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Compact, Dual-Polarized, Oblong Loop Antenna for 5G Laptops

Saou-Wen Su”

Abstract—A compact, two-port, oblong loop antenna producing two orthogonal waves for fifth-
generation (5G) operation in the 3.4-3.6 GHz band with transmission coefficient (S2) lower than —32dB
and excellent envelope correlation coefficient (ECC) less than 0.002 is introduced for laptop antenna
applications. Unlike the conventional, probe-fed, dual-polarized patch antennas, the proposed design
uses the loop antenna fed by the coaxial cables and has a coplanar structure. The loop antenna is placed
1mm above the top edge of the display, has a compact size of 30 mm x 4 mm and two feed ports spaced
merely 2mm (about 0.02-\ at 3.4 GHz) apart. Portl is designed as a coupling feed to the loop while
port2 is a direct feed in the loop, all located along the loop’s central line. With this feeding arrangement,
port2 is located in the current-null region when portl is excited, whereas maximum currents of portl
excitation are located in the current nulls of port2 excitation. These properties lead to two decoupled,
orthogonal radiating waves with very low ECC. Additionally, due to the oblong structure of the loop,
pattern diversity is also achieved. Details of the dual-polarized loop antenna for 5G applications are
presented.

1. INTRODUCTION

Dual-polarized microstrip/patch antennas have been excessively studied and designed to increase the
capacity in wireless communications. These designs usually utilize a single square or oblong radiating
patch excited by two orthogonal feed ports with a particular feeding method to produce two orthogonal,
decoupled radiating waves [1-5]. In these design cases, the patch’s two broadside radiation patterns in
the F- and H-planes with polarization diversity are obtained. Also, it is noteworthy that by exciting
different resonant modes of the same patch, broadside and conical radiation patterns with pattern
diversity can be achieved for dual-polarized patch antennas [6-9]. However, to function at the same
frequencies, the modified patch structures or use of the external feeding networks become necessary,
which make these designs more complicated.

In this paper, the antenna type is substantially different from the conventional, dual-polarized
patch antennas using two orthogonal feed ports for polarization diversity [1-5] or exciting different
resonant modes for pattern diversity [6-9]. Instead, a simple, dual-polarized oblong loop antenna is
proposed for producing two uncorrelated waves for orthogonal polarization and pattern diversity in
the laptop computer. To the author’s best knowledge, no or very scant studies using loops to achieve
dual-polarization and pattern-diversity properties are available in the literature. Compared with the
patch designs [1-9], the proposed loop design has a coplanar structure and can be easily fed using the
coaxial cable (unlike bulky probe feed for patch). These attractive features are favorable for practical
laptop antennas. A comparison table of the cited work [1-9] is provided in Table 1.

The proposed oblong loop is printed on a single-layered substrate placed above the laptop display
and fed by one coupling feed (portl) and one direct feed (port2) along the loop’s geometry central
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Table 1. Comparison of the cited work [1-9]. A¢ is the free-space wavelength at the designed center
frequency. Isolation is the negative value of transmission coefficient [29].

Ref. Center Antenna size Diversity /Radiating waves Isolation
frequency dB
1 10 GHz 0.28-\ x 0.28-\ dual-polarization/broadside > 24
2 1.8 GHz 0.35-A x 0.35-A dual-polarization/broadside > 35
3 1.8 GHz 0.37-A x 0.37-A dual-polarization/broadside > 30
4 3.4GHz 0.34-A x 0.34-\ dual-polarization/broadside > 34
) 4 GHz 0.40-X x 0.40-X dual-polarization /broadside > 38
6 2.1 GHz 0.40-A (circular*®) | pattern/broadside and conical > 24
7 2.44GHz | 0.44-)\ (circular*) | pattern/broadside and conical > 40
8 2.1 GHz 0.39-X (circular®) | pattern/broadside and conical > 15
9 3.5 GHz 0.59-\ (circular*®) | pattern/broadside and conical > 13

dual-polarization and pattern

Proposed 3.5 GHz 0.02-\ x 0.47-\ ] ] i
/broadside and dipole-like

> 32

*Size represents the diameter of the circular microstrip/patch antennas
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Figure 1. Geometry of the dual-polarized loop antenna for laptop antenna applications.

