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Abstract: In this paper, a miniaturized microstrip quadrature hybrid coupler (QHC) using U-
shaped transmission lines (USTL) is presented. The proposed approach replaces all arms of
the conventional QHC with its equivalent U-shaped transmission line to achieve compactness.
The proposed coupler structure is designed to operate in the 1.5 GHz (1427 — 1518 (MHz))
band which is one of the 5G bands of interest. At such low RF/microwave bands below 3 - 4
GHez, the size of the conventional coupler is considerably very large which raises a concern for
the next generation networks. The proposed coupler is designed, simulated and fabricated
using Rogers 5880 with thickness of 0.79 mm, dielectric constant (er) of 2.2 and loss tangent
of 0.0021. The proposed QHC size is 70% smaller in circuit area (30% relative area) than the
conventional equivalent. Simulation and measured results are presented and good matching
between the results is observed, confirming the outstanding coupler performance properties.
The proposed miniaturized QHC structure will play a vital role for next generation 4G and 5G

wireless communication systems operating below 6 GHz.

Index Term— U-Shaped Transmission line (USTL); Quadrature Hybrid Couplers (QHC)

I. INTRODUCTION

Quadrature hybrid couplers belong to most vital passive microwave circuits in mobile and
wireless communication systems. However, the conventional QHCs typically occupy a very
large circuit area, which is especially manifested at low RF/microwave frequencies below 4

GHz. As a result, the conventional QHCs are very bulky for practical use [1].

In recent years, different microstrip transmission line concepts [2] — [7] have been proposed
for the design of hybrid couplers with compact size. However, some of these structures are
very complex to realize; thus, even though the overall area is reduced, there seems to be an

increase in the overall width of the structure. To overcome the problem of complexity and



increase in width size, a U-shaped transmission line is proposed to achieve compact size as

well as good performance.

In this paper, a 3dB quadrature hybrid coupler based on a novel U-shaped transmission line
(USTL) technique is proposed to maintain excellent performance while reducing the coupler
size, circuit area and complexity of realization. An example of such structure is presented,
exhibiting a total reduction of about 70% in the occupied circuit area when compared to the
equivalent conventional coupler structure. When compared to other presented microstrip QHC
designs in [3] — [7], the USTL design achieves a good size reduction with even better
performance. Moreover, it could be easily incorporated in modern wireless communication
systems, due to its compactness and simple practical realization. The measured return and
insertion loss results for the fabricated structure present good matching with the simulation

results.

I1. PROPOSED COUPLER STRUCTURE AND DESIGN

Figure 1(a) shows the structure of conventional quadrature hybrid coupler QHC with four
quarter wavelength (Ag/4) transmission line segments which can be very large at low RF
frequencies of interest. Figure 1(b) presents the modified conventional quadrature hybrid

coupler (QHC) structure.
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Figure 1 (a) Conventional QHC structure. (b) Modified QHC structure

For the characteristic impedances ZoLn of 50Q and 35.35€Q), the abcd matrix parameter
equivalent of the conventional coupler is obtained and the dimensions are shown in Table I.
The USTL parameter values in Table 1 are used to form the USTL quadrature hybrid coupler

as shown in Figure 2.



TABLE I. USTL DESIGN PARAMETERS

Characteristic W1 W> W3 L1 ) Ls
impedance (Q) (mm) | (mm) | (mm) | (mm) | (mm) | (mm)

50 (Zo) 244 | 8 4 12 | 244 | 12
3535(ZJ/V2) | 396 | 82 | 396 | 10 | 396 | 10

Zoiv2

0 Zo2

Figure 2 The layout of the proposed USTL hybrid coupler structure.

Figure 3 compares the proposed structure with its conventional equivalent and shows a
considerable size reduction with a circuit area of 41.96 x 31.84 mm? as compared to the
conventional design which has an area of 108.86 x 40.8 mm? at the same center frequency of
1.5 GHz.
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Figure 3 Comparison of circuit area of proposed USTL coupler with the conventional QHC.

The relative circuit area of the proposed coupler and other designs, improved in comparison
with the conventional one, are compared in Table 1. The proposed coupler structure achieved



about 70% circuit area reduction which is more miniaturized than other-coupler designs found
in literature. This circuit has been fabricated and measured results will be presented in the next
section. The coupler aims to achieve reduced size while still being able to maintain an excellent
performance, which is typical for the large conventional quadrature hybrid couplers. The
proposed coupler design can be easily implemented in different power amplifier configurations
like Doherty power amplifier and balanced power amplifiers without making the circuit

become too large for practical use [8].

TABLE II. CIrcuUIT AREA COMPARISONS WITH PROPOSED COUPLER
Reference Technique Relative

Area

Conventional Conventional Design 100%

[3] Bended Transmission Line 56%
(simulated)

[4] T-shaped transmission line 46%
(measured)

[5] Coupled transmission line 42%
(measured)

[6] Pi-Shaped transmission line 40%
(measured)

[7] Fractal Shaped transmission 33%

line

(measured)

This Work | U-Shaped Transmission Line 30%
(measured)

1. EXPERIMENTAL RESULTS

Electromagnetic Simulation results were obtained using the Sonnet software which was
used for the coupler design. The coupler was fabricated in microstrip technology using
RT/Duroid 5880, with dielectric constant (&r) of 2.2 and substrate thickness of 0.79 mm. Figure
4 compares the measured results of the coupler with its simulated model. The results obtained
by measurements and those obtained by simulations show a relatively good match; we attribute
the minor disagreements to be mainly due to the fabrication tolerances and lesser frequency
points in measurement. Namely, a slight centre frequency shift, from 1.5 GHz to 1.47 GHz,
has been noticed for the measured coupler, with a slight deviation in S-parameter values over

its simulation equivalent.
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Figure 4 Measured and simulated results of the fabricated quadrature hybrid coupler.

From Figure 4, the return loss, Si1, at the centre frequencies for simulations and for the
measured data are both below 30 dB, which is excellent. Isolation (Si14), obtained by
measurements, is slightly better, with two groups of results being very close and both below
35 dB. The coupling and transmission coefficients (S12and S13) are both near 3 dB at the centre

frequency range.

The photograph of the fabricated coupler under measurement is shown in Figure 5. The
proposed QHC is very compact, achieving a size reduction of 70%. The design does not only
achieve a significantly reduced size, but also maintains the performance of the large
conventional QHC. The compactness and excellent performance of the proposed coupler
design makes it a very good candidate for various power amplifier configurations for 5G

communication systems.

-

Figure 5 Photograph of the fabricated quadrature hybrid coupler under test.



IVV. CONCLUSION

A miniaturised U-shaped microstrip quadrature hybrid coupler has been proposed in this paper.
The coupler structure was designed, simulated and fabricated. The simulated and measured
results show a very good match. The fabricated U-shaped quadrature hybrid coupler gives good
performance at 1.5 GHz. The design achieves 3 dB coupling and transmission with a very high
return loss > -30 dB and isolation > -35 dB. The proposed structure is very compact achieving
a size reduction of 70% when compared to the conventional QHC at the same frequencies and
more miniaturized when compared with the couplers described in the publications of other
authors. The structure is very useful for balanced amplifier configurations, mixers, phase

shifters, beam-forming networks and antenna arrays.
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