Wi rebondl ng Fi gure 1 (a) and Figure 1 (b) show a solder bunp 15 with a

di dRe solder bunp 15 is formed on Ball Limting
BEM o known as Pad Limting Metallurgy (PLM or
Under Burrp I\/bt al | urgy (UBM The BLM 14 is connected through a via 12 in

t he passivation |ayer 13 to an underlying bond pad 11b. The passivation

.l ayerl. BELDAOBPTHEBNNVENTION nore |ayers of materials, such as silicon
oxide, silicon nitride, or polyimde, 25 which act as a barrier to

noi sture, ions, or contam nants. The bond pad 11b is a w dened portion of
a net al ellaip the top nmetal |I. of .t he devi ce The line 1lla is
connect ed&?‘SPé‘FFeﬂﬁHB’ﬁ’W‘nb&VFﬁtol% efi fof, sgpmigan %P t&EﬁFf'é]ct ed to an
elciyduRd n | ers so a via and
a Ilndélyared(% E’?%‘?ﬁ‘ét‘%%vertltxpﬁy L%aﬁ&%ﬁce%sﬁo?g{ﬁ%&%npg is made to the

desi segmpatell Bl ififh S VtalludBy TREMPISR A RipttdySutphuts T/ Od).

2. DISCUSSION OF RELATED ART

15 ~ I/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 I/Os reaches
about 400 to 1000, bumping often becomes more advantageous than wi:ebonding--

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

20  apitch 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
layer 13 to an 1ﬁ1derlying 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 S-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. |



. C 2004. WO 02/01637 PCT11TS01/18750 Bunpi ng can significantly inprgve
access to the core area and maximze wutilization of the silicon Ja.DEC 20

. Figure 1 (a) and Figure 1 (b) show an areal array 3 of bunps 15 across the

ent i neoaenicse area of the chip. The array 3 is substanCTakéyi87geri odi ¢ and
may be face-centered cubic or hexagonal to achieve a higher density 5 of

- bunps 15. A bunped device is turned over and packaged as a Flip Chip (PC).

A sol der bpam Bit0di paiYichaBaehpRbvRBdss ab kat-dephleapsid hittifuioonnect i on (C4)
may be used for rec Chlg Attach (DCA) to conductive traces on a package

or ciutdigptiorefdhg silirae agdar Eighre bahaed Figrrpad () deram ereal@smar dte, Printed

Wrin oar d PWB) ., flexible circuit, sor sl g . Bunping a
devi c%fg\uél s}se_ ﬁjc?ggst&eheél%i%%uggﬁg aéjgclt:}]iee ant %ﬁ%ﬁ%ﬁ?%ﬁ%ﬁ/ Cs thus

si gni fpefadic bitd irARY By f206-c@fEfed B & hexaydnalid 4ehiel ok Maglae ddasitee, such as a
m croprocessor, an Application Specific Integrated CGrcuit (ASIC), a Field

P[) 8gr aggﬁwpélﬁtbuﬂ;ﬂedﬁemgﬂ??‘@wﬁf axy} prekagsd as a Ehip iR ds)- lm.ay. ha\ée
t t [
20 AP IRE ehla(Toe) Balddorl CofrMEA CRpRECRREURRABOAD | ™ (i fo°

- Wi r espialytte Bed EenBiredt (Hip lAemsh (IAA) Ricofidattnstrites bnbapdckigngs of | ess than
40 m crons. Bunping may Involve bunps with a dianmeter of about 45 to 90

mi cr ofiEcuihkpazd plhe-qreyit hoged may bs aceragrg substiagh LIt lirag §98%hent  and

t her na [&sg;. e It . M eads, L. bunps are
scal e ‘*}j’%m’-’%%f natgg?%%#}%baﬁ%i%@% ggg;ag‘r@%‘{%gréeﬁ%% exgseigl s 100 to 125
deQr ersistanoé and ifiditarite iy teXg Oe dsuskighificardyGmprblingpeefoemaper. |/ O
El'ectrom gration gr thenom gration can increase resistance by over 2

orders of P BALViES, T4t 47 ATBLTPPIORESSPh B RIYATRR r cui t . El evat ed
tenpeg .fc%te%?gaﬁe?léﬁuﬁet@ | DERia ﬂjog}mgle%a@%@Af PB)%, sesul tant

I nter allic oys are brittle and may be susceptible t'o stress
cr ack$ysgem-Anm-Shig (SKWQ)Nmiah dave about 600 to 7000 I/ Os so the 1/Os need to be

scaled down to limit die size. Wirebonding may involve a pitch of less than 60

—HO

15  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.

