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I nvention This invention relates to the field of mcroel ectronic devices
and nore particularly to solder bunps for mcroelectronic devices. 5

Backgr ound vention Hi gh performance m croel ectroni of ten
use sol der 8&??@5%#950|der bunps for electrical and nechanlggﬂaﬁkﬁfgl

i nterconnection to other mcroel ectronic devices. For exanple, a very large
scale integration 10 (VLSI) chip may be elactrically connected to a circuit
board or other next |evel packaging substrate using solder balls or solder
bunps. This connection technology is also referred to as "Control |l ed
Col | apse Chip Connection - C4" or "flip-chip" technology, and 15 wll be
"referred to herein as "sol der bunps”. A significant advance in this

" technol ogy is di sch SOEBERI BUMP. STRUCTURECFOR AIMICROELECTRONIC SUBSYRAEE entitl ed

"Sol der Bunp Fabrication Method" and assigned to t‘he assignee of the
~present invention. In this 20 patent, an under bunp netallurgy is formed on
the m croel ectronic substrate including contact pads, and sol der bunps are

formed on the under bunp netal | ur gFieldofsihecinveptiomnt act pads. The under

bunp netal | urgy between thﬁ'x'SOlinvenl%'i s.2 gtésheté:o eacftlea%ds IS

microelectronic devices and more particularly to solder
bumps for microelectronic devices.

5 Background of the Invention

High performance microelectronic devices
often use solder balls or solder bumps for electrical
and mechanical interconnection to other microelectronic
devices. For example, a very large scale integration

10 (VLSI) chip may be electrically connected to a circuit
board or other next level packaging substrate using
solder balls or solder bumps. This connection
technology is also referred to as "Controlled Collapse
Chip Connection - C4" or *flip-chip" technology, and

15 will be referred to herein as "solder bumps".

A significant advance in this technology is
disclosed in U. S. Patent No. 5,162,257 to Yung
entitled "Solder Bump Fabrication Method" and assigned
to the assignee of the present invention. In this

20 patent, an under bump metallurgy is formed on the
microelectronic substrate including contact pads, and
solder bumps are formed on the under bump metallurgy
opposite the contact pads. The under bump metallﬁrgy
between the solder bumps and the contact pads is

25 converted to an intermetallic which is resistant to
etchants used to etch the under bump metallurgy between
solder bumps. Accordingly, the base of the soclder
bumps is preservéd.

In many circumstances, it may be desired to

30 provide a solder bump on the substrate at a location
remote from the contact pad and also form an electrical



25:converted to an internetallic which is resistant to etchants used to

etch the under bunp netallurgy between sol der bunaps. Accordingly, thebase
of ,the sol der bunps is preserved. In nmany circunstances, it may be desired

to 30 provide a solder bunp on the substrate at a |ocation renote fromthe
contact pad ap | so forman el ectrical WD 96/ 31905

PCT/ US96/ 037@‘_[8?%&&50nnect Il on between the contact pad and thgchMP’sﬁurrp.

“For exanple, a microelectronic substrate may be initially designed for wire
~bonding with the contact pads arranged arowyl the outer edge of the

-substrate. 5 At a later tinme it may be desired to use the mcroel ectronic
"substrate in an apphheation betweédn thes @otitachuppd and bEhe | ssiviby BHuknpe
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circuit die. microelectronic substrate in an application requiring
solder bumps to be placed in the interior of the
substrate. In order to achieve the placement of a
solder bump on the interior of the substrate away from
10 the respective contact pad, an interconnection or
redistribution routing conductor may be necessary.

U. S. Patent No. 5,327,013 to Moore et al.
entitled "Solder Bumping of Integrated Circuit Die"
discloses a method for forming a redistribution routing

15 conductor and solder bump on an integrated circuit die.
This method includes forming a terminal of an
electrically conductive, solder-wettable composite
material. The terminal includes a bond pad overlying
the passivation layer remote from a metal contact and a

20 runner that extends from the pad to the metal contact.
A body of solder is reflowed onto the bond pad to form
a bump bonded to the pad and electrically coupled
through the runner.

In this method, however, the solder bump is

25 formed by pressing a microsphere of a solder alloy onto
the bond pad. In addition, the spread of solder along
the runner during reflow is limited. 1In the
illustrated embodiment, a solder stop formed of a
polymeric solder

30 resist material is applied to the runner to confine the
solder to the bond pad.

Notwithstanding the above mentioned
references, there continues to exist a need in the art
for methods of producing redistribution routing

35 conductors and solder bumps efficiently and at a

reduced cost.



This method includes formng a termnal of an electrically conductive,

s o-der—wettable-ecenpesite—mat er | al—the—tetm-nal—tnecl-udes a—-bond-pad

overlying the passivation layer renmote froma netal contact and a 20 runner
that extends fromthe pad to the netal contact. A body of solder is

~reflowed on ond pad to forma bunp bonded to the pa .
electricallya%%ﬁﬁ d through the runner. In this nethod, hgﬁg@g??“?ﬁ%
sol der bunmp is 25 forned by pressing a m crosphere of a solder alloy onto

the bond pad. In addition, the spread of sglLder along the runner during
‘reflowis limted. In the illustrated enbodi ment, a solder stop forned of a

~polymeric solder 30 resi st mat er Summary@flthedniventipp runner to confine the

sol der to the bond pad. Notw thstanding the above nentioned references,
there continues to exist athddd therefergranipisnh IRFd<NS PEREAREI ng
~redistribution rohwemgickd wophovtidesananimpodved nthesl off formbhgyaand at a
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B 5 It is another object of the present invention
to provide a method of forming a redistribution routing
conductor which can be integrally formed together with
an associated solder bump.
These and other objects are provided,

10 according to the present invention, by forming an under
‘bump metallurgy layer on the microelectronic substrate
and forming a solder structure including an elongate
portion and an enlarged width portion on the undexr bump
metallurgy layer. The solder structure can be formed

15 by electroplating on the desired portions of the under
bump metallurgy layer which are defined by'a mask. The
excess portions of under bump metallurgy not covered by
solder can then be selectively removed using the solder
structure as a mask. Accordingly, a single masking

20 step can be used to define both the solder structure
and the under bump metallurgy layer.

The solder can then be made to flow.
Unexpectedly, the surface tension within the solder
will cause the flowing solder to form a thin solder

25 layer on the elongate portion of the under bump
metallurgy layer and a raised solder bump on the
enlarged width portion of the under bump metallurgy
layer. Accordingly, a single solder deposition step
followed by a solder flow step (typically induced by

30 heat) can be used to form a solder structure including
both a thin elongate portion and a raised enlarged
width portion.

In one embodiment, the present invention
includes a method of forming a redistribution routing

35 conductor on a microelectrcnié substrate including an
electrical contact pad at a surface of the
microelectronic substrate. This method includes the



It:is therefore an object of the present invention to provide an inproved
nmet hod of formng a redistribution_routing conductor. 5 Lt 1s
anot her object of the present invention to provide a nethod of formng a
redi stribution routing conductor which can be integrally formed together
Wi th an associated sol der bunp. These and ot her objects are provided, 10
according to Msent i nventi on, by form ng an under bunpgﬁgvﬁﬁ?ﬁﬁby

| ayer on the microel ectronic substrate and form ng a sol der structure
“including an el ongate portion and an enlarggd width portion on the under
“bunp netallurgy |ayer. The sol der structure can be forned 15 by

el ectropl ati ng onstédiss des i fathiney Gn0Baded bhifp Unsterll natak!l Bho¥héayer

whi ch are defined ) XCess tio of, .under np tall urgy
not covered by so?@efrg%‘g{ﬁ aﬁ%?&%@&g& éc?lgg%?f/ srerr}’bcvte‘_"cfeus?f‘nggfhgg‘éﬁder

structure as a WP RetGIdivrgyy layesi agpesite Kihw) wicroedgctaanbe used to
define both the sqlsktraid.uctitiee ualddrt bamp Ndet alLuEyyalaglekur gy | ayer. The
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t he el ongat e portiksm ssglder atrgetuyenpnadudes an\elongateapdrsieni 88d sol der

bunp on the enl argredenfided Widednpelktibg. under bunp netal | urgy | ayer.

Accordingly, a single sol dgy, deRQ8I L0B SLER: 2 solder structure
preferably includes the étep of forming a solder

10 structure including an elongate portion which extends
over the electrical contact pad. This solder structure
may define first (exposed) and second (unexposed)
portions of the under bump metallurgy layer, and the
step of forming a solder structure may be followed by

15 the step of selectively removing the first (exposed)

- portion of the under bump metallurgy layer which is not
covered by the solder structure. Accordingly, the
solder structure can be used as a masking layer to
selectively remove the first portion of the under bump

20 metallurgy layer not covered by solder after forming
the solder structure, thereby eliminating the need for
separate photolithography steps to pattern the solder
structure and the under bump metallurgy layer.

The elongate solder portion preferably has

25 one end that is positioned on the under bump metallurgy
layer opposite the contact pad and a second end that is
connected to the enlarged width portion. Accordingly,
the solder structure defines respective elongate and
enlarged width portions of the under bump metallurgy

30 layers, and one end of the elongate portion of the
under bump metallurgy layer preferably makes electrical
contact with the contact pad. It will be understood
that other elongate solder portions may extend across
the under bump metaliurgy layer in other directions

35 from the point opposite the contact pad, and also that
the elongate portion may extend slightly beyond the
point opposite the contact pad.



followed by a solder flow step (typically induced by 30 heat) can be used
t o—form-a sol der _st+ucture i ncl udidg—beth—a—thia—el-ongat e—portion—anrta———

rai sed enlarged width portion. In one enbodi ment, the present invention
i ncludes a nethod of formng a redistribution routing 35 conductor on a

m croel ectr strate including an electrical contact p rface
of the nicrgg#égigg%lc substrate. This nethod includes the ?gngép§§$g1905.
PCT/ US96/ 03751 -4- steps of form ng an under bunp netallurgy |ayer on the
“surface, and form ng a solder structure ongthe under bunp netal lurgy |ayer

~opposite the mcroelectronic substrate. The under bunp netallurgy |layer 5
electrically contacts the liecmethed waytaldo AmdludedthbBestepdef structure

L ncl udes an el ONatd: diP e 3c38lr Ay Coh ! A0 LhBBRLELOPo EP&SE% of

form ng a sol de ure pre |nc S E sol der
10 -structure irfdi@LRRIRTScPORGAPR é%r%fﬁ%r?%ﬂréﬁdeﬂﬁ-é BSP@&%%OIEhe
el ectrical cont audediriingll,s ashilged séslddr bunpnagebentothedt i extppsed)

and second (upexpaselle LU A Bl 1 b0 R JHHRYBLRLEVLSY LRYE[. and the

thin solder layer may be formed in the elongate poftion
of the solder structure. This step is preferably
accomplished by heating the solder above its liquidus:
temperature and confining it to the elongate and

10 enlarged width portions of the under bump metallurgy
layer so that surface tension induced internal
pressures cause the solder to flow to the enlarged
width portions. The flowing solder may be confined by
forming a solder dam layer on the first (exposed)

15 pértion of the under bump metallurgy layer which is not
covered by the solder structure.

