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MICROPAD FORMATION FOR A SEMICONDUCTOR

Background

Field

[0001] This invention relates generally to semiconductors, and more specifically, to

external electrical connections to semiconductors.
Related Art

[0002] Integrated circuits are increasingly connected to each other by stacking two or
more integrated circuits in a three dimensional (3D) stack. For example, this technigue has
been used to double an amount of memory by stacking two memory integrated circuits. An
alternative form is to stack an integrated circuit with a semiconductor wafer. The stacked
integrated circuits make electrical contact to each other through chip bonding. The chip
bonding utilizes a bond pad on one integrated circuit that is bonded with another bond pad of
the other integrated circuit. These bond pads are often referred to as “micropads”.
Thermocompression bonding of micropads from two different die or wafers provide both
mechanical and electrical inter-strata connections of the stacked die. A known bonding
process uses a copper micropad at a bond pad of a first integrated circuit and copper and tin
at a bond pad of a second integrated circuit. The two bond pads are aligned and bonded
together with the copper of the bond pad of the first integrated circuit bonding to the tin of the
bond pad of the second integrated circuit. However, interdiffusion of the copper and tin of
the bond pad of the second integrated circuit occurs at low temperature including room
temperature to form intermetallic compounds such as Cus;Sn and CugSns. Thick intermetallic
compounds are brittle and contribute to reliability issues associated with the bond pad. For
example, a rigid bond pad made of an intermetallic compound is prone to shear and stress
fractures. When a significant amount of intermetallic compound is formed, additional tin
must be added to insure the material remains bondable. The additional tin increases the
thickness which is undesired. Also, such intermetallic compounds are stable up to very high
temperatures, such as six hundred degrees Celsius, and thus become non-bondable. Such
high temperatures are too large to be useful for a bonding material because other portions of
a completed integrated circuit are degraded or fail when subjected to such high

temperatures.
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Brief Description of the Drawings

[0003] The present invention is illustrated by way of example and is not limited by the
accompanying figures, in which like references indicate similar elements. Elements in the

figures are illustrated for simplicity and clarity and have not necessarily been drawn to scale.

[0004] FIGs. 1-9 illustrate in cross-sectional form one form of a micropad structure of a

first semiconductor formed for connection to a second semiconductor;

[0005] FIGs. 10-13 illustrate in cross-sectional form another form of a micropad structure

of a first semiconductor formed for connection to a second semiconductor; and.

[0006] FIGs. 14-20 illustrate in cross-sectional form yet another form of a micropad

structure of a first semiconductor formed for connection to a second semiconductor.

[0007] Skilled artisans appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated relative to other elements to help to

improve understanding of embodiments of the present invention.

Detailed Description

[0008] [llustrated in FIG. 1 is a cross-sectional view of a portion of a semiconductor
wafer 10 that is processed in accordance with one form the present invention. A
semiconductor device 12 is illustrated wherein the semiconductor device 12 is a portion of a
die on the semiconductor wafer 10. Within the semiconductor device 12 is a substrate
having transistors and numerous electrical contacts. For convenience of illustration a single
electrical contact is illustrated in the form of a contact 14 within the substrate of
semiconductor device 12. The contact 14 is an external contact of the semiconductor device
12 and provides electrical contact from an initially exposed surface of the semiconductor
device 12 to active circuitry (not shown) that is fabricated at lower levels of the
semiconductor device 12. Patterned above the semiconductor device 12 in a manner that
leaves a significant portion of the contact 14 exposed is a passivation layer 16. Passivation
layer 16 is an electrically insulating material. In one form the passivation layer 16 is a layer
of insulating material. In other forms the passivation layer 16 may be implemented with
multiple layers of insulating material. It should be appreciated that passivation materials
such as silicon oxynitride, silicon nitrides, TEOS films, plasma enhanced nitrides and
combinations thereof may be used. Overlying the passivation layer 16 is a barrier layer 18

which is conformal. The barrier layer 18 functions to promote adhesion and function as a
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barrier to copper and tin. Various barrier materials may be used including titanium tungsten
(Tiw), titanium nitride (TiN) or tungsten (W). Other barrier materials may be implemented.

The barrier layer 18 is formed directly on the contact 14.