Power management and thermal management become very critical when

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

20 exceeds 100 to 125 degrees C or current density exceeds 150 to 425 milliamperes
per I/0. Electromigration or thermomigration can increase resistance by over 2
orders of magnitude b;afore 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 Expansioni (CTE) can result in large shear stresses ona
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
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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25 Coefficient of Thernmal Expansion (CTE) can result in large Sheﬁf r
stresses on a wre |lead or bunp. For exanple, solder has a CTE o Abgﬁp %@

- ppm degree C conpared with about 7 ppnidegree C for a ceram c substrate

and alowbomss7ppnidegree C for a Silicon substrate. A wetgsh£adsPr bunp may
fail fromthermal shock if the thermal ranp rate exceeds about 15 to 20
degrees C/minute. Thermal 21 OLE WO 02/01137 PCTfUSO /18750 WO 02/ 01637
BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ US01/ 18750 The present invention is
illustrated by way of exanple and not limtation in the figures of the
acconpanying drawings in which like references indicate simlar elenents

and in which : inure 1 an illustration of a plane view of a bunp (prior art
Figure 1 (b) is an illustration of a cross-sectional view of a bunp (prior
art 10 Figure 2 (a) is an illustration of a plane view of a bunp connected
to a BLM with two segnents. Figure 2 (b) is an illustration of a
cross-sectional view of a bunp connected 15 to a BLMwith two segnents.
Figure 3 is an illustration of a plane view of a bunp connected to a BLM
ith four segments. 20 Figure 4 is an illustration of a plane view of a bunp
" connected to a BLM with two segnents where each segnent is connected to
two vias. Figure 5is an illustration of a plane view of a bunp connected

to a BLM th two segnents where each segnent is connected to two bond pads.



25 Figure 6 (a) - (f) are illustrations of an embodiment of a pZobd3s( f204
formng segnented BLM 2 1 DEC 094 WD 02/01637 PCT/ US01/ 18750 DETAI LED

- DESCRI PTI ON OF THE PRESENT | NVENTI ON The present invention discloses a

novelwd ayogt7 and process for a device ith segnented BerAsdiigrdol ng
Metal lurgy (FILM for the Inputs/ outputs (110Gs). 5 The invention further

- discl oses that a segment of a BLM may be electrically connected to nore

t han gREERNESCRYFRIGN OF B4E PRwpRes The invention can reduce the
i ncidence and mnim ze the severity of I/Ofailure due to operation at high

current and high tenperature. In the foll ow ng description, numerous
details, such as specific materials, 10 dinensions, and processes, are set

forth in ' A ' .t he.present

i nvention. If%gpgﬁgﬁggﬁﬁgFP%%5%§q&ﬁggg§ﬁ5§%§ﬁ?%£9?ﬁgym?ﬁgﬂinvention may
be pr acthb ¢@dred IR AcoBPABY R dra bl lin dRkidH like refddenl RlicdtpSt ances,

wel | - known "sem conduct of equi pnent and processes have not been descri bed

i rb pasitilariblamesiét and inowhiak:t 0 avoi d unnecessarily obscuring the 15 present

~invention The |ayout of the device in the present invention wll be
described first. According to a first enbodi nent of the present invention,

a BLMis lit _Jjnto t. segnent s .24n _as shqwn in Figure 2 (a) and Figure 2

(b). One iﬁ?ﬁﬁﬂéggﬁa%4%?%§§§R§E%Q%H&VWﬁv§ﬁ§vﬁn%Ggﬁﬁg?ﬁntia||y pol ygona

| ayout, such as a hexagon or 20 an octagon. The segnents 24n are in close

proximty to each other. The gap 23 between the segnents 24n will bl ock

the propagahiren (bf istriBhistedtiod b d@ss-decaonal vieddbid Bluap (pegnael. 24n. The

S%Phents 24n al so provide redundancy to counteract

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 plahe view of a bump connected to a 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 fo two bond pads.

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

forming segmented BLM.



