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1. INTRODUCTION

Power dividers are considered among the most popular passive circuits in RF and microwave
domain [1], [2]. They are widely used in frequency multipliers, balanced amplifiers, mixers, antenna arrays,
and are particularly used to ensure antennas array feeding. The main role of a power divider is to divide a
given input signal into two or more signals according to the needs of the circuit or system. Wilkinson power
divider (WPD) is a lossless divider, with matched impedance in all ports, and isolation between all output
ports [3].

The evolution and development of modern wireless telecommunications increasingly necessitates
the use of multi-band and multi-functionality systems. For example, due to the dual-band requirement in
wireless communication systems (GSM, UMTS, and LTE), the use of reconfigurable antennas is required
[4]-[8]. However, these antennas cannot be completely realized without using an advanced feeding network
[9]-[11]. Reconfigurable WPD becomes paramount components of many microwave circuits. In antenna
feeding systems, WPD is commonly used to combine and distribute power [11]-[15].

Zhang and Che [16] try to integrate a coupler and filter in order to design a power divider designed
for radar applications. However, this design is difficult and cannot be reconfigured. In addition, to achieve
reconfigurability properties, researchers mainly use varactor diodes in their power divider designs [16]-[22],
but this leads to an increase in design complexity. Zhou el al. [23], a reconfigurable WPD is achieved by
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modifying the value of voltage and electrifying the lower and upper surface electrode of the liquid crystal.
However, the design process is also very complex. In addition, for the design of a power divider, the PIN
diode can be used to achieve reconfigurability properties [24], [25]. Therefore, this work proposes the design
and simulation of a modified reconfigurable WPD for WiMAX standards, at 2.5 GHz and 3.5 GHz. The
proposed design includes two conventional WPDs. These power dividers are modified to obtain different
operating frequencies, which cannot be achieved by using a single power divider.

Thus, our paper presents a compact multiport reconfigurable WPD with an overall dimension of
45x95x1.6 mm3. The reconfigurability of the proposed WPD is done using four PIN diodes. Our paper is
organized as follows: After an introduction in first section, we present the design of a four-port dual-band
Wilkinson power divider in section 2. Section 3 is devoted to results and analysis. Finally, main conclusions
are drawn in section 4.

2. DESIGN AND SIMULATION OF A FOUR-PORT DUAL-BAND WPD

The design of our Wilkinson power divider, in computer simulation technology (CST) software,
consists of performing many steps. First, a Wilkinson divider with a complete ground plane is chosen. The
proposed divider is then designed on a low-cost substrate (FR4 lossy) with the following parameters:
dimension=95x45 mm? (lengthxwidth), relative permittivity £=4.3, dielectric loss tangent tan §=0.025,
thickness h=1.6 mm and the copper thickness t are approximately 0.035 mm. The dimensions of the ground
plane are the same than those of the substrate (lengthxwidth). The power divider is directly connected to a
feeding line whose characteristic impedance is equal to 50 Q. The effective dielectric constant used in the
modeling of our power divider is (1).

oy = (22) + (552) (1 + 102) ®

To have matched impedance, one must use the impedance calculator of the CST software for the
model corresponding to antennas powered by a feeding line. This calculator is based on Wheeler's synthesis
equations. So, to have an input impedance of 50 Q, one must use a feeder width Wr of 3 mm for a height of
the substrate h=1.6 mm.

The proposed structure of our four-port Wilkinson power divider is shown in Figure 1. The initial
dimensions adopted of this Wilkinson power divider are given in Table 1. The initial dimensions, mentioned
in Table 1, permit to achieve a simulated S11 parameter of the proposed WPD with stubs as illustrated in
Figure 2. The power divider presents a good adaptation across the frequency band from 1.6 to 2.2 GHz but
this is not enough to make it useful for wireless local area network (WLAN) applications. For that, other
stubs will be added. The stubs are used with PIN diodes to ensure the frequency reconfigurability.
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Figure 1. Structure of the proposed four-port Wilkinson divider
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Table 1. The dimensions of the proposed power divider

Parameter Value (mm) Description

LG 95 ground plane/substrate length
WG 45 ground plane/substrate width
L1 6 length of the first line
w1 3.137 width of the first line

L2 78 length of the second line
W2 1.6 width of the second line
L3 20 length of the third line
L4 5 length of the fourth line

