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Abstract—In this paper, a new self-decoupling method, namely 
weak-field-based decoupling technique, is proposed and validated 
based on inset-fed patch antenna arrays. The self-decoupling effect 
is realized by taking advantage of the inherent weak-field area 
created by the feeding structure and proposed inset-fed patch. By 
strategically arranging the array element in the weak-field area of 
the adjacent antenna element, the coupling strength between 
adjacent elements can be controlled under a very low level without 
the need of any additional decoupling circuitry or structures. A 
two-element patch antenna array was first developed and analyzed, 
achieving a peak isolation level of 61 dB. Afterwards, a four-
element linear patch antenna array was designed, fabricated and 
measured to further validate the proposed technique. With the 
distinct advantages of simple structure and effective isolation 
enhancement, the proposed self-decoupling method is very 
promising for MIMO applications. 

Index Terms—Antenna array, patch antenna, multiple input 
multiple output (MIMO), self-decoupling. 
 

I.  INTRODUCTION 
ITH the rapid development of wireless communication 
systems, especially the fifth-generation (5G) mobile 

communications, multiple input multiple output (MIMO) 
technique has been widely used to obtain high date transmission 
rate and large channel capacity [1], [2]. However, one of the 
most important and urgent problems is electromagnetic 
interference due to the coupling between MIMO antenna 
elements, which deteriorates the performance of MIMO 
systems [3]. Under this circumstance, it is critical and 
meaningful to find simple and effective decoupling methods for 
MIMO antenna arrays. 

In recent years, several decoupling methods have been 

reported, including metamaterials, defected ground structures 

(DGS), parasitic elements, neutralization lines, decoupling 

networks, etc. Generally, metamaterial structures were used as 

isolators to block surface or space wave between antennas [4]-

[7]. DGS could play a role of band-stop filters to suppress 

mutual coupling between antenna elements [8], [9]. Additional 

coupling paths could be introduced by parasitic elements or 

other similar elements in order to decrease the coupling [10]-

[13]. Parasitic monopoles were reported to improve the 

isolation of a tri-slot antenna array [10]. An array-antenna 

decoupling surface was utilized to create reflective 
electromagnetic waves for cancelling out undesired coupling 

waves in four-element and eight-element antenna systems [11]. 
Besides, the coupling between three-port MIMO antennas 
could be reduced by loading reactive dummy elements [12]. In 
[13], short-circuited stepped-impedance structures were 
adopted to improve the isolation in a 2×2 patch antenna array. 
In order to counteract the undesired coupling, neutralization 

lines or other circuits were adopted to bridge strongly coupled 

antennas [14]-[16]. Unlike the direct connection of 

neutralization lines, decoupling networks were based on 

coupled resonators or coupled circuitry to achieve high port-to-
port isolation [17]-[19]. Nevertheless, both neutralization lines 

and decoupling networks increase the complexity of the 

circuitry when the number of antenna elements increases. 

Although the aforementioned methods show attractive 

decoupling performance, they suffer from inconvenience and 
complexity caused by additional decoupling structures. 

In order to overcome the shortcomings of the introduced 
decoupling structures, some novel decoupling methods [20]-
[23] have been proposed very recently. These methods 
decreased mutual coupling without additional decoupling 
structures. In [20], a self-curing decoupling technique, only 
requiring the addition of a capacitive load on the antenna 
elements, was proposed to reduce the mutual coupling between 
two inverted-F antennas. In [21], a novel pattern-diversity-
based method was successfully used to decouple different types 
of monopole antennas. In [22], high-order modes of a ground 
plane were studied and used to decouple two inverted-F 
antennas. Nevertheless, an auxiliary decoupling strip was 
required when the number of antenna elements extended to 
three. In [23], a self-isolated antenna was proposed for 5G 
mobile applications. However, even though the authors made 

an effort to miniaturize the antenna size, the antenna was still 

comparatively large. 
In this paper, a new self-decoupling method is introduced and 

