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(57) ABSTRACT 
An RF switch useable up to millimeter wave frequencies and 
higher frequencies of 30 GHz, and above. Four embodiments 
of the invention are configured as ground Switches. Two of the 
ground Switch embodiments are configured with a planar air 
bridge. Both of these embodiments are configured so that the 
bridge length is shortened between the transmission line and 
ground by introducing grounded stops. The other two ground 
Switch embodiments include an elevated metal seesaw. In 
these embodiments, a shortened path to ground is provided 
with relatively low inductance by proper sizing and position 
ing of the seesaw structure. Lastly, broadband power Switch 
embodiment is configured to utilize only a small portion of 
the air bridge to carry the signal. The relatively short path 
length results in a relatively low inductance and resistance 
lowers the RF power loss of the switch, thereby increasing the 
RF power handling capability of the switch. 
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MEMS MILLIMETER WAVE SWITCHES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica- 5 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough indi 
cates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

10 

CROSSREFERENCE TO RELATED 
APPLICATIONS 

This application is a reissue continuation application of 
co-pending U.S. patent Reissue application Ser: No. 1 1/334, 15 
823, filed on Jan. 17, 2006, which is a re-issue of U.S. patent 
application Ser: No. 10/320,926, filed on Dec. 16, 2002, 
which issued as U.S. Pat. No. 6,873,223. On Mar: 29, 2005. 

BACKGROUND OF THE INVENTION 2O 

1. Field of the Invention 
The present invention relates to millimeter wave switches 

and more particularly to millimeter wave switches useful at 
millimeter wave frequencies and higher frequencies with 25 
increased power handling capability relative to known 
Switches, amenable to being fabricated using microelectro 
mechanical system (MEMS) technology. 

2. Description of the Prior Art 
RF switches are used in a wide variety of applications. For 30 

example, such RF switches are known to be used in variable 
RF phase shifters, RF signal switching arrays, switchable 
tuning elements, as well as band Switching of Voltage con 
trolled oscillators. In order to reduce the size and weight of 
such RF switches, microelectromechanical system (MEMS) 35 
technology has been known to be used to fabricate Such 
switches. An example of such an RF switch is disclosed in 
commonly owned U.S. Pat. No. 6,218,911, hereby incorpo 
rated by reference. The RF switch disclosed therein includes 
a pair of relatively parallel spaced apart metal traces. An 40 
air-bridged metal beam is disposed between the parallel 
spaced apart metal traces. 

Electrostatic forces are used to deflect the air bridge to 
contact one of the metal traces. The center beam is attached to 
a Substrate at each end. As such, when electrostatic attraction 45 
forces are applied, the beam deflects into a U-shaped configu 
ration, such that a point approximately at the center of the 
beam, contacts one of the parallel metal traces disposed adja 
cent the beam. In Such a configuration, the RF input is applied 
to one end of the beam. 50 

Although Such a configuration provides satisfactory per 
formance, such a configuration has a relatively high imped 
ance (i.e. relatively high inductive and resistance) which 
results in relatively high RF power losses, and reduces the RF 
power capability of the switch. 55 

In order to solve the problem of high RF power losses of 
such switches, capacitive-type switches using MEMS tech 
nology have been developed for use in millimeter wave and 
microwave applications. Such capacitive-type Switches 
include a lower electrode, a dielectric layer and a movable 60 
metal membrane. Electrostatic forces are used to cause the 
movable metal membrane to Snap and make contact with the 
dielectric layer to form a capacitive-type Switch. Examples of 
these capacitive-type switches are disclosed in: “Perfor 
mance of Low Loss RF MEMS Capacitive Switches.” by 65 
Goldsmith et al., IEEE Microwave and Guided Wave Letters, 
Vol. 8, No. 8, August 1998, pgs. 269,271; and “Ka-Band RF 

2 
MEMS Phase Shifters.” by Pillans et al., IEEE Microwave 
and Guided Wave Letters, Vol.9, No. 12, December 1999, pgs 
520-522. Although such capacitive-type switches provide 
adequate performance in the millimeter wave and microwave 
frequencies, the dielectric layer in the capacitive-type 
Switches is known to store charges making it unsuitable for 
commercial applications. Thus, there is a need for an RF 
switch which provides true metal-to-metal contact which 
avoids problems associated with capacitive-type Switching 
and also provides increased RF power handling capability 
relative to known RF switches. 

