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ABSTRACT

A 433 MHz compact size balun that can transform a complex source impedance
value to a complex load impedance value is demonstrated. The balun design is based on a
coupled-line coupler balun. The simulation shows a good performance at 433 MHz
operating frequency.

Keywords : Complex impedance, balun, lumped-components
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A 433 MHz Compact Complex Impedance-
Transforming Balun

Charpol Pakasiri, Kittipong Nithiporndecha
College of Advanced Manufacturing Innovation
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand
chatrpol@gmail.com

Abstract—A 433 MHz compact size balun that can transform
a complex source impedance value to a complex load impedance
value is demonstrated. The balun design is based on a coupled-
line coupler balun. The simulation shows a good performance at
433 MHz operating frequency.

Keywords—Complex impedance; Balun;lumped-components

I. INTRODUCTION

Balun is an important device in changing signal from
common mode to differential mode. Normally, three ports
connected to a balun have real impedance values. However,
complex impedance port values are encountered in circuit
design. Zhang, et al. [1] designed the balun that can support
complex impedance port values using coupled-line coupler.
They designed the balun based on some signal transmission
and reflection constraints [2]. Although the coupled-line
coupler performance is quite good, its size is quite cumbersome
for the operating frequency of 433 MHz. In this paper a
compact size complex impedance-transforming balun is
designed using lumped components.

II. COMPLEX IMPEDANCE-TRANSFORMING COUPLED-LINE
BALUN

First consider a coupled-line balun which can transform a
complex impedance from port 1 to the other complex
impedance at port 2 and port 3 [1]. Note that the complex
impedance values at port 2 and port 3 are equal. The coupled-
line balun is shown in Fig. 1. With port 4 terminated with an
open-circuited load, even and odd mode analysis can be
applied [2]. The sufficient conditions for the balun are [2]

Toven = 0; (1)

S11e + S110 = 25115110 = 0, (2)

where T, e, i the transmission coefficient under the even mode
from port 1 to port 2, Sy, is the reflection coefficient under the
even mode at port 1, and S;,, is the reflection coefficient under

the odd mode at port 1. The transmission line (T.L.)
parameters are as follows [1]

Z4 = 0'5281? (3)

Zs = 0.5Z,3, 4)

978-1-3386-0465-6/17/831.00 ©2017 IEEE

el =}
6, =90°—6,, (5)
Port 3 Rk,

Zel; ZD'! E)] ch« Zn:: 02 ZC]! Zn!s DE\
Zy4, B4 Zs, 05

cha Zola Bl Z':Zs an: G! Zﬂs ZnJa 03

RAHX, 1 & RN
Port 1 Port 2

Fig. 1. The circuit structurc of the coupled-line balun with complex
impedance transformation [1].

5= 90° — 8s, (6)
6, =90°, @)

where Z,,,0,and Z,;,0;are the even mode characteristic
impedances and electrical length of T.L. 1 and 3, respectively,
Z4,0, and Zg, 85 are the characteristic impedances and
electrical length of T.L. 4 and 5, respectively. With the
electrical length of the second T.L. chosen to be 90° and the
odd mode characteristic impedance of the T.L. 3 chosen
arbitrary, the odd mode characteristic impedance of T.L. 1 and
2 can be calculated as [1]

2(RLR2Zg3 cot(81 )+ Ry XZ Zo3c0t(8y))

L= 8
o1 ™ R X1Zpa—R[XsZga+RERs cot(f) +RsXFcot(63)’ ®
Zo3 /2RL(R§+X§)

Zorra &)

9
JRSZ§3+2R5XLZ(,3 cot(B3)+RsR} cot 28z +Rs X cot283

where R, + jX are complex impedance at the source (port 1)
and R, + jX, are complex impedance at the load (port 2 and
port 3). Even though the coupled-line balun can function
properly, its size would be quite cumbersome at 433 MHz,
Therefore, lumped components are used to replace the
coupled-lines in order to reduce the overall size of the balun.

1II. LuMPED-COMPONENTS COMPLEX IMPEDANCE
TRANSFORMING BALUN

To transform the coupled lines to lumped component, even
and odd mode characteristic impedance of each coupled line is

ISAP2017, Phuket, Thailand



assumed to be equal (coupling coefficient of the coupled-line is
zero). Then all T.L. properties can be found using (3)-(9) with
Z5,0,,8; arbitrarily chosen. The lumped-component T.L.
structure is shown in Fig. 2.

— —

Fig. 2. Lumped-component transmission line structure.

The component values can be found as

L= Z;D-\/ 1 — (cos(8))?,

1 1—cos(6)

= ) (1)

wZy 4] 1+cos(8)’

(10)

where « is the angular frequency, Z, and 6 are the
characteristic impedance and electrical length of the T.L.,
respectively.

IV. EXPERIMENTAL RESULTS

The complex source and load impedance are assumed to be
Z,=33.573—;31.281Q and Z, = 58.89 — j5500 at 433
MHz frequency, respectively. The arbitrary parameters
chosen are Z; =500Q,6, =10°6; =10° All other T.L.
parameters are calculated and shown in Table I. Lumped-
component T.L. parameters calculated by (10) and (11) are
shown as design #1 and Table II.  Also practical lumped
component values are also shown in Table II as design #2.

TABLE L. T.L. PARAMETERS OF THE BALUN
Transmission Characteristic Electrical
line Impedance () Length (°)
1 56.894 10
2 10.125 90
3 50 10
4 28.45 80
5 25 80
TABLE IL. LUMPED-COMPONENT VALUES OF THE BALUN
Transmission Design #1 Design #2
line
L@H) | C@F | L@l | CEh
1 3.631 0.565 3.75 0.5
2 3.722 36.3 373 36.3
3 3.191 0.643 B2 0.6
4 10.3 10.8 10 10
5 9 12.3 9.1 12

Figure 3 and 4 show the simulated S-parameters of the baluns
using ADS [3]. The results show that the design #1 yields
ideal results while the design #2 gives reasonable performance.

V. CONCLUSIONS

This

paper

shows

compact

complex

978-1-5386-0465-6/17/$31.00 ©2017 IEEE

impedance-
transforming balun designs. The designed component values

calculated from the T.L. parameters yield the ideal results
which are no reflection at the input port and half-power at the
output ports. The output ports also have out-of-phase signals.
The practical value components give a reasonable performance
with out-of-phase signals at the output ports as well.
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Fig.3. Simulation results of design #1. (a) Magnitude and (b) Phase of S-
parameters of the balun.
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Fig.4. Simulation results of design #2. (a) Magnitude and (b) Phase of S-
parameters of the balun.
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