validated based on inset-fed microstrip patch antennas. By 
carefully adjusting the geometry parameters of the feeding 
structure, the two fields excited by the feeding structure and the 
patch will cancel each other out and form a weak-field area on 
the ground plane. Then, weak electromagnetic interference 
between antenna elements can be realized when arranging the 
adjacent antenna element in the weak-field area. To verify the 
feasibility of our proposed scheme, this method is first applied 
in a two-element antenna array and then extended to a four-
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element antenna array. Both the simulated and measured results 
demonstrate that high level port-to-port isolations are realized 
in the aforementioned arrays. Moreover, the antenna structure 
is simple, and the implementation of decoupling effect does not 
demand any additional decoupling circuitry or structures. 

The rest of this paper is organized as follows: In Section II, 

the self-decoupling principle is illustrated. The measurement 

results and discussion of the proposed method applied in two-

element antenna array are provided in Section III. Section IV 
demonstrates the feasibility of its implementation in a four-

element linear antenna array. Finally, a conclusion is given in 

Section V. 

II. WEAK-FIELD-BASED SELF-DECOUPLING MECHANISM 
In this section, the basic antenna element is first introduced, 

and its current distribution, E- and H-field distributions, and 
equivalent circuit model are utilized to illustrate the self-
decoupling mechanism. Then another antenna element is 
subsequently added to form a two-element array in order to 
validate the effect of the self-decoupling method. Lastly, key 
parameters are analyzed to intuitively confirm the proposed 
self-decoupling principle. 

A. Antenna Element 
The geometry of the proposed inset-fed patch antenna 

element is shown in Fig. 1(a). The antenna is built on a substrate 
with a relative dielectric constant of 2.33 and a thickness of 
3.175 mm. The proposed patch antenna is implemented on the 
top of the substrate and excited by a specific feeding structure. 
The feeding structure is composed of a microstrip line and a 
probe. An inset feed is created for the microstrip line to control 
the variation of the input impedance of the radiating patch. The 
input impedance of the radiating patch can be approximately 
calculated by the following equations given in [24]. 
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where L3 and L4 are the lengths of the slots and the patch, 
respectively. Re is the input impedance of the patch when the 
slot length is zero, which can be calculated from (2) and (3). 
Based on (3), the conductance G of one side of the patch can be 
calculated. H is the thickness of the substrate; η represents the 
impedance of the space wave; k and λ0 are the wavenumber and 
wavelength in the free space, respectively. 

In order to illustrate the principle and characteristics of the 
proposed self-decoupling antenna, a conventional probe-fed 
patch antenna with a structure shown in Fig. 1(b) is given for a 
comparison. It has the same substrate and ground size with the 
proposed inset-fed antenna. Moreover, both antennas operate at 
the same frequency and have nearly identical radiation 
characteristics. The specific analysis results will be described 
in detail in the following content. 

B. Self-Decoupling Mechanism 
To study the self-decoupling mechanism of the proposed 

inset-fed antenna element, the surface current distributions on 
the ground plane of the two antennas are simulated and 
compared in Fig. 2(a) and (b). For the proposed inset-fed patch 
antenna, a very conspicuous low current density area is formed 
in the vicinity of the feeding structure, marked by the black 
elliptical dotted line in Fig. 2(a). While for the reference probe-
fed patch antenna, the entire ground plane has a relative strong 
current distribution, and no weak-field area exists near the patch 

 
Fig. 1.  Geometry of (a) the proposed inset-fed patch antenna element 
and (b) the reference probe-fed patch antenna element. 
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Fig. 2.  Surface current distributions on the ground plane of (a) the 
proposed antenna element and (b) the reference antenna element; H-
field distributions over the ground plane of (c) the proposed antenna 
element and (d) the reference antenna element; E-field distributions 
over the ground plane of (e) the proposed antenna element and (f) the 
reference antenna element. 
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as shown in Fig. 2(b). Furthermore, the H-field and E-field 
distributions over the ground plane of the both antennas can 
also be seen in Fig. 2. There exists a weak H-field region on the 
port (left) side of the proposed antenna. Likewise, the E-field 
intensity near the feeding structure of the proposed antenna 
element is comparatively low. 