The step of causing the solder structure to
flow may form an intermetallic region between the under
bump metallurgy layer and the solder structure. This

20 intermetallic region includes a constituent of the
metallurgy layer and a constituent of the solder
structure. This intermetallic region is resistant to
etchants used to remove the first (exposed) portion of
the under bump metallurgy layer thereby reducing

25 undercutting of the solder structure.

The step of forming the under bump wmetallurgy
layer preferably includes the steps of forming a
chromium layer on the microelectronic substrate,
forming a phased layer of chromium and copper on the

30 chromium layer, and forming a copper layer on the
phased layer opposite the chromium layer. This

' structure provides an electrically conductive base that
will adhere to the microelectronic substrate and
contact pad as well as the soldexr structure. The step

35 of forming the under bump metallurgy layer may also
include the step of forming a titanium layer between
the microelectronic substrate and the chromium layer.



step of formng a solder structure may be followed by 15 the step of

sel ectively renoving the first (exposed) portion of the—under bunp—-

metal lurgy |ayer which is not covered by the solder structure. Accordingly,
t he sol der structure can be used as a masking |layer to selectively renove

the first portion of the under bunp 20 netallurgy |ayer not r by
sol der after WBPWW&S the solder structure, thereby elimnati Hﬁ%ﬁﬁ%@éd for

separ ate photolithography steps to pattern the solder structure and the
under bunp netallurgy |ayer. The el ongate sqgl der portion preferably has 25
one end that is positioned on the under bunp netallurgy | ayer opposite the
~contact pad and a second enghéhétep oft FVIREhgdthe bEEAER| st Hast wielinay

portion. Accordin e I t ef i ctive £longate and
enl arged w dth pog#%ﬁégo’f‘ﬁghgelgéﬁ%eér#%o%pﬁﬁé Ly Bg?%@éﬁ& 'l'%%r afye:i% Tone
end -of the el ongatbepupdesnbwrp thrtaldamayodayeret §PIminyg ths eyolsgesf er abl y

nmakes el ectrical gephathrdi bh tHE FLUBRL pboddon! bEVWehé BedeMdfig 0od t hat
ot her el ongate_so Qrtio nosggthe undertgﬁnp met al | ur gy
c
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layér in ot her °di PEERFEREIS 5 aYeRim Fik A5 25pEsFEROYHE &7 act pad, and
al so that the el opghterped: hask nkayexxt efires Pagherpedopasid awemoi nt
opposite the cont pebfB2dbly covers the fixst portion of the under bump

metallurgy layer and defines the second portion of the
under bump metallurgy layer on which the solder
10 structure is formed.

In addition, the step of forming the solder
structure includes the step of electroplating solder on-
the second portion of the under bump metallurgy layer.
By forming an under bump metallurgy layer that extends

15 across the microelectronic substrate, the under bump
metallurgy layer can be used as an electroplating
electrode for a plurality of solder structures.
Accordingly, a plurality of solder structures can be
formed in a single electroplating step with each solder

20 structure having a common uniform height.-

The present invention also includes a solder
bump structure on a microelectronic substrate including
an electrical contact having an exposed portion. This
solder bump structure includes an under bump metallurgy

25 structure on the microelectronic substrate, and a
solder structure on the under bump metallurgy structure
opposite the microelectronic substrate. The wmetallurgy
structure includes an elongate portion having a first
end which electrically contacts the exposed portion of

30 the electrical contact and an enlarged width portion
connected to a second end of the elongate portion. The
solder structure includes an elongate portioﬁ on the
metallurgy structure and an enlarged width portion on
the enlarged width portion of the metallurgy structure.

35 Accordingly, the enlarged width portion of the solder
structure can be formed on a portion of the
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method may al so include the step Of—causihg=—the—solder in th
structure to flow fromthe elongate portion to the enlarged wi dth portion.
Accordingly, a raised solder bunp nay be fornmed in the 5 enlarged w dth
portion of the solder structure and a thin solder |ayer may f in

t he el ongat 3"‘63‘7’?’?% of the solder structure. This step is 'Ef%&%g
acconpl i shed by heating the sol der above its |iquidus tenperature and
-confining it to the elongate and 10 enlarggd wi dth portions of the under

{ bunp nmetallurgy layer so that surface tension induced internal pressures
causg t he fsol dgrmm?d»éMﬁmﬂﬂmelsebbafaedlwmmmﬂimaScoiEhscflpaag)g sol der
. may be confine 1.Ng..Aa 4 ' Lrst_f(expose 15
~portion of the u;r%%r%{}%p%n%teggfg%ﬁg?%e%%?%df E%ngbecgeéfed by the

sol der structure. The steFhst edgngrhg percien f ther geldes sbractyremy form

anI ijnt ernet al | i ondehbre ketasaen 'pbeddﬂdﬁﬁim}{Mc?klsﬁr gial eyer and thef
+ sol der structure,_.Thj Jnte I credi on+.nel udes onstituent o
“the netall ur g% I%rf/leiru eréq'édc:lg‘né;?%gé%tggf e&sléil ergqgff?gg%ﬁr%?yﬁ?"se
intermetal lic reyi®prend Rrsdetgrmined ctlicknesssedheofizabve the first

(exposed) porti opredetid¥enitied thhdRReSB! B | pireferadl gl thiRfl e8Yak SeICEdHg 25

undercutting of éﬁﬁ’éﬁ%é%ﬁ’ﬁ%%%%%&%&?ned thickness. Accordingly, the

enlarged width portion of the solder structure

10 preferably forms a raised solder bump which can be used
to connect the microelectronic substrate, both
electrically and mechanically, to a printed circuit
board or other next level packaging substrate.
Alternately, the elongate portion of the sclder

15 structure and the enlarged width portion of the solder
structure may have a common predetermined thickness.

The solder bump structure may also include an

intermetallic region between the under bump metallurgy
structure and the solder structure, and this

20 intermetallic region includes a constituent of the
metallurgy structure and a constituent of the solder
structure.

Alternately, a solder bump structure may

include an under bump metallurgy layer on the

25 microelectronic substrate and electrically contacting
the exposed portion of the electrical contact. This
solder bump structure also includes a solder structure
on the under bump metallurgy layer opposite the
microelectronic substrate. The solder strxucture

30 includes an elongate portion having a first end
opposite the exposed portion of the electrical contact
and an enlarged width portion connected to a second end
of the elongate portion. This under bump metallurgy
layer may extend across the microelectronic substrate

35 with the solder structure defining first (exposed) and
second {unexposed) portions of the under bump
metallurgy layer. This continuous under bump



The step of form ng the under bunp netal lurgy | ayer preferably includes the
steps of form ng a chromwmlayer on-the m croelectronic substrate, form ng
a phased | ayer of chrom um and copper on the 30 chromiumlayer, and form ng
a copper layer on the phased | ayer opposite the chrom umlayer. This
structure prqvides an electrically conductive base that w | gﬁ“&#ﬁﬂ 0o the
ni croel ect r oY@} r at e and cont act pad as well as the sol 8 ure.
The step 35 of form ng the under bunp netallurgy |layer may al so include the
step of formng a titanium | ayer between theg.m croel ectronic substrate and
the chromi um | ayer. WO 96/ 31905

PCT/ US96/ 03751 - 6meithBlGigP Ddyd® mEybe RseBohdean séXewirgde B | ncl ude the

- steps of formng . mask | ayer on the under bunp netal lurgy | ayer,
form ng the solde§1§??%§é3$é§é§$t1ua second portion of the under bunp 5

~metallurgy |ayer, and sel ecin &dditionyithg shevghiaYe sy siudea@er. The
patterned mask | agelAeEedsn abh KO EEt: NexbbEad) Pesit Mmoot MelRg@erbunp
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contain the solder during a solder flow step as
discussed above.

Accordingly, an under bump metallurgy layer

can be formed on a microelectronic substrate and used

10 as an electrode to electroplate a solder structure
including an elongate portion and an enlarged width
portion. The solder structure is then used as a mask
to selectively remove the portions of the under bump
metallurgy layer not covered by the solder stxucture.

15 A single photolithography step can therefore be used to
pattern both the solder structure and the under bump
metallurgy layer. 1In addition, the solder can be
caused to flow from the elongate portion of the solder
structure to the enlarged width portion thereby forming

20 a raised solder bump. This is preferably achieved by
heating the solder above its liquidus temperature
allowing surface tension induced internal pressures to
affect the flow. Accordingly, a stable multi-level
solder structure is produced.

25 Brief Description of the Drawings
Figures 1-5 are cross sectional side views of
a microelectronic substrate at various stages during
the manufacture of a redistribution routing conductor
according to the present invention.

30 Figures 6-10 are top views of a
microelectronic substrate at various stages during the
manufacture of a redistribution routing conductor
corresponding respectively to Figures 1-5.



In addition, the step of form ng the solder structure includes the step of
el.ectropl ating sol der _an the second—pertt+oer—ef—the under bump—etal | urgy

| ayer. By forming an under bunp netal lurgy |ayer that extends 15 across the
m:croel ectronic substrate, the under bunp netallurgy |ayer can be used as
an electroplating electrode for a plurality of solder stru 3751

Accor di ngl yW Whality of solder structures can be fornedin a single

el ectroplating step with each sol der 20 structure having a comon uniform
hei ght. The present invention al so includeg_a solder bunp structure on a

m croel ectronic substrate including an electrical contact having an exposed

portion. This solder bunpegiildif Didseribtioh ticrretarradErmboditents al | urgy 25
structure on the mcroel ronrc substrate, and a solder structyre on the
under bunmp metal | urgy str Uthemresendsinvephion e et PSnBessEp8edate. The
metal | urgy struchyfe ERflydesrdimaicergatehpoetérendwionghe first end which

electrically contacts the, exppsed porti.gn of 30 ' ; act and
an enl arged w dt ﬂcﬁﬁ?‘P?%’ﬁl%%rfﬁ?& Sgroih ¥ %%ﬁr?gp{é%%%eqftﬁqe‘bgﬁéﬁégtg%
portion. The sol derthérimventsiomanedshoun . el Bhi@t IVRIGLHN MY/t he

retal | urgy struchijg,apd B9 Gibaiuer 1 Ahkypas tieremn fdimseanar ghdubAdt h
portion of the netal] ur

portion of the sBPHePes% %%é%¥c géﬁlﬁggFgﬁﬁgédgﬁggﬁgg% SE%R%?%%ES watn
forth herein; rather, these embodiments are provided so
that this disclosure will be thorough and complete, and
10 will fully convey the scope of the invention to those
skilled in the art. In the drawings, the thickness of
layers and regions are exaggerated for clarity. Like
numbers refer to like elements throughout.
The invention relates to a microelectronic
15 structure 11 including a redistribution routing
conductor and a raised solder bump, as shown from the
side in Figure 5 and as shown from the top in
corresponding Figure 10. The microelectronic structure
includes a contact pad 14 and passivation layer 12 on a
20 substrate 15. The redistribution routing conductor 17
and solder bump 21 each include respective portions of
under bump metallurgy layer 16A-B and solder layer
22A-B.

