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A Novel Pattern Diversity Reflector Antenna Using
Reconfigurable Frequency Selective Reflectors

I-Young Tarn and Shyh-Jong Chung, Senior Member, IEEE

Abstract—A radiation pattern diversity reflector antenna is in-
vestigated. Novel switchable frequency selective reflectors are de-
signed and developed to construct a square corner reflector an-
tenna. By controlling a switching device on the frequency selec-
tive reflector, one can make it opaque or transparent to a vertically
polarized incident wave. This antenna is fed by a monopole. By
configuring the switch states of the frequency selective reflectors,
various beam shapes can be formed and steered. Measured results
of the antenna show good agreement with the calculated ones.

Index Terms—Corner reflector, radiation pattern diversity, re-
configurable frequency selective reflector.

I. INTRODUCTION

OR utilizing the limited spectrum efficiently, the tech-
F nology of radiation pattern reconfigurable antennas
[1]-[15] is often applied. The radiation pattern diversity opera-
tion offers optimized coverage by producing stronger gains in
specific directions to increase the power intensity of the signal
and an omni-directional pattern when communication in all
directions is required. This type of antennas is an excellent
candidate to reduce the multi-path interference and to enhance
the communication link performance because of the adaptive
patterns it provides.

Many pattern reconfigurable antennas stem from Yagi-Uda
antenna design [4]-[10] and switched parasitic array [11]-[15].
The directivity and orientation of the radiation pattern are under
the control of different combinations of switching states. This
provides a simple and flexible way for pattern beam-forming.
In [4], an active monopole is surrounded by a relatively large
number of parasitic elements terminated by two different
switchable loads. Whereas in [5]-[7], the antennas maintain
the basic Yagi-Uda type but the parasitic monopole elements
around the active monopole antennas are loaded alternatively,
either short or open. Since the loads attached to the para-
sitic monopoles alter the effective lengths of monopoles, the
electromagnetic interactions between monopoles result in
beam-formed patterns. Cylindrical rod monopoles are used in
[5] and [7], while cylindrical rod monopoles with disc plates
which help reducing the height of antenna are disclosed in [6].
In [8]-[10], printed strips on the substrate are adopted for use
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Fig. 1. Configuration of the pattern reconfigurable reflector antenna.

as the active and parasitic monopoles instead of the cylindrical
rod monopoles to reduce the complexity substantially. The
switched printed parasitic monopoles are length-tunable by
directly changing the length of short-ended parasitic monopoles
with switches [10]-[12].

In this paper, a new pattern reconfigurable antenna, which
has the same applications and similar results as [11] and [12]
yet based on a thoroughly different principle, is proposed. This
antenna, which evolved from the corner reflector antenna, has
four rectangular plates standing erectly on the ground plane and
enclosing the substrate backed strip monopole in the center.
Each rectangular plate is a reconfigurable frequency selective
reflector (RFSR) with two loop resonant elements, whose trans-
mission/reflection characteristic is designed to be controlled by
one switching device. That is, only four switches are enough
for configuring the reflection states of the four side walls of the
proposed 90° corner reflector antenna, so as to adaptively form
the radiation patterns. The switching circuitry, bias lines, and
impedance matching networks of this antenna are hidden be-
neath the ground plane, which can avoid the undesired electro-
magnetic interactions. In addition, this antenna features beam
tilting property, which can reduce the co-channel interference.
Thus, it is highly suitable for modern base station antenna ap-
plications and the areas of WiFi and WLAN networks.

The proposed antenna innovatively combines an inventive
RFSR design concept and the idea of realizing the pattern diver-
sity function by corner reflector antenna. Moreover, these two
individual methodologies developed can be extended for future
reconfigurable electromagnetic structure designs and radiation
pattern reconfigurable antennas respectively, so they are worth
paying more attention to and making further investigations.