BRIEFSUMMARY OF THE INVENTION 

Briefly, the present invention relates to various embodi 
ments of an RF switch suitable for use at millimeter wave and 
higher frequencies of 30 GHz and above. All embodiments of 
the switch are configured to reduce portions of the switch 
structure which are not 50 ohm transmission lines in order to 
reduce the RF power losses of the switch and increase its RF 
power handling capability. Four embodiments of the inven 
tion are configured as ground Switches. Two of the ground 
Switch embodiments are configured with a planar airbridge. 
Both of these embodiments are configured so that the con 
duction path length in the airbridge is shortened between the 
transmission line and ground by introducing grounded stops. 
The other two ground switch embodiments include an 
elevated metal seesaw. In these embodiments, a shortened 
path to ground is provided with relatively low inductance by 
proper sizing and positioning of the seesaw structure. Lastly, 
a broadband power switch embodiment is configured to uti 
lize only a small portion of the air bridge to carry the signal. 
The relatively short path length results in a relatively low 
inductance and resistance which reduces the RF power losses 
of the switch and increases its RF power handling capability 
relative to known RF switches. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages of the present invention will be 
readily understood with reference to the following specifica 
tion and attached drawings wherein: 

FIG. 1 is a plan view of a ground switch formed with a 
planar air bridge. 

FIG. 2 is a plan view of alternate embodiment of the ground 
switch with a planar air bridge illustrated in FIG. 1. 
FIG.3A is a plan view of another embodiment formed as a 

ground Switch with an elevated metal seesaw mounted 
between two fixed posts by way of torsion bars. 

FIG. 3B is an elevational view of the embodiment illus 
trated in FIG. 3A, shown in a clockwise position. 
FIG.3C is similar to FIG.3B, but shown in a counterclock 

wise position. 
FIG. 4 is a plan view of an alternate embodiment of the 

ground switch illustrated in FIG. 3. 
FIG.5 is a plan view of single pole double throw broadband 

power Switch in accordance with an alternate embodiment of 
the invention with a transverse air bridge shown with no 
control bias applied. 

FIG. 6 is similar to FIG. 5 but shown with a bias applied to 
the right control electrodes. 

FIG. 7 is similar to FIG. 5 but shown with a bias applied to 
the left control electrodes. 

FIG. 8 is similar to FIG. 5 but configured with two air 
bridges. 
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FIGS. 9A-9J are exemplary process flow diagrams for 
fabricating the airbridge and seesaw type Switches illustrated 
in FIG. 1-4. 

FIGS. 10A-10C are diagrams identifying the various metal 
layers for the seesaw type switches illustrated in FIGS. 3 and 
4. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, various embodi 
ments of millimeter wave switches are illustrated in FIGS. 
1-8. In particular, FIGS. 1 and 2 illustrate ground switches 
which incorporate a planar air bridge. FIGS. 3A and 4 illus 
trate alternate embodiments of a ground switch formed with 
an elevated seesaw connected between two fixed posts by way 
of torsion bars. FIGS. 5-7 illustrate an embodiment of a 
broadband power Switch, shown, for example, as a single pole 
double throw switch. Finally, FIG. 8 illustrates an embodi 
ment of the broadband power switch, illustrated in FIG.7, but 
formed with a pair of transverse air bridges. 

In all embodiments, the path lengths between the transmis 
sion line and ground are shortened relative to known RF 
Switches. By shortening these path lengths, the inductance 
and resistance of the structure is thereby lowered, thereby 
lowering the RF power losses of the switch and increasing its 
power handling capability. 
Two embodiments of a grounding Switch formed with a 

planar air bridge illustrated in FIGS. 1 and 2 are useful as an 
RF switchat millimeter wavefrequencies and higher frequen 
cies of 30 GHz and above. Both of these embodiments may be 
fabricated utilizing microelectro-mechanical Switch 
(MEMS) technology, for example, as disclosed in com 
monly-owned U.S. Pat. No. 6,218,911, hereby incorporated 
by reference. FIG. 1 is an embodiment with a transverse air 
bridge, while FIG. 2 is configured with a parallel air bridge. 
As will be discussed in more detail below, both embodiments 
utilize grounded stops which shorten the conduction path 
length in the bridge between the transmission line and 
ground, thereby reducing the impedance and RF power loss 
of the Switch. 