L5 5 length of the 5th line

L6 5 length of the 6 th line
L7 4 length of the 7th line

L8 5.20 length of the 8th line

L9 4 length of the 9th line
L27 7 The length of the line 27
L28 3 The length of the line 28
L30 9.8 The length of the line 30
L35 3 The length of the stub
W35 1 The width of the stub
L36 4 The length of the stub
W36 1 The width of the stub

Note that:

L21=13=20 mm., L10=L11=L12=1L16=L17=L18=L22=1L23=L24=L4=5mm.,
L13=1L19=L25=L7=4 mm., L14=L20=L6=1L8=5.20 mm., L15=L.9=4 mm.,
L29=131=L33=L27=7 mm., L32=1L28=3 mm, L34=1L30=9.8 mm,
L37=L39=L41=L35=3 mm., L38=L40=L42=L36=4 mm.
W14=W20=W26=W1=3.137 mm,
W37=W38=W39=W40=W41=W42=W35=1 mm,
W3=W4=W5=W6=W7=W9=W10=W11=W12=W13=W15=W16=W17=
W18=W19=W21=W22=W23=W24=W25=W2=1.6 mm.
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Figure 2. Reflection coefficient S11 for the proposed divider with the dimensions listed in Table 1

3. RESULTS AND ANALYSIS

The traditional WPD is formed by microstrip lines printed on a given substrate. In our proposed
WPD, the divider is designed using L shape stubs as shown in Figure 3. In order to make the WPD
reconfigurable in frequency, we must add pin diodes [26] (which can take two states: ON, OFF) to the
proposed structure.

3.1. PIN diode modeling

Generally, a PIN diode can be modeled using two equivalent impedance circuits. The first
impedance circuit is designed to provide the ON state while the second one is used to model the OFF state. In
our paper, to model the two states of the PIN diode, we ha ve used a piece of metal for the ON state and a
discontinuity of the metallic strip for the OFF state.

3.2. Design of the reconfigurable Wilkinson power divider
The designed Wilkinson power divider has an operational frequency of about 5.8 GHz with a
bandwidth ranging from 5.67 GHz to 5.91 GHz. This band covers the second WLAN band. Figure 3 shows a

Indonesian J Elec Eng & Comp Sci, Vol. 26, No. 2, May 2022: 846-853



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 849

1x4 Wilkinson power divider optimized with CST simulation software. This divider contains two rods with
inverted L shape for the two external transmission lines. The second L has another rod perpendicular to the
delay line as shown in Figure 3.

3.2.1. All diodes are in ON state

In Figure 3, we present the structure of our WPD with four diodes. When all the diodes are in ON
state, the obtained reflection coefficient Si11 and the transmission coefficients are illustrated in Figure 4. The
simulated Si; of the WPD, with four PIN diodes in ON states, is shown in Figure 4. In this case, the WPD
works well across the first WLAN band (around 2.4 GHz).

Figure 3. WPD with four PIN diodes in ON state
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Figure 4. Reflection coefficient Si; and some transmission coefficients for the case of four diodes in ON state

3.2.2. All diodes are in OFF state

In this case, all the PIN diodes are kept in the state OFF as shown in Figure 5; the obtained
reflection and transmission coefficients are presented in Figure 6. This figures shows that with stubs, our
circuit operates in a wide band of 3.5 GHz to 4.5 GHz with a reflection coefficient Si1 of -25 dB. This
frequency band presents a particular interest for 5G applications.

3.2.3. Two diodes OFF and the other two ON

As illustrated in Figure 7, the two diodes circled in blue are OFF while the other two diodes circled
in red are ON. The reflection coefficient Si; and some transmission coefficients for this ON-OFF state are
presented in Figure 8, which shows that the simulated reflection coefficient operates primarily in two bands.
These bands, corresponding to WLAN applications, are located around 2.4 GHz and 5.8 GHz. The following
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Table 2 summarizes the important characteristics illustrated from the different results reported in Figures 4,
6, and 8.

