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Abstract

In this paper, we proposed and evaluated the performance of an internal MIMO (Multiple Input Multiple

Output) antenna for multiband operations including LTE (Long Term Evolution) 700/2300/2500. And to enhance

the isolation characteristic, a parasitic element is designed and applied. The proposed single antenna has a volume

of 60 mm(W) x 38 mm(L), and the ground plane is 60 mm(W) x 100 mm(L). The parasitic element used for

enhancing the isolation of the antenna was designed with a copper on FR4 sized 60 mm(W) x 20 mm(L) x 1.6

mm(H), and the pattern size is 60 mm(W) x 15 mm(L). Simulated and measured results showed that LTE

700/2300/2500, DCS (Digital Cellular Service: 1710-1880MHz), K-PCS (Korea-Personal Communication Service:

1750-1870MHz), US-PCS (US-Personal Communication Service: 1850-1990MHz), WCDMA (Wideband Code

Division Multiple Access: 1920-2170MHz), Wibro (2300-2390MHz), Bluetooth (2400-2483MHz), WLAN (Wireless

Local Area Network: 2400-2483.5MHz), US-WiMAX (US-World interoperability for Microwave Access:

2400-2590MHz) frequency bands were covered with S11 values less than -6dB (VSWR < 3). Simulated and

measured results on S21 at 730MHz for the firstly designed MIMO antenna showed -5.50dB and -5.65dB,

respectively. When with the parasitic element at the separated ground plane to enhance the isolation performance,

-10.33dB and–12.90dB are obtained for the simulation and measurement, so the enhanced isolation performance at

lower frequency band (617-867MHz) is confirmed.
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I. Introduction

In recent years, the necessity and availability of

portable terminals for wireless communication have

increased rapidly. As a result, the high-speed data

transmission of next generation mobile

communication system is more highly valued. In

order to realize high-speed data transmission,

technologies that efficiently use the restricted

frequencies in limited space are necessary. One of

these technologies is MIMO (multiple input multiple

output), which involves the use of multiple

antennas. The proposed MIMO system by the Bell

Research Institute has enabled high-speed data

transmission using several antennas at the

transmitter and receiver to increase the channel

capacity[1,2]. However, it is very challenging to

have the high isolation characteristics, because the

adjacent multiple antennas cause strong

electromagnetic mutual coupling and interferences.

So far, for isolation improvement between antenna

elements inside mobile handsets, many researchers

have been trying to find new techniques[3-14], such

as adjusting optimal antenna positions[3], how to

apply diversity techniques[4,5], how to use

decoupling networks[6,7], how to insert SRR (Splite

Ring Resonator), AMC (Artificial Magnetic

Conductor), EBG (Electromagnetic Band Gab), EBG

without common ground plane[8-10], how to use
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slot or slit on the ground plane[11,12], how to use

parasitic elements[13,14], and so on.

The LTE (Long Term Evolution) operation is in

demand for modern mobile devices such as smart

phones, laptop computers, and tablet computers. The

LTE operation can provide a much higher

communication data rate than the WWAN (Wireless

Wide Area Network) operation. It mainly includes

three operation bands of the LTE 700 (704-787MHz),

LTE 2300 (2300-2400MHz), and LTE 2500

(2500-2690MHz)[15-17].

These antennas which can cover all the operating

bands of LTE operations are attractive for use in

mobile devices as the main internal antenna for

voice and data communications. However, it is noted

that the LTE is best suited for the MIMO

operation[16-18].

In this paper, we propose an internal MIMO

antenna for multiband operations including LTE

700/2300/2500 frequency bands with S11 values less

than -6dB (VSWR < 3). We are able to achieve the

multiband operation by combining a multiband

G-shape monopole antenna[19] with wideband top

loop loaded monopole antenna[20] in Section II.

Next, we propose the MIMO antenna with a

parasitic element[13] and a separated ground

plane[10] that could be used for multiple services.

The previous researches[3-14] usually deal with the

isolation enhancement for a single band, but we

conduct the isolation enhancement of a multiband,

including LTE 700/2300/2500, antenna. We try to

enhance an isolation characteristic by using one

parasitic element with the separated ground plane in

Section III, and conclusion follows in Section IV.

