
IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 14, NO. 8, JANUARY 2025 1

Novel Frequency-Reconfigurable and
Self-Decoupling Technique for MIMO Antenna

Systems Leveraging Flexible Air Cavities
Wenjing Zhu, Lei Wang, Senior Member, IEEE, Zhenxiang Yi, Member, IEEE

Abstract—A novel and effective method for frequency recon-
figuration and self-decoupling is proposed for multiple-input
multiple-output (MIMO) antenna systems in this letter. As a
demonstration, a two-patch antenna system is designed and
achieves six reconfigurable states by adjusting the heights of the
flexible cavities, corresponding to different resonant frequencies
and coupling efficiencies.The electromagnetic energy can be
confined within each cavity by elevating the cavities, leading
to superior port isolation. The design is validated through
prototype fabrication and testing, with the measured results
closely aligning with the simulations. The highest port isolation,
exceeding 17.6 dB, is achieved when both DPAs are in the up
state. This corresponds to a maximum coupling reduction of
6.49 dB compared to the scenario where both DPAs are in the
down state. The proposed approach achieves high port isolation
without the need for additional decoupling structures and enables
frequency reconfiguration, offering a simple and efficient solution
for emerging MIMO systems.

Index Terms—Dielectric patch antenna (DPA), flexible air
cavity, frequency-reconfigurable, multiple-input–multipleoutput
(MIMO), self-decoupling.

I. INTRODUCTION

IN modern wireless communication systems, Multiple-Input
Multiple-Output (MIMO) technology plays a vital role in

enhancing channel capacity, spatial multiplexing efficiency,
and data rates [1], [2], [3]. Frequency-reconfigurable antennas
are increasingly important in MIMO systems [4], [5], as they
enable multi-band operation and dynamic spectrum adapta-
tion, thereby enhancing system flexibility. However, mutual
coupling between antenna elements in an array remains a
significant challenge, leading to reduced port isolation and
degrading system performance [6], [7], [8]. Consequently,
developing effective mutual coupling suppression techniques
with frequency reconfigurability is essential to improve port
isolation, enhance antenna performance, and optimize spec-
trum utilization in MIMO systems.

In recent years, the mutual coupling issue in antenna arrays
has received significant attention, leading to the development
of various decoupling techniques, such as metasurfaces [9],
electromagnetic band-gap (EBG) structures [10], split-ring
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resonators (SRR) [11], metamaterials [12], and dielectric su-
perstrates [13]. These techniques have been primarily applied
to dielectric resonator antennas (DRA) [14]. For dielectric
patch antennas (DPA), methods such as metal strips for
suppressing coupling between the TM10 and TM20 modes
[15] and employing coupled resonator decoupling networks
(DN) for wideband high isolation [16] have been proposed.
However, these methods often rely on additional components,
increasing design complexity and overall footprint. In con-
trast, self-decoupling techniques have emerged as a promising
alternative, suppressing mutual coupling by modifying the
antenna structure or operating modes, and eliminating the need
for external elements. In [17], a hybrid coupling interface
technique achieved self-decoupling for dual-frequency patch
antennas without adding external elements. Similarly, [18]
introduced a self-decoupling method using a meandered patch
edge, aligning the resonance frequency of the orthogonal
TM02 mode with the fundamental TM10 mode to achieve high
isolation without additional structures.

Frequency-reconfigurable antennas adjust their operating
frequencies through electrical, mechanical, or material-based
methods, enabling efficient spectrum usage, increased ca-
pacity, and enhanced performance [19]. Whether in MIMO
systems, broadband communication, or multi-band operation,
these antennas are crucial for modern and future wireless
networks. In MIMO arrays, they reduce the number of el-
ements and save space, but maintaining high port isolation
remains challenging [20]. In [21], a dual-port single-radiating
antenna achieved frequency reconfigurability and decoupling
using metallized vias and p-i-n diodes, but the added hardware
increased design complexity.