[0009] lllustrated in FIG. 2 is further processing of the semiconductor wafer 10. A seed
layer 20 is formed overlying the barrier layer 18 and is conformal. In one form the seed layer
20 is copper. Other metals may be used. Copper is used in this embodiment in
contemplation of assisting as a seed in the development of overlying copper above the
contact 14. After the formation of the seed layer 20 a patterned layer of photoresist 22 is
formed wherein the area above the contact 14 is open in the pattern for exposure to
subsequent processing. Conventional photoresist material is used as the layer of

photoresist 22.

[0010] lllustrated in FIG. 3 is further processing of the semiconductor wafer 10 wherein
the semiconductor wafer 10 is exposed to a copper electroplating bath 26. The
electroplating solution that is used contains copper. With the assistance of the copper seed
layer 20, a copper stud 24 is formed overlying the contact 14 and the barrier layer 18. The
barrier layer 18 prevents the migration of copper from the seed layer 20 to contact 14. The
semiconductor wafer 10 is exposed to the copper electroplating bath 26 for a sufficient
amount of time and sufficient charge is passed during this processing to form the copper

stud 24 to a desired height overlying the contact 14.

[0011] lllustrated in FIG. 4 is further processing of the semiconductor wafer 10 wherein
the semiconductor wafer 10 is removed from the copper electroplating bath 26. The
patterned layer of photoresist 22 is also removed by performing a conventional wet etch.
Therefore, at this point in the processing a copper stud 24 has been formed overlying the
contact 14 and extending above an upper surface of the seed layer by an amount that is
dependent on the processing conditions such as the amount of time that the semiconductor
wafer 10 was in the copper electroplating bath 26 and the amount of charge passed during

the copper electroplating step.

[0012] lllustrated in FIG. 5 is further processing of the semiconductor wafer 10 wherein
exposed portions of the seed layer 20 and the barrier layer 18 are removed by a
conventional wet etch. Only those portions of the seed layer 20 and the barrier layer 18 that

underlie the copper stud 24 remain after the wet etch.

[0013] lllustrated in FIG. 6 is further processing of the semiconductor wafer 10 wherein

the semiconductor wafer 10 is placed in a tin immersion plating bath 28 for a predetermined
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amount of time. The tin immersion plating bath 28 functions to remove the copper from both
the copper stud 24 and the seed layer 20 and replace the copper with pure tin (Sn). The tin
replaces at least ninety-five percent (95%) of the copper in copper stud 24 to result in a tin
micropad that has less than five percent (5%) copper by weight. The copper is removed
from the copper stud 24 as copper ions are put into solution in the plating bath 28. The

reaction is a chemical replacement reaction which can be generally represented as:

2Cu +Sn** > 2 Cu' + Sn

The amount of time required for the transfer of material depends upon various factors
including time and temperature. In one form the tin immersion plating bath 28 is a solution
that contains tin salt and other components such as complexing agents and surfactants and
is maintained at a temperature that is within a range of temperatures equal to or greater than

sixty degrees Celsius and up to eighty-five degrees Celsius.

[0014] lllustrated in FIG. 7 is further processing of the semiconductor wafer 10 wherein
the semiconductor wafer 10 is removed from the tin immersion plating bath 28. A resulting
pure tin micropad 30 exists wherein the pure tin micropad 30 has a height of “L” that is within
a range of one microns (.001 mm) to five microns (.005 mm). The height “L” is determined in

large part by the height of the copper thickness of stud 24 when it was formed in FIG. 3.

[0015] lllustrated in FIG. 8 is further processing of the semiconductor wafer 10 wherein a
second semiconductor wafer 32 is connected to form a three dimensional (3D) structure.
The second semiconductor wafer 32 has a semiconductor device 34 having a contact 38
that is connected to active circuitry (not shown) within the semiconductor device 34.
Connected directly to the contact 38 is a barrier layer 43 that is analogous to barrier layer 18
of semiconductor device 12. Connected to the barrier layer 43 is a copper micropad 36. In
an implementation where the pure tin micropad 30 has a height within a range of
substantially one micron to three microns, the height of the copper micropad 36 is within a
range of three to ten microns, depending upon the value of the micropad 30. Within that
range, copper micropad 36 is at least twice the height of micropad 30 and may be three or
more times taller. The base of the copper micropad 36 that is adjacent the contact 38 is
surrounded by an insulating layer 41. In one form the insulating layer 41 is a layer of
passivation material such as a nitride or TEOS. A compression force 40 is used to
physically bond semiconductor device 12 to semiconductor device 34. When compression
force 40 is applied at a sufficiently high temperature to soften the tin micropad 30 and a bond