The arisen weak-field area can be explained through a 
simplified equivalent circuit model, as shown in Fig. 3. There 
are mainly two coupling paths near the feeding structure of the 
proposed antenna. One is Path 1 and its field source is the 
radiating of the patch, denoted by the red wavy line. The other 
one is Path 2 formed by the feeding structure, denoted by the 
blue wavy line. A coaxial probe connects directly to the feeding 
strip line and it vertically penetrates a reserved through hole of 
the substrate, as shown in Fig. 3(a). The probe is equivalent to 
an inductor, and the weakly radiated feeding microstrip line is 
equivalent to an RLC network. There exists coupling energy 
between the probe and the feeding strip line along Path 2. The 
field source of Path 2 is weaker than that of Path 1. Since the 
magnitude of the coupling field is related to the coupling 
distance, the coupling fields from Path 1 and Path 2 can be equal 
in amplitude in the specific weak-field area, where it is near the 
feeding structure and far away from the patch. In order to realize 

the weak-field area, the coupling fields from the two parts must 
have opposite phases in addition to equal magnitude. The phase 
difference of the two coupling fields is affected by two factors. 
One is the phase difference between two field sources, the other 
one is the distance difference between Paths 1 and 2. By 
carefully selecting the dimensions of the feeding structure, the 
coupling fields from the two paths can be equal in magnitude 
and opposite in phase simultaneously, thus forming the weak-
field area, as illustrated in Fig. 3 (b). Here the interaction 
between the feeding structure and the radiating patch is omitted 
on account of the realistic circuit model is very complex and it 
is difficult to quantitatively calculate the exact values of the 
circuit parameters. It is predictable that if another antenna 
element is placed in the weak-field area of the inset-fed antenna 
element, the coupling strength between the two antennas will 
be weak. 

The geometry of the two-element antenna array is depicted 
in Fig. 4, where Ant. 2 is exactly the same with Ant. 1. It is 
worth mentioning that the mutual coupling can be affected by 
the ground size. The size of the ground plane is fixed at 105 mm 
× 60 mm (1.2λ0×0.7λ0, where λ0 is the free-space wavelength at 
the center operation frequency of 3.5 GHz) here. The thickness 
of the substrate, H, is 3.175 mm and the relative dielectric 
constant, εr, is 2.33. The dimensions are listed in Table I. 50-Ω 
SMA connectors are employed to feed the antenna elements. 
Fig. 5 plots the surface current distributions of the proposed 

 
(a) 

 
(b) 

Fig. 3.  Over-simplified equivalent circuit models of (a) the proposed 
feeding structure and (b) the proposed inset-fed antenna element. 
 

TABLE I 
DIMENSIONS OF THE TWO-ELEMENT ANTENNA ARRAY 

Parameters L1 L2 L3 L4 L5 L6 L7 
Values/mm 3 13 7 27.3 110 25.62 7.41 

Parameters L8 L9 W1 W2 W3 D D1 

Values/mm 105 17.45 5 2.5 60 42.8 6.5 
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Fig. 4.  Geometry of the proposed two-element self-decoupling patch 
antenna array: (a) top view; (b) side view. 
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Fig. 5.  Surface current distributions on the ground plane of the two-
element antenna arrays at 3.5 GHz: (a) the proposed inset-fed antenna 
array; (b) the reference probe-fed antenna array. 
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inset-fed and the reference probe-fed antenna arrays at 3.5 GHz, 
where the both arrays are with the same element spacing. When 
Ant. 1 and Ant. A are excited, Ant. 2 and Ant. B are terminated 
with 50-Ω loads. For the proposed self-decoupling inset-fed 
patch antenna array, the current intensity on Ant. 2 is very weak, 
as indicated by the black rectangle dotted line in Fig. 5(a). 
However, for the reference probe-fed patch antenna array, the 
current intensity on Ant. B is strong due to the coupling of Ant. 
A, as shown in Fig. 5(b). 

