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A micro electromechanical system (MEMS) switch (10) 
includes a Substrate (12) and a stress free beam (14) disposed 
above the substrate (12). The stress free beam (14) is 
provided within first and second platforms (16, 18) to limit 
displacement of the stress free beam (14) in directions that 
are not substantially parallel to the substrate (12). A set of 
one or more control pads (20) is disposed in a vicinity of a 
first lengthwise side (22) of the stress free beam (14) for 
creating a potential on the first lengthwise side (22) of the 
stress free beam (14). The stress free beam (14) is displace 
able in directions substantially parallel to the Substrate (12) 
in accordance with the potential for providing a signal path. 
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ANCHORLESSELECTROSTATICALLY 
ACTIVATED MICRO ELECTROMECHANICAL 

SYSTEM SWITCH 

FIELD OF THE INVENTION 

0001. The present invention relates generally to Switches 
and, more specifically, to Switches implemented by Micro 
Electromechanical System (MEMS) technology. 

BACKGROUND 

0002 Micro Electromechanical System (MEMS) 
Switches are widely used in RF communication Systems 
Such as, for example, phased array antennas, phase shifters, 
Switchable tuning elements, and radar Sensors. Generally, 
MEMS Switches have features such as low insertion loss, 
low power consumption, low cost, Small size, wide band 
width operation, long lifetimes and fast Switching Speeds not 
found in conventional solid state switches (e.g., FETs or PIN 
diodes). Specifically, a high quality MEMS switch should 
ideally have as many of the following features as possible: 
low activation Voltage, high Switching Speed, long operation 
lifetime, good isolation from the output Signal during an 
OFF State, low contact resistance and high contact force 
between the contact electrodes during an ON state, little or 
no Stiction problems at the contact area for easy Separation, 
low power consumption during the Switching between dif 
ferent States, little or no power consumption to maintain the 
Switch at a certain state, low cost, ease of fabrication, and 
ease of Switch integration with other coplanar circuitry 
components. 

0003 MEMS switches can be classified into several 
major categories based on actuation methods including 
electroStatic, electromagnetic, or electrothermal Switches. 
Conventional MEMS Switches that fall into one of these 
categories exhibit Some of the above mentioned high quality 
MEMS Switch features. However, none of the conventional 
Switches exhibit all of the above features. 

0004 Further, with respect to electrostatic Switches, these 
Switches have the distinct advantage of Zero power con 
Sumption when toggled or maintained at a given State. 
However, electrostatic Switches also have Several disadvan 
tages Such as slow Switching speed (on the order of psec to 
mSec), relatively high actuation voltage (10-80 V), Stiction 
problems when the contact electrodes are welded together 
upon physical contact, relatively short lifetimes (100 million 
cycles for cold Switching), and instability problems due to 
thermal and fabrication related Stresses. 

0005 Accordingly, an object of the present invention is to 
provide an electrostatic MEMS Switch that exhibits all of the 
above mentioned ideal Switch features and that is free of the 
above mentioned disadvantages. 
0006. It is also an object of the present invention to 
fabricate such a MEMS Switch by a simple process. 
0007. It is a further object of the present invention is to 
provide an electrostatic MEMS Switch with a configuration 
that permits multiple throws and multiple poles. 

SUMMARY OF THE INVENTION 

0008 Accordingly, the present invention provides a 
micro electromechanical system (MEMS) switch that 
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includes a Substrate and a StreSS free beam disposed above 
the substrate. The stress free beam is provided within first 
and Second platforms. The first and Second platforms are 
disposed on the Substrate and limit displacement of the StreSS 
free beam in directions that are not Substantially parallel to 
the Substrate. The MEMS Switch also includes a first set of 
one or more control pads disposed in a vicinity of a first 
lengthwise Side of the StreSS free beam for creating a 
potential on the first lengthwise Side, and a Second Set of one 
or more control pads disposed on the Substrate and in the 
vicinity of a Second lengthwise side of the StreSS free beam 
for creating a Second potential on the Second lengthwise 
Side. The StreSS free beam is displaceable in directions 
Substantially parallel to the Substrate in accordance with a 
relative potential between the first and Second potential for 
providing a signal path. 
0009. The MEMS switch may alternatively be imple 
mented to include a primary StreSS free beam disposed above 
a Substrate for controlling a flow of Signals and a plurality of 
Secondary StreSS free beams Structurally and electrically 
coupled to the primary StreSS free beam. Each of the plurality 
of Secondary StreSS free beams is preferably disposed within 
first, Second and third platforms for limiting beam displace 
ment in directions other than Substantially parallel to the 
Substrate. Also, each of the plurality of Secondary StreSS free 
beams is displaceable in the directions Substantially parallel 
to the Substrate in response to a relative potential to accord 
ingly displace the primary StreSS free beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The accompanying figures, where like reference 
numerals refer to identical or functionally similar elements 
throughout the Separate ViewS and which together with the 
detailed description below are incorporated in and form part 
of the Specification, Serve to further illustrate various 
embodiments and to explain various principles and advan 
tages all in accordance with the present invention. 
0011 FIG. 1 is an isometric view of an exemplary 
MEMS Switch according to a first preferred embodiment. 
0012 FIG. 2A is a top plan view of an exemplary MEMS 
Switch also according to the first preferred embodiment. 
0013 FIG. 2B is an exploded view of a portion B of the 
StreSS free beam according to a modification to the first 
preferred embodiment. 
0014 FIG.2C is an exploded view of the portion B of the 
StreSS free beam according to another modification to the 
first preferred embodiment. 
0.015 FIG. 3 is a side view of the stress free beam and 
platforms of the exemplary MEMS Switch of FIG. 2 along 
Section line III-III. 