A HFSS (High Frequency Structure Simulator) of

the Ansoft Corporation based on the FEM (Finite

Element Method) is employed to analyze the

proposed antenna in the design process and to

compare the simulation and experimental results.

II. Proposed MIMO Antenna

Fig. 1 shows the geometry of the proposed

internal MIMO antenna. Also, the parameters of the

proposed antenna are presented in Table 1. The

single antenna size is 60 mm(W) × 38 mm(L).

Ground plane size is 60 mm(W) × 100 mm(L).

Ground plane is an inexpensive FR4 substrate with

a dielectric constant of 4.4 and a thickness of 1.60

mm. The dimension of the feeding point is 2.00

mm(W) x 2.00 mm(L).

Fig. 1. Geometry of the proposed MIMO antenna

Table 1. Design parameters of the proposed MIMO antenna

(unit : mm)

Parameter Length Parameter Length

L 100 W 60

L1 9 W1 60

L2 5 W2 4

L3 25 W3 52

L4 9 W4 14

L5 5 W5 11

L6 4 W6 7

L7 11 W7 24

L8 33 W8

Table 1 shows values of the design parameters

which were obtained through the simulation.

Fig. 2 depicts a design process of the proposed

MIMO antenna and Fig. 3 shows the simulated S11

for Fig. 2. The proposed antenna has a G-shape

branch with a small loop. Generally, two branches

of the different length have multiband operation

characteristics[19]. Also, a loop antenna can obtain

an wideband impedance bandwidth[20]. We can

convert 1708-2750MHz to 1790 -2750MHz by adding
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one small loop to the G-shape antenna. As a result,

DCS (Digital Cellular Service: 1710-1880MHz),

K-PCS (Korea-Personal Communication Service:

1750-1870MHz) bands are supported additionally.

(a) (b)

Fig. 2. Design process of the proposed antenna. (a)

G-shape branch, (b) G-shape branch with a loop

Fig. 3. Simulated S11 for Fig. 2

Fig. 4 shows the implemented MIMO antenna.

The implemented antenna is fed with a coaxial

cable of 50Ω. Fig. 5 shows measurement and

simulation results on the S11 and S22 of the proposed

antenna. The results show a good agreement

between measurement and simulation.

Fig. 4. Photograph of the implemented MIMO antenna

Fig. 5. Simulated and measured S11 and S22

The implemented MIMO antenna satisfied multiple

operating bands including LTE 700/2300/2500, DCS,

K-PCS, US-PCS (US-Personal Communication

Service: 1850-1990MHz), WCDMA (Wideband Code

Division Multiple Access: 1920-2170MHz), Wibro

(2300-2390MHz), Bluetooth (2400-2483MHz), WLAN

(Wireless Local Area Network: 2400-2483.5MHz),

US-WiMAX (US-World interoperability for

Microwave Access: 2400-2590MHz) frequency bands

with S11 values less than -6dB (VSWR < 3).

Fig. 6. Simulated and measured S21

Fig. 6 shows simulated and measured S21 for the

proposed MIMO antenna. From Fig. 6, we found

that the S21 characteristics are -5.50dB through the

simulated result and -5.65dB through the measured

result. We deal with enhancing the isolation

characteristic by using one parasitic element in

Section Ⅲ.
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(a) At 748MHz (LTE 700)

(b) At 1795MHz (DCS)

(c) At 1810MHz (K-PCS)

(d) At 1920MHz (US-PCS)

(e) At 2045MHz (WCDMA)

(f) At 2345MHz (Wibro)

(g) At 2350MHz (LET 2300)

(h) At 2442MHz (Bluetooth and WLAN)

(i) At 2495MHz (US-WiMAX)

(j) At 2595MHz (LTE 2500)

Fig. 7. Measured and normalized radiation patterns of the

implemented antenna

Fig. 7 shows the normalized measured

co-polarization and cross-polarization radiation

patterns of the implemented MIMO antenna in the

x-y, z-y and z-x planes at center frequencies of

each services. The radiation patterns of the

implemented MIMO antenna were measured in an

anechoic chamber equipped with HP 8510C network

analyzer and a far field measurement system.

