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Abstract: - At present, numerous small-size mobile terminal devices, such as mobile phones, have embedded the antenna in the
cases, which will lead to considerable restrictions on the space for installing multiple antennas. Aiming at the requirements of
rational design and layout of multi-antennas for MIMO mobile terminals and combining with the broadband and miniaturization
technologies, a dual polarized antenna suitable for mobile terminals was designed in this paper through an adoption of polarization
diversity. For a dual polarized multilayered micro-strip antenna with a ground plate, it is easy to be conformal to the carrier. In this
paper, the design and the process of simulation optimization of the antenna unit were analyzed in detail. The bandwidth of the
antenna unit was 1890 to 2200 MHz, the return loss was superior to -33dB, and both of the horizontal polarization gain and the
vertical polarization gain were 8.2 dB. Accordingly, the characteristics of a high gain and dual polarization were achieved.

Keywords:Multiple antennas of mobile terminals; Broadband; Miniaturization technologies.

. INTRODUCTION

Targeting at the features of the mobile terminal devices themselves, the following design requirements related
to the multiple antennas of the MIMO system mobile terminals can be obtained:

(1) In order to obtain the diversity gain, the multi-antenna layout of the mobile terminals needs to use a
combination of diversity methods;

(2) In order to enable the antenna to have as wide a lobe as possible in the forward direction while to have as
small a radiation as possible in the backward antenna so as to reduce the SAR of the antenna, the orientation
pattern of the antenna unit is required to be optimized,;

(3) A dual polarization and even multiple polarization ought to be realized;

(4) An appropriate measure should be adopted to drop down the volume of the antenna unit, and accordingly,
a miniaturization design would come true.

In regard to the micro-strip antenna, a linear polarization of two-path orthogonality is completely able to be
realized on the same patch if a proper feed position has been chosen under the condition where there is no need of
an additional increase in the volume of the antenna. Moreover, at the same time of a selection among the
diversity modes for the multiple antennas of MIMO mobile terminals, a polarized diversity is generally selected
so that we can couple with the special properties of the micro-strip antenna to put the design of dual polarization
into to realization.

For the purposes of an improvement in thediversity gain and a decrease in the adverse effects on the systems
due to the failure of pairing of the antenna polarization, we are supposed to select out a suitable technical
program when the antennas for the MIMO-system mobile terminals are in designing, so as to reach the dual
polarization design of the antennas.

Il.  DESIGN OF THE ANTENNA UNIT

Due to the small volume of the mobile terminal devices themselves, the requirements for the multiple antenna
design of the mobile terminals are very strict. Based on such a situation, various requirements for the antennas
are correspondingly came up with, that the antenna is supposed to be small in the size, low in the cross section,
light in the weight, diversifying in the electrical properties, easy conformity with the carrier, and conducive to be
an integration with active devices and circuits as a unified component. In view of the above requirements for
multi-antenna design of mobile terminals in MIMO systems, two different types of antenna elements have been
designed in this chapter, one of which is a dual-polarization multilayered micro-strip antenna with a structure of
double-layer dielectric plate, and the other is a slot-shaped dual polarization antenna. In addition, the effects of
the main parameters of the antenna unit structure on the S-parameters of the antenna elements have been
analyzed in detail, respectively. The overall idea of designing the antenna unit followed the following pattern.
First of all, the technical indicators that need to be achieved were combined with the antenna structure initially
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determined. Through an analysis and calculation with the classical theory of the antenna, the parameters of the
structure of each part of the antenna unit were and obtained. Then, these parameters were brought into the
simulation software for the establishment of a model on the antenna. The last step was to compare these technical
indicators with the simulation results, and to modify these parameters of the antenna structure repeatedly until the
simulation results met the required technical indicators.

The dual-polarized multilayered micro-strip antenna and the slot-shaped dual-polarized antenna studied in
this paper were both applied to the mobile terminal equipment with the GSM band and CDMA band. The main
design indicators of the antenna were: The working band was 1.9 to 2.2 GHz; the return loss was<-10dB; and the
bandwidth>300MHz.