Figure 5. WPD with four diodes in OFF state
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Figure 6. Scattering coefficients for the case of four PIN diodes in OFF state

Figure 7. WPD with two diodes OFF while the other two diodes are ON
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Figure 8. Some scattering coefficients for PIN diodes in 2 OFF-2 ON state

Table 2. Some characteristics illustrated from the different results reported in Figures 4, 6, and 8

States of No. of Frequency of . .
diodes D1 D2 D3 D4  resonating bands resonance (GHz) Operating range of interest (GHz)  Return loss (dB)
0000 3 3.75;4.4;5.7 3.61-4.59 -25
0011 5 1.62;2.42;35;45;5.8 2.24-2.62 -25
5.6- 5.83 -16
1100 2 1.93;5.76 5.63-5.90 -16
1111 3 1.6;,2.2;5.8 5.65-5.92 -19.5

3.2.4. Isolation

To study the isolation between the different output ports (port 2 with port 3 and port 4 with port
5), we plotted in Figure 9 the isolation parameters Ss; and Sas versus frequency, for the ON-OFF state.
This Figure shows that the isolation parameters between 2 and 3 ports (Ss2) and between 4 and 5 ports
(S4s) are lower than -15 dB in the frequency band of interest [5.6 GHz - 5.9 GHz]. We also see, in this
figure, that the proposed WPD with stubs presents an isolation (Ss2, Sss) of -5 dB in the frequency band of
interest (2.45 GHz).
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Figure 9. Isolation S3; and S5 for the ON-OFF state

4. CONCLUSION

In this research, we designed a reconfigurable power divider for mobile applications using the
CST studio V.2019 software simulator. We started by positioning the envisaged work by presenting a state
of the art on the different Wilkinson dividers, then we have proposed a Wilkinson divider with four output
ports. Our goal was to make changes on the physical dimensions of the proposed divider until obtaining
the two desired frequencies (f1=2.45 GHz, f,=5.8 GHz). Relevant results and good performances have been
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achieved with the proposed WPD. Formerly, the WPD operated at a fixed frequency, but today, with the
development of scientific research, it is possible to control more than one frequency by means of PIN
diodes.

ACKNOWLEDGEMENTS
This work was supported by the Algerian Ministry of Higher Education and Scientific Research via
funding through the PRFU project no. A25N01UN280120190001.

REFERENCES

[1] D. M. Pozar, “Power dividers and directional couplers,” in Microwave Engineering, 4th ed. Hoboken, NJ, USA: Wiley, 2012,
ch.7, sec.3, pp. 328-332.

[2] N. Najib, K. Y. You, C. Y. Lee, M. N. Dimon, and N. H. Khamis, “Miniaturization of broadband wilkinson power dividers,”
Indonesian Journal of Electrical Engineering and Computer Science, vol. 10, no. 1, pp. 241-247, Apr. 2018, doi:
10.11591/ijeecs.v10il.pp.241-247.

[3] E. Kenane, M. Garah, and F. Benmedour, “parametric study and optimization of a dual-band four port wilkinson power
divider,” Int. J. Sci., vol. 6, no. 1, pp. 4-13, Feb. 2022.

[4] Y. Xu, Y. Liang, and H. Zhou, “Small size reconfigurable antenna for WLAN/LTE/GNSS smartphone applications,” IET
Microw. Antennas Propag., vol. 11, no. 6, pp. 923-928, Apr. 2017, doi: 10.1049/iet-map.2015.0722.

[51 Q. Chen,J.-Y. Li, G. Yang, B. Cao, and Z. Zhang, “A polarization-reconfigurable high-gain microstrip antenna,” IEEE Trans.
Antennas Propag., vol. 67, no. 5, pp. 3461-3466, May 2019, doi: 10.1109/TAP.2019.2902750.

[6] A. E. Fatimi, S. Bri, and A. Saadi, “Reconfigurable ultra wideband to narrowband antenna for cognitive radio applications
using PIN diode,” TELKOMNIKA (Telecommunication, Computing, Electronics an d Control), vol. 18, no. 6, pp. 2807-28014,
Dec. 2020, doi: 10.12928/ TELKOMNIKA.v118i6.16242.

[71 S. H. Wi, Y. P. Zhang, H. Kim, II-Y. Oh, and J.-G. Yook, “Integration of antenna and feeding network for compact UWB
transceiver package,” IEEE Trans. Compon., Packaging Manuf. Technol., vol. 1, no. 1, pp. 111-118, June 2011, doi:
10.1109/TCPMT.2010.2101791.

[8] S. M. Sahah et al., “Frequency reconfiguration mechanism of a PIN diode on a reconfigurable antenna for LTE and WLAN
applications,” Int. J. Elec. & Comp. Eng., vol. 8, no. 3, pp. 1893-1902, June 2018, d0i:10.11591/ijece.v8i3.

[91 1. Slomian, S. Gruszczynski, A. Rydosz, and K. Wincza, “Dual-circular polarized antenna lattice with odd number of radiating
elements and integrated feeding network,” in IEEE Int. Symp. Antennas Propag. USNC-URSI Nat. Radio Sci. Meet., Boston,
2018, pp. 1615-1616, doi: 10.1109/APUSNCURSINRSM.2018.8608718.

