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Abstract
A modified unequal Wilkinson power divider (WPD) with triband operation is presented in this paper. For triband operation, the
quarter wave branch lines in the conventional WPD are replaced with extended T-shaped open or short stubs. In the proposed
structure, the operating frequencies can be flexibly controlled, provided the second frequency is the mean of the first and third
frequencies. The design equations for the structure and the design procedures are well explained in this paper. A sample
prototype with the power dividing ratio of 2:1 and operating frequencies of 1.3, 3.0 and 4.7GHz has been designed, measured and
compared. The microstrip circuit with substrate thickness (h) of 0.813mm and dielectric constant (¢,) of 3.55 is analyzed using
AWR software. The frequency response characteristic in terms of return loss reveals that the short stub design gives a better

performance in comparison with the open stub design.
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1. INTRODUCTION

Power dividers are passive microwave components fse
power division or power combining. It is widely walsén
microwave power amplifier linearization, high power
transmitter, antenna array feed networks and iibredion
laboratories. Power dividers are often of the egqlinakion
(3dB) type, but unequal power division ratios aleoa
possible. [3]The Wilkinson power dividers are wideised
because it provides better isolation between thpubyports.

In order to be compliant with several communication
systems, multiband microwave circuits are requftedsize
and cost reduction. The conventional Wilkinson powe
divider utilizing a quarter- wavelength transfornoan only
be operated at a single frequency and its odd haoso

This paper proposes a tri-band Wilkinson power dvi
using extended T-shaped short and open stub stesctu
Design equations are obtained by performing thevardt
analysis using the ABCD parameters. For analysisband
Wilkinson power divider operating at 1.3, 3.0 and@Hz
was designed and frequency response characteétinsth
the structures are compared.

2. STRUCTURE AND THEORY
2.1 Conventional Unequal Wilkinson Power
Divider (WPD)

Zer. S0°
—

% |

Fig -1: Conventional WPD

A conventional unequal WPD is shown in figure 1, @nd
Z., denotes the two quarter wavelength branch lirg3hie
design equations are as follows

Zcl= ZOV(k(1+k2)) (1)
Zc2 = Z0V((1+k2)/k3) 2)
R = Z0 (k2+1)/k ®)
R3 = Z0k (4)
R4=Z0Nk (5)

Where Kdenotes the power dividing ratio ang i& the port
impedance.

2.2 Tri-Band Unequal Wilkinson Power Divider
(WPD)

Zo. 20 =

Fig -2: A triband unequal WPD (using open stub)
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[1]The tri-band operation can be achieved by reptathe
quarter wavelength branch lines in a convention®DAby
extended T-shaped open/short stub[2].The equivalenc
between the conventional/l4 line and the extended T-
shaped stubs is shown below.

Z.8

— —

(a) Quarter- wavelength transmission line

7,82 | Z.9 7.8 Zp.62
Z.8
(b) Extended T-shaped short stub
Z,.82 | 7.9 2.8 7602
Z,. 26

(c) Extended T-shaped open stub

Fig - 3: A quarter wavelength transmission line and its T-
stub equivalents

The above rectangular areas (in dashed lines) @an b
designed to obtain the dual band operation. Thenebed
transmission lines (Z 6/2), cascaded to the T-stub
corresponds to the third band. The stubs are tappehe
center of the transmission line sections.

2.2.1 The Extended T-Shaped Short Stub

The [ABCD] matrix of the structure in figure 3(barc be
represented as[2]

:’A B

=A A A A A &
c D 1AAAA (6)

Where
A = (7)
)
A - coso jZ;Sinf
s jsin @ 00 (8)
1
J
1 0 )
AS = —jcotd 1 (9)
Zs
4

Now the [ABCD] matrix of a quarter wave transmisslme
can be written as

Ac B | _ |0 T% 10
C. D, - L 0 (10)
Then by equating (6) = (1), we have
ZcZ, —73 tang
Z = ] (11)
Zptan 6+Z;tan 6 tan—
ZS _ Z2(Zo tan§+ZC)—Zl(ZC tang—Zz)tanG 7 (12)

Z5(Z1—Zctan 8)—(Z,2 tan 0+Z.Z1) tan6/2 2tand

2.2.2 The Extended T-Shaped Open Stub

[2]The [ABCD] matrix of the structure in figure 3(can be
represented as

(A’ B’ (13)

) = A14,A4p4,4,

c' D'
1 0
Aoz(jtana 1>
Zo

Similarly, by equating (10) = (13), we have

Where
(14)

Z2(Z tan§+ZC)—Zl(ZC tang—zz) tan®  z,tan26

0 7, (Z1—2Z, tan 6)—(Z,2 tan 6+ZcZ4) tan /2 2 (15)

