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INDUCTOR-CAPACITOR RESONANT RF SWITCH 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The invention relates to a microelectronic 
mechanical sWitch (MEMS) device and method of fabrica 
tion, and more particularly, to an inductor-capacitor resonant 
radio frequency (LCR RF) sWitch and a method of fabri 
cating a LCR RF sWitch. 

[0003] (2) Description of the Prior Art 

[0004] Generally, RF sWitches, consisting of solid state 
devices, such as diodes and ?eld-effect transistors (FET), are 
used in communication systems applications. For very high 
frequencies of about 1 GHZ, these diode and FET devices are 
typically fabricated using expensive GaAs technology. 
HoWever, RF sWitches fabricated using diodes and FET 
devices demonstrate high insertion loss and loW isolation 
When the Working frequency exceeds 1 GHZ. In addition, the 
value of the isolation decreases With frequency. 

[0005] Recently, microelectronic mechanical (MEMS) 
technology has been used for the fabrication of RF sWitches. 
A MEMS sWitch features signi?cant advantages in its small 
siZe as measured in the operating Wavelength. MEMS has 
potentially loWer costs since IC batch processing can be 
used. As an example, a microelectronic mechanical sWitch 
(MEMS) may be constructed Which uses electrostatic force 
to ?ex a thin membrane and thereby cause the sWitch to be 
opened or closed. Such devices are fabricated With dimen 
sions in the range of 100’s of microns and can be integrated 
onto an integrated circuit device. Since an electrostatic force 
is used, the sWitch can be controlled using only a voltage and 
very little, or no, current. Therefore, it consumes virtually no 
poWer. This is an important advantage for portable commu 
nication systems, such as hand-held mobile phones or other 
Wireless communication devices, Where poWer consumption 
is recogniZed as a signi?cant operating limitation. 

[0006] Referring noW to FIG. 1, an MEMS device is 
illustrated in cross section. There is shoWn, in highly sim 
pli?ed form, a MEMS sWitch over Which the present inven 
tion is an improvement. It is to be understood in this regard 
that no portion of FIG. 1 is admitted to be prior art as to the 
present invention. Rather, this highly simpli?ed diagram is 
provided in an effort to provide an improved understanding 
of the problems Which are overcome by the invention. 

[0007] In this example, the device is fabricated on a 
substrate 10. An insulating layer 12 overlies the substrate 10 
to isolate the sWitch from the substrate 10. A metal micros 
trip 14 overlies the dielectric layer 12. The metal microstrip 
14 may be designed to carry a microWave signal, for 
example. A dielectric layer 18 overlies the metal microstrip 
14. A bridge structure is formed by the combination of the 
bridge posts 22 and the membrane 26. The bridge posts 22 
are formed straddling the metal microstrip 14. The mem 
brane 26 is ?xed to the bridge posts 22 at each end. The 
bridge posts 22 and membrane 26 may comprise metallic 
materials. The membrane 26 is very thin such that an 
electrostatic force can cause it to ?ex. The distance betWeen 
the membrane 26 and the dielectric layer 18 is an air gap. 

[0008] This MEMS device has tWo states of operation. In 
the UP state, the membrane 26 is suspended above the 
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dielectric layer 18 as shoWn. In this state, there is very little 
capacitive coupling betWeen the bridge structure and the 
metal microstrip 14. At microWave frequencies, the small 
capacitor betWeen the bridge structure 22 and 26 and the 
metal microstrip 14 forms a large impedance value. There 
fore, very little of the microWave energy is transferred into 
the bridge structure 22 and 26. 

[0009] Referring noW to FIG. 2, the DOWN state of 
operation of the MEMS device is shoWn. If a suf?ciently 
large, DC bias voltage exists betWeen the membrane 26 and 
the metal microstrip 14, the electrostatic force Will cause the 
thin membrane 26 to ?ex toWard the microstrip 14. At 
maximum de?ection, the membrane 26 contacts the dielec 
tric layer 18 as shoWn. In this state, the capacitive coupling 
betWeen the microstrip 14 and the bridge structure 22 and 26 
is much higher than in the non-?exed state. The large 
capacitance forms a much smaller impedance value for the 
microWave signal. Therefore, much of the microWave 
energy is conducted into the bridge structure 22 and 26. 

