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Abstract- A compact multiband MIMO antenna with an embedded chip inductor is proposed for 4™ generation USB
dongle applications. The proposed MIMO antenna consists of a longer strip with an embedded chip inductor and a
shorter radiating strip. The longer radiating strip with a 15 nH embedded chip inductor has a length of only about 34 mm
(about 0.08 wavelength at 0.77 GHz), but it supports a wide resonant mode for long term evolution band 13 (LTE Band
13; 0.746-0.787 GHz) and wireless broadband band (WiBro band; 2.3-2.4 GHz) services. The shorter radiating strip has a
length of 12 mm (about 0.1 wavelength at 2.0 GHz) and provides a wide resonant mode at about 2 GHz for wideband code
division multiple access band (WCDMA band; 1.92-2.17 GHz) operation. The two radiating strips occupy a small printed
area of about 500 mm2 on the system circuit board of a USB dongle. The proposed MIMO antenna has an isolation of
approximately 17 dB at LTE band 13 and the envelope correlation coefficient (ECC) of the two antennas is less than 0.4
over the whole LTE band 13. To evaluate the performance of the proposed antenna, key performance parameters such as
the total efficiency, ECC, mean effective gain (MEG), and the MEG ratio are analyzed.
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I. INTRODUCTION

A multiple-input multiple-output (MIMO) technique has been considered as one of the most promising
technologies for enhancing the performance of wireless communication systems with high-speed transmission rates.
A MIMO system utilizing several antenna components is more advantageous than a single-input single-output
(SISO) system in terms of increasing channel capacity and reducing transmitting power [1]. Conventional universal
serial bus (USB) dongles are attractive for providing plug-and-play functionality in mobile communication devices
such as laptops. Future wireless USB dongles should be capable of accommodating higher data rates than are current
systems because of the development of various multimedia services. However, it is very challenging to place
multiple antennas within small USB dongles while maintaining good isolation between the antenna elements since
antennas can be strongly coupled with each other and even with the ground plane by sharing the surface currents
distributed on the ground plane. So far, many investigations of multi-antenna systems using various techniques have
been conducted with the goal of improving the isolation between the antenna elements. Mushroom-like
electromagnetic band gap (EBG) structures can suppress the surface wave between antenna elements [2], and thus
reduce the mutual coupling between the antenna elements. However, a number of mushroom-like structures must be
placed under the antenna elements it requires an additional area. The defected ground structure (DGS) [3] or a
simple ground plane modification [4] has also been shown to provide a band-stop effect by suppressing the ground
current flowing between the antenna elements. However, these techniques cannot be utilized for a practical USB
dongle with other electronic components when the solid ground plane printed circuit board (PCB) is modified or
removed. In addition, a dual-polarization coplanar waveguide (CPW)-fed slot antenna was proposed in [5]. Since it
is based on slot antenna, the size may not be suitable for very small USB dongle. In [6], two folded monopoles with
a connecting line facing to the feed point are used to obtain the polarization and pattern diversity with excellent
isolation characteristic. However, this approach can be used only for a single band application. The integration of
compact printed multi-element antenna (MEA) systems operating in the 5.2 GHz Industrial, Scientific and Medical
(ISM) band was proposed [7], but these systems are not applicable to our case.

In this paper, we propose a compact printed strip MIMO antenna with an embedded chip inductor for next
generation USB dongle application. The proposed MIMO antenna consists of a longer radiating strip with an
embedded chip inductor and a shorter radiating strip. The longer and shorter strips can be placed close to each other
in order to form a compact structure. The embedded chip inductor contributes additional inductance that

Volume 5 Issue 3 — November 2018 14 ISSN: 2321-0605



International Journal of Latest Transactions in Engineering And Science (IJLTES)

compensates for the increased capacitance resulting from the shortened radiating strip. The designed multiband
MIMO antenna has been successfully implemented, and the experimental results are presented and discussed
II. MIMO ANTENNA STRUCTURE AND DESIGN

