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Compact band reject filter for micro electromechanical systems
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Abstract: In order to filtrate the microwave signals in micro electronic mechanical systems,a micro
Composite Right/Left Handed(CRLH) transmission line band reject filter is presented,and the design
theory, structure characteristics and fabrication process of the filter are also studied. According to the
Left Handed Material (LHM) theory, the filter structure with a meander gap is introduced,and the e-
quivalent circuit of the meander gap structure is obtained by comparing to the conventional interdigital
capacitor structure, Then, the advantage of the meander gap structure is discussed by taking a cell of
the meander gap as an example,and the results show that the equivalent circuit parameters in the me-

ander gap structure are larger than that of the conventional interdigital capacitor structure. Finally,
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the fabrication process is introduced by combining different MEMS (Micro Electromechanical Sys-

tems) technologies, such as sputtering, lithography, electroplating and etching. By the MEMS tech-

nology,a band reject filter with the size of the main part of 5 mm X7 mm is developed. The simulated

and experimental results show that the phase shift constant of the band reject filter is negative at the

high frequency (2.1—5.2 GHz, left handed region) ,and the phase velocity flows just to the opposite

direction of the energy flow in the left region. Moreover, the relative pass bandwidth in a left handed

region is 82.7%. Compared with other designs, this filter shows his advantages in small sizes and

large working bands at the left handed region.

Key words: Micro Electromechanic System (MEMS); Composite Right/Left Handed (CRLH) trans-

mission line; band reject filter; left handed material

1 Introduction

As the development of Micro Electromechanical
Systems (MEMS), decreasing the component si-
zes has become more and more important. Espe-
cially for RF-MEMS, the RF components are
normally larger than other parts because of the
relation between the components and electro
magnetic wavelength. To resolve this problem,
a compact micro Composite Right/Left Handed
(CRLH) band reject filter based on MEMS tech-
nologies and the left handed material theory is
designed and fabricated. The length of the main
part is only 1/20 of the working wavelength. It
can be integrated into RF-MEMS where micro
RF components are necessary.

Over the past few decades, application of
Left-handed Materials (LHMs) in the field of

microwave has received considerable atten-

tion' "*'. As the development of LHMS theory,
a new study field was proposed. It is the trans-
mission-line (TL) approach of LHMs, which in-
tegrate the LHMs theory into the design of mi-
crowave transmission-line. Many novel micro-
wave components have been designed based on

51, Most of the proposed designs are

fabricated by normal technics™®!"

this theory *
, so the devices
are large and difficult to be integrated into mi-
croelectronic systems. The aim of this paper is
to present a novel design of compact CRLH

Composite Right/Left Handed Transmission

Line (CRLH, TL) structure based on MEMS
technologies. The new design works as a band
reject filter design, which has a coupled meander
gap and a meander line. Two circular patches are
used as capacitors in series respectively. Com-
pared with other designs, a relatively large in-
ductance can be obtained by the meander line.
With MEMS technologies, the device is easy to
be fabricated and integrated into portable de-
vices. The analysis of the structure and charac-
teristics will be presented in the next part. Ex-
perimental results show the advantages of the

LHMS.

2 Design and model analysis

2.1 Structure of transmission line
The proposed CRLH transmission line structure

is shown in Fig. 1- Fig. 2.
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Side view

Fig. 1 Structure of the transmission line

This band reject filter has a coupled meander

gap and a meander line. Two circular patches are



1246 Optics and Precision Engineering

Vol. 17

1, 4
N
:
1=
S
)

)

Lstub

Fig. 2 Local view of dual structure

used as capacitors in series respectively. The
whole structure is fabricated on the PCB sub-
strate F4ABM220M"%), The thickness T, is 0. 8 mm
and the relative permittivity is 2. 2. The feed
line width W, is 2. 5 mm, which leads to the
characteristic impedance of 50 ) at two ports.

The structure parameters are filled in Tab. 1.