[0010] As can be seen, the MEMS device functions as a 
variable capacitor on the microstrip 14 node of the circuit. 
When the membrane is in the UP state, the sWitch is OFF. 
The signal ?oWing on the microstrip 14 continues to ?oW 
along the microstrip 14. When the membrane is doWn, due 
to the DC bias, the sWitch is ON. The signal is redirected 
through the capacitor and into the bridge membrane 26 and 
posts 22. 

[0011] The ?gure of merit for the MEMS device is the 
ratio of the insertion loss in the DOWN state and the 
isolation during the UP state. The MEMS exhibits very loW 
insertion loss and very high isolation. The resonant fre 
quency of the MEMS device determines the particular 
frequency at Which the high isolation can be achieved. The 
resonant frequency depends upon the capacitance in the 
DOWN state and the small inductance of the bridge struc 
ture. Note that the area of the capacitor formed betWeen the 
membrane 26 and the microstrip 14 in the DOWN state is 
proportional to the area of the bridge contacting the dielec 
tric layer 18, Which is, in turn, proportional to the contact 
length L1. 

[0012] Referring noW to FIG. 3, an equivalent circuit 
model for the MEMS device is shoWn. In this model, the 
MEMS device is con?gured as a shunt sWitch. The bridge 
posts are connected to ground. The microstrip is modeled as 
the lumped impedance elements Z0 48. The MEMS bridge is 
modeled as a variable capacitor Cb 52, a series inductance Lb 
56 and a series resistance RS 60. The variable capacitor Cb 
52 represents the aforementioned variable capacitive cou 
pling due the de?ection of the membrane. The series induc 
tance Lb 56 and series resistance RS 60 are due to the 
physical characteristics of the membrane and bridge posts. 
When the MEMS sWitch is in the UP state, Cb 52 is small, 
and most of the microWave energy is conducted past the 
sWitch. When the MEMS sWitch is in the DOWN state, Cb 
52 is large, and most of the microWave energy is conducted 
through the sWitch to ground. 

[0013] Note that, in the DOWN state, the series capaci 
tance Cb 52 and the series inductance Lb 56 result in a series 
resonant frequency given by: 

0J=1/(LbCb)1/2. 
[0014] Typically, the MEMS device can be optimiZed for 
useful operating frequencies of greater than about 5 GHZ. 
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However, for frequency bands below 5 GHZ, this MEMS 
device exhibits too low of an isolation. This is because the 
bridge inductance Lb is usually very small and is not 
adjustable. 
[0015] Finally, the fabrication technique for this MEMS 
capacitor RF switch is dif?cult to control. One fabrication 
technique is to spin on a photoresist layer prior to the 
deposition of the thin membrane layer. The photoresist layer 
is then removed to form the de?ection gap. Unfortunately, it 
is very dif?cult to uniformly control the thickness of spun on 
photoresist. The yield of quali?ed MEMS devices in a wafer 
will therefore be limited. 

[0016] Several prior art approaches disclose MEMS 
devices and methods to form MEMS devices. Z. J. Yao et al, 
“Micromachined Low-Loss Microwave Switches,” IEEE 
Journal of Microelectromechanical Systems, Vol. 8, No. 2, 
June 1999, pp. 129-134, discloses an MEMS device for 
microwave applications. A capacitively-coupled switch is 
formed where a dielectric layer separates a bottom electrode 
from a suspended membrane. J. B. Muldavin et al, “High 
Isolation Inductively-Tuned X-Band MEMS Shunt 
Switches,” 2000 IEEE MTT-S International Symposium 
Digest, June 2000, pp. 169-172, discloses an inductively 
tuned MEMS device. Straight transmission lines are used to 
add inductance to the shunt-con?gured, MEMS switch cir 
cuit between the bridge and ground. US. Pat. No. 5,619,061 
to Goldsmith et al teaches various con?gurations of micro 
mechanical microwave switches. Dielectric, metallic, and 
combination membranes are disclosed. Both direct coupling 
and capacitive coupling are taught. US. Pat. No. 6,069,540 
to BerenZ et al discloses a MEMS device with a pivot pin 
structure. A rigid beam is used to improve reliability. US. 
Pat. No. 5,880,921 to Tham et al teaches a switched capaci 
tor bank formed using MEMS technology. US. Pat. No. 
6,074,890 to Yao et al discloses a MEMS device where the 
motion of a signal device is coupled to the motion of a slave 
device. The preferred fabrication uses a backside dry etch to 
release the suspended MEMS devices and mechanical cou 
plers. US. Pat. No. 6,020,564 to Wang et al teaches a 
MEMS device where the actuation voltage is reduced by 
leveraging a small actuating beam movement into a large 
longitudinal beam movement. US. Pat. No. 5,578,976 to 
Yao teaches a MEMS device with a cantilevered beam 
fabricated from dielectric material. 