0016 FIG. 4 is an illustration of the initial charge dis 
tribution within the MEMS Switch of FIG. 2A before the 
StreSS free beam establishes good electrical contacts with the 
extended sidewalls of the platforms. 
0017 FIG. 5 is an illustration of the equivalent circuit of 
the MEMS Switch of FIG. 2A before the stress free estab 
lishes good electrical contacts with the extended Sidewalls of 
the platforms. 
0018 FIG. 6 is an illustration of the charge distribution 
within the MEMS Switch of FIG. 2A after the stress free 
beam establishes good electrical contacts with the extended 
sidewalls of the platforms. 
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0019 FIG. 7 is an illustration of the equivalent circuit of 
the MEMS Switch of FIG. 2A after the stress free beam 
establishes good electrical contacts with the extended Side 
walls of the platforms. 
0020 FIGS. 8A-8C are illustrations of alternative imple 
mentations of the platforms of the MEMS Switches in FIG. 
1. 

0021 FIG. 9 is an illustration of the activation voltage 
vs. Switch resistance achieved by the anchorless MEMS 
Switch of FIG. 2A without film resistance between the 
contact Surfaces, the anchorless MEMS Switch of FIG. 2A 
with film resistance between the contact Surfaces and an 
anchored air bridge MEMS Switch. 
0022 FIGS. 10A-10E illustrate a fabrication process for 
fabricating the MEMS switch shown in FIG. 1. 
0023 FIG. 11 is an isometric view of an exemplary 
MEMS Switch according to a second preferred embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0024. Referring now to the drawings in which like 
numerals reference like parts, FIGS. 1-2A show an exem 
plary MEMS Switch 10 according to a first preferred 
embodiment. Referring to FIG. 1, the MEMS switch 10 
includes a Substrate 12 Such as, for example, GaAS, quartz, 
or lithium niobate. However, the substrate 12 may also be 
transparent depending on the particular application intended 
for the MEMS switch 10. A beam 14 (stress free beam) is 
disposed above the Substrate 12 and is provided within a first 
platform 16 and a second platform 18. The first and second 
platforms 16, 18 are also disposed on the substrate 12. The 
stress free beam 14 is not anchored to the first platform 16 
or the second platform 18. Hence, the beam 14 is stress free 
and is therefore referred to as a “stress free beam.” 

0.025 The stress free beam 14 is manufactured from a 
highly conductive material Such as, for example, gold or 
tungsten and is displaceable in directions Substantially par 
allel to the substrate 12 as represented by the arrows 
indicative of beam movement. The first and Second plat 
forms 16, 18 are for limiting displacement of the stress free 
beam 14 in directions that are not substantially parallel to the 
Substrate 12 and for receiving an input signal RF IN Such as, 
for example, an RF signal from an input Source. The StreSS 
free beam 14 may also include beam stoppers 19 for 
constraining the stress free beam 14 within the first and 
second platforms 16, 18. The beam stoppers 19 are optional 
and may be replaced by extended width portions as shown 
in FIG. 2A and discussed later. 

0026 Referring to FIG. 2A, the MEMS switch 10 also 
includes a first Set of one or more electrically conductive 
control pads P1-P4 (first set of control pads) 20 disposed in 
a vicinity of a first lengthwise side 22 of the stress free beam 
14, and a Second Set of one or more electrically conductive 
control pads P5-P8 (second set of control pads) 24 disposed 
in a vicinity of a Second lengthwise Side 26 of the StreSS free 
beam 14. The first set of control pads 20 and the second set 
of control pads 24 respectively oppose each other. The first 
Set of control pads 20 is for creating a first potential on the 
first lengthwise side 22 of the stress free beam 14, while the 
Second set of control pads 24 is for creating a Second 
potential on the Second lengthwise Side 26 of the StreSS free 
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beam 14. Each of the first set and second set of control pads 
20, 24 preferably includes at least two control pads as shown 
in FIG. 1. However, more or fewer control pads may be 
included. For example, referring to FIG. 2A, each of the first 
and Second Sets of control pads 20, 24 may include four 
control pads. 

0027. The MEMS switch 10 also includes a first electri 
cally conductive output contact pad 28 (depicted as RF1 in 
FIG. 2A) disposed on the substrate 12 and in the vicinity of 
the first lengthwise side 22 of the stress free beam 14 and a 
Second (or another) electrically conductive output contact 
pad 30 (depicted as RF2 in FIG. 2A) disposed on the 
Substrate 12 and in the vicinity of the Second lengthwise Side 
26 of the stress free beam 14. 

