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1. INTRODUCTION

In recent decades, there is an increasing demand in higher data rate transmission specifically in the
development of wireless communication. Multiple Input Multiple Output (MIMO) is a promising technology
to improve the channel capacity with multiple antennas. MIMO technology is widely used in mobile terminal
to improve the device data rate performance. However, the increasing number of antennas creates a high
mutual coupling. Mutual coupling between antennas greatly degrade the overall operating performance [1].
However, the mutual coupling is usually compensated with a distance between antennas by a quarter
wavelength [2]. Due to the limited size of terminal chassis in mobile terminals, it is challenging to locate
multiple antenna on the small chassis with a promising performance [3]. In other words, chassis with limited
space on mobile terminal is challenging to locate multiple antenna with a distance less than a quarter
wavelength. The aforementioned problem is significant when the operating frequency is less than 1 GHz.

There are several techniques to compensate the mutual coupling for multiple antennas, i.e. defected
ground plane [4-11], parasitic elements [12, 13] and decoupling network [14, 15]. Mutual coupling had been
reduced by implementing with these techniques but there is limitation. This paper is focusing on decoupling
technique of defected ground plane. Several studies have implemented defected ground plane to reduce the
mutual coupling among antennas [4-8]. The operating frequency in [4, 5-7] and [8] are 1.8GHz, 2.5 GHz and
>3GHz, respectively. Some authors implemented more than one technique to reduce the mutual coupling
[9-11]. In [9], an addition connecting line is added between antennas with defected ground plane to enhance
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the impedance matching and mutual coupling at 1.71-2.72 GHz. In [10], parasitic element and defected
ground plane are implemented to reduce the coupling at 2 GHz. Apart from the defected ground slot, lumped
elements were used to improve the inductance of the slot to decouple at frequency below 1 GHz in [11]. Most
of these papers focused on decoupling at high frequency.

This paper investigates the effect of defected ground structure with PIFA for the low-band LTE
(698-960 MHz) in a small mobile terminal. The center frequency, f. of the antenna is 829 MHz. The effect
with the present of defected ground in different dimension and its performance is studied. Other than S-
parameters, the performance, such as total efficiency and ECC are presented. This is to provide the insight
concerning impact of defected ground plane on mutual coupling and ECC below 1 GHz. Section Il presents
the design of the antenna structure and the parameters of defected ground structure varied in this study. The
characteristic of parameters varied are discussed with performance metric, i.e. mutual coupling and total
efficiency. The optimized results are presented and discussed in Section 111, and conclusions are revealed in
Section V.

2. PARAMETER STUDY ON DEFECTED GROUND PLANE
2.1. Antenna structure

This paper utilized the meander PIFA structure in [16]. Dimensions of antenna structure are shown
in Figure 1. The dimensions of chassis used are 110x55x1.52 mm® with Rogers substrate. The overall
dimensions of the meander PIFA are 23 mm x 20 mm. Antenna element 1 (A1) and antenna element 2 (A2)
are positioned symmetrically at the top edge of the chassis. The gap between Al and A2 is 0.042 A. The
studied defected ground plane is a rectangular slot with W x L mm in between of Al and A2.

2mm
-

110mm
5
23mm AL

55mm

Figure 1. Geometry of antenna structure

2.2. Characteristic of performance on parameter study

In this study, the current distribution of the ground plane is monitored without the present of
defected ground slot. This is to determine the best location to locate the defected ground slot. Based on the
observation, high current distribution is found between the antennas on the ground plane. This location gives
highest coupling effect. Hence, the location of the defected ground slot is positioned at the top edge of the
chassis as shown in Figure 1.

Characteristic of the defected ground slot is observed by varying the dimensions of the slot. The first
part of this study focused in the variation in length of the slot, L where W is fixed at 0.0042 A. The dimension
L is varied from 0.05 X to 0.3 A. Figure 2 shows the effect of varying L on the ground plane on S-parameters.
The Al and A2 are positioned symmetrically, hence, S1;-S,, and S;,=S,;. The increment in the dimension L
caused the f;shifted.

Figure 3 shows the relation between varied L and the studied performance. The f, is given a negative
sign (-) when shifted to a lower frequency and vice versa. In Figure 3(a), the S-parameters (decibel, dB) and
the frequency detuned (MHz) are denoted by the left and right of the y-axis, respectively. The varied length is
implied in lambda at the x-axis. The frequency is detuned to a lower frequency at two different points when
the L is increasing. The first point is started from the origin and the second point is started at 900 MHz.

The initial value of the mutual coupling is -2.8 dB. It is possible to have a small reduction on mutual
coupling along the variation of L. Mutual coupling is maintained at -6 dB started from 0.15 A to 0.25 A.
However, the impedance matching is low at 0.15 A as compared to others length. Based on Figure 3(a), 0.25
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A is found to have a good impedance matching and a lower mutual coupling. This shows that A/4 can
provides a promising performance as compared to other length of L with the exclusion of frequency detuned.
Figure 3(b) shows the total efficiency and envelope correlation coefficient (ECC) for parameter sweep, L.
The result is obtained by selecting several operating frequency that is shifted. Apart from 0.15 A, the ECC is
found to be lower than 0.5.This is because both of the antenna are exciting at the same direction at low
frequency with the effect of ground plane modification. The total efficiency is increased and reached the peak
at 0.2 A width. From 0 A to 0.15 2, the total efficiency is found to be lower than 50%. This is mainly caused
by the low radiation efficiency of the antennas.
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Figure 2. Effect on S-parameters by varying