SUMMARY OF THE INVENTION 

[0017] A principal object of the present invention is to 
provide an effective and very manufacturable MEMS-based 
inductor-capacitor resonant RF switch and method of fab 
rication. 

[0018] A further object of the present invention is to 
provide a MEMS-based inductor-capacitor resonant RF 
switch by combining a MEMS variable capacitor and a 
spiral inductor. 

[0019] A yet further object of the present invention is to 
combine a MEMS variable capacitor and a spiral inductor to 
thereby create an inductor-capacitor resonant RF switch 
with improved operating characteristics below 5 GHZ. 

[0020] Another further object of the present invention is to 
improve the operating characteristics of a MEMS variable 
capacitor by adding an upper electrode to increase capacitive 
coupling between the membrane and the microstrip. 
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[0021] Another further object of the present invention is to 
apply the inductor-capacitor resonant RF switch in a shunt 
ing con?guration. 
[0022] Another further object of the present invention is to 
apply the inductor-capacitor resonant RF switch in a series 
con?guration. 
[0023] Another further object of the present invention is to 
apply the inductor-capacitor resonant RF switch in a mul 
tiple-channel, series con?guration. 

[0024] Another further object of the present invention is to 
provide a method of fabricating a microelectronic mechani 
cal switch device with improved uniformity. 

[0025] Another yet further object of the present invention 
is to provide a method of fabricating a microelectronic 
mechanical switch device using a dual damascene process. 

[0026] In accordance with the objects of this invention, a 
new inductor-capacitor resonance RF switching device is 
achieved. The device comprises a microelectronic mechani 
cal switch and a spiral inductor. The microelectronic 
mechanical switch comprises, ?rst, a ?rst dielectric layer 
overlying a substrate. A down electrode overlies the ?rst 
dielectric layer. A second dielectric layer overlies the down 
electrode. An up electrode may overlie the down electrode 
with the second dielectric layer therebetween. Abridge post 
overlies the ?rst dielectric layer and does not contact the 
down electrode or the up electrode. Multiple bridge posts 
may be used. Finally, a membrane is suspended over said 
down electrode. At least one end of the membrane is ?xed 
to the top of a bridge post. An electrostatic potential between 
the membrane and the down electrode will cause the mem 
brane to ?ex down toward the down electrode. This ?exing 
of the membrane will cause the capacitance of the switching 
device to vary. The spiral inductor comprises a metal line 
con?gured in a spiraling pattern with a ?rst end connected 
to a bridge post and a second end forming an output node. 

[0027] Also in accordance with the objects of this inven 
tion, a new multiple channel, series con?gured LCR-RF 
switching circuit is achieved. The circuit comprises a plu 
rality of MEMS capacitor and spiral inductor pairs. In each 
pair, a ?rst end of each spiral inductor is connected to a 
bridge post of each MEMS capacitor. The down electrodes 
of all the MEMS capacitors are connected to a single input 
signal. Asecond end of each spiral inductor forms a plurality 
of output signals. Activation of any MEMS capacitor in any 
pair causes the input signal to How to the output signal for 
the pair. 