line (see Fig. 1). In addition, because the current null excited by portl occurs at the position of
port2, whereas the maximum currents by portl are located in the current nulls of port2 excitation,
low transmission coefficient lower than —32dB can be achieved for low mutual coupling between two
antenna ports.

To demonstrate the dual-polarized loop-design concept, the prototyped example functioning for
fifth-generation (5G) operation in the 3.4-3.6 GHz band [10] is studied and validated. The design is
of a simple oblong loop, which has a lateral length of 30 mm and a small profile of 4 mm (about 0.04-
A at 3.4 GHz), making it suitable for the laptop computer with a narrow display bezel (mostly 5 to
6mm) [11-15]. In this loop design, the two one-wavelength loop modes can be excited simultaneously
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and show 90 degree phase difference, which leads to two decoupled, orthogonal radiating waves with
very low correlation less than 0.002 in the far-field radiation patterns. In addition, the patterns of the
two-port excitation resemble those of one dipole along the 4z axes and one dipole along the +x axes
above a relatively large ground plane.

This paper is organized as follows: Section 2 first describes the design structure of the dual-polarized
loop antenna. A proof-of-concept prototyped example is discussed in simulation and experimentally
verified for its impedance and radiation characteristics in Section 3. Finally, the conclusion is given in
Section 4. Details of the antenna design are described and discussed.

2. TWO-PORT, DUAL-POLARIZED LOOP DESIGN

Figure 1 shows the proposed, two-port, dual-polarized loop design for laptop antenna applications. A
fabricated prototype photo is shown in Fig. 2. The oblong loop design of size 30 mm x 4 mm (about
0.34XAx0.04)\ at 3.4 GHz) is placed 1 mm above the metal plate of size 315 mm x 182 mm x 1 mm, regarded
as a 14-inch laptop display ground plane. The antenna dimensions were parametrically optimized to
function in the 3.4-3.6 GHz 5G band with the aid of the full-wave simulator, Ansys HFSS [16]. Two
antenna ports are aligned with the geometry central line with a port-to-port distance of merely 2 mm
(about 0.02-\ at 3.4 GHz) to excite the loop’s two one-wavelength resonant modes. Note that the overall
design height of 5 mm, including the gap between the loop and the display ground, makes it possible for
the proposed design to be embedded within the narrow bezel (mostly 5 to 6 mm) of laptop computers.
Two 50-€2 mini-coaxial cables with each attached around by a balun (not shown in the photo of Fig. 2)
were used for feeding the loop. Note that to alleviate the cable effects, the avoidance of overlapping the
two coaxial cables over the antenna, as seen in Fig. 2, is critical to the measured results.

FR4 substrate

display metal plate

_‘—
~ _— ~ —

Figure 2. Photo of a fabricated prototype.

The fabricated prototype is printed on a flame retardant 4 (FR4) substrate, which has a thickness
0.4 mm, relative permittivity 4.4, and loss tangent 0.024. A coupling feed for the loop’s portl is first
designed by using a T strip (width of 0.3mm) and has a tiny coupling gap of 0.1 mm to the loop’s
longer edge. Opposite the middle of the T strip, the loop is directly fed by port2. For simplicity, the
loop strip is set with a constant width of 0.5 mm and has two widened portions (width W) at the two
shorter edges. The horizontal length S of the coupling strip has more effects on tuning the resonant
frequencies for portl excitation while the loop width W at the two shorter edges can affect both portl
and port2 operating frequencies.

