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Abstract—The design of an octagonal-shaped microstrip-fed planar
monopole antenna for ultrawideband (UWB) operation is studied. Two
inverted T-shaped slits are embedded on the ground plane to allow
band rejection characteristic from 5 to 6 GHz (for VSWR < 2). To
enable switching capability for this band rejection function, a PIN
diode is connected to each slit via a specified chip inductor that will
be further investigated. Several prototypes were constructed and the
measured results show that the proposed antenna can provide an
operating bandwidth from 3.07 to 10.7 GHz, except for the rejected
band. Simulation analyses are also carried out to validate the
experimental results.

1. INTRODUCTION

Short-range indoor wireless communication devices with wideband
operation are a promising technology for future applications such
as modern electronics-healthcare system, wireless body area network
(WBAN) and wireless personal area network (WPAN). Hence, a single
antenna with wide enough bandwidth that will respond to multiple
band of interest is desirable for such devices, and the approval for
the unlicensed used of UWB application in 2002 has since open up
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a new era in antenna design between 3.1 to 10.6 GHz. Thereafter,
many different types of UWB antenna design with dissimilar sizes and
shapes are proposed [1-9]. Among these designs, the microstrip-fed
planar UWB antenna [9] has attracted significant attention due to its
compactness, high data rate, satisfactory radiation properties, ease
in fabrication, and low in manufacturing cost. For such design, its
impedance matching is commonly achieved by tuning the gap distance
between the patch and the ground plane.

Although the Federal Communications Commission (FCC) has
imposed a strict broadcast power distribution on UWB, so that
its emitting energy will not disrupt the existing applications such
as wireless local-area network (WLAN) for IEEE 802.11a and
HIPERLAN/2 operating in the 5.15 to 5.825 GHz band, a potential
interference to these bands are still possible to exist if the UWB devices
are within a close proximity. Therefore, a single band rejection function
(or also known as band notch function) for UWB antenna designed
with around 1 GHz depth from 5 to 6 GHz are extensively studied
recently. Besides the conventional techniques to achieve band rejection
by loading a single or multiple slot/slit onto the radiating element [10—
12], other unusual methods such as placing two parasitic patches near
the radiating element [13,14], inserting a quarter-wavelength stub or
dual stub within a slot [15,16], and the embedding of a resonant cell
or spur-line into the feeding-line are also reported [17-19]. From the
aforementioned, novel techniques that will allow band rejection for
UWB antenna have seems to be depleted, not until recently that a
defected ground-plane structure (DGS) has been noticed once again,
whereby the slot/slit from the radiating element are relocated to the
ground plane [20-22]. By employing such method, it is interesting
to realize that the average gain within the UWB is higher than the
conventional techniques [22]. Furthermore, it is also noteworthy that
even though a DGS such as slit loading the ground plane will excite a
rejected band, a different slit loading approach or slight modification
on the ground plane will also aids in improving the matching of the
input impedance at the higher frequency range [16].

For the above mentioned designs, the rejected band is irreversible
once the structure of the UWB antenna is fixed. Hence, an ON/OFF
control using PIN-diode switches are proposed [23, 24], and if frequency
agility for the rejected band is required, it can be achieved by replacing
the PIN-diode by a varactor diode [25,26]. Interestingly, the present
open-literatures on band rejection switching are still rarely discussed,
especially when the rejected band is excited from the ground plane
instead of the radiating element. Furthermore, the effects of the chip
inductor that are commonly used for RF isolation are not discussed
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either [23], and the possibility of achieving agility for the rejected band
using a varactor with a different value has also not been thoroughly
studied.

Therefore, the design of an octagonal-shaped planar monopole
antenna is initially studied [20]. By inserting two inverted T-shaped slit
at both sides of the ground plane, a band rejection function at around
5 GHz is excited. In addition, its ability to perform band rejection
switching is accomplished by simply replacing the two small patches
located at each vertical sides of the ground plane by two PIN-diodes,
thereby saving the trouble to create any additional narrow slits for DC
block, which is a common practice presented in [23,24]. Note that the
effects of different chip inductor values used for RF isolation, and the
possibility of achieving a tunable rejected band behavior by replacing
the PIN-diodes with varactor diodes are also investigated. In addition,
to ensure that the proposed antenna is applicable to any short-range
or high data rate UWB antenna, the frequency domain characteristics
are also measured and presented.