0028 Referring to FIG. 2A, the stress free beam 14 
preferably has a plurality of extended width portions 31, 32, 
34 within the first and second platforms 16, 18 and between 
the first and Second output contact pads 28, 30, respectively. 
The extended width portions 31, 32, 34 prevent the stress 
free beam 14 from becoming electrically coupled to (or 
generally directly contacting) the first and Second sets of 
control pads 20, 24. However, the extended width portions 
31, 32, 34 are optional. The stress free beam 14 may 
alternatively be prevented from contacting the first and 
Second Sets of control pads 20, 24 by disposing the output 
contact pads 28, 30 and platform surfaces closer to the stress 
free beam 14 as shown in FIG. 1. 

0029) Returning to FIG. 2A, each of the first and second 
platforms 16, 18 preferably includes an extended sidewall 
36 for restricting the horizontal displacement of the stress 
free beam 14 to a Specific range. Each of the first and Second 
platforms 16, 18 also preferably includes a beam latch 38 as 
shown in FIG. 3. The beam latch 38 is disposed across the 
top of platforms 16, 18 and is for Substantially preventing 
vertical displacement of the stress free beam 14. More 
particularly, the beam latch 38 is used to further prevent the 
stress free beam 14 from disconnecting from the first and 
second platforms 16, 18. However, the first and second 
platforms 16, 18 need not include the beam latch 38 or the 
extended sidewall 36. For example, referring to FIGS. 8A 
and 8C, the first and second platforms 16, 18 may only 
include the extended sidewall 36. Further, referring to FIG. 
8B, the first and second platforms 16, 18 may include neither 
the beam latch 38 nor the extended sidewall 36. 

0030) Referring back to FIG. 2A, the elements of the 
MEMS switch 10 are positioned so that the surfaces 
(depicted by C1 and C3) of the first and second platforms 16, 
18 and the surface (depicted by C2) of the second output 
contact pad 30 are disposed on the line A1, and the Surfaces 
(depicted by C4 and C6) of the first and second platforms 16, 
18, and the surface (depicted by C5) of the first output 
contact pad 28 are disposed on the line A2. The first and 
Second Sets of control pads 20, 24 are also positioned in Such 
a way that the width of a gap W2 defined between the stress 
free beam 14 and one of the first and second control pads 20, 
24 is always greater than the width of another gap W1 
defined between the extended width portions 31, 32, 34 of 
the stress free beam 14 and one of the first or second output 
contact pads 28, 30. Although not shown in FIG. 2A, the 
corresponding gaps defined between the Surfaces of the 
platforms below the center line A (corresponding to Section 
line III-III) and the surface of the first output contact pad 28 
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have a similar relationship. Further, the width of the first 
output contact pad 28 does not have to be equal to the width 
of the second output contact pad 30. 

0.031 AS will be more fully discussed below, a relative 
potential based on a difference between the first potential 
and the Second potential causes the StreSS free beam 14 to 
displace laterally (Substantially parallel to the Substrate 12) 
to one of the first or second output contact pads 28, 30 and 
maintain contact there with when the relative potential is 
greater than or equal to a threshold potential Such as, for 
example, 10 V. The threshold potential is generally deter 
mined by the cross-sectional area of the StreSS free beam 14 
and the distance between the stress free beam 14 and the first 
and second output sets of control pads 20, 24. The stress free 
beam 14 Subsequently becomes electrically coupled to this 
output contact pad and thereby provides a Signal path 
between this output contact pad, the StreSS free beam 14 and 
the first and second platforms 16, 18 when the relative 
potential is created between the first and Second Sets of 
control pads 20, 24. 

0032) Operation of the MEMS switch 10 of FIGS. 1-2A 
will be discussed more fully with respect to an exemplary 
implementation in which the MEMS switch 10 provides an 
RF signal path. The stress free beam 14 is very light weight 
(on the order of nN) and the adhesion force (mainly van der 
Waal's force) between the stress free beam 14 and the first 
and second platforms 16, 18 is small (less than 1 un). 
Therefore, the contact force may not Suffice to establish a 
Significant electrical contact. Accordingly, a large resistance 
R between the stress free beam 14 and the input signal (RF 
IN in FIG. 2A) is assumed initially before any voltage is 
applied to the first and Second Sets of control pads 20, 24. 

0033. As shown in FIG. 4, the stress free beam 14 may 
be at any position within a gap between an upper control pad 
P6 of the second set of control pads 24 and a lower control 
pad P2 of the first set of control pads 20 before a voltage V 
is applied to any of the control pads 20, 24. When the voltage 
V is applied to the upper control pad P6 and the platforms 
16, 18 are grounded, the stress free beam 14 is resultantly in 
a floating conductor State with a large contact resistance R 
between the platforms 16, 18 and the stress free beam 14. As 
shown in FIG. 5, the equivalent circuit of the MEMS Switch 
10 when the stress free beam 14 is in the floating conductor 
State is represented by two capacitorS C1' and C2 connected 
in Series. Positive charges Q gather at a Surface S1 of the 
upper control pad P6 and an equal number of negative 
charges-Q gather at a Surface S4 of the lower control pad 
P2. Because the stress free beam 14 is manufactured of a 
highly conductive material, it is a good conductor, and 
therefore a number of negative charges induced at the 
Second lengthwise Side 26 of the StreSS free beam 14 is equal 
to a number of positive charges induced at the first length 
wise side 22 of the StreSS free beam 14, and the net charge 
on the StreSS free beam 14 is accordingly Zero. 