The design methodology is summarized as follows. The first step is to feed a one-wavelength
close-form loop by using a coupling feed (portl). This gives rise to a current null right opposite the
feeding strip. Then, for minimum impacts on portl, a direct feed (port2) is inserted in the position of
the current null of portl excitation. In this case, dual-polarization and pattern diversity are attained.
Finally, the parameters of the feeding strip and the widened portions at the loop’s shorter edges are
fine tuned to obtain the same in-band frequencies for the two feed ports. The operating principle for
the dual-polarized loop will be elaborated in detail in the following section.
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3. RESULTS AND DISCUSSIONS

3.1. Reflection Coefficients, Transmission Coefficient, and TARC

Figure 3 shows the measured and simulated reflection coefficients (S1; for portl, Sas for port2) and the
transmission coefficient (Si2 between portl and port2) for the prototype based upon the dimensions
described in Fig. 1. All simulation studies in this paper are conducted using Ansys HFSS. The simulated
data on average agree well with the experimental results. With the impedance matching better than
—6dB (VSWR of 3), the reflection coefficients cover the 3.4-3.6 GHz band. Note that the —6dB
impedance is usually defined for 5G mobile antennas as shown in [17-23]. Additionally, owing to the
orthogonal polarization between the loop’s two ports, low transmission coefficient lower than —32dB is
also achieved.

measured S11 ©-0- S22 ¢ Sq2
30 simulated -6—6- S11 B8 S22 ++ S12

S Parameter (dB)

Y

-50 ‘ ‘ ‘
3000 3200 3400 3600 3800 4000
Frequency (MHz)

Figure 3. Measured and simulated reflection and transmission coefficients (S1; for portl, Sag for port2,
S12 between portl and port2) of the proposed design; S = 12mm, W = 1.65 mm.

Figure 4 shows the simulated S-parameters of portl and port2 in the proposed design and the cases
of portl only and port2 only. The dimensions are kept the same. The impedance matching of portl in
the proposed design is almost the same as that of portl only. As for port2 in the proposed design, the
impedance bandwidth is slightly larger than that of port2 only by 20 MHz. The unaffected impedance
bandwidths of portl only and port2 only are largely attributed to very low transmission coefficient
between two ports. Nevertheless, these indicate that both good port decoupling and acceptable matching
are obtained for the proposed, dual-polarized loop design.

Figures 5 and 6 give the S parameters for the proposed design as a function of the length S of the
coupling feed and the width W of the tuning portion, respectively. In Fig. 5, the coupling length S has
negligible effects on port2’s impedance bandwidth but rather affects port1l’s resonant frequencies. The
longer the length S is, the lower the portl frequency becomes. For the width W of the tuning portion, it
is located in strong current positions for portl excitation whereas in current-null regions for port2, it can
impact both portl and port2 frequencies. It is noteworthy that for the loop antenna design, an increase
in the strip width in the strong current portions increases the loop’s operating frequencies [24] while
the increased width in the current-null regions leads to decreased frequencies [25]. These phenomena
can also be found for the proposed loop in Fig. 6. Overall, from the results of Figs. 5 and 6, the width
W of the tuning portion needs to be fixed first for por2 excitation, and then, the frequencies of portl
can be fine-tuned by using the length S of the coupling strip.

The coupling feed gap of the T strip to the proposed loop was also analyzed. It much affects
the reflection coefficient of portl as the coupling feed is used for portl excitation (but the antenna
frequencies are not much changed for port2). When the gap increases from 0.1 to 0.3 mm, the portl
frequencies also shift toward higher frequencies from 3.49 to 3.61 GHz, and the impedance matching
also becomes better (real part moves from 36 to 49 2). However, increased frequencies will lead to the
increasing size of the antenna, which is unwanted in this design. In the interest of brevity, the related
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Figure 5. Simulated S parameters as a function  Figure 6. Simulated S parameters as a function
of the coupling feed length S. of the tuning portion width W.

results are not presented in the article.

