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A Two-Way Wilkinson Power Divider Realized
Using One Eighth Wave Transmission Line for GSM
Application
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Abstract—In this paper, a modified Wilkinson power divider for
GSM application is presented. The quarter—wavelength microstrip
lines in the conventional Wilkinson power divider (WPD) are
replaced by one-eighth wavelength transmission line. Wilkinson
power divider is designed using A/4 and A/§ transmission line. It has
the operating frequency of 915 MHz which is used in the GSM
standard. The proposed Wilkinson Power Divider is designed using
the simulation tool Advanced Design System. The results of A/§
transmission line are very close to the results of A/4 transmission line.
The isolation loss of A/8 transmission line is improved by introducing
a capacitor between the output ports. The proposed Wilkinson power
divider has the best return loss of greater than -10 dB and isolation
loss of -15.25 dB. The A/8 transmission line Wilkinson power divider
has the reduced size of 53.9 percentages than A/4 transmission line
WPD. The proposed design has simple structure, better isolation loss

and good insertion loss.

Keywords—Wilkinson Power Divider, Quarter wave line, one
eighth wave transmission line, microstrip line.

1. INTRODUCTION

OWER divider is a passive microwave component used as

feeding network for antenna array, power amplifiers and
also used as mixers, phase shifter, radar, measurement
systems, etc. Among various kinds of power dividers,
Wilkinson power divider is widely used because of its simple
structure, better isolation, and design simplicity [1]. Both
equal and unequal power division are possible in Wilkinson
power divider. Power dividers with various arbitrary division
ratios are designed [2].

The miniaturization of a microstrip Wilkinson power
divider is achieved by substituting the quarter wave
transmission lines employed in conventional Wilkinson power
dividers with its equal circuit consisting of two stubs and an
inductor [3]. Size reduction of the device length is achieved at
53% for the frequency of 2140MHz.

The feasibility of using FR4 is investigated via the testing
of Wilkinson power dividers operating in portions of the L-
band (1-2 GHz) [4]. The 1-2 GHz band serves significant
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wireless applications such as cellular mobile and mobile
satellite data. Double-sided parallel-strip lines and Defected
Ground Structure (DGS) Wilkinson power divider for GSM
applications are presented in [5], [6], [9].

An UWB Wilkinson power divider using tapered
transmission lines is proposed [7]. Using tapered transmission
lines in microwave components results in reduction of the
element length. This power divider has superior performance
in the UWB band (3.1GHz-10.6GHz) and is smaller in size as
compared to traditional power dividers.

Two new compact Wilkinson power dividers are proposing
is the first power divider that uses dual and T-shaped
transmission lines to replace the two quarter-wavelength (A/4)
transmission lines in the conventional equal-split Wilkinson
power divider. The second divider utilizes new dual
transmission line section, which is composed of one single
uniform and one T-shaped transmission lines, to replace each
A4 transmission line in the conventional equal-split Wilkinson
power divider [8].

The design of the Wilkinson power divider is more
complicated to reduce the size of the power divider in
previous techniques. To reduce the complexity of the design, a
2 way Wilkinson power divider is realized by using one eighth
wave transmission lines. The conventional Wilkinson power
divider is shown in Fig. 1. In the proposed WPD, A\/4
transmission line is replaced by A/8 transmission line and it
proves that the new proposed model has better isolation loss
and good insertion loss with reduced size.

Fig. 1 Conventional Wilkinson power divider

II. DESIGN AND ANALYSIS

The proposed one eighth wave transmission line is designed
by using the following techniques. The effective dielectric
constant is a function of the relative permittivity of the
substrate, the substrate thickness, and the conductor width. It
can be approximately determined using (1):
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e _ £r+1+ sr—l* ( 1 ) (1)
eff = 2 Ji+12D/W

The effective dielectric constant can be interpreted as the
dielectric constant of a homogeneous medium that replaces the
air and dielectric regions of the microstrip.

The wavelength, /1m (in millimetres) in the microstrip is
related to the phase velocity and can be determined using:

Am — 300 (2)

F\/€efr

where F is the intended frequency of operation in GHz.
With the dimensions of the microstrip line, the
characteristic impedance can be calculated as

60 8D |, W w
B \/_e_eln(W-FE) for—<1 ;
Zo = 120m r[ >1 (
JE€e[W/D+1.393+0.667 In(W/D+1.444)] fo D=

The characteristic impedance of a microstrip line is also
related to the conductor width and dielectric thickness. More
conveniently, the ratio of conductor width to dielectric
thickness can be determined for giving characteristic
impedance and relative permittivity using the following
equations given [4]

W={% for%<2 (%)

o %[3—1—1n(213—1)+2’—:{1n(3—1)+0.39—%}] forL>2
A 011
A= 604 2 +sr+1 (0'23 + sr) ()
3771
B = NG (6)

The width of microstrip line is
W = calculated value x D @)

The length of microstrip line is

_90°(/180°)
| = W80 @®)
where
Ko =L ©)

where W=Width of microstrip line in mm; I=Length of
microstrip line in mm; D=1. 6, Thickness of FR4 Substrate in
mm; g =4. 4, Relative permittivity C?N'!' M2, e= Effective
permittivity C2 N'' M%; f=915MHz, Operating frequency in
MHz; c=Velocity of light in free space (m/s); A,= guided
wavelength in mm.