Referring first to FIG. 1, a first embodiment of the milli 
meter wave grounding Switch is illustrated and generally 
identified with the reference numeral 20. The grounding 
switch 20 includes an air bridged beam 22, for example, 2 
micrometers wide, 2 micrometers thick and 300 micrometers 
long, formed between two end posts 24 and 26, which, in turn, 
are attached to a Substrate (not shown). The end posts 24 and 
26 are, in turn, connected to ground. A microStrip transmis 
sion line 25, carried by the substrate (not shown), is formed 
transverse to the air bridge beam 22. In this embodiment, an 
RF input is applied to one end of the microStrip transmission 
line 25, whilean RF output is available at an opposing end of 
the microstrip transmission line 25. In operation, during a 
condition when there is no deflection or actuation of the 
millimeter wave switch 20, as shown, the RF input applied to 
the microstrip transmission line 25 passes through unaf 
fected. However, as will be discussed in more detail below, 
actuation of the millimeter wave switch 20 causes the micros 
trip transmission line 25 to be effectively grounded, thereby 
reflecting 100% of the RF input, thereby emulating an open 
switch. 
A fixed RF contact 27 is formed, for example, on the 

microStrip transmission line 25 or a co-planar RF transmis 
sion line with an impedance of about 50 ohms (not shown). 
The contact 27 connects the beam 22 to the microstrip trans 
mission line 25 in an actuated position. In accordance with an 
important aspect of the invention, one or more ground stops 
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4 
28, 30, formed, for example, adjacent the microstrip trans 
mission line 25 as shown, effectively reduce the path length of 
the air bridge 22, thereby reducing the impedance and RF 
power losses of the switch 20. As shown the ground stops 28, 
30 are formed on the same side of the airbridge 22 as the fixed 
RF contact 27. 
By appropriate placement of the ground stops 28, 30, the 

effective path length can be made to be about 50 micrometers 
or less. A relatively short path length provides a relatively 
good RF ground for the microstrip transmission line 25 up to 
millimeter wave frequencies. As such, the RF ground makes 
an effective RF reflection in the microstrip transmission line 
25 when the beam 22 is attracted thereto allowing effective 
Switching in circuits. Such as a Ka-band phase shifter. In 
contrast, the path length of the RF switch disclosed in com 
monly owned U.S. Pat. No. 6,218,911 is approximately half 
the length of the air bridge or about 150 micrometers. 
Two control pads 32 and 34 are provided. These control 

pads 32, 34 are used to cause deflection of the beam 22 by 
electrostatic forces. As such, when a bias Voltage, for 
example, +50V is applied to each of the control pads 32, 34, 
the beam 22 is deflected by electrostatic force so as to be 
electrically connected to the fixed RF contact 27 and fixed 
grounded stops 28, 30, effectively producing a relatively short 
path from the microstrip 25 transmission line to ground. 
The reliability of the ground switch 20 may be increased by 

adding one or more optional control pads 36,38 to the left side 
(FIG. 1) of the beam 22 and one or more additional ground 
stops 40, 42. The additional control pads 36, 38 and ground 
stops 40, 42 allow the beam 22 to break away from the 
actuated position by force in case it sticks. Additionally, the 
additional control pads 36, 38 and ground stops 40, 42 allow 
for symmetrical switch movement in both directions with the 
same amount of bending in each direction which tends to 
prevent any permanent bending from occurring in the beam 
22. Alternatively, the stops 40, 42 may be configured as elec 
trically “floating so that the switch is grounding when the 
bridge is pulled to the right, and non-grounding when the 
bridge is pulled to the left. 
An alternative embodiment of the ground switch 20 is 

illustrated in FIG. 2. Referring to FIG. 2, the ground switch, 
generally identified with the reference numeral 44, is dis 
posed generally in parallel and adjacent to the microstrip 
transmission line 46, formed on a Substrate, not shown. The 
ground Switch 44 operates in a similar manner as the ground 
Switch 20. 
An air bridge beam 48 is formed on the substrate (not 

shown) and connected thereto by way of two end posts 50 and 
52, formed, for example, by a 2 micrometer metal deposition 
on the substrate. In this embodiment, the air bridge beam 48 
is parallel to the microstrip transmission line 46. An RF Input 
is available on One end of the microstrip 46 and an RF Output 
is available on the other end. A terminal 54 is formed 
between the microstrip transmission line 46 and the beam 48. 
A grounded stop 56 is positioned adjacent the beam 48 on a 
side opposite the terminal 54. A control pad 58 is disposed 
adjacent the beam 48 on the same side as the grounded stop 
56. 
When a biasing voltage, either positive, for example+50V, 

or a negative voltage, is applied to the control pad 58, the left 
side of the beam (i.e. portion of the beam left of the grounded 
stop 56 as viewed in FIG. 2) is attracted to the control pad 58. 
Because of the rigidity of the beam, the beam 48 is twisted so 
that a right portion is deflected toward the microstrip trans 
mission line 46 and contacts the terminal 54 on the microstrip 
transmission line 46 as well as the grounded stop 56. In this 
position, the microstrip transmission line 46 is connected to 
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ground with a length of only about 25% of the total airbridge 
length. By reducing the path length to about 25%, the milli 
meter wave switch 44 has reduced RF power loss and 
increased power handling capability. 

