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(57) ABSTRACT 
Described is a process to pattern adhesion and top contact 
layers in Such a way that at least Some portion of the top 
contact layers overlaps the adhesion layer, while another 
portion of the top contact layer overlaps with the bottom 
contacts, but does not overlap with the adhesion layer. The 
overlap between the top contact layer and the adhesion layer 
helps to hold the top contact layer onto the Sacrificial layer. 
Because there is no overlap between the adhesion layer and 
the bottom contact, the removal of adhesion layer is no 
longer necessary, leading to better contacts and Simplifying 
the fabrication process. 
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FIG. 4 

Pattern a Gold Alloy Layer on the Substrate 

404 Deposit a Gold Contact Layer on the Gold Alloy Layer 
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FIG. 5 

Deposit the Gold Alloy Layer on the Substrate 

Pattern the Gold Alloy Layer With a Photoresist 

Remove the Gold Alloy Layer 
From a Contact Area of the Substrate 
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FIG. 6 

Form a Gold Seed Layer on the Gold Alloy Layer 

604 Pattern the Gold Seed Layer With a Photoresist to Define a 
Contact Area of the Substrate 
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FIG. 7 

Generate a Photoresist Lift-Off Pattern 
to Define a Contact Area of the Substrate 

Evaporate the Gold Layer 

Lift Off the Gold Layer Outside the Contact Area 
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FIG. 8 

802 Deposit a Glue Layer on a Contact Area of the Substrate 

Deposit a Gold Contact Layer on the Glue Layer 

Remove the Glue Layer 
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FIG. 10 

1002 Form a First Gold Contact of the Microswitch on a Substrate 

1004 Form a Second Gold Contact of the Microswitch 
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FIG. 11 

1 102 Define a Plating Area on the Substrate 

1104 Evaporate a First Gold Alloy Seed Layer on the Substrate 

1106 Plate a First Gold Layer on the First Gold Alloy Seed Layer 

1108 Remove the First Gold Alloy Seed Layer 
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FIG. 13 

Deposit a Sacrificial Material Layer 
on the First Gold Contact and the Substrate 

For a Second Substrate Layer 
on the Sacrificial Material Layer 

at a Position to Anchor the Second Gold Contact 

1306 Deposit a Gold Alloy Layer on the Second Substrate Layer 

Pattern the Gold Alloy Layer 

Remove a Portion of the Sacrificial Material Layer 

Deposit a Second Gold Layer 
on the Sacrificial Material Layer 

Remove the Sacrificial Material Layer 

Remove the Second Substrate Layer 
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FIG. 16 

Deposit a Second Gold Seed Layer 
on the Second Substrate Layer and 

the Sacrificial Material Layer 

1604 Define the Second Gold Contact Using Photoresist 

1606 Plate a Second Gold Layer on the Second Gold Seed Layer 
Opposite the First Gold Contact 
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METHOD FOR FABRICATING A GOLD CONTACT 
ON A MICROSWITCH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/414,361, filed Sep. 30, 2002, 
which is incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to electronic and 
optical Switches. More Specifically, the present invention 
relates to a method to fabricate micro Switch contacts. 

0004 2. Related Art 
0005 Switches are typically electrically controlled two 
State devices that open and close contacts to effect operation 
of devices in an electrical or optical circuit. Relays, for 
example, typically function as Switches that activate or 
detivate portions of electrical, optical or other devices. 
Relays are commonly used in many applications including 
telecommunications, radio frequency (RF) communications, 
portable electronics, consumer and industrial electronics, 
aerospace, and other Systems. More recently, optical 
Switches (also referred to as "optical relays” or simply 
“relays” herein) have been used to Switch optical signals 
(Such as those in optical communication Systems) from one 
path to another. 
0006 Although the earliest relays were mechanical or 
Solid-State devices, recent developments in micro-electro 
mechanical systems (MEMS) technologies and microelec 
tronics manufacturing have made micro-electrostatic and 
micro-magnetic relays possible. Such micro-magnetic relayS 
typically include an electromagnet that energizes an arma 
ture to make or break an electrical contact. When the magnet 
is de-energized, a Spring or other mechanical force typically 
restores the armature to a quiescent position. Such relayS 
typically exhibit a number of marked disadvantages, how 
ever, in that they generally exhibit only a single Stable output 
(i.e., the quiescent State) and they are not latching (i.e., they 
do not retain a constant output as power is removed from the 
relay). Moreover, the Spring required by conventional 
micro-magnetic relayS may degrade or break over time. 
0007 Non-latching micro-magnetic relays are known. 
The relay includes a permanent magnet and an electromag 
net for generating a magnetic field that intermittently 
opposes the field generated by the permanent magnet. The 
relay must consume power in the electromagnet to maintain 
at least one of the output States. Moreover, the power 
required to generate the opposing field would be significant, 
thus making the relay less desirable for use in Space, 
portable electronics, and other applications that demand low 
power consumption. 
0008. The basic elements of a latching micro-magnetic 
Switch include a permanent magnet, a Substrate, a coil, and 
a cantilever at least partially made of Soft magnetic mate 
rials. In its optimal configuration, the permanent magnet 
produces a Static magnetic field that is relatively perpen 
dicular to the horizontal plane of the cantilever. However, 
the magnetic field lines produced by a permanent magnet 
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with a typical regular shape (disk, Square, etc.) are not 
necessarily perpendicular to a plane, especially at the edge 
of the magnet. Then, any horizontal component of the 
magnetic field due to the permanent magnet can either 
eliminate one of the bistable States, or greatly increase the 
current that is needed to Switch the cantilever from one State 
to the other. Careful alignment of the permanent magnet 
relative to the cantilever So as to locate the cantilever in the 
right spot of the permanent magnet field (usually near the 
center) will permit bi-stability and minimize Switching cur 
rent. Nevertheless, high-volume production of the Switch 
can become difficult and costly if the alignment error toler 
ance is Small. 