0034 Under an electrostatic condition, no current or 
movement of electric charges may flow inside the StreSS free 
beam 14. Accordingly, the electric fields tangential to the 
lengthwise Sides of the StreSS free beam 14 are all Zero. 
However, there is an electric field E1 between the upper 
control pad P6 and the stress free beam 14 and normal to the 
surface S1 of upper control pad P6 and the second length 
wise side 26 of the stress free beam 14. Also, there is a 
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Second electric field E2 between the stress free beam 14 and 
the lower control pad P2 and normal to the surface S4 of the 
control pad P6 and the first lengthwise side 22 of the stress 
free beam 14. The fringing effects of the electric fields at the 
ends of the upper and lower control pads P6, P2 are ignored 
for Simplicity. Because the upper control pad P6 has a length 
L1 that is greater than a length L2 of the lower control pad 
P2, the electric field E1 is resultantly spread over a wider 
area than the electric field E2. Accordingly, the electric field 
E2 is stronger than the electric field E1. 

0035 A first resultant electrostatic force F1 equal to the 
total charges Q multiplied by the electric field E1 is present 
on the second lengthwise side 26 of the stress free beam 14. 
A Second resultant electroStatic force F2 equal to the total 
charges-Q multiplied by the electric field E2 is present on 
the first lengthwise side 22 of the stress free beam 14. The 
first resultant force F1 is less than the second resultant force 
F2 because the first electric field E1 is less than the second 
electric field E2. Accordingly, the first resultant force F1 
tends to pull the stress free beam 14 toward the upper control 
pad P6 while the force F2 tends to pull the stress free beam 
14 toward the lower control pad P2. However, the net force 
(F2-F1) pulls the stress free beam 14 towards lower control 
pad P2, which results in the extended width portion 31 of the 
stress free beam 14 touching a surface C4 of the platform 16 
to provide a good electrical contact between the extended 
width portion 31 of the stress free beam 14 and the surface 
C4 of the first platform 16. Depending on the net force 
(F2-F1), the electrical contact reduces the resistance R to a 
very small value so that the stress free beam 14 is at the same 
potential as the first platform 16. Simultaneously, although 
not shown in FIG. 6, the stress free beam 14 also is in 
contact with a surface C5 of the first output contact pad 28 
and a surface C6 of the second platform 18. 
0036) Although not shown in the figures, negative 
charges-Q eventually accumulate at the StreSS free beam 14 
and the electrostatic force F2 becomes Zero. The electro 
Static force F1 pulls the beam toward the upper control pad 
P6 until it is in contact with the Surface C1 of the first 
platform 16 as shown in FIG. 6. Because the separation 
between the StreSS free beam 14 and the upper control pad 
P6 is very small, the charges at the upper control pad P6 and 
at the stress free beam 14 increase. The electric field E1 and 
hence the electrostatic force F1 is also stronger than before 
the initial contact. Simultaneously, the StreSS free beam 14 
also is in contact with the Second output contact pad 30 and 
the surface C3 of the second platform 18. The strong 
electroStatic force F1 creates good contacts at the upper 
surfaces C1, C3 of the first and second platforms 16, 18 and 
the Second output contact pad 30. A conductive (or Signal) 
path is established between the input signal RF IN through 
the first and second platforms 16, 18 and the stress free beam 
14 to the second output contact pad 30. 
0037 Referring to FIG. 7, the equivalent circuit of the 
Signal path is shown. R1 represents the contact resistance 
value at the surface C2 of the second output contact pad 30, 
and R2 and R3 represent the contact resistance values at the 
surfaces C1 and C3 of the first and second platforms 16, 18, 
respectively. 

