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Abstract. This paper presents a compact transmission line
based on the coupled line section to reduce the circuit size
of Gysel power divider (GPD). The line is composed of one
direct line and one coupled line section. The coupled line
section consists of two series lines and one coupled line.
The proposed line is symmetrical and analyzed with evenodd mode analysis to derive design equations. The line not
only reduces circuit size but also improves the out-off band
performance. To validate the properties of the line, a GPD
is designed at 1 GHz. The physical size of this GPD occupies only 38% (0.32λg × 0.16λg, λg is the guided wavelength) circuit area compared to reference GPD. Furthermore, the proposed design includes 2nd order harmonic
suppression with attenuation level better than –20 dB. The
proposed GPD is designed and fabricated on an Arlon substrate of relative dielectric constant of 2.2, thickness of
0.787 mm, and loss tangent 0.0009.
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1. Introduction
Power dividers (PDs) are essential components in the
fields of RF/microwave communication systems. PDs are
most widely used in antenna array systems, balanced
mixers, power amplifiers, etc. Out of the various PDs,
Wilkinson power divider (WPD) is one of the most
commonly used PD due to simple structure, good impedance matching at the input and output ports, and isolation
properties. WPD suffers from large circuit size, narrowband width, spurious response, and power handling capability [1], [2]. Various researchers proposed several techniques to solve the issues (circuit size, bandwidth, and
harmonic suppression) related to WPDs [3–7]. However,
the WPDs are not capable of handling high microwave
power due to a single isolation resistor connected between
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output ports. The single isolation resistor is not capable of
providing a proper heat sink. Therefore, its application is
limited to low power applications. This drawback of WPD
is overcome by Gysel power divider GPD [4], which consists of four quarters and one-half wavelength transmission
line sections and two resistors. The resistors of the GPD are
connected to the ground, which provides the good heat-sink
capability. Therefore, the GPD is a suitable candidate for
high power microwave applications over WPD. The overall
size of the GPD is large specifically at lower frequencies
due to several transmission line sections. Therefore, it is
necessary to design a low cost GPD for high power applications. Several methods have been proposed by the researchers to reduce the size as well as to improve the performance of GPDs [9–15]. In [9], the composite right/left
hand (CRLH) transmission line (TL) is utilized to reduce
the size of GPD, but it is not able to suppress the harmonics. In [10], the transmission line section of GPD is replaced by a filter (low pass filter, LPF) circuit in order to
reduce circuit size and suppress the spurious response. Although, the size is reduced significantly, these techniques
required fine optimization which increases simulation time.
In [11], the conventional line is replaced by stub loaded
lines, and in [12], a single isolation resistor is used to
improve the performance of GPD. In [13], a combination
of WPD and GPD is also used to improve the performance
of GPD. The wideband GPD is reported using phase shifter
in [14]. Recently, lumped elements (inductor and capacitor)
are used to significantly reduce the circuit size of GPD
[15]. Although, size is significantly reduced it offers extra
parasitic effects at higher frequencies due to the use of
lumped elements. Artificial transmission line (ATL)
technique and multiple transmission line techniques are
used to reduce the size as well as suppress the harmonics of
GPD in [16] and [17], respectively.
In this paper, a compact GPD with harmonic
suppression is demonstrated based on the coupled line
section. The proposed structure occupies 38% circuit area
compared to reference GPD. Moreover, 2nd order harmonic
is well suppressed with an attenuation level –20 dB.
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2. Proposed Line
The transmission line (TL) model of a traditional line
and its equivalent proposed line is shown in Fig. 1(a) and
(b), respectively. The proposed line consists of two transmission lines; one is a direct line from port 1 to port 2
having a characteristic impedance Za and electrical length
2θa. The second line is composed of two identical lines
having characteristic impedance Zb and electrical length θb
connected by a coupled line section. The coupled line section has the even mode and the odd mode characteristic
impedances Z0e and Z0o, respectively. The coupled line section has electrical length θc. The proposed topology is
equivalent to the traditional quarter-wavelength line
(θT = 90°) of characteristic impedance, ZT. In Fig. 1(a,b),
P-P’ indicates a symmetric plane with respect to two ports
(port 1 and port 2) for the analysis. These structures are
analyzed by even mode and odd mode excitation analysis.
The TL model of even- and odd modes is shown in
Fig. 1(c,d). The even-mode input admittance (Yeven) seen
from port 1 is obtained by (3) using (1), (2) for the proposed line and for the traditional line by (4).