0009. Although various designs and fabrication processes 
of making micro Switches have been previously disclosed, to 
fabricate a good micro Switch (e.g., a micro magnetic 
latching Switch), electrical contacts with low contact resis 
tance and high reliability is desired. To form a pair of 
contacts that can be opened and closed, the following 
process is typically used: (1) a bottom fixed contact is first 
formed, (2) a sacrificial layer is then deposited, (3) a top 
contact pad above the bottom contact is deposited and 
patterned on the Sacrificial layer, (4) a cantilever connecting 
to the top contact is formed, and (5) the Sacrificial layer is 
removed to release the cantilever. Of course, various actua 
tion components (e.g., coils, mechanical torsion Supports, 
etc.) are also fabricated before or after. The cantilever can 
move up and down to break and make the contact with the 
bottom contact pad. Typically, gold (Au) (or another good 
conducting metal) is used to form the bottom and top contact 
pads. Typical Sacrificial layers are: polyimide, Silicon diox 
ide (SiO2), photoresist, etc. However, Suitable contact metal 
layers (e.g., Au) do not adhere to the typical sacrificial layers 
very well. Thus, an intermediate adhesion layer (e.g., chro 
mium (Cr), titanium (Tl), etc.) has often been used between 
the contact metal (e.g., Au) and the Sacrificial layer (poly 
imide, SiO2, photoresist, etc.). In this case, the adhesion 
layer needs to be removed completely (wet or dry etched) 
after the Sacrificial layer removal. In reality, the complete 
adhesion layer removal is often difficult. The remnant adhe 
Sion layer often leads to high contact resistance, unaccept 
able to many applications. Also, the chemical agents being 
used to remove the adhesion layer can attack other elements 
(cantilever, coil, contact, etc.) in the Switch, destroying the 
integrity of the Switch Structure. 

0010 Thus, a simple method that overcomes the above 
mentioned problems is desired. 

SUMMARY OF THE INVENTION 

0011. The present invention comprises a method for 
fabricating gold contacts on a microSwitch. The present 
invention provides a process to pattern adhesion and top 
contact layers in Such a way that at least Some portion of the 
top contact layers overlaps the adhesion layer, while another 
portion of the top contact layer overlaps with the bottom 
contacts, but does not overlap with the adhesion layer. The 
overlap between the top contact layer and the adhesion layer 
helps to hold the top contact layer onto the Sacrificial layer. 
Because there is no overlap between the adhesion layer and 
the bottom contact, the removal of adhesion layer is no 
longer necessary, leading to better contacts and Simplifying 
the fabrication process. 
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0012. These and other objects, advantages and features 
will become readily apparent in view of the following 
detailed description of the invention. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

0013 The accompanying drawings, which are incorpo 
rated herein and form a part of the Specification, illustrate the 
present invention and, together with the description, further 
Serve to explain the principles of the invention and to enable 
a perSon Skilled in the pertinent art to make and use the 
invention. 

0.014 FIGS. 1A and 1B are side and top views, respec 
tively, of an exemplary embodiment of a Switch. 

0015 FIGS. 2A and 2B are micrograph illustrations of 
microSwitches of the present invention. 
0016 FIG. 3 illustrates the principle by which bi-stabil 

ity is produced. 

