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A Metamaterial Directional Antenna Fabricated Using MEMS Technique
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Abgtract :A directional emisson antenna was fabricated usng MEMS process. Its sze was effectively de-
creased by a sub wavelength resonance cavity. Metamaterial isincluded asone part of the cavity. The an-
tenna can be used in power transmisson of micro system for high power density and small size. The thick-
nessislessthan 1.5 mm and work on 10 GHz. This made it easly integrated with micro system. The sm-
ulation and experimental results are carried out , and the fabricating processis al o introduced.
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Energy supply is a problem during the devel-
opment of M EM S technology. Battery is a normal
way to resolve it'"®!. But it become inappropriate
in some secial dtuation, for example when a de-
vice needs to implant into human body , battery is
inappropriate and dangerous. Microwaveisaprom-
isng method to supply power. In this paper, a di-
rectional emisson antenna wasintroduced to build a
base for microwave power transmisson. The direc
tivity decreases disturbance between sgnals and in-
creases power density ,which madeit possble to get
enough energy for a small sSze MEM S (receiver) .

1 Theayand Sructure d the Antenna

1.1 Theory of the Antenna

The conventional antenna to achieve directivi-
ty is based on the Fabry-Perot (FP) cavity, which
requires a precise thickness with half of the work-
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ing wave length'™ . If the normal plate of the reso-
nance cavity is replaced by a high impedance sur-
face, the reflection phase difference can be reduced
to zero'®® . It means that an antenna only need a
thickness of 1/4 ,A is the working wavelength.
The antenna presented here is smilar to that de
scribed in Ref. [5]. The antenna size is decreased
by the metamaterial substrate!” , for the metamar
terial can reflect with arbitrary phases.

A mushroom structure (the high impedance
substrate'®) was introduced in 1998. This struc-
ture has two important characters, oneis that the
surface can reflect an input wave without reflection
phase!” . The other is the surface wave can be re-
strained by its high impedance surface structure.
The surface wave can largely increase backward e
misson, and the efficiency of the antenna™ .

The high impedance substrate is showed in
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Fig. 1. To analyze the reflection phase of the
mushroom structure, two mushroom can be regar-
ded asthe model. ItisaL Ccircuit. The patch be
tween the adjacent two cells formed an inductance
(L) . The capacitance composed of three parts, one
is between the adjacent fringes of two mushroom
(Ca) , the others are the plates of the mushroom
with the ground (Cpl and Cp2, Cpl = Cp2 =
Cp). o the surface impedance of the structureis:
Z=j-L-w (1L - (Cp/2+Ca) -w?).
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Fig. 1 Structure of the Antenna

Patch

It will change with the frequency and alo the
valueof L , Cp and Ca. The reflection phase can be
expressed a9 = Arg[(Z- Z)/(Z+ )], Z =
€o/Mo)Y?. (Arg is the operator to get V comr
pound angle) S08 can be changed by adjusting the
structure.

1.2 Sructure of the Antenna

The structure size described in Ref. [5] was
decreased by M EM S techniques to adapt to the
use of micro system. The metallic mesh [ period
=4 mm ,linewidth = 0. 1 mm] printedona0O. 5
mmr-thickness printed circuit board substrate€ =
2.2. The period of the mushroom structure is 6
mm, the gap of each patch is 0. 5 mm and the
length of metallic viais 0.5 mm. The inner die-
lectric layer is al so the same kind of PCB material.
The diameter of the whole antennais 68 mm. We
also made a small patch (4 mm * 5 mm) asthe
emission part.

2 Fabrication Process

The fabrication process of the antenna will be
introduced in this part. There are 6 steps to com-
plete the whole process. Fig. 2 gives a schematic
of fabricating process.

Step 1: Cutting down the wafers from the
PCB on which has already copper layer (30 U m
thickness) .

Step 2: Sin photores st over the wafer.

Step 3: Lithography.

Step 4 : Etching the copper on the wefer .
After these steps, we get all the parts of the an-

tenna.
Step 5: Remove the photoresist.
Step 6: Assemble the antenna.
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Fig. 2 Fabrication process of the directiona antenna

3 Smuation and Experimental Reaults

CST-Microwave Studio 5.2 is used asthe snr
ulation tool. It is based on FDTD (finite-differ-
ence-time domain) arithmetic. The parameters of
the smulation model are according to the above
setting, and also using periodic boundary condi-
tion. Sweeping frequency isfrom 813 GHz. From
Fig. 3 ,theresonancef requencyisaround10. 6 GHz.
Fig. 1 is the Schematic of the experiment. The
mesh and the mushroom layer formed a F P cavity.
The networks analyzer input signal to the antenna
and receive the sgnal by a horn. Fig. 4isaphoto
of the directional antenna. Fig.5isthe structure of
mushroom & mesh surface. The mushroom can
hold back the surface wave and decrease energy
loss. The mesh is used to partially reflect the mi-
crowave, it works with the mushroom layer , just

like the device to produce laser.
Vector Network Analyzer (8722ES)
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Fig.5 Structure of mushroom & mesh surface

From the results (Fig. 6) , the E plane has a
relatively good directivity. But the H- plane has clear
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sdeward emisson. It iscaused by the input part.

The samples with different thickness were al-
0 measured. Fig. 7 is the results for antennas
with different mesh thickness, which shows a unit
property of direction, this testify that the reso-
nance frequency is much larger than the thickness,
because the property was little affected by the
change.

Fig. 8isthe Sl11 resultsfor different dielectric
and mesh thickness. The glass withe = 3.3 was
used as the dielectric. S11 curve with different

thickness of the antenna shows that the antennas
have a unit resonance frequency, and also testify
that the resonance frequency is much larger than
the thickness. On the other hand, the line for the
glass has a low resonance frequency. It is because
the glass has a higher permittivity.
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Fig. 6 Comparison of experimental and smulated re-
sults of emitted power in E and H-planes. The
curves with® - -’ stand for experimenta re
sults, and the line stand for smulated results
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Fig. 7 The results for antennas with different mesh
thickness
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Fig. 8 Sl11 curves with different mesh thickness

4 Conclusions

In this paper, we introduced the process to

fabricate a directional emisson antenna used for
power transmissonin micro system. It isthin and
small , can easly be integrated. And also, we no-
ticed the input part from lateral sde has a disturb-
ance with the result. So how to input the sgnal
from backward is the future work.
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