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SOLDER BUMP FABRICATION METHODS AND
STRUCTURE INCLUDING A TITANIUM
BARRIER LAYER

The Government of the United States of
America may have rights in this invention pursuant to
Contract No. 94-50-001 awarded by the Office of the
Advanced Research Projects Agency.

5 Field of the Invention

This invention relates to microelectronic
device manufacturing methods and structures, and more
particularly to methods of forming electrical and
mechanical connections for a microelectronic device,

10 and the connections so formed.

Background of the Invention

High performance microelectronic devices
often use solder balls or solder bumps for electrical
interconnection to other microelectronic devices. For

15 example, a very large scale integration (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 -

20 C4" or "flip-chip" technology, and will be referred to
herein as solder bumps.

In the original solder bump technology
developed by IBM, the solder bumps are formed by
evaporation through openings in a shadow mask which is

25 clamped to an integrated circuit wafer. For example,
U.S. Patent No. 5,234,149 entitled "Debondable Metallic
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wettable copper layer, and a localized gold or tin
capping layer. An evaporated localized lead-tin solder
layer is located on the capping layer.

10 Solder bump technology based on an
electroplating method has also been actively pursued.
The electroplating method is particularly useful for
larger substrates and smaller bumps. In this method,
an "under bump metallurgy" (UBM) layer is deposited on

15 a microelectronic substrate having contact pads
thereon, typically by evaporation or sputtering. A
continuous under bump metallurgy layer is typically
provided on the pads and on the substrate between the
pads, in order to allow current flow during solder

- 20 plating.

An example of an electroplating method with

an under bump metallurgy layer is disclosed in U.S.
Patent No. 5,162,257 entitled "Solder Bump Fabrication
Metheod" to Yung and assigned to the assignee of the

25 ©present applicatioh. In this patent, the under bump
metallurgy layer contains a chromium layer adjacent the
substrate and pads, a top copper layer which acts as a
solderable metal, and a phased chromium/copper layer
between the chromium and copper layers. The base of

30 the solder bump is preserved by converting the under
bump metallurgy layer between the solder bump and
contact pad into an intermetallic of the solder and the
solderable component of the under bump metallurgy
layer. Multiple etch cycles may, however, be needed to

35 remove the phased chromium/copper layer and the bottom
chromium layer. Even with multiple etch cycles, the
under bump metallurgy layer may be difficult to remove
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device with chip wiring termnals and netallization | ayers. The
wiring termnals are typically essentially al um num and the

metal li zati o0 96/30933 nay i ncl ude a 5 titani um or chrom unPCI/0886i03657
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| ocal i zed wett abl e copper layer, and a localized gold or tin

capping |l ayer. An evaporated |ocalized | ead-8in sol der | ayer is

| ocated on the capping |ayer. 10 Sol der bunp technol ogy based
on an el ect reprrikstelyhercreating theorbelerrh@lientnicadr shoats The
el ectropl ating nethdeden RV1desUbamp¥ . usef ul for | ar ger substrates

and “smal [ er bunps. In this %E&QQthtanding the above mentioned patents,

there still exists a need in the art for methods for

S forming solder bumps and solder bump structures formed
thereby wherein the exposed portion of the under bump
metallurgy layer can be readily and completely removed
after electroplating the solder bumps thereby reducing
the possibility of electrical shorts between solder

10 bumps. There also exists a need in the art for a
method for forming solder bumps wherein the solder bump
need not be significantly undercut when the exposed
portion of the under bump metallurgy layer is removed
thereby reducing the possibility of mechanical or

15 electrical failure.

Summary of the Invention

It is therefor an object of the present
invention to provide an improved method for fabricating
solder bumps for microelectronic device contact pads,

20 and improved solder bumps formed thereby.

It is another object of the present invention
to reduce the time required to remove the exposed
portion of the under bump metallurgy layer after
electroplating the solder bump. _

25 It is still another object of the present
invention to reduce electrical shorts between solder
bumps.

It is yet another object of the present
invention to reduce the undercutting of solder bumps

30 when the under bump metallurgy layer is removed after
electroplating.

These and other objects are provided
according to the present invention by depositing a
continuous titanium barrier layer on the

35 microelectronic device before forming the under bump
metallurgy layer. Aécordingly, the under bump
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used to remove the under bump metallurgy layer.

10 According to one aspect of the present
invention, a method for forming solder bumps includes
the steps of depositing a titanium barrier layer on the
microelectronic device including contact pads, forming
an undexy bump metallurgy layer on the titanium barrier

15 1layer, and then forming a solder bump on the under bump
metallurgy layer. The solder bump defines exposed
portions of the under bump metallurgy layer and the

‘titanium barrier layer which are each selectively
removed. Accordingly, the exposed portions of the

20 under bump metallurgy layer can be quickly and
completely removed after electroplating solder bumps
without significantly undercutting the solder bumps or
leaving residues which could result in shorts between
solder bumps.

25 The exposed portion of the under bump
metallurgy layer can be selectively removed using
etchants which attack the under bump metallurgy layer
preferentially with respect to the solder bump and the
titanium barrier layer. The titanium barrier layer can

30 then be selectively removed using an etchant that
preferentiaily attacks the titanium barrier layer with
respect to the solder bump and the portion of the under
bump metallurgy layer remaining beneath the solder
bump.

35 The under bump metallurgy layer preferably
comprises a chromium layer on the titanium barrier
layer, a phased layer of chromium and copper on the
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copper portions of the under bump metallurgy layer;

5 hydrochloric acid can be used to etch the chromium
portions of the under bump metallurgy layer; and
hydrofluoric acid buffered with ammonium fluoride can
be used to selectively etch the titanium layer.

A solder dam can also be formed on the under
10 bump metallurgy layer in areas not to be covered by the
solder bump, and this solder dam is preferably removed
before removing the exposed portions of the under bump
metallurgy layer. The solder dam preferably includes a
solder non-wettable layer such as a chromium or
15 titanium layer. The solder dam may also include a
layer of a solder wettable material, such as copper, on
the solder non-wettable layer.
After formation, the solder bump can be
reflowed. The step of reflowing the soldexr bump can
20 generate a reaction between the solder bump and the
unexposed portion of the under bump metallurgy layer
adjacent the solder bump resulting in an intermetallic
region wherein the etchant used to remove the copper
portions of the under bump metallurgy layer attacks
25 copper preferentially with respect to the intermetallic
region.

Brief Description of the Drawings

Figures 1-6 illustrate cross-sectional views

of a microelectronic device with contact pads during
30 various steps of a first method for forming solder
bumps according to the present invention.

Figures 7-12 illustrate cross-sectional views
of a microelectronic device with contact pads during
various steps of a second method for forming solder

35 bumps according to the present invention.



15 electrical failure. Sunmmary of the Invention

It is therefor an object of the present I nvention to provide an

i mproved net hod for fabricating sol der bunps for mcroelectronic

devi ce contact pads, 20 and inproved sol der bunps forned thereby.

It is anot hewoobsmss of the present invention t o r educecirosvelosexe
required to renove the exposed portion of the under bunp netall urgy

| ayer after el ectropl ating the sol der bump. 25 It is still
anot her object of the present i nventionsto reduce electrical shorts
bet ween sol der bunps. I't is yet anot her obJect of the
pr esent i nventi on t o Detailed Déscripti : 30 when
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Accordingly, the under WB
of the invention are shown. This invention may,

however, be embodied in many different forms and should
not be construed as limited to the embodiments set
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. For clarity, the thickness of
layers has been exaggerated. Like numbers refer to
like elements throughout.

As shown in Figure 1, a microelectronic

15 device 20 may include a substrate 22, a plurality of
contact pads 24, and a passivation layer 26. The
substrate 22 may comprise a layer of a semiconducting
material such as silicon, gallium arsenide, silicon
carbide, diamond, a printed circuit board or multilayer

20 substrate, or other substrate materials known to those
having skill in the art. The contact pads 24 may
comprise aluminum, copper, titanium, an intermetallic
including combinations of the aforementioned metals
such as AlCu and AlTi,, or other materials known to

25 those having skill in the art. The passivation layer
26 is preferably a polyimide layer but can alternately
be a silicon dioxide layer, a silicon nitride layer, or
layers of other passivation materials known to those
having skill in the art. As shown, the passivation

30 layer preferably covers top edge portions of each of
the contact pads opposite the substrate, leaving the
central surface portion of each of the contact pads 24
exposed.

It may be desired to pfovide solder bumps on

35 the microelectronic device 20 so that the device can be
connected, electrically and mechanically, to another
microelectronic device such as a circuit board or other
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-4- netal lurgy |ayer can be selectively renoved fromthe
titaniumlayer, and the titaniumlayer can then be renoved fromthe
m croel ectronic device. The titanium | ayer prevents the under bunp
metal lurgy |ewopodesbesdm 5 form ng residues on the m croel ectRCIViIS96A86YT Ce
whi ch could result in electrical shorts between sol der bunps.

In addition, the titaniumbarrier |ayer protects the under | yi ng

m croel ectronic device fromthe etchants -7- used to renove the under
bunmp netal lurgy layer. 10 According to one aspect of the

pr esent i nvenekbnlevehepacithdiorg fsmbsitrgteol dEhe booptadcth gadie are

the steps of deposighi-Bf Brét et R dnithre AKG n2Pi¥8€oxide as will be
m croel ectroni c device inhcl g%n contact .pads ,Egrnlnghe an under bunp
netal lurgy | ayer oH® ﬁESF??é. Yﬁ%Qﬂﬂ%l ving skill in art. A
' continuous titanium barrier layer 28 (about 500
5 Angstroms thick) is formed across the passivation layer
26 and the exposed surface portions of the contact pads
24. The titanium barrier layer 28 can be readily
etched away from the passivation layer 26 without
significantly etching the passivation layer. 1If

10 titanium contact pads are used, the pretreatment step
can be eliminated because the titanium barrier layer
will getter oxygen out of a titanium contact pad.

A continuous under bump metallurgy layer is
then formed on the titanium barrier layer 28. The

15 under bump metallurgy layer is formed from materials

 which provide adequate adhesion between a solder bump
and a contact pad, and which can be selectively etched
away from the titanium barrier layer 28 without
significantly etching the titanium barrier layer.

