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·INDUCTOR-CAPACITOR RESONANT RF SWITCH 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to ~ microelectronic mechanica~ 

switch (MEMS) device and methbd of fabrication, and more 

particularly, to an _inducto·r-capacitor resonant radio 

frequency (LCR RF) switch and a method of fabricating a LCR 

RF switch. 

(2) Description of the Prior Art 

Generally, RF switches, ·consisting of solid state 

devices, such as diodes and field-effect transistors (FET), 

are used in conununication systems applications. For very 

high frequencies of about 1 GHz,· these diode and FET 

devices are typically fabricated using exp~nsive GaAs 

technology. However, RF switches fabricated~sing diodes 

and· FET devices demonstrat;e high insert.ton loss and low 

isolation when the working frequency·exceeds 1 GHz. In 

addition, the value of the isolation decreases with 

frequency. 



.· 

Recently, microelect.ronic mechanical (MEMS) technology 

has been use.ct for the fabrication of RF switches. A MEMS 

switch features significant advantages in its small size as 

measured in the operating wavelength. MEM~ has potentially 

lower costs since IC batch processi~g can be used. As an 

example, a microelectronic mechanical switch (MEMS) may be 

constructed which uses electrostatic force to flex a thin 

membrane and thereby cause the switch to be opened or 

closed. Such devices are fabricated with dimensions in the 

range of lOO'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. Th~refore, it consumes 

virtually no power. This is an important advantage for 

portable communic~tion systems, such as hand-held mobile 

phones or other wireless communication devices, where power 

consumption is recognized as a significant operating . 

limitation. 

Referring now to Fig. 1, an MEMS device is illustrated 

in cross section. There is shown, in highly simplified · 

form, a MEMS switch over which the present invention is an 

~mprovement. It is to be undershood in this regard that no 

2 



portion of Fig. 1 is admitted to be prior art as to the 

present invention. Rather, this highly simplified diagram 

is p~ovided in an effort to ?rovide an improve~ 

understanding· of the problems which are overcome by the 

invention. 

In this example, the device is fabricated on. a 

stibstrate.10. An insulating layer 12 overlies the 

substrate 10 to isola.te the switch from the subst~ate 10. 

A metal microstrip 14 overlies.the dielectric layer 12. 

The metal microstrip 14 may be designed to carry a 

microwave signal, for example. A dielectric layer 18 

o~erlies the metal microstrip 14. A ~ridge 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 membrane 26 is fixed to the 

br.idge 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 fo~ce can cause 

it to flex. The distance between the membrane 26 and the 

dielectric .layer 18 is an air gap. 

This MEMS device has two states of operation. In the · 

UP state, the.membrane 26 is susbended above the dielectric 
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layer 18 as shown. In this stat.e, 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. 

Therefore, very little of the microwave energy is 

transferred into the bridge structure 22 and 26. 

Referr_ing now to Fig. 2, t.he DOWN state of operation 

of the MEMS device is shown. If.a suffici~ntly large, DC 

bias voitage exists between the membrane 26 and the metal 

micros~rip 14, the electrostatic force· will cause the thin 

membrane 26 to flex toward the microstrip 14. At maximum 

deflection, the membrane 26 c·ontacts the dielectric 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-flexed state. The large 

cap_aci tance. 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. 

As can be seen, the.MEMS device functions as~­

variable capacitor on the microstrip 14 node of the 

circuit. When the membrane is ih the UP state, the switch 
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. is OFF. The signal flo~ing on the microstrip 14 continues 

to flow along ·the microstrip 14. When the meinbrane 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. 

The figure 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 frequency of the 

MEMS device determines the part
0

ipular 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 structure. Note that. the 

area of the capacitor formed between the membrane 26 and. 

the microstrip 14 in the DOWN state is proportionaJ_ to the 

area of the bridge contacting the dielectric layer 18, 

which is, in turn, proportional to the contact length Ll. 

Referring now to Fig. 3, an equivalent circuit model 

for the MEMS device is shown. · In this model, the MEMS 

device is configured as a shunt sw~tch. The bridge posts 

are con~ected to ground. The microstrip is modeled as the 

lumped impedance elements ·z0 48. i The MEMS bridge is modeled 
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as a variable capaci_to+ Cb 52, a series inductance Lb 56 and 

a series resistance Rs 60. The variable capacitor Cb 52 

represents the aforementioned variable capacitive coupling 

due the deflection of the membrane. The series inductance 

Lb 56 and series resistance Rs 60 are due to the physical 

chara·cteristics of the membrane and bridge po-sts. When the 

MEMS switch is in the UP state, Cb 52 is s~all, and most of 

the_ microwave energy is conducted pa_st the ~witch. 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. 

Note that, in the DOWN state, the series capacitance Cb 

52 and the series inductance Lb 56 result in a series 

resonant frequency given byi 

Typically, the MEMS device can be optimized for useful 

operating frequencies of gr~ater than about 5 GHz. 

I:Iowever, for fr-equency bands below 5 GHz, this MEMS device 

exhibits too low of an isolation. This is because the 

bridg~ inductance_ Lb is usually very small and is not 

adjustable.-
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Finally, the fabrication technique for this MEMS 

_capacitor RF switch is difficult to control. One 

fabrication technique is to spin on a photoresist layer 

prior to the d~position of the thin membrane layer. The 

photoresist layer is then removed tq form.the deflection 

gap. Unfortunately, it is very difficult to uniformly 

control the thickness of spun on photoresist .. The yield of 

qualified MEMS devices in a wafer will therefore be 

limited. 