‘defects that may occur randomly in the segments 24n. Both segmenfs] 2Bl alié
connected to the sanme overlying bunp 25 as showmn 25 in Figure 2 (a) and
 Figure 2 (b). Each segnment 24n is also connected to one underlying via
22n. vanezaxs3nore of the vias 22n may have a subst ant i gd¢sorp@baggonal

| ayout, such as a square or a rectangle. The vias 22n are in close

- proximty to each other. The spacing 26 between the vices 22n will bl ock

the DEPEE0 DESCRIAION OUITHE PRESENT INERKTIOM Vi dual via 22n. The vi al
22n al so 30 provide redundancy to counteract defects that nay occur

randonly in the vias 2 1 DEC 2001 WD 02/ 01637 PCT/ USO1/ 18750 22n. One or
nore of t hBheprse@inverdipnivbisdledes b @byl Ifdut ahd BocksswRaldagicever | yi ng  bunp

25 to ich the re electrically connected. Both vial 22n are connected to
t he sﬂ'\?{ﬁ‘St‘}ﬁ’a'g'?"r%‘;li%@%é@?@hﬂgyﬁm&ﬁ&hwu@y%fpgﬁﬂlﬁ)tion of the
urgler g i ﬁ%h%tdﬁ; ﬁﬁ.‘aP gp%é]q ur hat, the via 22n wil|
make ?{éf Eﬁe}lgglﬁt act rvm't Ostg e ?E a%gggwgsgz)ﬁe%cé—é‘ﬁh&nnent. Accor di ng
to a wweertdd érriyune temt oref urideelyigeeia vt bbny pad. iThe inderBoNcBRY be split into

_.nore tgan WQ %ﬁgnmant S sych as the four sejgarrents 34n shown in Figure 3.
Al FEERC %ﬁr’fﬁ CEARIIFEIR SRR feveTitn ok I © Bime dnedploperrdiomatp 35.  Each
segmﬁghgﬁ%eﬁwﬁg%ﬁﬁ%gﬂguﬁn underlying via 32n, Al four 'vial 32n are
.10 connected to the sa underlying line 31la at the bond pad 31b.

Accor di ng In thesfollhiming desodghinentunoérotrhdetpils sedt as spudnt neferif8ach segment  44n
39 a BLM maﬁs be .connect ed toﬁém e th‘ger} one viia 42n, such as the two vias

Zn $ 101, #Rg racesses,gxe Sp Oﬁ%”f‘é?r fopFtideatsapugint of the present

| Ve RindefstarRBA) of 8RR &lent 4RreafAn Ao AR & to nore than one
bond pad 51b, é;uch ?3 the two rlS’on%l %‘?5’26 sadﬁv\n%‘?%% I'gure 5. The process

t o f aeakizebatdbeinsientidn Blay tef prabticedrveitientt these pattcalar\etdilshigy

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 invention, a BLM is split
into two segments 24n as shown in Figure 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 close proximity to each other. The gap 23
between the segments 24n wﬂl block the propagation of a defect arising in any
individual segment 24n. 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 ofrerlying 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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.described next. First, the passivation layer 2-3 is patterned to X qr BEC 28{!
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
is fovaenpessual |y by sputtering. The BLM usual | y hasp@risomagrsol ayer 24a
. and an upper layer 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 232hdver ot mysrofdavhmP2hend dlﬂd:ﬂ@%ﬂsﬂiﬁﬂrﬁ%é&réﬂ%%h a thickness of
about , 200 _to 5,%? Angst r ons. her possible netals for 1 | ower | ayer 24a
i ncl uETPR YRR RiFH et electrirally cormarted) Bath virg P20 are comineste@opper  ( Or - Qu)

or  CheyReBdderingt q%a?] et 24b vi des _good, adhesion to the | ower
| ayer ZCAia andh;s%%bgb ygégﬁaé?r}&lﬁcgiﬁnp’ﬁgrpofg%?f%ﬁb may be formed from
Ni cketnd&tlying linelPLanthgthasBeeniviideded toieali@ Batafe M wH0Q.4L 8000
Arggstﬂﬁgs. C)Ehetrh1 -6. WD _02/ 01637 PCT/US01/ 18750 possible nmetals for the
upper HHPRRCO Whthithe ingladiespir apxmisaligarsnt.um - Copper  (Cr- Cu), Copper
(Cu), Col Adehtline N ?erﬂ | - or_Copper - Gol d - Au) . The | ower
N ayer@ZﬁH%@and th%Muigog%ron ayepﬁ%%&ol%%ﬁéreﬁ%ﬁgﬁ%@ adé fn barriers to
et al ke splibindo exore depetved segnemtd, bechiagpke Afur BBLAALBLY sERVREL ed for the bunp
25 ar}qgtl{]% wﬁgl?sdqditiona I?%grs e, t?‘_g inserted_begween the | ower |ayer
24a an e géﬂ‘f'é'rts FgCE ? epeneverhteg Hithfp s on of netal s.
Any i BHcR OREER 8N PN e i8¢ g%-ﬁ a lon to,both the |ower |ayer
ﬁéa and t d: utgper Iaygr 24%%%%& |ﬁg%?f%nf%g?§r%ﬁ‘élﬁ9%%?§ i n the upper

