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NICKEL LANTHANIDE ALLOYS FOR MEMS

PACKAGING APPLICATIONS
BACKGROUND
[0001] None.
SUMMARY
[0002] In accordance with at least one example of the

disclosure, a semiconductor package includes a semicon-
ductor die and at least one bondline positioned on the
semiconductor die, the at least one bondline comprising a
nickel lanthanide alloy diffusion barrier layer abutting a gold
layer. In aspects, the at least one bondline further comprises
at least one other bondline layer, wherein the nickel lan-
thanide alloy diffusion barrier layer does not alloy with the
at least one other bondline layer. In aspects, the at least one
other bondline layer comprises indium, a seed metal, a base
metal, or a combination thereof. The base metal can com-
prise copper and/or the seed metal can comprise titanium, in
aspects. In aspects, the semiconductor die comprises a
complementary metal-oxide semiconductor (CMOS).
[0003] In accordance with at least one example of the
disclosure, a Micro-Electro-Mechanical System (MEMS)
package comprises a semiconductor die, a substrate spaced
apart from the semiconductor die, and a bondline positioned
between and in contact with the semiconductor die and the
substrate, the bondline comprising a nickel lanthanide alloy
diffusion barrier layer and a gold layer. In aspects, the
substrate comprises a semiconductor die. In aspects, the
MEMS package further comprises indium incorporated into
the bondline as an interlayer element for transient liquid
phase bonding between the gold and the indium. In aspects,
the lanthanide comprises cerium, lanthanum, erbium, or a
combination thereof. In aspects, the MEMS package
includes a digital micromirror device (DMD). In aspects, the
MEMS package further comprises one or more layers com-
prising a seed metal, a base metal, or both.

[0004] In accordance with at least one example of the
disclosure, a semiconductor package comprises a nickel
lanthanide alloy diffusion barrier layer, and a gold layer
abutting the nickel lanthanide alloy diffusion barrier layer. In
aspects, a bondline comprising the nickel lanthanide alloy
diffusion barrier layer and the gold layer further comprises
nickel, copper, indium, or a combination thereof. In aspects,
the lanthanide comprises cerium, lanthanum, erbium, or a
combination thereof.

[0005] In accordance with at least one example of the
disclosure, a method of fabricating a Micro-Electro-Me-
chanical System (MEMS) package comprises, for each of
two substrates, depositing a nickel lanthanide alloy diffusion
barrier layer on the substrate, depositing a gold layer on the
nickel lanthanide alloy diffusion barrier layer, aligning outer
perimeters of the at least two substrates, with the deposited
layers facing each other, and forming a bondline between the
at least two substrates via the application of heat, force, or
both to the nickel lanthanide alloy diffusion barrier layer and
the gold layer. In aspects, at least one of the two substrates
comprises a wafer. In aspects, the method further comprises
providing one or more additional layers on each of the at
least two substrates prior to depositing the nickel lanthanide
alloy diffusion barrier layer. The one or more additional
layers can comprise a seed metal, a base metal, or both. In
aspects, the seed metal comprises titanium, and the base

Jan. 23, 2020

metal comprises copper, or the seed metal comprises tita-
nium and the base metal comprises copper. The method can
further comprise depositing the one or more additional
layers via chemical vapor deposition (CVD). Depositing of
the nickel lanthanide alloy diffusion barrier layer can be
effected via reversed pulse electrodeposition, in aspects. The
bondline can further comprise a transient liquid phase bond-
ing between gold and indium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For a detailed description of various examples,
reference will now be made to the accompanying drawings
in which:

[0007] FIG. 1A shows a Micro-Electro-Mechanical Sys-
tem (MEMS) package in accordance with various examples;
[0008] FIG. 1B shows a digital micromirror device
(DMD) package in accordance with various examples;
[0009] FIG. 2 shows a plating stack in accordance with
various examples;

[0010] FIG. 3A shows a flowchart for a method of fabri-
cating a MEMS package in accordance with various
examples; and

[0011] FIG. 3B shows a flowchart for a method of fabri-
cating a MEMS package in accordance with various
examples.

