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Abstract—This paper presents a new monolithic microwave
integrated circuit (MMIC) based on coplanar waveguide (CPW)
design for a tunable resonator based on RF MEMS. This RF
structure, which can be used for system on chip (SOC), is
constituted with MEMS Bridge placed between two meander
inductors and the tenability is controlled by a variable applied
DC voltage. Moreover, this device presents a compactness
characteristic and the possibility to operate at high frequencies.
The resonant frequency and the bandwidth can be changed easily
by changing the bridge gap of the RF MEMS. The numerical
simulations of this novel structure of a tunable RF MEMS
resonator were performed with the electromagnetic solvers CST
MWS (Computer simulation Technology Microwave Studio) and
validated by the more accurate electromagnetic solver HFSS
(High Frequency Structural Simulator). The simulation results,
for three different spacing of the bridge gap, show that the
tunable frequency band are between 10 and 40 GHz with the two
electromagnetic solvers and exhibiting three resonant frequencies
(21, 23.1 and 24.6 GHz).The simulation results of the return loss
using CST achieves 29 dB with an insertion loss less than 1 dB;
However, the HFSS simulation shows similar performance in the
resonant frequencies and in the bandwidth giving better results
in terms of the return loss (about 35dB instead of 29 dB) and
showing a good adaptation.

Keywords—RF MEMS; CPW; Meander inductor; Tunable;
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. INTRODUCTION

The Micro-electromechanical system (MEMS) is a mixture
of mechanical and electronic elements integrated on a common
substrate. The MEMS component is characterized by the
presence of suspended membranes of different geometry
(beams, cantilevers, bridges, etc.), which allow the obtaining of
a unique and very complex functionality [1]. The RF MEMS is
used to replace the classical switch based on semiconductors in
order to obtain a better RF performance [2].

The RF MEMS switches present several advantages
compared to the conventional semiconductor components, such
as, low insertion losses, good linearity, low power
consumption, very important cut-off frequency, small volume
and low fabrication cost [3]. However, the RF MEMS switches
show some limitations, such as, the switching speed reduced to
a few microseconds as a result of the mechanical structure
movement [4].

Actually, the RF MEMS switches can be used in various
domains: wireless communication, space, defense, security
applications [5] and complex circuit. The radio frequency (RF)
MEMS electrostatic actuators have been widely used in
microwave communication system applications [6]. The
majority of RF MEMS are operated through electrostatic force.
This micro-electromechanical bridging element is employed to
change the frequency.

According to the literature data, different tunable RF
MEMS are commonly used to make a tunable inductor [7]-[8]-
[9] or tunable capacitor [10]-[11]. Recently, many studies have
combined both of the inductor and the capacity features [12]-
[13]. However, their propose structures technologies in [12]-
[13] based on variable capacitor and spiral inductor are very
complicated on fabrication and configuration of the tunable
RF-MEMS. The existence of the spiral inductor can create the
radiation field which may affect the other components of the
system.

In this paper, a novel structure design of monolithic
reconfigurable resonator is presented and established. The
proposed structure of RF MEMS resonator is based on a bridge
with two meander self. The presented paper falls in three parts:
section | presents a design of the classical RF MEMS and the
simulation results, such as, the return loss, the insertion loss at
different states. In section Il and Ill, the proposed resonator is
shown and described.

Il.  THE CLASSICAL RF MEMS

A. Functioning principle

This RF MEMS has a small dimensions (1200x900x681)
pum3 and it is built with multilayer configuration as shown in
figure 1l.a. and figure 1.b illustrates the classical RF MEMS
capacitor structure.

In order to analyze the CPW transmission lines, the
characteristic impedance (Zc), and effective permittivity (ge)
are analyzed in [14]-[15] and expressed by equations (1) and
(2).
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Where K (k) and K’ (k) present the complete elliptic
integral essentially depending on their geometric and physical
characteristic. g, is the relative permittivity, w is the width of
the RF line, s is the spacing between the RF Line and the
ground, h is the height of the first silicon layer and h2 presents
the second layer of silicon dioxide.
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Fig. 1. Design of RF-MEMS

In table I, geometrical and physical RF MEMS parameters
are given. The substrate is based on silicon (Si) with thickness
of 675um. The second layer is found with a silicon dioxide
(Si02) with thickness in order of 2um and a CPW line circuit
metal based at copper with thickness of 1um. The bridge is
built with aluminum (Al) and with a depth of 1um. The
extremities of the bridge are attached to the ground line of the
CPW by an epoxy polymer based on negative-tone photo resist
called SU-8 2000.5 with 3um thickness. The dielectric has
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been fabricated with a silicon nitride (Si3N4) and with depth
equal to 1um.