[0028] Also in accordance with the objects of this inven 
tion, a new method to fabricate a microelectronic mechani 
cal switch device is achieved. A down electrode is provided 
overlying a substrate with a ?rst dielectric layer therebe 
tween. A second dielectric layer is provided overlying the 
down electrode layer. A ?rst silicon dioxide layer is depos 
ited overlying the second dielectric layer. A silicon nitride 
layer is deposited overlying the ?rst silicon dioxide layer. A 
second silicon dioxide layer is deposited overlying the 
silicon nitride layer. The second silicon dioxide layer, the 
silicon nitride layer, the ?rst silicon dioxide layer, and the 
second dielectric layer are patterned to form deep trenches 
for planned bridge posts. The second silicon dioxide layer 
and the silicon nitride layer are patterned to form shallow 
trenches for the planned membrane. The shallow trenches 
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connect to the deep trenches. A metal layer is deposited 
overlying the second silicon dioxide layer, the silicon nitride 
layer, the ?rst silicon dioxide layer, and the second dielectric 
layer to ?ll the deep trenches and the shalloW trenches. The 
metal layer is polished doWn to the silicon nitride layer to 
complete the bridge posts and the membrane. The second 
silicon dioxide layer, the silicon nitride layer and the ?rst 
silicon dioxide layer are etched aWay to release the mem 
brane and to complete the microelectronic mechanical 
sWitch device in the manufacture of the integrated circuit 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] In the accompanying draWings forming a material 
part of this description, there is shoWn: 

[0030] FIGS. 1 through 3 schematically illustrate a prior 
art MEMS device. 

[0031] FIGS. 4 and 5 schematically illustrate, in cross 
sectional representation, a ?rst preferred embodiment of the 
MEMS capacitor of the present invention. 

[0032] FIG. 6 illustrates in top vieW a ?rst preferred 
embodiment of the LCR-RF sWitch of the present invention. 

[0033] FIG. 7 illustrates schematically the equivalent cir 
cuit model of LCR-RF device of the present invention 
applied in a shunt con?guration. 

[0034] FIG. 8 illustrates schematically the equivalent cir 
cuit model of LCR-RF device of the present invention 
applied in a series con?guration. 

[0035] FIG. 9 illustrates schematically the equivalent cir 
cuit model of a plurality of LCR-RF devices of the present 
invention applied in a multiple channel, series con?guration. 

[0036] FIGS. 10 and 11 illustrates a second preferred 
embodiment of the LCR-RF sWitch of the present invention 
Wherein a single bridge post is used. 

[0037] FIG. 12 illustrates a top vieW of the MEMS 
capacitor of the LCR-RF sWitch of the present invention 
Wherein alternative cross sections are labeled. 

[0038] FIG. 13 illustrates a general cross sectional repre 
sentation of the MEMS capacitor at the ?rst stage of the 
preferred embodiment of the method of fabrication of the 
present invention. 

[0039] FIGS. 14a, 15a, 16a, 17a, 18a, 19a, 20a, and 21a 
illustrate the A-A cross section of the MEMS device at 
stages in the preferred method of fabrication of the present 
invention. 

[0040] FIGS. 16b, 18b, 20b, and 21b illustrate the B-B 
cross section of the MEMS device at stages in the preferred 
method of fabrication of the present invention. 

[0041] FIGS. 16c, 18c, 20c, and 21c illustrate the C-C 
cross section of the MEMS device at stages in the preferred 
method of fabrication of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] The LCR-RF sWitch device of the present inven 
tion is applied in a shunt con?guration, a series con?gura 
tion, and a multiple channel, series con?guration. TWo 

Nov. 21, 2002 

preferred embodiments of the device are disclosed. In the 
?rst preferred embodiment, a bridge structure With tWo 
bridge posts is described. In the second embodiment, a 
single post bridge structure is described. A preferred 
embodiment of the method of forming the LCR-RF sWitch 
is described. It should be clear to those experienced in the art 
that the present invention can be applied and extended 
Without deviating from the scope of the present invention. 

[0043] The LCR-RF sWitch of the present invention com 
prises tWo components: a novel MEMS capacitor device and 
a spiral inductor. The novel combination of the MEMS 
capacitor device and the inductor facilitates the formation of 
an LCR-RF sWitch With improved frequency response char 
acteristics. The unique features of the device of the present 
invention, in its tWo embodiments, Will be described. The 
unique features of the method of fabricating the device Will 
be described in a section folloWing. 