The simulated S-parameters of the proposed inset-fed patch 
antenna array and the reference probe-fed antenna array are 
shown in Fig. 6. The reflection coefficients of the probe-fed 
antenna elements are designed to be consistent with that of the 
inset-fed antenna elements. At 3.5 GHz, the reflection 
coefficients of the antennas in the two arrays are nearly identical 
and all better than -10 dB. On the other hand, the isolation of 
the reference probe-fed antenna array is 24 dB, whereas the 
isolation of the proposed inset-fed antenna array is 61 dB at 3.5 
GHz. What’s more, an isolation level of more than 30 dB is 
achieved for the proposed inset-fed antenna array within the 
impedance band (|S11| ≤ -10 dB). 

C. Parametric Study 
Some key parameters are studied by comparing the mutual 

coupling strength of different array cases to give a design 
guideline. The parameter description of the antenna arrays is 
depicted in Fig. 7. Correspondingly, the parameters of the 
different cases are listed in Table II, and they are designed to 
operate at 3.5 GHz. The length of the ground plane, L10, is 
changed to 2.33λ0 in order to give enough location space for 
antenna elements when the antenna parameters vary. 

In Fig. 8, the coupling strength of different array cases versus 
the antenna spacing D is figured and compared. It can be clearly 
observed that all the listed inset-fed patch array cases have null 
point of the coupling strength at different antenna spacings. As 
a contrast, the coupling strength versus spacing of the 
aforementioned reference probe-fed patch array is also given in 
Fig. 8, where no null point emerges on the curve. It should be 
pointed out that when εr = 2.33 and H = 3.175 mm (Case 3), the 
null point of the mutual coupling strength occurs at 0.5λ0, which 
means this case is the same with the aforementioned array in 
Section II-B. Yet the coupling strength at 3.5 GHz in Fig. 8 is 
larger than that of the aforementioned array in Fig. 6, which is 
due to the size difference of the ground plane. By comparing 
the coupling strength of Case 1, Case 3 and Case 5, it can be 
observed that when the substrate thickness is identical, the 
higher the dielectric constant, the smaller spacing the null point 
of coupling appears. By comparing Case 2, Case 3 and Case 4 
which are with the same dielectric constant, the thicker the 
substrate is, the larger spacing the null point of coupling 
strength appears. In addition to the given antenna array cases, 
designs with different εr and H can produce different coupling 
strength curves versus antenna spacing. It means that the 
proposed self-decoupling method is able to be applied to 
different array designs which have specific requirements on the 
antenna spacing.  

 
Fig. 6.  Simulated S-parameters of the proposed and the reference two-
element antenna arrays. 
 

 
Fig. 7.  Parameter description of the proposed two-element antenna array. 
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Fig. 8.  Coupling strength of the two-element array with varying parameter. 
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Case 1 2 3 4 5 

εr 4.4 2.33 2.33 2.33 1 

H (mm) 3.175 1 3.175 5 3.175 

W1 (mm) 4 1.4 5 5 4 

W2 (mm) 2 2 2.5 2.5 2 

W4 (mm) 45 60 60 60 80 

L1 (mm) 3 1.8 3 3 6 

L2 (mm) 8.4 15.1 13 13 21 

L3 (mm) 5.7 8 7 6.3 8.6 

L4 (mm) 20.4 27.7 27.3 26.4 39 
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In order to intuitively study the effect of other antenna 
parameters on the coupling strength. Taking the antenna array 
built on a substrate with εr = 2.33 and H = 3.175 mm as an 
example, three critical parameters, namely the spacing D of the 
antennas, the lengths L1 and L2 of the feeding structure are 
analyzed as follows. 

