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A RESIDUE~FREE SOLDER BUMPING PROCESS

BACKGROUND OF THE INVENTION
(1) Field of the Invention

The invention relates te a method of fabricating
semiconductor devices, and more particularly, to the
fabrication of solder bumps in the manufacture of an

integrated circuit device.
(2) Description of the Prior Art

Solder paste bumping- is emerging as a strong candidate
for a low-capital, low-cost method for produéing bumped
"wafers. In a solder paste bumping process, a solder paste
is printed onto the integrated circuit through a stencil.
Metal stencils or, in the case of fine geomeﬁry,
lithographically defined polymeric aperture stencils are
used. The printed solder paste is then heated, or
reflowed, to cause the solder to form a solder ball. This
solder ball, or solder bump, then provides a solderab;é
contact point fof directly connecting thé integrated

circuit to a circuit board.
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The cleanliness of the final wafer surface produced

ﬁsing a solder paste print method is an important

'characteristic. This cleanliness depends on flux

chemistry, wafer surface conditions, reflow operations,
cleaning methods, and cleaning chemistry. Special cleaning
problemns érise in the case of polymeric aperture stencils.
During high temperature exposure, such as during reflow,
-é%ceSsive cross-linking can occur in the polymetic

material. This cross—-linking phenomenon makes it difficult

to remove all of the polymeric material following the

formation of the solder bumps.

‘Several prior art approaéhes disclose methods to form
solder bumps on an integrated circuit device. U.S. Patent
5,767,010 to Mis et al discloses a method to form solder

bumps. A titanium barrier layer is formed on the substrate

prior to deposition of the underbump metallufgy.(UBM)

layef. Neither the UBM nor the titanium barrier layer is

patterned until after the solder bumps are deposited and

-reflowed. U.S. Patent 5,892,179 to Rinne et al teaches a

method to form a solder bump with an elongated UBM
structure that allows an offset between the solder bump and

the contact pad. A titanium barrier layer is disclosed in



a co~assigned patent applic§tion referenced therein. U.S.
Patent 4,273,859 to Mones eg al discloses a method to form
solder bump pads wherein a 5arrier layer is deposited
between the contact pads and the solder bumps. U.S. Patent
5,672,542 to Schwiebert et al teaches a method to form
solder bumps. Solder is applied through a stencil that
remains in place during refléwa U.S. Patent 5,0247352 to
Altman et al discloses a method to form solder bumps
wherein a solder resist is applied and patterned to create
wells. Solder paste is then applied and reflowed to form
bumps. U.S8. Patent 5,194,137 to Moore et al teaches a
solder bump method. A terminal péd with a connected linear
runner is formed on the substrate. A solder alloy is
applied. During reflow, solder is drawn from the runner to
the terminal pad to form a raised bump. U.S. Patent
5,400,950 to Myers et al discloses a method to form solder
bumps wherein the bump height is carefully controlled thle
improved thermal cycle énd mechanical capabiiity is

achieved. Non-input/output, or dummy, bumps are used.



' SUMMARY Oﬁ THE INVENTION

A principal object of ﬁhe present invention is to
provide an effective and very manufacturable method of
fabricaﬁing solder bumps in the manufacture of'integrated
circuit devices.

A further object of the present invention is to.
provide a method to fabricate solder bumps that produces

wafers freé from flux, polymeric residue, and

contamination.

A yet further object of the present invention is to
prevent contamination through the use of a sacrificial

layer underlying the aperture'mask.

Another yet further object of the present invention is
to provide a sclder bumping method that is free of residues

and is compatible with electroless plated UBM.

Another yet further object of the present invention is
to provide a solder bumping method suitable for ahy type of

polymeric stencil.
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Another yet further object of the present invention is
to provide a solder bumping method suitable for either

lead-base and lead-free solder pastes.

In accofdance with the objects of this invention, a
new method of fabricating solder bumps in thé manufacture
of an integrated circuit dewice has been achieved. Contact
pads are provided overlying a semiconductor substrate. A
passivation layer is provided overlying the contact pads.
The passivation layer has openings that expose a top
surface of the contact pads. A sacrificigl layer is
deposited overlying the passivation layer and the exposed
top surface of the contact pads. The sacrificial layer is
not Qettable to_soldér. Under buﬁp metallurgy (UBM) caps
may be formed either by deposition and patterning of a UBM
layer'stack or by selective electroless deposition of a
material such as nickel. An aperture mask is formed
overlying the sacrificial layer. The_apertufe.mésk has
.openings that expose a part of the sacrificial layer
overlying the contact pads. B solder layer is deposited
into the openings in the aperture mask. The solder layeér
is reflowed to form sclder bumps overlying the contact
pads. The aperture mask is stripped away. The sacrificial

layer is etched away to compléte the formation of the



solder bumps in the manufac?ure of the'integrated circuit
device. The etching away of the sacrificial layer insures
the complete removal of all of the residue of the aperture

mask.

