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Abstract—In this article, we propose a simple scheme for
dual-band antenna decoupling utilizing parallel LC resonators.
By leveraging the common mode and differential mode (CM/DM)
S-parameters, we provide a convenient method for distinguishing
the coupling characteristics between the antennas. Based on this
approach, we show that the dual-band PIFAs operating in the
TMyp.s and TM, s modes exhibit electric and magnetic coupling
(E/M coupling) in the respective frequency bands. The decoupling
of these two bands can be achieved in a methodological way
using the inductance of the parallel LC resonator below the
resonant frequency and the capacitance above the resonant
frequency. Decoupling for different frequency ratios can be
readily adjusted by modifying the impedance characteristics of
the LC resonator. By controlling the relative positions of the
LC resonators, separate adjustments of decoupling in the two
bands can be accomplished, thereby simplifying the decoupling
process. To validate the effectiveness of the proposed method, a
prototype is fabricated. The measured results demonstrated that
the proposed scheme achieves effective isolation enhancement
from 5 to 14 dB and 9 to 15 dB in two frequency bands,
respectively. The proposed decoupling scheme offers a simple and
efficient decoupling process with an easily realizable structure,
making it a promising solution for future multi-input multi-
output (MIMO) system designs.

Index Terms—Antenna decoupling, common mode and
differential mode (CM/DM) S-parameters, electric coupling
(E coupling), LC resonator, magnetic coupling (M coupling).

I. INTRODUCTION

IGHER communication rate, smaller size, and integra-
tion are the continuous design aims of communication
systems [1], [2], [3], [4]. Multi-input multi-output (MIMO)
techniques have gained much attention due to the ability
to improve channel capacity and reliability [5]. Due to the
development of multiple communication protocols, multiband
MIMO antennas with compact sizes are favored. However, the
coupling of multiple operating bands becomes a key issue that

limits the performance of the MIMO system.
In the past, there has been an amount of research work
focusing on the decoupling of single-band MIMO antennas.
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Defected ground structures (DGSs) [6], [7] achieve decou-
pling by blocking the propagation of electromagnetic energy.
By adding a neutralization line (NL) [8], [9], [10], metasur-
faces [11], [12], parasitic branches or elements [13], [14], [15],
new coupling paths are introduced for the cancellation of the
original coupling. Recently, the common mode and differential
mode (CM/DM) decoupling method and the active impedance
matching method have been proposed, which provide a new
perspective on the decoupling of two antennas and three
antennas, respectively. Based on the CM/DM method and
active impedance matching method, large numbers of designs
with simple structures and guided design process for high
isolation single-band operation have been proposed [16], [17],
[18], [19].

The multiband operation of the antenna complicates the
decoupling problem. Researchers have devoted themselves to
extending the single-band decoupling technique to dual-band
decoupling. DGS structures composed of two closely spaced
quarter-wavelength slots [20], [21] and DGS structures with
ground branches combined with slots [22], [23] were proposed
for decoupling of the two operating bands. A single slot
and ground branch both enable the decoupling of a single
frequency band, but the inclusion of slots on the ground is
undesired in many applications. Metasurface loaded above the
antennas was proposed for dual-band decoupling by providing
dual-band coupling [11], and controlling surface waves [24].
Decoupling branches [25], [26], [27] were added between the
antennas for dual-band decoupling by introducing additional
coupling. Introducing parasitic resonators between or beside
the antennas is also an effective way for dual-band decoupling
[28], [29], [30], [31], [32]. Decoupling techniques of loading
parasitic resonators with two different resonant frequencies
[28], [29], [30] or loading a single parasitic resonator with dual
operating modes [31], [32] were proposed. Nevertheless, the
added decoupling resonators require additional areas. In [33],
[34], [35], and [36], by combining single-frequency decou-
pling structures such as metamaterials, decoupling resonators,
and DGS, each of which decouples a single frequency band
separately, the isolation of the two bands can be improved,
respectively. The decoupling scheme, composed of two decou-
pling structures operating at two frequencies, has a simple
design process but with a large size. A decoupling network
provides a general way of multiband decoupling [37], [38],
[39], but with a large size and complex design process.
A dual-band decoupling design utilizing a single inductor
for dual-band decoupling was proposed with a compact size
and simple decoupling structure [38]. However, a single
decoupling inductor cannot provide enough freedom in the
decoupling of a dual-band antenna with different frequency
ratios. Therefore, it remains a challenge to implement simple,
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Fig. 1. (a) Configuration of Ant I composed of two closely spaced PIFAs
without a decoupling LC resonator. (b) Simulated S-parameters of Ant I
without decoupling the LC resonator.

compact dual-band decoupling schemes with flexible and
adjustable frequency ratios.