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. ~ 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-tu~ed MEMS device. Straight 

transmission lines are used to add inductance to the shunt­

configured, MEMS switch circuit ~etween the bridge a·nd 
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ground. U.S. Patent 5,619,061 to Goldsmith et al teaches 

various configurations of micromechanical microwave 

switches. D~electric, metallic, and combination membranes 

are disclosed. Both direct coupling and capacitive 

coupling are taught. U.S. Patent.6,069,540 to Berenz et al 

discloses a MEMS device with a pivot pin structure. A 

rigid beam is used to improve reliability. U.S. Patent 

5,880,921 to Tham et al teaches a switched capacitor bank 

formed using MEMS tecl).nology. U. s.. Patent 6, 07 4, 8 90 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 couplers. U.S. 

Patent 6,020,564 -to Wang et al teaches a MEMS device where 

the actuation voltage is reduced by leverag·ing a small 

actuati.ng beam movement into a large longitudinal beam 

mpvement. U.S. Patent 5;578,976 to Yao teaches a MEMS 

device with a cantilevered beam fabricated from dielectric 

material. 
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SUMMARY OF THE INVENTION 

A principal object of the present invention is to 

provide an e~fecti ve and ve_ry manufac~urable MEMS-based 

iriductor-capacitor resonant RF switch and method of 

fabrication. 

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. 

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. 

Another further object of the present invention is to 

improve· the operating characteristics of a MEMS variable 

cap~citor by adding an upper electrode to increase 

capacitive coupling between the membrane and the 

microstrip. 
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Another further object of •the present invention is to 

apply the inductor-capacitor resonant RF switch in a 

shunting configuration. 

Another· further object of the present invention is to 

apply the inductor-capacitor resonant RF switch in a series 

configuration. 

Another further object of the present invention is to 

apply the inductor-capacitor resonant RF switch in a 

multiple-channel, series configuration. 

Another further object of the present inv~ntion is to 

provide a method of fabr~cating a microelectronic 

mechanical switch device with improved uniformity. 

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. 

In accordance with the objects of this invention, a 

new inductor-capacitor resonance RF switching device is 

achieved. The device comprises a microelectronic.mechanical 
i 

switeh and a _spiral inductor. T~e microelectronic 
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mechanical switch comprises, first, a first dielect~ic 

layer overlying a substrate. A down electrode overlies the 

first dielectric layer. A second dielectric layer overlies 

·the down electrode. An up electrode may overlie the down 

electrode with the second dielectric layer therebetween. A 

bridge post overlies the first dielectric layer and does 

not contact the down electrode or the up electrode. 

Multiple bridge posts may b_e used. Finally, a membrane is 

suspended over said down electrode. At least one end of the 

membrane is fixed to the top of a bridge post. An 

electrostatic potential between the membrane and the down 

electrode will cause the membrane to flex down toward the 

down· electrode. This flexing o_f the membrane will cause 

"the _capacitance of the switching device to vary. The 

spiral inductor comprises a metal line configured in a 

spiraling pattern with a f;i.rst end C0!1-nected to a bridge 

post and a second end forming an output node. 

· Also in accordance with the objects of this invention, 

a new·multiple channel, s~ries configured LCR-RF switching 

circuit is achieved. The circuit comprises a plurality of 

MEMS capacitor and spiral inductor pairs. In each pai.r, a 

first end of each spiral inductor is connected to a bridge 

post of each.MEMS capacitor. Th~ down electrodes of all 
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the MEMS capa9itors are connected to a single input signal. 

A second end of each spiral inductor forms a plurality of 

output signals. Activation of ·any MEMS capacitor in any 

pair causes the input signal to flow to the output signal 

for the pair: 

Also in accordance with the objects of this invention, 

a new met.hod to fabricate a microelectronic mechanical 

switch device is achieved. A down electrode is pr9vided 

overlying a substrate with a first dielectric layer 

therebetween. A second dielectric layer is provided 

overlying the down electrode layer. A first silicon 

dioxide layer is deposited overlying the second dielectric 

layer. A silicon nitride layer is deposited overlyi!lg the 

first si~icon dioxide layer. A second silicon dioxide 

l~yer is deposited overlying the silicon nitride layer. The 

second silico_n dioxide layer, the silicon nitride layer, 

the first silicon dioxide layer, and the second dielectric 

layer are patterned to' form deep trenches·for planned 

bri4ge posts. The second silicon dioxide layer and the 

~ilicon nitride layer are patterned to form shallow 

trenches· for the planned membrane. The shallow trenches 

connect ~o the deep trenches. A metal layer is deposited 

overlying the second silicon dimhde lay.er, the silicon 
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nit.ride layer, the first silicon dioxide layer, and the 

second dielectric l~yer to fill 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 first silicon dioxide layer are 

etched away to release the membrane and to complete the 

microelectronic mechanical switch device in the manufacture 

of the integrated circuit device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying_ drawings forming a material part 

of this description, there is shown: 

Figs. 1 through 3 schematically illustrate a prior art 

MEMS device. 