The geometry of the proposed MIMO antenna embedded with a chip inductor for next generation USB dongle
applications is shown in Fig. 1. Two of the same elements are placed at the two corners of the top edge of a 25 mmx
66 mmx 0.8 mm FR4 (er = 4.4), which simulates the ground plane of a practical USB dongle. The total printed area
for two radiating elements is about 500 mm?2 on the system circuit board of a USB dongle. The basic structure of each
radiating element is a simple two-strip planar inverted F antenna (PIFA). The shorter radiating strip has a length of
about 12 mm, which is about 0.1 wavelengths at 2.0 GHz and can easily generate a wide resonant mode to cover
WCDMA operation for the 2.05 GHz band. The longer strip with al5 nH embedded chip inductor has a total length of
about 34 mm, which is about 0.08 wavelength at 0.77 GHz, but it supports a wide resonant mode for LTE band 13
and WiBro band services. WiBro is the South Korean service name for IEEE 802.16e (mobile WiMAX) international
standard. Owing to the embedded chip inductor, the resonant mode contributed by the longer strip can be effectively
shifted to a lower frequency of about 0.77 GHz, from 1.3 GHz. A simulation was conducted using the commercially
available simulation software MWS [8] in order to optimize the geometric parameters of the proposed antenna.
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Figure 1. Geometry of the proposed compact MIMO antenna embedded with a chip inductor for next generation USB Dongle applications.
Figure 2. (a) 3D view of the proposed MIMO antenna, (b) MIMO antenna structure, and (c) fabricated MIMO antenna.
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Fig. 2 shows the simulated S-parameter characteristic of the proposed MIMO antenna with and without a chip
inductor (longer strip and shorter strip are directly connected). It is evident that, because of the embedded chip
inductor, the antenna’s lower resonant frequency is shifted to a lower frequency, from about 1.2 GHz to 0.77 GHz for
LTE band 13, and the isolation at LTE band 13 is higher than 18 dB. In our design, an embedded chip inductor as a
series inductance is placed between the longer strip and shorter strip with 1 mm gap coupling. The loop structure
formed by the shorting pin and feed line can be modeled as a shunt inductance. In addition, the distance between the
shorting line of antenna #1 and the shorting line of antenna #2 is only 1 mm. Thus, this structure inherently plays a
role of an effective band stop filter at LTE band 13. The total length of the loop structure formed by the shorting pin

and the distance between the shorting line of antenna #1 and the shorting line of antenna #2 determine the inductance
and capacitance, respectively.
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Figure 3. Simulated S-parameter characteristics of the proposed MIMO antenna with and without a chip inductor

(longer strip and shorter strip are directly connected).
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Fig. 3. Simulated return loss for the proposed MIMO antenna

Fig. 4 shows the effects of the inductance value of the embedded chip inductor on the antenna performances. The
results indicate that the lower resonance frequency becomes lower as L increases. This behavior is reasonable, since a

larger inductance can compensate for the larger capacitance resulting from the shortened length of the longer strip.
The change in the upper band resonance frequency is minimal.
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Fig. 4. Simulated return loss of the proposed MIMO antenna as a function of the inductance L of the embedded chip inductor.
[II. EXPERIMENTAL RESULTS AND DISUCSSIONS

In order to validate the proposed MIMO antenna, an HP8719ES vector network analyzer was used to measure S-
parameter characteristics of the fabricated MIMO antenna in an anochoic chamber. When we measure the antenna #1,
port 1 is excited and port 2 is terminated by a 50 ohm load. Antenna #2 is measured in the same way.