DETAILED DESCRIPTION

[0012] Micro-Electro-Mechanical System (MEMS) sen-
sors and actuators are becoming increasingly common.
MEMS packages are utilized to encapsulate such MEMS
devices to prevent exposure of the external environment to
components of the MEMS device via a hermetic seal.

[0013] Metals are often utilized in interfaces, such as
bondlines, between substrates of MEMS packages. Diffu-
sion of metals within such interfaces can lead to undesirable
interaction of metal components. For example, when a gold
layer is utilized as a component of a MEMS package
interface or bondline, diffusion of one or more other metals
utilized in the interface or bondline into the gold layer can
lead to an uneconomical use of excess gold and potential
reliability failures in the interface or bondline. As utilized
herein, a ‘bondline’ indicates a structure connecting sub-
strates and sealing a mini-environment around a device (e.g.,
a MEMS).

[0014] Electroplated nickel is widely used as a diffusion
barrier layer for MEMS applications. As utilized herein, a
‘diffusion barrier layer’ is a layer that reduces, minimizes, or
prevents diffusion of metals between metal layers. However,
it is not considered an efficient diffusion barrier layer. For
example, in some hermetic MEMS packaging applications,
a thin layer of pure nickel is coated with a thick layer of gold
and bonded in a transient liquid phase process with an
indium coated water. However, the gold in such applications
is not only consumed by the indium during bond, but also,
over time, by the nickel. The nickel in such a pure nickel
diffusion barrier layer not only interacts with the gold, but
can also interact with other metals present in the interface or
bondline. For example, a pure nickel diffusion barrier layer
can interact with indium employed for an above-noted
transient liquid phase bond of the gold and indium and can
also interact with a base metal, such as copper, present in the
interface or bondline. Another solution to the problem of
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metal diffusion is the use of pure gold as a base metal, which
eliminates the use of nickel in the interface or bondline, but
is not economical.

[0015] A desirable solution to the metal diffusion problem
noted above would be the discovery of a metallurgy for a
diffusion barrier layer that does not require a change in the
base metal, does not consume gold or other metals (e.g.,
indium), and does not alloy with other layers of the interface
or bondline. It has been unexpectedly discovered that the use
of a nickel lanthanide alloy rather than pure nickel as a
diffusion barrier layer prevents the inter-diffusion of nickel
and gold, allowing more gold to be available in bond. Due
to the reduced consumption of gold, a reduction in the
amount of gold utilized in plating (e.g., a reduction in the
thickness of gold in the interface or bond) is also enabled.
Accordingly, the use of a nickel lanthanide alloy diffusion
barrier layer in a MEMS package as per this disclosure
provides for the partial replacement of gold with a nickel
lanthanide alloy. Due to the lanthanide alloying element(s),
a nickel lanthanide alloy diffusion barrier layer according to
this disclosure provides an efficient diffusion barrier layer
(e.g., prevents inter-diffusion of nickel and/or other metals,
such as base metals, into a gold layer), provides enhanced
corrosion resistance, and, by replacing other precious metal
platings, can provide cost savings. It is noted that the nickel
of the herein-disclosed interface or bond layer is not utilized
as a soldering element in aspects of the herein-disclosed
MEMS packages.

[0016] According to various examples, a MEMS package
of this disclosure comprises a nickel lanthanide alloy diffu-
sion barrier layer and a gold layer abutting the nickel
lanthanide alloy diffusion barrier layer. The MEMS package
can be utilized to package any MEMS device. By way of
examples, the MEMS package can be a semiconductor
package, such as, without limitation, a digital micromirror
device (DMD) package. The MEMS package can be her-
metic, in aspects. The MEMS package can further comprise
at least two substrates, with an interface or bondline ther-
ebetween comprising a nickel lanthanide alloy diffusion
barrier layer as disclosed herein. For example, FIG. 1A
depicts a cross section view of a MEMS package 10 com-
prising first substrate 20A and second substrate 20B with
bondline 30 therebetween and MEMS 40 positioned on first
substrate 20A. The bondline comprises at least a gold layer
L1 abutting a nickel lanthanide alloy diffusion barrier layer
L2. The MEMS package can be any suitable shape, such as,
without limitation, rectangular or square, and the bondline
can run along the perimeter thereof. Although indicated on
the left and right sides of the cross section of FIG. 1A, it is
to be understood that a bondline may run continuously
around the perimeter of the MEMS package. The bondline
may be a hermetic bondline around MEMS 40.