0038. The voltage V may subsequently be applied to the 
lower control pad P2 to switch the MEMS switch 10. 
Electrostatic force resultantly pulls the beam toward the 
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lower control pad P2 until the stress free beam 14 is in 
contact with the Surfaces C4, C6 of the first and second 
platforms 16, 18 and the surface C5 of first output contact 
pad 28. Similarly, a conductive (signal) path is established 
between the input Signal through the first and Second plat 
forms 16, 18 and the stress free beam 14 to the first output 
contact pad 28. Accordingly, the two output pads provide a 
single pole double throw (SPDT) switch. 
0039. In the above example, the voltage V was applied to 
either control pad P2 or control pad P6. However, the 
Voltage V could have been applied to a different control pad 
of the second set of control pads 24 such as control pad P3 
or to a different control pad of the first set of control pads 20 
such as control pad P7. Further, the voltage V could have 
been applied to a plurality or all of the first set of control 
pads 20 or the Second Set of control pads 24. Regardless, the 
displacement of the StreSS free beam 14 depends on the 
relative potential or electroStatic force between opposing 
control pads. 
0040. While described above as a Switch for an RF signal 
path, the MEMS Switch 10 may also be utilized as an optical 
Switch for blocking or permitting light transmission to 
thereby provide a light Signal path. The Substrate 12 is 
preferably transparent for this particular application. More 
particularly, when the StreSS free beam 14 is in contact with, 
for example, the Second output contact pad 30, a light Signal 
can be transmitted through the gap between the StreSS free 
beam 14 and the first output contact pad 28. This corre 
sponds to the ON state. When the stress free beam 14 is in 
contact with the first output contact pad 28 the original gap 
disappears and total blockage of the light signal is possible. 
This corresponds to an OFF state. 
0041) The MEMS switch 10 may also be modified to 
provide an optical Switch for redirecting electromagnetic 
radiation Such as a light or a laser according to first and 
Second modifications discussed below. In a first modification 
to the MEMS Switch 10, the stress free beam 14 includes a 
light reflecting layer 39 on its top surface as shown in FIG. 
2B. However, the stress free beam 14 may alternatively 
include the light reflecting layer 39 on its bottom surface or 
both the top and bottom surfaces. Further, the light reflecting 
layer 39 does not necessarily cover the whole surface of the 
stress free beam 14. Rather, the light reflecting layer 39 may 
be broken into multiple sections on the surface. If the 
Substrate 12 is transparent as mentioned above, the StreSS 
free beam 14 operates generally to permit a light Signal to be 
transmitted through the substrate 12 when the stress free 
beam is in contact with the first output contact pad 28 or the 
second output contact pad 30. If the Substrate 12 is absor 
bent, the light signal is absorbed by the Substrate when the 
StreSS free beam is in contact with the first output contact pad 
28 or the second output contact pad 30. The light reflective 
layer 39 of the stress free beam 14 reflects the light signal 
when the stress free beam 14 is in contact with the other of 
the first output contact pad 28 or the Second output contact 
pad 30. This operation is similar to the optical Switch 
discussed above for blocking or permitting light transmis 
Sion except that in this first modification the light reflective 
layer 39 of the stress free beam 14 reflects the light signal 
when it is in the off state rather than merely blocking the 
light Signal. 
0042. In a second modification, the MEMS switch 10 
provides a light signal path that is angularly displaced. 
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Referring to FIG. 2C, the MEMS switch 10 is modified to 
include a light reflecting mirror 40 on a top Surface of the 
stress free beam 14. The light reflecting mirror 40 may be 
Single or double-sided. The StreSS free beam 14 is angularly 
displaceable in accordance with the relative potential when 
the relative potential is between non-opposing control pads 
to displace a light Signal in accordance with the angular 
displacement of the stress free beam. The stress free beam 14 
is further laterally displaceable in accordance with the 
relative potential when the relative potential is between 
opposing control pads to displace the light Signal perpen 
dicularly to the stress free beam 14. More particularly, the 
StreSS free beam 14 can be displaced parallel to the center 
line A (corresponding to section line III-III shown in FIG. 
2A) or rotated around the vertical axis Z (shown in FIG.2C) 
depending on the activation Voltage applied to the first and 
second sets of control pads 20, 24. 
0043. For example, when all of the control pads of the 
Second set of control pads 24 are at the same Voltage 
potential and the control pads of the first Set of control pads 
20 are at ground potential, the StreSS free beam 14 beam is 
displaced parallel to the center line A (corresponding to 
section line III-III). The light signal is resultantly redirected 
if it intercepts the light reflecting mirror 40 when the stress 
free beam 14 is in contact with one of the output contact pads 
28, 30. No redirection occurs if the stress free beam 14 is in 
contact with the other of the output contact pads 28, 30. If 
control pads P1, P2, P6 and P8 are at the same voltage 
potential, the beam rotates around the vertical axis Z and the 
light signal is resultantly reflected at different angles from 
the light reflecting mirror 40 depending on the rotation of the 
stress free beam 14. In the second modification, each of the 
first set and second set of control pads 20, 24 includes at 
least two control pads. Also, multiple light reflecting mirrors 
similar to the light reflecting mirror 40 may be included on 
the stress free beam 14. 

0044 FIG. 9 shows a comparison of activation voltage 
vs. Switch resistance achieved by the MEMS Switch 10 with 
activation Voltage VS. Switch resistance achieved by a con 
ventional anchor bridge switch. Both Switches have similar 
layouts and are formed from Similar materials with the same 
surface resistivity. The curve for the MEMS Switch 10 was 
obtained from data Simulated using custom designed elec 
tromechanical Software while the anchored air bridge curve 
was derived using actual data. AS shown from this curve, the 
activation Voltage V2 required for the Switch to have contact 
is much lower for the MEMS Switch 10 than the activation 
voltage V3 of the anchored air bridge. Further, if the surface 
film resistance is ignored, a much Smaller contact resistance 
(from the third curve) can be achieved using the MEMS 
Switch 10 at a much lower activation voltage V1. 
0045 Referring to FIGS. 10A-10E, an exemplary 
method of fabrication of the MEMS Switch 10 will be 
discussed. As shown in FIG. 10A, initially a first level metal 
42 is deposited on the Substrate 12 using a first mask (not 
shown). As shown in FIG. 10B, contact and electrode metal 
44 is deposited on the first level metal 42 using a Second 
mask (not shown). As shown in FIG. 10C, a first sacrificial 
layer 46 and the conductive material 48 for forming the 
StreSS-free beam 14 are deposited by using a third mask. AS 
shown in FIG. 10D, a second sacrificial layer 50 and 
material for the latch 52 are deposited by using fourth and 
fifth masks (not shown). Finally, as shown in FIG. 10E, the 
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first and second sacrificial layers 46, 50 are removed to 
produce the MEMS switch 10. Fabrication of the MEMS 
Switch 10 is Substantially equal in complexity to an indus 
trial IC fabrication process. Further, the flexibility in Sub 
strate selection allows the MEMS switch 10 to be integrated 
relatively easily with the rest of the IC. The fabrication 
proceSS also includes fewer fabrication Steps than the num 
ber required to fabricate the vertically moving MEMS 
Switch. 

