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Abstract— Novel design concept of reconfigurable full-metal
cavity-backed slot antennas (CBSAs) using movable metal posts
is proposed in this article. It is found that the cavity mode with
purely directional electric field is only affected by the metal post
to be placed in parallel to its electric field. Thus, two orthogonal
cavity modes TE101 and TE011 can be perturbed by two respective
metal posts so as to independently tune the resonant frequencies
of these two modes. Electromagnetic energy of the cavity modes
can be radiated out through the slots on the top wall of the
cavity. In this context, reconfigurable slot antennas with differ-
ent functionalities, such as single-band, dual-band, dual-mode
wideband, the tunable frequency with constant bandwidth, and
tunable bandwidth with constant frequency, are thus constituted
to demonstrate its attractive design feasibility. The frequency-
reconfigurable cavity-back slot antenna with movable metal posts
is proposed for the first time. The utilization of the metal posts
allows us to achieve a continuous frequency tuning property,
while the full-metal structure of the proposed antenna holds a
high power-handling capacity and a high radiation efficiency.
In final, a prototype of the dual-mode wideband slot antenna
is designed, fabricated, and tested to reveal its total efficiency
higher than 88% and stable radiation pattern over the tuning
band. Good agreement between the measured and the simulated
results well validates the presented design concept.

Index Terms— Cavity-backed slot antenna (CBSA), full-metal,
independent tuning, movable metal posts, reconfigurable
antenna.

I. INTRODUCTION

RECONFIGURABLE microwave circuits and antennas
have been attracting much attention nowadays in the

development of various modern communication systems, due
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to their attractive performances with varying and multiple
frequency bands of operation. Among them, a reconfigurable
antenna is highly demanded for transmitting and receiving
wireless signal in these systems. For this purpose, a variety
of reconfigurable antennas have been extensively designed and
implemented on planar structure via the utilization of electron-
ically controlled devices, such as microstrip antennas [1]–[6]
and SIW slot antennas [7]–[9]. In [4], varactor diodes were
utilized to bridge two portions of a patch antenna, by biasing
the dc voltage of the diodes, tunable loading capacitance and
tunable operating frequency were obtained. In [9], the switches
were used to bridge the radiation-produced crossed-slots of the
SIW cavity antenna, the OFF-state or ON-state of the switches
could be selected to change the length of the slots, and thus
achieved the agilities of frequency, polarization, and radiation
pattern.

However, these reconfigurable antennas based on the elec-
tronic device often suffer from low power-handling capacity,
low radiation efficiency, and high noise behaviors. Recently,
the reconfigurable antennas based on dielectric fluids [10]–[14]
and liquid metal [15]–[18] were researched and proposed
to partly overcome these issues. The loading of dielectric
fluids could adjust the effective dielectric constant to produce
a frequency shift, while the liquid metal physically could
modify the entire antenna structure as a parasitic element.
Therefore, the performances of the antenna, such as operating
frequency, polarization, and radiation pattern could be properly
changed. In [12], the transformer oil was injected into the
container below the patch antenna to obtain a tunable operating
frequency. In [15], the liquid metal was injected to cover the
slots on the patch to modify the effective size of the patch
modes TM10 and TM30, thereby causing a frequency shift.
Herein, the injection of dielectric fluid and liquid metal could
be controlled by using syringes or micropump to obtain a
pressure difference.

Consider the fact that the aforementioned reconfigurable
antennas on planar structure often suffer from relatively
low power-handling capacity and relatively low efficiency,
the metal cavity slot antennas have been widely developed as
an alternative candidate. In [19], a tunable evanescent-mode
cavity slot antenna using electronically controlled piezo disk
was reported, the tunable frequency was obtained by changing
the micro gap between the cavity post and the piezo disk.
However, this method suffers from the sensitive fabrication of
the micro gap, which may reduce the power-handling capacity.
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In this aspect, the metallic tuning screws or posts have
been used to design tunable microwave filters [20], [21] and
antennas [22]–[25]. The antennas in [22]–[25] focused on the
reconfiguration of radiation pattern and polarization. In [25],
the tuning screws were inserted into the waveguide-based
power dividers to obtain a phase change of the transmitted sig-
nal, and the steering beam was thus obtained. However, as far
as the authors know, the frequency-reconfigurable full-metal
cavity slot antenna based on the metallic tuning screws has not
been reported so far, which is our main focus in this presented
work.