Table 2. Simulated and measured antenna peak gain

Frequency

band

Simulated

peak gain(dBi)

Measured

peak gain(dBi)

LTE 700 1.38 2.04

LTE 2300 4.35 4.16

LTE 2500 4.23 4.37

DCS 5.21 3.98

K-PCS 2.67 2.97

US-PCS 5.35 4.26

WCDMA 4.69 4.01

Wibro 4.38 3.65

Bluetooth/WLAN 4.55 3.89

US-WiMAX 4.29 3.92
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From this Table 2, we can see that the simulated

peak gain and measured peak gain of LTE 700 are

1.38dBi, 2.04dBi, respectively. For the LTE 2300

band, the simulated peak gain and measured gain

are 4.35dBi, 4.16dBi, respectively. For the LTE 2500

band, the simulated peak gain and measured gain

are 4.23dBi, 4.37dBi, respectively. For the DCS band,

the simulated peak gain and measured gain are

5.21dBi, 3.98dBi, respectively. For the K-PCS band,

the simulated peak gain and measured gain are

2.67dBi, 2.97dBi, respectively. For the US-PCS band,

the simulated peak gain and measured gain are

5.35dBi, 4.26dBi, respectively. For the WCDMA

band, the simulated peak gain and measured gain

are 4.69dBi, 4.01dBi, respectively. For the Wibro

band, the simulated peak gain and measured gain

are 4.38dBi, 3.65dBi, respectively. For the Bluetooth

and WLAN band, the simulated peak gain and

measured gain are 4.55dBi, 3.89dBi, respectively. For

the US-WiMAX band, the simulated peak gain and

measured gain are 4.29dBi, 3.92dBi, respectively.

The results shows proper characteristics for the

application of this antenna.

Ⅲ. Isolation Enhancement by using

Parasitic Element with a Separated

Ground Plane

Parasitic elements can have various geometries,

we choose one specific interdigital shape. Fig. 8

shows applied parasitic elements. The proposed

parasitic elements are located in the center of a

separated ground plane. The parasitic elements used

for enhancing the isolation of the antenna was

designed by using a copper on FR4 sized 60 mm(W)

x 20 mm(L) x 1.6 mm(H).

Fig. 9 shows a simulated S21 characteristics

according to changing types of parasitic elements.

According to each geometry of parasitic elements,

the S21 characteristics at 703MHz are –9.04dB for

type 1, -9.24dB for type 2, -9.45dB for type 3,

-9.85dB for type 4, -10.20dB for type 5, and –

10.33dB for type 6. Through the result, we can

confirm two things. Firstly, separating ground plane

at the center can help the MIMO antenna to have

better isolation characteristic through S21 result

(a) Type 1 (b) Type 2

(c) Type 3 (d) Type 4

(e) Type 5 (f) Type 6

Fig. 8. Geometry of the proposed parasitic elements

Fig. 9. Simulated S21 characteristics according to changing

types of parasitic elements

for type 1. This is because separating ground plane

at the center can prevent a mutual coupling current

moving through the ground plane. Secondly, we can

obtain better the isolation characteristic by changing

the geometry of parasitic elements. Type 6 gives

best performance for the limited area.

Fig. 10 shows simulated current distributions at

730MHz for with and without parasitic element type

6 in Fig. 8-(f). Each of the current distributions are

a near field analysis. Fig. 10 indicates the current

distributions from the red color (1000 v/m) to the

blue color (0 v/m). According to this changes of the
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colors on the ground plane, we can confirm the

reduced mutual coupling between two antenna.

(a)

(b)

Fig. 10. Simulated current distributions at 730MHz.

(a) For the proposed MIMO antenna in Section II,

(b) For the proposed MIMO antenna with the

parasitic element type 6 in Fig. 8-(f)

Fig. 11. Implemented MIMO antenna with the

parasitic element at the separated ground plane

Fig. 11 shows the implemented MIMO antenna

with the parasitic element at the separated ground

plane. The implemented antenna is fed with a

coaxial cable of 50Ω.