Figure 3. Performance of (a) S-parameter, (b) total
parameter L of defected ground slot

efficiency and ECC for parameter sweep, L

In second part, W is varied from 0.022 A to 0.133 A and L is fixed at 0.25 A. The direction of f; is
detuned toward a higher frequency as shown in Figure 4. The maximum detuned of f; is 331 MHz and the f;
is shifted towards a higher frequency at 1.16 GHz. Figure 5(a) shows a decrease in the impedance matching
of the antennas. The antennas are resonating until it achieves W=0.08 A at -6.9 dB. When W exceed 0.08 A,
the antennas stop operate as the minimum tolerance level of impedance matching is reached. The maximum
impedance matching achieved at -20 dB and the minimum mutual coupling is at -6.2 dB. The mutual
coupling between the antennas is found to be inversely proportional to W. However, the impedance matching
is degraded as W increased. Figure 5(b) shows the total efficiency and ECC for parameter sweep, W. The
ECC is gradually increased with the changes in W and is under 0.5 overall. Total efficiency is at the range of
50 % to 70 %. A high mismatch loss at wider W results in a reduction in the performance of total efficiency.
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Figure 4. Effect on S-parameters by varying
parameter W of defected ground slot

Figure 5. Performance of (a) S-parameter, (b) total
efficiency and ECC for parameter sweep, W
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3. OPTIMIZATION OF DEFECTED GROUND PLANE

The optimized dimension of the defected ground plane based on the parameter study
aforementioned in Section Il is presented in this section. The results of single and two slots on defected
ground are discussed in this section.

3.1. Single slot

L and W of the slot are optimized based on the parameter study in Section Il. The modification in
ground plane caused a detuned frequency. The dimensions of L and W of the antenna are optimized so that
the f; is tuned to the desired frequency. Figure 1 shows the dimension of the antenna element with 23 mm x
20 mm. The antenna element is optimized by tuning the length of AL. An increase in length of AL shifts the
f. to a lower frequency and vice versa.

The location of the defected ground slot is remained at the center part at top edge. Dimension of the
optimized slot is shown in Figure 6(a). The optimized dimension of W and L are 0.0042 A and 0.278 A,
respectively. The dimension of L (i.e., 0.278 A) is more than a quarter wavelength at low frequency (i.e., 829
MHz). The dimension of AL is tuned to 35 mm so that the f, could be shifted to the operating frequency. The
optimized result obtained from simulation based on the parameter study is shown in Figure 6(b). The S-
parameter result of optimized single defected ground slot is compared to a full ground antenna. The
impedance matching and mutual coupling of the PIFA with full ground plane are -23 dB and -2.85 dB,
respectively. The impedance matching and mutual coupling with the implementation of optimized single
defected ground slot are -15 dB and -7 dB, respectively. The mutual coupling with the single defected ground
slot is able to improve by -4.15 dB. Impedance matching is reduced by 5 dB with the compensation of mutual
coupling. This is still under the tolerance level of mismatch loss at —6 dB [17]. Figure 6(c) shows the
radiation pattern of the antenna. The left and right figures in Figure 6(c) denotes the excitation of ports 1 and
2, respectively. The radiation patterns are obtained at 829 MHz. The ECC and total efficiency achieved with
single defected ground slot is 0.175 and 62 %, respectively.
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Figure 6. (a) Dimension of antenna with single defected ground slot, (b) S-parameter
comparison with and without defected ground slot, (¢) Radiation pattern of each port at
829MHz
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3.2. Two slot

In addition, this study presents the information on multiple defected ground slots with PIFA. Figure
7(a) shows the defected ground slot. The dimension of the defected ground slot is remained the same: 0.0042
A x 0.278 A. The gap between the slots implemented is 1 mm. The results of the S-parameter with single
defected ground slot is compared to two defected ground slots. The results are shown in Figure 7(b). The
impedance matching and mutual coupling of two defected ground slots give the same pattern in result with
single defected ground slot. The impedance matching and mutual coupling of two defected ground slots are -
14.5 dB and -7.2 dB, respectively. The difference of impedance matching and mutual coupling with single
defected ground slot are -0.5 dB and -0.2 dB. Figure 7(c) shows the radiation pattern of each port at 829
MHz. The radiation patterns are found to be similar to the single defected ground slot. The ECC and the total
efficiency are 0.182 and 56 %, respectively. This minor differences are neglectable and is hypothesized to
provide the same result.
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Figure 7. (a) Dimension of antenna with two defected ground slots, (b) S-parameter
comparison of single and two defected ground slots, (c) Radiation pattern of each port
at 829MHz

4. CONCLUSION

In this paper, a simple defected ground plane with a straight slot is implemented and the studies of
the parameters are presented. In the beginning of this paper, the antenna is operating at frequency of 829
MHz with mutual coupling of -2.8 dB. The defected ground slot is optimized based on the output of
parameters study (W and L) and the antenna length, AL to reduce the mutual coupling at the f. The
optimized result is implemented with a single defected ground slot of dimension: 0.0042 A x 0.278 A. The
mutual coupling in this study is further reduced by 4.5 dB and achieved a minimum value of -7 dB with the
implementation of defected ground slot. Besides, this study simulated and compared among single and two
defected ground slot. Both of the results presented a similar performance which is neglectable. In terms of
antenna design, less modification of the ground plane is preferable. This study found that the minimum
mutual coupling is at -7 dB and the ECC is below 0.5 with a quarter wavelength defected ground slot. Mutual
coupling below -10 dB at low frequency is difficult to be achieved with rectangular defected ground slot
alone without the support of other decoupling techniques.
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