is formed that electrically connects contact 14 to contact 38. In one form the copper
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micropad 36 is pressed against the pure tin micropad 30 in an ambient temperature in

excess of the melting point of tin which is 232 degrees Celsius.

[0016] lllustrated in FIG. 9 is further processing of the semiconductor wafer 10 and the
semiconductor wafer 32. A copper/tin intermetallic microbond 42 is formed wherein the tin of
micropad 30 is consumed by the copper of micropad 36 to form a solid bond between
semiconductor device 12 and semiconductor device 34. A portion of the copper micropad

36 remains copper and does not interact with the tin of the micropad 30. Therefore there
has been provided an improved semiconductor bond pad between two semiconductor

devices.

[0017] lllustrated in FIG. 10 is another embodiment of forming a micropad for a
semiconductor device 52 of a wafer 50 wherein the micropad is readily bonded with another
micropad of another semiconductor device. In the illustrated form the semiconductor device
52 has an external contact 54 that is connected to active circuitry (not shown) within a
substrate of the semiconductor device 52. Overlying the semiconductor device 52 is a
patterned passivation layer 56. The patterned passivation layer 56 may be implemented
with multiple layers in another form. In one form the patterned passivation layer 56 is an
insulating material such as Silicon Oxy Nitride, silicon nitrides, TEOS films, plasma
enhanced nitrides or combinations thereof. Overlying the patterned passivation layer 56 is a
layer of patterned photoresist 58. The layer of patterned photoresist 58 has an opening that
exposes the contact 54. Within the opening and above contact 54 is formed a selectively
deposited barrier layer 62. The barrier layer 62 is in direct contact with the contact 54.
Various selectively deposited barrier materials may be used such as cobalt tungsten boron
(CoWB), cobalt tungsten phosphorous (CoWP), cobalt tungsten phosphorous boron
(CoWPB), cobalt molybdenum boron (CoMoB), cobalt molybdenum phosphorous (CoMoP),
nickel tungsten phosphorous (NiWP) or combinations thereof. The barrier layer 62 functions
to block copper and tin from contacting the contact 54. In this form the semiconductor
device 52 is placed within an electroless plating bath 60. The electroless plating bath 60 is a

solution of a commercially available electroless plating solution.

[0018] lllustrated in FIG. 11 is the formation of a copper stud 66 as a result of the
semiconductor device 52 remaining in the electroless copper plating bath 64 for a significant
amount of time to deposit copper on the barrier layer 62. The amount of time required to
deposit copper stud 66 depends on many variable including temperature and the copper
solution used in the electroless copper plating bath 64. The amount of time also is

determined by a desired height of the copper stud 66. In one form the copper stud 66 is
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formed to a height that subsequently determines the height of the final micropad structure.

This height can therefore vary.

[0019] lllustrated in FIG. 12 is further processing of semiconductor device 52 wherein
the semiconductor device is removed from the electroless copper plating bath 64. The
patterned photoresist 58 is subsequently removed by either a wet etch or a dry etch. With
the patterned photoresist 58 removed, the copper stud 66 extends from the barrier layer 62
above the contact 54. The semiconductor device 52 is then placed in a tin immersion bath
68. The tin immersion bath 68 functions to remove copper from the copper stud 66 and
replace the copper with substantially pure tin with a purity of at least ninety-five percent.
Preferably the purity is approximately ninety-nine percent or greater. In one form the tin
immersion bath 68 is formed by using any of commercially available products such as, for
example, TINPOSIT™ LT-34 from Rohm and Haas Electronic Materials or Stannostar GEM
PLUS ™ from Enthone. The tin immersion is performed at a temperature that may be within
a variable range such as sixty to eighty-five degrees Celsius. It should be apparent that

other temperatures may be used.