The S-parameters with different D are given in Fig. 9(a). As 
the figure shows, the reflection coefficient of the antenna 
element is not affected by D. As D increases from 40.8 mm 
(0.477λ0) to 44.8 mm (0.523λ0), the null point of the coupling 
strength shifts from 3.52 to 3.48 GHz. In Fig. 9(b), when L1 
increases, the resonance frequency of the antenna shifts toward 
high frequency. The curves of |S11| and |S22| are approximately 
identical with the change of L1, and the curves of |S22| are not 

given for better display effect of the figure. The null point of 
the coupling strength shifts to higher frequency as L1 increases. 
When L1 = 3 mm, the minimum mutual coupling of -61 dB can 
be achieved. The effect of L2 on the S-parameters is shown in 
Fig. 9(c). As L2 increases, the frequency of the peak isolation 
and the resonance frequency of the antenna shift toward low 
frequency. In this design, the microstrip line has characteristic 
impedance of approximately 74 Ω and work as an impedance 
transformer. So the alteration of L2 can affect the input 
impedance of the antenna. The curves of |S11| and |S22| are still 
approximately identical and the curves of |S22| are not given for 
the sake of brevity. As observed from the figure, S12 is more 
sensitive to L2. When L2 = 13 mm, the isolation of the antenna 
reaches maximum. 

In summary, a high isolation level can be achieved by 
strategically designing the element spacing and the length of the 
feeding structure. 

 
(a) 

 
(b) 

 
(c) 

Fig. 9.  Simulated S-parameters of the two-element array with (a) different 
spacing D; (b) different length L1 and (c) different length L2. 
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Fig. 10.  Simulated and measured S-parameters of the proposed two-
element antenna array. 
 

 
Fig. 11.  Simulated radiation patterns of the proposed two-element array at 
different frequencies: (a) E-plane of Ant. 1; (b) H-plane of Ant. 1; (c) E-
plane of Ant. 2; (d) H-plane of Ant. 2. 
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III. RESULTS AND DISCUSSION  

A. Result 
The simulated and measured S-parameters of the proposed 

self-decoupling antenna array are shown in Fig. 10. The slight 
difference between the measured and the simulated results is 
owing to fabrication and test tolerances. The coupling strength 
of the antenna array is too weak and therefore is very sensitive 
to the test environment.  

In order to show that radiation patterns are considerable 
consistent over the entire band, the simulated patterns of the 

proposed two-element array at different frequencies are given 
in Fig. 11, which are in line with expectations. And the 
simulated and measured radiation patterns of the two-element 
array at 3.5 GHz are plotted in Fig. 12. The radiation pattern of 
Ant. 1 or Ant. 2 was measured separately while the other 
antenna port was matched. It can be found that the E-plane 
radiation patterns of Ant. 1 and Ant. 2 have a slight variation 
due to the respective different locations on the ground plane. 
Besides, stable H-plane radiation patterns can be obtained. 

B. Discussion 
On purpose of studying the mutual influence between 

antenna elements, we list four different antenna configuration 
cases, as illustrated in the second column of Table III. The solid 
red circle represents the antenna element is excited, whereas the 
hollow black circle denotes it is terminated with a 50-Ω load. 
The simulated reflection coefficients of these cases are given in 
Fig.13, and the corresponding radiation patterns at 3.5GHz are 
shown in Fig. 14. Besides, a summarization of all these patterns 
is tabulated in Table III for clarity. 

TABLE III 
A RADIATION PATTERN COMPARISON FOR SINGLE AND DUAL ELEMENTS 

Case Configuration Peak Gain 
(dBi) 

HPBW (deg) FTBR (dB) X-pol level (dB) 

E-plane H-plane E-plane H-plane E-plane H-plane 

A 

 

7.5 92 77 -20 -19 -48 -22 

B 

 

7.0 101 78 -20 -20 -49 -17 

C 

 

7.5 93 77 -20 -19 -54 -23 

D 

 

7.1 104 77 -21 -20 -53 -16 

* HPBW: half-power beamwidth; FTBR: front-to-back ratio;     excited;     terminated with a 50-Ω load. 