FIGS. 3A and 4 illustrate ground switches configured as 
seesaws in accordance with alternate embodiments of the 
invention which provide a relatively short path to ground, 
thereby resulting in a relatively low inductance. The short 
path length in the case of the seesaw-type Switches is made 
possible by proper sizing and positioning of the seesaw struc 
ture. In particular, the relatively wide dimensions of the see 
saw result in a relative low inductance. As such, by reducing 
the inductance, the millimeter wave switch 60 will have lower 
RF power losses. In the embodiment illustrated in FIG. 3 
3A, a seesaw structure straddles a transmission line and con 
nects it to grounds on both ends. In the embodiment illus 
trated in FIG. 4, the seesaw is disposed adjacent one edge of 
a transmission line and grounds the one edge. 

Referring to FIGFIGS 3A-3C, a first embodiment of the 
seesaw grounding Switch, generally identified with the refer 
ence numeral 60 (FIG. 3a), is illustrated. In this embodiment, 
an elevated metal seesaw 62 is provided. The seesaw 62 is 
located above a microstrip transmission line 64 (FIG. 3a) that 
is mounted, in turn, to a substrate (not shown). An RF Input is 
available on one end of the microstrip 64 and an RF Output is 
available on the other end. The seesaw 62 is mounted to two 
fixed posts 65, 66, connected to the substrate by way of a pair 
of torsion bars 68 and 70, as shown in FIG.3a. The end posts 
65 and 66 are grounded. Thus, when the seesaw 62 rotates 
clockwise or counter-clockwise about an axis through the end 
posts 65. 66, generally perpendicular to a longitudinal axis of 
the transmission line 64, the microstrip 64 is grounded by way 
of the seesaw 62. 

Various control pads 72 (FIG.S. 3a, 3b), 74 (FIGS. 3a, 3c), 
76 (FIGS. 3a, 3c), and 78 (FIGS. 3a, 3b) may be provided. 
These control pads 72-78 are disposed on the substrate 
beneath the seesaw 62. When a bias voltage, for example 10 V 
is applied to the control pads (as shown in FIG. 3a), electro 
static attraction forces cause the seesaw 62 to rotate. More 
particularly, when a bias Voltage is applied to the control pads 
72 and 76, the seesaw 62 will rotate in a clockwise direction. 
Similarly, when a bias voltage is applied to the control pad 74 
and 78, the seesaw 62 rotates in a counterclockwise direction. 
As will be discussed in detail below, the seesaw 62 does not 
contact any of the control pads 72-7872, 74, 76 and 78 in a 
full clockwise or counter-clockwise position. 

Suchanarrangement provides a mechanical push-pull con 
figuration. Accordingly, if the Switch 60 sticks in one posi 
tion, it can be returned to a normal position by removing the 
biasing Voltage from the control pads in the stuck position and 
applying a biasing Voltage to the opposite control pads. For 
example, if the switch is stuck in a position whereby the 
seesaw 62 is stuck in a clockwise position, the biasing Voltage 
is removed from the control pads 72 and 76 and applied to the 
control pads 74 and 78. Application of the biasing voltage to 
the control pad 74 and 78, in turn, causes the seesaw 62 to 
rotate in a counterclockwise direction, thus returning the see 
saw 62 to an at rest position. 

Like the grounding switches illustrated in FIGS. 1 and 2. 
the Switch 60 also causes a grounding of the RF input signal 
and thus may be used as a ground Switch for the microStrip 
transmission line 64. A terminal may be formed on the 
microstrip 64 beneath the seesaw 62. The terminal (not 
shown) may be used as a contact point. 

