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Abstract — Modern communication system technologies, crossover structures are widely used as one of the
main elements in microwave circuits in different operating environments. Nowadays, microwave circuit
elements provide continuity and development in these areas by triggering rapid transformation in terms of
communication, protection and security. Innovative and contemporary solutions are becoming an important
issue with increasing product demands and production capacities. This paper introduces valuable solutions
in this direction of crossover design for microwave integrated circuits. A circular cross with symmetrical
internal transmission line covering the frequency with WLAN (wireless local area network), WiMAX and
GSM applications is proposed. The circular crossover bandwidth -10dB is between the frequencies 2.32
GHz and 2.58 GHz. The designed microwave circular crossover size is 40mm x 40mm x 1.6mm. The
efficient compact microwave crossover design method in planar circuits promise to improve the
performance and versatility of microwave circuits. The efficiency in 2.45 GHz frequency transitions brings
closer to realizing efficient band applications for wireless communication and paves the way for future
developments in this field.
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literature all have their own methods for obtaining
transitions, but the circular transition design using

I. INTRODUCTION

Microwave crossover structures are widely used
in RF/Microwave circuits, which cover important
technologies used in a wide range of advanced
communication systems and industrial applications
[1,2]. Various crossover topologies provide power
transfer and signal switching in modern microwave
circuits. These topologies are an effective transition
way between two transmission lines with different
methods because the system can perform better and
is compact [1-3]. The methods mentioned in the

very few design schemes has been proposed.
Circular  structures with  symmetrical inner
transmission line covering WLAN, WiMAX [4] and
GSM [5] applications that can operate at different
frequencies produce valuable solutions for
microwave integrated circuits. The basic operation
of the crossover [6] circuit is that when all ports in
the circuit match, the power and signal entering Port
1 must be transmitted to Port 3 without loss, and the
phase from Port 1 to Port 3 must be transmitted one-
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to-one. It is necessary that the power and signal are
not transferred (isolated) to Port 2 and Port 4 and
there should be no transmission losses. To carry
signals independently in both channels in the circuit,
Butler matrix [7,8] is used to transmit in microwave
circuits that provide high isolation between
intersecting  transmission  lines.  Microwave
crossover connection should be provided in the
circuit to provide isolation between transmission
lines with the help of the matrix.
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Fig. 1 Crossover structure

Fig.1 shows the proposed crossover general circuit
[9] form used to construct the waveguide structure.
Input/output ports are located using microstrip
connection. The ideal scattering matrix [10] of the
crossover described in (1),

. ) g (1)

It can be shown that the output phase of the
proposed crossover is decided by the output phase
difference of the microwave circuits at 2.45 GHz
frequency. Based on the design guidelines, design
was carried out to validate the feasibility of this
proposed concept.

Il. MATERIALS AND METHOD

In this study, microwave circular crossover is
designed. A structure consisting of eight identical
X-shaped slots, a symmetrical T" (gamma) slot in
the center, and four-port network including an input

& output port and two isolated ports has been
designed. This structure was printed on the low-cost
FR-4 substrate, which is a dielectric material. The
substrate height (thickness) 1.6 mm, 40 mm wide
and 40 mm long, and has a relative permittivity (g,.)
of 4.3 and a loss tangent of 0.025. Radius value for
circular patch is L2=16.5 mm. The size of the
proposed circuit is 40x40x1.6mm3.
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Fig. 2 Proposed circular crossover

The proposed structure is symmetrical by nature
along both the x-axis and the y-axis. Simulations
were made with CST Studio Suite. Obtained data
were compared with parametric results. Table 1
shows the parameters of circular crossover.

Table 1. Parameters of the proposed circular
crossover

Value Value
Parameters Parameters
(mm) (mm)
W 40 L 40

W1 571 L1 1.6
W2 7.19 L2 16.5
W3 2 L3 10
W4 2.5 L4 55
W5 2.5 L5 2.5
W6 3

The parameters are calculated numerically and
simulated in the designed circuit.
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I11. RESULTS

The simulation results show that the microwave
crossover operates at a frequency of 2.45 GHz when
examining the S,; , S,; and S3; properties. The dB
values obtained for circular crossover and similar
microwave design are very important. In microwave
circuits, dB values below -10 dB are generally
considered low return loss.

In Figure 3, the value of the return loss in the
circular crossover structure is -18.71 dB at 2.45
GHz. This value know that there is almost no power
reflected to the input.
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Fig. 3 S;, for proposed circular crossover

As seen in Figure 3, the circular crossover
operates under -10 dB, between the 2.32 GHz and
2.58 GHz frequencies. The obtained values are
electrically well-isolated for the two physically
overlapping signal paths for ideal microwave
circular crossover designs.
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Fig. 4 S5, for proposed circular crossover
The T Shaped Slotted Compact Circular

Crossover design is used for power and signal
transfer from Port 1 to Port 3 and the S5, value is
important. The current S;; value is -2.43 dB under
2.45 GHz in Fig. 4.