 

 
Fig. 12.  Simulated and measured radiation patterns of the proposed two-
element array at 3.5 GHz: (a) E-plane of Ant. 1; (b) H-plane of Ant. 1; 
(c) E-plane of Ant. 2; (d) H-plane of Ant. 2. 
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Fig. 13.  Simulated reflection coefficients under four different 
configuration cases. 
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More specifically, the performances of Ant. 1 without and 
with Ant. 2 are compared to show the influence of Ant. 2 on 
Ant. 1, and the corresponding configurations are named Cases 
A and C, respectively. Similarly, Cases B and D are compared 
to show the effect of Ant. 1 on Ant. 2. From Fig. 13, the curves 
of reflection coefficients of the antenna element in the four 
cases agree well. Therefore, under these circumstances, the 
proposed decoupling method has no distinct impact on the 
bandwidth. 

With respect to the impact on radiation patterns, let’s first 
look at the cases A and B, which are both situations of the single 
antenna element. It can be found that the E-plane (yoz-plane) 
half-power beamwidth (HPBW) of Case A is comparatively 
smaller than that of Case B, whereas the H-plane HPBWs are 
basically consistent. This is attributed to the weak-field area 
introduced by the proposed inset-fed structure of Ant.1 is 
situated on its left side (i.e., along the negative y-axis direction), 
so it reduces radiation from the induced current on the ground 
plane of Case A, resulting in a higher broadside gain and a 
narrower HPBW in the E-plane than that of Case B.  

Notably, when we contrast the case A with C, the difference 
between the two cases is that whether we place Ant. 2 in the 
weak-field area close to the feeding structure of the excited 
element Ant. 1. As can be seen in Fig. 14(a) and (b), it is 
concluded that the proposed decoupling method has high 
preservability of radiation patterns under the given condition. 
With reference to the cases B and D, a slight variation of E-
plane radiation patterns can be found on the condition that 
whether we place Ant. 1 in the non-weak-field area of the 
excited element Ant. 2, as shown in Fig. 14(c) and (d). It should 

be pointed out since the coupling power level is mostly low, the 
minimization of coupling caused by self-decoupling method is 
low and introduces small influence on radiation patterns and 
impedance matching. 

In addition, the cross-polarization levels in the H-plane are 
higher than that in the E-plane. We can find the H-plane cross-
polarization basically remains unchanged between the two 

 
Fig. 14.  Simulated radiation patterns under four different configuration 
cases at 3.5GHz: (a) E-plane of Cases A and C; (b) H-plane of Cases A 
and C; (c) E-plane of Cases B and D; (d) H-plane of Cases B and D. 
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Fig. 15.  Geometry and fabricated prototype of the four-element linear 
array. 
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Fig. 16.  S-parameter results of the four-element linear array: (a) 
simulation; (b) measurement. 
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cases A and C (or the two cases B and D). That is to say, the 
cross polarization is principally generated by the inset-fed patch 
antenna element itself but not the decoupling method. 

IV. SELF-DECOUPLING FOUR-ELEMENT ANTENNA ARRAY 
In this section, a four-element antenna array is designed 

based on the aforementioned self-decoupling method. The 
geometry of the four-element antenna array, as well as the photo 
of the fabricated prototype, is shown in Fig. 15. The four 
antenna elements are with the same size and the element 
spacing is 42.8 mm (0.5λ0). The array is also printed on the 
same substrate with H = 3.175 mm and εr = 2.33. The 
dimensions of the single antenna element in the array are 
identical to that in the aforementioned two-element array given 
in Section II-B. Only the size of the ground plane is enlarged to 
60 mm  188 mm. 