BRIEF DESCRIPTEION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 through 9 schematica;ly illustrate a first

preferred embodiment of the present invention.

~Figs. 10 through 17 schematically illustrate a second

preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of the present invention is applied to the
formation of solder bumps in the manufacture of an
integrated circuit device. Two preferred embodiments of

the present invention are disclosed. In the first preferred



embodiment, underbump metal%urgy (UBM).caps are formed
overlying the contact pads i4 through a sputtering process.
In the second embodiment, the UBM caps are formed by
selective electroless plating of nickel and gold. In each
embodiment, a novel sacrificial layer is used to improve
aperture mask liftoff after reflow. It should be clear to
those experienced in the art~that the present invention can
be apﬁlied and extended without deviating from the scope of

the present invention.

Referring now more particularly to Fig. 1, there is
illustrated a ¢ross-section of a partially completed
integrated circuit devicé of the first preferred
embodiment. A semiconductor substrate 10 is provided. For
simplicity of illustration, the semiconductor substrate 10
is shown as a monolithic wafer. In practice, a plurality
of active and passive devices, layers, and connective lines

will be formed in the semiconductor substrate 10 prior to

the formation of the contact pads 14.

The contact pads 14 are formed, preferably by the
deposition and patterning of an aluminum layer. The
contact pads 14 provide a conductive connection between

circuits within the integrated circuit device and external



circuits. Very fine bumpin? pitches of about 50 microns
may be used with the method.of the present invention. A
passivation layer 18 is dep@sited overlying the contact
pads 14 and the semiconductor substrate 10. The
passivation layer 18 may comprise any conventional

passivation f£ilm such as silicon nitride or silicoen

dioxide. The passivation layer-18 is patterned to form

openings that expose the top surface of the contact pads

14.

Referring now to Fig. 2, an import;nt feature of the
present invention is illustrated. A sacrifiéial layer 22
is deposited overlying the passivation layer 18 and the
expoéed surface of the contact pads 14. This sacrificial
layer 22 is an important and novel feature of the present
invention to insuré that all polymer, flﬁx, and other
residues are completeély removed from the wafer surface

following the formation of the solder bumps.

The sacrificial layer 22 must exhibit good adhesion to
the passivation layer 18 and to the contact pads 14. The
sacrificial layer 22 must be non-wettable to solder. In
addition, the sacrificial layer should comprise a material

that may be selectively etched against solder. The



sacrificial layer 22 prefergbly comprises titanium, a
titanium-tungsten alloy,'or.chromium. The sacrificial
layer may be deposited by, for example, evaporation or
sputtering, to a thickness of between about 1,000 Angstroms

and 1,500 Angstroms.

Referring now to Fig. 3y -an under bump metallurgy
SUBMi layer 26 and 30 may be deposited overlying the
sacrificial.layer. .A UBM layer 26 and 30 is often used to
improve the bump—contéct perfofmance. The preferred UBM
;ayer 26 and 30 comprises a stack of materials such as
nickel/gold, copper/chromium/nickel/gold,
copper/nickel/gold, or copper/nickel/copper.

The UBM layer 26 and 30 is deposited by, for example,
sputtering, to a combined thickness of between about 5,000

Angstroms and 15,000 Angstroms.

Referring now to Fig. 4, the UBM layer 56 and 30 is
patterned to form UBM caps 26 and 50 overlying the contact
pads 14. This patterning is accomplishéd using, for
example, a phdtolithogréphy and etch sequence. A
photoigsist material, nét shoWn, is first coated onto the
wafer and exposed to actinic (UV) light through a mask.

The photoresist material is then developed. The UBM layer
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26 and 30 is etéhed throughxusing the photoresist material

as a mask. The photoresist material is then removed.