TABLE I. DESIGNED PARAMETERS OF THE CAPACITIVE SWITCH
Material | Design parameter Value
Substrate | Si Length*Width *Thickness (um®) | 1200*900*675
Ei‘:rer Sio, Length*Width *Thickness (um®) | 1200%900*1
Thickness of patch (um) 1
patch cu CPW ligne (G/C/G) (um) 90/120/90
Thickness of Dielectric layer 05
(nm) )
Dielectric | SizNy Width of Dielectric layer (um) 120
Length of Dielectric layer (um) 140
Width of Dielectric layer (um) 120
Thickness of bridge (um) 1
Width of bridge (um) 120
Length of bridge (um) 400
Beam Al Initial gap with RF line g0 (um) 3
Young’s modulus E (GPa) 70
Poisson’s ratio 0.35
Residual stress o (MPa) 20

B. Simulation results of RF characteristics

Two electromagnetic software’s (HFSS and CST MWS)
are used and their computing methods are respectively the
FEM method and the FIT method [16].

Figure 2 presents the obtained simulation results between
10GHz and 40GHz of the RF MEMS capacitive for three
different conditions of the bridge.

The return loss and the insertion loss are presented in figure
2.a and b respectively, and the comparison between the two
simulation results using two different simulator HFSS and CST
illustrates a small variation (< 2.5db).

Furthermore, the bandwidth of the capacitive MEMS for
the three states (g=2um, 2.5um, 3um), which is given for the
S11 less than -10dB, is obtained in the interval between 10GHz
and 34 GHz. Beside this results, we observe a small variation
of the resonant frequency.
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Fig. 2. Simulation results of classical RF MEMS capacitive

1. THE PROPOSED RF MEMS RESONATOR

A. Conception of the proposed resonator

We know that there is an important claim of a
reconfigurable radio-frequency component in the single-chip
with high-performances and multiband characteristic as a
solution for wireless communication [17], [18]. In this study,
an improvement the capacitive RF MEMS structure is
proposed in order to obtain a reconfigurable resonator. Figure 3
shows the suggested RF MEMS resonator structure. This
component has the same dimension of the first one given in
figure 1.a (1200x900x681 pum3). Tow meander inductors are
inserted in the RF lines with a length of 400 um and the width
line of 10 pum.
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Fig. 3. Design of top view resonator RF-MEMS

The tunable RF MEMS function is based on capacitive and
inductive effects. The capacitive effect is due to the space
between the bridge and the RF line. While, the inductive effect
is due to the presence of two meander inductors which are
integrated in the RF lines. The combination of these two effects
leads to a resonant phenomenon introducing different resonant
frequencies. If the applied voltage V,, is equal OV, the bridge is
in the UP state therefore the device is at a normally-ON state.
Moreover, the spacing g between the membrane bridge and the
RF line affects the resonance frequency.
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B. RF Simulation results of the proposed resonator

The proposed tunable resonator has been simulated by
HFSS and CST-MWS simulators. Figure 4 present the
scattering parameters for different bridge positions obtained on
a frequency band between 10 GHz and 40 GHz. The spacing g
among bridge and CPW line varies between g=2um at OFF
state and g=3um at ON state.
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Fig. 4. Scattering parameters at g = 2, 2.5 and 3um: (a) Return Loss,
(b)Insertion Loss

Figure 4.a and Figure 4.b are shown the return loss (S11)
and the insertion loss (S12) respectively for g=2, 2.5 and 3 pm.
The bridge variation level gives three resonances frequencies
21.9, 24 and 25.1 GHz.

The insertion loss S12 parameter presents almost constant
value equal to -1 db for all simulated spacing g factor when the
S11 parameter is down to -10db. There exists a good
correspondence between the simulation results on HFSS and
CST-MWS simulators.

IV. SIMULATION OF THE MECHANICAL CHARACTERISTICS

The Pull-in voltage V, is an important parameter for RF-
MEMS switches; the relationship between the applied voltage
and the spacing g parameter is given in [19] by the equation
@)

75|Page

www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,
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The limit of the pull in voltage is at g = (2/3) g, which is
given by equation (4).

_29,)_ |8 kz .3 4
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Where A is the contact area (120*100) um?2, g, is the free
space permittivity, g is the initial gap when (V,, = 0V), g is the
gap spacing when V, is activated (0 < g < (2/3)go) and K, is
the spring constant of the aluminum bridge which is is found in
[20] by the equation (5).

k, = %(32 Ewm +80(1- g)w(m. )

Where E is the Young's Modulus of Aluminum (69GPa),
o is the residual stress of the beam, v is the Poisson's
coefficient (v=0.345 for Aluminum), t is the thickness and 1 is
the bridge length.

According to [19], for g < (2/3) g0, the beam position
becomes unstable; therefore it is not recommended to use these
values of the gap spacing. Which introduces a planer
capacitance with a value estimated by the following equation
(6) given in [19]:

~ SOA
(9,-9)+(t, /er)

Where C present the capacity shown between the bridge
and the RF line, the t, and g present the thickness and the

relative permittivity of the dielectric respectively.