In this article, we propose a simple decoupling scheme
based on LC resonators for dual-band PIFAs. With the help of
CM/DM S-parameters, the electric coupling and the magnetic
coupling (E/M coupling) between PIFAs can be discriminated.
In turn, a clear design, physical intuition, and design guidance
can be provided for the decoupling of LC resonators. The
design process of decoupling is clear and simple. By changing
the resonant frequency and the Q value of the LC resonator,
the decoupling of PIFA antenna pairs with different frequency
ratios can be performed. With the use of a lumped LC
resonator, the isolation of two closely spaced PIFAs can be
increased to have a good decoupling performance.

The main contribution of this work is summarized as
follows.

1) By analyzing the S-parameters of the CM and DM
modes, we propose to discriminate the coupling char-
acteristics (E/M coupling) between the antenna pairs.

2) A methodological design process for dual-band decou-
pling utilizing LC resonators without iterative optimiza-
tion is proposed.

3) Closely spaced dual-band PIFAs are proposed with the
lumped decoupling structure integrated into the antenna
pair, which provides a compact size.

The rest of this article is organized as follows. In Section II,
the coupling characteristics between the antennas and the
decoupling principle are analyzed. In Section III, the decou-
pling of dual-band antennas with different frequency ratios is
presented and discussed. In Section IV, a simplified design
process is provided. In Section V, the measured results are
illustrated. Sections VI and VII present a comparison and
summary of this work.

IT. PRINCIPLE OF DECOUPLING BASED
ON LC RESONATOR

A. Analysis of Coupling Characteristics

Fig. 1(a) shows the configuration of Ant I, which comprises
two closely spaced PIFAs. The antenna pair is fabricated on a
single FR-4 substrate (g, = 4.4, tan § = 0.02) with dimensions
of 100 x 100 x1 mm?. The design is symmetrical along
the central axes in both the x- and y-directions. Two feeding
pins are applied to feed the PIFAs, with the feeding ports
offset along the x-axis to enable the excitation of the TMyg s
and TM; s modes. As shown in Fig. 1(b), Ant I operates
at frequency bands of 2.1 and 5.0 GHz. However, due to
the minimal spacing between the antennas, significant mutual
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Fig. 2. Simulated current distribution of Ant I at (a) 2.1 GHz and
(b) 5.0 GHz. Simulated electric field distribution of Ant I at (c) 2.1 GHz
and (d) 5.0 GHz.

coupling is observed, resulting in the isolation of 4.2 and
5.1 dB at the lower and higher frequency bands, respectively.

The field distributions at the two operating bands are
presented in Fig. 2. The coupling characteristics between the
antennas are determined by the field distributions at their
adjacent edges. As shown in Fig. 2(a) and (c), when the
antenna operates in the TM o5 mode at the lower frequency
band, the current at the adjacent edge is null while the
electric field reaches its maximum. Consequently, the antennas
exhibit E-coupling in the lower frequency band. In contrast, as
displayed in Fig. 2(b), when the antennas operate in the TM; o 5
mode at the higher frequency band, the current distribution
along the adjacent edge exhibits a maximum point and two
nulls. Correspondingly, the electric field distribution shows
two maximum points and one null point. On the edge, the
coupling of current and electric field exists simultaneously.
Based on the observed current and electric field distributions,
it becomes challenging to identify whether the antennas exhibit
E-coupling or M-coupling in the TM, ys mode. Additional
analysis methods are required to clarify the coupling char-
acteristics in this scenario.

CM/DM methods have been widely used in antenna decou-
pling [16], [17]. The decoupling problem of antenna pairs can
be effectively analyzed through the impedance characteristics
of the CM and DM. The passive S-parameters can be repre-
sented by CM and DM S-parameters as

S S
S11=522=M (D
Sem — S
N )

The mutual coupling and impedance matching can be achieved
by matching the impedance of CM and DM simultaneously.
Here, we analyze the coupling characteristics of the PIFA
with the help of the CM and DM operating frequency.
Fig. 3 presents the equivalent model of the two PIFAs with
E/M coupling. The E-coupling is modeled as an equivalent
capacitor Cy between the two PIFAs, while the M-coupling
is represented by an equivalent inductor Ly. For CM, the
symmetry plane acts as a perfect magnetic conductor (PMC),
rendering the equivalent capacitor Cyp and inductor Ly open-
circuited with no effect on the operating frequency of CMs.
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Fig. 5. Simulated impedance of the parallel LC resonator.