A. Analysis of the Antenna Parameters
In the designing of a micro-strip antenna, how to select the dielectric substrate of the antenna is a process of
importance. The dielectric constants €, and tan ¢ of the dielectric substrate and the thickness h of the dielectric

substrate are all the parameters that directly affect the performance of various aspects of the micro-strip antenna.
In addition, the size of the antenna patch, the bandwidth of the antenna, the accuracy of the physical production,
and the impedance of the feeder line can also affect the performance of the micro-strip antenna. For these causes,
in the actual production of the antenna body should be based on the specific needs of the various parameters of
the antenna to be weighed.

For the effective utility of space, a dielectric substrate with relatively low &, is generally used in designing the

micro-strip antenna. If a lower resonant frequency is in demand, the dielectric substrate with a high &€, can be

taken into consideration. Besides, on the premise that the dielectric constant is kept unchanged, a dielectric
substrate with a large thickness is allowable to be selected if a large bandwidth is to be obtained. However, the
dielectric substrate with a large thickness will increase the surface wave of the patch. Assuming that the operating

frequency of the antenna is T , and the formation of the surface waves need to be avoided, the thickness h of the

dielectric substrate should satisfy the following equation :
0.3c

h ————
27t Jg, O

From the above equation, it can be known that the input impedance will increase with the increase of the
dielectric constant, and the port isolation will also increase under the condition where the thickness of the
dielectric substrate is kept constant. With the dielectric constant remaining constant, the elevation in the substrate
thickness can reduce the input impedance and the isolation will also be dropped down at the same time.

Since that these parameters of the volume, isolation and bandwidth of the antenna are mutually restrictive,
a balanced consideration ought to be applied according to the actual design requirements in the antenna design
process, and thus suitable materials will be selected. In addition, the machinability of the dielectric substrate is
also in need of being taken into consideration, and the material for the antenna is preferably prevented from being
affected by environmental factors such as temperature and humidity. Hereby, the dielectric substrate selected in

this paper is Fb4-1, with a dielectric constant £, of 2.65, tan & =0.0005. and the thickness h of Imm.

Under general circumstances, the basic size of the antenna is mostly obtained from a rough calculation with
the empirical formula first in the designing of the micro-strip patch antenna.
The formula for the determination of the width\\V of the antenna unit is:

c &+l
— (= 2
2fr( > )@

In this formula, Cis the speed of light, f, is the resonant frequency, and &, is the dielectric constant of the

W =

dielectric substrate. The length | of the micro-strip patch antenna element is generally approximately equal to
/Ig 1 2 ; however, in the fact that it will be influenced by the fringe field, the size | of in the actual design should
be subtracted by 2AL from lg I 2 . Here, the value of AL is given by the equation below:

Al _ g 415 (8 +03W /h+0.264) o
h (¢, —0.258)(W /h+0.8)
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Wherein, his the selected thickness of the dielectric substrate, and &, is the effective dielectric constant of
the dielectric substrate. &, can be expressed as:
e+l ¢ -1
& = +
2 2
The length | of the antenna unit can be expressed by the equation below:
L= 0.5/1g —2AL (5)

1
21002 )
w

1

Wherein, ﬂg is the dielectric wavelength, which can be obtained through the calculation from

Ay =2 1§ fge (4, is the wavelength of free space).

Or, the length | of the antenna unit can be expressed by the equation below:

C
I'_213\/2

In general situations, the size of the dielectric substrate is the one that is widened outward at /tg /10 along

—2AL (6)

the sides of the radiating element.
According to the formula above, it can be seen that the value of | is closely related to &, . After the |_and

W are given, the size and weight of the antenna will be determined by h. When &, and h are known, the

selected value of &, is determined by W , while the selected value of W will pose an impact on the directivity

function, the input impedance, and the radiation resistance of the micro-strip antenna, which in succession will
influence the radiation efficiency and bandwidth of the antenna. Additionally, the selected value of \W/ directly
dominates the size of the micro-strip antenna; the larger bandwidth is beneficial to the frequency band,
impedance matching, and efficiency if the mounting space permits. In contrary, when the \W is too large, high-
order modes will occur, causing a distortion of the field.