Fig. 5 shows the measured S-parameter characteristics of the proposed MIMO antenna. From the measured results,
the 6-dB return loss impedance bandwidth is 3.92% (from 750 MHz to 780 MHz) for LTE band 13, and the isolation
at LTE band 13 is higher than 17 dB.
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Fig. 5. Measured S-parameter characteristics

Fig. 6 shows the measured radiation patterns of the fabricated MIMO antenna (antenna #1) at 0.77, 2.05, and 2.35
GHz. When we measure the radiation patterns of antenna #1, port 1 is excited and port 2 is terminated by a 50 ohm
load. In H (xz)-plane patterns, monopole-like radiation patterns are obtained at all three frequencies. The measured
peak gains of the two antenna elements are -0.52 dBi and -0.64 dBi at the LTE band 13, 3.5 dBi and 2.9 dBi at the
WCDMA band, and 3.4 dBi and 3.2 dBi at the WiBro band.
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Fig. 6. Measured radiation patterns of the fabricated MIMO antenna
(antenna #1)
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IV.EVALUATION OF MIMO ANTENNA PERFORMANCE

To evaluate the performance of the proposed MIMO antenna, key performance parameters such as the ECC, MEG,
and MEG ratio are analyzed. For diversity and MIMO applications, the correlation between the signals received by
the involved antennas at the same side of a wireless link is an important figure of merit for the whole system. Usually,
the ECC is used to evaluate the diversity capability of a multi-antenna system. This parameter should ideally be
computed using the 3D radiation patterns [9], but this method is quite laborious. Assuming that the antennas are
operating in a uniform multi-path environment (XPR = 1 and), antennas should have high efficiency and no mutual
losses and load termination of the non-measured antenna is 50 ohms, the ECC can be alternatively calculated by using
the scattering parameters. The ECC of two antennas is given by [10]

*
1222

(108 18 ) (- ISl 15 )

Fig. 7 presents the ECC characteristics computed using the scattering parameters shown in Fig. 5. For S;; > 10 dB,
the ECC values are maintained below 0.3. The ECCs of the two antennas are always lower than 0.4 over the whole
frequency band. This leads us to expect good performance in terms of diversity [11].
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where Pa and P¢ are the angular density functions of the incident power, and XPR represents the cross-polarization

power ratio.
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Fig. 7. Calculated ECC characteristics from measured S-parameters

In order to characterize the performance of a multichannel MIMO antenna, additional parameters such as the
MEG and MEG ratio are often used. The MEG is a statistical measure of the antenna gain in a mobile environment
and is equal to the ratio of the mean received power of the antenna to the total mean incident power. It can be

expressed by equation (2) as defined in [11]: P, and P¢ are the @ - and ¢ -components of the angular density

functions of incoming plane waves, respectively, from a statistical model in which the angular density functions are
assumed to be Gaussian in elevation and uniform in the azimuth planes.

In the case of a uniform propagation environment in which XPR =1 and p, = P,=1/4r, the MEG is equal to the

total antenna efficiency divided by two or —3dB [7]. Moreover, to achieve a good diversity gain, the average received
power from each antenna element must be nearly equal; this corresponds to a MEG ratio near unity.
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The performance of the proposed MIMO antenna, including the total efficiency, MEG, and MEG ratio, is

summarized in Table 1. From Table 1, it is found that the MEG for the two antenna elements are nearly equal

demonstrated by the fact that the MEG ratio is close to unity [11].

101og |MEG,/MEG,| < 0.2 dB 3)
Table. 1. Total efficiency, MEG and MEG ratio of the antennas
Total Efficiency [%] MEG
Frequency [GHz] MEG Ratio
Antenna #1 Antenna #2 Antenna #1 Antenna #2
0.77 28 29 14 14.5 0.96
2.05 56.8 56.2 28.4 28.1 1.01
2.35 53 53.6 26.5 26.8 0.98
IV.CONCLUSION

In this paper, a compact printed strip MIMO antenna with an embedded chip inductor for LTE/WCDMA/WiBro

applications was proposed. The proposed MIMO antenna consists of a simple two-strip PIFA and embedded chip
inductor. The antenna’s lower and upper band resonances are contributed by the longer and shorter strips,
respectively. The fabricated antenna has the isolation of about 17 dB at the lower band and higher than 20 dB at the
higher band. The simulated and measured results show that the proposed multiband MIMO antenna could be a good
candidate for the next generation USB Dongle applications.
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