[0020] lllustrated in FIG. 13 is a completed micropad wherein a tin micropad 70 having a
height of “L” has been formed. The height is typically within a range of one to three microns,
but other dimensions may be formed. At this point in the processing the semiconductor
device 52 may be stored without the tin micropad 70 changing into an intermetallic bond
pad. When the semiconductor device 52 is subsequently bonded at tin micropad 70 to
another micropad of another integrated circuit, the tin will react at a relatively low bonding

temperature with a copper micropad to become a solid and reliable intermetallic bond.

[0021] lllustrated in FIG. 14 is a cross-section of another form of a micropad for bonding
a semiconductor device. A portion of a wafer 72 is illustrated having a semiconductor device
74 formed within a substrate. The semiconductor device 74 has an exposed recessed
external contact 78 that connects to active circuitry (not shown) that has been formed at
other portions of the semiconductor device 74. Overlying the semiconductor device 74 is an
insulating layer 76 of passivation material that is patterned to expose the contact 78. The
exposed portion of the contact 78 is recessed by using a wet etch process. The passivation

material of insulating layer 76 may be any of various conventional passivation materials.

[0022] lllustrated in FIG. 15 is a cross-section of further processing of semiconductor
device 74. Overlying the semiconductor device 74 is formed a conformal barrier layer 80.
The barrier layer 80 is tantalum (Ta) for blocking tin and copper from entering the contact 78.

Tantalum functions very well for these purposes. Barrier layer 80 may also be implemented

-6-
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by using titanium (Ti), titanium nitride (TiN) and tantalum nitride (TaN) or combinations
thereof. All of these materials successfully block tin from entering contact 78 and

contaminating the contact 78.

[0023] lllustrated in FIG. 16 is a cross-section of further processing of semiconductor
device 74. A chemical mechanical polishing (CMP) step is implemented wherein the barrier
layer 80 is removed from those areas overlying the insulating layer 76. A planar top surface
results from the CMP processing. At this point in the processing of semiconductor device

74, the barrier layer 80 is only in the contact area overlying contact 78.

[0024] lllustrated in FIG. 17 is a cross-section of further processing of semiconductor
device 74. A conformal seed layer 82 is formed overlying the semiconductor device 74. In
one form the seed layer is copper because it is desired to form copper overlying the seed
layer 82. It should be apparent that other metals may be used for seed layer 82 if other
metal types are desired to be formed overlying the seed layer 82. A layer of patterned
photoresist 84 is formed overlying the seed layer 82 wherein an opening is formed around
the contact region and overlying contact 78. The semiconductor device 74 is then placed in
an electroplating bath 86. A conventional commercially available solution may be used for
the electroplating bath 86. When semiconductor device 74 is placed in the electroplating
bath 86, the exposed seed layer 82 stimulates the formation of copper stud 88 in the
opening of the patterned layer of photoresist 84. The copper stud 88 is formed to a

predetermined height.

[0025] lllustrated in FIG. 18 is a cross-section of further processing of semiconductor
device 74. The semiconductor device 74 is removed from the electroplating bath 86. The
layer of patterned photoresist 84 is removed by either a wet etch or a dry etch. The seed
layer 82 is also removed by a subsequent wet etch to provide the resulting structure of FIG.
18 wherein the copper stud 88 is exposed and overlies the contact region to make electrical

contact with the contact 78 via the barrier layer 80 and the seed layer 82.

[0026] lllustrated in FIG. 19 is a cross-section of further processing of semiconductor
device 74. The semiconductor device 74 is immersed in a tin immersion bath 90. The tin
immersion bath 90 functions to remove copper from the copper stud 88 and replace the
copper with substantially pure tin with a purity of at least ninety-five percent. Preferably the
purity is approximately ninety-nine percent or greater. In one form the tin immersion bath 90
is formed by using any of commercially available products such as, for example,
TINPOSIT™ LT-34 from Rohm and Haas Electronic Materials or Stannostar GEM PLUS™

from Enthone. The tin immersion is performed at a temperature that may be within a
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variable range such as sixty to eighty-five degrees Celsius. It should be apparent that other

temperatures may be used.