2. ANTENNA STRUCTURE

The geometry of the two octagonal-shaped prototype (A and B)
monopole antennas with DGS is presented in Figure 1. Both prototype
antennas are fabricated on a FR4 substrate of thickness 1.6 mm and
permittivity 4.4. The dimensions of the microstrip feed line is 11 mm x
3mm, and the radiating octagonal patch is with side length 6 mm and
apothem 7.5 mm. To achieve optimum impedance matching at UWB, a
3 mm square slit is loaded at the middle of the ground plane as depicted
in Figures 1(b) and (c). As for the proposed prototype A antenna, two
inverted-T shaped slits are loaded at each upper end of the ground
plane, so that a band rejection function can be achieved at around
5GHz. For this case, three vital parameters should be considered,
they are; dimension a (the horizontal length of the inverted-T slit),
dimension b (the vertical length of the inverted-T slit), and dimension
¢ (the distance away from the side of the ground plane). In order
to perform band rejection switching capability, two small portions of
ground plane located along dimension a are removed and replaced by
two PIN-diodes (SCT79) as depicted in Figure 1(c). Note that this
unique design is able to avoid the extra effort to embed an additional
DC block. As for the three chip inductors (JCI-2012C-27N) that are
employed as RF isolation of the ground patch from the 3 volts DC
battery source, two of the chip inductors are connected between the
positive terminal of the source and the antenna’s ground plane, while
only a single chip inductor is linked between the negative terminal and
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the ground plane. Note that the placing of these inductor chips is due
to the excitation of the rejected band is from the two slits embedded

30

30

()

Chip inductor PIN diode
(JUL2012C-27N) (SCT9)

(©

Figure 1. Geometry of the proposed ultrawideband antenna, (a) front,
(b) back — Prototype A, and (c) back — Prototype B. (Units in mm).
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in the ground plane.

3. UWB ANTENNA WITH BAND REJECTION
FUNCTION (PROTOTYPE A)

The case when only both inverted T-shaped slits are loaded (Prototype
A antenna) is first discussed. In this case, the 3 vital parameters, a,
b, and ¢, are discussed in details for achieving the desired notched-
band or depth. Figure 2 presents the measured return loss for various
dimension a while both b and ¢ are fixed at 3.5 and 2 mm, respectively.
From this figure, it clearly shows that an increase or decrease in a
will results in shifting of the rejected band to the lower or upper
frequency band, respectively. In addition, when a is either 4.5 or
3.5mm, a mismatch in impedance is observed at around 8 to 9 GHz
band. As for the measured return loss depicted in Figure 3 for various
dimension b while both a and c¢ are fixed at 4 and 2 mm, respectively, it
demonstrated a similar phenomena as in Figure 2 when b is increased
or decreased, except that the shifting of the rejected band is more
farther away with an increase in the notched depth. Here, it is also
observed that if b is selected to be 4.5mm or reduced to 2.5mm,
its lower-end operating frequency will be shifted higher to around
3.4 GHz, therefore unable to operate at UWB. Note that dimensions
a and b (which form the inverted T-shaped slit) are responsible for
the excitation of this rejected band which can be seen from the half
wavelength current distribution plot presented in the next section.
Therefore, the shifting of the rejection band can be achieved by simply
tuning both parameters. In Figure 4, an increase in dimension ¢ will
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Figure 2. Measured return loss
for the proposed prototype A with
various dimension a while b =
3.5mm, and ¢ = 2mm.

Figure 3. Measured return loss
for the proposed prototype A with
various dimension b while a =
4mm, and ¢ = 2mm.
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Figure 4. Measured return loss Figure 5. Measured and simu-
for the proposed prototype A with  lated return loss for the proposed
various dimension ¢ while ¢ =  prototype A.

4mm, and b = 3.5 mm.

only slightly enlarge the notched depth while the center of the notch
frequency lingers around the origin. Furthermore, if ¢ is increased up
to 3mm, an impedance mismatch will incur in the 8 to 10 GHz band.
Therefore, to achieve a rejected band centered at around 5.5 GHz with
a rejected bandwidth of around 1 GHz for prototype A antenna, the
optimum dimensions for a, b, and ¢ are set to be 4, 3.5 and 2mm,
respectively. Both the simulated and measured return loss of prototype
A are presented in Figure 5 with good agreement. The rejected band
for this case at along 10dB return loss is measured between 4.95 to
6.1 GHz with a center frequency f. calculated to be 5.525 GHz.

4. UWB ANTENNA WITH BAND REJECTION
SWITCHING FUNCTION (PROTOTYPE B)

A novel method of modifying prototype A antenna to achieve a
switching function on the rejected band is introduced in this section,
and its photograph is shown in Figure 6. As aforementioned, by simply
turning “ON” or “OFF” the 3 volts supply via the three chip inductors,
the two loaded PIN-diodes on prototype antenna B will control the
switching of the rejected band. Figure 7 presents the return loss
results for the proposed prototype B antenna with switching function.
With the 3 volts supply switched “OFF”, which in turn will set both
PIN-diodes at “OFF” states, the return loss in this case is similar
to the original antenna without any T-shaped slits loaded (prototype
C), demonstrating a common UWB antenna operating between 3.09
to 10.08 GHz. When the voltage supply is switched “ON”, both PIN-
diodes will be at “ON” state as well, and a rejected band measured
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Figure 7. Measured return loss
for the proposed prototype B
with PIN-diodes switched “ON”
or “OFF” in comparison to pro-
totype A and C.

