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Abstract

In this paper, a 4-port broadband mobile phone multiple input multipleﬁ%phf
(MIMO) antenna is designed and implemented for use in femto cell commu ions
The assembly consists of 4 antennas with one main antenna that covers t}@ design

band and 3 sub antennas that cover the data communitation b h of the
antennas is located on the top and bottom corners of the ‘%board,’Q‘ye tested them
on a PC board with the same board ground circums S peﬁ&tj(':} phone ground.
The main antenna operates in the CDMA, GSM,I@ ss 2~8 and ®fass 33~34 service
bands, and the sub antenna operates in the LT ss 1~4; ibro band for data
communications. The voltage standing waveatati (VSW% was’ less than 3:1, and the

maximum isolation between the antennas 8.50B e entire design band. The
average gains for the main antenn meas om -2.48 to -0.54dBi, with

efficiencies from 56.45 to 88.3% Whl antennas were between -1.96 to
-1.2dBi and 63.75 to 75. 92% r y Th%d correlation coefficient (ECC) for
the MIMO system was under over the ntir ata communications band.

Keywords: Moblle an @ MIM@%II Hybrid antenna, ECC
1. Introductio \\

Various s@ at have id on increasing communications bandwidth and

improving si quali obile communications are currently in progress. The 2G
mobile communication e advanced to 3G and 4G technologies, research focusing on
antennas for use in ile phones is developing wider bandwidth with a greater multiple

[1-3]. However, @m mobile phones, such as smartphones, have many limitations for
the antenna desi ue to the wide ground area resulting from the large LCD screen and
battery bu% profile for the phone. This makes it difficult to improve bandwidth
characteri Therefore many studies have proposed widening the bandwidth of the
an ] To improve the bandwidth enhancement, the antenna can be inserted into
s%mpty spaces in the phone [3], lumped elements can be applied at the antenna [4,
5], and the antenna can be implemented according to the ground of the phone [6].

One of the fundamental factors that can improve communications quality is to
reinforce the base station. However, the interaction between base stations and the
occurrence of shadow radio zones decreases the quality of the connectivity. This
problem causes a decrease in the signal to noise ratio (SNR) of the receiver system,
reducing the data speed [7]. Many studies have been conducted to solve this problem,
and one of the technologies that had been studied the most involves using femtocell
communications. The main purpose of femtocell communications is to reduce shadow
radio zones. To this end, a large zone of an existing base station needs to be divided into
many small femto zones. Femtocell communication systems are based on multiple input
multiple output (MIMO) communications. MIMO communication systems select the
signal that is most favorable among all signals affected by the fading in order to obtain
diversity gain.
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However, at least four antennas are required to obtain the optimum diversity gain
under a femtocell environment. The reason for this is that it is difficult to obtain
diversity gain since the difference between incoming signals is not large. Accordingly,
several studies using 4 port antennas in the base station are in progress [8, 9]. However,
research on the multi-port broadband MIMO antenna for use in mobile phones under
femtocell communications still need to be performed.

In this paper, we design and implement a 4-port broadband mobile antenna for
femtocell communications on a bare board of the same size as a practical mobile phone.
Four antennas are used with one main antenna and 3 sub antennas. The main antenna
operates over CDMA (824~896MHz) and GSM (880~960MHz) service bands (lower
band), which carry voice communication bands, and LTE class 2 (1850~1990MHz), 3
(1710~1880MHz), 33 (1900~1920MHz), and 34 (2010~2025MHz) (upper band)g(which
are the data communication bands. In addition, the 3 sub antennas resonate id twt
the data communication bands and Wibro band (1710~2360MHz). The desi
antennas is based on the hybrid operation to obtain a wide bandwidth. The
located at each of the corners on the top and bottom o C boar, ructure of
this paper involves checking the antenna parameters t &gh simula in Section 2,
“Antenna Design” and showing the measu@%a in ti 3, “Antenna

implementation and measurement.”

2. Antenna Design . QQ \C‘;\

main

3rd sub T 4th sub
antenna == Antenna

Figure 1. Figure of the Antenna Model
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Figure 2. Main Antenna

O

(a) Main Antenna Sub 9%
Figure 3. Coupling Structure ofl@al\/laln and (by'Sub Antenna

Figure 1 shows the 4-port MIMO a mod he four antennas include a main
antenna on the top left and 3 sub a \%corners It is designed in such a
way that the ground between th nas is ﬁ‘ e as that of the environment of a
practical mobile phone. Th and Ien he PC board are 74.2 mm and 141.2
mm, respectively. An FR4.substrate of Iatlve dielectric constant &= 4.4 with a
thickness 0.8 mm is u he de all antennas is based on the monopole +
inverted F antenn bnd composed of a monopole antenna and an IFA

ure.
patter maln antenna, and the main antenna has a width x

and the IFA ar conflg conform to the resonance length of the quarter wavelength.
The length of the m nna is of 69.45 mm (A-E) for the monopole and 84.65 mm
(D-F) for IFA. I\T@ of the IFA stub and the monopole open stub are 53.6 mm (D-