y ercopagstedgto thepneygnieneing linecha achEbphepad &), or Gold (Au), may al so be
used over ,the .10 Hpper Iegéer .24b to preven% oxi dation or corrosion of the
upper IayQFCOZﬂ'B‘.g opHETgreathodimert of the pregentinventioneeachgegment gap 23 can be
et chegin bPa BIR Bk be connected to more than one via 42n, 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 layer 24a include |
Titanium-Tungsten (TiW), Tantalum (Ta), Chromium-Copper (Cr-Cu), or
Chromium (Cr). The upper layer 24b providés 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

6-



.between the vias 22n as shown in Figure 6 (c). After stripping ghe L 2004
phot oresi st, another |ayer of photoresist is applied and patterned so

". solder 25 can be electroplated onto the BLMas shown in Figure 6 (d). The
sol dawowegishe formed 15 from Lead-Tin (Pb-Sn) or Leaded¢Trdsmmsgsab-In). Tin
prevents oxidation and strengthens the bonding to the BLM The solder in
t he openi ngs of the photoresist will straddle the gap 23 between the vias

22n, mosgble matals dowtht uppkylayesmbahcude mep@m,mﬂaahﬁﬁmt@o}tbf&o me
rrushrﬁer%y%ped, &? sﬁo in Figure 6 (d). The_ height of the photoresist
and t he' 20 SrPakT Sk 8%4N elHapld (N ARy Carper-Gydd (GiAwont rol 1 ed to
produce a TEORWS b 28008E meNE] I f oram f .sol.der .hei ght and all oy
conposi tion al so epend on teh ng%a g#lj%&bdégr%fj%%%tta?fi Bh across the
waf er bartiersvaetals. Howesen tepsnding bh ehelype bfigietiudiy SdlectSOdiQTe VOi di ng can

r egul r ration.an. entrapnment, of hydrogen gas and plating solution
Wi ?hi %“%?%ﬁ?[{ﬁa%ﬁaa&%%g@mbweaém eqn theleweslayer ti ons of the
Upperzx_taaat&rthaﬁbpéﬁﬂyHT&U@‘Eﬁ%ﬁﬁﬁa&%e%&%%ﬁ%?nﬁg%.iﬁvered by solder 25

~.are renoved by etching, as sho In Figure e) in an oven or a
f ur nagéerpediate lyeowedimustdiate gosd eihestpron LoletirdgwRenlaye2dh aef the BLMinto

he. oaragPU Ry Boads pRgeYing brithdirefuciumsdin st inis ofbes of - 7 1 DEC
cqoenttations.  For- exahol s N ghe gLt e et SR e o8 s sn by
| gHPRSE fay8nidb topresent cxidatiooinr c@00sibn o8B@ wppgr byer Gamhi | e
o 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 stripping the photoresist,
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 220, 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 bﬁmp 25 on the chip depends on the types of

7.



.a eutectic solder, such as 37 Pb/63 Sn, re-flows at about 180 to 2A&d DEC 20
degrees C. The bunp 25 on the chip can be connected to a correspondi ng bunp

. on a b5 package or board. The bunp on the package or board is formed from

Ti n (v&npz/om637 sol der with a relatively | ow nelting tenpetakoigssesuch as 160
degrees C, so the bunp 25 on the chip will not reflow during the chip
attachnment process. Segnented BLMis conpatible vm' th other process flows

used mmbsmab@aﬁatﬁﬁfrélmdécﬁsmﬁﬂowmam ht?e%d% oned here.
El ectrol ess pI ating of 10 Nickel (N) does no re Ire mask but requires

that AR 3B R/IiOR Y waight pessgah T “zqa*f@b(nzwﬁoo tbéétbdegreeb Ciwldle on t he