[0027] lllustrated in FIG. 20 is a cross-section of further processing of semiconductor
device 74. The semiconductor device 74 is removed from the tin immersion bath 90 of FIG.
19 after a pure tin micropad 92 has been formed from the combination of the seed layer 82
and the copper stud 88. The pure tin micropad 92 has a height of “L” which is sufficient to
be bonded to another micropad (not shown) that is copper, for example, and be consumed
completely to form an intermetallic bond. Therefore, the value of “L” may vary depending
upon the height of the other micropad that is being bonded to. It should be noted that the
removal of copper and the replacement with tin which occurs from the tin immersion bath 90
of FIG. 19 functions to remove the seed layer 82 which is replaced by pure tin. The pure tin
has a purity of at least ninety-five percent and preferably the purity is approximately ninety-
nine percent or greater. The barrier layer 80 continues to be recessed in the substrate of the

semiconductor device 74.

[0028] By now it should be appreciated that there has been provided a micropad and
method of formation that has improved shelf-life because the micropad is pure or
substantially pure tin in composition. As a result of the pure tin content, the micropad is not
susceptible of forming intermetallic bonds with another metal at room temperatures. Such a
formation of intermetallic bonds would require an increase in the height of the micropad
thereby making the micropad more rigid. Both of these characteristics are distinct
disadvantages for stacking two integrated circuits or two semiconductor wafers. Differing
steps may be used to form the pure tin micropad. In one form an electroless immersion
plating process is used. In another form an electroplating bath process is used. In either
form since no copper is present prior to bonding, the opportunity for copper and tin
intermetallic compounds to form within the micropad is substantially removed during storage
of the semiconductor device as well as during a temperature ramp-up. As a result, the total
required height of the tin micropad may be minimized as there will be adequate tin present
when a thermo compression bond is made with another micropad of another semiconductor.
Additionally, the semiconductor may be stored for a significant amount of time prior to
thermocompression bonding with another semiconductor device to form a 3D stacked
package. The increased shelf life of the product prior to bonding permits both a
manufacturer and an end user with additional flexibility as to when products are packaged

into multiple chip packages and permits additional customization options.

[0029] The semiconductor substrate of the semiconductor devices described herein can
be any semiconductor material or combinations of materials, such as gallium arsenide,
8-
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silicon germanium, silicon-on-insulator (SOI), silicon, monocrystalline silicon, the like, and

combinations of the above. Moreover, the terms “front,” “back,” “top,” “bottom,” “over,”
“‘under” and the like in the description and in the claims, if any, are used for descriptive
purposes and not necessarily for describing permanent relative positions. It is understood
that the terms so used are interchangeable under appropriate circumstances such that the
embodiments of the invention described herein are, for example, capable of operation in

other orientations than those illustrated or otherwise described herein.

[0030] Although the invention is described herein with reference to specific
embodiments, various modifications and changes can be made without departing from the
scope of the present invention as set forth in the claims below. For example, while the
dimensions of the pure tin micropad are reduced by using the embodiments described
herein, these dimensions can be any of various heights, lengths and widths. The contact of
the semiconductor device to which the pure tin micropad connects may be implemented in
any of various structural forms, including circular shapes. The contact may represent
electrical power supply connections, a portion of a multiple bit signal bus or other signal
conductors. While the illustrated embodiments describe the formation of copper studs which
are used to create the pure tin micropads, studs formed with other metals may be used in

lieu of the copper studs.

[0031] In one form there is herein provided a method wherein a first semiconductor
device having an external contact is provided. A stud of copper is formed over the external
contact, wherein the stud extends above a surface of the first semiconductor device. The
stud of copper is immersed in a solution of tin in which the tin replaces at least 95 percent of
the copper of the stud resulting in a tin micropad that has less than 5 percent copper by
weight. In one form a passivation layer is formed over a top surface of the semiconductor
device having an opening over the external contact. In another form the solution contains a
tin salt, and a temperature of the solution is within a range from 60 degrees Celsius to 85
degrees Celsius. In another form a barrier layer is formed over the external contact prior to
the step of forming a stud. In yet another form a passivation layer is formed over a top
surface of the semiconductor device having an opening over the external contact. In this
form the barrier layer is formed by depositing a metal layer over the passivation layer and
the external contact prior to forming the stud. Chemical mechanical polishing on the metal
layer is performed such that the metal layer is removed over the passivation layer and is
retained in the opening. In another form forming the barrier layer is implemented by
recessing the external contact prior to depositing the metal layer. In this embodiment

