variation of P, with thickness is shown in Figure 7(b) at 0 V.
Pin is improved, that is lowered with the increases in d. At
larger d, the NEB is transit-time limited, and so the effect of
confinement becomes significant. It may be seen that the effect
of confinement is to deteriorate the P,,;, except for a smaller di-
ameter (e.g., 25 pm) and a smaller thickness (around 1 um)
when the confinement improves the minimum detectable power.

5. CONCLUSIONS

We have calculated the noise currents in a Ge-based schottky
PD considering the carrier confinement effect at the Si/Ge heter-
ointerface. The model results have been verified with experi-
mental data taken from literature. We see that the noise equiva-
lent BW of the detector is low at low bias because of the
recombination of holes during confinement at the Si/Ge hetero-
interface. For high enough bias, the confinement is absent and
the NEB reaches a constant value. The NEB/BW ratio indicates
that there may be existing choice of thickness for which noise
performance can be improved without affecting its high-fre-
quency performance. We see that in the noise performance, the
shot noise due to photocurrents and the thermal noise are mainly
significant in the noise performance of the PD. Results on S/N
ratio and minimum detectable power show that the effective
noise current increases with bias and thickness. At low bias and
large thicknesses, the effect of heterointerface confinement of
holes is significant. The heterointerface confinement improves
the noise performance of a PD having small dimensions (where
the RC effect is not significant) and operated at low bias.
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ABSTRACT: This article presents the results of a novel triangular
monopole antenna that exhibits multioctave performance. This
modification significantly improves the antenna’s impedance bandwidth
by 167% over an ultrawideband frequency. The antenna’s simulated
return-loss and radiation patterns show very good correlation with the
fabricated antenna’s measured results. © 2010 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 53:10-14, 2011; View this article online at
wileyonlinelibrary.com. DOI 10.1002/mop.25673

Key words: rectangular shape monopole antenna; small antenna;
ultrawideband antenna

1. INTRODUCTION

Ultrawideband (UWB) technology has undergone many signifi-
cant developments in recent years. However, there still remain
many challenges in making this technology live up to its full
potential. The work in this area gained impetus with the Federal
Communication Commission (FCC) permitting the marketing
and operation of UWB products within the band 3.1-10.6 GHz.
Commercial UWB systems require small low-cost antennas with
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Figure 1 (a) Configuration and parameters defining the proposed antenna and (b) photograph of the fabricated antenna prototype. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

omni-directional radiation patterns, large bandwidth, and nondis-
persive behavior [1]. The planar monopole antenna is one of the
candidate antennas, due to low-cost, broad bandwidth, and
attractive profile [2-7]. The triangular monopole antenna
mounted above a ground-plane was first proposed in [7], some
variants of this type of antenna in an effort to increase its band-
width have been studied [8, 9]. Although these techniques
enhance the antenna’s bandwidth, however, the results show
their bandwidth is limited to less than 100%.

In this article, we present a novel planar microstrip-fed trian-
gular monopole antenna that exhibits multioctave performance.
The design of the proposed structure is based on the antenna
presented in [10], but has a smaller size and a significantly large
operational frequency band. The triangular monopole antenna
includes notches above which is located a parasitic element in
the form of a narrow rectangular-shaped patch. The antenna’s
ground plane is truncated and includes slits on the sides. This
antenna designed operates over 3-33.5 GHz with §;; < —10
dB. Unlike other antennas reported in the literature to date, the
proposed antenna displays a good omni-directional radiation pat-
tern even at higher frequencies. The monopole antenna is ana-

DOI 10.1002/mop

lyzed using Ansoft’s high-frequency simulator (HFSS™) [11].
Simulated and measured results are presented to validate the
usefulness of the proposed antenna structure for UWB and mul-
tioctave applications.