Referring now to Fig. 5,_an_apérture mask 34 is formed
overlying the sacrificial layer 22. The aperture mask 34
has square or circular openings that expose the UBM caps 26
and 30 and that expose a part -of the sacrificial layer 22
overlying the contact pads 14. The purpose of the aperture
mask 34 is td def;ne an area forlthe depositing of solder
onto tﬁe integrated'circuit device. Note-.that the aperture
mask openings are somewhat larger than the UBM caps 26 and
30. This means that excess solde; will be present during
the reflow operation to insure that the solder ball is

sufficiently large.

The aperture mask 34 may be formed in any of several
ways. For example, the aperture mask 34 may comprise a
metal stencil, a photosensitive. resist, a dfy film, or a-

laser drilled polymer. The method of the present. invention

" works well with any of these aperture mask materials.

If the aperture mask 34 comprises a photosensitive
resist or dry film material, then this material may be

patterned using a photolithography and etch sequenée. For



example, the éperture mask_géyer 34 is first coated or
laminated onto the wafer and then is exposed to actinic’
{UV) light through a mask. The aperture mask layer 34 is
then developed. The portion of the aperture mask layer 34
that was not exposed is removed usiné a developer solution.

The remaining material forms the aperture mask 34 as shown.

Alternatively, a polymer material could be applied and
patterned using a laser drilling device. For example,
these polymer materials could be used to form solder masks,

as UV adhesive films, or with wafer dicing tape.

The advantage of the present invention is particularly
visible for any aperture mask 34 materials that contain
polymer materials, such as photosensitive resist, dry film,
non-photosensitive resist, or laser drilled ﬁolymers.

These materials must be used for fine geometry patterns of,
for example;, 50 microns. As noted previousl;, polymer
materials may exhibit excessive cross-linking during the
solder reflow operation. Cross-linking makes the polymers
very difficult to completely remove from the wafer surface

“after reflow is complete. However, the presence . of the

novel sacrificial layer 22 underlying the aperture mask 34



insures that all of the polymer material 1s removed when
i

the sacrificial layer 22 is removed.

Referring now to Fig. 6, a solder iayer 38 is

~ .deposited into the openings in the aperture mask 34. The
solder layer 38 may comprise lead~based_soider or lead-free
solder. The solder layer 38 is applied to completely £fill
the aperture mask 34 openings as shown. The solder layer

38 may be deposited by printing, evaporating, or plating.

Referring now to Fig. 7, an important step in the
method of the present invention is illustrated. The solder
léyer 38 is reflowed to form solder bumps 38. The
reflowing step is performed by heating the wafers in a
reflow oven té a temperature of between about 100 degrees C
and 260 degrees C. During the reflow operation, the solder
layer 38 melts and wets, or bonds to, the UBM layer stack
26 and 30. Because the sacrifieial layer 22.and the
aﬁerture mask 34 do not wet with-the solder layer 38, the
solder pulls away from these materials. The surface
tension of the molten éolder layer 38 causes it to form a’
éélder ball or bump overlying the UBM layer 26 and 30 and

the contact pads 14.

12



Referring now to Fig.ie, the aperture mask 34 is
removed after the reflow oéeration. The aperture mask 34
is preferably removed usiné a chemical solvent strip. The
;trip of the aperture mask 34 reveals the top surface of

the sacrificial layer 22.

Referring now to Fig. %, .an important-feature of the
present invention is illustrated. The exposed sacrificial
layer 22 is etched away. The sacrificial layer 22 is
etched away using an etching chemistry that selectively
etches the sacrificial layer 22 without etching thé solder
bumps 38. Preferably, an anisotropic etch is used so that
the sacrificial layer 22 under the UBM layer 26 and 30 is
not undercut. For example, the sacrificial layer 22 may be

etched using a wet etch comprising HF, HNO;, and H:0.

The removal of the exposed sacrificial layer 22
insures that all residue of the-aperture mask 34 is
removed. In addition, any flux residue frém the solder
- paste layer 38 is removed wi£h the sacrificial layer 22,
The use of the sacrificial layer 22 thereby eliminates the
need for a high-pressure jet deflux station for flux
removal. In addition, the underlying passivation layer 18

is protected from scratches or other process contamination.

13
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Finally, if a second refiow‘operation is required, the
sacrificial layer 22 may be left on the wafer until after

the second reflow is completed.