The redistribution routing conductor 17
25 includes a relatively elongate solder portion 22B on a
respective elongate under bump metallurgy portion 16B.
The solder bump 21 includes an enlarged width solder
portion 22A on a respective enlarged width under bump
metallurgy portion 16A. Preferably the elongate solder
30 portion 22B is relatively thin while the enlarged width
solder portion 22A is raised, as shown in Figure 5.
Accordingly, the solder bump 21 can be
located at a point on the substrate relatively distant
from the contact pad 14 with the redistribution routing
35 conductor 17 providing an electrical connection
therebetween. This arrangement provides the advantage
that a substrate having a layout with a contact pad 14
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m cr oel ectroni ¢ substrateother thanthe contact-pad-and still—be——

el ectrically connected to the pad. The el ongate portion of the sol der
stfucture may have a first predeterm ned thickness and the 5 enlarged

wi dth portion of the solder structure may have a second predq%ﬁanined

t hi ckness. TIEOPEHNS redet ermi ned thickness is preferably thFHUPE0BEve to
t he second predeterm ned thickness. Accordingly, the enlarged wi dth portion
of the solder structure 10 preferably forng;g raised sol der bunp which can
be used to connect the mcroelectronic substrate, both electrically and

nmechani cal |y, to atpohélsfeddieriinedoabdationt b Kpid dre\Wisdedakadi Ng

substrate. Alternat t el,0 t rei t he,,s0l der. 15 structure
and the enl arged ﬁ?g%%rp%‘gﬁf oint org%eﬁgggoﬁaggtg ?Uc?lt'}?les (eraa)f’ #gve a common
predet er mi ned t hi pRreieulapiy swefarl hEep skaueler ovhany aswbstyetedbasn

internetal |ic regiorapebtopith ortader phuBPafeingedir ity StiréC behaiagd the
sol der structu e,aggd.this é! on ., ncl ude [

of the metal | upoya 8l bt 1f SRR Bonber: hof ~Se TS artia tideiehipe. "
Al ternately, a sokpplidagicmn:r @tig soddgr bump and redistribution
routing conductor can be fabricated simultaneously, as
described below with regard to Figures 1-10.
While the redistribution routing conductor 17
10 can be straight as shown, it may also include bends and
curves. Furthermoré, the solder bump 21 may be
circular as shown or it can have other shapes such as
rectangular.
_ The solder bump 21 and the redistribution
15 routing conductor 17 are preferably formed
simultaneously. Figures 1-5 are cross-sectional side
views of microelectronic structures at various stages
of fabrication, while Figures 6-10 are corresponding
top views of the same microelectronic structures. The
20 microelectronic structure 1l initially includes a
passivation layer 12 and an exposed contact pad 14 on a
substrate 15, as shown in Figures 1 and 6.
The substrate 15 can include a layer of a
semiconducting material such as silicon, gallium
25 arsenide, silicon carbide, diamond, or other substrate
materials known to those having skill in the art. This
layer of semiconducting material can in turn include
one or more electronic devices such as transistors,
resistors, capacitors, and/or inductors. The contact
30 pad 14 may comprise aluminum, copper, titanium, an
intermetallic including combinations of the
aforementioned metals such as AlCu and AlTi,, or other
materials known to those having skill in the art. This
contact is preferably connected to an electronic device
35 in the substrate.
The passivation layer 12 can include
polyimide, silicon dioxide, silicon nitride, or other



i ncl ude an under bunp netal lurgy layer on the 25 mcroelectronic substrate

and—electri cal | y conrtasti-hg—the exposed—perii-eor—ei—the el ectri cal— contact——-
Thi s solder bunp structure also includes a solder structure on the under
bunmp netal lurgy | ayer opposite the mcroelectronic substrate. The sol der:

structure 30 includes an elongate portion having a first end_o I.te the
- exposed por WP} he el ectrical contact and an enl ar ged ﬁﬁ’@%ﬁ’h on
connected to a second end of the elongate portion. This under bunp

metal lurgy layer may extend across the mgyel ectronic substrate 35 with
the sol der structure defining first (exposed) and second (unexposed)

i portions of the pHélrivdritn mMataklielgykhéwerco HhdseC hatiAgosRiLNAEE bunp
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addirtion, the stteRtedde mOFtiessuaE Bhe oPertadtaRash 1AherPreite (Bosed)
portions of the gusiirded s Mebelihy' e | Gertirallportiohdef €Ren may be used
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having skill in the art, the term substrate may be
defined so as to include the passivation layer 12 and
contact pad 14 of Figures 1 and 6.
An under bump metallurgy layer 16 is formed
10 on the passivation layer to provide a connection
'~ between the solder bump and the contact pad 14 and to
provide a plating electrode, as shown in Figures 2 and
7. The under bump metallurgy layer 16 also protects
the contact pad 14 and passivation layer 12 during
15 subsequent processing steps, and provides a surface to
which the solder will adhere. The under bump
metallurgy layer preferably includes a chromium layer
on the passivation layer 12 and contact pad 14; a
phased chromium/copper layer on the chromium layer; and
20 a copper layer on the phased layer. This structure
adheres to and protects the passivation layer 12 and
contact pad 14, and also provides a base for the plated
solder which follows.
The under bump metallurgy layer may also
25 include a titanium barrier layer between the substrate
and the chromium layef as disclosed in U. S. Patent
Application entitled "Solder Bump Fabrication Methods
and Structures Including a Titanium Barrier Layer"
filed March 20, 1995 and assigned to the assignee of
30 the present invention. This titanium barrier layer
protects the passivation layer from etchants used to
- remove the other components of the under bump
metallurgy layer and also prevents the formation of
residues on the passivation layer which may lead to
35 shorts between solder bumps and redistribution routing
conductors. The titanium layer can be easily removed



can be formed on a mcroelectronic substrate and used 10 as an el ectrode to
el ectropl ate a sol der structure including an el ohgate portion—and_an.

enl arged width portion. The solder structure is then used as a mask to
selectively renpve the portions of the under bunp netallurgy |ayer not
covered by the solder structure. 15 A single photolithography step can
theref ore be YOS pattern both the solder structure and t*&"' Hunp
metal lurgy layer. In addition, the solder can be caused to flow fromthe
el ongate portion of the solder structure toqhe enlarged width portion
.thereby formng 20 a raised solder bunp. This is preferably achi eved by

~heating the sol dershp e paskiGatdos 1ay@erwitioutalleaving sYghaEEcimnsi on
i nduced internal pressyres to affect the flow Accordingly, a stable

nul ti-1evel sol derressﬁ‘#"cetsme i s produced. 25 Bri ef
Description of the Draw ngsVRrgounessunder dpump metaldusrgyobayvessdarei ews of a

m g_mfl egt [Qni C suEdidsedat fear EﬂHﬁpE%ﬁgﬁttd.lq[’.i tackhe ﬁanuiagsu,rezs)ft%
e oL DUt o0 £ O ORI RREORC G BaTAL BUGRLI ST 0
during the manuf adgtatentoNoa SedFat 2EButd o¥unganvigledndgotdercBumespondi ng
respectively to FigyH8%aki®n Method", and U.S. Patent Application to Mis
et al. entitled "Solder Bump Fabrication Methods and
Structures Including a Titanium Barrier Layer” filed on
10 March 20, 1995. quh of these references is assigned
to the assignee of the present invention, and the
disclosure of each is hereby incorporated in its
entirety herein by reference.

A solder dam 18 can be formed on the under

15 bump metallurgy layer 16. This solder dam 18
pfeferably includes a layer of a solder non-wettable
material such as titanium or chromium on the under bump
metallurgy layer 16. The solder dam 18 will be used to
contain the solder if a reflow step is performed prior

20 to removing the first (exposed) portion of the under
bump metallurgy layer 16 not covered by solder, as
discussed below. A wmask layer 20 is then formed on the
solder dam 18. The mask layer may comprise a
photoresist mask or other mask known to those having

25 skill in the art.

The mask layer 20 is patterned to cover the
solder dam over the first portion of the under bump
metallurgy layer and to uncover areas of the solder dam
18 over a second portion of the under bump metallurgy

30 layer 16 on which the solder bump and redistribution
routing conductor will be formed. The uncovered
portion of the solder dam is then removed thereby
uncovering the second portion of under bump metallurgy
layer 16, as shown in Figures 3 and 8. More

35 particularly, the second portion of the under bump
metallurgy layer 16, which is not covered by the solder
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now be described nore fully hereinafter with reference to the acconpanying
drawi ngs, in which preferred enbodinents 5 of the invention are shown.
This i nvention however, be enbodied in many different forns and shoul d

A
not be consppﬁgﬁ”§§ limted to the enbodi nents set forth hé?@?ﬁ?mmﬁ?her,

t hese enbodi nents are provided so that this disclosure will be thorough and
conplete, and 10 wll ful'ly convey the scppe of the invention to those
skilled in the art. In the drawi ngs, the thickness of |ayers and regions
are exagger at ed dat ahdrpdtredrdd magkbiager of icluwidd lah endargea

t hroughout. The %wﬁgtﬁ@&{&{ 3eeS aha Qag%%x?&i@e“ﬂ&@i%nlésnﬁ ructure 11

including a redis I'on routlng_con or-and "a raised_sol der _bunp, as
shown fromthe side in Fi gurielsierdayers@dvis (RXRAGELY0FLRAEBPLRESANdi Ng
Figure 10. The npsreind esddont poritiont Sfethe cindas kmgometal lpegdyl4 and
passi vation | gaye a stra I I sthi buti routing
conductor 17 gndi% dgjfﬁkbuar?rsg Bﬁ)wéaéh %%%%%%Se ‘fre]a?foc{e?gi.vtg&lﬁorg ngg o under
bunp netal | urgy payeledatsromaned Hy applyingrap slegtriigalr bdpst EPbtke on

routing conduct Ogordtfinuous under bump metallurgy layer 16 and immersing
the microelectronic structure in a solution including
lead and tin, as will be understood by those having
10 skill in the art. This electroplating process allows
solder layers to be formed simultaneously on a
plurality of second portions of the under bump
metallurgy layer 16. The solder will not plate on the
mask layer 20. Alternatively, the solder can be
15 applied by screen printing as a paste, by evaporation,
by e-beam deposition, by electroless deposition or by
other methods known to those having skill in the art.
In addition, while lead-tin solder is used for purposes
of illustration throughout the specification, other
20 solders such as gold solder, lead-indium solder, or tin
solder can be used as will be understood by those
having skill in the art.
The soldexr layer 22 includes an elongate
portion 22B and an enlarged width portion 22A. After
25 removing the mask layer 20, the microelectronic
structure 11 can be heated causing the solder to flow
from the elongate solder portion 22B to the enlarged
width solder portion 22A thereby forming a raised
solder bump at the enlarged width solder portion 22A.
30 The solder dam 18 prevents the solder from spreading
beyond the elongate 16B and enlarged width 16A portions
N of the under bump metallurgy layer 16, as shown in
Figures 5 and 10.
The solder will flow when heated above its
35 liquidus temperature (approximately 299°C for solder
having 90% lead and 10% tin), and this process is
commonly referred to as solder reflow. During reflow,