0017 FIG. 4 shows a flow chart of a first method 400 for 
fabricating a gold contact on a Substrate. 

0018 FIG. 5 shows a flow chart of a first method 500 for 
patterning the gold alloy layer on the Substrate. 

0019 FIG. 6 shows a flow chart of a first method 600 for 
depositing the gold contact layer on the gold alloy layer. 

0020 FIG. 7 shows a flow chart of a second method 700 
for depositing the gold contact layer on the gold alloy layer. 

0021 FIG. 8 shows a flow chart of a second method 800 
for fabricating a gold contact on a Substrate. 
0022 FIGS. 9A through 9C illustrate that the adhesion 
layer (dashed line) is patterned Such that it does not overlap 
with the bottom contact pads so that it does not need to be 
removed. 

0023 FIG. 10 shows a flow chart of a method 1000 for 
fabricating gold contacts of a microSwitch. 

0024 FIG. 11 shows a flow chart of a method 1100 for 
gold plating the gold alloy on the Substrate. 

0025 FIG. 12 illustrates a bottom contact 1200 fabri 
cated by method 1100. 

0026 FIG. 13 shows a flow chart of a method 1300 for 
forming the Second gold contact. 

0027 FIG. 14 illustrates bottom contact 1200 with a 
sacrificial material layer 1402. 
0028 FIG. 15 illustrates bottom contact 1200 with a 
second substrate layer 1502 and a gold alloy layer 1504. 

0029 FIG. 16 shows a flow chart of a method 1600 for 
depositing the Second gold layer. 

0030 FIG. 17 illustrates bottom contact 1200 with sec 
ond substrate layer 1502, gold alloy layer 1504, and a second 
gold seed layer 1702. 

0031 FIG. 18 illustrates bottom contact 1200 with sec 
ond substrate layer 1502, gold alloy layer 1504, second gold 
seed layer 1702, a second gold layer 1802, and photoresist 
1804. 
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0032 FIG. 19 illustrates bottom contact 1200 with sec 
ond substrate layer 1502, gold alloy layer 1504, second gold 
seed layer 1702, second gold layer 1802, but without pho 
toresist 1804. 

0033 FIG. 20 illustrates bottom contact 1200 and a top 
contact assembly 2000 with second substrate layer 1502 and 
a top contact 2002. 
0034. The present invention will now be described with 
reference to the accompanying drawings. In the drawings, 
like reference numbers indicate identical or functionally 
Similar elements. Additionally, the left-most digit(s) of a 
reference number identifies the drawing in which the refer 
ence number first appears. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035) It should be appreciated that the particular imple 
mentations shown and described herein are examples of the 
invention and are not intended to otherwise limit the Scope 
of the present invention in any way. Indeed, for the Sake of 
brevity, conventional electronics, manufacturing, MEMS 
technologies, and other functional aspects of the Systems 
(and components of the individual operating components of 
the systems) may not be described in detail herein. Further 
more, for purposes of brevity, the invention is frequently 
described herein as pertaining to a micro-electro-mechanical 
relay for use in electrical or electronic Systems. It should be 
appreciated that many other manufacturing techniques could 
be used to create the relays described herein, and that the 
techniques described herein could be used in mechanical 
relays, optical relayS or any other Switching device. Further, 
the techniques would be Suitable for application in electrical 
Systems, optical Systems, consumer electronics, industrial 
electronics, wireleSS Systems, Space applications, or any 
other application. 
0036) The terms, chip, integrated circuit, monolithic 
device, Semiconductor device, and microelectronic device, 
are often used interchangeably in this field. The present 
invention is applicable to all the above as they are generally 
understood in the field. 

0037. The terms metal line, transmission line, intercon 
nect line, trace, Wire, conductor, Signal path and Signaling 
medium are all related. The related terms listed above, are 
generally interchangeable, and appear in order from Specific 
to general. In this field, metal lines are Sometimes referred 
to as traces, wires, lines, interconnect or Simply metal. Metal 
lines, generally aluminum (Al), copper (Cu) or an alloy of Al 
and Cu, are conductors that provide Signal paths for coupling 
or interconnecting, electrical circuitry. Conductors other 
than metal are available in microelectronic devices. Mate 
rials. Such as doped polysilicon, doped Single-crystal Silicon 
(often referred to simply as diffusion, regardless of whether 
Such doping is achieved by thermal diffusion or ion implan 
tation), titanium (TI), molybdenum (Mo), and refractory 
metal Suicides are examples of other conductors. 
0038. The terms contact and via, both refer to structures 
for electrical connection of conductors from different inter 
connect levels. These terms are Sometimes used in the art to 
describe both an opening in an insulator in which the 
Structure will be completed, and the completed Structure 
itself. For purposes of this disclosure contact and via refer to 
the completed Structure. 
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0.039 The term vertical, as used herein, means substan 
tially orthogonal to the Surface of a Substrate. Moreover, it 
should be understood that the Spatial descriptions (e.g., 
“above”, “below”, “up”, “down”, “top”, “bottom", etc.) 
made herein are for purposes of illustration only, and that 
practical latching relays can be spatially arranged in any 
orientation or manner. 