Referring now to Fig. 10 a second preferred embodiment
of the present invention is illustrated. As in the first
enbodiment, the contact pads-14 are formed, preferably by
the deposition and patterning of an aluminum layer. Very
fine bumping pitches of about 50 microns may also be used
in this embodiment. A passivation layer 18 is deposited
overlying the contact pads 14 and the semiconductor
substrate 10. ?he passivation layer 1B may comprise any
conventional passivation film such as silicon nitride or
silicon dioxide. The passivation layer 18 is patterned to
form openings that expose the top surface of the contact

pads 14.

An important feature of this embodiment is the use of
electroless-plated nickel (Ni) and gold {(Au) for the UBM
cap 46. In this process, the wafers are placed in nickel
and gold electroless plating solutions, respectively.
éecause of the presence of the passivation layer 18, the
nickel and gold layer 46 is selectively deposited only

overlying the exposed contact pads 14. This approach saves

-

14
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a masking and étching sequence by only plating the nickel
and gold UBM caps 46 where they are needed. The nickel and
gold UBM caps 46 are @;éferably deposited to a combined
thickness of between about 4,300 Angstroms aqd 6,300'
Angstroms. The partiai nickel thickness is preferably
between about 4,000 Angstroms and 6,000 Angstroms, and thg

partial gold thickness is preferably about 300 Angstroms.

Referring now to Fig. 11, an important feature of the
second embodimént of the present invention is illustrated.
A sacrificial layer 50 is deposited overlying the
passivation layer 18 aﬂd the nickel_and go;d layver 46. This
sacrificial layer 50 will agaih insure that all polymer,
fluk, and other residues are completely removed from the

wafer surface following the formation of the solder bumps.

The sacrificial layer 50 must exhibit good adhesion to
the passivation layer lé and to-the nickel aﬁd gold laye;
46. The sacrificial iayer.SO must be non-wettable to
solder. 1In éddition, the sacrificial layer 30 should
comprise a material that may be selectively etched against
soider. The sacrificiai layexr 50 preferably comprises
titanium, a titanium-tungsten alloy, or chromium. The

sacrificial layer may be deposited by, for exaﬁple,

15
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evaporation or sputtering, §o a thickness of between about

1,000 Angstroms and 1,500 Angstroms.

Referring now to Fig. 12, an aperture mask 54 is
formed overlying the sacrificial layer 50. The aperture
mask 54 has openings that expose a part of fhe sacrificial_
layer 50 overlying the contaect pads 14. The purpose of the
éperture mask 54 is to define an area for the depositing of
solder onto the integrated circuit device. Note that the
aperture mask openings are somewhat larger than the contact
pads 14. This means that excess solder will be present
during.the reflow operation to insure that the solder ball

is sufficiently large.

The aperture mask 54 may again be formed in any of
several ways. For example, the aperture mask 54 may
éomprise a metal stencil, a photosénsitive resist, a dry
film, or a laser drilled polymer. The metho& of the

present invention. works well with any of these aperture

mask materials.

If the aperture mask 54 comprises a photosensitive resist
material, then this material may be patterned using a

photolithography and etch sequence as discussed above in



i e AR S s S e — R

the first embodiment. In addition, a polymer material
could be applied and patterned using a laser drilling

device.

The advantage of the present invention is again
particularly visible for ‘any aperture mask 54 materials
that contain polymer materials, such as photosensitive
resist, dry film, or laser drilled polymers. These
materials must be used for fine geometry patterns of, for
example, 50 microns. fhe presence of the novel sacrificial
layer 50 underlying the aperture mask 534 insures that even
-cross—linked polymer material is removed when the

sacrificial layer 50 is removed.

Referring now to Fig. 13, an important feature of the
second preferred embodiment is illustrated. The exposed
part of the sacrificial layer 50 is etched away. By
removing the exposed part of the sacrificial.layer 50, the
underlying nickel and gold UBM caps 46 are exposed so that
the solder éaste can wet to the caps during the reflow
operation. The exposed sacrificial layer 50 is preferably
etched using an anisotropic etch so that the sacrificial
layer 50 under the mask aperture 54 is not undercut. For

example, the sacrificial layer 50 may be etched using a wet

17



etch comprising HF, HNO,, aqd Hp0. It is important to note
that the sacrificial layer 50 remains underlying the
aperture mask 54 so that the advantage of complete removal

of all of the polymer material is achieved after the reflow

operation.

Referring now to Fig. X, a solder layer 58 is
deposited into the openings in the aperture mask 54. The
solder layer 58 may comprise lead-based solder or lead-free
solder. The solder layer 58 is appiied to completely £ill
the aperture mask 54 openings as shown. The solder layer 58

.may be deposited by printing, evaporating, or plating.