@ e antenna is designed in such a way that the monopole
u

G) and 16.575 I). The lengths of the monopole and the IFA provide resonances
both at theApwver band and the upper band while the lengths of the IFA stub and the open
stub affe pper band resonances. The width of the coupling conductor line (A-B)
and (C& of 1.5 mm and 1.0 mm, and the rest of the conductor line is of 0.8 mm.

shows the coupling structures as dot marks for the main antenna (a) and the
s%ennas (b). The monopole antenna is fed from a coplanar waveguide with ground
(CPWG) transmission line, and the IFA is fed from a monopole via the coupling
structure. Therefore, a monopole and an IFA operate simultaneously through a hybrid
form of operation. The hybrid dual resonances of the two antennas provide the antenna
with wide bandwidth characteristics. The reason for which the width of the coupling
conductor line is wider than that of the other conductors is that it is effectively coupled.
The coupling space between monopole and the IFA is of 0.3 mm.
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%re 5. Variance of the Return Losses as a Function of the D-G Length

The resonances of the lower band are simulated as a functions of the length variances
for the monopole line (A-E) and the IFA line (D-F) in Figure 4(a) and (b). For the
simulation of characteristics of the antenna, Ansoft HFSS version 13 was used. In the
monopole + IFA hybrid antenna, the lower band not only varies by the monopole but
also the IFA. Therefore, the bandwidth for the given design can be achieved by adjusting
the lengths.

When the length of the antenna is greater, the resonant frequency moves toward a
lower frequency. Figure 4(a) shows that the length of the monopole antenna is seen to
vary from 69.45 mm to 79.45 mm, in steps of 5 mm. When the length increases, the
resonant frequency moves toward the lower frequencies. And in Figure 4(b), the length
of the IFA varies from 78.64 mm to 88.65 mm, also in 5 mm steps.
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The resonant frequency moves toward the same direction as that of the antenna of the
monopole. The frequency multiplication in the lower band stub influences the upper
band. Figure 5 shows that the length of the IFA stub line (D-G) affects the resonance of
the upper band. The length of the stub changes from 48.8 mm to 53.6 mm, in steps of 2.4
mm. When the length of the stub is long, the resonant frequency of the upper band
moves toward the lower direction.

Loss (dB)

3 Sub Antenna
4 Sub Antenna

I0 ' 750 10|00 l 12|50 ' 15|00 l 17"50 ' 20|00 l 22|50 ' 25|00
Frequency (MHz)

Q§' Figure 7. Return Losses of the Sub Antennas

shows the 3 sub antennas. The size of each sub antenna is 18.825 mm x 15
m idth x length). The 3 sub antennas have the same dimensions and are also based
on monopole + IFA hybrid operation. In Figure 6, the length of the monopole line (A-B),
IFA line (C-D) and short stub of IFA (C-G) are 30.7 mm, 31.49 mm and 10.38 mm,
respectively.

Figure 7 shows the simulated return losses for the 3 sub antennas. The resonance
characteristics of each of the sub antennas in Figure 7 are basically same, but the
impedances of each of the antennas are not the same. These are a result of the location of
the sub antennas. The return losses for the 3rd and 4th sub antennas located at each side
of the PC board, are the same.

However, return loss of the 2nd sub antenna that is just beside the main antenna, is not
as same as return loss of 3rd sub antenna and 4th sub antenna. The influence of the
coupling between the main antenna and the 2nd sub antenna are the cause of this
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phenomenon. Nevertheless, the return losses of the 3 sub antennas are good as less than -
6dB over the 1710 — 2360 MHz range of the data communication bands.
0 resanssBassdds
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Figure 8. Varianeg;?&etum L s vs. Monopole Lengths (A-B) (A) 2nd

Sub Ar& , (B) %Sub Antenna, (C) 4th Sub Antenna

Q)Ie 1 r@pptimized Dimensions of the Antenna

De DtIO DIme 0
PCB size 74.2 x 141.2
hoard space size 50.375 x 15.0
o A-E 69.45
0 : .' o D-F 84.65
Q D-G 53.6
Q) H-| 16.575
space size 18.825 x 15.0
b antenna A-B 30.7
gure 6 C-D 31.49
C-G 10.38

