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Abstract

This paper presents a novel technique to design a high-directivity parallel-coupled lines using the doubly compensation
inductors located centrally at the microstrip parallel-coupled lines. The configuration based on the technique located series
inductors at the centre of parallel lines is proposed. The practicable feasibility of the technique is demonstrated at 0.9 GHz on
Arlon AD350A substrate, where the directivities obtained from measured results are the broadband improvements of more
than 6 dB as compared with uncompensated coupler.
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1. Introduction

Quadrature microstrip parallel-coupled lines are widely utilized for many wireless and microwave circuits
such as Marchand balun, filters, resonators and various microwave integrated circuits because they can easily be
incorporated into and implemented with other circuits [1],[2]. However, many unwanted effects in those circuits
are already mentioned and unavoidably, which is a result from the inhomogeneous dielectric of the substrate.
Through this structure, phase velocity of the even-mode in microstrip parallel-coupled lines is slightly lower than
the odd-mode phase velocity. Which in turn lead the parallel-coupled lines exhibits poor directivity. Through
having various disadvantages, parallel-coupled lines is still preferable in microwave circuits design due to its
integrating capability. Many techniques have been developed to compensate the inequality of modes phase
velocities of the parallel couplers. These techniques can be classified into two main categories, which are lumped
and distributed compensation approaches. The lumped compensation techniques can be categorized into two well
known techniques, which are capacitive [5],[6] and inductive [7],[8] compensation techniques. The distinct
advantage of the lumped compensation technique is its simple design procedure because the closed-form design
equations can be derived. But, the important disadvantages of the techniques are from the lumped components’
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parasitic and difficulty in layout [9]. As the coupler sizes’ is considered, the lumped compensated parallel-
coupled lines is about the uncompensated parallel-coupled lines, since the length compensated parallel-coupled
lines is shorter than that of the uncompensated coupled lines. The methodology based on the distributed
techniques is to modify either the parallel-coupled line structures [1],[2] ,dielectric layer [3], or ground plane
patterns [4], such that the phase velocities of both modes are equalized. No external components or extra spaces
are needed for this approach. The main disadvantage of this approach is lack of closed-form design equations,
meaning that the design task relies heavily on the electromagnetic simulation (EM) stage which in turn consumes
much effort and computing time. Moreover, techniques based on these approaches are often not suitable for some
standard fabrication processes, thus more cost demand is unavoidably required.

2. Microstrip Coupled-Lines with the series doubly compensation inductors located at the center

Fig. 1a) and b) show the singly and doubly-inductive compensated couplers, which were recently proposed.
The coupled lines in Fig. 1a) and b) are assumed to be symmetric. Clearly that the singly- and doubly-
compensated coupled lines are not symmetry as the connecting position of the compensated inductors. The
asymmetry in these structures makes them unsuitable for some applications needed symmetry, for example a six-
port network [xx]. In fact, the symmetry structure of inductive-compensated coupled lines can be obtained. The
structure is shown in Fig. 1.
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Fig. 1. Schematics of the proposed a) conventional parallel coupled lines, b) singly- c) doubly-inductive-series parallel coupled lines

As shown in Fig. 1c), four equal inductors denoted by LQ are connected in series at all coupled lines’ ports.
The uncompensated coupled lines ports are denoted by port 1-4 where the ports of the inductive-compensated
coupled lines are labeled as port 1°-4°, as shown in Fig 1c). The isolation coefficient (S13), in term of coupler
electrical parameters (Z0, Zoe, Zoo, ceffe, geffo), is evaluated by terminating port 2, 3°, and 4’ with the
characteristic impedances of the lines Zo, while port 1’ is terminated with voltage source with the output
impedance Zo. Assuming that the uncompensated parallel-coupled lines are symmetrical, hence the Z-parameters
of the parallel-coupled lines can be characterized completely by just four elements of the uncompensated
parallel-coupled lines” Z-parameter matrix denoted by Z11, 712, Z13, and Z14. Applying the two-port network
theory to the circuit of Fig. 1c), the Z-parameters of the proposed compensated parallel-coupled lines (ZQ) in the
matrix form can be written as :- Equation (3) offers a closed-form expression to design the compensating
inductances for achieving high directivity at the center frequency fO. However, the compensating inductances
retard phase of the propagated signal, the zero-isolation frequency is shifted to frequency which is lower than the
original frequency. Similar to the other lumped compensation techniques, the center frequency can be simply
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shifted back to original frequency by modifying the electrical length of the compensated parallel-coupled line as
shown:-

