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Transmission Lines for Various Terminated

Impedances and an Arbitrary Power Ratio
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Abstract

This paper introduces a modified Wilkinson power divider that uses uniform transmission lines for various terminated impedances and an

arbitrary power ratio. For the designed power ratio, the proposed divider changes only the electrical lengths of the transmission lines between

the input and output ports, and those between the output ports and the isolation resistor. In this case, even when various termination

impedances of the ports exist, the divider characteristics are satisfied. To verify the feasibility of the proposed divider, two circuits were
designed to operate at a frequency of 2 GHz with 2:1 and 4:1 power splitting ratios and various terminated impedances of 40, 70, and 60
Q for one circuit, and 50, 70, and 60 Q for the other. The measurement and simulation results were in good agreement.
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1. INTRODUCTION

The divider is the most widely used passive component in the
wireless industry. In many cases, the same splitting divider is used
[1, 2]. However, in special applications, cases that require une-
qual distribution [3, 4] or various termination impedances [5, 6]
exist. To achieve a divider with unequal or various terminated
impedances, a high-impedance transmission line must be imple-
mented. Such a high-impedance transmission line is difficult to
implement because of its very narrow line width that must be im-
plemented through microstrip technology. Moreover, to satisfy
the characteristics of the high-impedance line, a bulky capacitor
or coupled lines with narrow gaps are used.

Recently, a new design method has been proposed to adjust
only the electrical length of the transmission lines between the

input and output ports, or between the output ports and the iso-
lation resistor, to achieve the operation of an unequal divider.
Many dividers using a uniform transmission line have been in-
troduced, such as a divider with uniform transmission lines of
various electrical lengths [7-9], a structure using an isolated re-
sistor with open-stub connection to obtain enhanced bandwidth
[10], an isolated resistor configuration connected to the same im-
pedance lines between the output ports with long stub length
[11], a structure connected to various impedance lines at both
sides of an isolation resistor [12], a Gysel divider with a phase
shifter instead of a 180° transmission line [13], a ring hybrid cou-
pler with a 50-Q transmission line [14], and a half mode substrate
integrated waveguide (HMSIW) divider with composite right
and left-handed transmission line (CRLH-TL) [15]. This type

of splitter uses a transmission line with uniform impedance, and
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it does not use an impedance transformer to match each port,
even though it operates as an unequal divider. Such a divider con-
sists of circuits with an arbitrary power split ratio and a termina-
tion impedance of 50 .

In this paper, we propose a modified Wilkinson divider using
a uniform transmission line with various termination impedances
and an arbitrary dividing ratio as well as the previously used 50
termination impedance. This type of device eliminates the re-
quirement for a matching circuit between the divider and the pe-
ripheral device with various termination impedances, and allows
a small circuit size to be achieved.

II. THEORY AND DESIGN

Fig. 1 shows the schematic of the proposed power divider with
power splitting ratio 2% (= P»/P;). This proposed divider consists
of three transmission lines with uniform impedance Z,; and var-
ious electrical lengths of 611, 82z, and 657, an isolation resistor Riy,
and various terminated impedances of Rz, Ryz; and R.7.

In addition, this divider must satisfy the S-parameter charac-
teristics of the unequal Wilkinson power divider:

0 k-e/? /P
! k-e’’? 0 0

(S)une ual = —2
¢ VI+k e iP 0 0 O

where f3 is the phase shift of the transmission coefficient.
Because the proposed power divider with various terminated
impedances is asymmetrical, we analyzed it using scattering pa-
rameters rather than the conventional even-odd method. When
port 1 is excited, all power is transmitted to the output ports, P,
and P, and the voltage from the branch of P; — P to ground is
the same as that from the branch of P, — P; to ground at any
distance from P, and no current flows in the isolation resistor.
Because the isolation resistor operates as an open circuit, we can
design an equivalent circuit between ports 2 and 3, as shown in
Fig. 2(a). The ABCD parameters between port 1 and ports 2 and

3 can be expressed as

Rh'l‘
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Fig. 1. Schematic of the proposed Wilkinson power divider.
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The ABCD parameters of Egs. (2) and (3) can be converted

into the S-parameters of S and S31. Using the relation of
S,, =k-S,,, the following related equations are then obtained.
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In Fig. 2(a), under the input matching condition (11 = 0), we

have
R
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Fig. 2. (a) Equivalent circuit of proposed divider when port 1 is
excited and (b) equivalent circuit of the proposed divider
when port 2 is excited.
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7 =7 R (1-tan6,, tan 6y, )+jZ,, tan6,
3e uL Z,+JjR.p(tan6y +tan by, ) (8)

where Z. and Zs, are the input impedances of the upper and
lower branches, respectively.