[0017] First substrate 20A and second substrates 20B can
be any suitable substrates known to those of skill in the art.
According to various examples, at least one of first substrate
20A and second substrate 20B comprises a semiconductor
wafer, such as, without limitation, a complementary metal-
oxide semiconductor (CMOS) wafer. As described in detail
hereinbelow, in aspects, the MEMS package is formed by
singulating a wafer into a number of die. In such aspects, the
substrate is referred to herein as a wafer prior to singulation
and a wafer or die subsequent singulation. The MEMS
package can comprise additional substrates, in various
aspects. For example, FIG. 1B shows a MEMS package 10A
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in accordance with various examples of this disclosure.
MEMS package 10A comprises a first substrate 20A com-
prising a CMOS wafer 20A, a second substrate 20B com-
prising a window assembly wafer 2, and a third substrate
20C comprising a window assembly wafer 1. As utilized
herein, a ‘window assembly’ refers to a substrate devised to
allow light into a MEMS package. Window wafer assembly
1 can comprise glass, and window wafer assembly 2 can
comprise a silicon wafer, in aspects. Second substrate 20B
comprising the window assembly wafer 2 is bonded to first
substrate 20A comprising the CMOS wafer via bondline
30A, which comprises at least one gold layer L1 abutting a
nickel lanthanide alloy diffusion barrier layer [.2. In this
example, MEMS 40A can comprise a DMD.

[0018] The plating stack refers to the plating layers situ-
ated between the first substrate 20A and the second substrate
20B prior to bonding. A bondline according to this disclo-
sure can be produced via any plating stack comprising a
nickel lanthanide alloy diffusion barrier layer directly adja-
cent to (or ‘abutting’) a gold layer. By way of non-limiting
example, FIG. 2 shows a plating stack 35 in accordance with
various examples of this disclosure. In the example of FIG.
2, the plating stack 35 comprises a first substrate plating
stack 35A on the first substrate 20A and a second substrate
plating stack 35B on the second substrate 20B. First sub-
strate plating stack 35A comprises a titanium/copper layer
L3 deposited on first substrate 20A, a nickel lanthanide alloy
diffusion barrier layer .2 atop the titanium/copper layer .3,
and a gold layer L1 abutting and atop the nickel lanthanide
alloy diffusion barrier layer 1.2. In the example of FIG. 2, the
second substrate plating stack 35B comprises a titanium/
copper layer 1.3 deposited on second substrate 20B, a nickel
lanthanide alloy diffusion barrier layer .2 atop the titanium/
copper layer L3, a gold layer L1 abutting and atop the nickel
lanthanide alloy diffusion barrier layer L2, and an indium
layer L4 atop the gold layer L1. Titanium may be a seed
layer for adhesion onto the substrate (e.g., onto a silicon
substrate), and copper may be the base metal. It is to be
understood that other seed metals and base metals are within
the scope of this disclosure.

[0019] In aspects, such as depicted in FIG. 2, the first
substrate plating stack 35A has a greater width (e.g., an
extent in a direction from an outer perimeter of the substrate
to a center thereof) W, than a width W of the second
substrate plating stack 35B. In aspects, the first substrate
plating stack 35A has a width W in a range of from about
10 um to about 700 um, from about 100 pm to about 600 pm,
or from about 300 um to about 400 um. In aspects, the
second substrate plating stack 35B has a width W in a range
of from about 10 pm to about 700 um, from about 100 um
to about 600 um, or from about 150 um to about 200 um. In
aspects, a ratio of the width of the first substrate plating stack
to the width of the second substrate plating stack, W /W,
is about 1.0, 1.7, or 3.0.

