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Abstract—A microstrip 180° phase shifter obtained by a novel design
of Microstrip-to-Coplanar Waveguide (CPW)-to-Microstrip transition
is presented. The proposed phase shifter is obtained without changing
the layer of the second microstrip line. Via holes are used to transfer
the current from the top to the bottom substrate layer and vice versa.
The presented phase shifter is operating in a wide bandwidth between
5.5 and 18 GHz, with low insertion loss and reflection coefficients.
Because the input and output microstrip lines are on the same layer,
the presented phase shifter is suitable for a modified class of feeding
networks for phased antenna arrays.

1. INTRODUCTION

Microstrip antennas have been popular for decades because they
exhibit a low profile, small size, lightweight, low manufacturing cost,
high efficiency, and an easy method of fabrication and installation.
Furthermore, they are generally economical to produce since they
are readily adaptable to hybrid and monolithic integrated circuits
fabrication techniques at radio frequency (RF) and microwave
frequencies [1]. Among the present areas that extensively utilize
microstrip antennas are phased arrays and spatial power combiners
[2]. In these applications, there is a particular interest to obtain
an increased operational bandwidth of the array; hence the need for
wideband antenna element.

Recently, the Double Dipole and Double Rhombus antennas
were presented for ultra wideband phased arrays [3,4]. The Double
Rhombus provides 103% bandwidth as a single element; however, due
to the deterioration of its radiation patterns at higher frequencies, the
useable bandwidth is only 84%. Therefore, a modified two-element
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array configuration is used to enhance the radiation patterns at the
higher frequencies, and accordingly, increase the useable bandwidth
to 95%. In this configuration, the second antenna element is rotated
180°, and consequently a 180° phase shift is introduced numerically
at its port. Therefore, a microstrip 180° phase shifter is required
to be connected to the odd or even number antenna elements in the
phased array system. This phase shifter must have at least the same
bandwidth of the antenna. Also, it has to start and end with microstrip
lines, to be impeded directly into the array feeding network.

The microstrip 180° phase shifter can be designed by employ-
ing transitions between different microstrip feedlines like Microstrip,
Coplanar Waveguide (CPW) and Coplanar Stripline (CPS). Re-
searchers have done a lot of effort to design different configurations
for the transition from CPW to CPS [5-9], CPS to Microstrip [10, 11],
CPW to Microstrip [11-13], Probe to Microstrip [14], CPW to slotline
[15], parallel striplines to microstrip [16], and conductor backed CPW
(CBCPW) to microstrip with a 180° phase shift [17].

In this paper, we present a microstrip 180° phase shifter with ultra
wide bandwidth to cover the operating band of the Double Rhombus
antenna in [4]. For this phase shifter to be integrated into the feeding
network of this antenna array we used the same kind of substrate with
the same height, and the input and output microstrip lines must be
in the same layer. We employed a Microstrip-to-CPW-to-Microstrip
transition and via holes to transfer the current from the top to the
bottom substrate layer and vice versa. The presented phase shifter
is operating in a wide bandwidth between 5.5 and 18 GHz, with low
insertion loss and reflection coefficients. Because the input and output
microstrip lines are on the same layer, the presented phase shifter is
suitable for a modified class of feeding networks for phased antenna
arrays.

The simulation and analysis for the presented phase shifter are
performed using the commercial computer software package Ansoft
High Frequency Structure Simulator (HFSS) [18], which is based
on the finite element method. Measurements of the return loss
and transmission coefficient are also conducted for verification of the
simulation results.

2. PHASE SHIFTER GEOMETRY

The operation of the proposed microstrip phase shifter is demonstrated
in Fig. 1 for infinitesimal transmission lines. The 180° phase shift at
the second port is realized by connecting the 4ve terminal of port
1 to the —ve terminal of port 2 and vice versa. The phase shifter
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Figure 1. Phase shifter operation.
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Figure 2. Geometry and parameters of the proposed 180° phase
shifter.

is printed on a Rogers RT/Duroid 6010/6010 LM substrate with a
dielectric constant of 10.2, a conductor loss (tand) of 0.0023 and a
thickness of 25 mil (0.635 mm). The detailed geometry and parameters
are illustrated in Fig. 2. Many parameters are introduced in the
proposed design which may add more complexity to the design but
they give us more flexibility to enhance its characteristics to match
different design requirements.

According to Fig. 2, the phase shifter starts and ends with 502
microstrip feedlines, of width = 2 R,1, in the upper substrate layer. In
the middle, the first microstrip is divided gradually into two branches
which surround the second microstrip line to compose a CPW. Then,
they are truncated with circles which are concentric with the PEC
via holes that connect these ends to the ground plane of the second
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microstrip. The inner end of the second microstrip line is also circle
which is concentric with the PEC via hole that connects this end to
the ground plane of the first microstrip. The positions of these circles
and their radii, R,1, Ro2, Ro3, and R;, are depicted in Fig. 2-Transition
Part. In addition, the phase shifter has L: the y-dimension of the
shifter, W: the z-dimension of the shifter, Ls: length of the first and
second microstrip sections, d: the y-distance between the two ground
planes which are defined by four identical ellipses with radii R, and
R,,S: the distance between the starting point of branching the first
microstrip and the center of the via, d,: the distance between the
center of the left via and left ellipse, and Ratio: the parameter that
controls the distance between the two right vias and the center of the
right ellipse.