B. Design of Dual-polarized Multilayer Micro-Strip Antenna Unit

Through the comparisons between various antenna types, it can be found that he dual-polarization micro-strip
antenna occupies more potential for miniaturization than that for the single-polarization micro-strip antenna;
furthermore, it is easy for the micro-strip antenna with the ground plate to be conformal with the carrier.
Currently, the mobile terminal devices gradually form a design trend of embedding an antenna into the cases of
the devices. For this end, a design was conducted on the adopted dual polarization micro-strip antenna with a
ground plate in this program. And the detailed analysis on the process of designing the antenna unit is as follows.

(1) Analysis of Antenna Unit Structure

The structure of the antenna unit is shown as in Figure 3.1. The antenna uses a multi-layer structure to
increase the effective dielectric height of the antenna and introduces an air layer to broaden the frequency band.
The antenna unit adopts a rectangular radiation patch, and a preliminary calculation based on empirical formula
(2) yields w=55.5mm. After an optimization simulation with the CST MICROWAVE STUDIO electromagnetic
simulation software based on finite integral method, the obtained size of the antenna radiation patch is 53mm.
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Fig. 1. Diagram of the unit structure --Structure diagram of double-polarized multilayer micro-strip antenna

Radiation patch  dielectric plate

~ h
hl

air layer

ground plate

Fig. 2. Stereogram of the unit--Structure diagram of double-polarized multilayer micro-strip antenna

The description of each parameter are as follows: The width of the two dielectric plates is I, the thickness is h,
and the dielectric constant is 2.65. w is the width of the rectangular radiating patch. Adjusting the value of w
allows the resonant frequency to be adjusted to the desired operating frequency. The height of the air layer is hl.
The feeder line is placed on the back of the first layer of media board and can be divided into three parts. The
front end adopts a wafer with radius r, which makes the matching easier to adjust. The middle part is a matching
branch section, and the length is t1. A gradient line structure is adopted, and the gradual adjustment amplitude
can be used to make the frequency band be broadened, and a better matching can be achieved accordingly. The
back-end part is a 50ohm matching feeder line, with the length of t2 and the width of k.

I1l.  OPTIMIZATION SIMULATION OF ANTENNA UNIT

This program used the CST MICROWAVE STUDIO electromagnetic simulation software based on the finite
integral method for analysis. Firstly, a simulation software was applied to set up an antenna model, and then the
waveguide port of 50 () was chosen to serve as the input port of the antenna. Soon after that, an adjustment was
performed on the size of the antenna. The simulated value of the reflection loss was used to determine the
optimal antenna unit structure size. Next, the influence of the main parameters of the dual-polarized multilayer
micro-strip antenna structure in Figure 3.1 on the S-parameters of the antenna was discussed.

A. The width of the radiation patch w was adjusted

The width of the radiation patch w was adjusted, and the change of the parameter S is shown in Figure 3.2,
where the adjusting values were 47mm, 50mm, 53mm, 56mm, and 59mm, respectively.

Adjusting the value of w, both of the curve changes of S11 and S12 were obvious. From the Figure (a), it can
be seen that the resonant frequency of the 1 port gradually becomes smaller as the w value gradually increased,
the bandwidth of the port was basically kept at about 300 MHz; and its return loss also changed; first it became
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larger as w increased and the best result was obtained at w=53mm; and then it became smaller as the value of w
continued to increase. The change rule of the S22 curve in Fig. (b) was basically the same as that of the S11
curve, and the change law of the port resonance frequency and the bandwidth is basically the same as that of the
change of port 1. As can be seen from (c), the curve of the isolation of the two ports S21 also gradually shifted to
the left as the value of w changes, and basically moved as the resonant frequencies of the two ports move.
Although all of them could reach -15dB in the bandwidth range, the result was still not satisfactory. After
comparing the curve changes of the S-parameters, the resonance frequency, return loss, and bandwidth of the two
ports and the isolation of the two ports were taken into consideration. Finally, w=53 mm was selected.