Referring now to Fig. 15, an important step in the
method of the present invention is illustrated. The solder
layer 58 is reflowed to form solder bumps 58. The
reflowing step is performed'by heating the wafers in a
reflow oven to a température of -between abou£ 106 degrees C
and 360 degrees C. During the reflow operation, the solder
.layer 58 melts and wets, or bonds to, the electroless
nickel and gold UBM caps 46. Because the sacrificial layer
50 and the aperture mask 54 do not wet with the solder
paste layer 58, the solder pulls away from these materials.

The surface tension of the molten solder layer 58 causes it



to form a solder ball or bupp overlying the nickel and gold

UBM caps 46 and the contact pads 14.

Referring now te Fig. 16, the apeitufe mask 54 is
removed after the reflow operation. The aperture mask 54
is preferably removed using a chemical solvent strip. The
‘strip of the apertuie mask 54-reveals the remaining

sacrificial layer 50.

Referring now to Fig. 17, an important feature of the
second preferred embodiment is illustrated. The remaining:
sacrificial layer 50 is etched away. The sacrificial layer
50 is etched away using an étching chemistry that
selectively etches the sacrificial layer 50 without etching
-the solder bumps 58. For example, the sacrificial layer 50

may be etched using, for example, a wet etch comprising HF,

HNOs, and H,0.

The removal of the exposed sacrificial layer 50
insures that all residue of the aperture mask 54 is
removed. In addition, any flux residue from the solder
paste layer 58 is removed with the sacrificial laye: 50.

The use of the sacrificial layer 50 thereby eliminates the

need for a high-pressure jet deflux station for fiux

19
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removal. In addition, the Pnderlying passivation layer 18
is protected from scratches or 6ther'process contamination.

Finally, if a second reflow operation is required, then the
sacrificial layer 50 may be left on the wafer until after

the second reflow is completed.

The advantages of the process of the present invention
can now be enumerated. First, an effective method fox
forming solder bumps has been achieved. Second, the method
utilizes a novel sacrificial layer underlying the aperture
mask that éhables the complete removal of the aperfure mask

material after reflow. Third, the method may be used with

sputter applied UBM layers or with electroless plated

.nickel and gold. Finally, the method is suitable for use

with lead-based or lead-free solder.

As shown in the preferred embodiments, the present

invention provides a very manufacturable method to form
solder bumps in the manufacture of an integrated circuit

device.

While the invention has been particularly shown and

described with reference to the preferred embodiments

thereof, it will be understood by those skilled in the art

20



that various changes in form and details may be made
without departing from the spirit and scope of the

invention.

What is claimed is:

2!
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1; A mefhod té'form sdldgr bumps on an integrated circuit
device comprising:

braviding contact pads overlying a semiconductor
o substiate and a paésivétion layer 6verlying sald contact
‘-pads wherein said passivation layer has openings that
'expose a top surféce'of said éontaqt pé&s:

depositing a sacrificial layer o?eplying said
passivation layer and said exposed top surféce of contact
pads wherein said sacfificial layef is not wettable to
soider;

forming an aperﬁure mask overlying said sécrificial
layer wherein said aperture mask has openings that expoée a
part of said_sécrificial iayer errlying said contact pads;

depositing a solder layer into said openings in said
apertﬁre mask;

‘reflowing said solder layer to form solder bumps
- overlying said contact pads;

striéping away said aperture mask; aﬁd

etching aﬁay said sacrificial la?er t? complete
formation of.said solder.bumps in the manufacture of said

integrated circuit device wherein said etching away insures

’complete removal of all residue of said aperture mask.

22
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2. The method according $o Claim 1 wherein said sacrificial
layer comprises one of the'group of: titanium, titanium-

tungsten, and chromium.

3. The method according to Claim 1 wherein said aperture
mask comprises one of the group of: metal stencil,

photosensitive resist, dry -film, and laser drilled polymer.

4. The method according to Claim 1 wherein said solder

layer comprises .one of the group of: lead-based solder and

lead-free solder.

5. The method according to Claim 1 wherein said step of
depositing a solder layer comprises one of the group of:

printing, evaporating, and plating.

6. The method according to Claim 1 further comprising:

~ depositing an underbump -metallurgy léyer {UMB)

'overlying séid sacrificial layer after said step of

depositing said sacrificial layer and before said step of

forming said aperture mask; and

théreafter patterning said underbump metallurgy layer

to form UBM caps overlying said contact pads.