20 Accordingly, the under bump metallurgy layer preferably
comprises a chromium layer 30 (about 1000 Angstroms
thick), a phased layer 32 of chromium and copper (about
1000 Angstroms thick) on the chromium layer, and a
copper layer 34 (about 1 micron thick) on the phased

25 layer. Under bump metallurgy layers including a
chromium layer, a phased layer of chromium and copper,
and a copper layer are discussed, for example, in U.S.
Patent No. 5,162,257 entitled "Solder Bump Fabrication
Methed” to Yung, the disclosure of which is hereby

30 incorporated herein in its entirety by reference.

After forming the under bump metallurgy
layer, a solder dam is provided. In a preferred
embodiment, the solder dam includes a solder non-
wettable layer 36 (about 1500 Angstroms thick) which is

35 preferably a layer of chromium or titanium. The solder
dam may also include a solder wettable layer 38 (about
125 Angstroms thick), such as a copper layer, on the
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on the portions of the solder wettable layer not covered by
solder are then removed, thereby preventing the solder
bump from expanding during the reflow step. When the
10 solder is heated above its liquidous temperature
{approximately 312°C for solder having 95% lead and 5%
tin) the solder will reflow, dissolving the remaining
portions of the wettable layer 38, and come into
contact with the solder non-wettable layer 36.
15 Accordingly, the reflowed solder bump will form a
substantially spherical shape due to surface tension.
Figure 2 shows the microelectronic device 20 with the
titanium barrier layer 28; the under bump metallurgy
layer having a chromium layer 30, a phased layer 32 of
20 chromium and copper, and a copper layer 34; and the
solder dam having a solder non-wettable layer 36 and a
solder wettable layer 38. Each of the layers of
titanium, chromium, phased chromium and copper, and
copper may be formed by evaporation, sputtering, or
25 other deposition techniques known to those having skill
in the art. The phased layer of chromium and copper
may be formed by co-depositing chromium and copper.
The solder dam is selectively removed, as
shown in Figure 3, in areas over the contact pads 24
30 where solder bumps are desired. Portions of the solder
dam may be selectively removed by standard
photolithography/etch techniques or by a lift-off
technique. If standard photolithography/etch
techniques are used, titanium is preferably used for
35 the solder non-wettable layer 36 because titanium can
be selectively etched from the underlying copper layer
34 without significantly etching the copper layer. The
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this enbodi ment, a m xture of ammoni um hydr oxi de and hydr ogen
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under bunp Meo9s3ee3gy | ayer; 5 hydrochloric acid can be BPeTiiss6®3esrch t he
chrom um portions of the under bunp netal lurgy |ayer; and
hydrof l uori c acid buffered with anmoni um fl uoride can be used to
selectively etch the titanium|ayer. . -9~ A sol der dam can al so

be fornmed on the under 10 bunmp nmetal lurgy | ayer in areas not to be
covered by the  areas)|qfethsuREPPERILAYRE Ib|IRft wReeverpAeP¥r Bhey renpved
bef ore renovi ng t wlalgrosiath dlayepss3efatda3sindfineehe surfaeéahred gy

ayer. The sol der (AP g3l bubllh! 80%5hé microe13@:d8h i HORYRLL aDkEL aYer
such as a chrom um or titanrum | ayer. THESG Ger - dam nay  ar so Fhet ude
a the reflow step, as discussed below.

) 5 A patterned mask layer 40, such as a
photoresist mask, is also formed on the solder dam to
define uncovered areas over the solder dam and under
bump metallurgy layer on which solder is to be
electroplated. The surface areas left uncovered by the

10 mask layer 40 can be larger than the respective surface
areas left uncovered by the solder dam (layers 36 and
38) to allow the plating of solder over larger areas,
as shown in Figures 3 and 4. The sclder bump 42 is
electroplated on the areas left uncovered by the mask
15 layer 40, as shown in Figure 4.

The solder is plated on the uncovered
portions of the solder dam and under bump metallurgy
layer using electroplating techniques known to those
having skill in the art. For example, the surface of

20 the microelectronic device 20 with the mask layer 40 is
exposed to a plating solution containing lead and tin,
and an electrical bias is applied to the continuous
under bump metallurgy layer including the chromium
layer 30, the phased layer 32 of chromium and copper,

25 and the copper layer 34. The electrical bias causes
lead-tin solder to plate on the uncovered portions of
the copper layers 34 and 38 forming solder bumps 42, as
shown in Figure 4.

The volume of solder plated can be controlled

30 by controlling the area left uncovered by the mask
layer 42, the electrical bias applied, the
concentration of the plating solution, and the duration
of the plating step. Because solder may not uniformly
plate on a solder non-wettable material such as

35 chromium, the use of a solder dam with a solder
wettable layer 38, such as a copper layer, over the
solder non-wettable layer 36 allows the solder to be



| ayer of a solder wettable material, such as copper, on t he sol der
non-wett abl e | ayer. . After formation, the solder bunp can be
refl owed. The step of reflow ng the solder bunp can 20 generate a
reacti on between the sol der bunp and the unexposed portion of the
under bunp MmO %WI0ed3gy | ayer adj acent the sol der bunp RGHRANRS? i n an
internmetallic regi on wherein the etchant used to renove the copper
portions of the under bunp netallurgy |ayer attacks 25 copper
preferentially with respect to the internmetdPric region.

Brief Description of the. Dra gures 1-6 illustrate
cross-sectional viviEoTmlY p%tggn‘?‘é‘?ﬁeqk&ﬁ"&fﬁef 88% tB e Ak act pads
during 30 vari ossveredsbyf thefmask Iawdwd Rocokrdinghy, stheearea ovexbunps

according to the th%ﬁntsonagenisoeb be plated, and thEI Qaésﬁtmgl%ld‘ﬁ@”ate
cross-sectional

[ a.nm croel ect.ronic contact pads

during ©vari ﬂ?%pgaﬂf | ‘%%‘&%’Ffﬂ”?‘f"éfmepﬁp iﬁ’né% stieisarea 35 burrps

according to tie prefsennconeeadiby.the solder dam, whlch determines the
surface area of the solder bump on the microelectronic

device after reflow.

After completing the plating step, the mask

layer 40 and the portions of the solder wettable layer

10 38 not covered by the solder bumps are removed, and the
solder bumps 42 are heated above the liquidous
temperature (approximately 312°C for solder having 95%
lead and 5% tin) so that they reflow, as shown in
Figure 5. If the solder wettable layer is a copper

15 layer, a mixture of ammonium hydroxide and hydrogen
peroxide can be used to remove the solder wettable
layer. Where a solder bump was electroplated over the
soldexr wettable layer 38 of the solder dam, the solder
wettable layer 38 dissolves into the solder bump

20 exposing the solder non-wettable layer 36 of the solder
dam to the solder bump. Accordingly, surface tension
causes the reflowed solder bumps 42 to form a
substantially spherical shape on the portion of the
under bump metallurgy layer not covered by the solder

25 dam. When the solder bumps cool, the solder solidifies
maintaining the substantially spherical shape.

In addition, the reflowed solder forms an
intermetallic region 34’ with a portion of the under
bump metallurgy layer adjacent the solder bump. In the

30 preferred embodiment, the under bump metallurgy layer
includes a chromium iayer 30, a phased layer 32 of
chromium and copper, and a copper layver 34; and the
solder reacts with a portion of the copper layer 34 to
form intermetallic region 34’. This intermetallic

35 region may include Cu,Sn which does not significantly
react with etchants commonly used to remove copper,
chromium, and titanium.
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t hese enbodi nents are provided so thati1¢his disclosure will be

t hor ough and conpl ete, and 10 will fully convey the scope of the

i nvention to those sidg |shewm inhFigbre Forthe areflowadisalidegkness of

{ﬁyershhats been exagps’ £4 edef irik @xposedr anachRéxposed portidis Jfemhel s
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device 20 nmay i nc}‘ﬁasrab"é%sﬁaﬁslg’% gaFIF ?;Ielp‘%‘flog?ﬂgci}p'eltghgetnisgog{d%ﬁad; 524,
and a passivati onbumper426carrtkee used to mask portions of the under bump
. 5 metallurgy layer which will be used to support the
solder bumps. The portions of the under bump
metallurgy layer left exposed by the solder bumps will
be removed so that each solder bump 42 will be
electrically isolated from each of the other solder
10 bumps, as shown in Figure 6.

It may first be necessary to remove the
solder non-wettable layer 36. If the non-wettable
layer is chromium, hydrochloric acid can be used to
remove the non-wettable layer. Alternately, if

15 titanium is used for the non-wettable layer,
hydrofluoric acid buffered with ammonium fluoride can
be used.

The portions of the under bump metallurgy
layer left exposed by the solder bumps 42 can be

20 efficiently removed from the titanium barrier layer 28
while the titanium barrier layer protects the
underlying passivation layer 26 and contact pad 24.

The exposed portion of titanium barrier layer can then
be removed using etchants which dc not significantly

25 affect the underlying passivation layer.

For example, a chemical etchant such as a
mixture of ammonium hydroxide and hydrogen peroxide can
be used to etch the copper layer 34 which is left
exposed by the solder bumps 42. This mixture

30 preferentially attacks the copper layer with respect to
the solder bumps, the titanium barrier layer 28, and
the intermetallic region 34‘. Accordingly, this etch
will not significantly reduce the solder volume of the
solder bumps or significantly undercut the solder

35 bumps. This mixture will also remove some of the
copper from the phased layer 32 of chromium and copper.