Based on the principle of conservation of energy and ideal
transmission lines, the real parts of Z,, and Z;, are expressed as

follows:
Re[2,]= "4 R, g
Re[Z,,]|=(1+k*)R,; 10)

In Fig. 2(b), when port 2 is excited, the networks of Netl and
Net2 are connected in parallel, in which Net1 consists of the iso-
lation resistor R;, and the transmission line of electrical length
631; and Net2 consists of a termination resistor R,7and transmis-
sion lines of electrical lengths 617, 67. The ABCD parameters of
Netl and Net2 can be expressed as:

JZ,, 86y,

(ANetl BNetl j _ [ 1 Risoj Ccos 93L
CNetl DNetl 0 1 ]SZLI%L cos 03L (11)
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” cosb,, (12)

The ABCD parameters of Egs. (11) and (12) are converted
into the Y-parameters of Netl and Net2, respectively, and the
admittance parameters of the entire network can be obtained as

follows:
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The admittance parameters of Eq. (13) can be converted to the
S-parameters of Sy, 83, and S3; with terminated impedances of
Ryr and R.7. The S-parameters of the entire network between
ports 2 and 3 can be expressed as

S _ (yllJut_ﬁ)(yzz?/ul"'fl,r)_ml?lm Va1 tor
22 1 _tor +ﬁlr)(y227mr +RL17)—Y127:01 V21 _tor (14)
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Based on Eqgs. (4) to (5), (9) to (10), and (14) to (16), the elec-
trical lengths 61, 651, 631, and isolation resistance R;, that satisfy
the power divider characteristic conditions with |Sx| <-20 dB,
| §33] <=20 dB, and | S3;| <—20 dB at center frequency can be ob-
tained by using MATLAB.

ITI. SIMULATION AND EXPERIMENTAL RESULTS

To validate the proposed power divider, we designed two types
of circuits at a center frequency of 2 GHz. One has a power di-
viding ratio of 42 = 2 and port impedances of R,7 =40 Q, Ryr=
70 Q, and R.7= 60 Q. The second circuit has a power dividing
ratio of £ = 4 and port impedances of R,z =50 Q, R;r=70 Q,
and R.r= 60 Q. For the first circuit, when the transmission line
characteristic impedance of Z,;, = 40 Q was chosen, we calculated
the electrical lengths and isolation resistance using the equations
above and after optimization as follows: 617 = 157°, 6, = 146°,
051 = 47°, and R;, = 12 Q. For the second circuit, when a trans-
mission line characteristic impedance of Z,; = 40 (1 was chosen,
we calculated the electrical lengths and isolation resistance using
the equations above and after optimization as follows: 81z = 153°,
6, = 130°, 63, = 66°, and R;, = 20 Q. The Teflon substrate of
the proposed power divider had a dielectric constant of 2.5, a
thickness of 0.787 mm, and a conductor thickness of 0.035 mm.

The simulation was performed using Microwave Office soft-
ware with version 13 developed by National Instruments.

Fig. 3(a) and (b) show the photographs of the circuits in which
# =2 and £ = 4, respectively, where power dividers of various
port impedances and uniform transmission lines are imple-
mented. For the measurement, the impedance transformers
shown in Fig. 3 were used to match the input and output ports
to 50 Q.