Ye  jYa tan  a ,

Ye
Yeven  Ye  Ye  j

(1)

jYb (Y0e tan c  Yb tan  b ) ,
Yb  Y0e tan  b tan c

(2)

Ya K (Yb  Y0e LM )  Yb (Y0e M  Yb L) , (3)
Yb  Y0e LM
Yeven  jYT tan( T / 2) ,

Y0e 

(4)

Yb (YT  Ya K  Yb L) .
M (YT L  Ya LK  Yb )

(5)

Therefore, even-mode admittance of coupled line is
obtained from (5) by solving (3), (4). The odd-mode input
admittance (Yodd) seen from port 1 is obtained from (8) by

(a)

(b)

(c)

(d)

Fig. 1. TL model: (a) traditional line, (b) proposed line,
(c) and (d) are the even mode and odd mode of the
proposed line.

solving (6), (7) and (9) for the proposed line and conventional line, respectively. The odd-mode admittance of the
coupled line is obtained from (10) by solving (8), (9).

Yo   jYa cot  a ,

Yo
Yodd  Yo  Yo   j

(6)

jYb (Y0o tan c  Yb tan  b ) ,
Yb  Y0o tan  b tan c

(7)

Ya cot a (Yb  Y0o LM )  Yb (Y0o M  Yb L) ,
Yb  Y0o LM
(8)

Yodd   jYT cot(T / 2) ,
Y0o 

Yb (YT  Ya cot a  Yb L) .
M (YT L  Ya L cot a  Yb )

(9)
(10)

Here, K = tan θa, L = tan θb, M = tan θc. Equations (5) and
(10) are used to calculate the even- and odd- mode admittances of the coupled line, where Za, Zb, θa, θb, and θc are
free variables. To reduce the design variables, Za and Zb are
chosen to be the same. The solutions of (5) and (10) are not
unique because the number of variables is four and only
two equations are available. One can solve these equations
by using graphical techniques, which provide flexibility to
choose design parameters in order to achieve a substantial
amount of miniaturization. For example: For ZT = 70.7 Ω,
Za = Zb = 115 Ω, and θa = θb, the variation of even- and oddmode impedances of coupled line with θa for different values of θc is shown in Fig. 2. From this figure, it is observed
that at a higher value of θa the odd mode impedance is
greater than even mode impedance which is impractical to
realize.
Figure 3 shows the variation of even-odd mode impedances with θa for different values of θb and fixed value
of ZT = 70.7 Ω, Za = Zb = 115 Ω, θc = 30°. From the figure, it
is observed that variation in odd mode impedance is more
than even mode impedance variation of the coupled line
with θa.

Fig. 2. Variation of Z0e and Z0o with θa for different value of θc
and fixed value of ZT = 70.7 Ω, Za = Zb = 115 Ω.
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ble θa, θb, and θc can be chosen for size miniaturization as
well as for physically realizable Z0e and Z0o.

Fig. 3. Variation of Z0e and Z0o with θa for different value of θb
and fixed value of ZT = 70.7 Ω, Za = Zb = 115 Ω and
θc = 30°.