25. includes a relatively el ongate sol der portion 22B on a respective

el ongate under bunp netal.lurgy portion 16B. The solder—bunp 21 includes an
enl arged wi dth sol der portion 22A on a respective enlarged w dth under bunp
mefal lurgy portion 16A. Preferably the el ongate sol der 30 portion 22B is
relatively thin while the enlarged width solder portion 22A is_raised, as
“shown in Fi g?V@9B1% cordingly, the sol der bunp 21 can be | o2GFUS%H375)
point on the substrate relatively distant fromthe contact pad 14 with the
redistribution routing 35 conductor 17 prQqyi,ding an el ectrical connection
t her ebetween. This arrangenent provides the advantage that a substrate

having a | ayout witha %uQQaEéCEeﬁéﬂoﬂAOE tﬂﬂDéﬁiHE¥995eates a relat1ve1
PCT/ US96/ 03751 -1 e det ernmi ned I catl f SOCIated

sol der bunp at a g@@bﬁ& FSB i BReS e Yh iR parfpbulagﬁ f or
exanpl e, when a sw@gmnapeznAsouerathnrq&auﬁvﬁtha@ﬂepaégmakrzngngwxdnd\m re

- bonding, 5 and it ficy @&%I beddég yﬁ@p; %&L&J&telatte.vbuyahibhpzﬁtéﬁ;al
appl i cation. ;q% s _sold Lng,g nductor can be

di st b
Fabi | cat ed i mA | BYSSHSFY, LAt ABSeI PAA TGN EREFegly a8 ot g "1 1o
Wi | e the redi str idelaitdnelyunangoy cyernatry P?rov1ded for the

redistribution routing conductor.
In order to equalize this intermal pressure
differential, solder flows from the elongate solder

10 portion 22B to the enlarged width solder portion 22a.
Accordingly, the solder forms a raised solder bump at
the enlarged width solder portion 22A and a relatively
thin layer of solder at the elongate sclder portion 22B
over the redistribution routing conductor. When the

15 solder is cooled below its liquidus temperature, it
solidifies maintaining its shape including the raised
solder bump and the thin layer of solder over the
redistribution routing conductor.

It is known in the art of printed circuit

20 board manufacture to apply solder at a uniform level on
PCB lands by screen printing, and that the level of
solder can be increased locally by enlarging a part of
the land. See, Swanson, "PCB Assembly: Assembly

_ Technoleogy in China," Electronic Packaging &

25 Production, pp- 40, 42, January 1995. To their
knowledge, however, Applicants are the first to realize
that solder can be electroplated on a microelectronic
substrate at a uniform level and then heated to produce
a raised solder bump together with a redistribution

30 routing conductor on the substrate.

Furthermore, U. S. Patent No. 5,327,013 to
Moore et al. states that a microsphere of a solder
alloy can be pressed ontc a pad, and that a stop formed
of a polymeric solder resist material can be applied to

35 the runner to confine the sclder to the bond pad.

While this patent states that the spread of solder
along the runner during reflow can be limited by



10. can be straight as shown, it may also include bends and curves.
Furthersore—t-he solde#—bunp 21 may—ke—eifetH-ar—as—shown OF
ot her shapes such as rectangular. The sol der bunp 21 and the redistribution
15" routing conductor 17 are preferably forned sinultaneously. Figures 1-5
are cross-sgectional side views of mcroel ectronic structur ous
stages of f §Pﬁ@5?$on while Figures 6-10 are correspondlngépg%m%ﬁé

t he sane nicroelectronlc structures. The 20 m croel ectronic structure 11
initially includes a passivation |ayer 12iand an exposed contact pad 14 on
a substrate 15, as shown in Figures 1 and 6. The substrate 15 can include a
| ayer of a sen consdteticedngathei widthicf ahesirunnen, sget ioninredataneeni de,

- silicon carbidey dk:%@ﬂgsn?g;,aat B/ R %g%&ﬁéi@ﬁstﬂﬁ@"&e} o those

having skill in th yer of sem uct |ng matertal can in turn
i nct.ude one or rﬁ?rl@téP’ScfiFBﬁpﬁl%%l%fest%c"W%rt PeRtiR A theibang s,
capacitors, andppad icagubeoused Hbecamy axilded padildwnfyom arhe irumniuni num

copper, titang umg, '%ﬁﬁ"gé%gr%' ' gggﬂmhffﬁi oér?aé&

af orementioned nmetal's suc U r or ot her erials known
t o those havi ng SHEMCGEUEE -t h&napdditigny P§ Bheserxafisrensafected to
an el ectroni c dexigeesdSthatt fessldst rairictliie hasinydan Gldiyeie 12 can

i ncl ude

portion and an enlarged width portion can be used to
mask the under bump metallurgy layer in order to form a

10 redistribution routing conductor together with a raised
solder bump using only a single masking step.

The method of the present invention relies on
differences in the surface-tension induced internal
pressure of the reflowed (liquid) solder to form a thin

15 layer of solder at the elongate solder portion 22B and
a raised solder bﬁmp at the enlarged width solder
portion 22A. The internal pressure P of a liquid drop
of solder can be determined according to the formula:

P=2T/r,

20 where T is the surface tension of the liquid solder,
and r is the radius of the drop.

Where liquid solder is on a flat wettable
surface such as the under bump metallurgy layer, the
formula becomes:

25 . P=2T/r"’.

In this formula, r' is the apparent radius of the
liguid solder, and the apparent radius is the radius of
the of the arc (radius of curvature) defined by the
exposed surface of the solder. The apparent radius is

30 dependent on the width of the underlying solder
wettable layer such as the second portion of the under

* bump metallurgy layer which is in contact with the
solder. Accordingly, the internal pressure of a
reflowed soclder structure is inversely proportional to

35 the width of the second portion of the under bump
metallurgy in contact with the solder. Stated in other
words, a solder portion having on a relatively wide



polyi mde, silicon dioxide, silicon nitride, or other WO 96/ 31905

PCT/ US96/ 03751 -11- passivation material s knowa—+te—+those hawvng—sktt+l in
the art. As shown, the passivation |layer 12 may cover top edge portions of
the contact pad 14 opposite the substrate 15, l|eaving the central portion

of the 5 contact pad 14 exposed. As will be understood by ttm%%;@,“'
skill in theVR%31%8%e term substrate may be defined so as to inclu gg?he

passivation |layer 12 and contact pad 14 of Figures 1 and 6. An under bunp
metal lurgy layer 16 is formed 10 on the pasgd.vation |ayer to provide a
connection between the solder bunp and the contact pad 14 and to provide a
pl ating el ectrodguds MW retailorgeSpdredoh Avillhdawedar reliapiwelyl | ur gy

| ayer 16 al so praqfects .the _gon d ' ' ayer .12 during
15 subsequent pr otEEsTHT % ?%%%%Hggr‘é%‘% %gga sur%‘age tgo\%\lhl}sghalt]lhe sol der
wi | . adhere. The elwhgatsinfrekativeungyren) cindprympMetaddg8¥s a chroni um
l'ayer on the passhy@tidh wilethalé andelapiesly feiyhldnterphdsedessure.

bhased 1 ayer ni e R RARBPEseP U LRy SFbFLER WRIPRRe HBKErel, |2
12 and radii of the elongate solder portion 22B and the
enlarged width solder portion 22A are approximately
equal.
Accordingly, when the solder layer 22 with a
10 uniform level illustrated in Figures 4 and 9 is heated
above its liquidus temperature, solder flows from the
elongate sdlder portion 22B to the enlarged width
solder portion 22A until each portion has approximately
the same apparent radius thereby forming a raised
15 solder bump. If the solder flow step is performed
prior to removing the first portion of the under bump
metallurgy layer 16 not covered by the solder
structure, an intermetallic can be formed between the
solder portions 22A-B and under bump metallurgy
20 portions 16A-B adjacent the solder wherein the
intermetallic is resistant to etchants commonly used to
remove the under bump metallurgy. Accordingly, this
intermetallic reduces undercutting of the solder during
the following step of removing the first portion of the
25 under bump metallurgy not covered by solder, as
discussed in U. S. Patent No. 5,162,257 to Yung
entitled "Solder Bump Fabrication Method"” and assigned
to the assignee of the present invention.
Preferably, the under bump metallurgy layer
30 16 includes a copper layer adjacent the solder
structure and the solder is a lead-tin solder.
Accordingly, the step of causing the solder to flow
will cause the solder to react with the copper to form
an intermetallic region adjacent the solder structure,
35 and this intermetallic will comprise Cu,Sn. This
intermetallic does not readily react with etchants



contact pad 14, and al so provides a base for the plated sol der which

fallows The under bunp netal | ur gy—layes—pay.al so 25 i ncl ude—a—t4-t-ani um

barrier |layer between the substrate and the chrom um | ayer as disclosed in
U *S. Patent Application entitled "Sol der Bunp Fabricati on Methods and
Structures Including a Titanium Barrier Layer" filed March 20, 1995 and :
assi gned t o WYHWS gnee of 30 the present invention. This RCYUSHOTShar ri er
| ayer protects the passivation |ayer frometchants used to renove the other -
conponents of the under bunp netall urgy |g¥ﬁ! and al so prevents the

- formation of residues on the passivation |l'ayer which may lead to 35 shorts

~between sol der buumRRoR JRl T HRHbYENuAGME | Kilin HREUQN 0§y Theekit ani um

PCT/ Uso6 03751 - SBRD MAdHe 198 CPOSFFBRE TG 7 51 SOLAEETFRECEER 11 cant
resi.dues. Various under bWhe melderulgyet ad2ris dihendiprelferab]lyf wse@xanpl e,
in US Patent Ngg & mnbhk &3 deQeetlelipretat | ¢ne Eiride! Bodt2bnBUbE LY
Fabri cat | on Nt ARNASE AP 18 2pak BRASR BRFR e L oY E%"no?"éé’%r?é‘”p
by solder. A chemical etchant can be used which etches
the under bump metallurgy layer 16 preferentially with
respect to the solder portions 22A-B. Accordingly, no
additional masking step is required to pattern the

10 under bump metallurgy layer. Stated in other words,
the formation of mask layer 20 is the only masking step
required to pattern the solder dam 18 (Figures 3 and
8), selectively expose the second portion of the under
bump metallurgy layer 16 during the plating step

15 (Figures 3 and 8), and remove the first portions of the
under bump metallurgy layer not covered by solder after
the plating step (Figures 5 and 10).

Alternately, the first portions of the under
bump metallurgy layer 16 not covered by solder portions

20 22A and 22B can be selectively removed prior to causing
the scolder to flow. In this case, the elongate 22B and
enlarged width 22A solder portions are respectively
supported on only the elongate 16B and enlarged width
16A under bump metallurgy portions, and while the

25 1liquid solder is wettable to the under bump metallurgy,
it is not wettable to the passivation layer 12.
Accordingly, the passivation layer can contain the
solder during the solder flow step, and the solder dam
18 can be eliminated.

