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High Frequency-Selectivity Impedance Transformer

Phirun Kim', Girdhari Chaudhary', Junsik Park', Yongchae Jeong', and Jongsik Lim’

'Division of Electronics and Information Engineering, Chonbuk National University, South Korea,
“Department of Electrical Engineering, Soonchunhyang University, South Korea

Abstract —This paper presents the design of an impedance
transformer (IT) with high selectivity and wide out-of-band

suppression characteristics. The proposed 1T provides two
transmission poles in the passhand and a sharp frequency
selective characteristic. For validation, a 50-to-20 £ IT has
been implemented at a center frequency (fy) of 2.6 GHz. The
measurement results show a return loss higher than 20 dB
over the passband of 2.2-3 GHz and the insertion loss less
than 0.4 dB over the same passhand. The out-of-band
suppression higher than 17 dB from DC to 1.85 GHz and
higher that 11 dB from 3.5 GHz to 7.2 GHz are obtained.

Index Terms  — Coupled line, impedance transformer,
high selectivity, out-of-band.

I INTRODUCT KON

The impedance transformer is widely used in RF
circuits such power dividers/combiners [1], antenna [2],
baluns [3]. and power amplifiers [4]. The purpose of IT is
to minimize reflections between two cascaded circuits of
different terminated impedances and provide the
maximum power transfer. The quarter-wavelength 1T is
mostly used in RF circuits due to simple implementation.
However, most of the conventional 1Ts consider only
passband impedance matching and ignore the out-of~band
suppression characteristic. The out-of-band suppression
characteristic of frequency selective RF circuits such as
high power, high efficiency, and highly linear power
amplifiers is one of important design issues.

Various studies have focused to design IT using coupled
lines [5]-[6]. In [5], an open-circuited coupled line IT
which can act as a DC block circuit was presented.
Similarly a coupled line IT where the coupled port was
connected back to the input port was presented in [6]. In
[7] a dual transmission line with different lengths was
used to design bandwidth controllable IT. Recently, strip-
line wideband 1T using three layers coupled line structure
was proposed in [8]. However, these works also ignored
the out-of-band suppression characteristics.

In this paper, the design method for the 1T with high

selectivity and  wide  out-of-band  suppression
characteristics is presented based on the series parallel
coupled line and shunt transmission lines with

characteristic impedance £, and Z,. To verify the proposed
IT network, a 50-t0-20 £ IT was designed, simulated, and
fabricated at a center frequency (f;) of 2.6 GHz
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Zoe, Zoo, ©
|
] z
Zs =
= 1s 9
Z, &

Fig. 1. Proposed structure of impedance transtormer circuit.

1. CRCUIT DESIGN

Fig. 1 shows the proposed structure of IT which
transform a load impedance Z; to a source impedance Zg.
It consists of an open<ircuited coupled line and shunt
stepped  impedance transmission lines with the
characteristic impedance £, and Z5. The electrical lengths
of coupled line and shunt stepped impedance transmission
lines are a quarter-wavelength (A/4) and half-wavelength
(A/2) at fy respectively.

The return and transmission losses of the proposed IT
network can be derived as (1) and (2) using the cascaded
ABCD matrix.

_ ArZ;+B-CrZ} - DZ;

= ] (1)
U ArZ  +B+CrZi + DZ,
o 2ZNr_ 2)
Y ArZ +B+CrZ; +DZ,
where
z
A=—Lrcos# (3a)
éﬂ':l
B _.?.i —E:Eﬂﬁlﬁ" (3b)
Y 27 sin@
Z+2Z, )L,
c::_;i(zsing— ?( \+%)Z, (3c)
| (Z} tan @~ Z,Z, cot 6|
_ (z1+z?}gz;—z;ms-ej Lo )
27, sin@(Z} and -Z,Z,cotd) Z,
z."' =z|,'|.- +zl]rl {31"."}
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Fig. 2. Retum loss characteristics at center frequency according
to Zy, with Z;=50 L) and r=2, 2.5, and 3 33.
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where f, r, %, and 7, are operating frequency, impedance
transforming ratio, even-, and odd-mode impedances of
coupled line, respectively. The return loss at f; can be
obtained as (4).

2 —4rZ;

= (4)
72+ 47’

1 |.-'r=.-";|

As seen from (4), the return loss only depends on 2,
and Zy, of the series coupled line. Therefore, Fig. 2 shows
&1 characteristic at f; according to different values of 2,
and r by assuming Zp~40 € and Z;=50 £). From this
figure, the three difference regions of §), are categorized
by (5).

{'z".l? _'Z"_I-:l]| < Ezﬁ"i'; . undﬂr-matchcd {_Sa}
(2o, = 2Z,,) =2Z, Jr ¢ perfectly-matched (5b)
(Zoe =24, ) }225-&7 : over-matched (5¢)

From these conditions, 2y, with specified values of Sy,
Ze. and r at f are obtained differently. For the under-
matched condition, 5, is found as (6).

(6)

Similarly, Z,, of the over-matched condition can be
found as (7).

