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Abstract. This paper presents the size miniaturized and
harmonic suppressed lossless 1:4 T-junction unequal
power divider using an open complementary split ring
resonator (OCSRR). By embedding the OCSRR structure in
the microstrip transmission line, slow wave effect is intro-
duced and thereby size reduction is achieved. The dimen-
sions of OCSRR are optimized to reduce the length of high
impedance and low impedance quarter-wavelength trans-
mission lines. In our design high impedance line length is
reduced to 58.6%, and low impedance line length is re-
duced to 12% when compared to the conventional quarter
wave length lines. The proposed power divider is having
small dimensions of 0.18 g x 0.33 4, and is 51.94%
smaller than the conventional unequal power divider.
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1. Introduction

Power divider is a passive device which is widely
used in microwave and millimeter wave systems, such as
feeding network for an antenna array, power amplifiers,
mixers and it is also used in testing instruments to measure
different characteristics of a signal. The drawbacks of con-
ventional power divider are its larger size and the high
characteristic impedance involved, when a power-dividing
ratio of larger than two is required. To overcome the fabri-
cation difficulties due to high impedance lines and to
achieve size miniaturization, different techniques have
been employed [1-13]. Defected Ground Structures
(DGS), Photonic Band Gap structures (PBG) and Electro-
magnetic Band Gap structures (EBG) are used to design
miniaturized microwave devices like power dividers and
ring hybrid [1-6]. The slow wave effect offered by these
structures is used to achieve size reduction. In [5], Wil-
kinson power divider using EBG cell for the suppression of
harmonics and size reduction is presented. The high char-
acteristic impedance transmission line of a 6:1 Wilkinson
power divider is realized by embedding the EBG structure
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and considerable increase in the width of the narrow line is
reported in [6]. A metamaterial T-junction power divider
using microstrip gaps and via holes is discussed in [7]. Sub
wavelength resonators like split ring resonator (SRR) and
complementary split ring resonator (CSRR) are also used
for design of size miniaturized and performance improved
microwave devices like filters [8-10] and power dividers
[11],[12].

In this paper a 1:4 lossless T-junction power divider
is designed using a subwave length resonator called open
complementary split ring resonator (OCSRR). The high
and low impedance lines of 1:4 unequal power divider are
realized by embedding the OCSRR structure in the 50 Q
microstrip line. The proposed divider is compact in size
and provides better third harmonic suppression.

2. Open Complementary Split Ring
Resonator

OCSRR is a counter part of open split ring resonator
(OSRR). It was first proposed by some of the authors in
CPW technology [13] and mostly used in size miniaturiza-
tion and performance enhancement of microwave devices
[13—16]. The layout of OCSRR and its equivalent circuit is
shown in Fig. 1.
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Fig. 1. (a) Layout of an open complementary split ring
resonator. (b) The equivalent circuit model of OCSRR.
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When the OCSRR is excited by an axial time varying
electric field, it exhibits stop band near its resonance fre-
quency. The resonance frequency of OCSRR is given by

1

/= 27[@

where L and C are the inductance and capacitance of the
open complementary split ring resonator. The OCSRR is
designed and embedded in the microstrip line on FR4 sub-
strate having dielectric constant &, = 4.4 and substrate thick-
ness of 1.6 mm. Simulations are carried out using full wave
simulator Ansys HFSS. The frequency response of OCSRR
is shown in Fig. 2, for dimensions as follows: a = 6.5 mm,
c=15mm, d=04mm, g=05mm and w=04mm.
During resonance, the OCSRR acts as an open resonator
and the total transmitted energy is reflected back to source
causing an attenuation pole at f=2.72 GHz with a maxi-
mum rejection of 26.52 dB. Figure 3 shows the current
distribution of OCSRR at resonant frequency.
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Fig. 2. Simulated scattering parameters of OCSRR.
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Fig. 3. Current distribution of OCSRR at resonant frequency.