30 In another alternative, the solder dam can
include a solder non-wettable layer on the under bump
metallurgy layer 16 and a sclder wettable layer, such
as copper, on the solder non-wettable layer opposite

- the under bump metallurgy layer, as disclosed in U. S.

35 Patent Application to Mis et al. entitled "Solder Bump
Fabrication Methods and Structures Including a Titanium
Barrier Layer" filed March 20, 1995, and assigned to



et.al. entitled "Solder Bunp Fabrication Methods and Structures Including a
Titanium Barrier Layer" filed on 10..March 20, 1995. Each of these
references is assigned to the assignee of the present invention, and the
di scl osure of each is hereby incorporated in its entirety herein by

- reference. A solder dam 18 can be formed on the under 15 bu nmet al | ur gy
" layer 16. ThiWOSB¥We} dam 18 preferably includes a |ayer ofng A7
non-wettabl e material such as titaniumor chrom umon the under bunp
nmetal lurgy layer 16. The sol der dam 18 will ,ge used to contain the sol der
iIf areflowstep is performed prior 20 to renoving the first (exposed)

portion of the undge Eyapgﬁséaéf U1/ dx@é@htlanoehtseﬁereﬂ@yso%méier as
di scussed bel ow. A | der dam 18. The

mask | ayer nay coﬁﬁgggglﬁ % %?Br%is]is%”fs rﬁfg‘l?egg%& ﬁsrpﬂggigk‘?‘fbvﬁ?ﬁt&%ose

having 25 skill inft hbeaseldedhcdamgsie (weldr ag0ths pacord rpekttinmr eferthehe
sol der dam over tnﬁdéfrsamﬁ%étm&fgf hayerdabtbuBPer®d aby WHY dddely and to
uncover areas he sol der, dam 18 over a second portion of the under bunp

metal | urgy 30 ang 18038k ch the sol.der bunp and redistribution routing
conductor will be fornmed. Theceortinglynd ther mask dayehe2@ otateramtavers t hen

removed ther eby algse&%hagof h@néeg%raézp%w 88 Qb1¥NdsT pONTRAPIH legdy
layer 16, as sho under ngéegeta urgy layexr 16 thereby allowing a
greater volume of solder to be plated. The mask layer

10 20 and underlying portions of the solder wettable layer
are then removed. When heat is applied to cause the
solder to flow, the remaining portion of the solder
wettable layer under the solder will be dissolved into
the solder exposing the solder to the solder non-

15 wettable layer. Accordingly, the solder will retreat
to the second portion of the under bump wmetallurgy
layer which is wettable.

As an example, a first portion of the under
bump metallurgy layer 16 is covered by a solder dam 18

20 and a mask layer 20. A second portion of the under
bump metallurgy layer 16 is uncovered and has an
elongate portion 16B that is 150 um wide and 500 um
long, and a circular enlarged width portion 16A with a
500 um diameter (or width), as shown in Figures 3 and

25 8. A uniform 35 um high solder layer 22 is then
electroplated on the second portion of the under bump
metallurgy layer 16 including elongate portion 16A and
enlarged width portion 16B, as shown in Figure 4. This
solder is 90% lead and 10% tin. After removing the

30 mask layer 20, the solder is heated above its liquidus
temperature {(approximately 299°C) allowing it to flow.

The liquid solder is contained on the second
portion 16A-B of the solder wettable under bump
metallurgy layer'by the solder dam 18 to which the

35 solder will not wet. Because the solder structure has
varying widths, the internal pressure of the solder
structure is not consistent when the height is uniform.



35 particularly, the second portion of the under bunp netallurgy |ayer 16,
whi-ch—-s—not—cover ed by the sol def——0-06/-3-1006—. —_—

PCT/ US96/ 03751 -13- dam and patterned mask | ayer, includes an enl arged

wi dth portion 16A and an el ongate portion 16B. A solder layer 22 is

preferably el ectroplated on the second portion of the under_bu nmet al | ur gy
5 | ayer 16, %%@*6‘%{1 in Figures 4 and 9. The sol der can be %‘F%@P’Bﬂfht ed by

applying an electrical bias to the continuous under bunp netal lurgy |ayer
16 and i mmersing the mcroelectronic strucidlre in a solution including | ead
and tin, as wll be understood by those having 10 skill in the art. This

el ef:trolo! ?ti nfq p:rzeqeas&d ﬁz{m&s ) %szd%ﬁtéﬂﬁﬁlspfébéiﬁ-é ;yflrr:e@esymlshéaeéigsl ¥h0n
a plurality of se por.t.i.ons e_under . urgy.l aye : e
sol der will not ?ﬁiﬁlr(ﬁ?ﬁﬁﬁgﬁﬂggk ngﬁ?fifﬁvéggqh4§§§1ﬁ§P§g¥fﬂ§¥§£Yder can
be 15 applied byls28®eh i Bai 0y hs8@ prist @ndhyhey dpbemmabrpragsurehedm
deposition, by etigstd:0lBefedSAAEh samaef,?ar@i&erzmti@éalﬁewelﬁqwose
havi ng skill $n Lhe art. 1n adglélgn ﬁ@; e Iead-%bn so%der I.s used for
purposes of TPl usTHRY" PRYEYUGh d EnkO's FEOFi ¢BPP RS btFertB® sol der s
such as gol d soleeiginaaddldgrukedghtier, or tin .
Accordingly, solder flows from the elongate
solder portion 22B to the enlarged width solder portion
22A until the internal pressures equalize, thereby

10 forming a raised solder bump at the enlarged width
solder portion 22A, as shown in Figures S5 and 10. 1In
Figures 5 and 10, the solder dam 18 and the first
portion of the under bump metallurgy layer 16 not
covered by the solder structure have also been removed.

15 In this example, equilibrium is obtained at
an internal pressure of approximately 3.4 X 10° Pa (.493
psi). At equilibrium, the elongate solder portion 22B
is approximately 10 um high and the enlarged width
solder portion is approximately 130 um high, and both

20 portions have a radius of curvature of approximately
281 um. Accordingly, a two level solder structure can
be provided with a single masking step. When cooled,
this structure solidifies while maintaining its form.
In addition, the elongate solder portion 22B with a

25 solder height of 10 um is sufficient to mask the
respective elongate under bump metallurgy layer portion
16B when removing the first portion of the under bump
metallurgy layer not covered by solder. The enlarged
width portion of the solder structure may have a width

30 {(or diameter if the enlarged width portion is circular)
of at least 2 times a width of the elongate portion of

v the solder structure in order to ensure that the soclder
bump formed by the method described above is
sufficiently raised relative to the elongate solder

35 portion to provide an adequate connection to a printed

circuit board.



sal der can be used as will be understood by those having skill in the art.
The sol der layer 22 includes an elongate porti-on-22B and-an—enlarged w dth
portion 22A. After 25 renoving the mask | ayer 20, the mcroelectronic
structure 11 can be heated causing the solder to flow fromthe el ongate

sol der portion 22B to the enlarged wi dth sol der portion 22A thereby form ng
a raised sol EP %5 at the enlarged width sol der portion 22BCT M

sol der dam 18 prevents the sol der from spreadi ng beyond the el ongate 16B
and enl arged w dth 16A portions of the unde? bunp netal lurgy |ayer 16, as
shown in Figures 5 and 10. The sol der w || ?ow when heated above its 35

l'iquidus tenperature (appropi W'&a&%b@r ah& éﬁécﬁ@i&ﬁﬁd&ﬁ%%r&o%{rsad
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invention being set fo_rth in the following claims.
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mai ntaining its shape inc
of solder over the redistribution routing conductor.
of printed circuit 20 board manJHATWWHICH 8 IGLAIME at a wni form Irevel
on PCB | ands by screen printin and that the |evel of soI der can be

i ncreased | ocal |y by enl afgi ng®aSpafer Jumm SHTIGEuree£9T hanson, " PCB
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Pr oducti on, n d er,
Applicants are the ':faldt'ftsth%'t%g&ll eé gg&t’ ?%gﬁeédwr#cg\#l gg ?t\ri\%%l ated on a
m ct oel ectroni c G¥WR¥IEINT:at a uniformlevel and then heat ed to produce a
rai sed sol dersbunp toget han wntBraba®glifditaliidgyn 13¢et-ouhi 8gigonduct or on

the substrate. RYANGHTNGo: SupPALEl M AcLilhdilocbRRLE: flg o

states that a m Crosp 15 ing
said exposed portion of sa1d electrical contact; and

a solder structure on said under bump

{%

It

metallurgy layer opposite said microelectronic
substrate, said solder structure including an elongate
portion and an enlarged width portion.

10

2. A soldexr bump structure according to
Claim 1 wherein said under bump metallurgy layer
extends across said microelectronic substrate, said
solder structure defining first and second portions of
said under bump metallurgy layer, said second portion
of said under bump metallurgy layer including an
elongate portion and an enlarged width portion
respectively corresponding to said elongate and

enlarged width portions of said solder structure.

15

20

3.
Claim 2 further comprising a solder dam on said first
portion of said under bump metallurgy layer.

A solder bump structure according to

4,
Claim 1 wherein said elongate portion of said solder

A solder bump structure according to

25
structure has a first predetermined thickness and said
enlarged width portion of said solder structure has a
second predetermined thickness.

5.
Claim 4 wherein said first predetermined thickness is

A solder bump structure according to
30
thin relative to said second predetermined thickness.
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al loy can be pressed onto a pad, anm of a polyneric

sol der resist material can_be appLLeﬂ' r toconfine the
sol der to the bond pad. While this p mmﬁlg’ Hﬂnﬂ t he spread of sol der
al ong the runner during reflow can be*lift * 96/ 31905

PCT/ US96/ 03751 -15- constricting the wi dth of the runner section relative
to the bond ﬂHH?W?HM§e is no suggestion that the relative di RENUSY™I™ the
runner section and the bond pad can be used to cause solder to flow from
the runner 5 to the bond pad thereby formng,a nultilevel solder structure.
In addition, neither of these references suggest that a sol der structure

havi ng an elongate portlon énd @Ds%ﬂh@&gﬁdmﬁﬂQEPM&EHEé‘Hde%&ﬂ%% yeed to
mask t he under IIu orma. 10 .redi trlbutlon
routing conductorgf% ﬂ' %ﬁ%l 15%5§ §gﬂn§8E8e?°fﬁﬁRPL§;rﬁ?ﬁghﬁf e ngl e
maski ng step. Thesmuturefhisha Figsgnendnadhacent ragid exposeid pertions in
the surface-tensigp éé‘i’d'c@f’eéﬁita.‘i!dla|coﬂ't8§€u&ﬁd0£ éé&ﬂ&fémnﬁle'c%ad)

solder to forma thin 1 ayer S g the q? e .sol der portion 22B
and ‘a rai sed sdl d&? eoﬁ‘ "‘l"?%e' b e8° 4eh 3 S6n 22A. The
I nternal pressurestruwttered quid drop

7. A solder bump structure according to

Claim 1 wherein said elongate portion of said solder
structure and said enlarged width portion of said
10 solder structure have a common predetermined thickness.