0046 Referring to FIG. 11, a MEMS switch 10' accord 
ing to a Second embodiment will be discussed in which 
similar parts of the MEMS Switch 10 of the first embodiment 
have the same reference numerals. The MEMS Switch 10' 
includes a primary StreSS free beam 54 disposed above a 
Substrate 12" for controlling Signal flow. The primary StreSS 
free beam 54 is displaceable in directions substantially 
parallel to the substrate 12" to selectively make and break 
electrical contact with first and Second output contact pads 
28, 30' disposed on the substrate 12'. The primary stress free 
beam 54 preferably has a frame structure. The MEMS 
Switch 10' also includes a plurality of secondary stress free 
beams 14 Structurally and electrically coupled to the pri 
mary stress free beam 54. Each of the plurality of secondary 
StreSS free beams 14' is disposed within first, Second and 
third platforms 16', 18, 19" for limiting displacement of the 
each of the plurality of secondary stress free beams 14' in 
directions other than Substantially parallel to the Substrate 
12" and is disposed between first and Second Sets of control 
pads 20', 24' on the substrate 12'. The first and second sets 
of control pads 20", 24' are for providing the relative poten 
tial. The first, second and third platforms 16', 18", 19" are 
electrically connected (not shown for 19' for purpose of ease 
of illustration) to each other to reduce overall Switch contact 
resistance. 

0047. Each of the plurality of secondary stress free beams 
14" is responsive to a relative potential to make and break 
electrical contact with the sidewalls of first, second and third 
platforms 16', 18, 19" disposed on the substrate 12" accord 
ing to the relative potential. The third platforms 19' and the 
first and second platforms 16', 18' prevent each of the 
Secondary StreSS free beams 14 from contacting its respec 
tive control pads 20, 24. More particularly, if each of the 
plurality of secondary stress free beams 14 is identical to the 
stress free beam 14 of the first embodiment, the extended 
width portions (not shown) prevent the Secondary stress free 
beams 14 from contacting their respective control pads. 

0.048 Also, the first and second output contact pads 28, 
30" as well as the primary stress free beam 54 may be 
eliminated by assembling a plurality of the Switches shown 
in FIG. 1 in Series. In Such an arrangement, each StreSS free 
beam 14 has output contact pads 28, 30 as shown in FIG. 1. 
Generally, the above embodiment of a Switch with multiple 
beams provides a Switch array of m X n individual Switches 
that can be electrically connected to each other in parallel or 
in series. The stress free beams 14 of all the Switches 10 in 
the same row can be combined as one single StreSS free beam 
similar to the secondary stress free beam 14' in Switch 10' in 
FIG. 11. A multiple pole multiple throw MEMS Switch can 
be configured using a combination of two or more MEMS 
switches (10 or 10'). 
0049. In operation, one of the plurality of secondary 
StreSS free beams 14" may receive an input signal Such as an 
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RF signal via its first, second and third platforms 16', 18, 19 
similar to the manner by which the stress free beam 14 
received an input Signal via its platforms 16, 18 as discussed 
above with respect to FIG. 2A. Because all of the plurality 
of Secondary StreSS free beams 14' are electrically coupled to 
the primary StreSS free beam 54, the Signal is transmitted 
from the Secondary StreSS free beam 14 to the primary StreSS 
free beam 54. A voltage is applied by, for example, the 
Second Set of control pads 24' of each of the Secondary StreSS 
free beams 14 to displace them towards the sidewalls of the 
first, second and third platforms 16', 18, 19". Because the 
plurality of Secondary StreSS free beams 14' are structurally 
and electrically coupled to the primary StreSS free beam 54, 
the displacement of the plurality of Secondary StreSS free 
beams 14' accordingly displaces the primary StreSS free 
beam 54 until it contacts the second output contact pad 28 
and the sidewalls of the first, second and third platforms 16', 
18, 19' simultaneously. 
0050 Thus, a signal path is provided between the sec 
ondary stress free beams 14, the primary stress free beam 54 
and the output contact pad 28". Because the primary StreSS 
free beam 54 is displaced by the combined displacement of 
the Secondary StreSS free beams 14, more contact force is 
accumulated by the primary stress free beam 54 for the same 
activation voltage and lateral displacement as the MEMS 
Switch 10. Further, a lower activation voltage is required to 
activate MEMS Switch 10' for the same contact force and 
lateral displacement as the MEMS Switch 10. Also, more 
lateral displacement can be achieved in MEMS switch 10 
for the same contact force and activation Voltage as the 
MEMS switch 10. Generally, the MEMS switch 10 permits 
greater design flexibility as discussed later. 
0051). In summary, the MEMS switch 10 includes an 
anchorless stress free beam 14 that is freely displaceable in 
lateral directions. This anchorless stress free beam 14 
achieves numerous advantages in comparison to conven 
tional anchored beam Structures. 