In order to prevent the seesaw 62 from contacting the 
control pads 72, 76 when the millimeter wave switch 60 is 
actuated in the clockwise direction, optional electrically 
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6 
“floating stops 80, 82 may be provided on the substrate, 
under the right end of the seesaw 62. These stops 80, 82 may 
be used to prevent the seesaw 62 from contacting the micros 
trip transmission line 64 when the switch is in the clockwise 
non-grounding position as shown in FIG. 3B. When a bias 
voltage is applied to the control pads 74 and 78, this causes the 
Switch 60 to rotate in a counterclockwise position, as shown 
in FIG. 3C, causing the seesaw 62 to ground the microstrip 
transmission line 64. In order to open the grounding Switch 
60, a bias Voltage is applied to the opposing control pads 72, 
76, which, in turn, causes the seesaw 62 to rotate in a clock 
wise direction, thus breaking the connection between the left 
side of the seesaw 62 (FIG. 3A) and the microstrip transmis 
sion line 64. The stops 80, 82 which are not grounded, prevent 
the seesaw from re-contacting the microStrip transmission 
line 64 when a biasing Voltage is applied to the opposite side 
control pads 72, 76. 
The seesaw 62 may optionally be provided with one or 

more vent holes 84. The vent holes 84 facilitate the fabrica 
tion process as well as increase the speed of operation of the 
switch 60. In particular, the vent holes 84 facilitate removal of 
a sacrificial layer needed in fabrication. In addition, the vent 
holes 84 reduce the drag in the atmosphere, as well as lower 
the mass, thus making the Switch faster. 
The embodiment illustrated in FIG. 4, generally identified 

with the reference numeral 86, is similar to the embodiment 
illustrate in FIG.3A and includes vent holes and a torsion bar 
except that the millimeter grounding switch 86 is disposed 
adjacent to a microstrip transmission line 88. An RF Input is 
available on One end of the microstrip 88 and an RF Output is 
available on the other end. In this embodiment, the seesaw 
rotates about an axis generally parallel to the longitudinal axis 
of the microstrip 88. This embodiment allows for more room 
for the control pads and also allows for switching at lower 
voltages, for example, 10V, but otherwise is virtually the same 
as the millimeter wave switch 60 described and illustrated in 
conjunction with FIG. 3A. 

FIGS. 5-8 illustrate a broadband power switch configured 
as a single pole double throw switch. Not only can the broad 
band power switch provide operation at relatively high fre 
quencies, but can also carry relatively high RF Power. FIGS. 
5-7 illustrate one embodiment of the broadband power 
switch, while FIG. 8 illustrates an alternate embodiment. 

Referring first to FIGS. 5-7, a broadband power switch, in 
accordance with the present invention, is illustrated and gen 
erally designated with the reference numeral 100. The 
embodiments illustrated in FIGS. 5-7 relate to a single pole 
double throw switch formed from a single RF input micros 
trip transmission line and two RF output microStrip transmis 
sion lines. Other configurations are also contemplated. Such 
as a single pole single throw which includes a single input 
microStrip transmission line and a single output microstrip 
transmission line. 

FIG. 5 illustrates the broadband power switch 100 with no 
biasing voltage applied. The broadband power switch 100 
includes a transverse beam 102, formed as an air bridge, 
formed generally traverse to a plurality of microStrip trans 
mission lines 104,106 and 108. The microstrip transmission 
line 104 forms an RF input line, while the microstrip trans 
mission lines 106 and 108 form RF output lines RF out 1 and 
RF out 2, respectively. Unlike the ground switches illustrated 
in FIGS. 1-14. 1, 2, 3a and 4, the broadband power switch 
100 selectively connects an RF input transmission line 104 to 
one of two RF output transmission lines 106 and 108 forming 
a single pole double throw switch. 
The air bridge beam 102 is rigidly attached to a substrate 

(not shown) by way of end posts 110, 112 formed on each end 
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from a thick metal layer directly on the substrate. One or both 
of the end posts 110, 112 is terminated by an RF grounding 
impedance 114 and thereby connected to ground to allow 
charge flow so that the airbridge beam 102 can be attracted to 
the control pads. 
As shown, two terminals 118, 120 are formed on the input 

microstrip transmission line 104 while a single terminal 116, 
122 is formed on each of the output RF transmission lines 
106, 108, respectively. Additionally, the terminals 116, 118 
are formed on one side of the beam 102 while the terminals 
120, 122 are formed on an opposing side of the beam 102. The 
terminals 116, 118, 120, 122 are formed by an additional 
metalization layer on top of the microStrip transmission lines 
104, 106 and 108 to a height that enables contact with the 
beam 102 when it is deflected either to the right or to the left 
to that shown in FIG. 5. 
A plurality of control pads 124, 126, 128 and 130 are 