Amplitude /dB

-35

0 1 2 3 4
Frequency /GHz

Fig. 3. The Changing curve of S parameter with adjusting the value of w--Changing curve of S11

Amplitude /dB

-40

0 1 2 3 4
Frequency /GHz

Fig. 4. The Changing curve of S parameter with adjusting the value of w--Changing curve of S22
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Fig. 5. The Changing curve of S parameter with adjusting the value of w--Changing curve of S21

B. The matching stub length t1 of the feeder line were adjusted

The matching stub length t1 of the feeder line were adjusted and the changing state of S parameter was shown
in Figure 3.3, where the adjusting values were 13mm, 16mm, 19mm, 22mm, and 25mm, respectively.

Adjusting the value of t1, both of the curve changes of S11 and S12 were obvious. It can be seen from the
figure (a) that when the value of t1 gradually increased, the resonant frequency of the 1 port also changed,
fluctuating around the center of the value obtained at t1=19mm. The port bandwidth was basically kept at 300
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MHz, and the return loss value remains substantially below -30dB. The S22 curve in Figure (b) also varied with
the value of t1. The resonance frequency swing of the 2 port is obvious. The port bandwidth and return loss of the
port were similar to those of the 1 port. From the figure (c), it can be seen that the curve of the two-port isolation
S21 did not show a large change, and both can reach -15dB in the bandwidth range. Finally, a comprehensive
consideration on the resonance frequency, return loss and bandwidth of the two ports was performed, and the
t1=19mm was selected, which can make the resonant frequencies of the two ports most similar to each other.

Amplitude /dB

-50 ‘ r

Frequency /GHz

Fig. 6. The Changing curve of S parameter with adjusting the value of t1-- Changing curve of S11

Amplitude /dB

-55] i ---- t1=25
I

0 1 2 3 4
Frequency /GHz

Fig. 7. The Changing curve of S parameter with adjusting the value of t1-- Changing curve of S22

Amplitude /dB

Frequency /GHz

Fig. 8. The Changing curve of S parameter with adjusting the value of t1-- Changing curve of S21

C. The portslength t2 of the feeder line were adjusted

Adjusting the portslengthof t2, both of the curve changes of S11 and S12 were obvious, where the adjusting
values were 7mm, 9mm, 11mm, 13mm, and 15mm, respectively.

Adjusting the value of t2 will mainly affect the return loss of the two ports. From Figure (a), it can be seen
that when the value of t2 gradually increased, the return loss of port 1 first increased; then, it reached the
maximum at t2 = 11 mm and after that it gradually became smaller; its resonant frequency does not change
significantly and basically was maintained at the position of 2GHz. Similarly, the port bandwidth did not present
a significant change and it was remained at around 300MHz. The variation of the S22 curve in Figure (b) was
basically the same as that of the S11. The port resonant frequency and the change of the bandwidth and the return
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loss were basically the same as those of the port 1. From the figure (c), it can be seen that the curve of the two-
port isolation S21 did not change greatly and both can reach -15dB in the bandwidth range. After a
comprehensive consideration on the resonance frequency, return loss and bandwidth of the two ports was
performed, and the t2=11mm was selected with which a generally good result was obtained.
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Fig. 9. The Changing curve of S parameter with adjusting the value of t2--Changing curve of S11
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Fig. 10.The Changing curve of S parameter with adjusting the value of t2--Changing curve of S22
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Fig. 11.The Changing curve of S parameter with adjusting the value of t2--Changing curve of S21