3. Design and Result

To demonstrate performance of the proposed technique, 10 dB uncompensated and the proposed inductive-
compensated microstrip parallel-coupled lines operating at f, 0.9 GHz on RF60-0600 microwave substrate were
designed and simulated. The compensation inductors (Lg) and the shorten electrical lengths were calculated from
(3) and (4), which are 2.3 nH and 0.45x. The circuit based simulation a result is shown in Fig. 3(a). At least 25
dB directivities are achieved from 0.7 to 1.1 GHz. In Fig. 3(a) it is shown that at operating frequency, the
technique provides directivity of 46 dB, which is more than 30 dB over the uncompensated coupled lines. The
isolation can achieve more than 50 dB at the center frequency. In Fig. 3(b) for the RF60-0600 substrate, the
coupling is slightly affected, which is less than 0.5 dB at frequencies
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Fig.3. Simulated results performances of uncompensated and the proposed quadruply-inductive compensated parallel-coupled
lines
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Gains of the previous lumped design cases [1],[4],[5]. At frequencies more than the center frequency coupling
level of the proposed coupler is slightly more than that of the uncompensated coupler. Moreover, at center
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frequency all-ports return loss is less than -60 dB and less than 30 dB over 40% operating bandwidth. Proving of
the developed formulas are demonstrated by the design examples of 10-dB uncompensated and the proposed
nductive compensated parallel-coupled lines deigned at fo of 0.9 GHz on RF60 substrate were designed and
fabricated. The design parameters of prototype of uncompensated and the proposed couplers corresponded to
equations (3), (4) were listed in Table I1. Note that, since the proposed couplers’ length is shorter than L. =[10/4
that of uncompensated coupler. So the coupling level will be lower than 10-dB. To enhance the coupling, the W
and S must be slightly narrowing. The EM simulator Sonnet-Lite™ is used to simulate the couplers and meander
lines inductors behavior. Fig. 4 shows EM simulated results of the proposed coupler. An excellent directivity,
isolation and return loss improvement can be observed.
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Fig. 4. EM simulated results of uncompensated and the proposed quadruply-inductive compensated coupler

The EM simulated directivity is 43 dB, isolation and return loss at frequency fo, are more than 55 dB, which
is more than 25 dB improvement compare to the uncompensated coupler. In this work, all measurement is done
by HP8753E vector network analyzer calibrated from 0.1 to 2.0 GHz. Fig. 5 show that all the measured results
are matched excellently with the EM simulated results. The measured coupling is -10 dB which has less than 0.5
dB variation over 30 % bandwidth. The measured directivity can achieve 43 dB and the isolation has a more than
30 Db improvement to compare with the uncompensated parallel-coupled lines. The measured directivity and
isolation improvement are significant and matches excellently with the simulations. The photograph of the PCB
of the proposed quadruply-inductive compensated coupler is shown in Fig. 6.
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Fig. 5. Measured results of uncompensated and the proposed quadruply-inductive compensated coupler
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Fig. 6. PCB photographs of (a) uncompensated and (b) the quadruply-compensated coupler

4, Conclusion

This paper presents a lumped-distributed ring resonator based on a coupled-fed network. The size of the
proposed circuit is small, comparing to the conventional circuit. The spurious response problem occurred in the
conventional circuit are effectively alleviated by the inductors in the proposed ring resonator. The lumped
capacitors are used to tune the ring resonator resonant at the desired frequencies. The proposed ring resonator can
be simply modified to be microwave oscillators tunable, which are suitable for various circuits in many wireless
and microwave systems.
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