The design parameters of the proposed line are chosen
from the design graphs plotted in Figs. 2–5. To validate the
design equations of the line, values of Z0e and Z0o are
60.3 Ω and 47.8 Ω, respectively by selecting Za = Zb =
140 Ω, θa = 13°, θb = 12°, θc = 25°, and ZT = 70.7 Ω. Based
on these parameters, the proposed line is designed and simulated using an HFSS full-wave simulator. Figure 6(a)
shows the frequency response of the conventional quarter
wavelength line and the proposed line. From the figure, it is
clearly seen that two transmission zeros (TZs) are produced
above the desired frequency of 1 GHz due to the coupled
line section. One can tune these TZs by proper selection of
the even- and odd- mode impedances of the coupled line.
To validate this, the transmission characteristics of the proposed line have been studied with different combination of
even- and odd- mode impedances and are given in
Fig. 6(b). From the plot, it is observed that when the value
of Z0e is comparable with Z0o, only one TZ is produced, i.e.,
there is negligible effect of the coupled line. However, if
the difference between Z0e and Z0o is considerable, the single TZ is split into two TZs on either side of that single TZ.
In addition to this, the separation between the TZs
increases by increasing the difference between the evenand odd- mode impedances. Thus, the design parameters are

Fig. 4. Variation of Z0e and Z0o with Z for different value of
θa = θb and fixed value of ZT = 70.7 Ω, Za = Zb = 115 Ω
and θc = 30°.

(a)

Fig. 5. Variation of Z0e and Z0o with Za = Zb = Z for different
value of θc and fixed value of ZT = 70.7 Ω,
Za = Zb = 115 Ω and θa = θb = 5°.

Figure 4 and 5 show the variation of even-odd mode
impedances with Za = Zb = Z for different values of θa = θb
and θc, respectively. From the figures, it is found that even
mode impedance is varying less compared to odd mode
impedance. From Figs. 2–5, it is clear that multiple solutions exist for Z0e and Z0o. Therefore, the smallest possi-

(b)
Fig. 6. Frequency response (Dimensions are in ‘mm’: a =
16.6, b = 16, c =0.3, d = 9.3, e = 2.1, f = 0.3, g = 0.3):
(a) Conventional and proposed lines, (b) variation of
S21 with even- and odd-mode impedances.
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chosen in such a way that one can get realizable value of
characteristic impedances which helps to suppress the undesired harmonics and at the same time substantial amount
of circuit miniaturization is achieved.

3. Miniaturized GPD
mental Results

and

Experi-

A compact GPD is designed at 1 GHz based on the
proposed line to show its size reduction capability. Firstly,
a conventional GPD which consists of six transmission
lines and two resistors (R) is shown in Fig. 7. The characteristic impedances and electrical lengths of the transmission line (TL) sections are Z1, Z2, Z3, and θ1 = θ2 = θ3 = 90°
respectively, for the design frequency. One can design the
GPD with all the TL sections having the same characteristic impedance (Z1 = Z2 = Z3 = 70.7 Ω) by selecting
R = 100 Ω according to [10]. For comparison purposes,
a reference GPD is designed and shown in Fig. 8(a). In
order to reduce the circuit area of this GPD, all the quarter
wavelength lines of impedance of 70.7 Ω are replaced by
the proposed equivalent TL. Design parameters of the proposed line are tuned to provide a passband characteristic at
the design frequency. To achieve significant miniaturization, the design parameters are chosen to be Z0e = 60.3 Ω,
Z0o = 47.8 Ω, Za = Zb = 140 Ω, θa = θb = 12°, and θc = 25° for
ZT = 70.7 Ω.
Figure 8(b) shows the layout of the proposed GPD.
The overall physical area of the design is 71 × 35.5 mm2,
which is 38% circuit area of the reference GPD. The dimensions of the proposed and reference GPDs are mentioned in Fig. 8. The simulated frequency responses of the
proposed design are compared with the reference design
in Fig. 9. From Fig. 9(a), it is found that S11 = –23.8 dB,
S21 = –3.4 dB, and S31 = –3.4 dB for the proposed design at
1 GHz, whereas these are –29.8 dB, –3.11 dB, and
–3.15 dB, respectively for the reference design. In addition
to this, the 2nd order harmonic is suppressed below 20 dB.
From Fig. 9(b), S22 = –20.9 dB, S23 = –29 dB, and S33 =
–20 dB for the proposed GPD, whereas these are –28 dB,
–30 dB, and –28 dB, respectively for the reference design.