provided in order to cause the beam to be deflected by elec 
trostatic force. In particular, the control pads 124 and 128 are 
formed on one side of the beam 102, while the control pads 
126 and 130 are formed on an opposing side of the beam. As 
shown in FIG. 6, application of a biasing Voltage, for example, 
+25 V to the control pads 126 and 130 causes the beam 102 to 
deflect to the right, causing the beam to contact the terminals 
120 and 122, thereby connecting RF input microstrip trans 
mission line 104 to the RF output microstrip transmission line 
108. Similarly, when a biasing voltage, for example +25 V is 
applied to the control pads 124 and 128 as shown in FIG. 7, 
the beam 102 is reflected to the left, thereby connecting the 
terminals 118 on the RF input transmission line 104 to the 
terminal 116 on the RF output transmission 106. 
An alternate embodiment of the broadband power switch is 

illustrated in FIG, 8. This embodiment is similar to the 
embodiment illustrated in FIGS. 5-7, except it includes two 
transverse beams 142 and 144. The broadband power switch 
140 includes an input RF microstrip transmission line 146 
having a plurality of terminals 148, 150, 152 and 154. Two 
output RF transmission lines are provided. The first output RF 
transmission line 156 is provided with a pair of terminals 160 
and 162. Similarly, the second RF output transmission line 
158 provides a pair of output terminals 164 and 166. 
The beams 142 and 144 are rigidly attached on each end to 

the substrate (not shown) by way of a plurality of end posts 
168, 170, 172,174. In order to cause deflection of the beams 
142, 144, a plurality of control pads 176, 178, 180, 182, 184, 
186, 188 and 190 are provided. Application of the biasing 
voltage, for example +25 V to the various control pads 176 
1901 76, 178, 180, 182, 184, 186, 188 and 190 causes deflec 
tion of the beams 142,144 to connect various terminals 148, 
150, 152 and 154 on the RF input transmission line 146 to be 
connected to various terminals 160,162, 164 and 166 on the 
RF output transmission lines 156 and 158 respectively. As 
shown, applying a biasing Voltage to the control pads 176, 
180, 184 and 188 causes the beams 142 and 144 to deflect to 
the left (FIG. 8) as shown. This deflection connects the RF 
input terminals 148 and 152 to the terminals 160 and 162 on 
the RF output transmission line 156. Similarly, applying a 
biasing voltage, for example, +25 V to the control pads 178, 
182186 and 190 causes the beams to deflect to the right. This 
deflection connects the RF input terminals 150 and 154 to the 
terminals 164 and 166 on the RF output transmission line 158. 

Fabrication details for the planar air bridge grounding 
switch, seesaw switch and broadband power switch are illus 
trated in FIGS.9A-9J. In particular, FIGS.9A-9J illustrate an 
exemplary process of forming both the air bridge and seesaw 
Switches illustrated in FIGS 1-8. FIGS. 10A-10C illustrate a 
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8 
microstrip and identify the metalization layers of the seesaw 
switches illustrated in FIGS. 3A and 4. 

Referring to FIGS. FIG.9A-9J the process is initiated 
by depositing a thin metalization layer 200 on a wafer or 
substrate 202. The metalization layer 200, identified as 
“METAL 1’, may be applied by conventional techniques. The 
metalization layer 200 may be deposited, for example to a 
thickness of 1000 angstroms. 
As shown in FIG. 10C, the METAL 1 layer 200 may be 

used for forming interconnections under the air bridge. For 
example, in the embodiments of the air bridge shunt switch 
illustrated in FIGS. 1 and 2 and the broadband power switch, 
illustrated in FIGS. 5-8, the thin metal layer 200 is used to 
continue the transmission line under the bridge. A photoresist 
layer 204 is deposited over the METAL 1 layer 200, as shown 
in FIG. 9B. The photoresist layer 204 is spun onto the 
METAL 1 layer 200 by conventional techniques. The photo 
resist layer 204 is then patterned and developed, as shown in 
FIG.9C. The METAL 1 layer 200 is then etched, and then the 
photoresist layer 204 is stripped, as shown in FIG. 9D. A 
second photoresist layer 206 is applied as shown in FIG.9E. 
The second, sacrificial photoresist layer 206 is patterned and 
hard baked, as generally shown in FIG.9F. This layer is hard 
baked to prevent development in the next process steps. Next, 
as shown in FIG.9G a third photoresist layer 208 is spun on 
top of the substrate 202, METAL 1 layer 200 and second 
photoresist layer 206, as generally shown in FIG. 9G. The 
third photoresist layer 208 is then patterned for the second 
metal layer METAL 2, as generally shown in FIG. 9H. After 
the third photoresist layer 208 is patterned, the second metal 
layer METAL 2, generally identified with the reference 
numeral 210 (FIG. 9I), is deposited thereupon by conven 
tional techniques. 
The second metal layer 210 is a relatively thick metal layer, 