For design simplicity, the extended line impedanees
chosen to be equal to the conventional branch line
impedances. Thus the equations (11), (12) and ¢aB)be
simplified as

Zc(1-sinB)
L= e (16)
1-sin@
Zs =1 25i1i:9n—1 (17)
_si in?
Zu — 2Z1 (1-sin@) (sin“8@) (18)

05260 (1-2sind)
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For unequal power divisiorZ, becomesZ, and Z.,
depending on the power division ratib k

The electrical length8_ and 6, corresponds to the arbitrary
operating frequencies, fand fy. A general relationship
between electrical length and operating frequencigsand
fy is given by

™
fL

For 7z, =7, and 8=n/2 , the structure become equivalent to
the A/4 branch line in conventional WPD with operating
frequency f; where the input impedance of short/open stub
becomes infinity. [4]The T-stubs corresponds tol duzand.
Thus the cascaded structure together obtains bamd-
operation. The middle frequency €an be expressed as the
mean value of the other two operating frequengiasd f,.

fLtfu
fu = L2212

(20)

[5]Figure 4 shows the line impedances varying viitle
frequency ratio ofy / f_, which can be used as the design
chart of the proposed divider. As shown, the lim@édance

Z, exhibits gradual increase with the frequency ratibile
thestub impedancess and Zo increase rapidly. In general,
the short stutZs has smaller impedance than the open stub
Zo and can then be used for higher frequency ratios.
Assuming that the available line impedance values a
limited between 15 and 120 the maximum frequency ratio
range can then be estimated as 2.8 «f_ < 4.1 for the
extended T-shaped short stub structure and 2,2 £ < 2.8

for the open stub one.

120
100}
80T
60
407

Line impedances (€£2)

20
(

)
)

V)

26 3 34 38 42
Frequency ratio f;/ f;

i

Fig -4: Line impedances Vs frequency ratigff

3. DESIGN PROCEDURE

The design procedure can be described using a lilawas

below:
QTART

Select k% & calculate
the impedances for
conventional WPD

v

Select operating
frequencies fi . fp&hg
and caleulate 8 & 6y

L

Tri band operation at
f1 fudcfiu

v

™
Single Dual
band band
operation operation
at fig at fi.&fy

v
Determine the impedance
of extended  T-shaped >

short/open  stub
ABCD parameters

4. RESULTS

Two different unequal tri-band Wilkinson power diers,
one with the short stub structure and the othen thie open
stub structure, are designed and compared. Thedney
ratios fy/f_ are chosen to be 3.62 and 2.50 for short stub
structure and open stub structure, respectivelg. &ttended
T-shaped short/open stubs are designed in migoosnguit

at frequencies 1.3, 3.0 and 4.7 GHz. The Substhatkness
and dielectric constant is chosen to he= 3.55 and
h=0.813mm. The calculated design parameters desllia

the below table.

using

Table-1: Calculated electrical lengths and impedances of
the two different designs

T-shaped short
stub(f;/f;=3.62)

T-shaped open
stub(f;/f;=2.5)

Extended line

Zo=Zn=102.99Q | Z,,=69.65Q | Z;,=30.32Q | Z;=20.53Q | Z,=14.76Q
©=105" e=30° o= 30" e=30" | p=3¢"

Zo=Zy=5149Q | Z,=86.88Q | Zo=4344Q | Zy=68.98Q | Z,=34.40Q
0=195" 0=30" 0= 30" 20=718" 20=7¢"
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Figure 5 shows the simulation results of both thirded
T-shaped structures. It is found that the shoth stwucture
exhibits better performance in all the three opegat
frequencies. At the first design frequency, thel.3 GHz,
the measured |S11|=-25.25dB, |S21| = -4.98 dB,|S22|
15.287 dB and |S23| = -42.36 dB. #t = 3.0 GHz, the
measured |S11] = -26.355 dB, |S21| = -5.02 dB,| [822
14.97dB and |S23| = -36.69 dB. Af = 4.7 GHz, the
measured |S11| =-22.61 dB, |S21| = - 5.08dB, (5214.28
dB and |S23| = -29.95 dB. Over these three operatin
frequencies, the measured return losses are libttar-25
dB at all three ports.
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Fig -5: Calculated S-parameters of the tri-band unequal
WPD sing extended T-shaped (a) short stybd( = 3.62)
(b) open stubgf(/ f, = 2.50).

5. CONCLUSIONS

An unequal Wilkinson power divider which can operat
three different frequencies has been proposed lng uke
extended T-shaped short/open stub structure. Tisgyrde
equations for both the structures are derived. siitmailation
results shows that the short stub structure exhibétter
frequency response characteristics than that of cgtab
structure.
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