Through the scanning and optimization of the above main parameters, the parameters of the antenna can be
determined finally, and it can be concluded that the reflection coefficients S11 and S22 of the two ports of the
antenna had a bandwidth range of 1890 to 2200 MHz at -10dB. The center frequencies of the two ports of the
antenna coincided. At the center frequency, S11 was -33dB and S22 was -38dB. The two-port isolation S21 can
reach -15dB over the entire operating band. The antenna had a working bandwidth of 310 MHz, covered the
GSM band and the CDMA band, and met the design requirements for an antenna bandwidth of =300MHz. The

optimized S-parameter curve was shown in Figure 3.5. The final debugging parameters were shown in Table 3.1.
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Fig. 12.Simulation values of S parameter after the optimization

Table 1. Values of each parameter (Unit: mm)
1 w h hl
70 53 1 2.2
r tl t2 k
3 19 11 2.7

The optimized antenna pattern simulation results are shown in Figure 3.6. Figure (a) shows the patterns of E-
plane and H-plane of the 1-port, where the half-power beam-width of the E-plane is 73.2°, the half-power beam-
width of the H-plane is 81.6°, the first side-lobe level is lower than -17.3dB, and the maximum gain reaches
8.2dB. Figure (b) shows the patterns of E-plane and H-plane of the 2-port, where the half-power beam-width of
the E-plane is 73.1°, the half-power beam-width of the H-plane is 81.5°, the first side-lobe level is lower than -
17.2dB, and the maximum gain reaches 8.2dB.

— E-plane of the 1-port

- H-plane of the l-port

—E-plane of the 2-port

- - - -H-plane of the 2-port

Fig. 14.The Simulation results of direction diagram after the optimization--Patterns of E-plane and H-plane of the 2-port

418



J. Electrical Systems 20-2 (2024): 411-420

The above simulation results indicated that the dual-polarized multilayered micro-strip antenna unit can
effectively realize the characteristics of wideband, high gain, and easy conformity, and it was easy for it to
achieve the index requirements of the antenna design in this paper.

IV. CONCLUSION

At presently, the mobile communications are in a rapid development, while the spectrum resources
demonstrate an increasing scarcity. To achieve a communication system with high speed and large capacity on
the limited spectrum resources, the technology featured in an extremely-high efficiency of spectrum utilization is
required. Fortunately, the MIMO technology is emerged accordingly in this situation. The communication system
using MIMO technology is called MIMO communication system. Multiple antennas (or array antennas) and
multiple channels are adopted at the transmitter and receiver, and their system capacity increases linearly with the
increase of the minimum number of antennas at the transmitter and receiver. It is this significant feature that the
popularity of MIMO technology has become one of the research hotspots in the field of wireless
communications. Currently, the researches on the antenna in the MIMO system mainly focus on the antenna
form, multiple antenna layout, and mutual coupling analysis. Since that the current communication products,
especially mobile terminal devices, are moving toward miniaturization, the space for installing multiple antennas
is considerably limited due to the small size of the equipment. Under this background, focusing on the design and
layout requirements of multiple antennas for mobile terminals, a related research was performed in this paper.

Based on the analysis on the design requirements and technical approaches of the multi-antennas for MIMO
mobile terminals in this paper, a small-size wideband antenna was created, which was designed to be a dual-
polarization multilayer micro-strip antenna. This antenna adopted a double-layer dielectric plate structure,
introduced an air layer, and the feeder was placed on the back of the first layer of the dielectric plate. The method
of slotting the ground plate was failed to application so that the antenna structure was relatively simple. In this
paper, a professional electromagnetic simulation software was used to analyze the design and simulation
optimization process of the antenna unit in detail. And the results suggested that the working bandwidth of the
dual-polarized multilayer micro-strip antenna was 1890~2200MHz, and the return loss was superior to the value
of -33dB. Depending on these results, it can be known that the antenna operating bandwidth was 310 MHz which
can cover the GSM band and the CDMA band, and the design requirements for the antenna bandwidth = 300
MHz have been achieved.
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