Figs. 4 and 5 schematically illustrate, in cross. 

sectional representation, a first preferred embodiment of 

the MEMS capacitor of the present invention. 
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Fig. 6 illustrates in top vie~ a first preferred 

embodiment of the LCR-RF switch of the present· invention. 

Fig. 7 illustrates schematically the equivalent 

circuit mpdel"of LCR-RF device of the present invention 

ap~li~d in a shunt configuration. 

·Fig. 8 illustrates schematically the equivalent 

cir.cuit model of LCR-RF device of the present invention 

applied in a series configuration. 

Fig. 9 illustrates schematically the equivalent 

circuit model of a plurality of LCR-RF devices of the 

present invention applied in a multiple channel, series 

configuration. 

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. 

Fig. 12 illustrates a top view of the MEMS capacitor 

of the LCR-RF switch of the present invention wherein 

al ternat,i ve c.ross sections are labeled. 
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Fig. 13 illustrates a general cross se~tional 

' . . 
representation of the MEMS capacitor at the first stage of 

the preferred embodiment of the method of fabrication of 

the present invention. 

·Figs. 14a, 15a, 16a, 17a, 18a, 19a, 20a, and 21a 

illustrate the A-A cross sec~ion of the MEMS device at 

stages in the preferred method of fabrication of the 

present invention .. 

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. 

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 

The LCR-RF switch device of the present invention is 

applied in a shunt configuration, a series configuration, 

and a multiple channel, series cdnfiguration. Two 
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preferred embodiments of the device are disclosed. In the 

first preferred embodiment, a bridge structur~ 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 ~n the 

art that the present invention can be applied and extended 

without deviating from the scope of the present invention. 

The LCR-:-RF switch of the pres.ent invention comprises 

two comp~nents: a novel MEMS capacitor device and a spiral 

inductor. The novel combination of the MEMS capac·i to:i:­

device and the inductor facilitates the formation of an 

LCR-~F switch with improved ·frequency ·response 

characteristics. The unique featµres 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. 

Referring now more particularly to Fig~ 4, there is 

illustrated a cross-section of a partially completed 

integrated circuit device of the first preferred . 

emboqiment. More particularly, aicross section of the first 
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embodiment of the unique MEMS· capacitor device of the J;,CR-

RF switch is illustrated. Several important features of the 

p_resent invention are shown.. The MEMS capacitor is a 

switchi~g device that uses the membrane flexing principle 

of operation as outlined in the prior art device~ A 

substrate 80 may comprise a semiconductor wafer and may 

further comprise monocrystalline silicon. This substrate 80 

may also further comprise a thick dielectric material,. such 

as silicon dioxide, or a low-k material. For ~implicity of 

illustration, the substrate 80 is shown as a monolithic 

layer. In practice, a plurality of active and passive 

devices, layers, and connective ~ines may be formed in the 

substrate 80 prior to the.formation of the LCR-RF device. 

A first dielectric layer·84 overlies the substrate 80~ 

The first dielectric layer 84 electrically isolates the 

substrate from the rest of the MEMS structure. A down 

elect~ode 92 overlies the first dielecttic 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 inter level dielectric layer a.a overlies 

the first dielectric layer a·4 and isolates the down 

elebtrode 92. This configuration of the interlevel 

i 
dielectric laye·r 88 fac·ilitates the formation of the down 
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electrode 92 by a damascene process. The dielectric layers · 

84 and 88 are chosen to have different etching rate·s 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 capa_ci tor.. The 

second dielectric layer 96 preferably comprises silicon 

nitride that has a thickness of between about 300 Angstroms 

·and 2,000 Angstroms. 

A particularly important feature is the up electrode 

100. The up electrode 100 overlies the down electrode 92 

with the second diele.ctric layer 96 therebetween. The up 

electrode 100 provides a conductive plate to increase the 

effective capacitance of the MEMS.capacitor in the flexed 

·state. Further, the capacitance of the MEMS capacitor in 

the flexed state can be carefully designed and controlled. 

by the area of the up electrode 100 to thereby cause 

resonance at a s·pecific frequency. The area of the up 

electrod~ is proportional to length L2. Finally, the up 

electrode ·100 preferably comprises a metal layer. 
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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 1~2 has a preferred 

thickness of between about 5,000 Angstroms and 25,000 

Angstroms. 

If the voltage potential between the down electrode 92 

and the membrane 12·2 is less than the minimum activation 

volta·ge, 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 th~ large air gap 123 between the 

membrane 122 and the_ up electr.ode 100. At microwave 

frequencies, the small capacitance between the bridge 

structure 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. 
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Referrii:ig now to Fig·. 5, the DOWN state of the MEMS 

capacitor is shown.· To achieve· DOWN state, a sufficiently· 

large be oias is created between the down electrode 92 and 

·the membrane 122. This DC bias may be applied in addition 

to a high frequency signal flowing on the down electrode· 

92. The DC voltage causes the thin membr-ane 122 to flex 

toward the down elect~ode 92.due. to electrostatic force. 

At full flexure, the membrane l22 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 increa~e 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 t~e present inv~ntion is therefore much 

greater than that of a comparable device of Fig. 2. 