[0044] Referring noW more particularly to FIG. 4, there is 
illustrated a cross-section of a partially completed integrated 
circuit device of the ?rst preferred embodiment. More 
particularly, a cross section of the ?rst embodiment of the 
unique MEMS capacitor device of the LCRRF sWitch is 
illustrated. Several important features of the present inven 
tion are shoWn. The MEMS capacitor is a sWitching device 
that uses the membrane ?exing principle of operation as 
outlined in the prior art device. Asubstrate 80 may comprise 
a semiconductor Wafer and may further comprise monoc 
rystalline silicon. This substrate 80 may also further com 
prise a thick dielectric material, such as silicon dioxide, or 
a loW-k material. For simplicity of illustration, the substrate 
80 is shoWn as a monolithic layer. In practice, a plurality of 
active and passive devices, layers, and connective lines may 
be formed in the substrate 80 prior to the formation of the 
LCR-RF device. 

[0045] A ?rst dielectric layer 84 overlies the substrate 80. 
The ?rst dielectric layer 84 electrically isolates the substrate 
from the rest of the MEMS structure. A doWn electrode 92 
overlies the ?rst dielectric layer 84. The doWn electrode 92 
acts as the signal input line for the LCR-RF device. The 
doWn electrode 92 preferably comprises a metal layer. An 
interlevel dielectric layer 88 overlies the ?rst dielectric layer 
84 and isolates the doWn electrode 92. This con?guration of 
the interlevel dielectric layer 88 facilitates the formation of 
the doWn electrode 92 by a damascene process. The dielec 
tric layers 84 and 88 are chosen to have different etching 
rates With respect to each other. Dielectric layers 84 and 88 
preferably comprise silicon nitride and silicon dioxide, 
respectively. A second dielectric layer 96 overlies the doWn 
electrode 92. The second dielectric layer 96 is the capacitive 
coupling dielectric for the MEMS capacitor. The second 
dielectric layer 96 preferably comprises silicon nitride that 
has a thickness of betWeen about 300 Angstroms and 2,000 
Angstroms. 

[0046] Aparticularly important feature is the up electrode 
100. The up electrode 100 overlies the doWn electrode 92 
With the second dielectric layer 96 therebetWeen. The up 
electrode 100 provides a conductive plate to increase the 
effective capacitance of the MEMS capacitor in the ?exed 
state. Further, the capacitance of the MEMS capacitor in the 
?exed state can be carefully designed and controlled by the 
area of the up electrode 100 to thereby cause resonance at a 
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speci?c frequency. The area of the up electrode is propor 
tional to length L2. Finally, the up electrode 100 preferably 
comprises a metal layer. 

[0047] Another important feature of the present invention 
is the bridge structure 120. In the bridge structure 120 of the 
present invention, a single metal layer 120 forms the tWo 
bridge posts 118 and the membrane 122. The novel bridge 
structure 120 may be formed using a dual damascene 
process as Will be described in the method of fabrication. In 
addition, the thin membrane 122 has a preferred thickness of 
betWeen about 5,000 Angstroms and 25,000 Angstroms. 

[0048] If the voltage potential betWeen the doWn electrode 
92 and the membrane 122 is less than the minimum activa 
tion voltage, then the MEMS capacitor device is in the UP 
state as shoWn in FIG. 4. In the UP state, the capacitive 
coupling betWeen the membrane 22 and the doWn electrode 
92 is at a minimum due to the large air gap 123 betWeen the 
membrane 122 and the up electrode 100. At microWave 
frequencies, the small capacitance betWeen the bridge struc 
ture 120 and the doWn electrode forms a large impedance 
value. Therefore, very little of the microWave energy is 
transferred into the bridge structure 120 from the doWn 
electrode. 

[0049] Referring noW to FIG. 5, the DOWN state of the 
MEMS capacitor is shoWn. To achieve DOWN state, a 
sufficiently large DC bias is created betWeen the doWn 
electrode 92 and the membrane 122. This DC bias may be 
applied in addition to a high frequency signal ?oWing on the 
doWn electrode 92. The DC voltage causes the thin mem 
brane 122 to ?eX toWard the doWn electrode 92 due to 
electrostatic force. 