0040. The above-described micro-magnetic latching 
Switch is further described in international patent publica 
tions WOO157899 (titled Electronically Switching Latching 
Micro-magnetic Relay And Method of Operating Same), 
and WO0184211 (titled Electronically Micro-magnetic 
latching Switches and Method of Operating Same), to Shen 
et al. These patent publications provide a thorough back 
ground on micro-magnetic latching Switches and are incor 
porated herein by reference in their entirety. Moreover, the 
details of the Switches disclosed in WOO157899 and 
WOO184211 are applicable to implement the Switch 
embodiments of the present invention as described below. 

Overview of a Latching Switch 

0041 FIGS. 1A and 1B show side and top views, 
respectively, of a latching Switch. The terms Switch and 
device are used herein interchangeably to describe the 
structure of the present invention. With reference to FIGS. 
1A and 1B, an exemplary latching relay 100 Suitably 
includes a magnet 102, a Substrate 104, an insulating layer 
106 housing a conductor 114, a contact 108 and a cantilever 
(moveable element) 112 positioned or Supported above 
Substrate by a Staging layer 110. 
0.042 Magnet 102 is any type of magnet such as a 
permanent magnet, an electromagnet, or any other type of 
magnet capable of generating a magnetic field Ho 134, as 
described more fully below. By way of example and not 
limitation, the magnet 102 can be a model 59-P09213T001 
magnet available from the Dexter Magnetic Technologies 
corporation of Fremont, Calif., although of course other 
types of magnets could be used. Magnetic field 134 can be 
generated in any manner and with any magnitude, Such as 
from about 1 Oersted to 10' Oersted or more. The strength 
of the field depends on the force required to hold the 
cantilever in a given State, and thus is implementation 
dependent. In the exemplary embodiment shown in FIG. 
1A, magnetic field Ho 134 can be generated approximately 
parallel to the Z axis and with a magnitude on the order of 
about 370 Oersted, although other embodiments will use 
varying orientations and magnitudes for magnetic field 134. 
In various embodiments, a single magnet 102 can be used in 
conjunction with a number of relays 100 sharing a common 
Substrate 104. 

0.043 Substrate 104 is formed of any type of substrate 
material Such as Silicon, gallium arsenide, glass, plastic, 
metal or any other Substrate material. In various embodi 
ments, Substrate 104 can be coated with an insulating 
material (Such as an oxide) and planarized or otherwise 
made flat. In various embodiments, a number of latching 
relays 100 can share a single substrate 104. Alternatively, 
other devices (such as transistors, diodes, or other electronic 
devices) could be formed upon substrate 104 along with one 
or more relayS 100 using, for example, conventional inte 
grated circuit manufacturing techniques. Alternatively, mag 
net 102 could be used as a Substrate and the additional 
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components discussed below could be formed directly on 
magnet 102. In such embodiments, a separate substrate 104 
may not be required. 

0044) Insulating layer 106 is formed of any material such 
as oxide or another insulator Such as a thin-film insulator. In 
an exemplary embodiment, insulating layer is formed of 
Polyimide material. Insulating layer 106 suitably houses 
conductor 114. Conductor 114 is shown in FIGS. 1A and 1B 
to be a single conductor having two ends 126 and 128 
arranged in a coil pattern. Alternate embodiments of con 
ductor 114 use Single or multiple conducting Segments 
arranged in any Suitable pattern Such as a meander pattern, 
a Serpentine pattern, a random pattern, or any other pattern. 
Conductor 114 is formed of any material capable of con 
ducting electricity Such as gold, Silver, copper, aluminum, 
metal or the like. AS conductor 114 conducts electricity, a 
magnetic field is generated around conductor 114 as dis 
cussed more fully below. 

0045 Cantilever (moveable element) 112 is any arma 
ture, extension, outcropping or member that is capable of 
being affected by magnetic force. In the embodiment shown 
in FIG. 1A, cantilever 112 Suitably includes a magnetic 
layer 118 and a conducting layer 120. Magnetic layer 118 
can be formulated of permalloy (such as NiFe alloy) or any 
other magnetically Sensitive material. Conducting layer 120 
can be formulated of gold, Silver, copper, aluminum, metal 
or any other conducting material. In various embodiments, 
cantilever 112 exhibits two states corresponding to whether 
relay 100 is “open' or “closed”, as described more fully 
below. In many embodiments, relay 100 is said to be 
“closed' when a conducting layer 120, connects Staging 
layer 110 to contact 108. Conversely, the relay may be said 
to be “open' when cantilever 112 is not in electrical contact 
with contact 108. Because cantilever 112 can physically 
move in and out of contact with contact 108, various 
embodiments of cantilever 112 will be made flexible so that 
cantilever 112 can bend as appropriate. Flexibility can be 
created by varying the thickness of the cantilever (or its 
various component layers), by patterning or otherwise mak 
ing holes or cuts in the cantilever, or by using increasingly 
flexible materials. 