Ref~rring 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 tfie novel combination of the 
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MEMS capacitor pf Fig. 4 with a spiral inductor. In this 

illustration, the LCR-RF switch is in a ·shunt 

configuration. The membrane 122, supported on the posts 

118, crosses over the up electrode 100. The down 

electrode, not ~hewn, underlies the up electrode 100. The 

. microstrip line 125 is connected to the down electrode. 

The microstrip line 125 carries the high ~reqtiency signal. 

One.of the posts 118 is connected to the spiral 

inductor.124. The spiral inductor 124 comprises a metal 

line configured in a spiraling pattern with a first 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·grounq 128. 

When the membrane is the UP state, the signal flowing 

through the microstrip 125 is unaffected by the switch due 

to the minor capacitive coupling of th~ UP state. Howeyer, 

-in the DOWN state, the increased.capacitive coupling 

channels the microwave signal into the membrane 122 and the 

bridge posts 118. The signal flows through the spiral 

inductor 124 to ground 128. The switch effectively shunts 

the signal to ground. In the preferred embodiment, the 
i .DOWN state capacitance varies between about 10 fF and 30 
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pF. In the preterred e~odimerit, the spiral inductor value 

is between about 1 nH and 30 nH. 

Referring now to Fig. 7, an equivalent circuit model 

of the LCR-R~ switch of the present invention configured as 

a sh:unt circuit is "illustrated. The microstrip is modeled 

as two lumped impedance elements ·z0 148. The MEMS capacitor 

is modeled as a variable capacitor Cb 152 in·series with a· 

bridge inductor Lb 156 and a bridge resistance Rb 160. The 

spiral inductor is modeled as an inductor Ls 164 and an 

inductor +esistance Rs 168. The-~irst 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. 

· 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. 

'l'herefore, the resc;mant frequency of the LCR-RF switch can 

be reduced to below the 5 GHz range. This makes the LCR-RF 

swit.ch extremely useful for communications applications. 

Fuither, the inductor Ls 164 can ~e caref~lly design~d to a 

specific size .and tightly controlled in the fabrication 
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process. Therefore, the opti~um resonant frequency can be 

targeted precisely.· The prefeired resonant frequency in 

DOWN state of between about 1 GHz and 100 GHz. 

Referring now to Fig. 8, an equivalent circu~t model 

9f the LCR-RF switch of the present invention configured as 

a s·eries circuit is illustrated. In .this case, only a 

first 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 

2-04 and an inductor resistance Rs 208. The first end of the 

$piral 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 . 

. In the series configuration, the LCR-RF switch permits 

the signal to pass from the first 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 permft the signal to flow. 
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Referring now_to Fig. 9, an. equivalent circuit model 

of a plurality of LCR-RF switches of the 9resent invention 

configured 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, 261, 262, and 263. The first channel MEMS 

capacitor is modeled as a variable capacitor Cb1 192 in 

series with a };>ridge inductor· Lbi 196 ·and a br),.dge 

resistance Rb1 200. The first channel spiral inductor i.s 

modeled as an inductor L51 204 and an inductor resistance R81 

208. The second channel M~MS capacitor is modeled.as a 

variable capacitor Cb2 212 in s~ries w~th a bridge inductor 

Lb2 216 and a bridge resistance Rb2 220. The second channel 

spiral inductor is modeled as an in~uctor L82 224 and an 

inductor. resistance R82 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 

res.istance Rbn 24 0. The "nth" channel spiral inductor is 
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modeled· as an inductor "Lsn 244 and an inductor resistance Rsn 

248. 

In the multiple channel, ~eries configuration, 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 

Gapacitive coupling of the MEM~ capacitors do not permit 

the signal to flow .to that·channel. 

Referring now to Fig. 10, a second p~eferred 

embodiment of the present invention is illustrated. In 

this embodiment, the membrane 441 is supported upon a 

single bridge post 4·42. Once again, the device is 

fabricated overlying a substrate 400. A first dielectric 

layer 404, preferably comprising silicon nitride, overlies 

the substrate 400. A down electrode 412 overlies the first 

dielectric layer 404. The-down eiectrode 412 preferably 

·comprises a metal layer. The do.wn electrode· 412 may 

additionally comprise a microstrip line useful for carrying 

a ·microwave signal. An inter level_ dielectric layer 408 

overlies the first dielectric layer 404 .. The interlevel 

dielectric layer 408 facilitates the formation of the down 

electrode 412 using a damascene ~ro_cess. A second 
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dielectric layer 416 ove~lies th~ down electrode 412. Th~ 

·second dielectric layer 416 preferably comprises silicon 

nitride. An important feature is the up electrode 420. 

The up electrode 420 overlies t~e down electrode 412 with 

the second dielectric layer 416 therebetween. 

Another important feature of this embodiment is th~ 

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 merribrane 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 preferretj 

thickness· of .between· about 5, 00·0 Ang_stroms and 25, 000 

Angstroms. 

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 i~ 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 betweenlthe membrane 441 and the 
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·up electrode 420. At microwave freque·ncies, the. small 
. . 

capacitance between the bridge structure 440 and the down 

electrode 412.forms a iarge impedance value. Therefore, 

ve·ry" little of microwave energy is transferred into the 

·bridge structure 440 ·_from the _down electrode 4i2. A large 

DC bias voltage between·the down electrode 412 and the 

me:rribrane 441 will cause the membrane 441 to flex toward the 

down electrode 412 due to electrostatic force. The 

membrane" 441 will contact the up electrode 420 at· full 

flexure. The up electrode 420 provides a large top plate 

fo:i; the membrane-to-down electrode capacitor to the_reby 

increase the DOWN state capacitance. 