The variances of the simulated return losses resulting from the monopole lengths (A-
B) in Figure 8. The lengths of the monopole antenna line (A-B) change from 30.7 mm to
36.7 mm, in steps of 3 mm. When the lengths of the monopole are shorter, the resonant
frequencies of (a) 2nd sub antenna, (b) 3rd sub antenna and (c) 4th sub antenna move
toward higher frequencies, as shown in Figure 8. By the simulations as the function of
lengths of the main and sub antenna, we have the final optimized dimensions for the
proposed MIMO antenna as Table 1.
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Figure 9. Simulated Isolations bethag%,knte

Figure 9 shows the simulation of the isolation
isolation is simulated to be of -8.5dB over
specification of the maximum isolation at -8dB_for tIe MIM

3. Antenna Implementation an(gh@ureme.m@
Q

=1 2" sub
antenna

t 3rd gub MRS SRR Ath sub

antenna S8 H - == Antenna
Figure 10. Implemented 4 Port Antenna

Figure 10 shows an implementation of the 4-port MIMO antenna, and the dimensions
of the 4 antennas are as described in Section 2. The antenna is implemented on an FR4
PC board that a width and height of 74.2 mm and 141.2 mm. A copper tape is used for
the antenna conductor line, which is the same as an implementation by an antenna
engineer in a mobile phone company.
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Figur easured Return Losses of the Sub Antenna

The ret f&;s at was measured was compared to that obtained from the simulation
i 11. The return losses of the measurements and the simulation did not
tly. This may be a result of an implementation error. The return losses at
ing and at the end of the lower band and the upper band are -7.2 dB at
Z,-10.5 dB at 960MHz, —7.2 dB at 1710MHz and -11.2 dB at 2025MHz.
As shown in Figure 12, which measures the return losses of the sub antennas, all of
the sub antennas satisfy a return loss of -6dB (within VSWR 3:1) on the 1710 ~
2360MHz for the data communication bands. The return losses that were measured are
in agreement with simulations in Figure 7.

114 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.2 (2016)

—8—521

4] —0—831
—A—s41

8 —7—832)

1 —4—s42)
124 —D—s543]

164
220

-24 -

/] SN
oop \
| P

Isolation (dB)

-36 4

q0— 4l L BN I T N e
500 750 1000 1250 1500 1750 2000 2250 2500

3RS
B

[}
Frequency (MHz)
Figure 13. Measured Isolations between 4 AntennaBE )

20 /f

=254

A5 5%
0] 2

5 AL
0 200 = ﬂiﬁrement 0
> |~ - -Smulation e %

Ll

0
-5
:}g ] 300 / ' 60
-20 ;
251/
304
=35 270 |
-30 |
-25 \
=201 \
EIEN
5]
0l 1

S~ Measurement
5 0 e - - - Simulation

iy —A Measurement
- - - - simulation

Q?O (c) E2 (d) 3D
igure 14. (a) H, (b) E1, (c) E2 Plane Radiation Patterns and (d) 3D
Radiation Pattern for Main Antenna at 896MHz

Figure 13 shows the isolations that were measured between the 4 antennas, and the
isolations satisfy a less than -8dB over the entire design band. The measured isolations
are shown to have a slightly better isolation performance than those obtained through the
simulations in Figure 9. These are also caused by an implementation error, but the trend
for the isolations is identical.

A CSCM anti-reflective anechoic chamber made by MTG Co. in KOREA was used
for the radiation measurements of the antenna that was implemented.
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Table 2. Average Gain vs. Field Planes for Sub Antenna

d d
e A C e CA 4 C e CA

JERE -2.10 -1.28 -1.71
plane -2.13 -2.95 -2.97
plane -1.33 -0.06 -0.80

Table 3. Efficiencies and Average Gain of Main Antenna
Freq.[MHZz] Eff.[%] Avg.[dBi]  Freq.[MHz] Eff.[%] Avg.[dBI]

824 . : 57.96 -2.37
840 . . 52.89 -2.77
861 . . 57.77 A-2.38
875 . . 55.32 .
889 . . 55.69 5 -2.54
903 . 5761 T -2.24
919 . . \ 5 )k -2.49
935 . : e 60.2 -2.2
951 . . £ 19 -1.54
960 . . 2025 &\/63 23 -1.99
In the chamber, the radiation patterns arn ffl(:len ere measured against the

|onal 2D and 3D radiation

frequencies for each port. Figure 14.shQWs two-
and The H plane pattern is the
Id be an omni-directional pattern

patterns of the main antenna at 896MHZz for th
one ariE
e pat the E plane patterns. The E1 plane is

fundamental pattern for the b|

without any nulls. The E1 a

a front-back plane, and the E2 plane is & |ght plane for the mobile phone. The E1
plane pattern and the E2 a e patte ot symmetrical for the mobile phone. The
average gain measur d?the H p attern at 896MHz is 0.44 dBi, as shown in
Figure 14(a). The a gains gf\the E1 and E2 planes are -2.34dBi and -1.63dBi, as
shown in Flgg and ( e 3D radiation pattern is almost shown in the isotropic