Al um gu :]1(:%??}“15 WSt B conduct ive

di el ect ?}eg&n%?h%fggﬂse %}6‘5)25,{11?5‘3[1:05\;[5@1:?? lgﬁ ?‘90 ‘?% * dams or sol der
stops may Be hseg zdmﬂigdi@;fdaﬁWetcﬁmhch@dtota%rﬂE&@&H) gu&ﬁm{éﬂe bunps. The
s_o der hall efl owed before the exces BLMis etched away 15 to

i MPIEaghHEe & bmpronstheperkagg er bp @m@sﬁoﬂiﬁr@nmm | ayer 24b

and t VR not, sequentially.
_The %ﬁiﬁ% nay Bléa%rﬁg%léé%%ﬁgh%g&gg?st ﬁl‘l 2%6 g?%ﬁeseé& ?‘r@fht ed BLMis also
' corrpabmhpéSwmtthe chiipewilhmdtaeflon slurm@dhé elfiptabachBeniioces. ow al pha particle

sol der. be deS| ble to prevent soft errors. Al'pha 20 em ssion should
be | ess t &6 F%HF?@WW@@?]BﬁOﬁS?@%ﬁSQ@MMr devi ces such as
MeNOr Y, 6554 25 th nfggng:%:;? el | I.on metallic
Lead (Pb from $ol der by a Jﬁ e yeargl%tﬁslflh e% eﬁmlgs?free of Lead

(Hb) MiglelfNif doeymedt tequiveld mmaﬁae@aﬂrés ot 2 irué:%edﬁa‘tBMyer ABMy i ncl udes
E)lsgsara%é tﬂ@?%}(ﬁ@%ﬁqruat er nar% Illj&?/(s for necgsé)rlghnw}enet al S(I fl;mhaﬁ?i 'Ic':;gm -
(Cd) suﬁ‘&uﬁ& ﬂon-c%n@u%ﬁe ﬁgje}f@fc %B i % o ﬁc{‘%&al loy with a

mel ting point of about egr ees C er exa e a Tin- Copper
( Sn- @%ED damsyr abldey stmlps anafi Ive ussid Id\ueihg(rSﬂoﬁgb lihhﬂﬂfe)épﬁéaﬂﬁ)g ofSol der itself

ey l%ﬁ gumps teesglc{)ex b enCI Le ! Io'weil:i %%fc}rg %ebeirgre)sss gLrN?g gtghed 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 pﬁotoresist during etch.
Segmented BLM is also compatible with other materials used for the
bumps. A low alpha particle solder may be desirable 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, temary, and quaternary alloys formed from metals, such as Tin (Sn), Silver
25 (Ag), Copper (Cu), Antimony (Sb), Indium (In), and Cadmium (Cd). An example
is a Tin-Silver-Copper (Sn-Ag-Cu) ternary alloy with a melting point of about 215
degrees C. Other examples include a Tin-Copper (Sn-Cut) 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
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/30 Electrically Conductive Adhesive (ECA) or paste. ECAs include 2ol 2004
resin wwth -8 2 1 DEC 200 WD 02/ 01637 PCT/US01/18750 a filler of conductive
particles, such as Silver-filled epoxy- The electrical conductivity may be
| sot mapo01637 ardso tropic. ECAs are useful for ther mpCcwesmigisoe devi ces
since a tenperature of |ess than about 160 degrees Cis needed to cure the
adhesi ve by polynerizing the resin binder. ECAs have sone 5 di sadvant ages

r el at a fiHlet of contdetivdoprrpisles, Gact acsilveesillad @poey. Ohe EleAgickh about 25 mi cro-ohm
which is higher than the 10 m_cro-ohmfor solder, ECAs al so have | ow

t her neAnIUSHEHE Py e 18Riregic ghapisotroRis FR useful fos nust operate at

| ow | ' rs.are ;hei.ng devel oped
w th e e T A o AP B R o8 Bt 11 ve

wi t h @ire tiedihesivabyquiyeatizidj tisntesindfinderd BZiAe daé édinsegnent ed BLM and t he

a?o anyin rocess toof%(; npl i sh such a device have been described. The

abbv Aargehiealgg s g%pCWBWrW%%%@ﬁP@B*%LM However, the
' ' : ' i ted bond

Pr 5 Ghlcrd BNRAVHRR i8hiRer S THPICLES DL 12 b3 VALY il Aofeoment ed bon

.pad. 15 In that case, a wre nder is nodi awre lead to

"~ two dhemual eondegginititssofaboat barfiWyadK so tasddwiceanhiteyere gt loar  benef i ci al
and, severi of 1/0O failure. Many enbodi ments and

