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A Metamaterial Directional Antenna Fabricated Using MEMS Technique 3
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Abstract :A directional emission antenna was fabricated using M EMS process. It s size was effectively de2
creased by a sub wavelengt h resonance cavity. Metamaterial is included as one part of the cavity. The an2
tenna can be used in power t ransmission of micro system for high power density and small size. The thick2
ness is less t han 1. 5 mm and work on 10 GHz. This made it easily integrated wit h micro system. The sim2
ulation and experimental result s are carried out , and t he fabricating process is also int roduced.
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摘 　要 :制备了一种基于 MEMS 工艺的定向天线。以异性材料为基底的亚波长谐振腔结构有效降低了天线体积。这种天

线可以用于要求高能量密度的微系统的能量传送。本文中的天线厚度为 1. 5 mm ,可工作于 10 GHz 频段。这使得其易于与

微系统集成。文中也给出了仿真及实验的结果 ,并介绍了天线的加工过程。
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　　 Energy supply is a p roblem during the devel2
op ment of M EMS technology. Battery is a normal
way to resolve it [ 123 ] . But it become inappropriate
in some special situation , for example when a de2
vice needs to implant into human body , battery is
inappropriate and dangerous. Microwave is a p rom2
ising method to supply power. In this paper , a di2
rectional emission antenna was int roduced to build a
base for microwave power t ransmission. The direc2
tivity decreases disturbance between signals and in2
creases power density ,which made it possible to get
enough energy for a small size M EMS ( receiver) .

1 　Theory and Structure of the Antenna
1. 1 　Theory of the Antenna

The conventional antenna to achieve directivi2
ty is based on the Fabry2Perot ( FP) cavity , which
requires a p recise t hickness with half of t he work2

ing wave2 lengt h[4 ] . If t he normal plate of the reso2
nance cavity is replaced by a high impedance sur2
face , t he reflection p hase difference can be reduced
to zero [ 526 ] . It means t hat an antenna only need a
t hickness of 1/ 4λ,λ is t he working wavelengt h.
The antenna presented here is similar to t hat de2
scribed in Ref . [ 5 ] . The antenna size is decreased
by the metamaterial subst rate[7 ] , fo r t he metama2
terial can reflect wit h arbit rary p hases.

A mushroom st ructure ( t he high impedance
subst rate[ 8 ] ) was int roduced in 1998. This st ruc2
t ure has two important characters , one is that t he
surface can reflect an inp ut wave without reflection
p hase[9 ] . The ot her is t he surface wave can be re2
st rained by it s high impedance surface st ructure.
The surface wave can largely increase backward e2
mission , and t he efficiency of t he antenna[10 ] .

The high impedance subst rate is showed in



Fig. 1. To analyze t he reflection p hase of the
mushroom st ruct ure , two mushroom can be regar2
ded as t he model . It is a L C circuit . The patch be2
tween the adjacent two cells formed an inductance
(L) . The capacitance composed of three part s , one
is between the adjacent f ringes of two mushroom
(Ca) , t he others are t he plates of the mushroom
with t he ground ( Cp1 and Cp2 , Cp1 = Cp2 =
Cp) . So t he surface impedance of t he st ruct ure is :
Z = j ·L ·ω/ (12L ·(Cp/ 2 + Ca) ·ω2 ) .

Fig. 1 　Structure of the Antenna

It will change with the f requency and also the
value of L , Cp and Ca. The reflection p hase can be
expressed asθ= Arg [ ( Z - Z0 ) / ( Z + Z0 ) ] , Z0 =
(ε0 /μ0 ) 1/ 2 . ( Arg is the operator to get V com2
pound angle) Soθcan be changed by adjusting the
st ructure.
1. 2 　Structure of the Antenna

The st ructure size described in Ref . [ 5 ] was
decreased by M EM S techniques to adap t to t he
use of micro system. The metallic mesh [ period
= 4 mm , line widt h = 0 . 1 mm ] p rinted on a 0 . 5
mm2t hickness p rinted circuit board subst rateε =
2 . 2 . The period of t he mushroom st ructure is 6
mm , t he gap of each patch is 0 . 5 mm and t he
lengt h of metallic via is 0 . 5 mm. The inner die2
lect ric layer is also t he same kind of PCB material .
The diameter of t he w hole antenna is 68 mm. We
also made a small patch ( 4 mm 3 5 mm) as t he
emissio n part .

2 　Fabrication Process
The fabrication process of t he antenna will be

int roduced in t his part . There are 6 step s to com2
plete t he whole p rocess. Fig. 2 gives a schematic
of fabricating process.

Step 1 : Cut ting down t he wafers f rom the
PCB on which has already copper layer ( 30 μm
t hickness) .

Step 2 : Spin p hotoresist over the wafer .
Step 3 : Lit hograp hy.
Step 4 : Etching t he copper on t he wafer .

After t hese step s , we get all t he part s of t he an2

tenna.
Step 5 : Remove t he p hotoresist .
Step 6 : Assemble t he antenna.

Fig. 2 　Fabrication process of the directional antenna

3 　Simulation and Experimental Results
CST2Microwave Studio 5. 2 is used as t he sim2

ulation tool . It is based on FD TD (finite2differ2
ence2time domain) arit hmetic. The parameters of
t he simulation model are according to t he above
set ting , and also using periodic boundary condi2
tion. Sweeping f requency is f rom 8213 GHz. From
Fig. 3 , t he resonancef requencyisaround1 0 . 6 GHz .
Fig. 1 is t he Schematic of the experiment . The
mesh and t he mushroom layer formed a F2P cavity.
The networks analyzer inp ut signal to the antenna
and receive the signal by a horn. Fig. 4 is a p hoto
of t he directional antenna. Fig. 5 is t he st ructure of
mushroom & mesh surface. The mushroom can
hold back t he surface wave and decrease energy
loss. The mesh is used to partially reflect t he mi2
crowave , it works wit h the mushroom layer , just
like t he device to p roduce laser .

Fig. 3 　Experimental 　　Fig. 4 　Photo of the

result of S11 　 directional antenna

Fig. 5 　Structure of mushroom & mesh surface

From the result s ( Fig. 6) , the E plane has a
relatively good directivity. But the H2 plane has clear
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sideward emission. It is caused by the input part .
The samples with different thickness were al2

so measured. Fig. 7 is t he result s for antennas
with different mesh thickness , which shows a unit
p roperty of direction , t his testify that t he reso2
nance f requency is much larger t han t he thickness ,
because the p roperty was lit tle affected by the
change.

Fig. 8 is the S11 result s for different dielect ric
and mesh thickness. The glass wit hε = 3. 3 was
used as t he dielect ric. S11 curve wit h different
t hickness of t he antenna shows t hat t he antennas
have a unit resonance f requency , and also testify
t hat t he resonance f requency is much larger t han
t he t hickness. On t he other hand , the line for the
glass has a low resonance f requency. It is because
t he glass has a higher permit tivity.

Fig. 6 　Comparison of experimental and simulated re2
sult s of emitted power in E2 and H2planes. The

curves with‘2 _ 2’stand for experimental re2
sult s , and the line stand for simulated result s

Fig. 7 　The result s for antennas with different mesh

thickness

Fig. 8 　S11 curves with different mesh thickness

4 　Conclusions
In t his paper , we int roduced t he process to

fabricate a directional emission antenna used for
power t ransmission in micro system. It is t hin and
small , can easily be integrated. And also , we no2
ticed the inp ut part f rom lateral side has a disturb2
ance with t he result . So how to inp ut t he signal
f rom backward is t he f uture work.
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