[0050] At full ?eXure, the membrane 122 contacts the up 
electrode 100. This is a particularly important feature of the 
present invention. As can be seen, the contacting surface 
area betWeen the membrane 122 and the up electrode 100 is 
rather small. This Was also true for the MEMS capacitor of 
FIG. 2. HoWever, the unique up electrode 100 of the present 
invention creates a large top plate to greatly increase the 
length L2, and, therefore, the area of capacitive coupling 
betWeen the membrane 122 and the doWn electrode 92. The 
DOWN state capacitance of the MEMS capacitor of the 
present invention is therefore much greater than that of a 
comparable device of FIG. 2. 

[0051] Referring noW to FIG. 6, a top vieW of the LCR 
RF sWitch device is illustrated. The LCR-RF sWitch in the 
present invention is formed by the novel combination of the 
MEMS capacitor of FIG. 4 With a spiral inductor. In this 
illustration, the LCR-RF sWitch is in a shunt con?guration. 
The membrane 122, supported on the posts 118, crosses over 
the up electrode 100. The doWn electrode, not shoWn, 
underlies the up electrode 100. The microstrip line 125 is 
connected to the doWn electrode. The microstrip line 125 
carries the high frequency signal. 

[0052] One of the posts 118 is connected to the spiral 
inductor 124. The spiral inductor 124 comprises a metal line 
con?gured in a spiraling pattern With a ?rst end connected 
to the bridge post 118 and a second end forming an output 
node. In this case, the second end of the spiral inductor is 
connected to ground 128. 

[0053] When the membrane is the UP state, the signal 
?oWing through the microstrip 125 is unaffected by the 
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sWitch due to the minor capacitive coupling of the UP state. 
HoWever, in the DOWN state, the increased capacitive 
coupling channels the microWave signal into the membrane 
122 and the bridge posts 118. The signal ?oWs through the 
spiral inductor 124 to ground 128. The sWitch effectively 
shunts the signal to ground. In the preferred embodiment, 
the DOWN state capacitance varies betWeen about 10 fF and 
30 pF. In the preferred embodiment, the spiral inductor value 
is betWeen about 1 nH and 30 nH. 

[0054] Referring noW to FIG. 7, an equivalent circuit 
model of the LCR-RF sWitch of the present invention 
con?gured as a shunt circuit is illustrated. The microstrip is 
modeled as tWo lumped impedance elements ZO 148. The 
MEMS capacitor is modeled as a variable capacitor Cb 152 
in series With a bridge inductor Lb 156 and a bridge resis 
tance Rb 160. The spiral inductor is modeled as an inductor 
Ls 164 and an inductor resistance RS 168. The ?rst end of the 
spiral inductor is tied to the MEMS capacitor bridge post, 
and the second end of the spiral inductor is tied to ground 
144. 

[0055] The novel features of the present invention LCR 
RF sWitch are demonstrated by the model. First, the MEMS 
capacitor achieves a higher DOWN state capacitance Cb 152 
due to the up electrode. Second, the spiral inductor adds a 
much larger inductor LS 164 to the shunting path. Therefore, 
the resonant frequency of the LCR-RF sWitch can be 
reduced to beloW the 5 GHZ range. This makes the LCR-RF 
sWitch extremely useful for communications applications. 
Further, the inductor LS 164 can be carefully designed to a 
speci?c siZe and tightly controlled in the fabrication process. 
Therefore, the optimum resonant frequency can be targeted 
precisely. The preferred resonant frequency in DOWN state 
of betWeen about 1 GHZ and 100 GHZ. 

[0056] Referring noW to FIG. 8, an equivalent circuit 
model of the LCR-RF sWitch of the present invention 
con?gured as a series circuit is illustrated. In this case, only 
a ?rst segment of the microstrip line is tied the MEMS 
capacitor. A second microstrip line 190 is tied to the output 
of the spiral inductor. The microstrips are modeled as tWo 
lumped impedance elements ZO 188 and 190. The MEMS 
capacitor is modeled as a variable capacitor Cb 192 in series 
With a bridge inductor Lb 196 and a bridge resistance Rb 200. 
The spiral inductor is modeled as an inductor LS 204 and an 
inductor resistance RS 208. The ?rst end of the spiral 
inductor is again tied to the MEMS capacitor bridge post. 
HoWever, the second end of the spiral inductor is tied to the 
second segment of microstrip 190. 