[0020] In aspects, the first substrate plating stack 35A has
a thickness T, in a range of from about 0.1 um to about 100
pum, from about 1.0 um to about 5.0 um, or from about 3.5
um to about 4.0 pm. In aspects, the second substrate plating
stack has a thickness T in a range of from about 0.1 um to
about 100 pum, from about 1.0 um to about 20 um, or from
about 5.0 um to about 10.0 pm. In aspects, the ratio of the
thickness of the first substrate plating stack to the thickness
of the second substrate plating stack, T /T, is about 0.1,
1.0, or 10. The plating stack 35 of FIG. 2 may be suitable,
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for example, for applications in which the MEMS comprises
a DMD. Other plating stacks comprising a variety of layers
are within the scope of this disclosure and will be apparent
to those of skill in the art upon reading this disclosure.

[0021] In aspects, the nickel lanthanide alloy diffusion
barrier layer has a thickness in a range of from about 0.1 pm
to about 20 pum. In aspects, a nickel lanthanide alloy diffu-
sion barrier layer on the first substrate has a thickness in a
range of from about 0.1 um to about 20 um, from about 0.2
pum to about 1.0 pm, or from about 0.25 um to about 0.5 pm.
In aspects, a nickel lanthanide alloy diffusion barrier layer
on the second substrate has a thickness in a range of from
about 0.1 um to about 20 pm, from about 0.2 um to about 1.0
um, or from about 0.25 um to about 0.5 pm. In aspects, the
nickel lanthanide alloy diffusion barrier layer has a width in
a range of from about 300 um to about 400 pum. In aspects,
a width of a nickel lanthanide alloy diffusion barrier layer on
the first substrate is greater than a width of a nickel lan-
thanide alloy diffusion barrier layer on the second substrate.
In aspects, the nickel lanthanide alloy diffusion barrier layer
on the first substrate has a width in a range of from about 10
pm to about 700 um, from about 100 um to about 600 pm,
or from about 300 um to about 400 pum. In aspects, the nickel
lanthanide alloy diffusion barrier layer on the second sub-
strate has a width in a range of from about 10 um to about
700 um, from about 100 pm to about 600 um, or from about
150 um to about 200 um. In aspects, described further
hereinbelow with reference to FIG. 3A, a nickel lanthanide
alloy diffusion barrier layer comprises multiple layers of
deposited nickel lanthanide alloy, for example, 2 or 3. In
aspects, a first layer of nickel lanthanide deposited on the
substrate has a grain size in a range of from about 1 nm to
about 100 nm, a lanthanide content or fraction in a range of
from about 0.1 percent by weight (0.1% wt) to about 20%
wt, or a combination thereof. In aspects, a second layer of
nickel lanthanide deposited on the first layer of nickel
lanthanide alloy deposited on the substrate has a grain size
in a range of from about 1 nm to about 100 nm, a lanthanide
content or fraction in a range of from about 0.1% wt to about
20% wt, or a combination thereof. In aspects, a third layer
of nickel lanthanide deposited on the second layer of nickel
lanthanide alloy deposited on the substrate has a grain size
in a range of from about 1 nm to about 100 nm, a lanthanide
content or fraction in a range of from about 0.1% wt to about
20% wt, or a combination thereof.

[0022] In aspects, the gold layer has a thickness in a range
of from about 0.1 um to about 20 um, from about 1 pm to
about 10 pm, or from about 2 um to about 5 um. In aspects,
a gold layer on the first substrate has a thickness in a range
of from about 0.1 um to about 20 um, from about 1 pm to
about 10 pm, or from about 2 um to about 5 um. and a gold
layer on the second substrate has a thickness in a range of
from about 0.1 um to about 20 um, from about 1 pm to about
10 um, or from about 2 um to about 5 um. In aspects, due
to the efficiency provided by the herein-disclosed nickel
lanthanide alloy diffusion barrier layer, a total thickness of
gold deposited in the plating stack (e.g., within first substrate
plating stack 35A on first substrate 20A and/or second
substrate plating stack 35B on second substrate 20B) is less
than a total thickness of gold utilized with a pure nickel
diffusion barrier layer.

[0023] FIG. 3A shows a flowchart for a method I of
fabricating a MEMS package in accordance with various
examples of this disclosure. Method 1 of fabricating a
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MEMS package comprises depositing layers of a plating
stack on each of two substrates at step 100 and creating a
bondline comprising a nickel lanthanide alloy diffusion
barrier layer abutting a gold layer at step 200.