A chemical etchant such as hydrochloric acid



substrate 22 may conprise a |layer of a sem conducting material such
as silicon, galliumarsenide, silicaon carbjde, dianond, a printed
circuit board or multilayer 20 substrate, or other substrate nmaterials

- known to those having skill in the art. The contact pads 24 may
conprise al swogeswp3scopper, titanium an internetallic PCINC896/03680
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passi vation | ayer 26 is preferably a-p» yimde | ayer but can
alternately be a silicon dioxide layer, a silicon nitride |ayer, or

| ayers of other passikatesed R &tcl $henyemaining eertion ofghenghsked| in
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t he central e‘s‘a??%\%eb%gﬁﬁ osr?tlo re%@ﬁ'pgf t lscoar"ﬁt’aqﬁtpr %(sﬁefiilhﬁy
exposed. attacks the phaded deyereandotipe oshxnisy dayesumashon 35
the microel ect Sontésﬁ&!ﬂ: C€o ZbheS GdllERlr bORPJEYhE e DEdhiifn barrie¢Onageted,
electrically and ne nlcallé/ t O qpother. , M GgL.oel ect.r ni.q devi ce such
as a circuit boarangrgB termetallic region 34°‘. his acid will

remove the remaining exposed portions of the under bump
metallurgy layer from the titanium barrier layer
without leaving significant residues.

10 A titanium etchant such as hydrofluoric acid

buffered with ammonium fluoride can be used to etch the

portion of the titanium barrier layer 28 left exposed

by the solder bumps 42. This acid preferentially

attacks the titanium with respect to the solder bump

15 42, the intermetallic region 34', the phased layer 32
of chromium and copper, and the chromium layer 30. ' If
a polyamide layer is used as the passivation layer 2§,
this acid will not significantly attack the passivation

-layer. If silicon dioxide or silicon nitride is used

20 for the passivation layer, this acid may attack the
passivation layer to some degree. The etching of these
materials can be minimized by limiting the duration of
the etch to the time required to remove the titanium
barrier layer. Accordingly, polyimide is the preferred

25 material for the passivation layer. The final solder
bump structure is shown in Figure 6.

Without the titanium barrier layer, the under
bump metallurgy layer may be difficult to completely
remove after the reflow step and undesired conductive

30 residues may be left on the microelectronic device.
Applicants theorize that the under bump metallurgy
layer reacts with the passivation layer forming a
conductive reactant at the interface between the two
layers. This conductive reactant may be difficult to

35 etch without undercutting the solder bump or reducing
the volume of the solder bump thereby resulting in the
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next level packaging substrate.The caatact _pads are _first pretreated

to renove any native oxide as will be under st ood by those having

skill in the art. A continuous titaniumbarrier |ayer 28 (about 500

5 Angstrons WDi96A#0933 s f orned across the passivation |ayer PCT/US360383d t he
exposed surface portions of the contact pads 24. The titanium barrier
| ayer 28 can be readily etched away fromthe passivation |ayer 26

wi t hout significantly etching the passidation |ayer. |If 10 titanium
contact pads are used, the pretreatnment step can be elim nated

because t he titanitpAemitadkcondpetive resi\ﬂi!*?sget?ltﬁs%%ﬁéﬁu@ﬁt mgy a
titani umcontact peébult in electrical A\heﬁﬁélmmserurmrde&ummﬁatal | ur gy

| ayer is t hen forned o B8el L2 barrjer 15 under
bunmp netal lurgy layer is fo(r)érirled reoﬁq%rrg%‘grq" ?énlum ba vﬁ?’eghqf?'ce)w aélgﬂﬁquat e
adhesi on bet ween atR®|undemdmyp metalipygy tayencio fel efficientdy can be

sel'ectively etchedremoved after the reflow step while reducing the

incidence of residues which could form electrical
shorts between solder bumps. The titanium barrier
layer prevents the under bump metallurgy layer from
reacting with the passivation layer thereby reducing

10 residues. The titanium barrier layer can then be
etched away from the passivation layer without leaving
any significant residue.

The elimination of the undesired residues

typically results in a reduction in the time required

15 to remove the conductive layers between solder bumps
despite the fact that an additional layer has been
added to the structure. Because the titanium layer
reduces the overall etch time thereby reducing the time
that the solder bump is exposed to the etchants, the

20 potential for under cutting is reduced. The addition
of the titanium barrier layer may alsc increase
production yields and reduce the possibility of device
failures. Solder bumps formed according to the method
described above also have a low electrical resistance.

25 For example, a solder bump with a circular surface with
a 50 um diameter on a microelectronic device has
demonstrated an electrical resistance of approximately
2 milliohms.

A variation of the method discussed above

30 with regard to Figures 1-6 is shown in Figures 7-12.
Figure 7 shows a microelectronic device 20 with a
substrate 22, contact pads 24, and passivation layer 26
as discussed above with regard to Figure 1. Figure 8
shows the addition of a titanium barrier layer 28, and

35 an under bump metallurgy layer including a chromium .
layer 30, a phased layer 32 of chromium and copper, and
a copper layer 34, as discussed above with regard to



away fromthe titaniumbarrier |layer 28 w t hout significantly etching
the titaniumbarrier layer = 20 Accordingly, the under bunp netal |l urgy

| ayer preferably conprises a chromum | ayer 30 (about 1000 Angstrons
thick), a phased |ayer 32 of chrom um and copper (about 1000

Angstrons twoeé309an the chrom um |l ayer, and a copperPCEUSMAOIS7 ( about
1 mcron thick) on the phased 25 layer. Under bunp netallurgy |ayers

i ncluding a chromium | ayer, a phased |ayer of chrom um and copper,
and a copper |ayer are discussed for exanpke, in U S Pat ent No.
5,162, 257 entitled "Sol der np Fabri cati on Met hod" to Yung, the

di scl osure of whFdEure ﬁereﬁ? igre feolOYRYLEd EB?e?%l‘F?quaé“esrPc iad y by
r ef erence. only a singPétssldey Mongwelteabldelapenp wieicH iy gy

ayer @ sol der el 3aRigVA et adfluf IULCEBA, 1000 ARRLLARN - (he

sol der dam i ncl udés wetta ayer 1500
Angstrons thick) thidckh-is 35 preferably a layer of chrom umor titanium

The sol der 5 dam nay atrhe uselsfla aitahdam wO1a8b| @arh ayBFerd&1weut
125 Angstronms thkﬁﬁ)imﬁfgﬂeﬁéaEE&EQﬁ?% E@%S&e ggskhﬁethod during

solder bump formation as shown in Figure 9. Herxre, the
mask layer 52, such as a photoresist mask or other mask
known to those having skill in the art, is patterned

10 prior to patterning the solder dam 50. The mask layer
52 is then used to pattern the solder dam 50.
Accordingly, only one photolithography step is required
to pattern both the mask layer and the solder dam. A
titanium layer is preferably used for the solder dam

15 because it can be selectively removed from the copper
layer 34 using an etchant such as hydrofluoric acid
buffered with ammonium fluoride which preferentially
attacks titanium with respect to copper and solder.
The solder dam 50 does not require a solder wettable

20 layer because solder is not plated on the solder dam.
Here, the solder dam 50 only prevents the solder bump
54 from spreading during the reflow step.

The mask layer 52 and the solder dam 50

define an area on the under bump metallurgy layer on

25 which solder will be plated, as shown in Figure 10.
The plating step is the same as that discussed above
with regard to Figure 4 except that the solder is not
plated over portions'of the solder dam. After plating
the solder bumps, the mask layer 40 is selectively

30 removed, and the solder bumps are heated above the
ligquidous temperature (about 312°C for solder having
95% led and 5% tin) to reflow the sclder. The solder
dam 50 prevents the reflowed solder from flowing beyond
the desired areas. Surface tension causes the reflowed

35 solder bumps 54 to form a substantially spherical shape
as shown in Figure 11. When the solder bumps cool,
they solidify and maintain this shape. The reflow step
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- 8= sol der non-wettable |layer 368 __Eor_exanple, a solder—_. .. dam
with a copper layer on a chromiumlayer allows sol der to be plated
thereon, while a |later reflow step wi || dissolve the copper exposing
t he chrom unwo0i96/309335 t hi s enbodi nent, sol der can be uni f or FRCI/US96/03657

el ectropl at ed on the solder wettable |ayer 38 of the solder dam The
portions of the solder wettable |ayer not covered by sol der are then
renmoved, thereby preventing the solder -1%unp from expandi ng during the

reflow step. Wien the 10 solder is heated above its |iquidous tenperature
(approxi mat el y 312paY r3¥sq dre dwede tohEQrRgansiptesmetadd nsregion BRA) inhe
solder will refl owhdli cssper Nayiele 3rcaBi i Bgussed alivord iwdth eghla wettabl e
| ayer 38, and corref{_,&&{) contact with the solder non-wettable | ayer

ngl v, %

36. 15 Accordi es'r ef l oned sol der bunp will forma

substantial |y spherical shafe giiecugsedr fheeet eitth gregard to Figures25shows

the m croel ectroni gndley] otne Golidelr blifips defihé t@podBdINd dhekpp8ed?28; the

under bunp nEtallL%éQEions of the under bump metallurgy layer and
titanium barrier layer, and the exposed portions are
removed so that each solder bump is electrically
isolated as shown in Figure 12. The solder dam 50 is

10 first removed using an etchant such as hydrofluoric
acid buffered with ammonium fluoride. The under bump
metallurgy layer and titanium barrier layer are then
removed as discussed above with regard to Figures 5 and
6.

15 In the drawings and specification, there have
been disclosed typical preferred embodiments of the
invention and, although specific terms are employed,
they are used in a generic and descriptive sense only
and not for the purpose of limitation, the scope of the

20 invention being set forth in the following claims.



| ayer having a chrom um |l ayer 30, a phased |ayer 32 of 20 |mmﬂmmmﬂlullll
copper, and a copper. layer 34;_and the sol der dam havi |
non-wettable |ayer 36 and a sol der wettable |ayer 38. Eaclf of the 5 ~
| ayers of titanium chrom um phased chrom um and copper, and

copper nay wWossmessrd by evaporation, sputtering, or 25 orbemssbapesyi tion

t echni ques known to those having skill in the art. The phased | ayer

of chrom um and copper may be formed by co-depositing chrom um and
copper. The sol der damis 9#-ectively renoved, as

shown in Figure 3, in areas over _the contact gads 24 30 where sol der
bunps are desired. Portions of t{&ADIWEICH IS CLAIMERY be sel ectively

renoved by standard phot ol i t hography/ etch techniques or by a lift-off
technique. If standard photolithography/etch . techniques are used,
titaniumis preferably used-for® mgthegfarn fnzmingh spddesbbumpayer 86
because titani ummtidiroelectrbfiselieeite chav g e GubseratBeanader omtELtcopper

layer 34 WP W, YadB' LLEAPELYe S A0 1515 RBREaLBYSha L an
exposed surface portion, said method comprising the
5 steps of:
forming a titanium barrier layer on said
contact pad, wherein said barrier layer covers said
exposed surface portion of said contact pad and extends
over said substrate;
10 forming an under bump metallurgy layer on
said barrier layer opposite said substrate;
forming a solder bump on said under bump
metallurgy layer opposite said exposed surface portion
of said contact pad and said barrier layer thereby
15 defining exposed and unexposed surface portions of said
under bump metallurgy layer;
selectively removing said exposed portion of
said under bump metallurgy layer thereby defining an
'exposed portion of said barrier layer; and
20 selectively removing said exposed portion of
said barrier layer.

