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Abstract

In this study, the design and simulation of an equally split C Band Wilkinson Power Divider is presented. It is aimed that th e divider
distributes the power equally and provides lossless, reciprocal, and high isolation between the output ports. Microstrip technology has
been utilized as the design process. A micro strip is a transmission line mounted on a copper conductive material. It has been used 1/4
transformer with characteristic impedance 2 - Z0. In this system, improvements have been made to increase bandwidth and high
isolation. The designed divider has been simulated in the AWR Microwave Office. It has been used FR4 substrate with 0.21 mm
thickness. Operating frequency has been chosen 7.2 GHz. The designed divider is suitable for good matching and isolation according
to S parameter values. While the S21 and S31 values should be -3 dB in theory, it is not possible for us to see this value in the designed
systems. From the simulation results, Insertion Loss (S21 and S31), Isolation Loss (S32) are about-3.4 dB, -22 dB respectively. Input
(S11) and Output return loss (S22) are respectively about -22 dB and -44 dB. The designed power divider is a passive circuit element
used to divide power at the same or different frequencies in mobile and small applications. The simulated power divider has usefulin
RF applications.
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Esit Bolen Wilkinson Gii¢ Boliicu Tasarim ve Simiilasyonu

Oz

Bu calismada, esit olarak boliinmiis bir C Band Wilkinson Giig Boliicliniin tasarmu ve simiilasyonu sunulmaktadir. Boliiciiniin giicii
esit olarak dagitmasi ve ¢ikis portlar arasinda kayipsiz, karsilikli ve yiiksek izolasyon saglamasi hedeflenmigtir. Tasarim s iireci olarak
microstrip iletim hatt1 kullanilnugtir. Microstrip, bakir iletken bir malzeme iizerine monte edilmis bir iletim hattidir. Karakteristik
empedans 2 - Z0 olan A/4 transformer kullanilmigtir. Bu sistemde bant genisligini artrmak ve yiiksek izolasyon saglamak icin
tyilestirmeler yapimustir. Tasarlanan boliicii, AWR Mikrodalga Ofisinde simiile edilmistir. 0, 21 mm kalmhgmnda FR4 substrate
kullanilmigtir. Calisma frekanst 7.2 GHz segilmistir. Tasarlanan divider, parametre degerlerine goére iyi uyum ve izolasyon i¢in
uygundur. Teorik olarak S21 ve S31 degerlerinin -3 dB olmasi1 gerekirken tasarlanan sistemlerde bu degeri gérmemiz miimkiin degildir.
Simiilasyon sonuglarndan, Ekleme Kaybi (S21 ve S31), Izolasyon Kayb1 (S32) sirasiyla yaklasik -3.4 dB, -22 dB'dir. Giris (S11) ve

Cikis doniis kayb1(S22) siwrasiyla yaklasik -22 dB ve -44 dB'dir. Tasarlanan gii¢ boliicii, mobil ve kii¢iik uygulamalarda giicii ayni veya
farkll frekanslarda bolmek i¢in kullanilan pasifbir devre elemanidir. Simiile edilmis gii¢ boliicii, RF uygulamalarmda faydahd ir.

Anahtar Kelimeler: Wilkinson Gii¢ Béliicii, Esit Bolme, Microstrip, Yiiksek Izolasyon, C Bandh.
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1. Introduction

The power divider (PD) is an RF electronic component that
divides the power from the input port into the output ports. PD is
often used with power amplifiers, mixers and different RF
applications [1-5]. Although divider is lossless in theory, it is
practically impossible to be lossless. Wilkinson power divider,
resistive power divider are types of dividers. Resistive dividers
can make the ports match, but again there is a loss. Wilkinson
power divider (WPD) is one of the basic elements used in
microwave electronics. Power is divided into two or more
branches with the Wilkinson power divider. It is used in power
divider transceiver circuits, signal power splitting, antennas, and
many circuits. WPD allocates the power in the input port to the
output ports at the desired rate. Three-port power dividers are
frequently used in antenna array systems and different
applications [6]. The traditional WPD systems are generally
adversely affected by the narrow bandwidth. Kalpanadevi et al.
[7] simulate different design method to increase bandwidth 3 dB
equal split power divider. The WPD has very balanced features.
However, they have some disadvantages such as big size due to
quarter wavelength. Authors study miniaturization of microwave
power divider. Total dimension has been reduced by %50 [&]. In
this letter, 2-way equal split power divider is presented. The
designed powerdivider has three ports, one input, and two output.
Power divider design parameters and system simulation graphics
are created, and the design is analyzed. It is aimed to provide
isolation between power divider and output ports and to ensure
match between all ports. The result of poor isolation is seen on the
output ports. If the S32 value is quite bad, it indicates that the
isolation is bad.

2. Material and Method

The basic two-output power divider and power combiner is
shown in the Figure 1. below.
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Figure 1. Basic Power Divider and Power Combiner

It can be displayed as Wilkinson Power Divider in Figure 2.
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Figure 2. Transmission Line of Wilkinson Power Divider

The designed Wilkinson power divider should provide the
following features.
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1. Reciprocal

=S.