In this article, a novel class of reconfigurable full-metal
cavity-backed slot antennas backed by the cavity with movable
metal posts is proposed. The metal post can be moved to
bring out perturbation on the cavity modes, and thus produce a
frequency shift as desired. Next, two orthogonal cavity modes
TE101 and TE011 are independently tuned by moving two
respective metal posts, which are parallel to their own electric
fields. Thus, single-band, dual-band, dual-mode wideband
reconfigurable antennas are realized using this design method.
A dual-mode wideband antenna prototype is finally fabricated
and tested to demonstrate its attractive features in tuning the
center frequency with constant bandwidth and the bandwidth
with constant center frequency. Good agreement between the
simulated and measured results is achieved in the interested
band of operation, thus validating the proposed design concept.

II. RECONFIGURABLE CAVITY-BACKED SLOT ANTENNAS

A. Reconfigurable Single-Band Antenna

Fig. 1 depicts the physical structure of the reconfigurable
single-band cavity-backed slot antenna to be presented. It is
composed of a resonant cavity with a radiation slot and a
feeding slot, a coaxial-to-waveguide transition formed by a
feeding cavity and an SMA port with an extended probe, and
a loaded metal post on the side wall. The coaxial-to-waveguide
transition is used to excite the desired cavity mode through the
feeding slot. The feeding slot introduces an electric field along
y-axis, namely, Ey , and then excites the cavity mode TE101

whose electric field is along the y-axis. Besides, the radiation
slot is set across the Ey so as to radiate the energy of TE101

mode. The metal post is set along the y-axis to bring out proper
perturbation on the TE101 mode toward frequency shift.

Fig. 2 shows the simulated |S11| without and with the loaded
metal post. It can be seen that the resonant frequency of the
TE101 shifts to a lower frequency by virtue of the metal post.
To clearly provide an insight into the effect of the metal post,
the electric and magnetic field distributions at two frequencies
are provided in Fig. 3. Fig. 3(a) and (b) indicates that the
electric field (E-field) is purely along the y-axis and the
magnetic field (H -field) is in a loop at the xz plane with a
null in the middle part. As the metal post is introduced, the
electric field is still along the y-axis with a small inflection
around the metal post, while the magnetic field in the middle
part becomes stronger, as shown in Fig. 3(c) and (d). This
means that the metal post hardly affects the electric field, but
arouses a large effect on the magnetic field. Thus, the metal
post brings out an inductive loading on the TE101 mode.

Fig. 1. Proposed reconfigurable cavity-backed slot antenna using movable
metal post. (a) 3-D view. (b) Side view at xz plane. (c) Side view at yz plane.

Fig. 2. Simulated |S11| with different lengths of the metal post. Dimensions
(Unit: mm): a = 64, b = 60, c = 46, p = 50, q = 32, s = 25, L1 = 35,
W1 = 12, L2 = 38, W2 = 8, L3 = 24.5, D1 = 23, D2 = 7, r = 3, t1 = 5,
t2 = 3.

Note that the metal post is open-circuited at one end and short-
circuited at the other end.

Based on the previous work [27], the whole equivalent
circuit model of the proposed reconfigurable slot antenna can
be easily established and shown in Fig. 4. The Cr1 and Lr1

represent the LC-resonator model of the original TE101 mode,
C f 1 and Cs1 represent the capacitive loadings of the feeding
slot and radiation slot, respectively. The L p1 represents the
inductive loading of the metal post. As illustrated in Fig. 4,
the resonant frequency of TE101 mode can be calculated using
(1). Here, the L p1 is treated as a tunable parameter, and the
tunable L p1 is obtained by adjusting the length of the metal
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Fig. 3. Field distribution (E-field at A-A’ plane and H -field at B-B’ plane).
(a) and (b) E-field and H -field at 3.595 GHz for L4 = 0. (c) and (d) E-field
and H -field at 3.477 GHz for L4 = 10 mm.