2. A method according to Claim 1 wherein
said contact pad comprises a titanium contact pad.

3. A method according to Claim 1 wherein
25 said step of selectively removing said exposed portion
of said under bump metallurgy layer comprises the step
of applying a chemical etchant to said under bump
metallurgy layer wherein said chemical etchant attacks
said under bump metallurgy layer preferentially with
30 respect to said barrier layer and said solder bump.

P

| THIS SHEET HAS BEEN
 REPLAGED

AR

This .Sheet Has Been Reﬂlaced .



Y\g- oo/ 30933ar eas Io_f__I_h_e copper LagLeLﬁLLeLL_unao\?g{agsgsl ?Hmm "lI" Illqullwlllll

dan1(|ayers 36 and 38) define the surface area of the sol der bunps on
the m croel ectronic device after the refl ow step, as discussed bel ow.
-5 woegswixr ned mask | ayer 40, such as a phoPCF/EEMAB65Task,
Is also forned on the solder damto define uncovered areas over the
sol der dam and under bunmp netal lurgy | ayer on which solder is to be
el ecll;)r olol ated. The surface areas |eft uncovéied by the 10 mask | ayer 40
can be larger than the respectlv rface areas leftt unc red by the
sol der dam (Il ayers 36 and gST lb°‘§|?%‘€/9’ﬁ‘?‘élgpl St Fhlal%fysoﬁﬁ%?ugver

| ar ger areas, saiad stiepwofi seFeguively rawbvindlisaidobypespdnponbion

el ectropl ated on the 190 skahl utnERYeI & payéw%da@atsesléhel avep 48, as

shown in Figure 4. he sol der is on e uncover ed
portions of the scﬁRR%YHﬂﬁnaaﬁ&tﬁﬁHE? ANt arriexr) A%¥rt using
el ectropl ati ng 3 ecéhexgias daidwmitanitwsetchant dunaqh; shaﬂlbanrlhe art. For

exanpl e, the Surf6¥§§é¥ preferentially with respect to said solder bump
and said under bump metallurgy layer.

5. A method according to Claim 1 wherein
said step of forming an under bump metallurgy layer
10 comprises the steps of:
forming a chromium layer on said barrier
layer;
forming a phased layer of chromium and copper
on said chromium layer opposite said barrier layer; and
15 forming a copper layer on said phased layer
opposite said chromium layer.

6. A method according to Claim 5 wherein
said step of selectively removing said exposed portion
of said under bump metallurgy layer further comprises

20 the steps of:

applying a copper etchant to. said exposed
portion of said copper layer wherein said copper
etchant selectively attacks said copper layer and said
copper portion of said phased layer preferentially with

25 respect to said solder bump, said chromium layer, and
said titanium barrier layer; and '

applying a chromium etchant to said chromium
portion of said phased layer and said chromium layer
wherein said chromium etchant selectively attacks said

30 chromium portion of said phased layer and said chromium
layer preferentially with respect to said solder bump,
said copper layer, and said titanium barrier layer.
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20 the mcroelectronic device 20 with the mask | ayer 40 is E”lmm nﬂ
to a plating solution_containing. lead and tin, and an el ﬂlﬂ zullll”"{
is applied to the continuous under bunp netal lurgy 1ayer includi-ng* s

the chrom um | ayer 30, the phased | ayer 32 of chrom um and copper,
25 and the wopgsoosd ayer 34. The electrical bias causes  PCIUSsA86ESIi N
solder to plate on the uncovered portions of t he copper |ayers 34 and
38 form ng sol der bunps 42, as shown in Figure 4. The
vol une of sol der plated can be control led -189 by controlling the area

| eft uncovered by the mask r 42, the electrical blas appl i ed, the
concentration of the plating- soI%fT 10d, AEqording: 5P Ghaim 1 whereime

plating step. Becaadd sabgeofnfyrmirg Lmls‘dirddrybump ispbréceded Dy Ahier
non‘wet Lable mal ekl SUCRoBRing % adfUd N 1 srﬁﬁcfudfn@% Wehggmw th

~a sol der g copper
sol der non-mettabP@nryyéFa ge ol 2YR% Qqu?%ﬁﬂ(ﬁﬁPoﬁédbE°rt1°ns of said

5 under bump metallurgy layer, and wherein said step of
selectively removing said exposed portion of said under
bump metallurgy layer is preceded by the step of
removing said solder dam layer.

8. A method according to Claim 7 wherein
10 said step of forming a solder dam layer comprises the
step of forming a solder non-wettable layer selected
from the group consisting of a titanium layer and a
chromium layer.

9. A method according to Claim 7 wherein
15 said step of forming a solder dam layer further
comprises the step of forming a solder wettable layer
on said solder non-wettable layer opposite said under
bump metallurgy layer.

10. A method according to Claim 7 wherein
20 said step of forming a solder bump comprises the steps
of:
forming a patterned mask layer on said solder
dam layer;
electroplating solder on said unexposed
25 portion of said under bump metallurgy layer; and
selectively removing said patterned mask
layer.

11. A method according to Claim 1 wherein
said step of forming a solder bump is followed by the
30 step of reflowing said solder bump.
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by the nmask | ayer. Accordingly, the area over whi ch sol*def i's t'b be
pl ated, and the resulting vol une pl ated, can be determ ned

i ndependent IWO@63®3 area 5 left uncovered by the sol der PEIESHMNIFIH
determ nes the surface area of the solder bunp on the m croel ectronic
device after refl ow After conpleting the plating step, the
mask | ayer 40 and the portions of theldol der wettable |ayer 10 38

not covered by the sol der bunps are renpved, and the . solder bunps 42
are heated above the |iquiddgs A met?éﬁ&ﬁﬁ%ﬂé@%ﬁ%éﬁngﬁFWa?élVhSEQT%rr]C
for sol der having €35% step ofeadfaowingodaid ssldelrabuimbeyesaltswinas shown
'n- Figure 5.4 fct?f%'ﬁ ﬁgk@@& V‘ﬁéi&bé&dély%ﬂps a%dcggﬁarune%éoééé’e“ a
m xture of annDnluthy roxi_de an dr ogen per oxi de can used to
remove the sol der RR&tEsH of said P%%éﬁ.bﬁﬂﬂﬁq?ﬁéléﬂFEKr1BUﬁﬁ tRsform an

el ectropl at ed @&verirtleemetallisokdgionettable |ayer 38 of the sol der dam

t he sol der wettabl e | ayer 38 dissolves into the sol der bunp 20

exposi ng the sol der non-wettabl e |ayer 36 of the solder
' 13. A method for forming solder bumps on a

microelectronic device having a substrate and a contact
pad on said substrate, wherein said contact pad has an
exposed surface pbrtion, said method comprising the

ld steps of: :

forming an under bump metallurgy layer on
said contact pad, wherein said under bump metallurgy
layer covers said exposed surface portion of said
contact pad and extends over said substrate;

15 forming a solder dam on portions of said
under bump metallurgy layex, said solder dam defining
an uncovered portion of said under bump metallurgy
layer opposite said exposed surface portion of said
contact pad, said solder dam comprising a solder non-

20 wettable layer on said under bump metallurgy layer and
a solder wettable layer on said solder non-wettable
layer opposite said under bump metallurgy layer; and

forming a solder bump on said uncovered
portion of said under bump metallurgy layer opposite

25 said exposed surface portion of said contact pad
thereby defining exposed and unexposed surface portions
of said under bump metallurgy layer, said solder bump
extending onto a portion of said solder dam thereby
defining exposed and unexposed portions of said

30 wettable layer.

14. A method according tc Claim 13 further
comprising the steps of: '

selectively removing said exposed portion of
said solder wettable layer; and
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the portion of the under bunp netal lurgy | ayer not coveréd by ¢

sol der 25 dam When the sol der bunps cool, the solder solidifies

mai nt ai ni ng W93t anti ally spherical shape. PCT/US$6/03657
addition, the reflowed solder fornms an internmetallic region 34" with
a portion of the under bunmp netal lurgy | ayer adjacent the sol der
bunmp. In the 30 preferred enbodi nent, the-%mder bunp metal lurgy | ayer

I ncludes a chrom um | ayer 30, a phased Iayer chrom um and
copper, and a copper |ayer Feflawing,gaid sol %’r’o@?‘“‘? dhareby; disgopsingon
of the copper | ayesaBd wmexposed fportiiont ef neadd | seldegivattable Thyer

Sioni froantly  tetFoEfs o, Uagh ST biSRE B00e copper,
chromium and titahPghkeding said dissolved solder wettable layer and PP

S forming a solder ball on said unexposed portion of said
under bump metallurgy layer. '

15. A method according to Claim 14 wherein
said reflowing step results in a reaction between said
solder bump and said exposed portion of said under bump

10 metallurgy thereby forming an intermetallic region.

16. A method according to Claim 13 wherein
said solder wettable layer comprises copper.

17. A method according to Claim 13 wherein
said solder non-wettable layer comprises chromium.

15 18. A method according to Claim 13 wherein
said contact pad comprises a titanium contact pad.

12. A method according to Claim 13 wherein
the step of forming an under bump metallurgy layer is
preceded by the step of forming a titanium barrier

20 layer on said contact pad, wherein said titanium
barrier layer covers said exposed surface portion of
said contact pad and extends over said substrate.