0046 Alternatively, cantilever 112 can be made into a 
“hinged’ arrangement. Although of course the dimensions 
of cantilever 112 can vary dramatically from implementation 
to implementation, an exemplary cantilever 112 Suitable for 
use in a micro-magnetic relay 100 can be on the order of 
10-1000 microns in length, 1-40 microns in thickness, and 
2-600 microns in width. For example, an exemplary canti 
lever in accordance with the embodiment shown in FIGS. 
1A and 1B can have dimensions of about 600 micronsx10 
micronsX50 microns, or 1000 micronsx600 micronsx25 
microns, or any other Suitable dimensions. 
0047 Contact 108 and staging layer 110 are placed on 
insulating layer 106, as appropriate. In various embodi 
ments, staging layer 110 Supports cantilever 112 above 
insulating layer 106, creating a gap 116 that can be vacuum 
or can become filled with air or another gas or liquid Such 
as oil. Although the size of gap 116 varies widely with 
different implementations, an exemplary gap 116 can be on 
the order of 1-100 microns, such as about 20 microns. 
Contact 108 can receive cantilever 112 when relay 100 is in 
a closed State, as described below. Contact 108 and Staging 



US 2004/O121505 A1 

layer 110 can be formed of any conducting material Such as 
gold, gold alloy, Silver, copper, aluminum, metal, or the like. 
In various embodiments, contact 108 and staging layer 110 
are formed of Similar conducting materials, and the relay is 
considered to be “closed” when cantilever 112 completes a 
circuit between staging layer 110 and contact 108. In certain 
embodiments wherein cantilever 112 does not conduct elec 
tricity, Staging layer 110 can be formulated of non-conduct 
ing material Such as Polyimide material, oxide, or any other 
material. Additionally, alternate embodiments may not 
require staging layer 110 if cantilever 112 is otherwise 
supported above insulating layer 106. FIGS. 2A and 2B are 
micrograph illustrations of microSwitches of the present 
invention. 

Principle of Operation of a Micro-magnetic 
Latching Switch 

0048. When it is in the “down” position, the cantilever 
makes electrical contact with the bottom conductor, and the 
switch is “on” (also called the “closed” state). When the 
contact end is “up”, the Switch is “off” (also called the 
“open' State). These two stable states produce the Switching 
function by the moveable cantilever element. The permanent 
magnet holds the cantilever in either the “up” or the “down” 
position after Switching, making the device a latching relay. 
A current is passed through the coil (e.g., the coil is 
energized) only during a brief (temporary) period of time to 
transition between the two States. 

0049 (i) Method to Produce Bi-stability 
0050. The principle by which bi-stability is produced is 
illustrated with reference to FIG. 3. When the length L of a 
permalloy cantilever 112 is much larger than its thickness t 
and width (w, not shown), the direction along its long axis 
L becomes the preferred direction for magnetization (also 
called the “easy axis"). When a major central portion of the 
cantilever is placed in a uniform permanent magnetic field, 
a torque is exerted on the cantilever. The torque can be either 
clockwise or counterclockwise, depending on the initial 
orientation of the cantilever with respect to the magnetic 
field. When the angle (C) between the cantilever axis (S) and 
the external field (H) is smaller than 90°, the torque is 
counterclockwise; and when ox is larger than 90, the torque 
is clockwise. The bi-directional torque arises because of the 
bi-directional magnetization (i.e., a magnetization vector 
“m” points one direction or the other direction, as shown in 
FIG. 3) of the cantilever (m points from left to right when 
C.<90°, and from right to left when C-90). Due to the 
torque, the cantilever tends to align with the external mag 
netic field (Ho). However, when a mechanical force (Such as 
the elastic torque of the cantilever, a physical stopper, etc.) 
preempts to the total realignment with Ho, two stable posi 
tions (“up” and “down”) are available, which forms the basis 
of latching in the Switch. 
0051 (ii) Electrical Switching 
0.052) If the bi-directional magnetization along the easy 
axis of the cantilever arising from Ho can be momentarily 
reversed by applying a Second magnetic field to overcome 
the influence of (Ho), then it is possible to achieve a 
Switchable latching relay. This Scenario is realized by Situ 
ating a planar coil under or over the cantilever to produce the 
required temporary Switching field. The planar coil geom 
etry was chosen because it is relatively simple to fabricate, 
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though other structures (Such as a wrap-around, three dimen 
Sional type) are also possible. The magnetic field (HCoil) 
lines generated by a short current pulse loop around the coil. 
It is mainly the S-component (along the cantilever, see FIG. 
3) of this field that is used to reorient the magnetization 
(magnetization vector “m”) in the cantilever. The direction 
of the coil current determines whether a positive or a 
negative S-field component is generated. Plural coils can be 
used. After Switching, the permanent magnetic field holds 
the cantilever in this State until the next Switching event is 
encountered. Since the S-component of the coil-generated 
field (Hcoil-S) only needs to be momentarily larger than the 
S-component (HS-H cos(C)=Ho sin(p), C =90°-p) of the 
permanent magnetic field and p is typically very Small (e.g., 
(ps 5), Switching current and power can be very low, which 
is an important consideration in micro relay design. 
0053. The operation principle can be summarized as 
follows: a permalloy cantilever in a uniform (in practice, the 
field can be just approximately uniform) magnetic field can 
have a clockwise or a counterclockwise torque depending on 
the angle between its long axis (easy axis, L) and the field. 
Two bi-stable states are possible when other forces can 
balance the torque. A coil can generate a momentary mag 
netic field to Switch the orientation of magnetization (vector 
m) along the cantilever and thus Switch the cantilever 
between the two states. 