for example 20,000 angstroms and is used to form the air 
bridge and raised contacts that need to be at the same height 
as the bridge. The thick metal layer 210 is also deposited on 
the transmission line away from the bridge and other elec 
trodes in order to reduce resistance. Finally, as shown in FIG. 
9J the second metalization layer 210 is “lifted off and the 
photoresist rinsed off to leave only portions of the metal 
contacting METAL 1 or the substrate. 
The process for making the seesaw Switch, as illustrated in 

FIGS. 3A and 4 is the same as illustrated in FIGS. 9A-9J. In 
particular, a thin metal layer, identified as METAL 1 which 
may be for example 2,000 angstroms is deposited directly on 
the substrate. A relatively thick metal layer, identified as 
METAL 2, for example 20,000 angstroms, is elevated in 
places by use of the sacrificial photo METAL 2 resist layer 
206. The second metal layer 210 is elevated for the seesaw 
and the two torsion bars. The METAL 1 layer, identified with 
the reference numeral 200, is used by itself for interconnec 
tions under the seesaw so that it passes through without touch 
ing it. For example, in FIG. 3A, the thin metal layer METAL 
1 is used to continue the transmission line under the seesaw. 
The thin layer, METAL 1 may also be used for the control 
electrodes. The thick metal layer, METAL 2 may also be 
deposited on the transmission line away from the seesaw and 
other electrodes to reduce resistance. 

FIGS. 10A-10C illustrate the placement of the metal lay 
ers, METAL 1 and METAL 2 (FIGS. 10B and 10C) in the 
formation of seesaw type switches illustrated in FIGS. 3A and 
4. As shown, the see saw switch 62 (see FIGS. 10b, 10c) 
includes a transmission line 64, a pair of control pads 74 and 
78, as shown in FIGS. 10a and 10b, end posts 65 and 66 and 
torsion bars 68 and 70, as shown in FIGS. 10a and 10b. 



US RE45,733 E 
9 

Obviously, many modifications and variations of the 
present invention are possible in light of the above teachings. 
In particular, each embodiment can be configured with copla 
nar lines rather than microstrip lines. Thus, it is to be under 
stood that, within the scope of the appended claims, the inven 
tion may be practiced otherwise thanas specifically described 
above. 
What is claimed and desired to be covered by a Letters 

Patent is as follows: 
1. A ground Switch for use in millimeter wave applica 

tions, the grounding Switch comprising: 
a transmission line defining an RF input and an RF output 

at opposing ends; 
an RF contact formed on said transmission line; 
one or more ground contacts adapted to be connected to 

ground, spaced apart from said transmission line and an 
air bridge, for grounding said transmission line; 

an airbridge beam formed adjacent said transmission line, 
said air bridge beam rigidly connected to a substrate at 
each end, said beam spaced away from said RF contact 
and said one or more ground contacts in an at rest posi 
tion and configured to contact said RF contact and said 
one or more ground contacts in an actuated position; and 

one or more control pads disposed adjacent said transmis 
sion line, said one or more control pads adapted to 
receive biasing Voltage to cause said beam to deflect to 
said actuated position. 

2. The ground Switch as recited in claim 1, wherein said air 
bridge is generally transverse to said transmission line. 

3. The ground switch as recited in claim 2, wherein said 
RF ground contact is formed on said transmission line. 

4. The ground switch as recited in claim3, wherein saidair 
bridge beam is formed above said transmission line. 

5. The ground switch as recited in claim 4 A ground 
switch for use in millimeter wave applications, the ground 
switch comprising: 

a continuous transmission line defining an RF input and an 
RF output at opposing ends, 

an RF contact formed on said transmission line between 
the RF input and RF output; 

One or more ground contacts adapted to be connected to 
ground, spaced apart from said transmission line and an 
air bridge, for grounding said transmission line, 

an air bridge beam having a metal portion and formed 
adjacent said transmission line, said air bridge beam 
rigidly connected to a substrate at each end, said beam 
spaced away from said RF contact and said one or more 
ground contacts in an at rest position and configured so 
that the metal portion of the air bridge beam makes 
contact with said RF contact and said one or more 
ground contacts in an actuated position to form an RF 
conductive path to ground for the RF contact, and 

One or more control pads disposed adjacent said transmis 
Sion line, said one or more control pads adapted to 
receive biasing voltage to cause said beam to deflect to 
said actuated position, 

wherein said one or more ground contacts are formed on 
the same side of said airbridge beam as said RF contact. 