[0024] As depicted in FIG. 3A, depositing layers of a
plating stack on each of two substrates at step 100 comprises
depositing a nickel lanthanide alloy diffusion barrier layer at
step 120 and depositing a gold layer on the nickel lanthanide
alloy diffusion barrier layer at step 130. The lanthanide can
comprise an element from the lanthanide series of elements,
such as, without limitation, cerium, lanthanum, erbium, or a
combination thereof. Depositing a nickel lanthanide alloy
diffusion barrier layer at step 120 can comprise depositing
the nickel lanthanide alloy by electroplating. In various
aspects, electroplating of the nickel lanthanide alloy diffu-
sion barrier layer can be effected via reversed pulse elec-
trodeposition. The nickel lanthanide alloy diffusion barrier
layer may have the thicknesses, widths, and compositions
noted above.

[0025] As indicated in the exemplary flowchart of FIG.
3A, depositing the nickel lanthanide alloy diffusion barrier
layer at step 120 can further comprise controlling deposition
parameters utilized during deposition at step 122. Control-
ling deposition parameters at step 122 can be utilized to
control lanthanide alloy deposition to nickel grain boundar-
ies to prevent diffusion of metals to or from other layers
(e.g., nickel from the nickel lanthanide alloy diffusion bar-
rier layer to the gold layer or a base metal from a base metal
layer, such as copper, to the nickel lanthanide alloy diffusion
barrier layer) along the grain boundaries. In examples, the
nickel lanthanide alloy diffusion barrier layer can comprise
multiple layers of deposited nickel lanthanide alloy. In
aspects, such multiple layers of deposited nickel lanthanide
alloy can be deposited in a single step via reversed pulse
electrodeposition. The multiple layers of deposited nickel
lanthanide alloy of such a nickel lanthanide alloy diffusion
barrier layer can vary in nickel grain size and/or lanthanide
alloy content (e.g., a ratio of nickel to lanthanide) to restrict
or prevent diffusion of nickel or a base metal such as copper
to the gold layer abutting the nickel lanthanide alloy diffu-
sion barrier layer. In such applications, the grain size of the
nickel and/or a content of nickel lanthanide alloy in the
multiple layers of deposited nickel lanthanide alloy may
increase from a side of the nickel lanthanide alloy diffusion
barrier layer distal the gold layer to a side of the nickel
lanthanide alloy diffusion barrier layer proximate the gold
layer. In aspects, the nickel lanthanide alloy diffusion barrier
layer comprises dislocations, which may also reduce migra-
tion of a metal deposited between the substrate and the
nickel lanthanide alloy diffusion barrier layer (e.g., copper
from a copper base metal layer) or nickel from the nickel
lanthanide alloy diffusion barrier layer to the gold layer.
Controlling deposition parameters at step 122 can include
controlling the deposition to provide a desired number of
layers of nickel lanthanide alloy in the nickel lanthanide
alloy diffusion barrier layer, a grain size throughout the
nickel lanthanide alloy diffusion barrier layer, a content of
lanthanide alloy throughout the nickel lanthanide alloy dif-
fusion barrier layer, a thickness of the nickel lanthanide alloy
diffusion barrier layer, or a combination thereof. Deposition
parameters include, without limitation, the temperature of
deposition, a current used for deposition, a chemical makeup
of a nickel lanthanide alloy bath utilized during deposition
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(e.g., complexing agent(s) utilized, concentration range), a
time of deposition, or a combination thereof.

[0026] As depicted in FIG. 3A, depositing layers of a
plating stack on each of two substrates at step 100 comprises
depositing a gold layer on the nickel lanthanide alloy
diffusion barrier layer at step 130. The gold layer may be
deposited by electroplating and may have the thicknesses
noted above.