[0057] In the series con?guration, the LCR-RF sWitch 
permits the signal to pass from the ?rst segment 188 to the 
second segment 190 only When the MEMS capacitor is in 
the DOWN state. In the UP state, the small capacitive 
coupling of the MEMS capacitor does not permit the signal 
to ?oW. 

[0058] Referring noW to FIG. 9, an equivalent circuit 
model of a plurality of LCR-RF sWitches of the present 
invention con?gured in a multiple channel, series circuit is 
illustrated. A separate LCR-RF sWitch is used for each 
channel of a selector circuit of siZe “n.” The input segment 
of the microstrip line 188 is tied all of the MEMS capacitors. 
The output microstrip lines 260, 261, 262, and 263 are tied 
to the outputs of separate spiral inductors. The microstrips 
are modeled as lumped impedance elements ZO 188, 260, 
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261, 262, and 263. The ?rst channel MEMS capacitor is 
modeled as a variable capacitor Cb1 192 in series With a 
bridge inductor Lb1 196 and a bridge resistance Rb1 200. The 
?rst channel spiral inductor is modeled as an inductor LS1 
204 and an inductor resistance R51 208. The second channel 
MEMS capacitor is modeled as a variable capacitor Cb2 212 
in series With a bridge inductor Lb2 216 and a bridge 
resistance Rb2 220. The second channel spiral inductor is 
modeled as an inductor LS2 224 and an inductor resistance 
R52 228. The “nth” channel MEMS capacitor is modeled as 
a variable capacitor Cbn 232 in series With a bridge inductor 
Lbn 236 and a bridge resistance Rbn 240. The “nth” channel 
spiral inductor is modeled as an inductor LSn 244 and an 
inductor resistance RSn 248. 

[0059] In the multiple channel, series con?guration, the 
LCR-RF sWitches permit the input signal to pass through to 
any output segment When the MEMS capacitor for that 
channel is in the DOWN state. In the UP state, the small 
capacitive coupling of the MEMS capacitors do not permit 
the signal to How to that channel. 

[0060] Referring noW to FIG. 10, a second preferred 
embodiment of the present invention is illustrated. In this 
embodiment, the membrane 441 is supported upon a single 
bridge post 442. Once again, the device is fabricated over 
lying a substrate 400. A ?rst dielectric layer 404, preferably 
comprising silicon nitride, overlies the substrate 400. A 
doWn electrode 412 overlies the ?rst dielectric layer 404. 
The doWn electrode 412 preferably comprises a metal layer. 
The doWn electrode 412 may additionally comprise a 
microstrip line useful for carrying a microWave signal. An 
interlevel dielectric layer 408 overlies the ?rst dielectric 
layer 404. The interlevel dielectric layer 408 facilitates the 
formation of the doWn electrode 412 using a damascene 
process. A second dielectric layer 416 overlies the doWn 
electrode 412. The second dielectric layer 416 preferably 
comprises silicon nitride. An important feature is the up 
electrode 420. The up electrode 420 overlies the doWn 
electrode 412 With the second dielectric layer 416 therebe 
tWeen. 

[0061] Another important feature of this embodiment is 
the bridge structure 440. In the bridge structure 441 of the 
present invention, a single metal layer 440 forms the single 
bridge post 442 and the membrane 441. The novel bridge 
structure 440 may be formed using a dual damascene 
process as Will be described in the method of fabrication. In 
addition, the thin membrane 441 has a preferred thickness of 
betWeen about 5,000 Angstroms and 25,000 Angstroms. 