8. A solder bump structure according to
Claim 1 wherein said enlarged width portion of said
solder structure has a width of at least 2 times a
width of said elongate portion of said solder
15 structure.

9. A solder bump structure according to
Claim 1 wherein said under bump metallurgy layer
comprises a chromium layer on said microelectronic
substrate, a phased layer of chromium and coppér on
20 said chromium layer opposite said microelectronic
substrate, and a copper layer on said phased layer
opposite said chromium layer.

10. A solder bump structure according to
Claim 9 wherein said under bump metallurgy layer
25 comprises a titanium layer between said chromium layer
and said microelectronic substrate.

11. A solder bump structure according to
Claim 1 further comprising an intermetallic region
between said under bump metallurgy layer and said
30 solder structure, said intermetallic region comprising
a constituent of said metallurgy layer and a

) - '\
constituent of said solder structure. _—
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of . sol der can be determ ned according to the forrmula: P=2T/r, 20 where T is
thesurface tension ofthe-liqui Ts—the radlus—eﬁ—khe—dFepr—————
Where liquid solder is on a flat mettablefnﬁliﬂﬁ such as the under bunp

metal lurgy |ayer, the fornula beﬂmmu
P=2T/r"'. In this formula, r' rus of the liguid solder,
and the appdY@M3di us is the radius of the of the arc (r §/p3751
“curvature) defined by the exposed surface of the solder. The apparent
~radius is 30 dependent on the w dth of thejunderlying solder wettable |ayer
such as the second portion of the under bunmp netallurgy layer which is in

" contact with the sol der. &@corﬂlﬂgtuedtggafdgﬁ;%%ah angggffbgg%frreflomgd
0 e secon

_ sol der structure | |nvers roportional t t
portion of the UifdE “ﬁé‘%&?’fcu Byai'ﬂl%%?ﬁlaec%%nt"ﬁ Fﬂg gﬁ?ﬁ%r Stated in
ot her words, a smdexdzpw @iroglegtrigabreentadtattiadery @i gurface\®H6/ 31905

PCT/ US96/ 03751 -gddid lﬁi‘i&be‘l%@ﬁrﬁﬁié' SUb AV ! igdildMnkebhBaVEompF 3 Big Vel ¥

Iow i nt er nal Pregeure evgtsl g .2 sol der portion on an

forming an under bump metallurgy layer on

said surface, and electrically contacting said
electrical contact pad; and
forming a solder structure on said under bump
10 metallurgy layer opposite said microelectronic
substrate, said solder structure 1nc1ud1ng an elongate
portion and an enlarged width portion.

13. A method according to Claim 12 further
comprising the step of causing solder in said solder
15 structure to flow from said elongate portion to said
enlarged width portion to thereby form a raised solder
bump in said enlarged width portion of said solder
structure and a thin solder layer in said elongate
portion of said solder structure.

20 14. A method according to Claim 12 wherein
said elongate portion extends over said electrical
contact pad. '

15. A method according to Claim 12 wherein
said solder structure defines a first portion of said
25 under bump metallurgy layer not covered by said solder
structure and a second portion of said under bump
metallurgy layer covered by said solder structure, and
wherein said step of forming a solder structure is
b followed by the step of selectively removing said first
30 portion of said under bump metallurgy layer.
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el ongate (relative narrow) under hu metal lurgy portion will have a
‘relatively high internaL—pLessuré?ﬁngﬁé‘TﬁrerﬁaL—pLessures_mLLL_equaLize
when the apparent radii of the elgu ortion 22B and the enl arged
wi dth sol der portion 22A are appr MIMW [’Hj

’EB J”L\ccor dingly, when the

sol der layer 22 with a 10 uniforml®vel il M in Figures 4 and 9 is
heat ed above WOSBINFi dus tenperature, solder flows fromthe 1

sol der portion 22B to the enlarged width sol der portion 22A until each
portion has approximately the same apparent,padius thereby formng a raised
15 sol der bunp. If the solder flow step is perfornmed prior to renoving the
first portion of the under pgnp ABkeiiod QkcbRehgleo NClafi®VES GthdBeibhe
ned_bet ween the s

sol der structure, _an.int fL OBt lLic can(j%%.for ) der,
portions 22A-B anfatfdBPIBeh° ISR SFE30SBoft FRET RA B e Sl e

sol der wherei n t henderchusp ah¢taliurgiediayesnnot oceverrdthy Grithmoldesed t o
renmove the under RQUERCERES! Ahd G - s Por@livn bEI Saidl@id@t aldds reduces
undercutting of the sgidgé%gfrlqg t he fg*%gynng stef of renoving the fijrst
portion of the®25™ghaety TR TR 8898, R BSF LUty faddussed
in U S. Patent NoetBed6BufEifexr ccofpuissmig thedst&psdef: Bunp Fabrication

Met hod” and assigned to thesasgisee fRfidekedAmCIspbri bty SaHiP ki el erably,

the under bunp nEégLnggyokag§id under bump metallurgy layer; and

causing said solder structure to flow so that
10 solder flows from said elongate portion of said solder
structure to said enlarged width portion of said solder
structure thereby forming a raised solder bump on said
enlarged width portion of said under bump metallurgy
layer and a thin soclder layer on said elongate portion
15 of said under bump metallurgy layer.

17. A method according to Claim 16 wherein
said step of causing said sclder structure to flow
forms an intermetallic region between said under bump -
metallurgy layer and said solder structure, said

20 intermetallic region comprising a constituent of said
metallurgy layer and a constituent of said solder
structure.

18. A method according to Claim 12 wherein
said step of forming said under bump metallurgy layer
25 comprises the steps of:
forming a chromium layer on said
microelectronic substrate; "
forming a phased layer of chromium and copper
on said chromium layer opposite said microelectronic
30 substrate; and , |
forming a copper layer on said phased layer
opposite said chromium layer.

—_—_
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30 16 includes a copper |layer adjacent the solder structure and the sol der
| s—a—ead- -+ sol der. AceerdlngLyE=$$£:3tg§:gt:ggg$fﬁg the solder to flow
will cause the solder to react with the copper to forman internetallic
régi on adjacent the solder struct Mﬂmﬂmmﬂmﬂﬂﬂ' nternetallic wll

conpri se r Thi s internet adily re | tchants
v\om;a/ 319%*8*&395 s % PCT/ usge?@'}gf}“?’f i
commonly used to renove under bunp netallurgy |ayers thereby reducing
undercutting of the solder structure. Thesgal der |ayer 22 is then

preferably used as a mask to selectively etch the first portions of the 5
sol der dam 18 and under baep nntméthwdnadhbndﬁngcumecmdlhylsOthrelnA

chemi cal etchantsaq_anslgg ug@dfg@hgﬁ?eg L é@rg} WARS! ml %‘E%’a& gy |ayer

16 preferentiall portfons ordlngly,
no -addi ti onal rSFQBgFés?ﬁqﬁ??eﬁf?ﬂaﬁ&a@?@?ﬁnghé HEMER Iaves

metal | urgy | ayerhetﬁaaaheéan.d nibeoelexrtdoniichesubstiat e oandf sabd k I ayer 20 is
the only nasg n%h&%ﬁﬁu&?% égd to pattern the solder dam 18 (Figures 3 and
8), selectively expose second portion of the under bunp netall urgy

| ayer 16 during the plating step 15 (Figures 3 and 8), and renove the first
portions of the 20. A method according to Claim 12 wherein

said solder structure defines a first portion of said
under bump metallurgy layer not covered by said solder
structure and a secgnd portion of said under bump
10 metallurgy layer covered by said solder structure, and
wherein said step of forming said solder structure
comprises the steps of:
forming a-patterned mask layer on said under
bump metallurgy layer, said patterned mask layer
15 covering said first portion of said under bump
metallurgy layer and defining said second portion of
said under bump metallurgy layer;
forming said solder structure on said second
portion of said under bump metallurgy layer; and
20 ' selectively removing said patterned mask
layer.

_—
—_—
—
—_—
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under bunp netal lurgy | ayer not covered by solder after the plating step
(Fgures 5 and .10). Alternately, thetfitfst—pori+ors—0f the under bunp
metal lurgy | ayer 16 not covered by sol der portions 20 22A and 22B can be
seltectively renoved prior to causing the solder to flow In this case, the
el ongate 22B and enl arged wi dth 22A sol der portions are res;gcti vel
supported oM@*31M%e el ongate 16B ang gip arged width 16A Ffde
netal lurgy portions, and while the 25 liquid solder is wettable to the
under bunp netallurgy, it is not wettable to the passivation |ayer 12.
Accordingly, the passivation |layer can contain the sol der during the solder

fl ow step, an he sol der dam 18 c be el i m nated. I n

anot her alternative, the solder damtan include a so r non-wettable | ayer
on t he under met al | ur gy Iayercb'? and a sol der V\mabl e layer, such as
copper, on th ol der non-wettabl e yer opposite th8&inder bunp netall urgy

| ayer, as disgligsed in U S. 35 Pafgnt Application tptMs et al. entitled
"Sol der Bunp Fabrication Methods and Structures Including a §tanium
Barrier Layer" filed March 20,.1995, and assigned to WO 967 31905

PCT/ US96/ 03751 - 18- - - :
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t he assignee of the present invention. The sol der wettable |ayer allows
So-der—to—-be—pl at ed on—porti-ons of—the—selder—damas—wel | as
portion of the under bunp netal lurgy |ayer not covered by the solder 5 dam
or *mask. Accordingly, the nmask |ayer 20 can uncover portions of the sol der
dam as well _as portions of the under bunp netallurgy |ayer

allowi ng a d?@ggﬂpmbolune of sol der tg P9 plated. The mask %§9g§£@€8¥20 and
“underlying portions of the solder wetTable |ayer are then renoved. Wen
~heat is applied to cause the solder to flow, th emai ning portion of the

sol der wettable |ayer un the solder will be solved into the sol der

- exposing the solder to t sol der non- 15 wettable layer. Accordingly,
the solder will retreat tgQthe second portion o he under bunp netal |l urgy
| ayer which is wettable. an exanple, a first rtion of the under bunp

metal lurgy layer 16 is cquered by a sol der dam L8.20 and a mask | ayer 20.
A second portion of the under bunp netallurgy layer 16 is uncovered and has
an elongate portion 16B that.is 150 [err] mw de and¥§?0 [err]m]long, and a

circular enlarged wigth por§on 16A with a 5Q0 [err di aneter (or wdth),
as shown in Figures $and 2 8. Awuniform33 [err]ym high sol der layer 22

.1s then el ectropl ated d portion of N\{Ufe-uxyraer gunp netal | ur gy
. layer 16 including el ong h 16A and N
~ 1
r-~\.
=
. ~~a \»\\ \\\
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™
g &
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enlarged wi dth porgion 16B, as shown in Figure 4. fhfg solder i S bd¢ﬁ1 éd““ﬂﬂﬂ_
and .10%.tin.” Afte 4é€BV|ng the 30 mask layer 20, -
above its Irq&qusmLennggLHLgréapprOX|nately 299[ ef r ] QREP

flow. The liquid solder is contained on the second ortlon%g)gm%”r‘é%zg SG
sol der wettab'J ”mu” al lurgy layer by the [d3iDge¢riptionn fed a.WhicChaged ...