The simulated S-parameters of the four-element patch 
antenna array are shown in Fig. 16(a). The differences between 
|S11|, |S22|, |S33| and |S44| are subtle over the -10 dB impedance 
band from 3.45 to 3.55 GHz. It is worth mentioning that the four 
antennas are not placed symmetrically but arranged linearly, so 
the antenna elements in the array have different electromagnetic 
environment. However, the reflection coefficients of all the 
elements are almost the same, indicating that the proposed four-
element array has no distinct impact on the impedance matching. 

For adjacent antennas, the values of |S12|, |S23| and |S34| are 
all less than -29 dB over the band from 3.45 to 3.55 GHz, among 
which the null point of coupling strength between adjacent 
antennas appears at 3.47, 3.47 and 3.48 GHz, respectively. 
While for non-adjacent antennas, high isolation of more than 28 
dB is achieved due to the large spacing between them. As 
shown in Fig. 16(b), the measured S-parameters are slightly 
different from the simulated values, which may result from 
manufacturing and test tolerance. Both simulated and measured 
results show excellent isolation performance. 

The simulated and measured radiation patterns of the four-
element array at 3.5 GHz are plotted in Fig. 17. Besides, based 
on the simulated radiation patterns at different frequencies, all 

TABLE IV 
A RADIATION PATTERN COMPARISON FOR FOUR ELEMENTS 

Configuration Peak Gain 
(dBi) 

HPBW (deg) FTBR (dB) X-pol level (dB) 

E-plane H-plane E-plane H-plane E-plane H-plane 

 

7.6 98 77 -22 -21 -45 -22 

 

6.9 121 82 -18 -17 -45 -17 

 

6.7 124 79 -18 -18 -47 -21 

 

7.1 117 75 -26 -25 -48 -17 

* HPBW: half-power beamwidth; FTBR: front-to-back ratio;      excited;     terminated with a 50-Ω load. 

 
Fig. 17.  Simulated and measured radiation patterns of the four-element linear 
array at 3.5GHz: (a) E-plane of Ant. 1; (b) H-plane of Ant. 1; (c) E-plane of 
Ant. 2; (d) H-plane of Ant. 2; (e) E-plane of Ant.3; (f) H-plane of Ant.3; (g) 
E-plane of Ant.4; (h) H-plane of Ant.4. 
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the patterns are fairly consistent over the entire band. For 
comparison, Table IV summarizes the radiation performance of 
the four elements with one of them successively excited from 
right to left. When the rightmost Ant. 1 is excited, it presents 
the best decoupling level as the weak-field area covers the 
maximal left part proportion of the array. Thus it exhibits the 
highest gain, the narrowest beamwidth, and the lowest H-plane 
cross-polarization level in contrast to other circumstances. On 
the other hand, the E-plane HPBW has fatter beamwidth and 
smaller gain when we feed Ant. 2, Ant. 3, and Ant. 4. The 
disparity in the E-plane HPBW between Ant. 1 and Ants. 2-4 is 
mainly caused by the ground plane. Furthermore, in view of the 
radiation patterns just discussed, are much alike with those of a 
single antenna element in different locations on the same 
ground plane, therefore, the four kinds of single element cases 
are omitted here for brevity. 

All the simulated S-parameters, current distribution, E- and 
H-field distributions, and radiation patterns in this paper are 
calculated by software Ansys HFSS. The measured S-
parameters are carried out by Keysight N5225A network 
analyzer, and the measured radiation patterns are accomplished 
by a near-field measurement system. 

V. CONCLUSION 
In this paper, the weak-field-based self-decoupling technique 

is proposed for the first time. The self-decoupling mechanism 
takes advantage of the weak-field area formed by the feeding 
structure and radiating patch of the inset-fed patch antenna. 
High isolation is demonstrated by a two-element antenna array 
at first, and then further validated in a four-element array. 
Importantly, the proposed decoupling method does not require 
any additional circuitry or structures. With all these advantages, 
the proposed self-decoupling technique is promising to be 
applied in MIMO antenna systems. 
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