0052 Specifically, there is substantially no stress in the 
StreSS free beam 14 during operation and fabrication because 
it is freely moving. Further, there is Substantially no metal 
fatigue and eventual plastic deformation resulting from 
repeated bending as in anchored Switch Structures. The 
reduced metal fatigue, plastic deformation, operational 
StreSS and fabrication StreSS result in a Switch Structure that 
is more reliable and longer lasting than the conventional 
anchored Switches. 

0053) The MEMS switch 10 has zero power consumption 
while Switching and maintaining the StreSS free beam 14 in 
certain positions as well as a low activation Voltage because 
the electrostatic force is only required to overcome the 
negligible adhesion forces at two ends of the StreSS free 
beam 14 and the air resistance in moving the StreSS free 
beam 14. 

0054 Alarge contact force maintains the stress free beam 
14 at certain positions because most of the electroStatic force 
is used for contact rather than for bending or deflecting a 
Structure with fixed anchors. The large contact force also 
guarantees large contact areas and accordingly reduces the 
contact resistances. As a result of Small contact resistances, 
larger current can pass through the contact without exces 
Sively heating up and hence destroying the contact regions. 
0055) Further, the MEMS switch 10 may achieve a 
Switching time in the order of Sub pSec because the gravi 
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tational force of the stress free beam (nN) is negligible in 
comparison with the electrostatic force (tens to hundreds of 
uN). 
0056. The MEMS switch 10 also permits greater design 

flexibility. More particularly, a wide range of materials and 
beam shapes can be used for the beam with different surface 
hardneSS and beam rigidities for achieving the optimum 
design for different applications. Conventional anchored 
beam Structures are limited to certain materials and beam 
shapes because of the bending requirement. Further, proper 
Selection of beam material and Surface hardneSS can mini 
mize Stiction problems during contact. The opposing Volt 
ageS provide Separation force to Separate the contact in case 
of Stiction. 

0057 The MEMS switch 10 does not require a beam with 
elongated geometry for providing bending flexibility. There 
fore, a very compact Switch is possible, and the Switch 
layout design is more flexible to optimize the RF perfor 
mance and improve isolation when the MEMS Switch 10 is 
in the OFF state. 

0058. The MEMS switch 10' offers further unique advan 
tages. The Switch contact force can be increased by increas 
ing the array size of Switch 10' for the same amount of lateral 
displacement and activation Voltage to achieve low contact 
resistance and high power handling. The beam lateral dis 
placement can be increased by increasing the array size of 
Switch 10' for the same amount of contact force and acti 
Vation voltage to achieve more input and output separation 
and hence more RF signal isolation between the input and 
output. The Switch activation Voltage may also be reduced 
by increasing the array size of Switch 10' for the same 
amount of contact force and lateral displacement to thereby 
offer wider commercial application insertion opportunities. 
The Switch 10' has even more design flexibility in optimiz 
ing the contact material for a wider range of contact forces. 
The plurality of secondary stress free beams 14 of the Switch 
10' provide an accumulated force that Serves as a Self repair 
mechanism for eliminating Stiction problems between one or 
more of the Secondary StreSS free beams 14' and a contact 
site at the first, second and/or third platforms 16', 18, 19". 
0059 While the above description is of the preferred 
embodiment of the present invention, it should be appreci 
ated that the invention may be modified, altered, or varied 
without deviating from the Scope and fair meaning of the 
following claims. 

1. (Canceled) 
2. A micro electromechanical System Switch comprising: 

a Substrate; 

a StreSS free beam disposed above the Substrate and 
provided within first and second platforms, the first and 
Second platforms being disposed on the SubStrate to 
limit displacement of the StreSS free beam in directions 
that are not Substantially parallel to the Substrate; and 

a set of one or more control pads disposed in a vicinity of 
a first lengthwise Side of the StreSS free beam, for 
creating a potential on the first lengthwise Side of the 
StreSS free beam, 
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wherein, 

the StreSS free beam is displaceable in directions Sub 
Stantially parallel to the Substrate in accordance with 
the potential for providing a signal path, and 

the first and Second platforms are further for receiving 
an input Signal. 

3. The micro electromechanical System Switch of claim 2, 
further comprising an output contact pad disposed on the 
substrate and in the vicinity of the first lengthwise side of the 
StreSS free beam, wherein the output contact pad is for 
becoming electrically coupled to the StreSS free beam to 
thereby provide the Signal path between the output contact 
pad, the StreSS free beam and the first and Second platforms 
when the potential is created by the one or more control 
pads. 

