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Novel micromachined patch antenna
for mobile communication
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o the Ministry o Education, Chongqing University, Chongqing 400044, China)

Abstract: The rapid development of wireless communications worldwide results in a huge demand for min-
laturized antenna with excellent performance to send and receive wireless signals to and from communication
devices. Microstrip patch antennas are used in a variety of applications for their salient features. By sand-
wiching a layer of Teflon between the silicon wafer and the ground plane, the novel micromachined short-
ened stacked patch antenna printed on higlrindex wafer has superior performance over those of traditional
design, while its bandwidth has been increased by as much as 8. 6%, and its length of patch has been min-
iaturized to only an eighth wavelength. The radiation patterns show that even if the antenna is on a ground
plane of approximately the size of a handset phone circuit board, most of the radiation is directed aw ay from
the user’ s head, and the wide beamwidth can ensure wide angular coverage. The antenna microm achined in
a silicon wafer can also be integrated with Siand GaAs IC without affecting any of the circuit requirements.
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printers, keyboards, or mice, etc. The boom of
1 Introduction the portable communication devices has fueled the

demand for miniaturization and perfect performance

The GSM wireless communication has wit
nessed an explosive growth in the last years. In
2002, there were more than 100 million mobile
phone subscribers in China, and the figure is be
coming greater at very fast speed. The wireless
communication technology will be found in cell
phone, robot, information application (IA) prod
ucts, Personal Digital Assistant (PDA), wireless

intelligent sensor network, PC peripherals such as
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of antennas, which fit for embedding or assem-
bling.

Due to the salient features of microstrip patch
antennas such as small size, lightweight, simplici-
ty, low profile and low manufacturing cost, they
are used in various devices and systems ranging
from simple to sophisticated, as have been in-
stanced by radar, telemetry, remote sensing, en-

vironmental monitoring, and so on. T hey provide
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some advantages over traditional external whip and
helical antennas in terms of increased total efficier
cy, small size and without protruding problem.
Such antennas for handset could decrease radiation
tow ards the user and increase mechanical reliabilr
ty. The main disadvantage is their narrow band
width, because the impedance bandwidth of tradr
tional microstrip patch antenna is usually less than
2% (Lretn <~ 10 dB)'".

To agreat extent, the nature of microstrip arr
tenna substrate can influence the performance of
antenna. Substrate with high dielectric constant
could make antenna miniaturized, however it will
excite surface waves and even bring on low efficierr
cy, narrow bandwidth and poor radiation pattern.
On the contrary, miniaturization of antennas to
some extent will be taken away by using low- index
substrate, but efficiency enhanced and bandwidth
expanded. Small antenna design is always a comr
promise among size, bandwidth and efficiency. In
order to obtain antennas with small size, high efft
ciency and broad bandw idth simultaneously, a nov
el micromachined multilayer antenna is presented in

this paper.

2 Broadband micromachined

stacked antenna

2.1 Antenna structure

The antenna element consists of a rectangle
patch, a shorting wall, a silicon wafer, a layer of
T eflon, a ground plate and a microstrip vibrator.
As shown in Fig. 1, the layer of Teflon is sand
wiched between the wafer and the ground plane.
T here is a via slot through the wafer and the Teflon
layer, and through it the shortened wall connects
the patch and the ground plate. High dielectric
constant of silicon ( € = 11.7) can miniaturize the
antenna, and the patch printed and etched on wa

fer can be integrated with other circuit convenient

ly.
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Fig.1 Layout of novel broadband antenna

By sandwiching a Teflorr layer between the
wafer and the ground, the excitation of unwanted
surface waves is suppressed drastically when the
antenna is working. The demand for central fre-
quency of the novel antenna is fc = 1.9 GHz.

2.2 Antenna design
2.2. 1

There are many methods that investigate

Effective permittivity

properties of monolayer microstrip in literature
. However in the fields of integrated circuits and
microstrip antenna, there is a trend towards fabri-
cating circuits made of more than one dielectric
layer. Numerical methods of Green’ s function and
conformal mapping method for calculation of multi-
layer microstrip properties have been described in
detail in many publicationsMS] . But a common dis-
advantage of these methods is that they require
long computation time or do not provide sufficiently
accurate results.

A method based on conformal mapping meth-
od for the solution of multilayer microstrip has been
put forth in“". The three layer structure of the
antenna ( Fig. 2(a)) will be conformally mapped
from the complex variable plane onto another plane
with the results as shown in Fig. 2(b), and Fig. 2
(¢ is the equivalent of Fig. 2(b). The individual
interfaces between dielectric layers &1 and &2, or
€, and &g, could be transformed. The degree of
filling the cross section of a microstrip in a g plane
by individual dielectrics & and &, is characterized
by afilling factor ¢, or g», which is defined by the
ratio of the area Sei( Se2) taken up in the cross sec-

tion by the res pective dielectric and the whole area
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Fig. 2 Conformal mapping of three layer microstrip line

% Then with

the aid of the conformal transformation, we can

of the cross section in the g‘plane[

derive relationship between the filling factors ¢

and ¢». For wide mirostrip ( w/ h > 1), we have:
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where
wo= w17, 08 Lt 0.92)] . (3)

for narrow microstrip( w/h < 1), we have
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Owing to the predominant character of the lines di-
viding the individual dielectric area in Fig. 2(b), it
is possible to substitute the cross section of lines in
the g-plane by an approximately equivalent struc-
ture in Fig. 2(¢). Consequently the effective per
mittivity is given as
(q1+ q2)°
€12+ &i1q1°
(6)