Fig. 12. Simulated S-parameter characteristics with

parasitic element type 6 in Fig. 8-(f)

Fig. 13. Measured S-parameter characteristics with

parasitic element type 6 in Fig. 8-(f)

Fig. 12 and Fig. 13 show simulated and measured

S-parameter characteristics with parasitic element

type 6 in Fig. 8-(f). The implemented MIMO

antenna with parasitic element type 6 in Fig. 8-(f)

satisfied multiple operating bands including LTE

700/2300/2500, DCS, K-PCS, US-PCS, WCDMA,

Wibro, Bluetooth, WLAN, US-WiMAX frequency

bands with S11 values less than -6dB (VSWR < 3).

From Fig. 13, we found that the S21 characteristics

at 730MHz are -10.33dB and -12.90dB for the

simulated and the measured results, respectively.

Fig. 14 shows the normalized measured

co-polarization and cross-polarization radiation

patterns of the implemented MIMO antenna with the

parasitic element type 6 at the separated ground

plane in the x-y, z-y and z-x planes at center

frequencies of each services. The radiation patterns

of the implemented MIMO antenna were measured in

an anechoic chamber equipped with HP 8510C

network analyzer and a far field measurement

system.
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(a) At 748MHz (LTE 700)

(b) At 1795MHz (DCS)

(c) At 1810MHz (K-PCS)

(d) At 1920MHz (US-PCS)

(e) At 2045MHz (WCDMA)

(f) At 2345MHz (Wibro)

(g) At 2350MHz (LET 2300)

(h) At 2442MHz (Bluetooth and WLAN)

(i) At 2495MHz (US-WiMAX)

(j) At 2595MHz (LTE 2500)

Fig. 14. Measured and normalized radiation patterns

of the implemented MIMO antenna with parasitic

element type 6 in Fig. 8-(f)

Table 3. Simulated and measured antenna peak gain of

the implemented MIMO antenna with parasitic

element type 6 in Fig. 8-(f)

Frequency

band

Simulated

peak gain(dBi)

Measured

peak gain(dBi)

LTE 700 0.61 1.52

LTE 2300 3.18 3.26

LTE 2500 4.39 4.62

DCS 4.05 3.97

K-PCS 0.80 1.96

US-PCS 3.70 4.25

WCDMA 3.45 4.37

Wibro 3.09 4.02

Bluetooth/WLAN 2.95 3.46

US-WiMAX 3.19 3.99

Table 3 shows the simulated peak gain and

measured peak gain at center frequencies of each

services. The maximum and minimum simulated peak

gain are 4.39dBi at LTE 2500, 0.61dBi at LTE 700,

respectively. Also, the maximum and minimum
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measured peak gain are 4.62dBi at LTE 2500, 1.52dBi

at LTE 700, respectively. The results confirms

proper performance characteristics.

Ⅳ. Conclusion

We proposed the internal MIMO antennas for the

multiband services and to enhance the isolation

performance, parasitic element are applied and

performances are investigated.

The MIMO antennas suitable for LTE

700/2300/2500, DCS, K-PCS, US-PCS, WCDMA,

Wibro, Bluetooth, WLAN, US-WiMAX frequency

bands have been proposed, implemented and

evaluated. The proposed antenna has a volume of

60 mm(W) x 38 mm(L), the ground plane is 60

mm(W) x 100 mm(L).

The parasitic element used for enhancing the

isolation of the antenna was designed as a copper on

FR4 sized 60 mm(W) x 20 mm(L) x 1.6 mm(H), and

the pattern size is 60 mm(W) x 15 mm(L).

According to simulated results on S21 of the MIMO

antennas at 730MHz, we obtained –5.50dB and –

10.33dB of isolation performances for the MIMO

antenna designed in Section II and the MIMO

antenna with the parasitic element type 6 at the

split ground in Section III, respectively. Measured

results on S21 at 730MHz showed –5.65dB and

-12.90dB of isolation performances for the same

cases, respectively. It means that enhanced isolation

performance at lower frequency band (617-867MHz)

is obtained.

As a result, we confirmed that the isolation

performance enhancement can be easily achieved by

applying the parasitic elements to a ground plane of

communication system where the MIMO antenna

system can be applied.
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