[10] L. Robert, P. Minard, and A. Louzir, “Feeding concept for a multisector antenna system,” in 38th EuMC, Amsterdam, 2008,
pp. 1102-1105, doi: 10.1109/EUMC.2008.4751650.

[11] H. F. Hammad, “UWB modified elliptical antipodal Vivaldi antenna array fed with four stage Wilkinson power divider,” in
2019 IEEE Int. Symp. Antennas Propag. USNC-URSI Radio Sci. Meet., Atlanta, 2019, pp.463-464, doi:
10.1109/APUSNCURSINRSM.2019.8888395.

[12] C. H. Weng, H-W. Liu, C-H. Ku, and C-F. Yang, “Dual circular polarisation microstrip array antenna for WLAN/WiMAX
applications,” Electron. Lett., vol. 46, no. 9, pp. 609-611, Apr. 2010, doi: 10.1049/el.2010.0636.

[13] A. B. Santiko and N. D. Susanti, “Compact structure and low losses for Wilkinson power divider at 9400MHz frequency for
X-band antenna system,” TELKOMNIKA (Telecommunication, Computing, Electronics and Control), vol. 15, no. 1, pp. 143-
149, March 2017, doi: 10.12928/ TELKOMNIKA.v15i1.3475.

[14] Y. Y. Maulana, Y. P. Saputera, A. B. Santiko, and A. Setiawan, “Compact power divider integrated with coupler and
microstrip cavity filter for X-Band surveillance radar system,” TELKOMNIKA (Telecommunication, Computing, Electronics
and Control), vol. 15, no. 1, pp. 227-237, March 2017.

[15] L. Guo, H. Zhu, and A. M. Abbosh, “Wideband tunable in-phase power divider using three- line coupled structure,” IEEE
Microw. Wirel. Compon. Lett., vol. 26, no. 6, pp. 404-406, Jun. 2016, doi: 10.1109/LMWC.2016.2562058.

[16] T. Zhang and W. Che, “A compact tunable power divider with wide tuning frequency range and good reconfigurable

responses,” |EEE Trans. Circuits Syst. Il Express Briefs, vol. 63, no. 11, pp. 1054-1058, Nov. 2016, doi:
10.1109/TCSI1.2019.2935261.

[17] T. Zhang, X. Wang, and W. Che, “A varactor based frequency-tunable power divider with unequal power dividing ratio,”
IEEE Microw. Wirel. Compon. Lett., vol. 26, no. 8, pp. 589-591, Aug. 2016, doi: 10.1109/LMWC.2016.2587837.

[18] X. Shen, Y. Wu, S. Zhou, and Y. Liu, “A novel coupled-line tunable wilkinson power divider with perfect port match and
isolation in wide frequency tuning range,” IEEE Trans. Compon., Packaging Manuf. Technol., vol. 6, no. 6, pp. 917-925, June
2016, doi: 10.1109/TCPMT.2017.2707567.

[19] X. Shen, Y. Liu, S. Zhou, and Y. Wu, “A novel compact tunable coupled- line power divider using varactors,” in APMC,
Nanjing, China, Dec. 2015, doi: 10.1109/APMC.2015.7411653.

[20] X.Wang, Z. Ma, M. Ohira, C.-P. Chen, and T. Anada, “Compact tunable Wilkinson power divider with simple structure,” in
48th EuUMC, Madrid, Sep. 2018, pp. 41-44, doi: 10.23919/EuMC.2018.8541384.

[21] B. Wu, Z. Sun, X. Wang, Z. Ma, and C. Chen, “A reconfigurable Wilkinson power divider with flexible tuning range
configuration,” |IEEE Trans. Circuits Syst. |l Express Briefs, vol. 67, no. 7, pp. 1219-1223, Jul. 2020, doi:
10.1109/TCSI1.2019.2935261.

[22] Z. Guo, D. Jiang, and H. Chen, “A compact tunable filtering-power divider based on liquid crystal,” in IEEE Int. Conf.
Communication Problem-Solving (ICCP), Guilin, 2015, pp. 416-418, doi: 10.1109/ICCPS.2015.7454190.

[23] W. Zhou, et al., “Reconfigurable Feeding Network for GSM/GPS/3G/WiFi and Global LTE Applications,” IEEE Int. Symp.
Circuits Systems (ISCAS), Beijing, pp. 958-961, 2013, doi: 10.1109/ISCAS.2013.6572007.