(a)

(b)
Fig. 8. Layout of GPD (Units in mm: W1 = 2.4, W2 = 1.4,
W3 = 0.3, W4 = 2.1, g1 = 0.2, g2 = 0.3, L1 = 55.8,
L2 = 15.5, L3 = 9, L4 = 1, L5 = 1.2, L6 = 0.6, L7 = L8
= 16.6, Lt = 71, Wt = 35.5): (a) reference, (b) proposed.

(a)

The proposed GPD has been fabricated and is shown
in Fig. 10(a). The measured results are compared with the

(b)
Fig. 7. Transmission line model of conventional GPD.

Fig. 9. Performance comparison of reference and proposed
WPD: (a) and (b) S-parameter responses.
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simulated results in Fig. 10(b–d) to validate the proposed
technique. From the figures, the measured S11, S21, S31, S22
and S23 are –20 dB, –4.01 dB, –3.75 dB, –18 dB and
–25 dB, respectively at 1.1 GHz. The fractional bandwidth
is found to be 20% with return loss and isolation performance better than 15 dB. Phase difference ( S21 - S31)
between output ports within the operating band is found to
be ±3° as shown in Fig. 10(d). From Fig. 10(b–d), slight
discrepancy in measured results is observed, which may be
due to non-ideal operation of connectors at high frequencies, tolerance of chip resistors and their parasitic effects.
The proposed GPD is compared with some of the existing
works in Tab. 1, in terms of circuit size, harmonic suppression (HS), fractional bandwidth (FBW) (in terms of return
loss (RL) and isolation (I)), and state of miniaturization
techniques. From the table, it is observed that power
divider presented in [9], [15] provides slightly more size
reduction as compared to the proposed power divider,
but power dividers in [9], [15] are not capable to suppress

(c)

(d)

(a)

Fig. 10. (a) Fabricated unit, (b) S21, S31 and S11, (c) S22 and S23,
(d) phase difference ( S21 - S31).

unwanted harmonics and also they may offer parasitic effect at higher frequency due to the use of lumped elements.
Although, in [10] miniaturization and harmonics suppression are achieved, but the bandwidth is lesser compared to
the proposed design. The GPD reported in [11–14] offers
wideband characteristic as compared to the proposed GPD,
but the circuit area of those power dividers is significantly
large. Although, in [16], [17] harmonics are suppressed but
the designs required more optimization time to get desired
response. Therefore, the proposed design provides a good
trade-off compared to existing GPDs presented in Tab. 1 in
terms of circuit size and harmonic suppression.

(b)

FBW (%)
Ref.
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
This work

f0 (GHz)
0.9
0.56
1
3
1
1.5
0.59
1
1
1

εr/h of substrate
3.5/0.508 mm
3.38/0.787 mm
3.38/0.813mm
4.4/1 mm
2.55/0.787 mm
2.55/0.8 mm
4.2/1.6mm
4.3/1.6 mm
2.55/0.787 mm
2.2/.787mm

Size (λg×λg)
0.19×0.12
0.14×0.26
0.22×0.27
0.47×0.36
0.4×0.2
0.4×0.16
0.17×0.11
0.30×0.17
Not report
0.32×0.16

HS
No
Yes
Yes
No
No
No
No
Yes
Yes
Yes

Techniques
RL< 15 dB

I < 15 dB

16
9.5
57
66
27
30
30
28

27.5
9.5
57
30
66
80
30
30
30
21

Tab. 1. Comparison of proposed work with existing works.