Si' ji

j
S12= 821, S23 = 53,
2. Terminals are matched
S11s 522,533 =0

This equation is necessary forall ports to be match. This value
must be less than 0 [9]. It is generally expected to be greater than
-15 dB in absolute terms.

3. Isolated Output Terminals
S23=35832=0

This equality refers to the isolation between the output ports.
It is generally expected to be greater than -20 dB in absolute
terms.

The characteristics impedance of microstrip line and curved
bend are 50 Ohm, 70.7 Ohm. Resistive impedance is 100 Ohm.
To avoid simultaneous non-matching of all ports, Wilkinson
Power Divider uses an isolation resistor [9, 10].

Microstrip line is used in this design. Parameters for FR4
Substrate are shown in Table 1.

Table 1. Substrate Parameters

Substrate Material FR4

Dielectric constant (g,)=3.85
Height (H) =0.21 mm
Tand =0.018

Rho = (Copper)0.7

The schematic ofthe designed circuit is shown in Figure 3.
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Figure 3. Two Way Power Divider Circuit Schematic

The layout of the designed circuit is shown in Figure 4.
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Figure4. System Layout of Power Divider

3. Results and Discussion

High isolation and good match between output ports has been
aimed in this study. From figure 5, Insertion loss (S21, S31) is
about-3.4 dB. From figure 6, We see input and output return loss
values. From figure 7, Isolation Loss (S32) value is
approximately-21.34 dB.
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Figure 5. Transmission Graphs
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Figure 6. Matching Graphs
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Figure 7. Isolation Graphs

Parameters resulting from the simulation of the designed
circuit are given in table 2.

Table 2. The Results of Designed Circuit

Parameters S Ideal Microstrip Line
Values Values(dB) | Values(dB)

Input Return S11 > —10dB = —-21.86dB

Loss

(Matching)

Output Return S22 > —10dB = —44dB

Loss S33

(Matching)

Insertion Loss S12 = —-3dB = —3.34dB

(Transmission) S13

Isolation Loss S23 > —-20dB = —21.34dB

(Isolation) S32

As mentioned in the first part, the power is expected to be
divided equally on the two output ports. The designed WPD has
also been studied to have a good match and isolation. While S21
AND S31 values are expected to be -3 dB, in practice this is
impossible. The closer these values are to -3 dB, the better the
results. The value obtained from the simulation results is-3.34 dB.
Having goodisolation is one of our main goals.

4. Conclusions and Recommendations

In this study, Wilkinson Power divider design that divides
equal power has been made. In the simulation study, insertion
loss, isolation loss, return loss values were obtained close to the
desired values. It has been observed that the isolation between the
output ports is provided. In future work, splitting power with more
than one port will be studied and investigated.

5. Acknowledge

I would like to thank Prof. Simsek Demir for his support
throughout my thesis. I would like to thank Asst. Prof. Timugin
Emre Tabaru for his guidance and support.

61



Avrupa Bilim ve Teknoloji Dergisi

References

[1] Wilkinson, E. J. (1960). AnN-way hybrid power divider. IRE
Transactions on microwave theory and techniques, 8(1), 116-118.
[2] Wu, L., Sun, Z., Yilmaz, H., & Berroth, M. (2006). A dual-
frequency Wilkinson power divider. IEEE Transactions on
Microwave Theory and Techniques, 54(1), 278-284.

[3] Cheng, K. K. M., & Wong, F. L. (2007). A new Wilkinson
power divider design for dual band application. IEEE microwave
and wireless components letters, 17(9), 664-666.

[4] Ooi, B. L., Palei, W., & Leong, M. S. (2002). Broadbanding
technique for in-phase hybrid ring equal power divider. IEEE
transactions on microwave theory and techniques, 50(7), 1790-
1794.

[5] Danaeian, M., Moznebi, A. R., Afrooz, K., & Hakimi, H.
(2016). Miniaturised equal/unequal SIW power divider with
bandpass response loaded by CSRRs. Electronics Letters, 52(22),
1864-1866.

[6] Harty, D. D. (2011). Novel design of a wideband Ribcage-
dipole array and its feeding network (Doctoral dissertation,
Worcester Polytechnic Institute).

[7] Kalpanadevi, G., Nishaw, M. N., Priyamalli, E., Radhika, V.,
& Priyanga, V. S. (2017). Design and Analysis of Wilkinson
Power Divider Using Microstrip Line and Coupled Line
Techniques. IOSR Journal of Electronics and Communication
Engineering (IOSR-JECE) e-ISSN, 2278-2834.

[8] Pozar, D. M. (2011). Microwave engineering. John wiley &
sons.

[9] Kumari, R., & Acharya, V. (2017). Design and Simulation of
Two-Way Power Divider in S Band. International Research
Journal of Engineering and Technology (IRJET).

[10] Phan, H. P, Muong, T. P., Nguyen, T. T., Luong, M. H.,
litsuka, Y, & Hoang, M. H. (2015, October). Simple miniaturized
Wilkinson power divider usinga compact stub structure. In 2015
International Conference on Advanced Technologies for
Communications (ATC) (pp. 168-171). IEEE

e-ISSN: 2148-2683

62