20. A method according to Claim 19 further
comprising the steps of:
25 selectively removing said exposed portion of
-said solder dam and said under bump metallurgy layer
thereby defining an exposed portion of said barrier
Jayer; and _
selectively removing said exposed portion of -

%

30 said barrier laver. o Rine

THIS SHEFT HAS BEEN |

- This Sheet Has Been Replaced
r REFLACED

L




WO 96/ 30933 PCT/ US96/ 036ﬂn|“| I"I

L

-11- _As shown in Eigure 5 the reflowed sold

42 define exposed and unexposed portions of the under butrp Yettal Mur §y *
| ayer. Accordingly, the sol der bunps 42 can be used to mask portions

of the underwibieemoesss 5 netal lurgy |ayer which will be used wPecTAUSPENBES7 t he

sol der bunps. The portions of the under bunp nmetal lurgy | ayer |eft
exposed by the sol der bunps will be renoved so that each sol der bunp
42 will be electrically isolated fromrZaeh of the other sol der 10
bunps, as shown in Figure 6. It may first be necessary to
renove the sol der non-3let t pmethagdepcgerding tie HAIME0 whesein

| ayer is chroniunlsﬁwukgu&ﬂ(uﬂ(bemydﬂlﬁamybeeuaeihgcsald expuamav o&beon

non:wettable layer, - AlL&d 'lﬁ&%r%ﬁuﬁ me%gli ;t‘ ézs é&r&%lses SFPRori de

non-wet t abl e | ayer; I'C -aci Ao am
can be used. of apply1ng a chemxﬁelpgtch@né 5] qaﬂﬂlnnﬁar Bump

netal | ur gy 5 Iﬁa@ﬂi ?QW‘ihE&eihesSdeﬁﬁem thankt Beracikl
efficiently renoved etltanl%ml arrie |Iehhe

f
titanium barrier I%Ve ciﬁ T QIR fgta trgy©l Préferencialt} uie

respect to said barrier layer and said solder bump.

22. A method according to Claim 20 wherein
said step of selectively removing said exposed portion
10 of said titanium barrier layer comprises the step of
applying a titanium etchant to said barrier layer
wherein said titanium etchant attacks said barrier
layer preferentially with respect to said solder bump
and said under bump metallurgy layer.

15 23. A method according to Claim 13 wherein
said step of forming an under bump metallurgy layer
comprises the steps of:

forming a chromium layer on said barrier
layer;

20 forming a phased layer of chromium and copper
on said chromium layer opposite said barrier layer; and

forming a copper layer on said phased layer
opposite said chromium layer.

24. A method according to Claim 13 wherein
25 said step of forming a solder bump comprises the steps
of:
forming a patterned mask layer on said solder
dam layer;
electroplating solder on said unexposed
30 portion of said under bump metallurgy layer; and
selectively removing said patterned mask
layer.
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under | yi ng passivation |layer 26 and contact pad 24. Theﬁ“ﬂ'ﬂMﬂ“ Illlll”“l
portion of titaniumbarrier |layer can then _ ___ be renoved u

whi ch do not significantly 25 affect the underlying paSS|vat|on 9 ayer ®
For exanple, a chem cal etchant such as a m xture of amoni um

hydr oxi de anwosgdessgen per oxi de can be used to etch tPreTwsgsmw3ss? ayer
34 which is left exposed by the sol der bunps 42. This m xture 30
preferentially attacks the copper layer with respect to t he sol der
bunps, .the titaniumbarrier layer 28, and =-22- the internmetallic region
34'. Acdcordingly, this etch wi |l not significantly reduce the sol der
vol une of the sol der HPrpsPosedfgri PuBR BYsuGHWFer é0F Bhe sol der 35

bunps. This m xt urgistdeledtrdniendeeicenCompriding: copper fromthe
phased | ayer 32 of chron1un1ag&m§$§€@; A chem cal etchant
such as hydrochloric acid *96/ 30933

PCT/ US96/ 03657 a plurality of contact pads on said

5 substrate, each of said contact pads having an exposed
surface portion opposite said substrate; -
a continuous titanium barrier layer extending
across said substrate and contacting each of said
exposed surface portions of each of said contact pads;
10 " a continuous under bump metallurgy layer on
said barrier layer opposite said substrate; and
a solder bump on said under bump metallurgy
layer opposite cne of said contact pads.

26. A solder bump structure according to
15 Claim 25 wherein said continucus under bump metallurgy
layer comprises: .
a chromium layer on said barrier layer;
a phased layer of chromium and copper on said
chromium layer opposite said barrier layer; and
20 a copper layer on said phased layer opposite
said chromium layer.

27. A solder bump structure according to
Claim 25 wherein said plurality of contact pads
comprise a plurality of titanium contact pads.

25 28. A solder bump structure according teo
Claim 25 wherein said solder bump defines an exposed
portion of said under bump metallurgy layer and further -
comprising a solder dam layer on said exposed portion
of said under bump metallurgy layer opposite said

30 barrier layer.

29. A solder bump structure according to
Claim 28 wherein said solder dam layer comprises a
solder non-wettable layer.
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|-12- C?Eebghlrj__sed t.QI :;g? t he r:emai ni ng porti|o2]c ?f tﬁ"lngmuuummll
t he sol der bunps. This acid preferentially attacks thet phaded®l ayer*

and the chromum | ayer with 5 respect to the solder bunp, the titanium
barrier | aydw@96/30933 and the intermetallic region 34'. This RCAWSKUIES7
renove the remai ni ng exposed portions of the under bunp nmet al | ur gy

| ayer fromthe titaniumbarrier |ayer wi t hout | eaving significant

resi dues. 10 A titanium etchant-33¢ch as hydrofluoric acid
buffered wi th amoni um fl uoride can be used to etch the ortion of the
titani umbarrier |ayer 28 | 4- elp§odger bumpysERICEIN]ACHWFRIRILLO Thi s
acid preferential lglaim 2atwhsdedinl Baitli boDdes ot FwerqA llagebhgssol der

burp 15 42, L1 | SLELIELR 4 0 0oR cohbSaliT e PASdun g,

chrom um and copper, chrom
is used as the pasanda ihromipsm lager. this acid will not significantly
attack the passivation | ayer. If silicon dioxide or silicon nitride is

used 20 for thg passivation.l ayer i i A ck the ..

passi vation Iaygr to sone den‘;glr‘ee_faA l‘r"ﬁ@&ﬁﬁﬁ‘ﬁg %?y‘f%ée‘é% acc°r|$§'f’gr % s can

be mnimzed by |ifAaimE2 whanein sgadopolder dam further comprises a
solder wettable layer on said solder non-wettable layer

opposite said under bump metallurgy layer.

32. A solder bump structure for a
10 microelectronic device comprising:

a substrate;

a plurality of contact pads on said
substrate, each of said contact pads having an exposed
surface portion opposite said substrate;

15 a continuous under bump metallurgy layer on
said contact pad and extending across said substrate;

a solder dam on portions of said under bump
metallurgy layer, said solder dam defining uncovered
portions of said under bump metallurgy layer opposite

20 said exposed surface portions of said contact pads,
said solder dam comprising a solder non-wettable layer
on said under bump metallurgy layer and a solder
wettable layer on said solder non-wettable layer
opposite said under bump metallurgy layer; and

25 a solder bump on one of said uncovered
portions of said under bump metallurgy layer opposite
an exposed surface portion of a respective contact pad
thereby defining exposed and unexposed surface portions
of said under bump metallurgy layer, said solder bump

30 extending onto a portion of said solder dam thereby
defining exposed and unexposed portions of said
wettable layer.
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the etch to the tine required to renove the titanium
Accordingly, polyimde_is the preferred 25 materi al

for t ﬁﬂlﬂlﬁﬂllllﬂlﬁﬂll I

| ayer. The final sol der bunp structure is shown in Figut "
Wthout the titaniumbarrier |ayer, the under bunmp netallurgy | ayer
may be dif fwowkboesd®» conpletely renove after the refl oRCTOSNOISKT

undesired conductive 30 residues nay be left on the

m croel ectronic

devi ce. Applicants theorize that the under bunp netall urgy

| ayer reacts with the passivation |ayer fomg-ng a

conducti ve react ant

at the interface between the two | ayers. This conductive reactant may
be difficult to 35 etch @aBthoAt sabder counp rafricsugel decobdimpg oo r educi ng

the volume of thepsalden FYFRhERCESRYriSStY d RbrdtinBls titaniumV\O 96/ 30033

PCF/ US96/ 03657

barrier layer between said substrate and said under

bump metallurgy layer, said titanium layer extending

5 across said substrate and contacting each of said

exposed surface portions of each of said contact pads.

34. A solder bump structure according to

Claim 32 wherein said continuous under bump metallurgy

layer comprises:

10 a chromium layer on said barrier layer;

a phased layer of chromium and copper on said

chromium layer opposite said barrier layer; and

a copper layer on said phased layer opposite

said chromium layer.

15 35. A solder bump structure according to

Claim 32 wherein said plurality of contact pads

comprise a plurality of titanium contact pads.

36. A solder bump structure according to

Claim 32 wherein said solder non-wettable layer

20 comprises chromium.

37. A solder bump structure according to

Claim 32 wherein said solder wettable
copper.
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- 13- undesired conductive residues. These residues may resul t
| N—eeettftett—shori-s—bet ueen solder _buons The use of the

titanium barrier |ayer allows t he under bunp..netallurgy |ayer to be
efficiently 5 renoved after the reflow step whil'e reducing the

i nci dence of WO®6B#32s which could formelectrical S horcT/ussd/0368N

sol der bunps. The titanium barrier | ayer prevents the under bunp
nmetal lurgy | ayer from reacting with the passivation |ayer thereby
reduci ng 10 residues.  The tltanlun1barr|§? | ayer can then be et ched
away fromthe passivatlon | ayer wi t hout I n any gggni fi cant -

resi due. 26 Lelfi mnation ofzghe undesir resi duesyg
typically results inNare uction n the ti required 15 %o repove the
conductive | ayers, 2 ite the A%

addi tional |ayer has been Be

titaniumlayer reduc t hen
time that tHe solder bunp is exposed to the etchants,

potential for undem™TorTTmg TS Tecouced. 1hg aoortron o the . thtani um
barrier layer may al so increase production yields and reduce the
possibility of device failures. Solder bunps formed according to the
met hod descri bed aF?G 3250 have a | ow el ectrical resi st ance.