Fig. 4. Equivalent circuit model of the proposed reconfigurable slot antenna.

Fig. 5. Tunable frequency versus the length of the metal post.

post, such that one can deduce its tunable frequency of f1 as

f1 = 1

2π
√

(Lr1 + L p1)(Cr1 + C f 1 + Cs1)
. (1)

Fig. 5 shows the resonant frequency of the TE101 under
varying length (L4) of the metal post. The increasing length
of metal post increases the inductive loading parameter,
i.e., inductance L p1, resulting in the lower resonant frequency
of the TE101 from 3.61 to 2.68 GHz as L4 increases from
0 to 20 mm. Thus, the proposed approach exhibits its good
feasibility in the design of reconfigurable cavity-backed slot
antenna.

The increment of frequency shift mainly depends on the
loaded inductance. Except for the length of the metal post, its
radius and offset also affect the frequency shift, as illustrated
in Fig. 6. A larger radius of the metal post produces a
larger loaded inductance, and consequently produces a larger

Fig. 6. Effects of (a) radius and (b) offset of the metal post.

Fig. 7. Effects of radiation slot and feeding slot on the resonant frequencies.
(a) Length of the radiation slot, L1. (a) Length of the feeding slot, L2.

frequency shift, as indicated in Fig. 6(a). Fig. 6(b) shows that
a larger offset produces a little smaller frequency shift, which
means that the metal post placed at the center of axis can
produce the largest perturbation.

The increasing size of the radiation slot and the feeding
slot produces an increasing capacitance loadings Cs1 and C f 1,
which results in a decreasing resonant frequency f1 according
to (1). Here, the effects of the lengths of the radiation slot and
the feeding slot are discussed, as shown in Fig. 7. It can be
seen that the increasing length of the slots causes a decreasing
resonant frequency as predicted.

Then, a reconfigurable single-band cavity-backed slot
antenna is designed. In practical implementation, impedance
matching is a main factor to influence the tuning range. In this
antenna, good impedance matching and realizable tuning range
are achieved by using the trial-and-error method. After that,
the final simulated result of the single-band antenna is obtained
and shown in Fig. 8. The realizable tuning range with 10-dB
return loss is from 3.6 to 3.14 GHz, and the tuning percentage
in frequency as defined in (2) is calculated as 13.6%. fH and
fL are the highest and lowest center frequencies, respectively.
The radiation patterns are shown in Fig. 9, which demonstrates
a stable radiation pattern in the tuning range

η = fH − fL

( fH + fL )/2
× 100%. (2)

B. Reconfigurable Dual-Band Antenna

As studied in the above section, it can be understood that
the cavity mode is affected by the loaded metal post to be
placed in parallel to the electric field, where the metal post
and the electric field of TE101 mode are both along the
y-axis. In a rectangular-waveguide cavity, there is another
cavity mode with purely directional electric field distribu-
tion, i.e., TE011 mode, whose electric field is along x-axis.
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Fig. 8. Final simulated results of the reconfigurable single-band slot antenna.
a = 64, b = 60, c = 46, p = 50, q = 32, s = 25, L1 = 35, W1 = 12,
L2 = 38, W2 = 8, L3 = 24.5, D1 = 23, D2 = 7, r = 3, t1 = 5, t2 = 3.

Fig. 9. Simulated radiation patterns of single-band reconfigurable antenna.
(a) Radiation pattern at xz plane. (b) Radiation pattern at yz plane.

Fig. 10. Proposed reconfigurable dual-band cavity-backed slot antenna.
(a) 3-D view. (b) Top view.

These two modes can be possibly used to design a dual-
band slot antenna. As discussed previously, a reconfigurable
dual-band slot antenna can be formed up by introducing two
metal posts along x-axis and y-axis, respectively, as shown
in Fig. 10. The feeding slot and radiation slot are both rotated
to simultaneously excite the TE101 and TE011 modes for
radiation. Here, the rotation angle of the radiation slot is set
as −45◦ (or +45◦) to maintain the E- and H -plane radiation
patterns at −45◦ and +45◦, while that of the feeding slot is
finally determined after optimization.