Tab.1 Structure Parameters
Parameters  Value(mm) Description
L, 8 Length of feed line
W, 2.5 Width of feed line
L 2.2 Length of stub
R, 1 Radius of patches
T 0.005 Thickness of conductor
H, 0.8 Thickness of dielectric
w.. 0.05 Width of meander lines
R; 0.075 Radius of inner arc
R, 0.175 Radius of outer arc
& 2.2 relative permittivity

2.2 Equivalent-circuit model
Fig. 3 is a equivalent circuit model. The mean-

der line inductor L; and the meander gaps capac-
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Fig. 3 Equivalent circuit model

itor C, belong to the left-handed components.
The meander line inductor Ly and circular patch
capacitor Cgp contribute to the right-handed
components. Cy is the capacitor between the me-
ander line and the ground. R, is the resistance of
copper. Gp refer to the loss of the substrate.
2.3 Analysis of structure characteristics

Two parallel meander gaps and a meander line
between them are the main structure of the band
reject filter. This structure obtains larger in-
ductance and capacitance in the same space of the
conventional interdigital structure. Suppose
adding the same length to a conventional inter-
digital structure and this design, the increased
parts are shown in Fig. 4. The two parts belong
to the new design (left) and the interdigital
structure (right) respectively. The width of
gaps and line in the new design are all W. The
width of fingers and gaps of the interdigital
structure are W, >W and W,>W respectively.
The two parts have the same dimension which
width equal 8 XW and length equal L. Suppose
L>W, then the elbow of the meander lines can

be ignored.
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Fig. 4 Increased parts of two types. The left part
belongs to the meander gaps, and the right

part is for the interdigital capacitor

Comparing the increased capacitance and in-
ductance of the two parts, the results are shown
in formula (1)-(2):

Co_ @XL/W)/2

C, (8XW/W,) X2
L/W _W. XL

(8XW/W, ) X2 4XW? '’

oy
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L. 2XL/W
L 8XW/W)/N
2XL/W _
(8XW/W)/(L/ (W, +W))
W, X L*

AX (W, +W)HXW? ' (2)

For the interdigital structure, the fingers will
connect two parts beside them except the two
fingers on the edge of the fingers array. One of
the two fingers end are need to connected
ground. So the effective parts of the capacitance
are only contributed by the two special fingers.
C., C,, L, and L; are the capacitance and induct-
ance of the meander gaps and interdigital struc-
ture. N is the number of the interdigital struc-
ture.

Multiplying formula (1) by (2), formula (3) is

obtained:

L, XC, _ Wi XL XW, —

LiXC, 44X (W, +W)XW?X4XW?
L XW, XW, L*

= ,
16X (W, +W)XW'™ 16 XW*

L>»W and L> (W, +W)). It shows that the

3

meander lines are more effective for decreasing
the frequency of a filter which is the function of
the product of inductance and capacitance. The
comparing result of L/W is 50 times that of the

previous design.

3 Fabrication process

There are 6 steps to complete the whole fabrica-

tion process. Fig. 5 gives a schematic of the fab-

ricating process. Fig. 6 is the pictures of the

prototypes.

Step 1: Cutting the wafers out of PCB which is
single side metalized.

Step 2: Sputtering copper seed layer

Step 3: Spinning photoresist coating

Step 4. Lithography

Step 5: Electroplating copper

Step 6: Removing the photoresist and seed layer

Sputtering

Spinning

; Lithography

Electroplating

g Photoresist removing

Photoresists

Fig. 5 Fabrication process

Fig. 6 Sample of the CRLHTL band reject filter

4 Transmission property measure-

ment and results

The left handed material theory is the base of
this design. As a promising theory, it has some
important characteristics for RF components.
The first step is to minimize the design. As the
absolute value of phase shift constant will in-
crease when the frequency decrease, so the elec-
tric length of the device can keep relatively sta-
ble without changing the real length. Then the
device can work with a relatively short length
compare to the wavelength. The second is wide
bandwidth. The reason is that the phase shift
constant will be changed to the opposite direc-
tion when the wavelength changes with the
working frequency. This supplies a negative
feedback to the electric length made by multipl-
ying the phase shift constant and the length of
the filter, so the left handed region has a wider
bandwidth.

Fig. 7 is S,, results of the band reject filter.
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Fig. 7 S, results of dual structure

The reject band is caused by the band gap be-
tween the left band and the right band. The left
handed pass band is the high frequency part. It
is different from normal LHMs. The pass band
of the simulation result is 2. 1 GHz to 5. 2 GHz,
central frequency is 3. 75 GHz, and the relative
bandwidth (3 dB) is 82. 7%. This supplies a
more width work range for the band reject filter.
The pass band for the sample has some attenua-

tion caused by the substrate.
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Fig. 8 Phase shift constant of dual structure
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