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 microstr.ip are combined. 

Referring now to Figs. 12 through 21c, the pre·ferred 

method of fabricating the LCR-RF switch of the present 

invention is illustrated.. More particularly, a method to 

form the MEMS capacitor o.f the LCR-RF switch is described. 

The spiral inductor may be f_abridated using any patterned 
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metal layer technique, including those illustrated in this 

embodiment. A dual damascene method fo~ forming the bridge 

structure, ·comprising posts and a membrane, is achieved. 

The damasce~e.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 .. 

·Referring particularly to Fig. 12, a top view of the 

.MEMS capacitor of the LCR-R~ switch of· the present 

invention is illustrated. The bridge structur~ comprises 

two posts 542 supporting a membrane 541. The meI1lb:tane 541 

is suspended over the up.electrode 524. The down · 

electrode,.not shown, underlies the up electrod~ 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 figures that follow, thos~ figures 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. 

. . 
Referring particularly to Fig. 13, a general cross-

section is illustrated. A substrate 500 is prbvided . 
. I 

Preferably, the substrate 500 comprises a semiconductor 
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material, such as monocrystalline silicon. This substrate· 

is preferab:1Y covered with a thick dielectric material and, 

more pt.eferably, with a silicon dioxide or low-k material. 

The fabrication method is intended to facil~tate 

integration of the icR-RF switch onto a ultra-large scale· 

integration (ULSI) circuit. For simplicity, substrate 500 

is shown as a single layer. In practice, the subst.rate 500 

.may contain a plurality of layers, devices, and connective 

-. lines formed prior to the beginning of the fabrication 

method of the present ·invention.· 

A first dielectric layer 504 is deposited ov~rlying 

the substrate 500.· The first qielectric layer 504 is used 

·to separate and electrically isolate the subsequently 

formed down electrode from the substrate 500. The first 

dielectric layer·504 preferably comprises silicon nitride. 

A f·irst interl.evel dielectric layer 508 is deposited 

overlying th~ first dielectric layer 504.. The first 

.interlevel. dieiectric layer 508 laterally isolates down 

electrodes. In the preferr~d embodiment, the first 

inte·rlevel .dielectric layer 508 compr.tses silicon dioxide. 

Referring_now to Fig. 14a, cross section A-A.is 

illustrated for the next step .. ~he first interl~vel 
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dielectric layer· 508 is pattern_ed to form trenches fqr the. 

down electrodes. By choosing si~icon nitride for the first 

dielectric layer 504 and silicon dioxide for the first 

interlevel dielectric layer 508, a selective etching 

process may be used. The first dielectric layer 508 can 

act as an etching stop .. 

Referring now to Fig. 15a, a down electrode metal 

layer 512 is deposited overlying the first interlevel 

dielectric layer 508 and filling the trenches. The down 

electrode metal layer 512 is then polished down to the top 

surface of the first interlevel dielectric layer 508 to 

thereby complete the down electrodes 512.·· The down 

electrode metal layer 512 pr~ferably comprises copper. 

Referring now to Fi_g .. 16a, the up electrode 524· 

overlies tpe down electrode 512 with the second dielectric 

layer 516 therebetween. The second dielectric layer 516 is 

deposited overlyihg·the first dielectric l~yer 508 and the 

down electrode 512. The second. dieiectric layer 516 

preferably comprises ·silicon nitride. A metal ~ayer 524 is 

then deposited overlying the second dielectric.layer 516. 

Thfs· metal layer 524 is then patterned, ·or etched, to form 
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the up electrode 524 .. The up electrode 524 prefe.rably 

comprises Al, Ta, Ti, or W. 

Referring now to Fig. 16b, the B-B cross section is 

iliustrated. Note that the down electrode 512 is present 

but the up electrode 524 is not present. 

Referring now to Fig. 16c, the C-C cross section is 

illustrated. Note that the down electrode 512 is present 

but ·the up electrode 524 is not present. 

· Referring now to Fig. 17a, impo_rtant features of the 

present in~ention are illustrated. As a first· important 

feature, a first silicon dioxide layer 528 is deposited 

overlying the up electrode 524 and the second dielectric 

laye~ 516. The first silicon dioxide layer 528 establishes 

the height of the air space between the subsequently formed 
. . 

membrane and the up electrode 524. The first silicon 

.dioxide layer 528 is preferably dep_osited by chemical vapor 

depo·sition (CVD) to a thickness of between about 5, 000 
. . 

Angstroms .and 45,000 Angstrom~. The use of a removable 

first silicon dioxide layer 528 is advantageous because it 

can be deposited to a ver.y controlled thickness across the 

wafer and results in uniform die. iyield. 
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As· a second important feature, a silicon nitride layer 

532 is.deposited overlying the first silicon dioxide layer 

528. The silicon nitride layer 532 will provide a stop 

layer for etching the subsequently deposited second. silicon 

dioxide layer 534. The silicon nitriqe layer 5~2 is 

.preferably deposited by a·cvo process to a thickness of 

between !3-bout. 300 Angstroms and 2, 000 Angstroms. 