[0062] The theory of operation of the single post device is 
the same as for the tWo post device of FIGS. 5 and 6. If the 
voltage potential betWeen the doWn electrode 412 and the 
membrane 441 is less than the minimum activation voltage, 
then the MEMS capacitor device is in the UP state. In the UP 
state, the capacitive coupling betWeen the membrane 441 
and the doWn electrode 412 is at a minimum due to the large 
air gap 443 betWeen the membrane 441 and the up electrode 
420. At microWave frequencies, the small capacitance 
betWeen the bridge structure 440 and the doWn electrode 412 
forms a large impedance value. Therefore, very little of 
microWave energy is transferred into the bridge structure 
440 from the doWn electrode 412. A large DC bias voltage 
betWeen the doWn electrode 412 and the membrane 441 Will 
cause the membrane 441 to ?ex toWard the doWn electrode 
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412 due to electrostatic force. The membrane 441 Will 
contact the up electrode 420 at full ?exure. The up electrode 
420 provides a large top plate for the membrane-to-doWn 
electrode capacitor to thereby increase the DOWN state 
capacitance. 

[0063] Referring noW to FIG. 11, the top vieW of the 
second preferred embodiment MEMS capacitor of the LCR 
RF sWitch is shoWn. The membrane 441 is supported by the 
post 442 such that the membrane is suspended over the up 
electrode 420. The doWn electrode 412 and microstrip are 
combined. 

[0064] Referring noW to FIGS. 12 through 21c, the 
preferred method of fabricating the LCR-RF sWitch of the 
present invention is illustrated. More particularly, a method 
to form the MEMS capacitor of the LCR-RF sWitch is 
described. The spiral inductor may be fabricated using any 
patterned metal layer technique, including those illustrated 
in this embodiment. A dual damascene method for forming 
the bridge structure, comprising posts and a membrane, is 
achieved. The damascene process is also applied to the 
formation of the doWn electrode and up electrode. HoWever, 
this is not a crucial aspect of the fabrication method. 

[0065] Referring particularly to FIG. 12, a top vieW of the 
MEMS capacitor of the LCR-RF sWitch of the present 
invention is illustrated. The bridge structure comprises tWo 
posts 542 supporting a membrane 541. The membrane 541 
is suspended over the up electrode 524. The doWn electrode, 
not shoWn, underlies the up electrode 524 With a dielectric 
layer therebetWeen. A metal microstrip line 543 connects to 
the doWn electrode. In FIG. 12, three alternative cross 
sections are labeled as A-A, B-B, and C-C. In the ?gures that 
folloW, those ?gures that bear the suffix “a,” such as FIG. 
16a, shoW cross section A-A, those bearing “b” shoW cross 
section B-B, and those bearing “c” shoW cross section C-C. 

[0066] Referring particularly to FIG. 13, a general cross 
section is illustrated. Asubstrate 500 is provided. Preferably, 
the substrate 500 comprises a semiconductor material, such 
as monocrystalline silicon. This substrate is preferably cov 
ered With a thick dielectric material and, more preferably, 
With a silicon dioxide or loW-k material. The fabrication 
method is intended to facilitate integration of the LCR-RF 
sWitch onto a ultra-large scale integration (ULSI) circuit. For 
simplicity, substrate 500 is shoWn as a single layer. In 
practice, the substrate 500 may contain a plurality of layers, 
devices, and connective lines formed prior to the beginning 
of the fabrication method of the present invention. 

[0067] A ?rst dielectric layer 504 is deposited overlying 
the substrate 500. The ?rst dielectric layer 504 is used to 
separate and electrically isolate the subsequently formed 
doWn electrode from the substrate 500. The ?rst dielectric 
layer 504 preferably comprises silicon nitride. A ?rst inter 
level dielectric layer 508 is deposited overlying the ?rst 
dielectric layer 504. The ?rst interlevel dielectric layer 508 
laterally isolates doWn electrodes. In the preferred embodi 
ment, the ?rst interlevel dielectric layer 508 comprises 
silicon dioxide. 

[0068] Referring noW to FIG. 14a, cross section A-A is 
illustrated for the next step. The ?rst interlevel dielectric 
layer 508 is patterned to form trenches for the doWn elec 
trodes. By choosing silicon nitride for the ?rst dielectric 
layer 504 and silicon dioxide for the ?rst interlevel dielectric 