4. The micro electromechanical System Switch of claim 3, 
further comprising: 

another Set of one or more control pads disposed on the 
Substrate and in a vicinity of a Second lengthwise Side 
of the StreSS free beam, for creating another potential on 
the Second lengthwise Side of the StreSS free beam; and 

another output contact pad disposed on the Substrate and 
in the vicinity of the second lengthwise side of the 
StreSS free beam. 

5. The micro electromechanical system switch of claim 4, 
wherein: 

the Set of one or more control pads and the another Set of 
one or more control pads are further for creating a 
relative potential between the first and Second length 
wise sides of the StreSS free beam that is based on a 
difference between the potential and the another poten 
tial; and 

the StreSS free beam is displaced either to the output 
contact pad and maintains contact there with or to the 
another output contact pad and maintains contact there 
with when the relative potential is greater than or equal 
to a threshold potential. 

6. The micro electromechanical system switch of claim 5, 
wherein: 

the Substrate is transparent; and 

the StreSS free beam is further for permitting a light signal 
to be transmitted through the substrate when the stress 
free beam is in contact with a first of the output contact 
pad or the another output contact pad and is for 
blocking the light Signal when the StreSS free beam is in 
contact with a Second of the output contact pad or the 
another output contact pad. 

7. The micro electromechanical system switch of claim 5, 
wherein the StreSS free beam includes a light reflective layer 
on a top Surface thereof for reflecting a light Signal when the 
StreSS free beam is in contact with a first of the output contact 
pad or the another contact output pad and for permitting the 
light signal to be absorbed by the substrate when the stress 
free beam is in contact with a Second of the output contact 
pad or the another output contact pad. 

8. The micro electromechanical system switch of claim 5, 
wherein: 
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the StreSS free beam includes a light reflecting mirror; 
each of the Set of one or more control pads and the another 

Set of one or more control pads comprises at least two 
control pads, the at least two control pads of the Set of 
one or more control pads respectively oppose the at 
least two control pads of the another Set of one or more 
control pads; 

the StreSS free beam is angularly displaceable in accor 
dance with the relative potential when the relative 
potential is between non-opposing control pads to 
displace a light Signal in accordance with the angular 
displacement of the StreSS free beam; and 

the stress free beam is further laterally displaceable in 
accordance with the relative potential when the relative 
potential is between opposing control pads to displace 
the light Signal perpendicularly to the StreSS free beam. 

9. The micro electromechanical system switch of claim 3, 
wherein the StreSS free beam comprises extended width 
portions within the first and Second platforms and opposing 
the output contact pad, respectively for preventing the StreSS 
free beam from becoming Substantially electrically coupled 
to the Set of one or more control pads and the another Set of 
one or more control pads. 

10. The micro electromechanical system switch of claim 
2, wherein each of the first and Second platforms comprises 
an extended Sidewall for restricting horizontal displacement 
of the stress free beam. 

11. The micro electromechanical system Switch of claim 
10, wherein the each of the first and second platforms further 
comprises a beam latch for Substantially preventing vertical 
displacement of the StreSS free beam. 

12. The micro electromechanical System Switch of claim 
2, further comprising: 

at least one additional StreSS free beam Substantially 
identical to the StreSS free beam; and 

a primary StreSS free beam Structurally and electrically 
coupled to the StreSS free beam and the at least one 
additional StreSS free beam; 

wherein the primary StreSS free beam is displaceable in the 
directions substantially parallel to the substrate for 
providing the Signal path as a result of the displacement 
of the at least one additional StreSS free beam and the 
StreSS free beam. 

13. (Canceled) 
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14. A micro electromechanical System Switch comprising: 
a StreSS free beam disposed above a Substrate and respon 

Sive to a relative potential for controlling a signal flow, 
wherein the StreSS free beam is displaceable in direc 
tions Substantially parallel to the Substrate to Selectively 
make and break electrical contact with an output con 
tact pad disposed on the Substrate according to the 
relative potential; and 

first and Second platforms disposed on the Substrate for 
limiting displacement of the StreSS free beam in direc 
tions other than Substantially parallel to the Substrate, 

wherein each of the first and Second platforms comprises 
a beam latch for Substantially preventing Vertical dis 
placement of the StreSS free beam and an extended 
Sidewall for restricting horizontal displacement of the 
StreSS free beam. 

15. The micro electromechanical system switch of claim 
14, further comprising first and Second control pads dis 
posed on the Substrate for providing the relative potential. 

16. The micro electromechanical system switch of claim 
15, wherein the stress free beam has different widths in the 
lengthwise direction for restricting displacement and for 
preventing contact with the first and Second control pads. 

17. The micro electromechanical system switch of claim 
15, further comprising another output contact pad disposed 
on the Substrate, 

wherein the stress free beam is further displaceable in the 
directions Substantially parallel to the Substrate to 
Selectively make and break electrical contact with the 
output contact pad or the another output contact pad 
according to the relative potential. 

18. The micro electromechanical system switch of claim 
14, wherein the StreSS free beam further comprises a light 
reflective layer for reflecting a light signal based upon the 
relative potential. 

19. The micro electromechanical system switch of claim 
14, wherein: 

the Substrate is transparent for permitting passage of a 
light signal; and 

the StreSS free beam is further for reflecting the light signal 
based upon the relative potential. 

20.-21. (Canceled) 