The design of microstrip power divider is constructed using
one input and two output ports which are terminated by 50
ohm impedance.

By using the above mentioned formulas the design
parameters for conventional A/4 transmission line and A/8
transmission line is calculated and shown in Table I. It is
observed that A/8 transmission line has reduced length than the
conventional A/4 transmission line.

TABLEI
COMPARISON BETWEEN A/4 TRANSMISSION LINE AND X /8 TRANSMISSION
LINE PARAMETERS

Parameter A4 Transmission line M8Transmission line
Length (L) 44.82 mm 22.41 mm
Width (W) 1.61 mm 1.61 mm
Radius(R) 29.27 mm 14.64 mm

The performance of the /4 transmission line power divider
and proposed A/8 transmission line power divider has been
analyzed by using simulation tool and the results are listed in
Table II.

TABLE II
PERFORMANCE ANALYSIS OF A 4 TRANSMISSION LINE AND A /8
TRANSMISSION LINE PARAMETERS

Parameter M4 Transmission line M8 Transmission line
Return loss Sy, -30dB -16.83 dB
Isolation loss Sj3 -29.482 dB -15.25dB
Insertion loss S1=Si3 -3.115 dB -3.49 dB
Area 11.5cm x 6.2cm 5.3cm x4.3cm
Operating Frequency 915MHz 915MHz

From Table 1II, it is proved that proposed A/§ transmission
line Wilkinson power divider produces a size reduction of
53.9% of the conventional Wilkinson power divider. Also
proposed A/8 transmission line has better return loss and
isolation loss. The proposed model has been fabricated by FR4
substrate with dielectric constant of 4.4.

III. SIMULATION AND MEASUREMENT RESULTS

The structure of the A/4 transmission line Wilkinson power
divider and proposed A/8 transmission line Wilkinson power
divider model is shown in Figs. 2 (a) and (b).
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Fig. 2 Layout of the /4 transmission line Wilkinson power divider and A/8 transmission line Wilkinson power divider respectively.

The simulation results of A/4 and A/8 transmission line
Wilkinson power divider are shown in Figs. 3 (a) and (b). It
shows that the proposed Wilkinson power divider has better
return loss and isolation loss in the operating frequency of
915MHz.
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The measurement results are shown in Fig. 5 and shows that
m1 m2 the proposed Wilkinson power divider has a better insertion
et oo [N Tt loss of -3dB, a good return loss of greater than -20 dB and

isolation loss of greater than -10dB for the operating

fr,”eaq:gﬁgMHz ?Pet:g152MHZ frequency of 915MHz. Deviation in simulation and
dB(S(2.2)=-16.833)  JdB(S(2.3))=-15254 measurement result occurs due to fabrication effect and
2 connecter losses. It is observed that the proposed power
m2 divider has good agreement between simulation and

measurement results.
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Fig. 3 Simulation results of the A/4 transmission line Wilkinson
power divider and A/8 transmission line Wilkinson power divider
respectively
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The conventional A/4 transmission line and proposed A/8
transmission line Wilkinson power divider is fabricated by - 6.6 d 10kHz  Points: Bl oW
FR4 substrate and the fabricated prototype model is shown in
Figs. 4 (a) and (b) respectively.

Isolation loss S,3=-10.48dB

(©

Fig. 5 Measurement results of the fabricated model of proposed A/8
transmission line Wilkinson power divider
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IV. CONCLUSION

The Wilkinson power divider realized wusing M4
transmission line has the area of 11.5cm x 6.2cm. The
proposed Wilkinson power divider realized using A/8
transmission line has the area of 5.3cm x4. 3cm. The proposed
M8 transmission line Wilkinson power divider has a size
reduction of 53.9% of the conventional Wilkinson power
divider. The width and length of the microstrip line are based
on the thickness of the substrate used. The design has simple
structure, better isolation, and good insertion loss. The
proposed A/8 transmission line Wilkinson power divider is
mainly designed for GSM application which has the operating
frequency of 915MHz. The Wilkinson power divider that is
realized using A/8 transmission line has better input and output
return loss of -16.833dB, insertion loss of -3.499 dB and
isolation loss of -15.25 dB. Hence, A/8 transmission line
Wilkinson power divider has been designed with reduced size
and better isolation loss.
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