This design depends on a smooth transition between the different
feedlines.  Consequently, it decreases the reflections due to the
transmission from certain mode to another. The two branches from
the first microstrip start with 1002 line to match the microstrip, then
their width increases gradually to form a ground plane to the CPW.
The circles are used to reduce reflections from the vias. The four
ellipses provide a tapered cut in the ground planes, concentration of
the current close to the vias, and direction of the current from port 1
to port 2.

3. PARAMETRIC ANALYSIS

The design process passed through different stages. Several geometries
were proposed until we came up with the one in Fig. 2. Then we studied
the effect of each parameter to improve the characteristics of the phase
shifter. One parameter is changed at a time, while the other parameters
are kept as in Table 1. The dimensions are given in Table 1 in mm
except “Ratio” which is dimensionless. Additionally, R, = W/2, and
Ly =(L—d—Ry)/2. R, did not change to keep the input impedance
5082 at the ports. Fig. 3 shows the effect of d. By decreasing d, we can
increase the bandwidth with trade between the return loss level and
the bandwidth. The best transmission coefficient is at d = 2mm.
Next, Fig. 4 shows the effect of d,. This distance is a matching
stub to the transition between the first microstrip and the CPW.

Table 1. Phase shifter dimensions in mm.

WIL|Ry| d | Ri |Rol|Ro2|Ro3| S |dy |Ratio
13/12125]22]01]03,03[04]1[1] 02
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Figure 4. Effect of d, on the return loss and transmission coefficient.

The best bandwidth and transmission is obtained at d = 0.75 mm,
where the phase shifter operates from 5.7 to more than 20 GHz. Fig. 5
demonstrates the effect of Ratio, which controls the matching between
the CPW and the second microstrip. The best results are obtained at
Ratio = 0.2. Fig. 6 shows the effect of R;, which changes the impedance
of the via. The best results are obtained when R; = 0.2 mm. The effect
of Ryo is shown in Fig. 7. It has a small effect compare to the effect
of R,3, which is shown in Fig. 8. By increasing R,3 we are able to
improve both return loss and transmission with some decrease in the
bandwidth. The effect of R,, as shown in Fig. 9, is opposite to that
of Ry3. As R, increases the bandwidth increases, but both return loss
and transmission deteriorate. The effect of the last parameter, S, is
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Figure 5. Effect of ratio on the return loss and transmission
coeflicient.
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Figure 6. Effect of R; on the return loss and transmission coefficient.

shown in Fig. 10. It can be tuned to improve the return loss.

In order to verify the computed results using HF'SS, the prototype
shown in Fig. 11, was fabricated using milling machine with the
dimensions in Table 1, and measured using Agilent E5071B Network
Analyzer (ENA Series) in the Oak Ridge National Laboratory. The
measured and computed return loss and transmission coefficient are
depicted in Fig. 12, with a quite good matching between the two
results. The phase shifter operates from 5.5 to 17.2 GHz with an
approximate average return loss of —15dB and transmission coefficient
of —0.4dB in this frequency range. Finally, the transmission coefficient
of a microstrip line whose length is L 4 0.635mm is simulated and
measured. The 0.635mm (via height) is added to substitute for
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Figure 7. Effect of Ry on the return loss and transmission coefficient.
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Figure 8. Effect of R,3 on the return loss and transmission coefficient.
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Figure 9. Effect of R, on the return loss and transmission coefficient.
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Figure 10. Effect of S on the return loss and transmission coefficient.

Figure 11. Prototype of the proposed phase shifter: Top view (left),

and back view (right).
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Figure 12. Measured and computed results.
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Figure 13. Sy; phase shift in degrees: (a) Computed results, and (b)
Measured results.

extra current path through the vias. The measured and computed
transmission coefficient phases in degrees are shown in Fig. 13 for the
180° phase shifter and the microstrip line. In both graphs of Fig.
13, the dotted line, which is the absolute difference between the two
phases, shows that an approximate phase difference of 180° is obtained
between 5 and 20 GHz.

4. CONCLUSIONS

The proposed 180° phase shifter can be directly integrated in the
feeding network of the Double Rhombus antenna array because it is
composed form the same material and its input and output ports are in
the same layer. The results show that it can operate in a wide frequency
band from 5.5 to more than 20 GHz with high transmission coefficient
and an approximate phase shift of 180° in the entire operating range.
By integrating this phase shifter with the Double Rhombus we can
definitely improve its radiation characteristics and increase its usable
bandwidth in phased arrays and power combiners.
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