II. ANTENNA CONFIGURATION

The pattern reconfigurable reflector antenna, as shown in
Fig. 1, comprises a feeding monopole antenna in the center, four
rectangular plates on the sidewalls of the square corner reflector
antenna, and a finite square ground plane on which the former

0018-926X/$26.00 © 2009 IEEE



3036

elements are mounted. Planar RFSR is applied to implement
the rectangular plates on the sidewalls. The transmission and
reflection property of the RFSR can be controlled by changing
the switch state. For one state the RFSR acts as a metal plate,
while for the other state it is transparent to the waves from/to
the feed antenna. Four switches (A, B, C and D) connecting
the frequency selective elements on the RFSR and the ground
plane are located on the four sides respectively. The pattern
of a corner reflector antenna varies with the number and the
arrangement of the reflectors. With various combinations of the
switch states, multiple patterns can thus be formed.

The ground plane, which is also the reference for the
impedance matching circuit, was made on the top surface of
an FR4 substrate with dielectric constant of 4.4. The matching
microstrip line for the center feed antenna was printed on the
backside of the same substrate, and prior to that, the impedance
of the fabricated antenna had been measured. In the proposed
antenna configuration, the switches and their associated cir-
cuitry, e.g., the bias lines, can be placed behind the ground plane
but not within the region where electromagnetic waves propa-
gate. This arrangement minimizes the adverse influence caused
by the undesired yet necessary presence of those elements.

The center frequency of the pattern diversity reflector antenna
is designed at 2.45 GHz. A quarter-wavelength monopole serves
as the driving element, which is 2 29.8 mm X 2.4 mm metal strip
printed on a 1.6-mm thick, 4-mm wide and 30.5-mm long FR4
substrate.

A conventional corner reflector is a directional antenna con-
sists of two intersecting flat conducting plates of infinite extent.
The pattern shape, gain and feed point impedance are all func-
tions of the feed-to-corner spacing and corner angle [16]—-[18].
Finite extent plates will result in a pattern broader than that
for infinite plates. In addition, the height of the plate is usually
chosen to be from 1.2 to 1.5 times the length of the feed so as
to minimize the direct radiation by the monopole feed into the
back region. The heights of the reflectors are thus designed to
be 40 mm in this work.

In order to obtain multiple symmetric patterns, RFSRs with
identical dimensions are used to construct the reflector plates in
this work. Initially, the vertical reflector surfaces and the hori-
zontal ground plane were assumed to be perfectly conductive.
The vertical feed monopole was in the center of the reflectors.
Corner reflector antennas with the reflector surfaces forming an
equilateral triangle, a square, a pentagon, a hexagon and an oc-
tagon in various sizes were analyzed. Among these, the square
one was selected because it has the best directivity with any
two adjacent reflector surfaces being perfect conductors and the
other two surfaces being void. Fig. 2 shows the simulated peak
gains for various widths of the two adjacent reflectors. The max-
imum peak gain is 7.30 dBi when the widths are 120 mm. The
reflector plates were then determined to be 120 mm x 40 mm
and the ground plane measures 140 mm x 140 mm. The sim-
ulated 3-D pattern of a corner reflector antenna in this config-
uration is displayed in Fig. 3. The peak gain is at (§ = 42°,
¢ = 225°), the 3-dB beamwidth is about 105° and the 3-dB
beamwidth in the XY plane is about 60°. Enlarging the heights
of the reflector plates will improve the directivity but at the cost
of the increased antenna volume.
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Fig. 2. Simulated peak gains of the square corner reflector for various widths
of the reflectors with the heights of the reflector fixed at 40 mm.
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Fig. 3. Simulated 3-D pattern of the square corner reflector antenna.
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III. NOVEL RECONFIGURALBE FREQUENCY
SELECTIVE REFLECTOR

The notion of the RFSR originates from the frequency se-
lective surface. A frequency selective surface is usually an as-
sembly of identical elements periodically arranged in a one or
two dimensional array that can provide frequency filtering to
incoming electromagnetic waves. Similar to the frequency fil-
ters in traditional RF circuits, the frequency selective surface
may have bandpass or band-stop spectral behavior. The fre-
quency response of the reflection (or transmission) coefficient
for a frequency selective surface depends on the geometry of
its constituent elements and the arrangement of the array. The
frequency response is changeable. In general, a great number of
actuators [19], PIN diodes, MEMS switches, or silicon switches
[20]-[23] are needed. In this paper, a simple design with mini-
mized number of switches is proposed to develop the RFSR.