3. Transmission Characteristics of
OCSRR

To study the change in resonant frequency with
respect to the dimensions of OCSRR, the parametric study
of OCSRR has been done. The transmission characteristics
of OCSRR are obtained by varying any one parameter and
keeping all other parameters unchanged. The parameter a
which represents the length and also width of outer ring is
varied from 5.5 mm to 6.5 mm in steps of 0.5 mm by
keeping other parameters unchanged and simulated to
obtain the transmission characteristics. The simulation
result is shown in Fig. 4.

It is observed that as a increases the resonant fre-
quency decreases, this is due to an increment in parameter
a that increases the inductance of the OCSRR. From (1) the
resonant frequency and inductance are inversely related, so
as inductance increases resonant frequency decreases. The
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Fig. 4. Simulated frequency responses for different length a of
OCSRR.
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Fig. 5. Simulated frequency responses for different length g of
OCSRR.
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Fig. 6. Simulated frequency responses for different length d of
OCSRR
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Fig. 7. Simulated frequency responses for different length ¢ of
OCSRR.

gap between the rings g is varied by keeping remaining
parameters unchanged. As the gap is increasing the reso-
nant frequency is increasing, this is due to increase in gap
that decreases the capacitance. As the capacitance and
resonant frequency are inversely related, decrease in ca-
pacitance increases the resonant frequency. Figure 5 shows
the simulation results for varying the gap g. Similarly the
other parameters d and ¢ are varied and frequency response
is observed. The resonant frequency is slightly increased
with increase in these parameters. Fig. 6 and 7 show the
simulation results for varying the parameters d and c.
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4. Slow Wave Factor of OCSRR

Since OCSRR is embedded in the microstrip line it
will increase the line inductance and capacitance, which in
turn introduces the slow wave effect. The slow wave effect
of microstrip line with and without OCSRR is calculated
using (2) given in [17]

swE =0 | o @)
360L ’

where L, is the physical length of the line and A, is the
phase difference between the microstrip line loaded with
OCSRR and without OCSRR, 4, is the wavelength in free
space and e is the effective permittivity. The slow wave
factor for the microstrip line with OCSRR and without
OCSRR is shown in Fig. 8. From the figure, it is observed
that the slow wave factor of microstrip line embedded with
OCSRR is high when compared to the microstrip line
without OCSRR. The increase in slow wave factor vali-
dates the size reduction capability of the OCSRR for mi-
crowave applications.
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Fig. 8. Slow-wave factor of the microstrip line with and
without OCSRR.

5. Design of Power Divider using
OCSRR

To verify the size reduction capability of the OCSRR,
a 1:4 unequal power divider is designed with a center fre-
quency of 1.5 GHz. Figure 9 shows the schematic and
simulated results of the conventional 1:4 lossless T-junc-
tion power divider.

To reduce the size of the power divider, the high im-
pedance quarter wavelength transmission line is designed
using OCSRR. When the conventional high impedance line
is replaced by OCSRR embedded line, the OCSRR embed-
ded microstrip line must have the same features as that of
the conventional high impedance line i.e., it must have the
same impedance (111.8 Q) and it should offer a phase of
90° at the design frequency. The simplified transmission
line model to calculate the characteristic impedance of
OCSRR embedded microstrip line is shown in Fig. 10.

The impedance of the OCSRR embedded microstrip
line is calculated using the equations given in [1]
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Fig. 9. Conventional unequal power divider:
(b) Scattering parameters.

(a) Layout.