[0027] As depicted in FIG. 3A, depositing layers of a
plating stack on each of two substrates 100 can further
comprise preparing each substrate for deposition of the
nickel lanthanide alloy diffusion barrier layer at step 110.
The substrates can be prepared for deposition of the nickel
lanthanide alloy diffusion barrier layer by any methods
known to those of skill in the art. In aspects, as indicated in
the exemplary flowchart of FIG. 3A, preparing the substrate
for deposition of the nickel lanthanide alloy diffusion barrier
layer at step 110 can comprise providing a substrate with a
seed layer, a base metal layer, or both thereon, or depositing
a seed layer, a base metal layer, or both on the substrate at
step 111. In aspects, a seed layer comprises titanium. In
aspects, a base metal layer comprises copper. In aspects,
depositing a seed layer, a base metal layer, or both on the
substrate at step 111 is effected via chemical vapor deposi-
tion (CVD). Preparing the substrate for deposition of the
nickel lanthanide alloy diffusion barrier layer at step 110 can
further comprise prewetting the substrate at step 112.
Prewetting can be effected by any methods known in the art,
for example cleaning with deionized (DI) water.

[0028] As indicated in the exemplary flowchart of FIG.
3A, depositing layers of the plating stack on each of two
substrates at step 100 can further comprise depositing, at
step 140, one or more additional layers on the gold layer
deposited at step 130. For example, in aspects, an indium
layer is deposited on one of the substrates. Other additional
layers are within the scope of this disclosure.

[0029] As noted above, a method of fabricating a MEMS
package according to this disclosure comprises creating a
bondline comprising a nickel lanthanide alloy diffusion
barrier layer abutting a gold layer at step 200. As depicted
in the flowchart of FIG. 3A, the bondline can be created by
aligning the substrates at step 210 and subjecting the aligned
substrates to temperature and/or bond force to melt the
plating stack and form the bondline at step 220. Aligning the
substrates at step 210 can comprise aligning the outer
perimeters of the two wafers with the deposited layers of the
first substrate contacting the deposited layers of the second
substrate stack. Subjecting to temperature and/or bond force
at step 220 to form the bondline can comprise subjecting the
aligned substrates to a temperature in a range of from about
25° C. to about 350° C., from about 100° C. to about 250°
C., or from about 175° C. to about 200° C., a bond force in
the range of from about 0.1 kN to about 100 kN, from about
5 kN to about 40 kN, or from about 10 kN to about 20 kN,
or a combination thereof. In applications, the method pro-
duces a wafer stack assembly for singulation. Other steps
may be included in the method, for example between the
plating of the substrates and substrate bonding (e.g.,
between steps 100 and 200). The MEMS, such as a DMD,
may be incorporated into the MEMS package via standard
semiconductor packaging steps following the bond process.
Without limitation, such steps may include, for example,
singulation, die attach, encapsulation, wire bond, etc.
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[0030] FIG. 3B shows a flowchart for a method 1A of
fabricating a MEMS package in accordance with various
examples. Method 1A comprises depositing layers of a first
substrate plating stack on a first substrate at step 100A and
depositing layers of a second substrate plating stack on a
second substrate at step 100B. In specific aspects, one of the
first substrate and the second substrate is a CMOS wafer and
the other substrate comprises a window assembly. As
depicted in the exemplary flowchart of FIG. 3B, depositing
layers of a first substrate plating stack on a first substrate at
step 100A and depositing layers of a second substrate plating
stack on a second substrate at step 100B comprise nickel
lanthanide plating at steps 120A and 120B, respectively, and
gold plating at steps 130A and 130B, respectively. Depos-
iting layers of the first substrate plating stack on the first
substrate at step 100A and depositing layers of the second
substrate plating stack on the second substrate at step 100B
can further comprise providing an incoming wafer assembly
with a titanium/copper layer at steps 111A and 11B, respec-
tively and/or prewetting prior to nickel lanthanide plating at
steps 112A and 112B, respectively. In specific applications,
depositing layers of a plating stack on the first substrate at
step 100A further comprises indium plating at step 140A.
The indium layer of the plating stack may be utilized to form
an intermetallic between gold and indium via transient liquid
phase bonding. In some aspects, a width of a plating stack
comprising indium is less than a width of a plating stack not
comprising indium to prevent indium from extending
beyond the bondline during bonding at step 200.

[0031] Method IA further comprises wafer bonding at step
200 to bond the substrates and thus produce a stack assembly
for singulation. The bonding may be effected as described
hereinabove with reference to step 200 of the exemplary
flowchart of FIG. 3A. Again, as noted above, other steps
may be included in the method, for example between the
plating of the substrates and substrate bonding.