Relaxed Alignment of Magnets 

0054) To address the issue of relaxing the magnet align 
ment requirement, the inventors have developed a technique 
to create perpendicular magnetic fields in a relatively large 
region around the cantilever. The invention is based on the 
fact that the magnetic field lines in a low permeability media 
(e.g., air) are basically perpendicular to the Surface of a very 
high permeability material (e.g., materials that are easily 
magnetized, Such as permalloy). When the cantilever is 
placed in proximity to Such a Surface and the cantilever's 
horizontal plane is parallel to the Surface of the high per 
meability material, the above Stated objectives can be at least 
partially achieved. A generic Scheme according to the 
present invention is described below, followed by illustra 
tive embodiments of the invention. 

0055. The boundary conditions for the magnetic flux 
density (B) and magnetic field (H) follow the following 
relationships: 

0056 or 
H'n=(u?u-)H'n, HXn=Hxn 

0057) If u >>u, the normal component of H is much 
larger than the normal component of H, as shown in FIG. 
3. In the limit (u?u-)-soo, the magnetic field H is normal to 
the boundary Surface, independent of the direction of H 
(barring the exceptional case of H exactly parallel to the 
interface). If the Second media is air (u2=1), then B=lloH, 
so that the flux lines B will also be perpendicular to the 
Surface. This property is used to produce magnetic fields that 
are perpendicular to the horizontal plane of the cantilever in 
a micro-magnetic latching Switch and to relax the permanent 
magnet alignment requirements. 
0058. This property, where the magnetic field is normal to 
the boundary Surface of a high-permeability material, and 
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the placement of the cantilever (i.e., Soft magnetic) with its 
horizontal plane parallel to the Surface of the high-perme 
ability material, can be used in many different configurations 
to relax the permanent magnet alignment requirement. 

Fabrication of Gold Contacts 

0059. The purpose of this invention is to obtain a pure 
gold-to-gold contact. A major problem with a gold contact is 
that gold (Au) does not adhere well to Some materials. The 
common practice is to apply a transition layer (hereafter 
called a "glue” layer), Such as titanium (Tl), chromium (Cr), 
or the like, prior to gold deposition. One problem with using 
Such a glue layer (e.g., Ti) is that it can intermix with Au at 
the interface to form TiAu, either during the deposition 
proceSS itself or during Subsequent thermal cycles. The Tiau 
alloy contact is inferior in contact resistance to a gold-to 
gold contact. Another problem with using a glue layer, Such 
as chromium, is that during the etching of the glue layer to 
restore the gold Surface, other metals exposed to the etchant 
can be adversely effected, Such as galvanic etching that 
etches other metals much faster than the glue layer. There are 
embodiments described herein to fabricate a gold-to-gold 
contact. One embodiment is to make use of a glue layer, Such 
as titanium, to promote adhesion of the gold metal outside 
of the contact area. The contact area will be free of the glue 
layer. Another embodiment uses a glue layer, Such as poly 
imide, without exposing it to oxygen plasma, to maintain 
good adhesion to the gold layer. 