The antenna substrate is made from a wafer of 0.5

& = 1-q1— g2+ & &

mm high, a cavity 0. 25 mm high was created, so
h=0.5mm, hy =0.25 mm, &, = 1, €,= 11
7. According to above precondition, it is easy to

obtain €, = 3.95. We can determine the width of

the patch[xl
_ Ve g+ Lo
w = 2fr( ) (7)
where
V.= 3% 10°(m/s) , (8)
f,=1.9%x10°, & = 11.9

so we can obtain w = 20 cm.
2.2.2 Length and characteristic resistance
T he shortened rectangular microstrip antenna

is a quarter wavelength antenna, so it’ s length is

given byl()J
Ve
L = - AL, 9
¥ e (9)
where
(&+ 0.3)(w/h+ 0.264)
A= 04120 0 358) (w/h + 0.8) °

(10)

Al is the operrend effect extension length to the
antenna.

Because the electromagnetic coupling effect

between the additive microstrip vibrator and the
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drive patch could extend the antenna bandwidth
somewhat, if we let the drive patch and the addit
ive microstrip vibrator resonant at lower and upper
side of central frequency 1900 MHz, then the ar
tenna bandwidth could be extended. Hence, the
length of the antenna obtained from Eq. (9) is
about 20 mm, we let
L= 21 mm, ( (11)
T he characteristic resistance of the antenna is
Z.= Zo [&. . (12)
where Z, is the resistance of an air suspended mr
crostrip with the same dimensions as the antenna,

. 8
since w/ h > 1, from'* we can have

_ 1207
w/h+ 2.42— 0.44 hjw+ (1- hlw)®’

(13)
Substitute the values of w, h and & into Eq. (11)
and (12), then we have Zo = 48.9 Q.

Zy

3 Measurement and analysis

3.1 Measurement

T he measurements carried out on an Agilent
8720C vector netw ork analyzer show that there are
two resonant frequencies, one is 1. 86 GHz, and
the other is 1.98. The lower and upper ends of 10
dB bandwidth(Lrin <- 10 dB) is 1. 809 GHz and
1.97 GHz, respectively, so the band width is ap
proximate to 8. 6% (Fig. 3). The drift between
the design and measured frequencies is less than
3%. The measured impedance at the resonant fre
quency is 47. 8+ 0. 26 j. Discrepancies betw een the
design and measured parameters are given in T ab.

1.

Tab.1 The dscrepancies between the design and measured
parameters
Parameter Design Measured Discrepancies
Central frequency
of 10dB 1.9 1.890 < 1%
bandwidth ( GHz)
Characteristic
48.9 47.8+0.26j 2.31%
impedance( Q)

The antenna was also measured at the reso-
nant frequency using antenna measurement set-up.

The radiation patterns are shown in Fig. 4, and the

gain is 5. 87 dB.
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(a) yz-plane (b) xy-plane
Fig.4 Measured cuts of radiation patterns of the anter

na

Fig.5 Electromagnetic radiation from the whip antenna

of handset to human head

3.2 Analysis

The measured impedance bandwidth of the
shortened micromachined patch antenna approxi-
mate to 8. 6%, that is 3~ 4 times of that of conv-
entional microstrip antennas due to an electromag-
netic coupling effect between the drive patch and
the additive microstrip vibrator.

In the yz plane of the radiation pattern, the 3
dB beamwidth is 93°, and in the xy plane 135.
The results show that even if the antenna is on a
ground plane approximately the size of a handset
phone circuit board, most of the radiation is direct-
ed away from the user’ s head. For lower electro-
magnetic radiation to human head, the novel

broadband micromachined antenna is more propi-
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tious than whip and helix antennas for mobile
phone users . On the other hand, xy plane beam-
width is wide enough; it can ensure wide angular
coverage. Obviously, the radiation pattern of the
antenna is suitable for handset and cordless tele
phone.
3.3 Experiments on Motorola G18 evaluation
board
We have connected this novel microm achined
antenna to Motorola G18 Evaluation Board. it can
send short messages normally to GSM mobile
phone, and can receive short messages too. Conse
quently, the antenna meets the requirement for

portable com munication applications.
4 Conclusion

This paper has put forth the broadband mr

cromachined shortened stacked antenna using te-
florrsilicon substrate. In order to meet antenna
properties(bandwidth, beamwidth, gain and radi-
ation efficiency), this paper offers an easy method
to miniaturize size, broaden bandwidth and in-
crease efficiency by a sandwiched Teflon layer and
an additive microstrip vibrator.

T he broadband micromachined stacked anten-
na with shortened wall is only about an eighth
wavelength long, pretty smaller than a convention-
al half wavelength patch antenna. The measured
impedance bandwidth of the antenna is up to 8.
6%, the radiation pattern is suitable for cellular
handset and cordless telephone antenna applica-
tions. The merit of the micromachined patch an-
tenna show that antennas manufactured using mi-

cromachining techniques fit portable communica-

tion devices.
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