radiation in 14(d),.The~2D and 3D radiation patterns at a higher band of
1870MHz are“shown |%@De 15(a), (b), (c) and (d). The average gains for the H, E1
and E2 planes were ed as -2.4dBi, -2.67dBi, and -2.49dBi, respectively. The H
plane and the 3D %s are in a slightly distorted shape when compared to that of the
lower band, but@?ﬂost omni-directional with isotropy. Figure 16 shows 2D and 3D
radiation patterns for the 2nd sub antenna. Because of the similarity the sub antenna’s
radiation , 2D and 3D radiation patterns of 2nd sub antenna is representatively
shown. verage gains are noted in the Table 2. The 3D radiation patterns of the sub
anteqnag_dre shown to have all radiations based on the direction opposite to ground.
%radiation efficiency of an antenna is one of its important characteristics for us in
mobrle applications. The environment inside of the mobile phone, such as the presence
of various components and small available space, affect the degradation in the
characteristics, including the return loss, isolation and radiation. The antenna gain is
related to the radiation efficiency. High radiation efficiency for the antenna is necessary
for mobile communications.

Table 3 shows measurements for the efficiencies and the average gains of the main
antenna. The efficiencies and the average gains of the main antenna are 56.45 ~ 88.3%
and -2.48 ~ -0.54dBi, respectively.

Table 4. Efficiency and Average Gains of Sub Antennas

2" subantenna 3" subantenna 4" sub antenna

Freq[MHz] Eff[%] Avg.[dBi] Eff[%] Avg.[dBi] Eff.[%] Avg.[dBi]
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72.2 -141 52.8 -2.77 58.92 -2.3
73.22 -1.35 59.59 -2.25 64.29 -1.92
67.18 -1.73 61.38 -2.12 64.47 -1.91
75.57 -1.22 59.19 -1.6 71.09 -1.48
75.92 -1.2 72.36 -1.41 73.37 -1.34
70.33 -1.53 67.93 -1.68 67.12 -1.73
67.69 -1.69 62.85 -2.02 60.95 -2.15
67.71 -1.69 58.96 -2.29 58.69 -2.31
63.75 -1.96 53.77 -2.69 54.24 -2.66
68.08 -1.67 57.49 -2.4 58.02 -2.36
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In Table 4,

e effi

ies and the average gains for 3 sub antennas at the data
communication band: efficiencies of the sub antennas are 63.75 ~75.92%. The
average gains are zI* -1.2dBi for the sub antennas.

The envelo rrelation coefficient (ECC) is very important for MIMO
communic '(m'systems. ECC is related to the correlation between each of the antennas,
and it aff the SNR of the system. The formula to calculate the ECC calculation
betwe@ 2 antennas is presented as equation (1), which is a function of the S-
pafafmgters [10]. If the S21 and S12 isolations are smaller, ECC becomes lower and
restilts’ in better performance for the MIMO communication system [11]. The S-
parameters that were measured are used to calculate the ECC, as in Figure 17, with the
maximum ECC between the 4 ports over the entire LTE data communication of 0.148.
The channel capacity and channel correlation coefficient should be checked for the
MIMO communications.

For the MIMO antenna, the isolation or the ECC between antennas are important
parameters that are related to the channel capacity and channel correlation [12]. By the
MIMO system specification of the mobile phone manufacturing companies in Korea, the
isolation and ECC between the antennas are imposed below than -8dB and 0.2.
Therefore, the proposed antenna can be applied as a MIMO antenna for femtocell mobile
communications.
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3. Conclusion

A 4-port mobile phone MIMO antenna that consists of one main antenna and 3 sub
antennas was designed and implemented for femtocell communications. The design of
all antennas is based on monopole + IFA hybrid operation. The 4 antennas were located
at each of the corners of a board that had the same size as a practical mobile phone. The
antenna was implemented on the bare board and was measured. The VSWR and the
maximum isolation between the antennas were less than 3:1 and -8.5dB, respectively,
over the entire design band. The 2D and 3D radiation pattern measurements revealed
that the antenna radiated almost omni-directionally to the H plane and had isotropy in 3-
dimensional space. The average gains and efficiencies that were measured were -3.44 ~ ;
0.7dBi and 45.29 ~ 85.08% for the main antenna and -3.44 ~ -2.35dBi and ~
71.72% for the 3 sub antennas. The maximum ECC from the S-parameters ere
measured is 0.148 over the data communication bands. Therefore, this dnt can be

applied as an antenna for mobile femtocell communicati‘i 5.;5 o @
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