0060. This invention allows gold to adhere to dielectric 
films, Such as Silicon dioxide, Silicon nitride, Silicon oxyni 
tride, polyimide, or other materials. This process allows a 
device to achieve a gold-to-gold contact for very low contact 
resistance. 

0061 A first embodiment uses a glue metal layer, such as 
titanium, to promote adhesion of gold to a material, Such as 
silicon dioxide or other dielectric films. FIG. 4 shows a flow 
chart of a first method 400 for fabricating a gold contact on 
a substrate. In method 400, at a step 402, a gold alloy layer 
is patterned on the substrate. FIG. 5 shows a flow chart of 
a first method 500 for patterning the gold alloy layer on the 
substrate. In method 500, at a step 502, the gold alloy layer 
is deposited on a substrate. At a step 504, the gold alloy layer 
is patterned with a photoresist. At a step 506, the gold alloy 
layer is removed from a contact area of the Substrate. The 
gold alloy layer can be removed from the contact area of the 
Substrate by wet etching, dry etching, or another removal 
means as would be known to one of skill in the art. 
Alternatively, the gold alloy layer can be deposited on the 
Substrate via a Second method using a photoresist assisted 
lift-off process. 

0062) Returning to method 400 at FIG. 4, at a step 404, 
a gold contact layer is deposited on the gold alloy layer. 
FIG. 6 shows a flow chart of a first method 600 for 
depositing the gold contact layer on the gold alloy layer. 
Method 600 is a plating technique. In method 600, at a step 
602, a gold Seed layer is formed on the gold alloy layer. At 
a step 604, the gold Seed layer is patterned with a photoresist 
to define a contact area of the Substrate. FIG. 7 shows a flow 
chart of a second method 700 for depositing the gold contact 
layer on the gold alloy layer. Method 700 uses thermal 
evaporation. In method 700, at a step 702, a photoresist 
lift-off pattern is generated to define a contact area of the 
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Substrate. At a step 704, the gold layer is evaporated. At a 
step 706, the gold layer outside the contact area is lifted off. 
0063 A second embodiment uses polyimide as a glue 
layer. Preferably, the polyimide is not exposed to oxygen 
plasma prior to gold deposition. FIG. 8 shows a flow chart 
of a second method 800 for fabricating a gold contact on a 
substrate. In method 800, at a step 802, a glue layer is 
deposited on a contact area of the Substrate. In an embodi 
ment, the glue is polyimide. At a step 804, a gold contact 
layer is deposited on the glue layer. The gold contact layer 
can be formed by plating with a gold Seed layer (as described 
above in method 600 with reference to FIG. 6) or by 
evaporation of the gold layer with lift-off, as described 
above with regards to the first embodiment (as described 
above in method 700 with reference to FIG. 7). At a step 
806, the glue layer is removed. The glue layer can be 
removed using a tetramethylammonium hydroxide 
(TMAH)-based etchant, plasma etching, or another Solvent 
or removal means as would be known to one of skill in the 
art. 

0064 FIGS. 9A through 9C illustrate that the adhesion 
layer (dashed line) is patterned Such that it does not overlap 
with the bottom contact pads so that it does not need to be 
removed. 

0065 FIG. 10 shows a flow chart of a method 1000 for 
fabricating gold contacts of a microSwitch. In method 1000, 
at a step 1002, a first gold contact of the microSwitch is 
formed on a Substrate. The Substrate can comprise Silicon, 
gallium arsenide, quartz, glass, ceramic, polymer, or the like 
commonly used Substrate materials. In an embodiment, the 
Substrate is first coated or deposited with a dielectric mate 
rial. The first gold contact can comprise a gold alloy. The 
gold alloy is deposited on the Substrate. The gold alloy can 
be deposited by thermal evaporation, Sputtering, or gold 
plating. In an embodiment, the gold alloy is TiAu. 

0.066 FIG. 11 shows a flow chart of a method 1100 for 
gold plating the gold alloy on the substrate. In method 1100, 
at a Step 1102, a plating area is defined on the Substrate. The 
plating area can be defined with photoresist or other means. 
At a Step 1104, a first gold alloy Seed layer is evaporated on 
the Substrate. In an embodiment, the first gold alloy Seed 
layer can comprise 500 Angstroms of titanium and 1,000 
Angstroms of gold. At a step 1106, a first gold layer is plated 
on the first gold alloy seed layer. At a step 1108, the first gold 
alloy Seed layer is removed. The first gold alloy Seed layer 
can be removed by ion milling, etching in Solution, or the 
like. Photoresist, if deposited, can also be removed. FIG. 12 
illustrates a bottom contact 1200 fabricated by method 1100. 
Contact 1200 comprises a substrate 1202, a gold alloy layer 
504, and a plated gold layer 506. Gold plating is used to 
ensure Sufficient thickness. 

