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Abstract—In this letter, a metal wall reconfigurable millimeter-
wave (MMW) polarization/radiation pattern-reconfigurable
multiple-input–multiple-output (MIMO) cavity antenna is
presented. First, different modes are excited within the same cavity.
Then, the metal wall is used to adjust these modes, with a single slot
enabling linear polarization and a crossed slot enabling circular
polarization, allowing dynamic control of both polarization and
radiation direction. Finally, a MIMO antenna prototype operating
at a center frequency of 28.2 GHz is fabricated and tested. In both
states, good isolation and gain are achieved, making it suitable for
millimeter-wave wireless communication systems.

Index Terms—Millimeter wave, multiple-input–multiple-output
(MIMO), pattern-reconfigurable, polarization-reconfigurable.

I. INTRODUCTION

THE synergistic application of mmWave [1], multiple-
input–multiple-output (MIMO) [2], and reconfigurable

technologies [3] meets 5G’s demand for high-speed, high-
capacity data transmission. It also significantly enhances spec-
tral efficiency and communication quality through extended
coverage and dynamic antenna tuning, serving as a key driver
for the evolution of future networks.

Among these technologies, reconfigurable antennas have
been widely investigated, primarily utilizing electronic tuning
methods. PIN diodes [4], [5], varactors [6], and microelectrome-
chanical system (MEMS) devices [7] are employed to adjust
antenna current and field distribution, achieving polarization [8]
or beam reconfiguration [9]. Alternative strategies include liquid
crystal [10] and magnetic tuning [11], [12]. At millimeter-wave
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TABLE I
COMPARISONS WITH REPORTED MILLIMETER-WAVE RECONFIGURABLE

ANTENNAS

Ref. Antenna Method Direction Polarization 

[4] Patch Pin 0° RHCP/LHCP/LP 

[5] Patch Pin -45°/45° LP 

[13] Patch Graphene 0°/180° LP 

[21] Cavity Rotation 0° 5 LP 

This work 
Metal  

cavity 
Metal 

wall 
0°/90° HP/RHCP 

frequencies, beam reconfiguration can also be achieved using
graphene-tuned resistors [13]. This is implemented in an antenna
composed of a back-to-back modified Vivaldi structure, where
two symmetrical graphene nanoplate pads are integrated into the
feedline for dynamic beam control. By varying their resistance,
the antenna’s radiation pattern transitions from two opposing
beams to a single directional beam.

Electronic tuning offers fast switching, while mechanical
reconfiguration provides lower cost, low power consumption,
and high stability, making it more practical for energy-sensitive
devices or high-power applications. Metal screws serve as an
effective means of mechanical reconfiguration. In [14], cav-
ity modes are adjusted to alter array antenna polarization and
frequency. In [15], an approach is presented to realize eight
radiation modes within a rectangular waveguide network. Ad-
ditionally, simple physical deformation can reshape antenna
beams, as demonstrated in [16], where two movable metal strips
reconfigure a sectoral horn antenna’s half-power beamwidth.
Liquid metal [17], [18] serves as a reconfigurable mechanism.
In [17], four tunable frequency bands allow transitions between
dual circular and linear polarization. In [19], a microfluidic pump
redistributes liquid metal to modify surface currents, enabling
polarization reconfiguration. This method is convenient for
single-element tuning but demands individual reconfiguration
modules for each antenna in multi-antenna systems, adding
complexity. Mechanical rotation offers another means of tuning
antenna properties. In [20], a mechanically reconfigurable patch
antenna achieves polarization diversity by rotating between
left-hand and right-hand circular polarization. Such methods are
applicable in the millimeter-wave band [21], where a multilinear
polarization-reconfigurable antenna utilizes a TM510 resonant
air-filled cavity as the substrate, forming an array with five linear
polarization states.
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Fig. 1. Configuration of the proposed antenna. (a) 3-D view. (b) Front view.
(c) Top view. (d) Back view. Dimensions (unit: mm): a = 7.4, L1 = 4.08,
W1 = 0.6, L2 = 3.88, W2 = 0.6, L3 = 4.09. W3 = 0.6, L4 = 3.7, W4 = 0.6.

As shown in Table I, which compares reported millimeter-
wave reconfigurable antennas, current mechanical reconfigu-
ration technologies remain limited at these frequencies. How-
ever, the demand for antenna polarization and beam recon-
figurability is increasing, particularly for designs that enable
simultaneous control of beam direction and polarization. This
letter presents a metal wall-based reconfigurable method for
millimeter-wave applications. The design is based on a cavity
structure and combines reconfigurable antennas with MIMO
technology, achieving linear/circular polarization reconfigura-
bility in a four-element antenna and enabling 90° beam steering.