This letter introduces a novel frequency-reconfigurable self-
decoupling method for MIMO antenna arrays. It employs a
two-element DPA array to validate the design. Adjusting the
cavity height between the patch and ground plane, each DPA
supports three resonant states, resulting in six reconfigurable
states when two DPAs are combined. Injecting air into both
DPAs transitions them to the up state, where the low dielectric
constant of the air medium confines electromagnetic energy
within the cavity. This confinement minimizes field interaction
at the cavity edges, effectively suppressing mutual coupling
and improving port isolation. Unlike previous self-decoupling
approaches with fixed geometries, the proposed method pro-
vides unique advantages in terms of simplicity, adaptability,
and frequency reconfigurability, reducing design complexity
and enhancing flexibility for compact MIMO systems.
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Fig. 1. Configuration of the proposed DPAs. (a) 3-D view. (b) Bottom view.
(Detailed parameters: hus = 0.51, hls = 0.51, hc = 2, hP = 3, ls = 6.7, ws =
1.5, la = 34, wa = 25, d = 13, lc = 0.9, lt = 3.3, l f 1 = 6, l f 2 = 1.6, w f = 0.5.
Units: mm.)

Fig. 2. Six reconfigurable states of the proposed DPAs.

II. ANTENNA DESIGN AND DECOUPLING PRINCIPLE

A. Antenna Configuration

Fig. 1 illustrates the configuration of the proposed 1 ×
2 frequency-reconfigurable self-decoupled DPAs. Two slotted
dielectric patch antennas are mounted on a ground plane
and integrated with flexible air cavities and air pipes. The
antenna substrates are fabricated using Rogers 4035B, a high-
frequency material with a dielectric constant (er1) of 3.48
and a loss tangent (d1) of 0.0037. Two air cavities, formed
by a PDMS layer (er2 = 2.7, d2 = 0.013) [22], are posi-
tioned between the upper and lower substrates. Additionally,
to achieve the standard 50 Ω input impedance required for
port testing with sub-miniature push-in (SMP) connectors, a
tapered transition section with a length of lt is incorporated
into the feed line, ensuring efficient and accurate impedance
matching. The detailed parameters of the proposed DPAs are
provided in the caption of Fig. 1.

B. Reconfigurable States

The two antennas, DPA.1 and DPA.2, are placed on the
same ground plane and separated by an optimized distance
d, which balances compactness and performance. Without
decoupling measures, inductive coupling significantly reduces
port isolation, degrading overall performance. To address this,
the proposed mechanism utilizes structural adjustments and
mode interactions [23] by varying the cavity height hc. Each
DPA supports three reconfigurable states: down state (hc <2
mm), initial state (hc = 2 mm), up state ( hc >2 mm). The hc
values of three states, arranged from small to large, reflect the
impact of hc on DPA performance. When combined, the two
DPAs enable six reconfigurable states, as presented in Fig. 2:

Fig. 3. Simulated S-parameters for the proposed DPAs in State 1 to 6. (a)
jS11j for Port 1. (b) jS21j.

State 1: Both DPAs in the initial state.
State 2: DPA.1 in the down state, DPA.2 in the initial state.
State 3: DPA.1 in the up state, DPA.2 in the initial state.
State 4: DPA.1 in the up state, DPA.2 in the down state.
State 5: Both DPAs in the down state.
State 6: Both DPAs in the up state.

C. Frequency Reconfigurability

The frequency reconfigurability of the proposed DPAs is
governed by hc modulation, which alters the effective dielec-
tric constant ee f f . Based on the layered dielectric model [24]

ee f f =
er(h+hc)

h+hcer
, (1)

where h and er denote the thickness and relative permittivity
of the non-air substrate layers, respectively. According to the
half-wavelength resonance model [25], the resonant frequency
fr follows

fr =
c

2L
p

ee f f
, (2)

where c is the speed of light and L is the effective patch length.
It can be concluded that fr is inversely proportional to ee f f
from (1) and (2). Thus, increasing hc reduces ee f f and shifts
fr upward, while decreasing hc increases ee f f , lowering fr
and potentially exciting higher-order modes. These trends are
evident in Fig. 3(a), where State 1 (initial state) exhibits a 10.4
GHz resonance, States 3, 4, and 6 (up state) shift upward to
10.7 GHz, and States 2 and 5 (down state) exhibit dual-mode
responses at 10.0 and 13.1 GHz.