t he 35 sol der cause the, solder str gz[maan(gps Vp%bé/d ngt o paged .2

wi dths, the internal pﬂesSure of the sol der struct Tfﬂhﬁw&ﬁé %ggs sten¥ """
when the height is uniformTrar WA 3E9@DATMED IS ---» 10 paged ...%..
PCT/ US96/ 03751 -19- In particular, the internal pr 8 Apstragy tﬂﬁggieﬁgabexwed.":«
sol der portlon 22B is relatively high (approxinatel

1.86 psi) andlthe A ntkipdchpimes strecgiirehecenpat §bug wi alt heeyol atErdymdrctri on
reliatd Yoty iEQV!focl(u i@ﬂﬁ.@k¥r§n§é8dé<v%9£ef5}m§@ ai%réo‘if %%a) at

22A i s
the ori
sol der

gi nal sol der hei ght di ngl | der rromt

pbrAR e Bad, ﬁ'h@ne‘f'ﬁ g%%mlﬁoadw%mélmasrmnl%&aﬁﬁmcq

i nt er nal cqresstad tceqahlli actheriebiiedcé pradinp £aipabhef codxwinicdriredat the

enlar ge
Sa%dl

la

15

dth sol der portion 22A, as shown in Figures 5 and 10. In Fi

the solder dam 18 and the first
a passivation layer 12 on said semiconductor substrate

15 and on said contact pad 14 wherein said passivation layer 12
defines a contact hole therein exposing a portion of said contact
pad 14; . '

an under bump metallurgy layer 16 on said passivation
layer 12 and electrically contacting said exposed portion of gsaid
contact pad 14; snd

a solder layer 22 on said under buwp metallurgy layer
16, said solder layer 22 including an elongate portiecn 22B
opposite said contact pad 14 and an enlarged width porticn 22A
opposite gsaid passivation layer 12 wherein said elongate portion
228 is naryow relative to said enlarged width portion 22A and
wherein said enlarged width portion 22A is remcte £rom said
contact pad 14.

2. A flip-chip structure according to Claim 1 whe-.reln said
under bump metallurgy layer 16 extends across sald passivation
layer, said solder layer 22 defining first and second portions
of said under bump metaliurgy layer, wherein said solder layer
22 covers saild second portion and exposes said first portion,

~ said second portion of said under bump wmetallurgy layer 18§

including an elongate portion 16B and an enlarged width portion
16A respectively corresponding to said elongate 22B and enlarged
width 22A portions of said solder layer 22.

3. A flip-c¢hip structure according to Claim 2 further
comprising a solder dam 18 on said first portion of said under

gur es

bump metallurgy layer 16. AMENDED SHEET
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l\(.\ VONGEPA MUENCHEN 0] Cil- b-9T MY 8yl

portion of the under bunp netallurgy Iayer 16 not’ 'Cover e By t hE“5BP gapsts: a1

structuy'e have al so been reroved. 15 In th%s_ex“ﬂplgh_?ribee
equilibriumis obtained at an internal pressure of apprOX|nater

10[err] Pa (.493 psi). At equilibrium the elongate j Bis
approximately 10 [err]m high and the enlarged w dth ”ﬂ“’ﬂ”ﬁ@i’
approxi mately 130 [err] m hi gh, and bot k, 20 portions have®a rach Us
curvature of approximtely 281 [err]m“Accordingly, a two |evel solder

structure cangbe pzs.Ofshlﬁsadcafm;; Qteuétﬂgéeaa&&laﬂgg EEe@laMQHWﬁQQéeQ1a L s

structure_solidifies while_ naint |n|na its, form In addition, ongat e
sol der pﬁ?’??@ﬁtﬁzé’%qﬂ?”a 355 d8Rfei YMtaTH i‘@yﬁé'rrﬁn |h§ssu'?f |fc‘1réﬁt to
mask thepredetetmiped| bhiekme s daud bamipd netlod Hgerdy ywidtle pqrarittnoz 2b6 B fwhen

oMoVt NGsLig Lhigks PRLGLON S nddS, WMRLAWIBABEILLHEAY thiNEr 001 cOver o

by sol der. The en h po ructaré may have a
w dth 30 (or dlaneter If the .enlarged width portion is circular) of at

| east 2 timessa V\nﬂtﬂ:.qi driig steneehfe mfddr@ln@f tbhel Sl dekhstd Uslswig i n
order to ens re t hgd de rlbed %pove

s out P ETER ryrFQaéaam%@?it?5@0?6g?ﬂel§|oﬂgataeSSFagF sheep
provi de predeleepmiredorimettieseto a printed circuit board.

6. A flip-chip structure according to Claim 1 wherein said
elongate portion 22B of said solder layer 22 has aifirst end
adjacent said exposed portion of said contact pad 14 and a seccnd
end connected to said enlarged width portion 22A of said solder

5 layer 22.

7. A flip-chip structure according to Claim I wherein said
elongate portion 228 of said solder layer 22 and said enlarged
width portion 22A of gaid solder layer 22 have a common
predetermined thickness.

8. A flip-chip structure according to Claim 1 wherein said
enlarged width portion 22A of said golder layer 22 has a width
of at least 2 times a width of said elongate portion 22B of gaid
s¢lder layer 22.

9, A flip-chip structure according to Claim 1 wherein said
under bump metallurgy layer 16 comprises a chromium layer on said
passivation layer 12, a phased layer of chromium and copper on
said chrcmium layer opposite said passivation layer 12, and a

5 copper layer on said phased layer opposite said chromium layer.

10. A flip-chip structure according to Claim 9 wherein said
under bump metallurgy layer 16 comprises a titanium layer between
said chromium layer and said passivation layer 12.

AMENDED SHEET
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ROV, VAN LA ME NN ul - U7 (ST 1 SRRt
\ID967T 31905 ' BTG V1Y S 506/ 0BT SBH-HP: L 11
the.draw ng$ and specifi cat ixon, there have been disclosed typical preferred
enbodi nents of the invention and, al t hough specific terns are enployed,

they are used in a generic and descriptive sense onl
purposes of limtation, the scope of the invention bﬂl H"IH ﬁ“m t he
follow ng clains. WO 96/ 31905 . * 6 LM s s

PCT/ US96/ 03751- THAT WH CH | S CLAI MED: “%- A sol der bunp structure for a

m croel ectr 031 £ S%Skt%echﬂg' %‘Ekﬁgtgt?ee'a%%to@diﬁg Ct%”tggélﬂat' eXposed

portion, sai ruct ure-co urgy
layer orFQERELFARI o@lnecﬁ‘-BﬁPBe"s%]thcf afegant dPeeresrt alsiaidc omndRy | llpgim@al d

exposed f@@ﬂiilllihr?} 15@\& alseghai §81d GUldRGt :Lagreé azSOéadﬂi iSlddieladeng 198 said
under et aI U 10 substrate

r er opposite oni c
said soI e -t 1 1?%5 ! r%l Rl Thet E% ﬁuSPgnagt%ab rtt“?ro g nl%‘/rﬁrarlgeﬁn% dt h
pordi on. azeonswmmeroﬁam@aqmem dagerokding to Claim 1l wherein said
under bu taI | urgy | ayer extends across said mcroel ectronic substrate,

sai d
12. A method of forming a redistribution routing conductor

cn a semiconductor substrate 15 including an electronic device
formed thereon and a contact pad 14 on said semiconductor
substrate 15 electrically connected to said electronic device,
5 said methed characterized by the steps of:

forming a passivation layer 12 on said semiconductor
substrate 15 and on said contact pad 14 wherein said passivation
layer 12 defines a contact hole therein exposing a portion of
sald contact pad 14;

190 forming an under bump' metallurgy layer 16 on said
passivation layer 12, and electrically contacting said exposed
portion ¢f said contact pad 14; and

ferming a solder layer 22 on said under bump metallurgy
layer 16, said solder layer 22 including an elongate portiocn 22B

15 oppesite said contact pad 14 and an enlarged width portion 223

| opposite said passivation layer 12 wherein said elongate portion
22B is narrow relative to said enlarged width portiomn 22A and
wnerein said enlarged width portion 22A is remote from said
¢contact pad 14.

Q; 13. A method according to Claim 12 further comprising the
step of causing solder in said solder layexr 22 to flow from said
elongate portion 22B to said enlarged width portion 22A to
thereby form a raised solder bump in said enlarged width portion

5 22A of said solder layer 22 and a thin solder layer in said
elongate portion 228 of sald solder layer 22, wherein said step
of causing sald solder to flow comprises heating said solder
above its liguidus temperature. '
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15 sol der structure defini ng fi rst and second portions of Sai d Und&y Bihfpos:#15
nmet al | urgy Tayer, .said secomd portion of said under bunp netallurgy |ayer
i ncl udi ng an el ongate port ion and an enl arged wi dth porti on respectively

corresponding to said elongate and 20 enlarged wi dth por

sol der structure. 3. A sol der bunp structure accordi ng l'“ﬁﬂllmuwmer
conpri si ngr"a\sol der damon said first_pprtion of said un er urfp met al | ur gy
| ayer. 44 ¢ A solder bunp structure according to 25 Claim1 wherein said

el ongate pﬁﬂ i@n o) § ﬁ@&ﬁoéoééi%rﬁdgl%dlr(ﬁﬂ% 162 fvme%teim eglerdidigfdie

t hi ckness--a ﬁﬁgenl ar % I on o% iol der structure has a
second f%?m It esvser §al RO85RG ﬁn{) Structure according to
30 d ai Nerein said first predeterm ned thickness is thin relative to
sai d secp sdet gr gbagdat ta'cekseaﬁ to QS8 311905here1n said solder

i o S A S o AT I R K e
adj acentlspex B patedopereéddny afaishisdldeeclayenl22cantlastsenwhd ppetdnd end
CO””eCtng5s£9dsahﬁe§”L@&geﬂe%ﬁﬁiﬂrQQVi&9§r0&esébge§85dﬁ§ gaid solder
5 layer 22, and wherein said step cf forming a solder layer 16 is
followed by the step of selectively rewoving said first portion
of sald under bump metallurgy layer 16.

16. A method according to Claim 12 wherein said sclder
layer 22 defines a first portion of said under bump metallurgy
layer 16 not covered by said solder layer 22 and a second portion
of said under bump mecallurgy layer 16 covered by said solder

5 layer 22, said method further comprising the stéps cf:

forming a solder dam layer 18 on said first pcrtion of said
under bump metallurgy layer 16; and

causing said solder laysr 22 to flow so that solder flows
from said elongate porticn 22B of said solder layer 22 to said

10 enlarged width portion 22A of said solder layer 22 thereby
forming a raised solder bump on said enlarged width portion 16A
of said under bump metallurgy layer 16 and a thin solder layer -
on said elongate portion 18B of said under bump metallurgy layer
16, wherein said step of causing said solder to flow comprises
heating said solder above its liquidus temperature.