CRLH line
LPF
Stubs loaded
Modified GPD
WPD+GPD
Phase shifter
Lumped elements
ATL
Multiple TL
Coupled line section
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Further, the proposed topology is used to design a compact
GPD at 1 GHz. The physical size of the proposed GPD
occupies only 38% circuit area of the reference GPD. The
proposed solution gives a great trade-off between size reduction and performance.

[13] GUAN, J., ZHANG, L. J., SUN, Z. Y., et al. Designing power
divider by combining Wilkinson and Gysel structure. Electronics
Letters, 2012, vol. 48, no. 13, p. 769–770. DOI:
10.1049/EL.2012.0753

Acknowledgments

[14] LIN, F., CHU, X. Q., GONG, Z., et al. Compact broadband Gysel
power divider with arbitrary power-dividing ratio using
microstrip/slotline phase inverter. IEEE Transactions on
Microwave Theory and Techniques, 2012, vol. 60, no. 5,
p. 1226–1234. DOI: 10.1109/TMTT.2012.2187067

The authors are thankful to the Ministry of Electronics
and Information Technology (MeitY), Government of India
and TEQIP-III for providing financial support for the work.

[15] RYO, U., HITOSHI, H. Miniaturized Gysel power dividers using
lumped-element components. Progress in Electromagnetics
Research
Letters,
2017,
vol.
71,
p.
37–43.
DOI:10.2528/PIERL17081803

References

[16] DU, M., PENG, H., LUO, Y., et al. A miniaturized Gysel power
divider/combiner using planar artificial transmission line. Progress
in Electromagnetics Research C, 2014, vol. 51, p. 79–86. DOI:
10.2528/PIERC14041903

[1] HONG, J. S., LANCASTER, M. J. Microstrip Filters for
RF/Microwave Applications. New York (NY, USA): Wiley, 2001.
DOI: 10.1002/0471221619
[2] WILKINSON, E. J. An N-way hybrid power divider. IRE
Transactions on Microwave Theory and Techniques, 1960, vol. 8,
no. 1, p. 116–118. DOI: 10.1109/TMTT.1960.1124668
[3] ZHANG, F., LI, C. F. Power divider with microstrip
electromagnetic bandgap element for miniaturization and
harmonic rejection. Electronics Letters, 2008, vol. 44, no. 6,
p. 422–423. DOI: 10.1049/EL:20083693
[4] WOO D. J., LEE, T. K., Suppression of harmonics in Wilkinson
power divider using dual-band rejection by asymmetric DGS.
IEEE Transactions on Microwave Theory and Techniques, 2005,
vol. 53, no. 6, p. 2139–2144. DOI: 10.1109/TMTT.2005.848772
[5] YANG, J., GU, C., WU, W. Design of novel compact coupled
microstrip power divider with harmonic suppression. IEEE
Microwave and Wireless Components Letters, 2008, vol. 18, no. 9,
p. 572–574. DOI: 10.1109/LMWC.2008.2002444
[6] LIU, H., LI, Z., SUN, X. Compact defected ground structure in
microstrip technology. Electronics Letters, 2005, vol. 41, no. 3,
p. 132–134. DOI: 10.1049/EL:20057331
[7] PHANI KUMAR, K. V., KARTHIKEYAN, S. S. A compact 1:4
lossless T-junction power divider using open complementary split
ring resonator. Radioengineering, 2015, vol. 24, no. 3, p. 717–721.
DOI: 10.13164/RE.2015.0717
[8] GYSEL, U. H. A new N-way power divider/combiner suitable for
high power applications. In IEEE-MTT-S International Microwave
Symposium. Palo Alton (CA, USA), 1975, p. 116–118. DOI:
10.1109/MWSYM.1975.1123301
[9] ZHANG, H. L., HU, B. J. ZHANG, X. Y. Compact equal and
unequal dual-frequency power dividers based on composite right/left handed transmission lines. IEEE Transactions on Industrial
Electronics, 2012, vol. 59, no. 9, p. 3464–3472. DOI:
10.1109/TIE.2011.2171178
[10] KARIMI, G., SIAHKAMARI, H., KHAMIN-HAMEDANI, F.
A novel miniaturized Gysel power divider using low-pass filter
with harmonic suppression. International Journal of Electronics
and Communication (AEÜ), 2015, vol. 69, no. 5, p. 856–860. DOI:
10.1016/J.AEUE.2015.02.004