Fig. 3. Equivalent model of two PIFAs with E/M coupling and the corre-
sponding CM/DM operating frequencies.
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Fig. 4. Simulated CM/DM S-parameters of the Ant I in (a) rectangular chart
and (b) Smith chart.

Conversely, for DM, the symmetry plane behaves as a perfect
electric conductor (PEC), resulting in the decomposition of the
equivalent capacitor Cy and inductor Lj into two components
connected to the ground. Capacitive loading [41] and inductive
loading [42] on the PIFA are widely utilized to lower and raise
the operating frequency, respectively. Therefore, different cou-
pling characteristics lead to different frequency relationships
between the CM and DM. Specifically, when the two PIFAs
exhibit E-coupling, the operating frequency of DM is lower
than that of CM. In contrast, for M-coupling, the operating
frequency of DM is higher than that of CM. Hence, the
coupling characteristics can be distinguished by the frequency
relationship between CM and DM.

B. Decoupling Design

Fig. 4 shows the simulated CM/DM S-parameters. Based
on the frequency relationship between CM and DM, it is
determined that the two PIFAs are E-coupling in the lower
frequency band and M-coupling in the higher frequency band.
Consequently, in Fig. 2, the mutual coupling in the TM, o5
mode is primarily dominated by the current distribution.
Fig. 4(b) presents the CM/DM impedance on the Smith chart.
For PIFAs, the impedance curves of CM/DM are both close to
the matching point in the two modes of operation but exhibit a
frequency offset. By adjusting the operating frequency of the
DM mode, the CM/DM impedance can be brought together,
thereby achieving decoupling.
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Fig. 6. Equivalent model of the PIFAs under CM/DM feeding with the
addition of the LC resonator.

To eliminate the CM/DM frequency gap across both bands
simultaneously, a parallel LC circuit is introduced between the
PIFAs. As shown in Fig. 5, the resonant frequency f,., of the
parallel LC resonator, consisting of a 6 nH inductor and a
0.3 pF capacitor, is 3.06 GHz. The LC resonator is capacitive
above the resonant frequency and inductive below the resonant
frequency. Fig. 6 illustrates the equivalent modal of the PIFAs
with the LC resonator. Due to the existence of the PMC, the
added LC resonator has no effect on the operating frequency of
CM in both bands. However, for DM, the parallel LC resonator
is equivalent to loading the PIFA with L,/2||2C, connected to
the ground. Since the resonator resonates between the two
operating frequency bands of the PIFA, the LC resonator with
the equivalent components Cy and L, creates open circuits at
both bands. Thus, the operating frequency of the DM can be
tuned to the same as that of the CM in both modes at two
frequency bands.

Fig. 7 illustrates the configuration of Ant I with the
decoupling LC resonator and the corresponding S-parameters.
Two LC resonators are loaded between the PIFAs with the
L, =9nH and C, = 0.3 pF. As shown in Fig. 7(a), the addition
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Fig. 7. Simulated (a) passive and (b) CM/DM S-parameters of Ant I with
the decoupling LC resonator.
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of the decoupling LC resonator significantly enhances the
isolation of Ant I from 4.2 to 20.1 dB in the lower frequency
band and 5.1 to 15.3 dB in the higher frequency band.
Fig. 7(b) demonstrates that the introduction of the decoupling
LC resonator independently adjusts the operating frequency of
DM in both bands without affecting the operation of CM. This
property simplifies the decoupling process.

ITII. DUAL-BAND DECOUPLING WITH DIFFERENT
FREQUENCY RATIOS

To validate the effectiveness of the proposed dual-band
decoupling method for antennas with different frequency
ratios, Ant II with an adjustable frequency ratio is pro-
posed. Fig. 8 displays the configuration of Ant II. To adjust
the operating frequency of the TMyps mode in the lower
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Fig. 9. Simulated DM S-parameters of Ant II with N = 9 utilizing a

combination of LC resonators in adjustment of (a) TMg s mode in the lower
band, (b) TM| 95 mode in the higher band, and (c) both the operating modes.
(d) Simulated CM S-parameters with different combinations of LC resonators.

frequency band, N shorting pins are loaded on the centerline
of PIFAs. As shown in Fig. 2, the electric field distribution
of the TM; s mode exhibits a null along the center line,
implying that the addition of shorting pins does not influence
the mode. Whereas, in the TMy s mode, the strong electric
field is distributed on the centerline, and the inclusion of
shorting pins increases the operating frequency of this mode.
As shown in Fig. 8(a) and (b), when nine pins are applied
to the PIFA, the operating frequency of the lower frequency
band is increased from 2.3 to 3.4 GHz. By varying the number
of shorting pins N, adjustment of the frequency ratio can be
realized, demonstrating the flexibility of the design.