2. ANTENNA STRUCTURE

Figure 1(a) shows the configuration of the proposed multioctave
monopole antenna which consists of an inverted triangular struc-
ture whose base includes two square shaped notches, and posi-
tioned above triangular base is a parasitic rectangular resonant
patch. The ground-plane is truncated, as shown in Figure 1(a),
and envelops the feedline to the radiating triangular patch. The
ground-plane includes a rectangular notch at its center and slits
at its sides. The proposed antenna is constructed from FR4 sub-
strate with thickness of 1.6 mm and relative dielectric constant
of 4.4. The width Wy of the microstrip feedline is fixed at 2
mm. The antenna’s dimensions are 26 mm X 32 mm (Lg,;, X
Weuwb). The parameter d = Ly — Ls, represents the gap between
the feed point to the triangular patch and the ground-plane. The
dimensions of the notch (Ly; x W3) embedded in the ground-
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Figure 2 Simulated return-loss characteristics of a triangular patch
antenna with different values of separation d

plane are important parameters in determining the sensitivity of
the antenna’s impedance match. The proposed shape of the trun-
cated ground-plane acts as an effective impedance matching net-
work to realize an antenna with a very wide impedance band-
width. This is because the truncation creates capacitive loading
that neutralizes the inductive nature of the patch to produce
nearly pure resistive impedance present at the antenna’s input
[3]. The flare angle of the antenna also affects its impedance
bandwidth. Here, the flare angle is set to be 90°. The narrow
rectangular parasitic patch helps improve the return-loss charac-
teristics (S1; < —10 dB) at the lower frequency band 3-4 GHz.
Also, as will be shown in Section 3, by introducing slits in the
sides of the ground plane and by carefully adjusting their dimen-
sions results in improvement of the antenna’s impedance match
over 3—4 GHz and higher frequencies. By properly selecting the
parameters of the slit dimensions (L, x W)), an impedance
bandwidth of 11.2:1 can be realized. The improvement in im-
pedance match over the multioctave bandwidth is attributed to
the phenomenon of defected ground structure (DGS) with slits
that creates additional surface current paths in the antenna.
Moreover, this ground-plane structure changes the inductive and
capacitive nature of the input impedance, which in turn leads to
change in bandwidth [12]. The photograph of the prototype
antenna is shown in Figure 1(b).
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Figure 3 Simulated return-loss characteristics of the proposed antenna
with different values of L, (W, is fixed at 1 mm)
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Figure 4 Simulated return-loss characteristics of the proposed antenna
with different values of W; (L, is fixed at 4 mm)

3. RESULTS AND DISCUSSION

The proposed antenna is investigated by changing one parameter
at a time, as fixing the others. To fully understand the behavior
of the antenna’s structure and to determine the optimum param-
eters, the antenna was analyzed using HESS™. The optimum
magnitudes of the physical parameters of the proposed antenna
are shown in Figure 1(a).

The separation parameter d = Ly — L3 is a parameter that
has a major effect on the antenna’s return-loss characteristics.
By adjusting d, the electromagnetic coupling between the lower
edge of the triangular patch and the ground-plane can be con-
trolled. Figure 2 shows the return-loss response for different val-
ues of d. It is observed that the impedance bandwidth is effec-
tively improved over the lower and upper frequencies as
separation d is changed. It can be seen that the lower frequency
of the impedance band is reduced by increasing the gap, but the
impedance match becomes even poorer for larger values of d.
This shows the sensitivity of the impedance match to this sepa-
ration distance. As indicated above, the ground-plane serves as
an impedance matching network, which is a function the separa-
tion distance d. The optimized separation distance d is 0.5 mm.

In this study, to enhance the impedance bandwidth character-
istic, two symmetrical located rectangular slits are embedded in
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Figure 5 Simulated and measured return-loss response of the proposed
antenna structure
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Figure 6 Measured radiation patterns of the proposed antenna in x-z and y-z plane at: (a) 4 GHz, (b) 7 GHz, and (c) 11 GHz

the ground plane of the proposed antenna, as depicted in Figure
1(a). Figures 3 and 4 show the return-loss response for several
values of L, and W,. These graphs indicate the importance of
adding the pair of slits in the ground plane. It is found that the
impedance bandwidth is greatly dependent on the dimensions of
the slits (L, x Wj). This phenomenon occurs because the slit
acts as current perturbation on the ground-plane. These parame-
ters are used to fine tune the impedance and determine the im-
pedance bandwidth that can be achieved. The simulated return-
loss responses with different values of L, are plotted in Figure
3. From the simulation results, it is found that the lower and
upper frequencies are significantly affected by varying the slit
length L,. Also, the return-loss curves with the optimal slit
length L, for various slit widths W, are plotted in Figure 4. It is
observed that the impedance match is effectively changed by the
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varying the size of slit width. As the slit width is increased or
decreased, the lower frequency of the return-loss response is
affected. The slit width is a critical parameter to determine
the lower and upper frequency of the impedance bandwidth.
The optimum dimensions of the slit are L, = 4 mm and W,
1 mm.