28:so
/ / / J:%
24// 26/ 24/ 2
ot FIG.3  «a . 2033 1«
33;%__// ——l—5
W/————ﬁ 20
26 ’—X—:——-; /  ———— \222
/ 7/ / 1
22
24/ 2 24/
/42 —t N/
40— 4 B g 40
e ——— % 36 %
PN\
26~ ' = / , S
Z / 7 ! N



25 For exanple, a solder bunp with a C|rcular surface with a 50
[ecr]lm dianeier _on a 1 croel e _ )

el ectrical resistance of apprOX|nater 3 milliohns.

vari ation of the nethod di scussed above 30 with regard to Figures 1-6 is
shown in Fi 99630933 12. Figure 7 shows a m croel ectr omrCT/Uu$e603657 20
wth a substrate 22, contact pads 24, and passivation |ayer 26

as di scussed above with regard to Figure 1. Figure 8 shows t he
addition of a titaniumbarrier |ayer 28, and 35 an under bunp netal | urgy
| ayer including a chrom um | ayer 3®/4a phased | ayer 32 of chronium
and copper, and a copper |layer 34, as discussed above with regard to
WD 96/ 30933 PCT/ US96/ 03657

- 14-

-




Figure 2. In Figure 8, however, the solder dam 50 has only a single

s order—romr=wettabte—tayer; Whi.chais preforably a titaniuml aver
(about 1000 Angstromns t hi ck). 5 The use of a titanium
sol der dam | ayer all ows the inplementation of a single mask nethod
during é&ﬂﬂ%ﬁ’bunp formati on as shown in Figure 9. HePET/U$%DIEST
mask | ayer 52, such as a photoresist nask or other mask known to

t hose havi ng skill in the art, is patterned 10 prior to patterning the
sol der dam 50. The mask | ayer 52 is34hen used to pattern the sol der
dam 50. Accor?HKgLy only one photolTthography step is required

to pattern both the ayer and the solder dam A - titanium | ayer
is preferably used for the solder dam 15 because it can be sel ectively
renoved fromthe co r | ayer 34 usin@%an etchant such as ,26

hydr of | uoric acid buf fered24i t h_ammogi um f| uori de 4 h
preferentially [ atta W th respec | der .
The sol der dam 50 ¢loes not sol der wettab | ayer befause
sol der is not platgg=ormtie—sofder—tam Here, —thesofrder—dam |y
prevents the SOl de ki — i or Gk gmeahisbimii gl @uminalalnGiiint | €.
The mask | ayer 52 and the sol der dam 50 define an area on the under
bunp netal lurgy | ayer on 25 which solder will be plated, as shown in

Fi gure 10. F“(;i i;_

50
34

;M,v‘ 32
. 30
264/ Vi ~ 28

/ / _/ ] 26
v

~N22




The plating step is the sane as that discussed above with regard to
Figure 4 excent that fhe sol der is.naot —flated over portions of the

sol der dam After plating t he sol der bunps, the mask | ayer 40 is

sel ectively 30 renoved, and the sol der bunps are heated above the

| i qui dous twosssesssre (about 312[err]C for sol der having PCTUS9G8S%ed and

5%tin) to reflow the solder. The sol der dam 50 prevents the refl owed
sol der fromfl owi ng beyond the desired areas. Surface tension causes

the refl owed 35 solder bunps 54 to forma substantially spherical shape

as shown in Figure 11. Wen the sol der bufff cool, they solidify and

mai ntain this shape. The refl ow step WO 96/ 30933

PCT/ US96/ 03657 -15-




TUTT T Mey, 1S3 wevtiin Loma VELIGLLy o AR B oSN

rman internetallic region 34" in TH'S@EETCﬁRg'ﬁEEN

yer 34 as_di scussed above with regard to - Figure 5

e Hmmﬁm Mﬂ Irnth regard to Figures 15 = 5 and 6, t sl BM%%)S

exposed ortio f . th der bunp netal | urgy"
TrafcWAEh Bl

v, "Jia ' [

| ayer and titaniumbarrie 'd portions are
renoved so that each solder bunp is electrlcally | sol ated as shown in
Figure 12. The solder dam50 is 10 first renoved using an etchant such as
hydr of | uori ¢ aci d bdff er & mgchRdafRBnf 0ENE NG o7¢ Hier R dd)bunp

net al | ur gy Iayerozarwl mdwawaz:l:@mueaebwer (20? &Qeihg a suﬂﬁﬁ\{ﬁd as

di scussed above ard]}o Flgure§ Q

t he 'drawi ngs and &l Liker 8EpgpRtact pa%%ef’?%h s‘?ﬂcﬁsaédi t ypi caI

preferred enbodlsnbauraﬁetGQZ), wheremneaacbnoﬁndaldl¢¢mng¢tsgaﬂafﬁza)terns
are errpI%)yed has érb:éﬁcgﬁs"adj%QthEea gg&hc ggg?d‘ﬁﬁﬂé Htive sense only

and not for the purpos scope 20 invention -

bei ng set fortklQQFEQR¥qqﬂ45§wPHgtéPaFﬁﬁPE of;

forming a continuous titanium barrier layer
(28) on said contact pads (24), wherein said barrier
layer (28) covers said exposed surface porticns of said

10 contact pads (24) and extends over said substrate;

' forming an under bump metallurgy layer (3¢,
32, 34) on said barrier layer (28) opposite gaid
substrate; '

forming a sclder bump (42) on said under bump

15 metallurgy layer (30, 32, 34) cpposite said exposed
surface portion of one of said contact pads (24) and
said barrier layer thareby defining exposed and
unexposed surface portions of said under bump
metallurgy layer;

20 _ selectlvely removing sa;d axposed portion of
-gaid under bump metallurgy layer (30, 32, 34) thereby
defining-an exposed portion of aaid barrier layer (28);
and

pelectively removing said exposad portion of
25 eaid barrier layer (28).

2. A method accordiﬁg to Claim 1 wherein
sald contact pads (24) comprise titanium contact pads.

3. A method according to Claim 1 wherein
said step of selectively removing said exposed portion
30 of said under bump metallurgy layer (30, 32, 34)

comprises the step of applying a chemical etchant to
said under bump metallurgy layer (30, 32, 34) wherein
gaid chemical etchant attacks said under bump
- metallurgy layer preferentially with respect te said
35 barrier layer (28) and; aiid solder bump (42).

! N
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| . AT
navil ﬂ@]mﬂmﬂllﬂlﬂﬂ |42 (22) and sLptural i1y of Co tggts %E(m,_?EE”

L foar

_on sak substrate (22), wherein each of said contact pa
has an exposed surface pomefbad ageerdiidigee Claim 1 whezein

characterlzed tﬂééﬂﬁ3Sﬂd%p%foﬁelectivel§ removing saldféxﬁﬂéaﬁ PoF@Abihnuous
tltanlun1barr|er

nt act, pads.(24), wh
said barrier @/a:.d titapiym P%)"iﬁﬁv%‘?%ega}%a i sga 5:51% %(?Pt i g:}gl "
of said 10 of appdntingt apadsan2dn enchant emis@-a;nérbmmrsdlwtemate

form ng n under%qjurrgzrret,ql y! %Qé"ekﬁyﬁél&?’gztani%m etchan@%tt%‘&:so'%aﬁﬁ' d

barri er ayer (2 dsi't
forming a sol derbi:-ﬁrrﬁﬁr( 42yegn (39 d38nd3s) ba.mferenqgally with Hespegs | ayer
(30, 32, 34) opmsldaa@@oddekp@&ﬁ@ (42) and saiduiider RmP imetaalueey o

sai d contact paq§yg?4) and said barrier |ayer thereby deflnlng
exposed and unexposed surface portions of said under bunp
metal l urgy | ayer; 20 sel ectively renoving said exposed
por t ieg; of | saizd UngehePHBR BBLELAINGYed AYEL1d 30 whdteidt)
10 said step of forming an under bump metallurgy layer
(30, 32, 34) comprises the steps of:
' forming a chromium layer (30) on said barrier
layer (28);
' forming a phased layer (32) of chromium and
15 copper on said chromium layer opposite said barrier
layer (28); and
forming a copper layer (34) on said phased
layer (32) opposite sald chromium layer (30).
§. A method according to Claim 5 wherein
20 . said étep of selectively removing said exposaed portion

‘of said under bump metallurgy layer (30, 32, 34)
further comprises the steps of:
applying a copper etchant to said expcsed
poxtion of said coppér layer (34) wherein said copper
25 etchant sélectively attacks sald copper layer (34) and
said ¢opper portibn of said phased layer (32)
preferentially'with raspect to said solder bump (42),
said chromium layer (30), and said titanium barrier
layer (28); and
30 applying a chromium etchant to said chromium
portion of said phased layer (32) and said chromium
layer (30) wherein said chromium etchant selectively
actacks said chromium portion of said phased layer (32)
and said chromium layer (30) preferentially with
35 respect to said solder bump (42), said copper layer
" (34), and said titanium barriar layer {28).

:
{
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ﬁeflnlng an exposed portion of said barrier fayer (28);.

2 T ER D * = 5o o rorn A

2

met al kur gy tayer s( 30, conprises the steps of:
fornmng a chron1un1|ayer (36) oh efhpd according tg,Clapdm nayberezg)
formng a phasedshaﬂeate§2¢f0£0fmingnanﬁoldeﬁﬂbump (4amd1aoiee&e§@dssyd

chromi um | ayer op ?885&3 3§§dfg?ﬁ{ﬁéfa solder dam &ﬁgégd ﬁgg §1E§2§ opposi t e

form ng a copper
sai d chron1un1Ia?@#d$80¥°n'wettabLe layer (36) on =2id sxposkddpartbomsng to

Claim1 gherein of ggfq undefab&hﬁﬂmatéildyavEQE é%'yaha”9§é991ﬁ3é§*§Xposed
portion 17- d ‘under ur gy

|ayer (30, 32, 3%fep of 531e°tlvelxtﬁﬁmﬂﬁiq§b exprRedspepsion: of
said under bump metallurgy layver is preceded by the

step of remcv;ng gsald soldexr dam layer.