Fig. 9 presents the simulated CM and DM S-parameters
with different combinations of LC resonators. As shown in
Fig. 9(a)—(c), by altering the resonant frequency and quality
factor Q of the LC resonator, independent adjustment or
simultaneous co-adjustment of DMs of TMos and TM; g5
modes can be achieved. The process of adjusting the DM
modes in both frequency bands is intuitive. Meanwhile, as
demonstrated in Fig. 9(d), modifications to the LC resonator
have no effect on the CM operation in the two bands. Taking
advantage of this feature, the operating frequencies of CM/DM
mode can be aligned, enabling dual-band decoupling in a
simple manner.

The decoupling performance of the two PIFAs at various
frequency ratios is presented in Fig. 10. By varying the number
of shorting pins N, the operating frequency of the lower fre-
quency band can be increased while maintaining the frequency
of the higher frequency band constant. When N increases from
6 to 12 in an increment of 3, the frequency ratio between
the two bands decreases from 1.7 to 1.1. In the decoupling
design process, we first tune the position of the feeding
probes to ensure that the CMs on both frequency bands have
good impedance matching. Subsequently, by changing the
characteristic parameters of the LC resonator, the decoupling
of different frequency ratios can be achieved. As the frequency
ratio decreases, the required decoupling inductor L, decreases,
and the decoupling capacitor C, increases, which means a
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2.0 nH, C, = 0.50 pF. Simulated (e) passive S-parameters and (f) CM/DM
S-parameters of Ant II with N = 12, L, = 0 nH, C, = 0.90 pF.

higher Q-factor of the LC resonator. As shown in Fig. 9(a)—(c),
as the Q-factor of the LC resonator increases, the operating
frequency of the DM is adjusted more significantly. How-
ever, loading the antennas with a high-Q LC resonator also
leads to a narrower bandwidth on DMs. This phenomenon is
mainly attributed to the more pronounced frequency-dependent
impedance characteristics of the LC resonator with higher
QO-factors. Although the bandwidths of DMs are constrained,
LC resonators with high Q-factor allow for substantial tuning
of the resonant frequency of DMs. Consequently, the peak
isolation is not significantly compromised with the use of
high-Q LC resonators.

IV. SIMPLIFIED DESIGN OF DUAL-BAND DECOUPLING
WITH STEP-BY-STEP ADJUSTMENT
OF Two OPERATING BANDS

To facilitate the independent adjustment of decoupling for
the two bands of the antenna, as displayed in Fig. 11, the
placement of the LC resonator components is optimized.
As illustrated in Fig. 2, the electric field distribution exhibits
distinct null points between the TMyos and TM; o5 modes.
When a lumped component is positioned at the null point of a
particular mode, it exerts negligible influence on the operation
of the mode. In the proposed design shown in Fig. 11, the
inductive component of the decoupled resonator is centrally
loaded, while the capacitive component is positioned near the
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edge of the antenna. This configuration enables decoupling
adjustments for each frequency band independently, stream-
lining the tuning process.

The structure of the proposed antenna, as depicted in
Fig. 11, comprises three layers: the upper FR-4 dielectric
substrate, the middle air layer, and the lower FR-4 dielectric
substrate. The substrate configuration is widely utilized in
mobile terminal designs. Due to the small capacitance values
required in this design, which exceed the precision of standard
commercial components, the multilayer dielectric structure
provides a convenient means of achieving high-accuracy
capacitance. Specifically, two metal strips are incorporated on
the lower surface of substrate 1, creating a strong electric field
distribution between the strips and the patch. By varying the
length of the strips, different equivalent capacitance values can
be achieved in the gaps between the two PIFAs. Moreover, the
introduction of the air layer significantly enhances the antenna
efficiency by reducing the loss of FR-4, further improving the
overall performance of the structure.