The simulated |S11| of the dual-band antenna without the
effect of the metal posts is shown in Fig. 11(a). The electric

Fig. 11. (a) Simulated |S11| and modes’ electric field distributions inside
the cavity. (b) Electric field distribution at the radiation slot of TE101 mode at
3.553 GHz. (c) Electric field distribution at the radiation slot of TE011 mode
at 3.876 GHz.

field distribution of the two resonant modes inside the cavity
is also shown in this figure. It can be seen that the first
mode is TE101 and the second mode is TE011. It seems that
they will have orthogonal polarization. However, in fact, these
two modes can only radiate through the same radiation slot.
The rotated radiation slot can simultaneously radiate the two
modes. The electric field distributions of the two modes at the
radiation slot are shown in Fig. 11(b) and (c), respectively.
It can be seen that they have the same direction of the electric
field. As the electric field at the radiation slot dominates the
far-field radiation characteristic, these two modes have the
same polarization of the radiation pattern.

Although the feeding and radiation slots affect the two
modes at the same time, they produce different degrees of
perturbations on these two modes. Besides, the metal post 1
(MP-1) along the y-axis only affects the TE101 mode, while
the metal post 2 (MP-2) along the x-axis only affects the
TE011 mode. According to the similar analysis, as described
above, the equivalent circuit model of the reconfigurable dual-
band antenna can be established and given in Fig. 12. For
simplifying our analysis herein, each mode corresponds to a
branch. The resonant frequency of TE101 mode is expressed as
(1). Similarly, the resonant frequency of TE011 mode is given
as the following:

f2 = 1

2π
√

(Lr2 + L p2)(Cr2 + C f 2 + Cs2)
. (3)

According to (1) and (3), the resonant frequencies of modes
TE101 and TE011 can be independently tuned by modifying
the inductances L p1 and L p2. Here, the loaded inductances
of L p1 and L p2 are dominated by the lengths of MP-1 (L4)
and MP-2 (L5), respectively. To prove the independent tuning
functionality of the two modes by virtue of the two metal
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Fig. 12. Equivalent circuit model of the reconfigurable dual-band slot antenna
(MP: metal post).

Fig. 13. Simulated |S11| with different lengths of the metal posts. (a) Length
of metal post 1, L4. (b) Length of metal post 2, L5.

posts, the resonant frequencies of the two modes under varying
L4 and L5 are shown in Fig. 13. It can be seen that both of
these two modes can be indeed independently tuned without
affecting the other mode. As a convenient way to understand
the mechanism of independent tuning, the cavity mode with
purely directional electric field distribution is only determined
by the metal post to be placed in parallel to its electric field.

As such, a reconfigurable dual-band cavity-backed slot
antenna is presented and designed. The final simulated results
are shown in Fig. 14. The tunable length of the movable metal
post 1 produces a tunable frequency of the first band, and
slightly affects the second band. The tuning range of the first
band with 10-dB return loss is from 3.56 to 3.15 GHz with a
tuning percentage of 11.5%. Meanwhile, the tunable length of
the metal post 2 produces a tunable frequency of the second
band, and slightly affects the first band. The tuning range
of the second band with 10-dB return loss is from 3.88 to
3.23 GHz with a tuning percentage of 18.3%. It can be also
seen that the tuning frequency of the second band is changed
across the first band, as shown in Fig. 14(c) and (d), which well
demonstrates a stable operation of the proposed reconfigurable
slot antenna based on the cavity modes. The radiation patterns
of the reconfigurable dual-band antenna in the tuning range are
shown in Fig. 15, which also indicate that the reconfigurable
dual-band antenna has a stable radiation pattern.