. 8. A method éccording to Claim 7 wherein
10 said step of forming a solder dam layer comprlses the
step of forming a solder non-wettable layer (36)
selected from the group conszsting of a titanium layer
and a chromium layer,

8. A method according to Claim 7 wherein
15 gaid step of forming a solder dam layer further
comprises the step of forming a solder wettable layer
{38) on said solder non-wettable layer (35) opposite
said under bump metallurgy layer.

.10, A method according to Claim 7 wherei
20 ~said step of forming a solder bump (42) compriles the
gcteps of:
forming a patterned mask layer (40) on said
solder dam layex;
electroplating solder on said unexposed
25 portion of said under bump metallurgy layer (30, 32,
34); and .
gselectively removing said patterned mask
layer (40).

11, A method according to Claim 1 wherein
30 said step of forming a solder bump (42) is followed by
the step of reflowing said soclder bump (42).

|
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app‘ryr—ng—a—cmjpef—et—ﬁ‘rant to said exposed ' aﬁﬁ{%ﬁ%ﬁt&§m”

copp ein said copper 5 etch
btta l@ l]@ yer (34) and -19- sai d cppper
said preferentially with respect to said
sol der burrp (42), 12. A meghedcheeardimgayerClsiy  Liawhexsich

titani um barri erea;d step of reflotiay 6383 sélder bump 1fk2) rpeosrulltgn igf caid

gﬁg!sghn?ase?hzg %é :'213?13 ce:??vgsﬁi%{l%?g 8814l bump f%@/)era’t‘%@a%er ein said
chrom um et chantumad/mqrtion of said undertbwigs metal Indygyrilayerorti on
of said phased |@yeformn intarmetall:.c ré?goﬁa ($lg oprom um | ayer (30)

preferentially with respect To said sol der bunp (42), said
copper | ayer (34) and said titaniumbarrier layer (28).

3. A nmethod for form ng gal.dea buﬂrﬁir(ﬂﬁr}\p structure for N a g
m cr oel ectroni c Q and a
plurality of con %%%?3‘% gﬁgéﬁﬁ Gl co%rismg s%bgé{k?%r@(‘:ﬁzé)zz)

wher ei n each of asvica (Pdmradu.twadf (:@ny:act pads (24) on hmsldnubsteace,
surf ace por (| on.edth G copcace pats (74 MEAESTAR Heldpgc o o5 of

formn acontlnuo titaniym barrier [ on said
cont act+%ads (28RF @Pﬁ’téapd"BHPFPEF “dala sybgtrate, fadd @egdresovers
sai d exposed surthage stauctore chasatterized by: contact pads (24) and

extends over said substrabeoentinuous titanium barrier layer (28)
extending across gaid substrate and_contacting aach of
said exposed surface portions of each of said contact

15 pads (24); .
a continuous under bump metallurgy layer (30,
32, 34) on said barrier layer (28) opposite said
subsgtrate; and :
a solder bump (42) on said under bump
20 - metallurgy layer (30, 32, 24) opposite one of said
contact pads {24). |

14. A soldar bump structure according to
Claim 13 wherein said continuous under bump metallurgy
layer comprises:
25 a chromzum layer (30) on said barrier layer
| (24) ¢
a phased layer (32) of chromium and copper on
said chromium layer (30) opposite said barrier layer
(28); and
30 a copper layer {34) on said phased layer (32)
' opposite said chromium layer (30).

15. A solder bump structure accord:.ng to

' c1aim 13 wherein said plurality of contact pads (24)
- comprige a plurality of titanium contact pads.

.....
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"forning an under bunp netallurgy |ayer (30, 32, 34

AR 72 e s, S

bﬂ)gy
| ayer* (30, 32" 3%) ‘bpposite sald e face
one of said contact pads t54) fﬁ;re%“mp structure;agg ! er thereby
defini ng exposedlaish 13 wherein saidumﬁkhnseﬂmguﬂﬁacedpﬁineanSnof sai d :

under bunp exbsed g@&@hlUggg ?yﬁﬁde bum%jmetalluggxg;i¥ﬁ

- selectively renDV|ng sar expose al I urgy
| ayer (30, 32, 340.tR&eBg) and further conperiiadingg 2afoedp peRY8®N of

sai d bargier | ayEys)( %) said exposd@-portion of sald under bumpse| ectively

‘removi ng said ex portion_of Ia er (28);
wher ei n sai d sté%gﬁﬁﬂP59¥|h@yﬁrs&?%éra%ﬂnﬁ§) °ppos;te 2814 % “*§% preceded
by the step of flay®md28)sol der dam 5 Iayer |nclud|ng a sol der

non-wettabl e | ayer (36) on ‘sai d exposed portions of said

under bunp netal | urgy
17. A solder bump structure according to

Claim 16 wherein said solder dam layer comprises a
10 solder non-wettable layer (36).

18. A solder bump structure according to
Claim 17 wherein said solder non-wettable layer (36) is
galected from the group consisting of a titanium layer
and a chromium layer,

15 : 19. A solder bump structure accerding to
Claim 17 wherein said solder dam further comprises a
solder wettable layer (38) on said solder non-wettable
layer (36) oppeosite ;aid under bump metailurgy layer.

20. A method according to Claim 1 wherein
20 said step of forming an under bump metallurgy layer
éomprises the steps of:
forming a chromium layexr (30) on said
titanium barrier layer (28); and
: forming a copper layer (34) on said chromium
25 1ayér (30) opposite said barrier layer (28).

~21. A solder bump structure according to
Claim 13 wherein said continuous under bump metallurgy
- layer comprises:
a chromium layer (30) on said titanium
30 ~  barrier layer (28); and
a copper layer {34) on said chromium layer
(30) opposite said barrier layer (28).

45932
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sel ectively renpving BEPLACEMEMEISGIEET
gef punp netal | urgy _ | ayer
ihg.said sol das- 10

Frinadiiicia ctiaies: if [m i

¥n sai d sol der. nonwdt 3 'f? .{er (36) opposite
: . | 4. A nethod for forn1ng

{upurE 08 lamrra9

b t t S (242)- - 1. A gemhaaflmf@:zoefbmufmmsemew berp20) (4Evi ng a
substrate nd.a r.al it ct on said
substrate (22), oﬁhgrgﬁﬁrgéiﬁ%5f°§&| ggﬁﬁfgcéﬁgidgg?gkg a %%%%f&%%é has an
exposed surface(ﬁzbtand aspﬂﬁraéuhgdof contact pads dRa&lacresiaidd by the
Pty o1 sumesrpg ) rper bR OB SR )
| ayer (28) covehassandexppssed ssfpgee PeFtiosns Sgids

contact pads (Zéﬁai‘aétéﬁ.ﬁﬁas 9vehesglté ubgt.r at e;
form ng an under bunp net? .30, :ig
barrier layer (28) opposi t@¥%& a"Eehe i Rdous tl§ﬁB§PWbP§rrler yer
(28) on said contact pads (24), wherein said barrier
layer (28) covers said exposed surface portions of said
10 contact pads (24) and extends . over said substrate;
forming an under bump metallurgy layer (30,

32, 34) on said barrier layer (28) opposite said

on sald

substrate;

' forming a solder bump (42) on said under bump

15 metallurgy layer (30, 32, 34) oppos1te said exposed
surface portion of one of said contact pads (24) and
said barrier layer thereby defining exposed and

" unexposed surface portions of said under bump
metallurgy layer; ,

20 selectively removing. said exposed portion of
said -under bump metallurgy layer (30, 32, 34) thereby
defining .an exposed portion of said barrier layer (28);

selectively removing said exposed portién of
said barrier layer (28); and .
25 : wherein said step of forming an under bump
metallurgy layer (30, 32, 34) comprises the.sﬁeps of:
| forming a chromium layer (30} on said
barrier layer (28),
forming a phased layer (32) of chromium

30 and copper on said chromium layer opposite said barrier-

layer (28), and N _
forming a copper layer (34) on said
phased layer (32) opposite said chromium iayer (30).

2. A method according to Claim 1 wherein

35 said step of selectively removing said.e: i
REPLAGEMENT SHEET -
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“formi ng on sai d under bunp 30 nRERLACEMENT SHEER
| ayer- alnﬂlﬂmlmmmmﬂe sai d exposed surface portion of
‘one of salﬂ conttact pads* (24) and -17- said barrier layer thereby

deflnlng exposed and unexposed surface portions of said
untler” bunp of said undﬁxalﬂumpgyndtaﬂémrgy layeds (30, 32, 34)

sel ectively renpww u sai d under bunp
met al-1 ur gy Iayérfkgg, % @E; §ﬁﬂ%2%£ |n|ng an exposed portion of said
barrier layer (28); applying.a copper etchant to said expegedtvely

re(rjmw ng said expredopods %1@ copper layer (345)a:cvdié§§§iri Eﬁai@}’@ép é8) |
an orm ng, an

erein said. step 0
retal | ur§y | ayer SEGHEs okt Sy atacks #aid gopper Adver ($4) ARk
form ng a chron gaikdayeppellportitai bf sa:.d phased ldydmn(3gh barrier |ayer
(28), and o) pper 3 on sai d
B e mER Al L B R g T ad il °(42)

chrom um | ayer (§
said chromium layer (30), and said titanium barrier

layer (28); and

10 applying a chromium etchant to said chromium
portion of said phased ‘layer (32) and said chromium
layer (30) wherein said chromium etchant selectively
attacks said chromium portion of said phased layer (32)
and said chromium layer (30) preferentially with

15 respect to said solder bump (42), said copper layer
(34), and said titanium barrier layer (28).

3. A method for forming solder bumps (42)
on a microelectronic device (20) having a substrate
(22) and a plurality of contact pads (24) on said

20 substrate (22), wherein each of said contact pads (24)
has an exposed surface portion, said method
characterized by the steps of:

, forming a continuous titanium barrier layer
(28) on said contact pads (24), wherein said barrier

25 layer (28) covers said exposed surface portions of said

contact pads (24) and extends over said substrate;

forming an under bump metallurgy layer (30,
32, 34) on said barrier layer (28) opposite said
substrate; .