The proposed decoupling scheme and the corresponding
S-parameters are presented in Figs. 12 and 13. The decoupling
process is implemented in three steps. In the first step, the
operating frequencies of the CMs in the two bands are adjusted
by adjusting the antenna dimensions and the number of
shorting pins. Subsequently, the feeding position is tuned to
ensure that the two CMs are well-matched within the desired
frequency bands, as depicted in Fig. 13(c). In the second step,
two capacitors are introduced to lower the operating frequency
of the DM for the TM;os mode in the higher frequency
band. As shown in Fig. 13(b) and (d), by incorporating the
capacitors, the operating frequency of the DM for the TM, o5
is reduced to the desired band, and the isolation is enhanced.
Finally, an inductor is placed at the center of the PIFAs. This
addition increases the operating frequency of the DM for the
TMp 0.5 mode to the desired lower frequency band, effectively
eliminating the mutual coupling in the lower band. Since the
inductor is positioned at the electric field null of the TM, g5
mode, the adjustment of the mutual coupling in the lower
band can be performed separately. The revised LC resonator
arrangement simplifies the decoupling process for the dual-
band antenna pair, reducing the need for iterative tuning and
optimization while improving overall design efficiency. The
introduced lumped component in each step is only required to
tune the resonant frequency of one mode to the desired band,
avoiding multiobjective optimization. The design guidelines
are summarized as follows.
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1) Adjusting the feeding position to achieve impedance
matching for both CMs and DMs in the two frequency
bands.

2) Introduce capacitors to lower the resonant frequency of
DM of the TM, o5 to align with the resonant frequency
of CM, thereby achieving decoupling of the higher
frequency band.

3) Introduce an inductor at the center of the antenna to raise
the resonant frequency of DM of the TMyo5 to align
with the resonant frequency of CM, thereby achieving
decoupling of the lower frequency band.
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(a) (b)

Fig. 14.

view.

Configuration of the fabricated prototype. (a) Top view. (b) Bottom
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Fig. 15. Simulated and measured S-parameters of the proposed antenna.
Given the requirement for a small capacitance value, two
capacitive strips are employed instead of lumped capaci-
tors in the proposed antenna. As illustrated in Fig. 13, the
S-parameters of the proposed antenna are consistent with those
of Ant IIT with LC. The capacitor strips are equivalent to two
0.062 pF capacitors. In the decoupling process, the inclusion
of lumped components has no effect on the CMs but shifts
the operating frequency of the two DMs. By precisely tuning
the operating frequency of the DMs to match those of the
CMs, the impedance difference between the CMs and DMs is
minimized. This alignment allows for simultaneous impedance
matching and decoupling across the two operating bands.

V. FABRICATION OF DESIGN EXAMPLE
AND MEASUREMENT

To validate the decoupling scheme, the proposed antenna
is fabricated and measured. Fig. 14 depicts the fabricated
prototype of the proposed antenna. The two substrates of
the antenna are held together by metal rods with a diameter
of 0.5 mm. The metal rods are soldered to the top and
bottom substrates, which act as the shorting pins of the PIFAs.
A lumped inductor with a package of 0402 is employed as the
decoupling inductor.

The simulated and measured S-parameters of the pro-
posed antenna are presented in Fig. 15. The proposed
antennas cover the frequency bands of 3.50~3.71 GHz and
4.61~4.79 GHz. The isolation of the lower frequency band
and the higher frequency band is improved from 5 and 9 dB
to 14 and 15 dB, respectively. Effective decoupling is achieved
across both frequency bands. The measured results agree with
the simulated results. The simulated and measured radiation
patterns of the proposed antenna at both bands are depicted
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TABLE I
COMPARISON AMONG THE DECOUPLING DESIGNS OF DUAL-BAND ANTENNAS
Structure Frequenc Initial isolation Decoupling
Reference Decoupling scheme Complexity Size (Ao?) gtio y (dB) isolation Bandwidth Substrate
(dB)
. Q- HR- 1. TR LB:2.9% F4B
[23] Metasurface Complex 0.83x0.50x0.14 1.3 LB: 8; HB: 14 LB: 23; HB: 28 HB: 28.6% (=t 4)
i . Q. . ha. . LB:5.7% AIR
[28] Decoupling resonator Complex 0.51x0.18%0.08 2.1 LB: 8; HB: 14 LB: 23; HB: 26 HB: 22.4% (e=1.0)
i .19 . . hQ. . LB: 2.0% FR-4
[29] Decoupling resonator Complex 0.78%0.55x0.02 1.2 LB:12; HB:9 | LB:28; HB: 27 HB- 2.4% (e=4.4)
. 6 URB- P LB: 1.5% F4B
[36] DGS+ Metasurface Complex 0.64%0.27x0.22 1.1 LB: 6; HB: 10 LB: 43; HB: 28 HB: 2.1% (6=2.65)
ing i i . 5. HR- .19 TTR- LB: 5.8% FR-4
[40] Decoupling inductor Simple / 14 LB:5;HB: 7 LB: 12; HB: 15 HB: 4.1% (c=4.4)
i i i . 5-HB: . 14- HR- LB: 5.8% FR-4
This work | Decoupling resonator Simple 0.59x0.25x0.05 2.0~1.1 LB: 5; HB: 9 LB: 14; HB: 15 HB: 3.8% (6=4.4)
yoz-plane 1.0 — — 0.5
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Fig. 16. Simulated and measured normalized radiation pattern of port 1 of
the proposed antenna. (a) yoz-plane at 3.6 GHz. (b) xoz-plane at 3.6 GHz.
(c) yoz-plane at 4.75 GHz. (d) xoz-plane at 4.75 GHz.