III. RECONFIGURABLE WIDEBAND SLOT ANTENNAS

In the above section, two reconfigurable cavity-backed slot
antennas with single- and dual-band functionality are pre-
sented under single-mode operation. In this section, an alter-
native reconfigurable wideband slot antenna will be designed
under dual-mode operation. The geometry of the proposed
dual-band antenna is depicted in Fig. 10, where the two modes

Fig. 14. Final simulated results of the reconfigurable dual-band antenna.
(a) |S11| and (b) realized gain under varying length of metal post 1, L4.
(c) |S11| and (d) realized gain under varying length of metal post 2, L5.
Dimensions (Unit: mm): a = 74, b = 56, c = 48, p = 50, q = 25, s = 25,
L1 = 31, W1 = 15, L2 = 37, W2 = 4, L3 = 21, D1 = 23, D2 = 14, r = 3,
t1 = 5, t2 = 3, α1 = 45◦, α2 = 45◦.
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Fig. 15. Simulated radiation patterns of dual-band reconfigurable antenna at
(a) xz-plane of band 1, (b) yz plane of band 1, (c) xz plane of band 2, and
(d) yz plane of band 2.

can be resonated in the same band so as to form a dual-mode
wide operating band due to the disappearance of radiation
null between the two resonant frequencies. In other words,
the configuration of this antenna is basically the same as that
of the above-discussed reconfigurable dual-band antenna, but
they have distinct physical dimensions. Fig. 16 shows the
simulated results of such a dual-mode wideband slot antenna.
The dual-mode slot antenna based on TE101 and TE011 modes
has been reported in [26], so the similar description on the
proposed dual-mode antenna is not repeated here. The main
target in this work is to design a reconfigurable wideband
cavity-backed slot antenna based on these two modes and the
movable metal posts.

Here, the bandwidth (BW) of the dual-mode antenna is
approximately given in as the frequency difference between f1

(TE101 mode) and f2 (TE011 mode). Meanwhile, the fractional
bandwidth (FBW) is defined as the ratio of BW/ fc, where
fc represents the center frequency of the operating band.
As shown in (1) and (3), f1 and f2 can be independently
modified in such a way that the BW, FBW, and fc can be all
flexibly controllable.

Basically speaking, the BW can be hardly controlled
by using the conventional reconfiguration technique, since
the resonant frequencies of these modes are unable to be
independently controlled. Fortunately, the two modes of the
proposed antenna can be independently adjusted by modify-
ing their respective metal posts, as shown in Fig. 14. This
attractive property can be effectively applied to design a
frequency-reconfigurable slot antenna with constant FBW and
bandwidth-reconfigurable slot antenna with constant center
frequency.

A. Frequency-Reconfigurable Antenna with Constant FBW

Let us start to design the frequency-reconfigurable cavity-
backed slot antenna with constant FBW at first. As f1 and f2

are tuned by modifying the lengths of the metal posts, all the

Fig. 16. Initial performance of the wideband dual-mode antenna. Dimensions
(Unit: mm): a = 80, b = 66, c = 51, p = 52, q = 25, s = 25, L1 = 42,
W1 = 10, L2 = 52, W2 = 12, L3 = 18, D1 = 26, D2 = 6, r = 3, t1 = 3,
t2 = 3, α1 = 45◦, α2 = 60◦. Lengths of metal post 1 and metal post 2 are
both equal to 0.

Fig. 17. Photographs of experimental set-up for testing the proposed antenna.
(a) S-parameter. (b) Far-zone radiation.

BW, FBW, and fc can be operated as a function of L4 and
L5 (starting from an initially obtained antenna performance,
as shown in Fig. 16). Here, the FBW is given by the initial
performance, for example, the FBW of the antenna shown
in Fig.16 is 5.8%. The fc is the targeted center frequency
during the frequency tuning. Once the FBW and the fc are
given, the targeted reconfigurable frequencies f1 and f2 can
be determined by using (4), and the specified f1 and f2 can
be obtained by properly tuning the lengths of the two metal
posts

f2 + f1 = 2 · fc

f2 − f1 = FBW · fc

}
. (4)

For proof-of-concept, an antenna prototype is fabricated
and tested after our design. The experimental set-up pho-
tographs for S-parameter and far-zone radiation are provided
in Fig. 17(a) and (b), respectively. Two tuning metal screws
are used as the tuning elements and the tuning process is
executed by twisting the metal screws. The measured and
simulated |S11|, realized gain, and total efficiency are illus-
trated in Fig. 18. Three states are presented to show the
tunable center frequency with a constant FBW of 5.8%. The
lengths of the two metal posts and the simulated/measured
results at these three states are provided in Table I. The tuning
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Fig. 18. Simulated and measured results with different states of movable
metal posts for tunable frequency. (a) |S11|. (b) Realized gain. (c) Total
efficiency.