Researches on both the underlying theories and practices of
many frequency selective elements have been well established
[24]-[26]. Square loop element is the one having simple and
effective structure. It has a relatively wide frequency bandwidth,
and its resonant frequency is fairly stable with respect to changes
in incident angle and polarization. Besides, the reflection phase
curves of the square loop structures are less sensitive to oblique
incidence [27]-[29].
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Fig. 4. Geometry and parameters of the RFSR.

In virtue of its symmetric geometry, the square loop elements
works well for circular polarization waves. Nonetheless, the
feed monopole in this paper is a linear polarization antenna.
That means the width and length of the loop have not to be the
same; there are more degrees of freedom in design to fit the fre-
quency selective structures into the reflector plates of the corner
reflector antenna at the same time maintain good performance.
Therefore, this type of element, more exactly the rectangular
loop, was adopted for this work.

In principle, the total length of a loop type resonator should
be about one wavelength. As shown in Fig. 4, two parallel
rectangular loop elements are printed on a 120 mm x 40 mm
FR4 substrate with thickness of 0.8 mm. A printed metallic line
with a length of about a half wavelength is created to connect
these two rectangular loops. The frequency selective elements
are designed such that whose current distributions change
significantly with the switching state and hence there would be
a conspicuously difference in frequency response.

Consider first the case where only two rectangular loops exist
on each reflector plate but without the connecting metallic line.
When a vertically (z-) polarized plane wave is incident normally
on the rectangular loops, strong currents with distributions like
Fig. 5(a) would be induced due to the resonance of the loops.
The induced currents on the two vertical segments of each loop
have the maximum levels and keep in the same direction. No-
tably, due to symmetry, the center points of horizontal segments
of the loops are open-circuited and thus have vanishing currents.
The strong in-phase currents on the vertical segments of the
loops re-radiate the electromagnetic field toward both sides of
the reflector plate. The re-radiated field would cancel the inci-
dent field in the wave incoming direction while generate a wave
propagating toward the opposite direction. That is, the incident
waves are reflected.

Now consider the existence of the metallic line connecting
the loops. This line, together with the horizontal ground plane,
forms a half-wavelength transmission line. As a normally in-
cident plane wave illuminates on the rectangular loops, all the
induced currents should be symmetrical to the perpendicular
plane passing the midpoint of the metallic line. It means that
the current at the midpoint is null and the transmission line
shows an open circuit at that position. This open circuit then
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Fig. 5. (a) Induced currents on the two rectangular loop elements. (b) Induced
currents on the proposed RFSR in the off-state. (c) Currents caused by termi-
nating the middle of the metallic line to the ground.

causes short circuits at the two ends of the line when trans-
formed back through the quarter-wavelength transmission line
segments, which in turn destroys the resonant current distribu-
tions on the loops. The induced currents on these out-of-reso-
nance loops would become weak, as shown in Fig. 5(b), and thus
produce negligible re-radiation fields. The reflector plate is thus
transparent to the incident wave. It is noticed that although hor-
izontal currents are induced on the metallic line, the contributed
re-radiation fields can be ignored due to the cancellation from
the image currents (not shown in the figure) on the ground plane.

On the other hand, when the midpoint of the metallic line is
short-circuited to the ground by a switch, the half-wavelength
transmission line appears open-circuited at the two ends and
thus supplies no current to the loops. The rectangular loops
would therefore retain the strong resonant currents as shown in
Fig. 5(c). Under this condition, the reflector plate will reflect
back the incident wave as in the case without the metallic line.



3038

Transmission coefficient (dB)

20

20 25 (mm)

30 W\oov

Fig. 6. Simulated on-state transmission coefficients for various Lio, and
Wioop at 2.45 GHz.

Reflection coefficient (dB)
s

25 mm)
2073, W\OOQ(

Fig. 7. Simulated off-state reflection coefficients for various Ligop and Wigop
at 2.45 GHz.