30 forming a solder bump (42) on said under bump
metallurgy layer (30, 32, 34) opposite said exposed
surface portion of one of said contact pads (24) and
said barrier layer'thereby defining exposed and
unexposed surface portions of said under bump

35 metallurgy layer;

selectively removing said exposed portion of

REPLACEMENT SHEET e’aid under bump metallurgy layer (30, 32, 34) thereby
defining an exposed portion of said barrier layer (28);
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_ionér.sé’l IIEIFIIIWHHIIE)ZW ) " and a plurality of oon RN et
) sal su

strate, * each8of said contact pads (24)
haying an exposed rface Qrtlon .0pposi t aid substrate,
sai’'d sol der se&&ﬁﬁlé’telliyctrl?f‘}? ?@Pﬁ; portloriSOP
a conti nuous ti sandubalrariered ayayer(2828) ext endi ng across

sai d substrate and cont acwhgg.eq_?lcgaq_fd step of form&nf%dsoef@eoxs%ﬁﬁ”face

portions of each of said cont
a continuous undéR)bdsp Preceded: By Ithpestegoof formixy a soBr 3Pmon said

barriersglayer (28)e2PReH1t@1 Q solder non- wetéﬁg¥grf§§§ﬁ (36)
a sol der bunmp (42) on said un ur gy Iayer (30,

unp
32, 34) opp03|t§a6ﬁeeﬁp°§§ﬂdport1°ns of saidgmden P wetpl

wherei n said CONhi/etQUSindn tidle ey mp S&E.Td'ﬂl'étlérpg)bf selectlvely rémdeing

conpri ses: d £ é: Ia er 382 on sald
barri er sai exgqiﬁg.gezEﬁon of sai un er allurgy phased

| ayer (32) of chegerumsampteceded ¥y the stEpeyf aremsarihg heaid woldger (30)
opposi sai d, barrier layer (28), and

a copp%r | ayer g§ﬂ5laﬁe§5|§nghased | ayer (32)
opposite said chrom um | ayer (30).

25

wherein
said step of forming a solder dam layer further
comprises the step of forming a solder wettable layer
(38) oﬁ said solder non-wettable layer (36) opposite
15 said under bump metallurgy layer.

4. A method for forming solder bumps (42)
on a microelectronic device (20) having a substrate
(22) and a plurality of contact pads (24) on said
substrate (22), wherein each of said contact pads (24)
20 has an exposed surface'portion, said method
characterized . by the steps of:
forming a continuous titanium barrier layer
(28) on said contact pads (24), wherein said barrier
layer (28) covers said exposed surface portions of said
25 contact pads (24) and extends over said substrate;
forming an under bump metallurgy layer (30,
32, 34) on said barrier layer (28) opposite said
substrate;
forming a solder bump (42) on said under bump
30 metallurgy layer (30, 32, 34) opposite said exposed
surface portion of one of said contact pads (24) and
said barrier layer theféby defining exposed and
unexposed surface portions of said under bump
metallurgy layer; '
35 selectively removing said exposed portion of
said under bump metallurgy layer (30,.32, 34) thereby

. REPLACEMENT SHEFT |defining an exposed portion of said barrier layer (28);
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corpr if"n ﬂ!||mlgﬁlﬂﬂ 1] | - * and a plural ity of PERACEMENTeSHEET
( I+

(24). on*sa rmtes each of said contactlgads (24) having an exposed
- 20-, _ surface portion opposite said substrate, said sol der
bunp structure characterizedebgctively removing said expoaedo@unmimmsof

titanium barrier §%¥§rb£g§ler layer (28) gxfendi ng across said substrate
and contacting each of d exposed surface portions of each

of said contact whepgés Félﬁ step of forming an under Ypump

conti nuous under ﬁgﬁ@up@fg&lyaggrlaaﬁpriggs the steps of: 32, 34) on said

barrier |ayer (28) opposite said
a solderlgunp (42) on said under EBERHRY 2 chronitin &ﬁXFﬁlﬁaP&y°Pa?@Fd(30

32, 34) opposite oitwamiumabarrier layer (28kpnaadt pads (24);
wherein said sol der bunp (42) deEbPﬁ§n§”a copper layer (34) on said

chromium layer (30) opposite said barrier layer (28).

5. A solder bump sttucture for a

10 microelectronic device (20) comprising a substrate (22)
and a plurality of contact pads (24) on said substrate,*
each of said contact pads (24) having an exposed
surface portion opposite said substrate, said solder
‘bump structure characterized by:

15 a continuous titanium barrier layer (28)
extending across said substrate and'contacting each of
said exposed surface portions of each of said contact

pads (24); _
a continuous under bump metallurgy layer (30,
20 32, 34) on said barrier layer (28) opposite said
substrate; ' |

a solder bump (42) on said under bump
metailurgy layer (30, 32, 34) opposite one of said
contact pads (24); and

25 wherein said continuous under bump metallurgy
layer comprises:
a chromium layer (30) on said barrier
" layer (24),
a phased layer (32) of chromium and
30 copper on said chromium layer (30) opposite said
barrier layer (28), and
a copper layer (34) on said phased layer-
(32) opposite said chromium layer (30).

_ 6. A solder bump structure for a
35 microelectronic device (20) comprising a substrate (22)
and a plurality of contact pads (24) on said substrate,

REPLAQEMENT SHEET Lach of said contact pads (24) having an exposed
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exposed pﬁlmltmnmuﬂﬂm”mder bunp netal | urgy | ayer 15 (30, 32,

34) .and f a sol der dam | ayer - (36) p g_ggg;@ NT SHEE
exposed portlon ‘of "safd tinder bunp .metal lurgy | ayer %P 5 EE
34). opposite sa| rrie

wherei n sai d sol*der c'famsfc’aryt"e]‘rm%o°rﬁ?°|ss]‘é:§a as‘aylc{ S(l%fjgtrate'so‘or%’eq RHSEt t abl e

| ayer (36); andump structure characterizeduiegrein said sol der dam further

conprises a sol der wettabl OMER] | e | ayer
(36) opposite said under baﬁ cor ods* D1 tUh A dnas:[o,}. iNe ié‘P

7. A sol der bumPxiending ea%ﬁﬁ g tpibstrages and cox@}%@%r@gmbumsa. d

sol der mon-wett add & | WSS sdBBdutface portions of sedEet et $4.000 EHRLQYECUP
consisting of a taéi antﬂum | ayer . a chrom um | ayer.
8. ‘A sol der bumP3&t3u e for a : mcroel ectroni c device (20)

conprising a substrate (223 contingdus unde'mcta@n@lruéeéll\yr@} E@péﬁCta@adS
(24) on said sug%g agf), 4 b gla &% d contact $ é
havi ng an expos on said barrien ?96?1& p‘ﬁ%g??Je 8ard ubstrate
sai d sol der substrate; bunp structure characterized by:
10 a solder bump (42) on said under bump
metallurgy layer (30, 32, 34) opposite one of said
contact pads (24);
wherein said solder bump (42) defines an
exposed portion of said under bump metallurgy layer
15 (30, 32, 34) and further comprising a solder dam layer
(36) on said exposed portion of said under bump
metallurgy layer (30, 32, 34) opposite said barrier

layer (28); |
wherein said solder dam layer comprises a
20 solder non-wettable layer (36), and
REPLACEMENT SHEET wherein said solder dam further comprises a solder wettab_le

layer (38) on said solder non-wettable layer (36) opposite said under bump
21 SEP 1998 |

f metallurgy layér.

L

7. A solder bump structure according to
25 ~ Claim 6 wherein said solder non-wettable layer (36) is
R selected from the group consisting of a titanium léyer
and a chromium layer.

8. A solder bump structure for a
_ microelectronic device (20) comprising a substrate (22)
30 - and a piurality of contact pads (24) on said substrate,
each of said contact pads (24) having an exposed
surface portion opposite said substrate, said solder
bump structure characterized by:
a continuous titanium barrier layer (28)
35 extending across said substrate and contactlng each of



a continu ‘| ayer (28) 35 ext ] Ng_acr oss

sal d- subsﬂuwIMJIwmgﬂM' ng each of w}- C%MENT SHEET
sai d exposed surface portions2af~ each of said contact

pads (24) a continuous under bunp netal lurgy |ayer (30,

32, 34) on said bamideexppged @RSfagmperintd s f ach ofudmid ateptact

a solder bump (42§a§% q@uq Junder. bunp nmetal lurgy layer (30, 32, 34)

opposi-te one of sai contact pads (24); and

wher ei n said conti nuous und@rQQﬂﬁéﬂ%QHﬂIQﬂQﬁF:hymP meﬂ%%k#rQXn&#Y%%s(3°

a chromum | ayer 630) 3an ¥ Galild Hrdler layer bE@9) &pdoviade (8ld and
a copper gayer (34Lbon S%Id chrom um | ayer 3&3 opposite said
I

barrier yer (28%
a solder bump (42) on said under bump

metallurgy layer (30, 32, 34) opposite one of said
contact pads (24); and _
wherein said continuous under bump metallurgy
10 layer comprises: _
a chromium layer (30) on said titanium
barrier layer (28), and _ .
a copper layer (34) on said chromium
layer (30) opposite said barrier layer (28).
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(57) Abstract

A method for fabricating solder bumps on a microelectronic .device having contact pads includes the steps of depositing a titanium
barrier layer on the device, forming an under bump metallurgy layer on the titanium barrier layer, and forming one or more solder bumps
on the under bump metallurgy layer. The solder bump or bumps define exposed portions of the uiider bump metallurgy layer which
are removed, and then the exposed portion of the titanium barrier layer is removed. The titanium barrier layer protects the underlying
microelectronic device from the etchants used to remove the under bump metallurgy layer. The titanium layer also prevents the under bump
metallurgy layer from forming a residue on the underlying microelectronic device, Accordingly, the titanium barrier layer allows the under
b;uﬁ;ra;t:llnrgy layer to be quickly removed without leaving residual matter, thereby reducing the possibility of electrical shorts between
s pS.