Figure 8. Measured results for
prototype B loaded with different
value of chip inductors for RF
isolation when the supply/switch
is at “ON” state.

from 5.01 to 5.89 GHz is presented. Although the depth of the rejected
band (from 5.01 to 5.89 GHz) for prototype B is slightly narrower than
prototype A, it is still within the rejected band of interest for IEEE
802.11a. Furthermore, a much better impedance matching at the lower
and upper band is also observed besides the rejected one.

During the experimental measurement, it was realized that the
value of the embedded chip inductors will also affect the performances
of the UWB antenna, especially the rejected band. Note that due to
limited resources, only 3 types of chip inductor (model: JCI-2012C)
with different values of inductance at 15nH, 27nH (proposed), and
39nH are available to the authors. Figure 8 presents the return
loss of prototype B when different chip inductors are loaded with the
voltage supply at “ON” state. In this figure, it is interesting to learn
that a decrease or increase in chip inductance values for RF isolation
will cause a shift in the rejected band to the lower frequency. This
phenomenon could be related to the impedance excited by the rejected
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band at 5.6 GHz, whereby the chip inductance at 27nH is somehow
matched to the rejected band. Notably, a slight shifting in the lower
frequency band that moves beyond the required lower-end frequency
(3.1 GHz) for UWB is also observed.

Figure 9 presents the peak gain variation for all prototype
antennas. When the diodes are switched from “OFF” to “ON” state,
the gain for prototype B is decreased sharply by 7dB at the rejected
band. Furthermore, prototype B has demonstrated a lower gain along
the band of interest (except the rejected band) as compared to the
prototype A, which could be due to the power dissipation in the
diodes. Note that similar phenomenon is also observed for prototype
C as well. To further validates that this drastic reduction in gain
measured at 5.6 GHz is due to the two loaded slits, the simulated
current distribution diagram of prototype B at the rejected band
is presented in Figure 10. In this figure, a half-wavelength current
distribution is observed along the inverted T-shaped slits, whereby
this excited resonance is highly dependent on the dimensions a and b
as presented in Figures 2 and 3, respectively. The measured radiation
patterns of prototype B in the two principal planes at 4, 7 and 10 GHz
are shown in Figure 11. A near omni-directional pattern is observed
at the zz plane for 4 and 7 GHz. Note that Figure 11 is plotted when
the switches are at “ON” states, and its patterns are almost identical
when the switches are at “OFF” states. Hence, for brevity, only the
“ON” states radiation patterns are plotted.

To obtain the frequency-domain characteristics, two identical
prototypes B at “ON” state are placed in an Anechoic Chamber with
co-polarized position (face to face), and the distance between them is
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50mm. The measured group delay in Figure 12 has demonstrated a
delay of less than 1ns within the UWB operation, except within the
rejected band which shown a delay of more than 8ns. It thus verified
that the overall transmission performances of this proposed prototype
B are adequate for any short-range UWB communication applications.
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Figure 11. Measured radiation patterns of prototype B at 4,
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Lastly, during the investigation on prototype B, a question was
raised if a tunable band rejection function can be achieved if the two
loaded Pin-diodes are replaced by varactor diodes as studied in [25].
Hence, an experiment was conducted by employing two varactor diodes
(model: SMV-1232) that will provide a variable capacitance values
from 0.72 to 4.15 pF by tuning the voltage across it from 15 to 0 volts.
From the results presented in Figure 13, the return loss at UWB are
almost the same when the capacitance value is tuned from 0.72 to
3.22 pF, except a slight variation at the upper-end of the rejected band
is observed at 3.22pF. When the capacitance value is increased to
4.15 pF, the upper-end of the rejected band is increased from 5.89 to
6.2 GHz, while its lower end at around 5.01 GHz remains the same.
Although this phenomenon is slightly different to [25], whereby a
distinct variation is observed, this result provides yet another method
to fine tune the bandwidth of the rejected band.

5. CONCLUSIONS

A microstrip-fed octagonal-shaped monopole antenna for UWB
applications with a rejected band at around 5 to 6GHz was
successfully investigated. Furthermore, parametric studies have also
been conducted to provide vital information on how the various
parameters of the embedded slit can affect the frequency and depth
of the rejected band. A switching function on the rejected band
was successfully demonstrated when the PIN-diodes were loaded to
the antenna, and it was interesting to realize that the inserted
chip inductors for RF isolation will also affect the performances
of the rejected band. Further studies from the frequency-domain
characteristics have shown a stable transmission within the band of
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interest, and hence the proposed antenna is in favor for any short-
range UWB communication applications.
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