[24] H. Chen, W. Che, Y. Cao, W. Feng, and K. Sarabandi, “Function reconfigurable between SPDT switch and power divider
based on switchable HMSIW unit,” IEEE Microw. Wirel. Compon. Lett., vol. 27, no. 3, pp. 275-277, Mar. 2017, doi:
10.1109/LMWC.2017.2662320.

Indonesian J Elec Eng & Comp Sci, Vol. 26, No. 2, May 2022: 846-853


http://www.innove.org/ijist/index.php/ijist/article/view/176
http://www.innove.org/ijist/index.php/ijist/article/view/176
https://doi.org/10.1049/el.2010.0636
https://doi.org/10.1109/LMWC.2016.2562058
http://dx.doi.org/10.1109/TCSII.2019.2935261
https://doi.org/10.1109/LMWC.2016.2587837
http://dx.doi.org/10.1109/TCPMT.2017.2707567
https://doi.org/10.1109/TCSII.2019.2935261
https://doi.org/10.1109/LMWC.2017.2662320

Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 853

[25] N. Edward, N. A. Shairi, A. Othman, Z. Zakaria, and ID Saiful Bahri, “Reconfigurable modified wilkinson power divider
using PIN diode switch,” Bulletin of Electr. Eng. & Inf., vol. 9, no. 3, pp. 1067-1073, Jun. 2020, doi: 10.11591/eei.v9i3.2174.

[26] E. Kenane, M. Garah, F. Benmedour, “A dual band four ports Wilkinson power divider design,” in 6th IEEE Congr. Info. Sci.
Technology (CiSt), Agadir-Essaouira, Morocco, Jun. 2021, doi: 10.1109/CiSt49399.2021.9357289.

BIOGRAPHIES OF AUTHORS

Messaoud Garah & £ P received his master degree in communication and his PhD
degree in microwaves from the University of Batna (Algeria) respectively in 2005 and 2009.
Currently, he is an assistant professor in the Mohamed Boudiaf University of M’sila (Algeria).
His current research interests are LEO satellites constellation communication systems and
wireless networks, smart antenna, in addition to microwave devices and design, his research
interests include embedded systemes and RFID applications. He can be contacted at email:
messaoud.garah@univ-msila.dz.

Elhadi Kenane @ E{ P’ accomplished his magisterial studies, at Setif’s University, in
2006. He joined the Electronics Institute of the University of Msila (Algeria), in 2011, where
he currently works as an assistant professor. In 2017, he received the PhD in electronics from
the same university. His research interests include mainly beamforming, smart antennas,
Antenna’s design and reconfigurable antennas. In addition to microwave circuit analysis and
design, his research interests include DSP, blind source separation, heuristic techniques, and
power control in mobile telecommunications. He can be contacted at email:
elhadi.kenane@univ-msila.dz.

Farid Djahli Bl P received the electronics-engineering diploma in 1981 and the
Magister degree in electronics in 1985, from the ENPA (Ecole Nationale Polytechnique
d'Alger) in collaboration with INP (Institut National Polytechnique) of Toulouse, France. In
1992, he received the PhD in microelectronics from LPM of INSA, Lyon (Laboratoire de
Physique de la Matiere, Institut National des Sciences Appliquées de Lyon), France. He
worked on the modeling of the degradation of MOSFETSs using different characterization
techniques, especially the charge pumping techniques. He joined the Electronics Institute of
the University of Sétif, Algeria, in 1992, where he worked respectively as Professor, Head of
the Institute, Chairman of the Scientific Council, and research Director. In addition to thin film
soar cells, his research interests include MMIC circuits, Frequency Selective Surfaces (FSS),
and microstrip antennas. He is author of more than 120 scientific papers and is referee of
several indexed journals. He was head of several research projects. He can be contacted at
email: fdjahli@yahoo.fr.

A novel design of a reconfigurable power divider with stubs for mobile applications (Messaoud Garah)


https://orcid.org/0000-0002-6454-837x
https://scholar.google.com/citations?hl=fr&user=OU2MrXMAAAAJ
https://publons.com/researcher/5035841/messaoud-garah
https://orcid.org/0000-0002-4776-8653
https://scholar.google.com/citations?user=-A2NueYAAAAJ&hl=en
https://publons.com/researcher/5036149/elhadi-kenane/
https://orcid.org/0000-0003-0054-1213
https://publons.com/researcher/5036176/farid-djahli/