6. The ground switch as recited in claim 15, wherein said 
airbridge beam is generally parallel to said transmission line. 

7. The ground switch as recited in claim 6. A ground 
switch for use in millimeter wave applications, the ground 
switch comprising: 

a continuous transmission line defining an RF input and an 
RF output at opposing ends, 

an RF contact formed on said transmission line between 
the RF input and RF output; 
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One or more ground contacts adapted to be connected to 

ground, spaced apart from said transmission line and an 
air bridge, for grounding said transmission line, 

an air bridge beam having a metal portion and formed 
adjacent said transmission line, said air bridge beam 
rigidly connected to a substrate at each end, said beam 
spaced away from said RF contact and said one or more 
ground contacts in an at rest position and configured so 
that the metal portion of the air bridge beam makes 
contact with said RF contact and said one or more 
ground contacts in an actuated position to form an RF 
conductive path to ground for the RF contact, and 

One or more control pads disposed adjacent said transmis 
Sion line, said one or more control pads adapted to 
receive biasing voltage to cause said beam to deflect to 
said actuated position, 

wherein said RF contact and said one or more ground 
contacts are formed on opposing sides of said airbridge 
beam. 

8. The ground switch as recited in claim 1, wherein at least 
two or more control pads are provided. 

9. The ground switch as recited in claim 8. A ground 
switch for use in millimeter wave applications, the ground 
switch comprising: 

a continuous transmission line defining an RF input and an 
RF output at opposing ends, 

an RF contact formed on said transmission line between 
the RF input and RF output; 

One or more ground contacts adapted to be connected to 
ground, spaced apart from said transmission line and an 
air bridge, for grounding said transmission line, 

an air bridge beam having a metal portion and formed 
adjacent said transmission line, said air bridge beam 
rigidly connected to a substrate at each end, said beam 
spaced away from said RF contact and said one or more 
ground contacts in an at rest position and configured so 
that the metal portion of the air bridge beam makes 
contact with said RF contact and said one or more 
ground contacts in an actuated position to form an RF 
conductive path to ground for the RF contact, and 

One or more control pads disposed adjacent said transmis 
Sion line, said one or more control pads adapted to 
receive biasing voltage to cause said beam to deflect to 
said actuated position, 

wherein said control pads are formed on at least one side of 
said airbridged bridge beam. 

10. The ground switch as recited in claim 8, wherein said 
control pads are formed on both sides of said air bridged 
beam. 

II. The ground switch of claim 5 wherein the air bridge 
beam comprises a layer of movable metal and the RF contact 
extends outwardly from said transmission line. 

12. The ground switch of claim 7 wherein the air bridge 
beam comprises a layer of movable metal and the RF contact 
extends outwardly from said transmission line. 

13. The ground switch of claim 9 wherein the air bridge 
beam comprises a layer of movable metal and the RF contact 
extends outwardly from said transmission line. 

14. The ground switch of claim 5 wherein the air bridge 
beam deforms in the actuated position so that an intermediate 
portion of the air bridge beam bends towards the transmis 
Sion line. 

15. The ground switch of claim 7 wherein the air bridge 
beam deforms in the actuated position so that an intermediate 
portion of the air bridge beam bends towards the transmis 
Sion line. 
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16. The ground switch of claim 9 wherein the air bridge 
beam deforms in the actuated position so that an intermediate 
portion of the air bridge beam bends towards the transmis 
Sion line. 

17. The ground switch of claim 5 wherein the air bridge 
beam is disposed to move as a seesaw from the at rest position 
to the actuated position. 

18. The ground switch of claim 7 wherein the air bridge 
beam is disposed to move as a seesaw from the at rest position 
to the actuated position. 

19. The ground switch of claim 9 wherein the air bridge 
beam is disposed to move as a seesaw from the at rest position 
to the actuated position. 

20. The ground switch recited in claim 5, wherein said air 
bridge beam is generally transverse to said transmission line. 

21. The ground switch recited in claim 7, wherein said air 
bridge beam is generally transverse to said transmission line. 

22. The ground switch recited in claim 9, wherein said air 
bridge beam is generally transverse to said transmission line. 

k k k k k 
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