The full-wave electromagnetic software Ansoft HFSS [30]
was employed to analyze the RFSR structure. The rectan-
gular loop element on the RFSR is designed to resonate at
2.45 GHz for vertically polarized plane waves. The simulated
on-state transmission and off-state reflection coefficients for a
normally incident plane wave are plotted in Fig. 6 and Fig. 7
respectively. The loop sizes Ligop and Wi, are varied with
constant metal width Tioop(= 2.5 mm) and metallic line’s
length 2Ly;,.(= 60 mm). Here, a short metal strip connecting
the midpoint of the metallic line and the ground plane is used to
imitate the switch in on-state, and nothing between the midpoint
and the ground represents the switch in off-state. As observed
from the figures, when Lo, = 32 mm and Wi, = 14 mm, a
low transmission coefficient for the on-state and a low reflection
coefficient for the off-state are obtained.
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Fig. 8. Simulated on-state transmission coefficients and off-state reflection co-

efficients at 2.45 GHz for various Lline (Li,op = 32 mm, Wiop = 14 mm,
and Tjoop = 2.5 mm).
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Fig. 9. (a) Transmission coefficient curves for various widths of the loop in the
on-state. (b) Reflection coefficient curves for various widths of the loop in the
off-state.

Then, the frequency selective property with respect to the
transmission line was analyzed. It is found from Fig. 8 that the
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Fig. 10. (a) Simulated induced current density distribution for the proposed
design in the off-state. (b) Simulated induced current density distribution for
the proposed design in the on-state. (c) The simulated induced current density
distribution over the rectangular loops.

length of the printed metallic line should be 60 mm (Lijipe =
30 mm). The width of the line yields no significant effect on
the electrical length and was set to 1 mm. The spacing between
metallic line and the ground plane is 0.5 mm.

However, the trace width of the loop (Tjcop) is an impor-
tant parameter. A greater Tioo, results in a wider transmis-
sion bandwidth and tends to resonate at higher frequency
for the on-state, while the reflection curves scarcely vary
with Tioop for the off-state, as shown in Fig. 9. Tioep is
determined to be 2.5 mm such that this design is opaque
(transmission coefficient = —16.4 dB) in the on-state and
transparent (reflection coefficient = —23.9 dB) in the off-state
at 2.45 GHz.

The simulated induced current density distributions for 2.45
GHz vertically polarized waves for the proposed design in the
off-state and on-state are shown in Fig. 10(a) and Fig. 10(b)
respectively. The current density distribution over the rectan-
gular loops only, without the metallic line, is also depicted in
Fig. 10(c) for comparison. Due to the proximity coupling be-
tween the rectangular loops and the metallic line near the joining
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Fig. 11. Photo of the finished pattern reconfigurable reflector antenna.

TABLE I
DEFINITIONS OF THE SIX FUNDAMENTAL CASES AND THEIR CORRESPONDING
PARAMETERS OF THE PATTERN RECONFIGURABLE REFLECTOR ANTENNA

Casel Case2 Case3 Case4 Case5 Case6
A 1 0 1 0 0 1
5z B 1 0 1 1 1 1
Bl
&% C 0 0 1 0 0 0
D 0 0 1 0 1 1
0
Simulated peak  6-30°, o 6=39°, ;‘: 39 o 636
gain direction  ¢=225° ¢=270° o ¢=180°
= 180
Simulated 3-dB 1,00 0 N/A 1900 NA 159°
beamwidth
Simulated peak ¢ o7 551 356 524 466 619
gain (dBi)

points, the two opens in the on-state (Fig. 10(b)) do not ex-
actly occur at the joining points but move closer towards the
center. However, the geometrical resonances still remain. It is
obvious that the induced currents on the rectangular loops in
Fig. 10(b) and Fig. 10(c) are approximately the same level and
much stronger than that in the off-state (Fig. 10(a)).

IV. MEASUREMENT RESULTS

The photograph of the finished antenna is shown in Fig. 11.
Radiation patterns with different shapes and orientations can
be achieved by various combinations of the switch states. The
on- and off-states were realized by directly soldering the middle
point of the metallic line to the ground plane and de-soldering
respectively.