[0032] In the foregoing discussion and in the claims, the
terms “including” and “comprising” are used in an open-
ended fashion, and thus should be interpreted to mean
“including, but not limited to . . . .” Unless otherwise stated,
“about,” “approximately,” or “substantially” preceding a
value means+1-10 percent of the stated value.

[0033] The above discussion is meant to be illustrative of
the principles and various aspects of the present disclosure.
Numerous variations and modifications will become appar-
ent to those skilled in the art once the above disclosure is
fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications.

1. A semiconductor package comprising:

a semiconductor die; and

at least one bondline positioned on the semiconductor die,

the at least one bondline comprising a nickel lanthanide
alloy layer abutting a gold layer.

2. The semiconductor package of claim 1, wherein the at
least one bondline further comprises at least one other
bondline layer, wherein the nickel lanthanide alloy layer
does not alloy with the at least one other bondline layer.

3. The semiconductor package of claim 2, wherein the at
least one other bondline layer comprises indium, a seed
metal, a base metal, or a combination thereof.

4. The semiconductor package of claim 3, wherein the
base metal comprises copper, and wherein the seed metal
comprises titanium, or both.
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5. The semiconductor package of claim 1, wherein the
semiconductor die comprises a complementary metal-oxide
semiconductor (CMOS).

6. A Micro-Electro-Mechanical System (MEMS) pack-
age, comprising:

a semiconductor wafer;

a substrate spaced apart from the semiconductor wafer;

and

a bondline positioned between and in contact with the

semiconductor wafer and the substrate, the bondline
comprising a nickel lanthanide alloy layer and a gold
layer.

7. The MEMS package of claim 6, wherein the substrate
comprises a semiconductor wafer.

8. The MEMS package of claim 6 further comprising
indium incorporated into the bondline as an interlayer ele-
ment for transient liquid phase bonding between the gold
and the indium.

9. The MEMS package of claim 6, wherein the lanthanide
comprises cerium, lanthanum, erbium, or a combination
thereof.

10. The MEMS package of claim 6, wherein the gold
layer has a thickness in a range of from about 0.1 pm to
about 20 pum.

11. The MEMS package of claim 6, further comprising
one or more layers comprising a seed metal, a base metal, or
both.

12. A semiconductor package comprising:

a structure electrically connecting two substrates, com-

prising:
a nickel lanthanide alloy layer; and
a gold layer abutting the nickel lanthanide alloy layer.

13. The semiconductor package of claim 12, wherein a
bondline comprising the nickel lanthanide alloy layer and
the gold layer further comprises nickel, copper, indium, or a
combination thereof.

14. The semiconductor package of claim 13, wherein the
lanthanide comprises cerium, lanthanum, erbium, or a com-
bination thereof.
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15. A method of fabricating a Micro-Electro-Mechanical
System (MEMS) package, the method comprising:

for each of two substrates:
depositing a nickel lanthanide alloy layer on the sub-
strate;
depositing a gold layer on the nickel lanthanide alloy
layer;
aligning outer perimeters of the at least two substrates,
with the deposited layers facing each other;
forming a bondline between the at least two substrates via
the application of heat, force, or both to the nickel
lanthanide alloy layer and the gold layer; and
singulating to produce the MEMS package.

16. The method of claim 15, wherein at least one of the
two substrates comprises a wafer.

17. The method of claim 15 further comprising providing
one or more additional layers on each of the at least two
substrates prior to depositing the nickel lanthanide alloy
layer.

18. The method of claim 17, wherein the one or more
additional layers comprise a seed metal, a base metal, or
both.

19. The method of claim 18, wherein the seed metal
comprises titanium, and wherein the base metal comprises
copper, or wherein the seed metal comprises titanium and
the base metal comprises copper.

20. The method of claim 18 further comprising depositing
the one or more additional layers via chemical vapor depo-
sition (CVD).

21. The method of claim 15, wherein the depositing of the
nickel lanthanide alloy layer is effected via reversed pulse
electrodeposition.

22. The method of claim 15, wherein the bondline further
comprises a transient liquid phase bonding between gold and
indium.