The impedance bandwidth was measured by using an Agilent
8722 Network Analyzer (50 MHz to 40 GHz). Figure 5 shows
good agreement between the simulated and measured results.
The disparity between the two responses is attributed to manu-
facturing tolerance and imperfect soldering effect of the SMA
connector. The antenna’s measured impedance bandwidth
extends from 3 to 33.5 GHz for which its return-loss characteris-
tic is better than —10 dB. This performance exceeds the UWB
as defined by FCC.
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Figure 6 shows the measured radiation patterns including the
co-polarization and cross-polarization in the H-plane (x-z plane)
and E-plane (y-z plane). It can be seen that the radiation patterns
in x-z plane are nearly omnidirectional for the three frequencies.

4. CONCLUSIONS

In this article, a compact planar triangular monopole antenna is
proposed that exhibits multioctave bandwidth performance and
easily satisfies the requirements for UWB applications. The
measured results show that the impedance bandwidth of the pro-
posed antenna is significantly improved with the inclusion of
square notches on the radiating patch, a narrow rectangular para-
sitic element located above the patch, and using a truncated
ground-plane containing side slits. The measured results show
good radiation patterns within the UWB frequency range.
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ABSTRACT: Dual-band ferrite chip antenna having 105 mm® of
volume was fabricated with Ba;CoFe»,04; (Co2Z)-glass composite and
antenna performance was evaluated. The permeability and permittivity
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of the composite were in the range of 1.92-2.12 and 7.33-7.45,
respectively, from 1.575 to 2.45 GHz. Magnetic and dielectric loss tan 6
of CoyZ-glass composite was <3.5% in the 1.5-3.0 GHz range. The 3D
average gain and bandwidth of the 40h-shake-milled and sintered Co,Z-
glass composite antenna were —1.27 dB and 355 MHz at 1.575 GHz,
—4.08 dB and 270 MHz at 2.45 GHz, respectively. Simulated S-
parameter spectrum is in good agreement with experimental results.

© 2010 Wiley Periodicals, Inc. Microwave Opt Technol Lett 53:14-17,
2011; View this article online at wileyonlinelibrary.com.
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Key words: dual band antenna; ferrite chip antenna; GPS; bluetooth;
hexaferrite

1. INTRODUCTION

Dual-band chip antenna was developed to work on both Global
Positioning System (GPS; 1.575 GHz) and Bluetooth (BT; 2.45
GHz) for wireless handset. To miniaturize the dual band antenna
to 100 mm® of the antenna volume, a radiator was embedded
between two dielectric slabs. However, this embedded dielectric
antenna shows low gain (GPS —2.6 dB, BT —2.4 dB) and nar-
row bandwidth (GPS 90 MHz, BT 130 MHz) [1]. However, the
use of ferrite allows for achieving higher gain and broader band-
width than the embedded dielectric antenna. Nonembedded radi-
ator structure of ferrite antenna leads to better performance,
while having the same volume of the embedded dielectric
antenna. This is because the ferrite possesses both permeability
and permittivity.

Recently, the low loss BasCo,Fe>4O4; (Co,Z) has been
developed [2, 3] to miniaturize the VHF ferrite antenna [4]. To
meet the GPS-BT dual-band frequencies, both magnetic and
dielectric losses of the Co,Z are needed to be low enough up to
2.45 GHz of the BT frequency. Therefore, the Co,Z—glass com-
posite was developed for use in the dual-band antenna. In this
article, the dynamic properties of the developed low loss Co,Z—
glass composite and performance of the dual-band Co,Z-glass
composite chip antenna are reported.

2. EXPERIMENTAL

The Co,Z-glass composite was used to fabricate the antenna
substrate. The Co,Z powder was prepared by the one-step mix-
ing and calcination process [3]. Borosilicate glass powder was
mixed with 40h-shake-milled Co,Z powder. The ring shaped
green bodies of the mixed powder were prepared by pressing
with a steel mold and followed by sintering at 950°C for 1 h for
dynamic magnetic characterization. Network analyzer (Agilent

—_————
Current path

10 mm

Volume: 105 mm?

Figure 1 Structure and dimension of dual band ferrite chip antenna.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]
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