As a third important feature, a second silicon dioxide 

layer 534 is deposited overlying the silicon nitriqe layer 

532~ The second silicon dioxide layer 534 will establish 

the thickness. of the subsequently formed membrane. The . 

second silicon dioxide layer 534 is preferably deposited by 

a CVD process to a thickness of between about 5,000 

Angstroms and 45,000 Angstroms. 

Referring now to Fig. 18a, an important feature of the 

_present invention is illustrated. The· se.cond silicon. 

dioxide layer 534, the silicon nitride layer 532, the· first 

silicon dioxide layer 528, and the second d_ielectric la·yer 

516 a.re patterned "to form deep trenches for the planned 

bridge posts. A pnotolithography and etch sequence may be 

used to pattern the trenche~. Fdr example, a photoresist 
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layer, not shown, is deposited overlying the second silic.on 

"dioxide layer 534 and then exposed to attinLc light through 

a mask. The photoresist layer. is then developed to remove a 

_part of the photoresist la¥er. A dry etch may then.be 

performed to remove the second silicon dioxide layer 534, 

the silicon.nitride layer 532, th~ first silicon dioxide 

layer 528, a,nd the second dielectric laye;i:- whe:i;e exposed by 

the photoresist. The remaining photoresist is then 

stripped away. Note that the silicon nitride ·1ayer 532 and 

the second dielectric layer 516 may act etching stops for 

the second silicon dioxide layer 53·4 and the first silicon 

dioxide layer 528, respectively. ·Finally, it is impo"rtant 

to note that these deep trenches.may also ·comprise trenches 

for planned : micr_ostrip lines or spiral inductor lines .. 

Ref~rring now to Fig. 18b, the·B-B cross section is 

illustrated for this stage. Note that the bridge post 

trenches ar·e present. 

Referring now to Fig. 18c, the C-C cross section is 

illustrated for this stage. Note first that the bridge 

po.st trenches are also present. In addition, -note that a 

trench 539 for a planned microstrip has been etched during 
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the bridge post patterning step. This trench 539 will 

effectively extend.the microstrip layer 512. 

Referring now to F~g. 19a, an important feature of the 

present invention is illustrated. The second silicon 

dioxide layer.534 and the silicon hitride layer 532 are 

patterned to form shallQw trenches for· the planned 

· membrane. The silicon nitride layer 532 may be used as an 

etching stop for the dry. etching of the second silicon 

dioxide layer 534. The first silicon dioxide layer 528 may 

be ·used as an etching stop for the dry etching of the 

silicon nitride layer 532. Note that the second silicon 

dioxide layer 534 and the silicon nitride layer 532 are 

only etched where the membrane is planned. In this way, 

both the membrane and the bridge posts may be formed by a 

damascene technique~ 

Referring now to Fig .. 20a an important feature of the 

present invention is illustrated. A metal layer 540 is 

deposited. overly~ng the. second silicon dioxide.layer 534, 

the silicon nitride layer 532, and the first silicon 

dioxide layer 528, and fill.ing the trenches. The metal 

layer 540 fills both the shallow membrane. trenches and the . . 

deep bridge post trenches. Furt.helr, if micros trip trenches 
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or if spiral inductor t~enches are present, these trenches 

are filled as well. The metal layer.540 may comprise, for 

example, copper or copper alloy. 

The metal layer 540 is then polished down to the top 

surface of the second silicon dioxide layer 534 to form the 

membrane and the bridge posts f,rom a common metal layer 

~40. Preferably, a chemical mechanical polish is used for 

the polishing down process. The method is dual damascene 

$ince a single metal deposition fills both types of 

trenches. Further, this process can be integrated with up 

metal processing for an U~SI device. This polishing down 

step also completes any microstrip lines or spiral 

inductors in.the process. 

Referring now to Fig. 20b, the B-B cross section for 

this stage is shown. The bridge posts 540 are completed. 

· Because the second silicon dioxide _layer 534 and the 

silicon nitride layer 532 were not etched in this area, no 

membrane is formed. 

Referring now to Fig. 20.c., the C-C cross -section for 

this stage is shown. Th.e b~idge posts 540 and the 

microstrip line 540 are formed b~ the metal deposition and 
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polish down. No membrane is formed because the second 

silicon dioxide layer 534 and the silicon nitride layer 

were not patterned in this area. 

Referring now to Fig. 21a, .another important feature 

of the present· invention is illustrated. The second 

silicon dioxide layer 534, the _silicon nitride layer 532 

and the first silicon dioxide layer 528 are etched away to 

complete the MEMS capaci~or device. This forms a void 

underlying the membrane 541 and adjacent to the bridge 

posts 542. The membrane 541 is freed to flex under 

electrostatic force. Further, the up electrode 524 is 

exposed so that the membran~ 541 and the up electrode 524 

may contact at full flexure. The second silicon dioxide 

layer 534, the silicon nitride layer 5~2 and the first 

silicon dioxide layer 528 may be removed by a dry etching 

process that is isotropic, or non-di~ectional, in 

character. 