II. ANTENNA DESIGN AND ANALYSIS

A. Antenna Structure

The configuration of the proposed antenna is shown in Fig. 1.
Fig. 1(a) presents a 3-D view of the antenna, which consists of
a metal cavity with slots on three of its faces. Fig. 1(b) shows
the front view of the antenna, with Slot 1 as the radiation slot.
Fig. 1(c) shows the top view of the antenna, where Slots 2 and
3 are also radiation slots. Fig. 1(d) shows the rear view of the
antenna, with Slot 4 as the feeding slot. It is worth noting that the
antenna cannot operate in this state, and the antenna impedance
is mismatched. The specific operating conditions are provided
below.

Unlike traditional mechanical reconfiguration methods, this
letter proposes a novel method of reconfiguration using metal
walls. In the front or top view of Fig. 1, metal walls are used
to block certain slots, allowing the unblocked radiation slots to
operate. The metal wall functions like a switch, adjusting the
states of the antenna to achieve radiation in different directions
and polarizations. To evaluate the effectiveness of the proposed
design, all electromagnetic simulations including S-parameters
and far-field radiation characteristics were performed using CST
Microwave Studio.

B. Reconfigurable HP Antenna Design

The configuration of the proposed horizontally polarized (HP)
antenna is shown in Fig. 2. Unlike Fig. 1(a), the top of the
metal cavity has a layer of metal wall, which blocks Slot 2 and

Fig. 2. (a) Configuration of the proposed HP antenna. (b) |S11 |.

Fig. 3. (a) Electric field distribution of the antenna slots at 28.2 GHz.
(b) Radiation pattern at 28.2 GHz.

Slot 3. In this case, Slot 2 and Slot 3 do not operate. Slot 4
serves as the feeding slot, exciting the TE101 mode inside the
cavity. The resonant frequency of the mode is determined by
(1). The magnetic permeability and permittivity of vacuum are
represented by μr and εr. The speed of light is indicated by υ,
and a specifies the internal dimension of the cavity [22].

f101 =

√
2υ

2a
√
μrεr

. (1)

The blue arrows in the figure indicate the direction of the
electric field inside the cavity, which is parallel to the y-axis
and perpendicular to the x-axis. Fig. 2(b) shows the simulated
antenna return loss, with the antenna resonating at 28.2 GHz.

Fig. 3(a) shows the electric field distribution of the antenna
slots at 28.2 GHz. The center of the cavity is where the field
strength is the strongest. A slot is opened at the center to achieve
HP beam radiation. Fig. 3(b) shows the radiation pattern at
28.2 GHz, with the antenna achieving beam coverage directed
towards the +x-direction.

C. Reconfigurable RHCP Antenna Design

As illustrated in Fig. 5, the configuration of the proposed
RHCP antenna differs from Fig. 3(a) in that a metal wall is
placed in front of the antenna, blocking Slot 1. Consequently,
slot 1 is inactive. Feeding slot 4 excites the TE011 mode within
the cavity, and the resonant frequency of this mode is determined
by the following equation [22]:

f011 =

√
2υ

2a
√
μrεr

. (2)

It can be observed that the resonances of the two modes occur
at the same frequency. This is because the cavity is a square
metal cavity, which also forms the basis for tuning the two
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Fig. 4. (a) Configuration of the proposed RHCP antenna. (b) |S11 |.

Fig. 5. Electric field distribution of the antenna slots at 28.2 GHz. (a) t = 0.
(b) t = T/4.

Fig. 6. (a) AR. (b) Radiation pattern at 28.2 GHz.

states. The blue arrows in Fig. 4(a) indicate the direction of
the electric field inside the cavity, which is perpendicular to the
y-axis and parallel to the x-axis. Slots 2 and 3 are in operation,
positioned at a 90° angle to each other. Both slots intersect the
electric field direction at a 45° angle. This design is intended to
achieve circular polarization. Fig. 4(b) shows the return loss
of the antenna. It can be observed that the antenna has two
resonance points, each corresponding to the lengths of Slots
2 and 3.

The electric field distribution of the antenna slots at 28.2 GHz
is shown in Fig. 5. At t = 0, the electric field direction is
perpendicular to the long edge of Slot 3. At t = T/4, the electric
field direction is perpendicular to the long edge of Slot 2. The
electric field directions are perpendicular to each other and have a
phase difference of 90°, thereby achieving circular polarization.
Fig. 6(a) shows the axial ratio of the circularly polarized antenna,
which remains below 3 dB at 28.2 GHz. Fig. 6(b) illustrates the
radiation pattern at the same frequency, demonstrating circularly
polarized beam coverage in the +y-direction.

Fig. 7. Configuration of the proposed reconfigurable antenna.

Fig. 8. Fabricated prototype of the reconfigurable antenna. (a) State 1 (b) State
2.

Fig. 9. Simulated and measured S-parameters. (a) Return loss. (b) Isolation.

III. MIMO DESIGN AND MEASUREMENT

A 1 × 4 MIMO antenna is designed to support diverse direc-
tions and diverse polarization millimeter-wave signal transmis-
sion. The configuration of the proposed reconfigurable antenna is
shown in Fig. 7. The antenna adopts a full-metal cavity structure,
with the printed circuit board (PCB) feed ports located at the
bottom. However, the antenna structure in its initial state cannot
operate due to impedance mismatch. The reconfigurable MIMO
antenna features two distinct states, and adjustments between
these states are achieved by controlling metal wall.