23
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7. The method according %o Claim 6 wherein said underbump
metallurgy layer comprises one of the group of:
nickel/gold, cdpper/chromium/nickel/gqld,

copper/nickel/gold, and copper/nickel/copper.

8. The method according to Claim 1 further comprising:

depositing a nickel -and gold layer overlying said
exposed top surface of contact pads to form UBM caps
wherein said depositing is by electroless plating, is
selective to only said contact pads, and occurs before said
step of depositing said sacrificial layer; and

etching away said exposed part of sacrificial layer
after said step of forming said aperture mask and pfior to

said step of depositing said solder layer.

95 A method to form solder bumps on an integrated circuit
deviée comprising:

providing contact pads overlying a semiconductor
substrate and a passivation layer overlying said contact
pads wherein said passivation layer has openings that
expose a top surface of said contact pads;

depositing a sacrificiél layer overlying said
passivation layer and.said exposed top surface of contact

pads wherein said sacrificial layer is not wettable to

24
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solder; |
| depositing an underbump meta;lurgy layer (UMB)
overlying said sacrificial layer:;
patterning said underbump metallurgy layer to form UBM
caps overlying said contact pads;
forming én aperture mask overlying said sacrificial
layer wherein said aperture mask has openings that expose '
said UBM caps and that expose a part of said sacrificial
layer.over;ying said contact pads:
depositing a solder layer into said openings in said
-aperture mask and overlying said UBM caps;
reflowiné said solder layer to form solder bumps
overlying said UBM caps;
| strippihg away said .aperture mask; and
etching away said sacrificial layer to complete
formation of said solder bumps in the manufacture of said
integrafed circuit device wherein said etching away insures

complete removal of all residue of said aéerture mask.
10. The method according to Claim 9 wherein said

sacrificial layer comprises one of the group of: titanium,

titanium-tungsten, and chromium.
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11, The method according,to Claim 9 wherein said aperture

mask comprises one of the group of: metal stencil,

photosensitive resist, dry film, and laser drilled polymer.

12. The method according to Claim 9 wherein said solder

layer comprises one of the group of: lead-based solder and

'lead—fxee solder. —

13. The method according to Claim 9 wherein said step of

depositing a solder layer comprises one of the group of:

printing, evaporating, and plating.

14. The method according to Claim 9 wherein sald underbump
metallurgy ‘layer comprises one of the group of:
nickel/gold, copper/chromium/nickel/gold,

cobper/nickel/gold, and copper/nickel/copper.

15. A method to form solder bumps on an iﬁtegrated circuit
device comprising:

providing contact pads overlying a semiconductor
substrate and a passivation laygr overlying said contact
pads wherein said passivation layer has openings that

expose a top surface of said contact pads;
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depositing a nickel§and gold layer overlying said
exposed top surface of cpntact'pads to form-UBM caps
wherein said depositing is by electroless plating and is
selective to only said contact pads;

deéﬁsiting a sacrificial layer overlying said
passivatioﬁ layer and said nickel and gold layer wherein
said sacrificial layer is-not wettable to solder;

forming an aperture mask overlying said sacrificial
layer wherein éaid aperture mask has openings that expose a
part of said sacrificial layer overlying said contact pads:

etching away said exbosed part of said sacrificial

_layer;

depésiting a solder iayer into said openings in said
aperture mask; |

reflowing said solder layer to form solder bumps
overlying said contact pads:

stripping away said aperture mask; and

‘etching away said sacrificial layer to complete

. formation of said solder .bumps in the manufacture of said

integrated circuit device wherein said etching away insures

complete removal of all residue of said aperture mask.

27



o NRRY DO T

16. The method accordingito Claim 15 wherein said
sacrificial layer comprises one of the group of: titanium,

titanium-tungsten, and chromium.

17. The method according to Claim 15 wherein said apertﬁre
mask comprises one of the group of: metal stencil,

photosensitive resist, dey.film, and laser drilled polymer.

18. The method according to Claim 15 wherein:.said solder

layer comprises one of the group of: lead-based solder and

lead-free solder.

19. The method according to Claim 15 wherein said step of
depositing a solder layer comprises one of the group of:

printing, evaporating, and plating.
20. The method according to Claim 15 wherein said nickel

and gold layer is deposited o a combined thickness of

between about 4,300 Angstroms and 6,300 Angstroms.
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