range of the wideband slot antenna is from 3.735 to 3.5GHz
with a 10-dB return loss, and the tuning percentage is about
6.5%. The measured total efficiencies of the antenna at these
three states are all higher than 88%, while the simulated ones
are higher than 90%. The simulated and measured radiation
patterns at the center frequencies of the three states are
shown in Fig. 19. The co-polarizations of them at these three
states are almost unchanged, which demonstrates a stable
radiation pattern. The cross-polarizations are better than 20dB.
Good agreement between simulated and measured results is
satisfactorily achieved.

TABLE I

RESULTS OF FREQUENCY-RECONFIGURABLE ANTENNA
WITH CONSTANT FBW

Fig. 19. Measured and simulated radiation patterns at E-plane and H-plane.
(a) and (b) 3.735 GHz of State-I. (c) and (d) 3.62 GHz of State-II. (e) and
(f) 3.5 GHz of State-III.

B. FBW-Reconfigurable Antenna with Constant Center
Frequency

Next, the proposed design concept is further used to design
a bandwidth-reconfigurable antenna with constant center fre-
quency. In this design, the center frequency fc is given,
while the FBW is purposively set during the tuning process.
According to (4), the specified frequencies f1 and f2 can be
obtained by properly tuning the lengths of the two metal posts.
In particular, a varying bandwidth is attained by twisting the
two metal posts with opposite direction, i.e., increasing (or
decreasing) the length of the metal post 1 (L4) and decreasing
(or increasing) the length of metal post 2 (L5). Fig. 20 shows
the simulated and measured |S11| of tunable operating band-
width with a constant center frequency of 3.62 GHz. Good
agreement between them is obtained over the frequency range.
The measured bandwidth can be flexibly tuned in a range from
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Fig. 20. Simulated and measured return loss with different states of the
metal posts for tunable bandwidth.

TABLE II

RESULTS OF BANDWIDTH-RECONFIGURABLE ANTENNA WITH

CONSTANT CENTER FREQUENCY

294 to 142 MHz with a 10-dB return loss. The detailed results
are further provided in Table II. In fact, the BW or FBW can
be made as small as possible by further increasing L4 and
decreasing L5.

C. Comparison
The comparison with other reconfigurable antennas is pro-

vided in Table III. Here, we give a definition that the elec-
tronically controlled tuning elements have fast tuning speed,
while the manually controlled tuning elements have slow
tuning speed; The metal cavity has high power-handling
capacity (the antenna [19] using the piezo disk as the tuning
element, and has 80W power capacity, it is considered to
have middle power-handling capacity), the planar antenna
has low power-handling capacity as usual. The reliability is
compared under the consideration of the long-term operation
(requirement of power consumption will reduce the reliability
in the long-term operation) and the effect of vibration (the
utilization of liquid material and the electronic tuning elements
result in a low reliability under the effect of vibration).

The comparisons in Table III reveal that the main disad-
vantage of the proposed reconfigurable antenna is the low
tuning speed, which is commonly shared by many reported
works using manually controlled tuning elements [12], [15],
[18], [24], [25]. The cost of low tuning speed can bring out
a low power loss and get a high antenna efficiency in return.
Besides, compared to the frequency-reconfigurable antennas,
i.e., except for [24] and [25], only the proposed antenna
can realize dual-mode wideband antenna with reconfigurable

frequency and bandwidth, while other antennas all operate
in a narrow band under single-mode operation. In addition,
the proposed reconfigurable antenna has high power-handling
capacity and high long-term reliability.