Fig. 4(a) and (b) show the measured and simulated S-param-
eters of the circuit with a power dividing ratio of # = 2 and port
impedances of 40, 70, and 60 Q; the figures show insertion losses
of | 8§21 =2.0 dB and | $3:| = 5.0 dB, an isolation of | S| >25 dB,
an input return loss of | 811 that is better than —20 dB, and out-
put return losses of |Sx|, |S33| that are better than —18 dB at
the center frequency of 2 GHz. In addition, Fig. 5(a) and (b)
show the measured and simulated S-parameters of the cir-
cuit with a power dividing ratio of # = 4 and port impedances of
50, 70, and 60 Q; the figures show insertion losses of | S| = 1.2
dB and |S$31| = 6.8 dB, an isolation of |S3;| > 25 dB, an in-
put return loss of |S11| that is better than -25 dB, and out-
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Fig. 3. Photé)g;rag)hs of the implemented power divider: (a) £ =2 Fig. 4. Measured and simulated S-parameters of the £ = 2 circuit:
and (b) # =4.

(@) |S21], |S51], | S52] and (b) | S, | S22|, | S33].

put return losses of S|, |S3s| that are better than -25 dB, -13  and 5, the | 83| data can be observed with slight frequency devi-
dB, respectively, at the center frequency of 2 GHz. In Figs. 4 ation, which is caused by the parallel admittance of electrical

Table 1. Comparison of the proposed divider with conventional power dividers

Ref Dividing ratio Frequency Total length® TL impedance Term. IL RL  Isolation

- and type (GHz) ©) Q) Q) (dB) (dB) (dB)
[7] 2:1/4:1 (WPD) 1 270/ 300 70.7 50 0.3 30 30
[10] 4:1 (WPD) 3 388 50 50 0.9 15 20
[11] 1:1 (WPD) 60/90 321.04 50 50 0.3 22 19
[12] 2:1/4:1/9:1 (WPD) 3 324.82/332.21/ 341.66 50 50 - 20 20
[13] 9:1 (Gysel) 1 219 70.7 50 0.2 20 29
[14] 9:1 (Ring) 1 378.6 50 50 0.4 25 40
This work  2:1/4:1 (WPD) 2 350/ 349 40 40/50/60/70 0.3 18 25

WPD = Wilkinson power divider, IL = insertion loss, RL = return loss.

“Without output matching transformer.

45



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 19,NO. 1,JAN. 2019

0
= [

3 10 i

2]

e

[<*]

]

o ]

S .

]

5

o | ™

b 2 X —J— Mea_s,,
—— Mea_s;,
— 4 =sim_sy,

] - = =sim_s,
- =sim_s,
\
-30 T T T T 1
16 18 2 2.2 2.4
Frequency [GHZz]

(a)

S-parameters [dB]

1.6 1.8 2 2.2 2.4
Frequency [GHz]

(b)

Fig. 5. Measured and simulated S-parameters of the 2 = 4 circuit: (a) | Sz, | S31], | S32| and (b) |Su], | S22, | S33.

Table 2. Summary of experimental results and design parameters of the proposed power divider

Dividing ratio  Term.(Q)  [Su| (dB) |Sxu| (dB) |[Su| (dB) |Sx| (dB) |Sx] (dB) |S5| (dB) 61 () 6: () 6 () Riw (Q)
2 40/70/60 2.0 5.0 -20 -18 -18 -25 157 146 47 12
4 50/70/60 1.2 6.8 -25 -25 -13 -25 153 130 66 20

B
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+ Mea_phase diff

===~ Sim_phase diff

Phase difference (<§21-<§31) [deg]

L L L
1.6 18 2 22 24
Frequency [GHz]

Fig. 6. Measured and simulated phase difference between the output
ports of the # =2 circuit.

length 65;. Fig. 6 shows that the phase difference between the out-
put ports of the £ = 2 circuit is +3° at the center frequency of 2
GHz. Table 1 shows a comparison of dividers using the conven-
tional uniform transmission line and the results obtained for the
proposed divider. In addition, Table 2 summarizes the experi-
mental results and design parameters of the proposed power di-

vider.
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IV. CONCLUSION

This paper presented a modified Wilkinson divider using uni-
form transmission lines for various terminated impedances and
an arbitrary dividing ratio. With this configuration, the desired
splitting ratio can be obtained by adjusting only the electrical
length of the transmission lines between the ports. Moreover, it
has the advantage that the impedance of the ports is set to various
terminated impedances, and is connected to a circuit without a
matching circuit. The feasibility of the proposed power divider
design concept was demonstrated, and the simulated and meas-
ured results were confirmed to be in good agreement.
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