S-Parameter [Magnitude in dB]

| -

-12
-13
-14
-15

16

) § (269, ) | . |
-18 ; ; . . ; . i

1 12 14 16 1..8 2 22 24 26
Frequency / GHz

Fig. 5 S,, for proposed circular crossover

Parameter S,; the ratio of the power delivered to
Port 2 to the input power applied at Port 1, when a
microwave signal is applied to Port 1. In Fig. 5, the
S,, parameter is measured as - 14.63 dB at 2.45
GHz, this value shows that it isolates Port 2. The
power ratings of S;;, S,; and S, are all below -10
dB. The power and signal from Port 1 are transferred
to Port 3 without loss, in other words, it indicates
that there is no reflected signal. Port 2 and Port 4
remained isolated.
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Iv.DISCUSSION

Microwave crossover used as circuit elements in
many RF/Microwave research interests are
insufficient in terms of cost, use and supply.
Therefore, modern and innovative solutions are
required.

With the circuit structure designed in this study,
power and signal transfer was provided with the
help of a microwave crossover with two isolated
ports at 2.45 GHz as in Figure 6, and a circular
structure was created unlike the circuit structures
made before. Thanks to the circular structure, return
losses are reduced compared to linear and strip
structures.

Fig. 6 Proposed circular crossover

Microwave circular crossover use in industrial and
academic research areas can be increased. As a
result, microwave crossover circuits are alternative
circuit method for RF/Microwave systems operating
in different conditions.

V. CONCLUSION

In this article, I" Shaped Slotted Compact Circular
Crossover circuit that can operate at 2.45 GHz is
designed. Circular structure and gamma slot effects
observed by numerical calculations were performed
at the frequency adjusted with parametric changes
and in five steps, including change parameters and
slots. However, the measured results of the gamma-
slot design showed good transmission, return loss
and isolation values compared to the results below -

10 dB, considering the values according to the
circuits with different slots and structures at 2.45
GHz. Based on the results, the presented structure
can be used in WLAN, WIMAX, and GSM
applications. The presented structure has a new
configuration and is still easy to fabricate.

ACKNOWLEDGMENT

This study has been carried out using the
laboratory of Izmir Katip Celebi University Smart
Factory Systems Application and Research Center
(AFSUAM).

REFERENCES

[1] P.-L.ChiandT.-C. Hsu, "Novel dual-band and arbitrary
output-phase crossover based on two-section couplers,”
2015 Asia-Pacific Microwave Conference (APMC),
Nanjing, China, 2015, pp. 1-3, doi:
10.1109/APMC.2015.7411624.

[2] X. Cheng, Z. Liu, Y. Yao, J. Yu and X. Chen, "A
wideband E-plane crossover coupler for terahertz
applications," in China Communications, vol. 18, no. 5,
pp. 245-254, May 2021, doi:
10.23919/JCC.2021.05.015.

[3] I. S. Krishna, R. K. Barik and S. S. Karthikeyan,
"Analysis and Design of a Planar Crossover for Dual-
Frequency Applications,” 2017 14th IEEE India Council
International Conference (INDICON), Roorkee, India,
2017, pp. 1-5, doi: 10.1109/INDICON.2017.8487810.

[4] Nuavmi. L. (WiIMAX Technology tar Broadband
Wireles, Access. France: John Wiley & Sons, 2007

[5] S. M. Abbas, R. L. Ali, H. Nawaz, A. Kiyani, |. Saleem
and S. A. Khan, "A compact microstrip patch antenna
with circular snipped slot for GSM, Wi-Fi and WiMAX
applications,” 2011 7th International Conference on
Emerging Technologies, Islamabad, Pakistan, 2011, pp.
1-3, doi: 10.1109/ICET.2011.6048443.

[6] J. Yao, C. Lee, and S. P. Yeo, “Microstrip branch-line
couplers for crossover application,” IEEE Transactions
on Microwave Theory and Techniques, vol. 59, no. 1, pp.
87-92, Jan 2011.

[71 A. K. Vallappil, M. K. A. Rahim, B. A. Khawaja, N. A.
Murad and M. G. Mustapha, "Butler Matrix Based
Beamforming Networks for Phased Array Antenna
Systems: A Comprehensive Review and Future
Directions for 5G Applications," in IEEE Access, vol. 9,
pp. 3970-3987, 2021, doi: 10.1109/ACCESS.2020.
3047696.

[8] A. Adamidis, I. O. Vardiambasis, M. P. loannidou, and
T. N. Kapetanakis, “Design and implementation of
single-layer 4x4 and 8x8 butler matrices for multibeam
antenna arrays,” Int. J. Antennas Propag., vol. 2019,
2019, doi: 10.1155/2019/1645281

[91 N.S. A. Arshad, S. F. Yaacob, S. Z. Ibrahim and M. S.
Razalli, "0 dB coupler employing slot technique on
planar microstrip,” 2014 International Conference on

118



International Journal of Advanced Natural Sciences and Engineering Researches

Computer, Communications, and Control Technology
(14CT), Langkawi, Malaysia, 2014, pp. 294-299, doi:
10.1109/14CT.2014.6914192.

[10] D. M. Pozar, “Microwave engineering”, John wiley &
sons, 2011

119