A. MIMO Reconfigurable HP Antenna

The fabricated prototype of the reconfigurable antenna is
shown in Fig. 8, where Fig. 8(a) represents State 1, consisting
of four cavity antennas. The antenna achieves HP polariza-
tion directed toward the x-axis. The simulated and measured
S-parameters are presented in Fig. 9, with the return loss shown
in Fig. 9(a) and the isolation of symmetric ports in Fig. 9(b).
The port return loss is better than 10 dB, and the isolation
between adjacent ports exceeds 25 dB. Reasonable consistency
is observed, satisfying the requirements for both radiation and
isolation.

Fig. 10 shows the simulated and measured results of the
MIMO reconfigurable HP antenna. The xoy-plane is the E-plane,
and the xoz-plane is the H-plane. Both radiation patterns align
well, with a beam-pointing angle of phi = 0°. Compared to
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Fig. 10. Simulated and measured results of the MIMO reconfigurable HP
antenna. (a) xoy-plane (b) xoz-plane.

Fig. 11. Simulated and measured realized gain and ECC of the MIMO recon-
figurable HP antenna. (a) Realized gain and efficiency. (b) ECC and DG.

Fig. 12. Simulated and measured S-parameters. (a) Return loss. (b) Isolation.

Fig. 3(b), sidelobes are generated in the antenna’s E-plane due to
the feed structure, which can be avoided in practical applications.

Fig. 11 shows the simulated and measured realized gain,
efficiency, and envelope correlation coefficient (ECC) of the
MIMO reconfigurable HP antenna. Fig. 11(a) presents the re-
alized gain and antenna efficiency, with a tested gain of 6.13 dBi
and a measured efficiency of 89.3%. When the reconfigurable
antenna is in State 1, the diversity performance of the MIMO
antenna at 28.2 GHz is evaluated through far-field testing and
algorithmic calculation using the ECC and diversity gain (DG),
as shown in Fig. 11(b). The measured ECC is less than 0.001, and
the DG exceeds 9.99 dB, demonstrating the excellent diversity
performance of the MIMO antenna.

B. MIMO Reconfigurable RHCP Antenna

The fabricated prototype of the MIMO reconfigurable RHCP
antenna is shown in Fig. 8(b). In this configuration, a metal wall
is placed on top of the antenna, blocking the radiation slots in
the x-direction. Meanwhile, the cross slots in the y-direction are
exposed, generating right-hand circularly polarized radiation.
Fig. 12(a) presents the return loss, while Fig. 12(b) shows the iso-
lation between symmetric ports. Both simulated and measured
isolation values remain below 25 dB, indicating good consis-
tency and meeting the radiation and isolation requirements.

Fig. 13. Simulated and measured results of the MIMO reconfigurable RHCP
antenna. (a) xoy-plane (b) yoz-plane.

Fig. 14. Simulated and measured realized gain and ECC of the MIMO recon-
figurable RHCP antenna. (a) Realized gain and AR. (b) ECC and DG.

Fig. 13 shows the simulated and measured results of the
MIMO reconfigurable RHCP antenna. The radiation patterns
are consistent, with a beam-pointing angle of phi = 90°. The
simulated and measured realized gain and AR of the MIMO
reconfigurable RHCP antenna are shown in Fig. 14(a). At
28.2 GHz, the measured gain is 6.61 dBic, and the simulated
gain is 6.99 dBic, showing good agreement at the resonant
frequency. The rapid gain drop outside the resonance is attributed
to CNC fabrication tolerances. Both the simulated and measured
AR values are below 3 dB at 28.2 GHz, indicating excellent
circular polarization performance. In State 2, the reconfigurable
RHCP antenna’s diversity performance at 28.2 GHz is evaluated
through far-field testing and algorithmic analysis, as shown in
Fig. 14(b). Additionally, the measured efficiency of the antenna
at 28.2 GHz reached 79%. The results indicate that the ECC
is less than 0.001, and the DG exceeds 9.99 dB, demonstrat-
ing the excellent diversity performance of the MIMO antenna.
The new mechanical reconfiguration approach introduces novel
antenna characteristics. The full metal antenna achieves high
power handling capability while enabling circular/linear polar-
ization switching and 90° beam direction switching within the
millimeter-wave band.

IV. CONCLUSION

In this letter, we design a polarization-and radiation pattern-
reconfigurable antenna using a cavity structure and metal walls.
The antenna’s polarization can switch between linear and circu-
lar polarization, and its radiation pattern can switch between
two mutually perpendicular directions. The antenna operates
in the millimeter-wave frequency band and supports a MIMO
mode. The design of the metal walls provides a new ap-
proach for millimeter-wave mechanically reconfigurable anten-
nas, with potential applications in the field of MIMO wireless
communication.
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