[12] ZAKER, R., ABDIPOUR, A., MIRZAVAND, R. Closed-form
design of Gysel power divider with only one isolation resistor.
IEEE Microwave and Wireless Components Letter, 2014, vol. 24,
no. 8, p. 527–529. DOI: 10.1109/LMWC.2014.2323554

[17] GUAN, J., ZHANG, L., SUN, Z., et al. Modified Gysel power
divider with harmonic suppression performance. Progress in
Electromagnetics Research C, 2012, vol. 31, p. 255–269. DOI:
10.2528/PIERC12062004

About the Authors ...
Mukesh KUMAR was born in 1989. He received the
B.Tech. degree in Electronic and Tele-communication.
Engineering from the Biju Patnaik University of Technology, Rourkela, Orissa in 2011, and the M.Tech. degree in
Electronics and Communication Engineering from the National Institute of Technology, Durgapur in 2015. He is
currently pursuing the Ph.D. degree in Microwave Engineering with the Electronics and Tele-Communication Engineering Department, Indian Institute of Engineering Science and Technology, Shibpur, Howrah, India. His current
research interests include microwave planer circuits, power
divider, couplers.
Gobinda SEN was born in 1988. He received the B.Tech.
degree in Electronic and Comm. Engineering from the
West Bengal University of Technology in 2010, and the
M.Tech. degree in Communication Engineering from the
University of Kalyani, Kalyani in 2013. He is currently
pursuing the Ph.D. degree in Microwave Engineering with
the Electronics and Tele-Communication Engineering Department, Indian Institute of Engineering Science and
Technology, Shibpur, Howrah, India. His current research
interests include metamaterial inspired structure for performance improvement of antenna, absorbers.
Sk Nurul ISLAM was born in 1989. He received the
B.Tech. degree in Electronic and Comm. Engineering from
the West Bengal University of Technology, Kolkata in
2011, and the M.Tech. degree in Electronics and Communication Engineering from the West Bengal University of

342

M. KUMAR, G. SEN, SK. N. ISLAM, ET AL., MINIATURIZATION AND HARMONIC SUPPRESSION OF POWER DIVIDER …

Technology, Kolkata in 2013. He is currently pursuing the
Ph.D. degree in Microwave Engineering with the Electronics and Tele-Communication Engineering Department,
Indian Institute of Engineering Science and Technology,
Shibpur, Howrah, India.
Susanta Kumar PARUI was born in 1965. He received
the B.Sc degree in Physics, and the B.Tech. degree in Radio Physics and Electronics from the University of Calcutta
in 1987 and 1990, respectively. He has done the Master
degree in Microwave Communication Engineering from
the Bengal Engineering College, India in 1993. From 1993
to 2000, he worked as an Instrument Engineer. Since 2000,
he is associated with the Department of Electronics and
Telecommunication Engineering, Bengal Engineering and
Science University, India and presently holds the post of

Senior Lecturer. His current research interests include the
planar circuits, filters, antenna elements and electromagnetic bandgap structures.
Santanu DAS was born in 1968. He received the B.E. degree in Electronic and Telecom. Engineering from the
Bengal Engineering College in 1989, and the M.E degree
in Microwave Engineering from the Jadavpur University,
Calcutta in 1992. He obtained the Ph.D. (Engineering) degree in the year 1998 from the Jadavpur University. As
a Lecturer in Electronics and Telecommunication Engineering, he joined the department of the Bengal Engineering and Science University in 1998 and presently holds the
post of a Professor at the same department. His current
research interests include the microstrip circuits, antenna
elements and arrays, FSS and defected ground structures.