in Fig. 16. For single-port excitation, the radiation pattern
tilts slightly due to the residual current on the adjacent
parasitic element. Peak gains of 5.17 and 6.70 dBi are realized
at 3.6 and 4.75 GHz, respectively.

To validate the radiation performance of the proposed
antenna, measurements were performed in a multiprobe ane-
choic chamber, RayZone 1800. With 12 antenna probes
arranged in a circular formation, the system enables measure-
ment of 3-D radiation pattern measurements by rotating the
antenna under test in the horizontal plane. Fig. 17 presents the
simulated and measured efficiencies and envelope correlation
coefficients (ECCs). The measured efficiencies of the proposed
antennas range from 71.4% to 85.5% in the lower frequency
band and from 60.2% to 71.1% in the higher frequency band.
Due to the fabrication errors, the measured efficiency peaks
in both bands show a certain frequency shift due to the shift
of the resonant point. In general, the measured results are in
good agreement with the simulated results. To evaluate the

Fig. 17. Simulated and measured efficiency and ECC of the proposed antenna.

diversity performance of the proposed antennas, the ECCs
are calculated based on the far-field results. The measured
ECCs are below 0.09 in the lower band and below 0.20 in
the upper band, which implies good diversity performance.
The measured gains of port 1 in the two bands reach 4.7 and
7.0 dBi, respectively, and the measured gains of port 2 in the
two bands reach 4.9 and 7.2 dBi, respectively.

VI. COMPARISON

To demonstrate the superiority of the proposed scheme, a
comparison with previous dual-band decoupling designs is pre-
sented in Table I. In [11], [28], [29], and [36], although good
decoupling performance is achieved, the decoupling structure
and the design process are complex, which require numerous
iterative optimizations. The DGS, metasurface, and decoupling
resonators occupy extra spaces. When the frequency ratio is
decreased, the dual-band decoupled structures interfere with
each other, which complicates the design process. A simple
decoupling structure utilizing a single inductor is proposed in
[40] with a similar decoupling bandwidth and isolation in both
bands. However, the single inductor can only be applied to
dual-band antennas with a fixed frequency ratio. In our work,
we present a method for analyzing coupling characteristics,
enabling a straightforward identification of the decoupling
lumped components required in each frequency band. Lumped
LC resonators are applied to the decoupling of dual-band
antennas with a simple structure. By observing the operating
frequency of the differential mode in the two bands, the value
of LC can be easily determined. Our proposed scheme can be
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applied to antennas with a small frequency ratio of 1.1. The
design process has clear and simple design guidelines while
providing good decoupling performance.

VII. CONCLUSION

In this article, a dual-band decoupling scheme is proposed
with a simple structure, flexible frequency ratio, and compact
size. PIFA has opposite coupling characteristics in different
operating modes. While LC resonators also exhibit oppo-
site impedance characteristics at different frequencies. Taking
advantage of this characteristic, we propose to use LC res-
onators in the decoupling of the dual-mode PIFAs operating in
two frequency bands. By changing the operating frequency and
Q value of the LC resonator, decoupling of dual-band PIFAs
with different frequency ratios can be achieved. By adjusting
the position of the LC components, the decoupling of the
two bands can be realized in steps. The decoupling is simple
to implement without numerous optimization iterations. The
proposed scheme has potential in the design and application
of MIMO systems.
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