0067. Returning to method 1000 at FIG. 10, at a step 
1004, a second gold contact of the microSwitch is formed. 
FIG. 13 shows a flow chart of a method 1300 for forming 
the second gold contact. In method 1300, at a step 1302, a 
Sacrificial material layer is deposited on the first gold contact 
and the Substrate. The Sacrificial material can be a dielectric 
film, Silicon dioxide, polyimide, photoresist, or the like. The 
Sacrificial material can be deposited using plasma enhanced 
chemical vapor deposition (PECVD), sputtering, or other 
deposition techniques. In an embodiment, the thickness of 
the Sacrificial material can be a few thousand Angstroms or 
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tens of microns. FIG. 14 illustrates bottom contact 1200 
with a sacrificial material layer 1402. 
0068. Returning to method 1300 at FIG. 13, at a step 
1304, a second substrate layer is formed on the sacrificial 
material layer at a position to anchor the Second gold 
contact. In an embodiment, the Second Substrate layer can be 
silicon dioxide. At a step 1306, a gold alloy layer is 
deposited on the Second Substrate layer. In an embodiment, 
the gold alloy can be TiAu. In an embodiment, the gold alloy 
layer can be deposited using thermal evaporation. At a step 
1308, the gold alloy layer is patterned. In an embodiment, 
the gold alloy can be patterned using a lift-off process. At a 
step 1310, a portion of the sacrificial material is removed. In 
an embodiment, the portion of the Sacrificial material layer 
can be removed using Standard photoresist Solvent remover. 
The gold alloy layer deposited on the portion of the Sacri 
ficial material layer is removed; the gold alloy layer depos 
ited on the second substrate layer remains. FIG. 15 illus 
trates bottom contact 1200 with a second substrate layer 
1502 and a gold alloy layer 1504. 
0069. Returning to method 1300 at FIG. 13, at a step 
1312, a Second gold layer is deposited on the Sacrificial 
material layer. The Second gold layer can be deposited using 
sputtering or other deposition techniques. FIG. 16 shows a 
flow chart of a method 1600 for depositing the second gold 
layer. In method 1600, at a step 1602, a second gold seed 
layer is deposited on the Second Substrate layer and the 
sacrificial material layer. FIG. 17 illustrates bottom contact 
1200 with second substrate layer 1502, gold alloy layer 
1504, and a second gold seed layer 1702. Returning to 
method 1600 at FIG. 16, at a step 1604, the second gold 
contact is defined using photoresist. At a step 1606, a Second 
gold layer is plated on the Second gold Seed layer opposite 
the first gold contact. Gold plating is used to ensure Suffi 
cient thickness. FIG. 18 illustrates bottom contact 1200 with 
second substrate layer 1502, gold alloy layer 1504, second 
gold seed layer 1702, a second gold layer 1802, and pho 
toresist 1804. Returning to method 1600 at FIG.16, at a step 
1608, the photoresist is removed. The photoresist can be 
removed using Standard photoresist Solvent remover. At a 
step 1610, the second gold seed layer is removed from the 
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Sacrificial material layer. The Second gold Seed layer can be 
removed by wet etching, ion milling, or the like. FIG. 19 
illustrates bottom contact 1200 with second substrate layer 
1502, gold alloy layer 1504, second gold seed layer 1702, 
second gold layer 1802, but without photoresist 1804. 
0070 Returning to method 1300 at FIG. 13, at a step 
1314, the sacrificial material layer is removed. FIG. 20 
illustrates bottom contact 1200 and a top contact assembly 
2000 with second substrate layer 1502 and a top contact 
2002. Returning to method 1300 at FIG. 13, at a step 1316, 
the Second Substrate layer is removed. The Second Substrate 
layer can be removed using wet or dry etching techniques. 
Removal of the Second Substrate layer releases top contact 
assembly 2000. Advantageously, top contact 2000 is made 
of gold and not a gold alloy (e.g., AuTi). Advantageously, a 
portion of top contact assembly 2000 includes a gold alloy 
(e.g., AuT). The gold alloy promotes the adhesion of top 
contact 2002. 

Conclusion 

0071 While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by way of example only, and not 
limitation. It will be apparent to perSons skilled in the 
relevant art that various changes in form and detail can be 
made therein without departing from the Spirit and Scope of 
the invention. Thus, the breadth and Scope of the present 
invention should not be limited by any of the above 
described exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 
What is claimed is: 

1. A method for fabricating contacts of a microSwitch, 
comprising the Steps of: 

(1) depositing a glue layer on a contact area of a Substrate; 
(2) depositing a gold contact layer on the glue layer; and 
(3) removing the glue layer. 
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