Referring now to Fig. 2lb, the B-B cross section is 

illustrated. The removal of the second silicon dioxide 

layer 534, the silicon nitride layer 532 and the first 

silicon dioxide layer 528 leaves the free standing bridge 

posts 542. 
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Referring to Fig. 21c, the c~c cross section is 

illustrated. The removal of the second silicon dioxide 

layer·534,· the sili6on nitride layer 532 and the first 

silicon dioxide layer 542 lea~es the bridge posts 542 and 

the microstrip 543. 

The advantages of the present invention may now be 

summarized. First,· a novel LCR-RF device is achieved. This 

device combines a MEMS capacitor with a spiral inductor to 

create a microwave switch with a precise resonant 

frequency. Second, the LCR-RF switch can be designed for 

operation in the re9ime between.about 1 GHz and 5 GHz where 

.a larger capacitance and.inductance is needed. Third, the 

LCR-RF switch can be construct~d·using a single post or a 

double post bridge structure. Fourth, the LCR-RF device 

can be configured .for shunting or for series operation . 

. Fifth, a plurality of LCR-RF devices can be combined to 

form a multiple channel, series circuit. Sixth, a method 

for fabricating the LCR-RF switch .is described. The method 

is compatible with dual damascene upper metal.processing 

and ULSI processing. The dual· damascene process for 

forming the bridge posts and membrane of the MEMS capacitor 
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produces devices-with better yield and uniformity than the 

prior art. 

As shown in the preferred embodiments, the present 

invention: provides· a very manufacturable· .LCR-RF device and 

a. method of· fabrication in the manufacture of an integrated 

circuit device. 

While the invention has been particularly shown and 

described with refe~ence to the preferred embodiments 

thereof, it will be understood by'those skilled in the art 

that various changes in ·form and details may be made 

without depart_ing from the spirit and scope of the 

inventibn. 
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1. A inductor~capacitor resonance RF ~witching device 

comprising: 

a microelectronic mechanical switch comprising: 

a first dielectric layer overlying 

subst~ate; 

a down electrode overlying said first dielectric 

layer; 

a second dielectric layer overlying said down 

electrode; 

a bridge post overlying said first dielectric 

layer but not over_lying said down electrode; and 

a memb~ane suspended over said down electrode 
- . 

-wherein-one end of said membrane is fixed to the top 

of said bridge post, wherein an electrostatic 

potential between said membrane and said down 

electrode will ~ause said membrane to flex down toward 

said down electrode, and wherein said flexing of said 

membrane will cause the capacitance of said switching 

device to vary; and 

a spiral inductor.comprising a metal line configured 

in a spiraling pattern with a first end connected to 

said bridge post and a second end forming an output 

node. 
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2. The -device according to Claim 1 further comprising: 

an input signal line connected to said down electrode; 

and 

a ground reference connected to said output node to 

thereby form a shunt configuration. 

3. The device according to Claim 1 furthe·r comprising: 

ah input signal line connected to said down ele~trode; 

and 

an output signal line connected to said output node 

to thereby form a series configuration. 

4. The device according to Claim 1 further comprising an up 

electrode wherein said up electrode overlies said down 

electrode with said second dielectric layer therebetween 

and wherein said flexing downward causes said membran.e to 

con.tact said up electrode. 

5. The device according to Claim.1 wherein said membrane 

and said bridge p~st comprise metal. 

6. The device according to Claim·1 wherein said membrane 

has a.thickness of between about 5,000 Angstroms and 25,000 

Angstroms. 
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7. The device according to Claim 1 wherein·said membrane 

and said bridge post are formed by a dual damascene 

process. 

8. The device according to Claim 1 further comprising a 

second bridge. post wherein said second bridge post is 

opposite said bridge po~t and wherein a second end of said 

membrane is fixed to the top of said second.bridge post 

such that the combination of said bridge post, said second 

bridge post, and said membrane forms a bridge profile. 

· 9. The device according to Claim 1 wherein said capacitance 

value in DOWN state is between about 10 fF ·and 30 pF .. 

10. The device according to Claim 1 wherein said spiral 

inductor value is between about 1 nH and 30 nH. 

11. The device according to Claim 1 wherein said 

capacitance anq said spiral inductor create a resonant 

-freqµency in DOWN state of between about 1 GHz and 100 GHz. 

12. A inductor-capacitor resonance RF switching device 

comprising: 

41 



11111111 111111 1111111111 ti 1111 
* C L M S * 

a microelectronic mechanical switch comprising: . 

a flrsi dieiectric layer overlying a 

·substrate; 

a down electrode overlying said first dielectric 

layer; 

a second dielectric layer overlying said down 

electrode; 

an. up electrode overlying said down electrode 

with said second dielectric layer thereb~tween; 

a bridge post overlying said first dielectric 

layer but not overlying said down electrode and said 

up electrode; and 

a membrane suspended over said up electrode 

wherein one end of said membrane is fixed to top of 

said bridge post, wherein an electrostatic potential 

between said membrane and said down electrode will 

cause said membrane to flex down toward said down 

~lectrode, wherein said flexing downward causes said 

membrane to contact said up electrode, and wherein 

said flexing of said membrane will cause the 

capacitance of said LCR-RF switching device to vary; 

and 
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a spiral inductor comprising a metal line configured 

in a s~iraling pattern with a first end connected to said 

bridge post and ·a second end forming an output node. 