(6)

Surfate; Total displacement (um)

=

Fig. 5. Simulation results for the bridge Vp = 37.4V

Simple beam model been conducted on comsol
multiphysics based on FEM method [21]. After the defined the
properties of bridge, the limit condition and meshing; the
simulation result of the deflection for aluminum bridge given
the pull in voltage 38, 33.5 and 0V at the three levels state of
the bridge (2, 2.5 and 3 pm). There is a correspondence
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between the result illustrates by comsol simulator and
theoretical results. The figure 5 shows the simulation result of
the deflection of the bridge at pull in voltage equal to 37.4 V.

Table Il summarizes the spacing g factor versus the applied
voltage calculated and simulated with Comsol. Then, the
resonance frequency and the frequency range for different
states of bridge are shown. This schedule contains a
comparison of the simulation result between HFSS and CST.
The proposed bandwidth able to covers 3 bands.

TABLE II. RF MEMS RESONATOR RESULTS
Cover band (GHz)
Space g Applied voltage (V) Resonance Frequencies
(nm) frequency range
Calculated | Comsol | HFSS CST HFSS | CST
15.6- 15-
2 36 38 21.9 21 257 257
17.8- 17.6-
25 32 335 24 231 276 275
19.5- 19.1-
3 0 0 25.1 24.6 29 28.9

V. DISCUSSION

Table 11l summarizes the comparative study between the
classical RF-MEMS and the proposed resonator between [10,
40 GHz] in terms of the return loss and the insertion loss
successively in table 111 (a) and table 111 (b).

TABLE Ill.  COMPARATIVE STUDY BETWEEN RF MEMS CLASSICAL AND

THE PROPOSED RESONATOR. [10- 40] GHz

(A) COMPARATIVE IN TERMS OF RETURN LOSS LEVEL

Classical RF MEMS Proposed resonator
~E opace Fmin Fmax Fmin
@) | 9lm) (GH2) GHz) | (GH2) Fmax (GHz)
2 10 34.8 15.6 25.7
<(-10) 25 10 34.8 17.8 27.6
3 10 34.8 19.5 29
2 10 16.17 21 23
<(-20) 25 10 18.04 22.9 25.6
3 10 21 23.2 26
2 - - 21.5 22.3
<(-30) 2.5 - - 23.65 24.2
3 10 10.2 24.7 25.6
(B COMPARATIVE IN TERMS OF INSERTION LOSS LEVEL
Classical RF MEMS Proposed resonator
IL Space
(dB) 9 (um) Frequencies band (GHz) (Fée}g;;)e ncies band
2 [10-34] and [36-40] [10-29]
>(-3) 2.5 [10-34] and [36-40] [10-32.5]
3 [10-34] and [36-40] [10-34]

In the above obtained results, we observe that the RL of the
classical RF MEMS does not have almost any values under -30
dB; but for the proposed resonator has the less return loss, than
-30 dB is present in the bands [21.5-25.6 GHz]. Also, in terms
of frequencies bands, we have a significant single usable ultra-
wide band [10-29 GHz] for the proposed resonator in spite of
two frequency bands [10-29 GHz], [10-29 GHz] for the
classical RF MEMS.
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The resonance aspect of the proposed resonator can be
explained from table Il (a) and 111 (b) of the insertion loss; in
which we can see that the resonance occurs in the band [15.6-
25.7 GHz] for g;= 2um and in the band [17.8-27.6GHZz] for g,
=2.5um and in the band [19.5-29GHz] for g5 = 3um.

Table 1V summarizes the performances of different radio
frequencies resonators using MEMS, metamaterials and RF
diode. This proposed resonator based on RF MEMS with
meander inductor can be tuned easily by changing the applied
voltage, beside that the proposed resonator has a monolithic
structure.

TABLE IV. DIFFERENT RADO FREQUENCY RESONATOR PERFORMANCES

COMPARED TO THE PROPOSED ONE

Structure Technology Characteristics

REF : :

- Frequencies | Volume Complexit
Inductor Capacity (GH2) (mm?) y
X x|

[13] microstrip diode 1.7-2.2 ;12251 L
CRR metamaterials .

[15] + 1*bridge 25-42 0.280 +-

[22] 2*Spiral 3*bridge | 3-5.95 21*21%2 | ++

This « - B 12%0.9%0 |

Work 2*meander | 1*bridge | 15-29 678

VI. CONCLUSION

In this paper, we propose a new contribution for RF-MEMS
to obtain a tunable resonator. The idea of this reconfigurable
resonator is very simple, based on two meander inductors and a
variable capacitance. The control of this capacitance is
depending of the applied voltage to the bridge membrane
applied. The simulation of this component is made by two
commercial software and there are good correspondences
between them at different spacing states of g (2, 2.5 and 3um).
The obtained results for the three states (2, 2.5 and 3um) are
respectively 21.9, 24 and 25.1 GHz for resonance frequencies.
The bandwidths are [15.6, 25.7], [17.8, 27.6] and [19.5, 29]
GHz respectively demonstrated for the three resonant
frequencies (J]S11| = 35 dB and |S12| = 1 dB). This resonator
switcher can be used in different RF applications for example
at K and Ka bands.
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