T = \/(I(S11 + S1267)2) +|(Sa1 + Smoei?)[2 [ V2 =

The total active reflection coefficients (TARC) for the proposed dual-polarized loop are also
investigated. The calculations can be derived from using the scattering matrix of the lossless multiple
antennas as described in [26-29], assuming Gaussian and multipath spread in multi-input multi-output
(MIMO) propagation channels. This figure of merit considers random-phased signals coupled with
combinations of each port’s reflected signals in the antenna array. In the case of the two antennas,
the TARC can be evaluated by using Eq. (1) [27-29]. Fig. 7(a) shows the TARC for portl excitation
with randomly phased port2 with a set of seven excitation vectors (phase angle from 0 to 180 degrees),
and the TARC, for the other way around, for port2 excitation with randomly phased portl is given in
Fig. 7(b). Not much variation in the TARC curves is seen with the bandwidths similar to that of single
port excitation in the two-port loop. For example, the TARC in Fig. 7(b) retains similar properties of
port2 excitation (S22) with portl terminated to a 502 load. The unaffected results are largely owing
to very low transmission coefficient (S12) between portl and port2 in this design.
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Figure 7. Calculated TARC for (a) portl and (b) port2 with constant amplitude but different phase
angles of its port counterpart (portl and port2) in steps of 30 degrees for 180 degrees.

3.2. Surface Current Distribution, Radiation Characteristics, and ECC

Figure 8 shows the simulated current distribution for portl and port2 excitation at 3.5 GHz for the
proposed dual-polarized loop. First, two current nulls are found, when portl is excited, on the loop’s
longer edges and along the central line. By contrast, for port2 excitation, the nulls occur on the shorter
edges of the loop. Specifically, two one-wavelength loop modes with possible orthogonal radiating waves
can be attained. Moreover, port2 is located in the position of one current null when portl is excited
while port1’s strong surface currents are seen in port2’s current-null regions. These properties make the
proposed, two-port loop design achieve good port decoupling.
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Figure 8. Simulated surface current distribution of portl and port2 of the proposed design excited at
3.5 GHz.

Figure 9(a) shows the vector electric field distribution in the antenna plane (that’s the z-z plane
defined by the antenna coordinate shown in Fig. 1) for the proposed loop at 3.5 GHz. The electric
fields surrounding the loop above the display ground for portl and port2 simultaneous excitation show
90 degree phase difference coupled with two orthogonal radiating waves. The electric field of portl is
in the vertical direction with relatively large field (see dashed circle line in the figure) right above the
middle of the loop’s longer edges. On the other hand, the strong electric fields exist around the loop’s
two shorter edges with horizontal field dominant for port2 excitation. These properties not only reflect
the current distribution shown in Fig. 8 but also show two orthogonally-polarized fields between portl
and port2 of the proposed design.

The corresponding, far-field, 3-D radiation patterns of the loop studied in Fig. 9(a) are presented
in Fig. 9(b). For portl excitation, the radiation pattern resembles that of a dipole antenna placed along
the axial direction (+z axes), whereas the pattern for port2 excitation is similar to that of a horizontally
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Figure 9. (a) Simulated electric field distribution and (b) 3-D radiation patterns of portl and port2
of the proposed design excited at 3.5 GHz.

placed dipole along the +x axes above a relatively large ground plane. Two radiation patterns showing
orthogonal polarization with pattern diversity [30] are also very clear to see. Note that the peak gain
of the proposed loop with port2 excitation is larger than that with portl excitation by 1.3dBi. This is
because the one-wavelength loop, when port2 is excited, also functions as a folded dipole antenna [31]
with maximum gain perpendicular to the antenna. In this case, the large display plate acts more like a
reflector, aiming more antenna radiation in the +z direction.