0\ 17. A method according to Claim 16 wherein said step cf
causing said sclder layer 22 to flow forms an intermetallic
region between said under bump metallurgy layer 16 and said
solder layer 22, said intermetallic regioh comprising a

5 constituent of said metallurgy layer 16 and a constituent of said

solder layer 22.
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structure—7 #—so#der“burrp‘ struct ur'é “Accor di ng”tbo¥El &1 wheteis sabghs:yi;
el ongat'e portlon of said solder structure and said enlarged wdth portlon
of said 10 solder structure have a comon predeterm ned thickness—8
sol der bunmp structure according to Claim1l wherein said enl arged WMb
\ of

portion of said solder structure has a width of at lea mw“

sai d el ongate portion of said solder 15 structure. S““R

structure according to Caim1 wherei n28ai d under burrp netal | & rgy | ayer
conprises a chrom m | ayer, on sai.d m croé&ectronl hased

bstrate,
| ayer of chrorium G RgR NG5 kg SRt Bhitdm h};]ﬁfrs" p"padé%t aif

m cr oel ecororing sakisit uader o anetopiidercdyayaryean léacdmphised thyestegaposite
said chroE.um |l ayer. 10. A solder bunp structure according to Claim?9

wherein sai'd under bunp netallurgy |ayer 25 conprises a titaniumlayer
bet ween sai d ERFBARGNR SREPTARE SaVer M astivetiopsipyes. 131, A

sol ger bunp stﬁbm&nge aaC§ﬁradeag 1ta@re9 abfn thirohnitRr LEPEGSHEEY @R said
i nt ernet a I Peghggegegﬁﬁgg ? dpearsstiq;g{: r’r%tala rrg)izl ayer and said 30
g e g

sol der st regi-on conprising-a’c nstltuent of
said netal l ur éyrrnayer aaﬁépae@fohéw%' u@htS@idth@IS%@I ryestoppesiee said

chromium layer.

19. A method according to Claim 18 wherein gsaid step of
forming said under bump metallurgy layer 16 further comprises the
step of forming a titanium layer between said rassivation layer
12 and said chromium layer.

20. A method accorxrding to Claim 12 wherein said solder
layer 22 defines a first portion of said under bump metallurgy
layer 16 not covered by said solder layer 22 and a second poxtion
of said under bump metallurgy layer 16 covered by said soclder

5 layer 22, and wherein said step of forming sgaid solder layer 22
' conprises the steps of: '

forming a rpatterned mask layer 20 on said under bump
metallurgy layer 16, said patterned mask layer 20 covering said
first portion of said under bump metallurgy layer 16 and defining

10 said second portion of said undex bump metallurgy layer 16;
forming said solder layer 22 on said second portion of said
under bump metallurgy layer 16; and

selectively removing said patterned mask layer 20.
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m croel ectronic substr el ectrical contact pad at a surface

- 23- 12 A net hod of for m nm “m\ bution routing condmmcwm SHEET
e,

sai onl ssafd nethod co r'REPﬂAéEN@ﬁHSS
f'or m ngpgmeunder thunp nét a Iurgy | ayer on said su fgqgescﬁ ﬁi(,,e ..... -

contact+rg said e ectrical contact pad; and form S t&ﬁs éi 35
sai d under b 10 et al | urgy. Iayer opposrbq sai di mmGhoel: BGtsy onice , "o FeeT e
subst 0a3 w | der structure including an elo r%il 0] §§1 o pageg """
enl ar ' t) on. 1% Awae:hod according to fu‘r?%g o page

conpri sing rhe stepj of causing solder in said sol er 15 structure tfp
ortion to said enlarged w dt hl pBATEoRF BEORIPEby. fmm

rai sed sol der bunp in said enl ?[%d@rdtﬂh?#@t'%&fres ol der structure

and a thin sol der, Iayer i n sai tion of sal ler structure.
20 14 et FEPIHG @uRstFate dnglniinavier @lectsisadl ogngat e

portion extends c@mrac&:alrﬁxmr@:tarn Mpossedt agirtiat, FaidAgmthedyaccording to
Claim 12 wherein .

comprising:

S __an under bump metallurgy layer on said
microelectronic substrate and electrically contacting
said exposed portion of said electrical contact; and

a solder structure on said under bump

metallurgy layer opposite said microelectronic
10 substrate, said solder structure including an elongate
portion and an enlarged width portion.

_2. A solder bump structure according to
Claim 1 wherein said'elongate portion of said solder
structure has a first end adjacent said exposed portion.
15 of said electrical contact and a second end connected
to said enlarged width portion of said solder
structure.

3. A solder bump structure according to
Claim 1 wherein said elongate portion of said solder
20 structure and said. enlarged width portion of said

solder structure have a common predetermined thickness.

4. A method of forming a redistribution
routing conductor on a microelectronic substrate
including an electrical contact pad at a surface of

25 said microelectronic substrate, said method comprising

the steps of:
forming an under bump metallurgy layer on

said surface, and electrically contacting said

electrical contact pad; and
30 forming a solder structure on said under bump

metallurgy layer opposite said microelectronic




said solder structure defines a first portion of said 25 und§

metal lurgy layer not covered by said solder structure and a j

cture, and

wherein said step of”lﬂlﬂ" structure is foll owed By {t ®IVEP 1997 |
sel ectively rermw ng "ﬂlﬂ”ﬂ mrtlon of said under bunp getal |l urgy
| ayer. - 24- A hrethod adcofding to ClLghm 12 wherein saild sotder '
structure deflnes a flrst portion of said under bunmp netal lufgy | ayer not

covered by said 59596£a§5rushuaesamae% $8¢08dupe’ §henulingahd UDERLLBUTD 5
metal lurgy |ayer 7 StTacrure.” sard met hod 1 urt her

conprising the <A 2Bn-said first portion
of said under bunp netallurgy Iayer and cau5|ng sald sol der structure to

flow so that 10 sol der flous fr%”h bgdeLB @&? Ta?& Sélguéekgereb

structure to said enlargeddm dt I on o rgcture
forming a ralsedcgmpnb$lbgnphgnssapdoéncaﬂgéugmﬁﬁlﬂepolnléﬁldfsgéddrunder

bunp netal | urgy &eygerapd éotEleSQkQﬁrs£§&eéleﬁ%§€édp8kéﬂgﬁt@opgéiaon 15

of said under Uﬁg—ﬂETHfTU gg g 17. A ge ccord g Clalm 16

wher ei n enlarged width portion to t reby orm ar lsed solder
bump in said enlarged width portion of said solder
structure and a thin solder layer in said elongate
portion of said solder structure.

10 6. A method according to Claim 4 wherein
said elongate portion extends over said electrical
contact pad.

7. A method according to Claim 4 wherein
said solder structure defines a first portion of said
15 under bump metallurgy layer not covered by said solder
structure and a second portion of said under bump
metallurgy layer covered by said solder struéturg, and
wherein said step of forming a solder structure is
followed by the step of selectively removing said first
20 portion of said under bump. metallurgy layer.

8. A method according to Claim 4 wherein
said solder structure defines a first portion of said
under bump metallurgy layer not covered by said solder
structure and a second portion of said under bump

25 metallurgy layer covered by said solder structure, said
method further comprising the steps of:

forming a solder dam layer on said first
portion of said under bump metallurgy layer; and.

causing said solder_ggggggg;g to flow so that

30 solder flows from said elongate portion of said solder
structure to said enlarged width portion of said solder

structure thereby forming a raised solder bump on said

enlarged width portion of said under bump metallurgy



said gtep of causing said sold cture to flow fornms an | | i.c
regi on between saWWurgy | ayer and sai d sol ggﬁfﬁﬁﬂﬂrﬁﬁﬂ
said 20 internmetallic r g& |ng a constituent of said netallurgy

| ayer and a COHStIt*g‘B structure. 18. A nethod according to
Claim 12 wherein sai Lof“forn1ng sai d under bunp netal lurgy |ayer 25

conpri ses the steps of : formng a chrom umJ)ayer on said microel ectronic
substrate; formng a phased | ayer of chronitm and copper on said chrom um

| ayer opposite Sgﬁg SﬁaeLeEhEHnESIEQrSngéfaéﬁ sand éQBHngeapSQEDQ%_,

OSI Sal

| ayer on said phas rom um | ayer
nmet hod accordlnootoS€l~' -2aW EEK ol =20rm ng sai d under bunp
metal lurgy | ayer further conprlses t he step of formng a titaniumlayer

ot hod according fo O ai m-Ea-whir BRARSY, AGOTAEPSsFPLETAID. ot PREEéRn [ o1
portion of said said step of causing said solder structure to flow
5 forms an intermetallic region between said under bump-
metailurgy layer _and said solder structure, said
intermetallic region comprising a constituent of said
metallurgyllaye;_gnd a constituent of said solder

structure.

10 10. A method according to Claim 4 wherein
said solder structure defines a first portion of said
‘under bump metallurgy layer not covered by said solder-
structure and a second portion of said under bump
metallurgy layer covered by said solder structure, and

15 wherein said step of forming said solder structure
comprises the steps of:

| forming a patterned mask layer on.said under
bump metallurgy layer, said patterned mask layer
covering said first portidn-of said under bump

20 metallurgy layegléha defining said second portion of
said under bump metallurgy layer;

forming said solder structure on said second
portion of said under buﬁp metallurgy layer; and
selectively removing said patterned mask

25 layer. .




under bunp netallurgy | ayer

seeend
so[der

conprises the steps of:
met al | ur gy Iayer
of said under

sai d under bunpqgg;al

not covered by said solder structure agdlgaSOOO—S

- bunp-—10—ket-adt-gy—tayercover ed by-—sai

structure,

| urgy | ayer; for

sai d patterned mask | ayer
ta'|Ur9Mmh@%&h;&ﬂduﬁ&hh&h%ﬂu&&kﬂmﬁecond

and wherein said step of formng said sol der strucRGiMP
form ng a patterned mask |ayer on sald,.

15 covering said

¥ sol der structure on said
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(54) Title: A SOLDER BUMP STRUCTURE FOR A MICROELECTRONIC SUBSTRATE

(57) Abstract

A method for forming integrated redis- 17 21
tribution routing conductors (17) and solder 168 /
bumps (21) on a microelectronic substrate (15) 228 22A
comprises the steps of forming an under bump —
metallurgy Jayer (16) on the substrate and /]6A
forming a solder structure on the under bump 14 -
metallurgy layer wherein the solder structure ~~ —
includes an elongate portion (22B}) and an en- 12
larged width portion (22A). The portions of the
under bump metallurgy layer not covered by 15

the solder structure can be selectively removed "
using the solder structure as a mask. In ad-
dition, the soldér is caused to flow from the
elongate portion of the solder structure to the
enlarged width solder portion theleby forming

tension induced internal pressures to affect

11//'

a raised solder bump. This step is preferably performed by heating the solder structure above its liquidus temperature allowing surface
the flow, Various solder structures are also disclosed.