D. Manufacturing Process
In the simulation model, the metal post is used as the

perturbation method, and the length of metal post can be
flexibly set. However, to obtain the tunable length of the
metal post in the practical implementation, the metal post
should be replaced by the tuning metal screws, as shown
in Fig. 17. In this work, the antenna is fabricated using the
computer numerical control (CNC) fabrication process. The
whole antenna cannot be directly manufactured using the CNC
process. In our fabrication, the antenna is divided into three
parts, as shown in Fig. 21(a), and these three parts can be
directly manufactured using the CNC process. Two screwed
holes are set to place and twist the two tuning screws. One
via hole in the feeding cavity is set to assemble the SMA
connecter, as shown in Fig. 21(b).

IV. DISCUSSION

A. Design Methodology for Reconfigurable Slot Array

Antenna arrays are usually required to achieve higher gain.
For conventional frequency-reconfigurable antenna arrays,
each antenna unit requires one group of tuning elements.
Thus, the reconfigurable antenna arrays will have quite a
complicated antenna structure, but they can be indeed realized
with the proper design. The proposed reconfigurable antenna
is tuned by using the screws, it seems that it is hard to
configure an antenna array. However, in contrast, the design
of reconfigurable antenna array using the proposed design
concept is easy. On one hand, our previous work [28] showed
that multiple radiation slots could be placed on the top wall
of an enlarged cavity to obtain an increasing gain, as all the
radiation slots are directly fed by the electric field of the cavity
modes. On the other hand, the metal posts are just employed to
tune the resonant frequencies of the cavity modes. Thus, in the
same way, multiple radiation slots can be placed on the top
wall of the proposed reconfigurable antenna with an enlarged
cavity, thus higher gain can be obtained and the reconfiguration
property can be maintained.

B. Control Mechanism
The moveable metal posts in the simulation model are

replaced by the tuning screws in the practical antenna. The
metal screws are manually controlled in this measured proto-
type, as this measured prototype is presented to validate the
proposed design concept. Good agreement between measured
results and simulated results verifies the tuning capability with
a prescribed accuracy. The proposed mechanism could also
be electromechanically controlled by using servomotors to
modify the penetration lengths of the tuning screws inside the
cavity, which can be referred to [29]. This method will be able
to increase the tuning speed.

C. Practical Application
The proposed reconfigurable antenna can be used as the

base-station antenna for the application in the multiple-band
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TABLE III

COMPARISONS WITH REPORTED RECONFIGURABLE ANTENNAS

Fig. 21. Manufacturing process of the proposed antenna prototype.
(a) Assembly of whole antenna. (b) Assembly of SMA port.

mobile communication systems, as this kind of system
often requires high power-handling capacity for long-distance
communication and high reliability for long-term operation.
Besides, base-station antennas do not require fast tuning
speed, as they usually work at a certain frequency for
a relatively long term. Thus, they are only required that
the frequency can be switched to other frequencies. The
frequency-reconfigurable devices with fast tuning speed are
usually applied to frequency-hopping communication system,
or the systems with the required high anti-interference by
quickly switching the operating frequencies, such as the radar
communication system.

V. CONCLUSION

In this article, a novel design of reconfigurable full-metal
cavity-backed slot antennas is presented and realized based on
cavity modes and tuning posts. Benefited by the independent
frequency tunings of the two orthogonal modes TE101 and
TE011, reconfigurable antennas with different functionalities
can be effectively realized. An antenna prototype for mea-
surement is presented to verify the design concept, which

can indeed effectively achieve reconfigurations of operating
frequency and operating bandwidth. Besides, the proposed
reconfigurable antennas are exhibited to have their unique
features in independent and continuous tuning capability, high
power-handling capacity, low loss, high efficiency, unidirec-
tional radiation, and stable radiation pattern. In addition,
the effects of the metal post on the cavity modes and their
relevant radiating energy via the slots are both employed to
introduce extensive feasibility in the design of other reconfig-
urable waveguide-based slot antennas, such as reconfigurable
dual-polarization slot antenna and reconfigurable cylindrical-
waveguide slot antenna. Although the proposed reconfigurable
antenna has a relatively slower tuning speed, it has low
loss, high efficiency, high power-handling capacity, and high
long-term reliability. These merits make the proposed recon-
figurable antenna suitable for the application in multi-band
mobile wireless communication system.
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