13. The device according to Claim 12 further comprising: 

an inp~t signal line connected to said down electrode; 

and 

a ground reference connected to said output node to 

thereby form a shunt configuration. 

14. The device according to Claim 12 further comprising: 

an input signal line connected to said do~n electrode; 

and 

an output signal line connected t~ said output node 

to thereby form a series configuration. 

15. The device according· to Claim 12 wherein said membrane 

and said bridge post comprise metal. 

16. The device according to Claim 12 wherein said membrane 

has a thickness of between about 5,000 Angstroms and 25,000 

Angstroms. 
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17 .. The device according to Claim 12 wherein said membrane 

and said bridge .post are formed by a dual damascene 

process. 

18. The device according to Claim 12.further comprising a 

secondbridge post wherein said second bridge post is 

opposite said bridge post and wherein a second·end of said 

meinbrane is fixed to the top of said second bridge post 

such that the combination of .s~id bridge post, ~aid second 

bridge post, and said membrane forms a bridge profile. 

19. The device according to Claim 12 wherein said 

capacitance in DOWN state is between about 10 fF and 30 pF. 

20. ·The device according to Claim ·12 wherein said spiral 

inductor value is between .about 1 nH and 30 nH. 

21. The device according to Claim 12 wherein said 

capacitance and said spiral inductor create a resonant 

frequency in DOWN state of.between about 1 GHz and 100 GHz. 

22. A multiple channel, series-configured, switching 

circuit comprising a plurality of MEMS capacitor and spiral 
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inductor pairs,. wherein.in each said pair, a first end of 

each said spiral inductor is con~ected to a bridge post of 

each said MEMS capacito+, .wherein down electrodes of all 

said MEMS capacitors are connected to a single·input 

signal, wherein a second end of each said spiral· inductor 

forms a plurality of output signals, and wherein activation 

of any said MEMS capacitor ~n any said pair causes· said 

input signal to flow to said output ·signal for said pair. 

23. The circuit according to Claim 22 whereip each said 

MEMS capacitor has an up electrode. 

24. A method to form a microelectronic mechanical switch 

device in the manufacture of an int"egrated circuit device 

comprising: 

providing a down electrode overlying a substrate with 

a first dielectric layer therebetween; 

prpviding a second dielectric laye.r overlying said 

down electrode ·layer; 

forming an up electrode overlying s·aid second 

~ielectric layer; 

depositing a first silicon dioxide layer overlying 

said up electrode and said second dielectric" layer; 
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depositing a silicqn nitride layer overlying said 

first silicon oxide layer; 

·depositing a second silicon dioxide layer o.verlying 

said silico~ nitride layer; 

patterning said first silicon dioxide layer, said 

silicon nitride layer, said first silicon dioxide layer, 

and said second dielectric layer to form deep trenches for 

planned bridge_posts; 

patterning said second silicon dioxide layer and said 

silicon nitride layer to form shallow trenches for planned 

me~brane wherein said second silicon dioxide layer and said 

silicon nitride layer are etched through to said first 

silicon dioxide layer and wherein said shallow trenches 

connect to said deep trenches; 

depositing a metal layer overlying said second silicon 

dioxid~ layer, said silicon.nitr~de layer, ~a~d first 

silicon dioxide layer, and said second dielectric layer to 

fill said deep trenches and said shallow trenches; 

polishing down said metal layer to said second silicon 

dioxide layer to complete said bri.dge posts and ·said 

membrane; and 

etching away said second silicon dioxide layer, said 

silicon nitride layer and said first silicon dioxide.layer 
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to release said membrane and to complete said 

microelectronic mechanical.switch device in the manufacture 

of said integrated circuit device; 

25. The method according to C"laim 24 w:herein said first 

silicon dioxide layer is deposited to a thickness of 

between about 5,000 Angstroms and 45,000 Angstroms. 

26. The method according to Claim 24 wherein said silicon 

nitride layer is .d~posited to a thickness of between about 

300 Angstroms· and 2,000 Angstroms. 

27. The method according to .Claim 24 wherein said polishing 

down is by a chemical mechanical polish. 

28. The method according to Claim 24 wherein said membrane 

·has a thickness of between about 5,000 Angstroms and 25,000 

Angstroms. 

2.9. The. method according to Claim 24 ·wherein said step of 

p~tterning said second silicon dioxide. layer, said silicon 

~itride layer, said first silicon dioxide layer, and said 

second dielectric layer to form deep trenches for planned 
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bridge·posts further comprises forming deep trenches for 

planned microstrip lines, wherein_ said step o.f depositing a 

m~tal layer further comprises _filling said deep trenches· 

for planned microstrip lines, and wherein said step of 

poli~hing down said metal layer further comprises 

completing said microstrip lines. 

30. The method according to Claim 24 wherein _said step of 

patterning said second silicon dioxide layer, said silicon 

nitride layer, said first silicon dioxide layer, and said 

second dielectric layer to form deep trenches for planned 

bridge posts further comprises forming deep trenches for. 

planned spiral inducto·rs, wherein said s~ep of depositing a 

.metal.layer further comprises filling said deep trenches 

for planned spiral inductors, and wherein said step of 

polishing down said metal layer further comprises 

completing said spiral inductors. 
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