forming the barrier layer is implemented by forming a tantalum barrier layer. In another form
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the barrier layer is formed by electroless plating on the external contact. In yet another form
the barrier layer is formed by electroless plating by immersing the external contact in a bath
comprising cobalt. In yet another form a passivation layer is formed over a top surface of the
semiconductor device having an opening over the external contact. In this form the barrier
layer is formed by forming a metal layer over the passivation layer and the external contact
prior to forming the stud. The metal layer is etched using the stud as a mask to leave a
portion of the metal layer covered by the stud as the barrier layer. In yet another form
forming the stud is further implemented by forming a copper seed layer after forming the
metal layer and prior to etching the metal layer. In yet another form a second semiconductor
device having a copper micropad is bonded to the semiconductor device by pressing the
copper micropad against the tin micropad in an ambient temperature in excess of the melting
point of tin. In another form the stud is formed by forming a photoresist layer over the first
semiconductor device having an opening over the external contact and performing an

electroplating step using the photoresist layer as a mask.

[0032] In yet another form there is provided a method in which a first semiconductor
device is provided having a copper stud extending from an external contact above a surface
of the first semiconductor device. The copper stud is converted to a tin micropad that is less
than 5 percent copper by weight by immersing the copper stud in a bath of tin salt solution
that is within a range of a temperature from 60 degrees Celsius to 85 degrees Celsius. In
yet another form providing the first semiconductor device is further implemented by forming
the copper stud by forming a photoresist layer over the first semiconductor device having an
opening over the external contact. An electroplating step is then performed using the
photoresist layer as a mask. In yet another form a second semiconductor device having a
copper micropad is provided. The copper micropad is pressed against the tin micropad in an
ambient temperature in excess of the melting point of tin. In another form the copper stud of
the first semiconductor device has a seed layer adjacent to the external contact. In yet
another form the first semiconductor device has a barrier layer between the seed layer and
the external contact. In another form there is provided a barrier layer between and in direct

contact with the external contact and the copper stud.

[0033] In another form there is provided a method of providing a semiconductor device
having a surface and a contact that is partially exposed. A portion of the contact that is
exposed is recessed lower than the surface. A copper stud extending from an external
contact above a surface of the semiconductor device is formed. The copper stud is
converted to a tin micropad that is at least ninety-nine percent tin by weight by immersing the

copper stud in a bath of tin containing solution that is at a temperature within a range of 60
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degrees Celsius to 85 degrees Celsius. In another form a tantalum barrier layer is formed
between the contact and the copper stud to prevent penetration of copper and tin into the

contact from above.

[0034] Accordingly, the specification and figures are to be regarded in an illustrative

rather than a restrictive sense, and all such modifications are intended to be included within
the scope of the present invention. Any benefits, advantages, or solutions to problems that
are described herein with regard to specific embodiments are not intended to be construed

as a critical, required, or essential feature or element of any or all the claims.

[0035] The term “coupled,” as used herein, is not intended to be limited to a direct

coupling or a mechanical coupling.

[0036] Furthermore, the terms “a” or “an,” as used herein, are defined as one or more
than one. Also, the use of introductory phrases such as “at least one” and “one or more” in
the claims should not be construed to imply that the introduction of another claim element by
the indefinite articles "a" or "an" limits any particular claim containing such introduced claim
element to inventions containing only one such element, even when the same claim includes

the introductory phrases "one or more" or "at least one" and indefinite articles such as "a" or

"an." The same holds true for the use of definite articles.

[0037] Unless stated otherwise, terms such as “first” and “second” are used to arbitrarily
distinguish between the elements such terms describe. Thus, these terms are not

necessarily intended to indicate temporal or other prioritization of such elements.
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CLAIMS

What is claimed is:

1. A method comprising:
providing a first semiconductor device having an external contact;
forming a stud of copper over the external contact, wherein the stud extends
above a surface of the first semiconductor device; and
immersing the stud of copper in a solution of tin in which the tin replaces at
least 95 percent of the copper of the stud resulting in a tin micropad

that has less than 5 percent copper by weight.