Due to the symmetry of the antenna architecture, there are six
fundamental cases. The definitions of the cases and their cor-
responding antenna parameters are listed in Table I, where O
stands for switch off and 1 for switch on. The 3-dB beamwidths
are the half-power beam angles in the azimuth plane with 6 at the
peak gain directions. It is clear that Case 1, 4 and 6 have direc-
tional patterns while Case 1 produces the maximum gain. The
pattern of Case 5 is bidirectional because two of the switches
on the opposite sides are in the same state and vice versa. When
the switches are all on or all off, the pattern is omni-directional.
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Fig. 12. Reflection coefficients of the finished antenna.
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Fig. 13. Simulated and measured patterns of Case 1 at 2.45 GHz (a) for various
azimuth cuts, and (b) in ¢ = 225° plane.
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Fig. 14. Simulated and measured patterns of Case 2 at 2.45 GHz (a) for various
azimuth cuts, and (b) in ¢ = 0° plane.
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Fig. 15. Simulated and measured patterns of Case 3 at 2.45 GHz (a) for various
azimuth cuts, and (b) in ¢ = 0° plane.

Since Case 1 provides the maximum peak gain, the
impedance of the active element was matched under this
case. The measured reflection coefficients of the finished an-
tenna for the six cases against frequency, and the simulated
result of Case 1, are shown in Fig. 12. It can be seen that the
—10 dB bandwidth for Case 1 is from 2.09 GHz to 2.57 GHz
(about 19.6%). The narrowest bandwidth occurs for Case 2,
which is only 200 MHz (from 2.22 GHz to 2.42 GHz). The
bandwidths of the other cases cover at least 2.19-2.50 GHz.

The measured co-polarization patterns of Case 1, a directional
case with the highest gain, at the 2.45 GHz are displayed in
Fig. 13. As can be seen, the measured patterns agree well with
the simulated ones in the main beam region, whereas with dis-
similar side-lobes. The peak gain of 5.99 dBi was measured at
(6 = 45°, ¢ = 225°). The measured side-lobe level and 3-dB
beamwidth in ¢ = 225° plane are 12.17 dB and 52°, respec-
tively. The measured patterns of Case 2 to Case 6 are shown in
Fig. 14 to Fig. 18. Their peak gains are 1.74, 2.47, 3.05, 3.61,
and 5.60 dBi, respectively. Case 2 is the one whose measured
pattern less closely coincides with the simulated one, while the
other cases exhibit good consistency. Obviously, the patterns are
apt to be directional with their main lobes pointed toward the
orientation where the switch states are off. It is evident from

8
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Fig. 16. Simulated and measured patterns of Case 4 at 2.45 GHz (a) for various
azimuth cuts, and (b) in ¢ = 270° plane.
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Fig. 17. Simulated and measured patterns of Case 5 at 2.45 GHz (a) for various
azimuth cuts, and (b) in ¢ = 0° plane.
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Fig. 18. Simulated and measured patterns of Case 6 at 2.45 GHz (a) for various
azimuth cuts, and (b) in ¢ = 180° plane.

these results that multiple shapes of patterns, both omni and di-
rectional, are provided with this antenna.

The simulated antenna radiation efficiencies of all cases are
around 98%. The power dissipation mainly takes place in the
substrate because of the high loss tangent of FR4. In practice,
except for Case 4 and Case 5, the measured efficiencies are
higher than 80%. The reason why those two cases are less ef-
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ficient could be the imperfection in workmanship of the RFSR
plates on A and C sides, which causes a little higher reflection
in off-state than that of the others two plates.

V. CONCLUSION

In this paper, a radiation pattern reconfigurable antenna has
been presented. It evolved from the corner reflector antenna.
A novel concept has been proposed to control a surface to be
transmissive or reflective to waves at designated frequency with
only one switching device. The RFSR plates were used on the
side walls of the corner reflector antenna. This antenna provides
six fundamental patterns by various combinations of the switch
states. The pattern can also be steered to rotate in azimuth plane
electronically. By comparison, the maximum measured peak
gain of the finished antenna is 5.99 dBi, and the maximum simu-
lated peak gain of 6.77 dBi is close to the maximum achievable
gain of 7.30 dBi that assumes the side walls of the corner re-
flector antenna to be perfect conductors instead of RFSRs in the
same configuration. This fact shows the RFSR plates in this an-
tenna are nearly perfectly conductive when acting as reflectors
and almost transparent when in the other state. A better gain and
improved back-lobes could be accomplished by increasing the
dimensions of the reflectors.

The successful development of the antenna demonstrates the
feasibility and performances of using the concept of corner re-
flector to realize the radiation pattern diversity. It is possible to
extend this type of antenna to circular polarization version and
for multi-band operation on the basis of investigations in this
work.
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