Fig. 10. Simplified transmission line model to determine the
characteristic impedance of OCSRR embedded line.
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To get 111.8 Q line impedance, the value of [Sy]
should be 3.52 dB at the design frequency. In order to
replace the conventional high impedance line with OCSRR
embedded microstrip line, the OCSRR embedded micro-
strip line should have |S;;| = 3.52 dB and phase of S;; = 90°
at the design frequency. The dimensions of the OCSRR are
optimized to obtain line impedance of 111.8 Q and re-
quired phase. The optimized dimensions of OCSRR are
a=522mm, ¢=024mm, d=024mm, g=0.3mm,
w=0.3 mm and the length of OCSRR embedded micro-
strip line is 12 mm. The 55.9 Q quarter wavelength trans-
mission line is also replaced with OCSRR embedded 50 Q
microstrip line. To replace this low impedance line with
OCSRR embedded microstrip line, the OCSRR embedded
microstrip line must have |S;;|=19dB and phase of
S>1=90° at the center frequency. The optimized dimen-
sions of OCSRR for low impedance 55.9 Q line are
a=29mm, c¢=04mm, d=042mm, g=0.18mm,
w=0.3 mm and the length of OCSRR embedded micro-
strip line is 25 mm. Fig. 11 shows the layout and fabricated
prototype of 1:4 unequal power divider using OCSRR. The
OCSRR embedded high impedance line is connected to
port 2 and low impedance line is connected to port 3.
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Rohde & Schwarz ZVL network analyzer is used for
the testing of the fabricated prototype. Manual calibration
is done before taking the measurement, it is calibrated in
the plane of the SMA connector. The measurement set up
is shown in Fig. 12. The simulated and measured scattering
parameters of the proposed 1:4 unequal power divider is
shown in Fig. 13. From Fig. 13(a) it is seen that power is
unequally divided between the output ports. The insertion
loss at port 2, |Sy;| is 6.94 dB and at port 3, |S3| is 1.4 dB,
which are very close to ideal values 7 dB and 1 dB. The
return loss |S};| at the design frequency is 38 dB. The iso-
lation [S,;3] at 1.5 GHz is 9.1 dB. From the phase response it
is observed that the two output port signals are in phase
with each other at the design frequency.

Figure 14 shows the simulated and measured group
delay of the proposed power divider. The group delay is
greatly flat with a value of 0.25ns at the operating
frequency. The measured and simulated results are in good
agreement. The performances of the proposed power
divider are summarized in Tab. 1.
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Fig. 11. Proposed 1:4 unequal power divider using OCSRR:
(a) Layout. (b) Fabricated prototype.

Fig. 12. Measurement setup.
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Fig. 13. Simulated and measured (a) magnitude response (|S;i/,

[S21] & |S51]), (b) magnitude response (|S»3|, [Sa| & [S33)
and (c) phase difference between the output ports of
the proposed 1:4 unequal power divider using OCSRR.
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Fig. 14. Simulated and measured group delay of the proposed
power divider.

From the magnitude response (Fig. 9(b)) of the con-
ventional unequal power divider with an operating fre-
quency of 1.5 GHz, it is observed that the response at
1.5 GHz is repeating at 4.5 GHz which is called harmonic.
This is due to the distributed nature of the microstrip line.
From the magnitude response of the proposed power di-
vider (Fig. 13(a)) using OCSRR, it is observed that the
harmonic is suppressed. This suppression is achieved due
to the band stop characteristic of OCSRR. Table 2 gives
the values of the scattering parameters at 4.5 GHz.
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Parameter Simulation Measurement
Operating frequency 1.5 GHz 1.48 GHz
Return loss [Sy] 38.14 dB 38.57dB
Output at port2 |Sy| 6.94 dB 6.62 dB
Output at port3 |S3] 1.4 dB 1.64 dB

Tab. 1. Performance of the proposed power divider.

Parameter Conventional Proposed
[Sul 20 dB 2.5dB
[S21] 6.4 dB 10.5dB
[S31] 1.4dB 15dB

Tab. 2. Scattering parameters at 4.5 GHz.

6. Conclusion

A lossless 1:4 unequal T-junction power divider using
open complementary split ring resonator (OCSRR) is pro-
posed in this paper. The length of high impedance quarter
wavelength transmission line is reduced by 58.62%. The
proposed divider is very compact and the overall size is
reduced by 51.94% when compared to the conventional 1:4
unequal power divider. Third harmonic suppression is also
achieved. The simulated and measured results are in good
agreement. Minor deviations from simulation and meas-
urement results are due to fabrication tolerance and con-
nector losses. The proposed divider validates the size re-
duction capability of OCSRR. The same technique can be
used to design Wilkinson power divider, couplers etc.
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