Figures 10(a) and (b) plot the measured and simulated 2-D radiation patterns in E-total field at
3.5 GHz for portl and port2, respectively. Other frequencies were also measured in the 3.4-3.6 GHz
band. Stable patterns were observed. Instead of separate polarization in Fy and E, fields, it has
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Figure 10. Measured and simulated 2-D radiation patterns (FE-total) of (a) portl and (b) port2 in the
proposed design at 3.5 GHz.

been shown from our empirical studies on laptop wireless test results that the E-total patterns can
determine the data throughput performance. It is because both vertical and horizontal polarizations
exist in the real indoor or urban environment. The patterns in Fig. 10 are normalized with respect to
the maximum gain in each principal cut. The radiation performance was measured at our multi-probe
systems, SATIMO SG 24 [32], which can measure the spectrum from 400 MHz up to 10 GHz. For portl
measurement, the counterpart port2 was terminated to a 50 Q2 load, and vice versa. For portl excitation,
the omnidirectional patterns are obtained in the x-y plane with radiation null above the display plate
in the +2z direction. By contrast, for port2 excitation, large radiation intensity is observed in the +z
direction with less pattern gain along the £+ axes than in the £y directions. Moreover, both the y-z
patterns of portl and port2 excitation are seen symmetrical.

Figure 11 plots the measured and simulated antenna efficiencies. The measured antenna efficiency
fairly agrees with the simulated results. The measured efficiency is about 50%—-60% and 60%—70%,
respectively, for portl and port2 working in the 3.4-3.6 GHz band. The measurement took account
of the cable loss and antenna mismatch. Note that the relatively small antenna efficiency of portl
excitation is owing to the opposite current distribution on the loop’s longer edges (see Fig. 8), which
cancels out near-field radiation and leads to reduced antenna efficiency and gain in the far field.

The calculated ECC between two ports of the proposed loop is shown in Fig. 12. The ECC
calculates the Hermitian product of the two complex far fields [33] in a uniform multipath environment
of balanced polarization (that’s, a Rayleigh fading channel) [29]. It reflects the similarity between the
antenna radiation performance and the diversity of the two antennas. The calculation is defined as

D = /éﬁ {51(37 }) - EQ(Q,(Z))dQ} ?
/Aﬂ Er(6,0) dQ/Ar

where the product of the two electric fields on the numerator can be given by

Er(0,8) - E2(0,9) = Eg1(0,0) Ejy(0,6) + Eg1 (0, 6) Eiy (6, 6) (3)

in which the asterisk (x) sign of the Ey and E, fields radiated by antenna 2 denotes the complex
conjugate of the imaginary parts. The ECC is very low and less than 0.002 in the 3.4-3.6 GHz band.
For mobile devices, the ECC less than 0.5 [34, 35] is considered low for good antenna diversity gain. It

= ) (2)
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Figure 11. Measured and simulated antenna  Figure 12. Calculated ECC between portl and
efficiency of portl and port2. port2 excitation.

is also known that a lower envelope correlation suggests a larger channel capacity. The diversity gain
based on the following calculation [36] is expected to be about 10 dB.

DG = 10y/1 — (ECC)? (4)
4. CONCLUSION

A printed, two-port loop antenna having a compact size of 30mm x 4 mm and very low transmission
coefficient (S12) between two ports lower than —32dB for producing two uncorrelated waves of
orthogonal polarization and pattern diversity has been proposed. A design example functioning in
the 3.4-3.6 GHz band for 5G laptop applications has been demonstrated. The two ports, namely portl
and port2, of the loop are fed by a coupling strip and a direct feed, respectively, to excite the loop’s
two one-wavelength resonant modes. Based on this feeding mechanism, two orthogonal, folded-dipole-
like waves can be attained, covering complementary radiation space with very low ECC of less than
0.002 in the frequency band of interest. Despite port2 having larger antenna efficiency/gain than portl,
the diversity gain is expected to reach 10dB. The proposed dual-polarized loop is of great interest to
narrow-bezel laptop antennas in the 5G communications.
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