2. The method of claim 1, further comprising forming a passivation layer over a top

surface of the first semiconductor device having an opening over the external contact.

3. The method of claim 1, wherein the step of immersing is further characterized by the
solution comprising a tin salt solution and a temperature of the solution being within a range

of 60 degrees Celsius to 85 degrees Celsius.

4, The method of claim 1, further comprising:
forming a barrier layer over the external contact prior to the step of forming a
stud.

5. The method of claim 4, further comprising:
forming a passivation layer over a top surface of the first semiconductor
device having an opening over the external contact;
wherein the step of forming the barrier layer comprises:

depositing a metal layer over the passivation layer and the external contact
prior to forming the stud; and

performing chemical mechanical polishing on the metal layer such that the
metal layer is removed over the passivation layer and is retained in the

opening.
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6. The method of claim 5, wherein the step of forming the barrier layer further
comprises:
recessing the external contact prior to the step of depositing the metal layer,
and
wherein forming the barrier layer is further characterized by the barrier layer

comprising tantalum.

7. The method of claim 4, wherein forming the barrier layer comprises electroless

plating on the external contact.

8. The method of claim 7, wherein forming the barrier layer is further characterized by

electroless plating comprising immersing the external contact in a bath comprising cobalt.

9. The method of claim 4, further comprising:
forming a passivation layer over a top surface of the first semiconductor
device having an opening over the external contact;
wherein the step of forming the barrier layer comprises:
forming a metal layer over the passivation layer and the external contact prior
to the step of forming the stud; and
etching the metal layer using the stud as a mask to leave a portion of the

metal layer covered by the stud as the barrier layer.

10. The method of claim 9, wherein the step of forming the stud is further characterized
by forming a copper seed layer after the step of forming the metal layer and prior to the step

of etching the metal layer.

11. The method of claim 1, further comprising:
providing a second semiconductor device having a copper micropad; and
pressing the copper micropad against the tin micropad in an ambient

temperature in excess of a melting point of tin.

13-



WO 2009/088659 PCT/US2008/086920

12. The method of claim 11, wherein forming the stud is further characterized by:
forming a photoresist layer over the first semiconductor device having an
opening over the external contact; and

performing an electroplating step using the photoresist layer as a mask.

13. A method, comprising:
providing a first semiconductor device having a copper stud extending from
an external contact above a surface of the first semiconductor device;
and
converting the copper stud to a tin micropad that is less than 5 percent copper
by weight by immersing the copper stud in a bath of tin salt solution
that is within a range of a temperature from 60 degrees Celsius to 85

degrees Celsius.

14. The method of claim 13, wherein the step of providing the first semiconductor device
is further characterized by forming the copper stud by:
forming a photoresist layer over the first semiconductor device having an
opening over the external contact; and

performing an electroplating step using the photoresist layer as a mask.

15. The method of claim 13, further comprising:
providing a second semiconductor device having a copper micropad; and
pressing the copper micropad against the tin micropad in an ambient

temperature in excess of a melting point of tin.

16. The method of claim 13, wherein the step of providing the first semiconductor device
is further characterized by the copper stud of the first semiconductor device having a seed

layer adjacent to the external contact.
17. The method of claim 16, wherein the step of providing the first semiconductor device

is further characterized by the first semiconductor device having a barrier layer between the

seed layer and the external contact.
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18. The method of claim 16, wherein the step of providing the first semiconductor device
is further characterized by a barrier layer between and in direct contact with the external

contact and the copper stud.

19. A method comprising:

providing a semiconductor device having a surface and a contact that is
partially exposed, wherein a portion of the contact that is exposed is
recessed lower than the surface;

forming a copper stud extending from an external contact above a surface of
the semiconductor device; and

converting the copper stud to a tin micropad that is at least ninety-nine
percent tin by weight by immersing the copper stud in a bath of tin-
containing solution that is at a temperature within a range of 60

degrees Celsius to 85 degrees Celsius.
20. The method of claim 19 further comprising:

forming a tantalum barrier layer between the contact and the copper stud to

prevent penetration of copper and tin into the contact from above.
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