duct i SHGEGN .
Flﬁngr%(?:‘ﬁvge?ég‘lf‘gﬁ’%?l g%‘%g%'éﬁor?é’lcﬁ?"c’)?f’ Sk hefng dvalapeddvith ovi de a t hor ough
unde iadratd b Rhividia RLBSENH0 WIKAOWHRE: wolif b%‘&l;hl&ﬁﬁﬁvé%h\“ the art wll

appreciate that many of the features i n one enbodi nent are equally
dPpl seldst-e to ot her enbodi ments. One skilled in the art will also
appreci atg_the ability.to ke varj ous equi nt substitutions for those
sggci fic ﬁﬁ?%?sl faingor!hme%xts S¥ & device wi segmergzeé %Mand 'fhe

accompanying process to accomplish such a device have been described. The

above embodiments refer to a bump overlying the segmented BLM. However, the
present invention also contemplates a wire lead overlying a segmented bond pad.
15  In that 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 understanding 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 [/Os.
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processes, dinensions, concentrations, etc. described herein. It iféﬂ%: 0%
understood that the detailed .description of the present inventi%n u

be taken as 25 illustrative and not limting, wherein the scope of the
present invention should be determned by the clains that follow Thus, we
have descri bed a novel |ayout and process for a device with 30 segnented
BLMfor the I/Gs. 2 1 DEC 2004 What is clainmed is; 1. A device having

i nput/ Qutput (1/0) connections to a package or board conprisin a bond pa

vi as di sposed over said bond pa a BLM di sposed over said vias, said BLM
split Whetds elemedris:nore segnments, said segments in close proxinity to each
ot her, said segnents separated by a gap; and a bunp di sposed directly on
sai d segment A Rvicé hevidg W@ Odtput (POt chneétRme tda fakgdstBoafP Pl i ses a
Lead-Tin (Pb-Sn) solder. 3. The device of claiml| wherein said bunp is
free gdmpRao(Pb). 4. The device of claim1l wherein said bunp conprises a
Tin-Si | ver-Copper (Sn- Ag-Cu) ternary alloy. 5. The device of claiml
mhereina%gﬁ Tl conprises an Electrically Conductive Adhesive (ECA). 6.
The device of ¢laim1 wherein said BLM provides a diffusion barrier to
metals. .7..The device of clgim1l wherein said BLM conprises a | ower |ayer

and an Vigpdisppsggaver $8id Rond nadyi ce of claim 7 wherein said | ower |ayer
conprises Titanium (Ti) with a thickness of about 200 to 1500 Angstrons.

9. The #BHM dispesedioarnsail vilae seid B splitippretwol erynore segmerits @sidNi ckel - Vanadi um
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 comprisels 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 lower layer comprises Titanium (T1) 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.
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(Ni-V) with a thickness of about 1000 to 8000 Angstrons. 10 2 '1 PEC BRO 200
,10. ' The device of claim1 wherein 5aid segnents conprise a substantially
pol ygonal layout. 11. The device of claim 1l wherein each of said segments
is electrically connected to two or nore of said vias. 12. The device of
claim1l, wherein said vias are laterally offset froma center of said
bump to which they are is electrically connects. 13. The device of claim 11
wher ei n sail§. Vhedeviesrficlaia lawherpigsaidksegments pempassriesubstagiéally, 14, The devi ce
of claim1, further conprising another bond pad, wherein each of said
segnemblygosalddyeat.ri cal | y connected to said bond pad and said anot her bond
pad. 15. The device of claim 14 wherein said bond pad and sai d anot her bond

pad are | ateriad deviRfdretlimi1rwheraineatt 67 saff segmleflts REBcttiCalWiosRediipy are
el ectrically connected. 16. A device having 1/0 connections to a package or

boar d £ QPP SibiaGf saiivilss @ bond pad di sposed over said vias, said bond pad
having two or nore segnents, wherein each of said segnents is electrically

comnect ed 1o e B Rus b Al e ] RSB Rl (oY
\é\ﬁ;?{jeis:;]lﬁgggagﬁgtwh?c%i t(}jley grggljsrmélgctzt?icziﬂisy c%lnggéts[.i cally connected to two or more
13. The device of claim 11 wherein said vias comprise a substantially 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 another bond pad are
laterally offset from a center of said bump to which they are electrically connected.
16. A device having I/O connections to a package or board comprising:
vias;
a bond pad disposed over said vias, said bond pad baving two or more segments,
wherein each of said segments 1s 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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