(7)

Since S, is equal to zero in case of the perfectly
matched condition, #, is found as (8).
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Fig. 3. Simulated &y and 53 characteristics: (a) under-, perfect,
and over-matched condition. (b) under-matched with varation of
Zi, and (¢) under-matched in case of Z;, higher than 7.
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Fig. 3(a) shows the S, and S, characteristics assuming
the specific return loss. This simulation is performed by
fixing the characteristic impedances of the shunt stepped
impedance transmission lines as Z;=35 L and Z,=125 0
and £y, are vary according to the matched conditions as
(6) to (8), respectively. And impedance ratio of 2.5 is
chosen. As seen from this figure, the under-matched
condition shows the widest return loss bandwidth
characteristic due to two transmission poles in the
passhand. Therefore, the under-matched condition is
preferable for the frequency selective IT.

Fig. 3(b) shows the S-parameters characteristic of the
under-matched condition according to  different £
assuming S§,=-20 dB at f;. As 7, decreases, two
transmission poles are closed in the passband, which
provides relatively narrower bandwidth. Fig. 3(c) shows
the S-parameters of the under-matched condition in case
Zy is higher than Z,. From the figure, two transmission
zeros near the passband are moved far away from the
passband and the frequency selective characteristics is
worse. Theretore, the conditions of lower Z, and higher 2,
are satisfied.

111, SIMULATION AND MEASUREMENT

To wvalidate the proposed 1T, a 50-t0-20 £ (=2.5)
impedance transformer with the return loss of 20 dB at f,=
2.6 GHz was designed, simulated, and measured. And the



Wey
— L W,.=0.92 mm|[L =189 mm
-.I Le F fc 2y [5=02mm L=20.5mm
= We=d 2 mm [L;=19.65 mm
| We=3.4mm L;=1905 mm
Wo=06 mm
(b)

Fig. 4. (a) EM simulation layout and (b) physical dimensions of
the proposed impedance transformer.
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Fig. 5. EM simulation and measurement results,

under-matched condition was chosen, The circuit element

values of design network were determined as Zg, =97.21 £,

Zy=40 Q, Z=35 Q, and Z,=130 Q, respectively. The
circuit was fabricated on substrate RT/Duroid 5880 with a
dielectric constant (g,) of 22 and a thickness (&) of 31
mils. The electromagnetic (EM) simulation was performed
using HFSS v13 from Ansofi.

The EM simulation layout and its physical dimensions
of the designed IT are shown in Fig. 4. A quarter-
wavelength IT at the source port is used for the
measurements with a 50 £ termination network analyzer.
The circuit size of the fabricated IT is 23 x 28 mm’
{ without a quarter-wavelength I'T for the measurement).

Fig. 5 shows the EM simulation, measurement results,
and the photograph of the fabricated 1'T. The measurement
results agree with those of the EM simulations. From the
measurement, the return loss is 22,8 dB at £=2.6 GHz.
Similarly, the 20 dB return loss bandwidth is 0.8 GHz (2.2
- 3 GHz). The insertion loss in the passband (2.2 - 3 GHz)
is smaller than 0.4 dB, including the loss of a quarter-
wavelength IT for the measurement. As seen in
measurement result, four transmission zeros at out-of-
passband are obtained, which provides good out-of-band
suppression characteristics. The shunt stepped impedance
transmission line generates transmission-zeros at .77
GHz, 3.7 GHz, and 7.15 GHz, respectively. Similarly, the
quarter-wavelength coupled line generates a transmission
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zero at 6.2 GHz. The out-of-band suppression is higher
than 17 dB from DC to 1.85 GHz at the lower side of the
passband, and higher than 11 dB from 3.5 GHz to 7.2 GHz
at the upper side of passband. Therefore, the proposed 1T
provides high frequency-selectivity passband matching
characteristics as well as wide out-of-band suppression.
The high frequency selective characteristic of the
proposed 1T is beneficial to the frequency selective
circuits design.

IV. CONCLUSION

This paper presents the design of an impedance
transformer with high passband selective and wide out-of-
band suppression characteristics by controlling the
characteristic impedances of series coupled line and shunt
stepped impedance transmission line stub. The proposed
IT is simple to design and fabricate and is also expected to
be applicable in various RF circuits and systems that
require frequency selective performances.

REFEREMNCES

J. Lim, 5. Oh, J. Koo, ¥. Jeong, and D. Ahn, “A power
divider with adjustable dividing rato,” [EICE Trams
Efecron., vol. E91-C, no. 3, pp. 389301, Mar. 2008,

L. Lee. H. Youn, and M. F. Iskander, “Long slot array
(L5A) antenna integrated with compact broadband coupled
microstrip  impedance transformer,”  Antenngs  Propaga
Society Interna. Svmposivm, pp. 1-2, 2012,

H. Ahn and T. Itoh, “New isolation circuits of compact
impedance-transforming  3-dB  baluns  for  theoretically
perfect isolation and matching” [EEE Trans. Microw.
Theory Techn. . vol. 38, no. 12, pp. 3892-3902, Dec. 2010.
H. Choi, 5. Shim, Y. Jeong, ). Lim, and C. Kim, “A
compact DGS load-network for highly efficient class-E
power amplifier,” Proceeding 39" European Microw.
Confer., pp. 492495, 2009,

H. Ahn and T. ltoh, “Impedance-transforming svmmetric
and asymmetric and asvmmetric DC blocks,” TEEE Trams.
Microw. Theary Techn., vol. 58, no. 9, pp. 2463-2474, Sep.
2010,

K. Ang, C. Lee, and Y. Leong, “Analysis and design of
coupled line impedance transformers.” Interng. Microw.
Swnpa. Digest, vol. 3, pp. 1951-1954, 2004,

J. Cheng, E. Li, and Y. Huang, “Designs of bandwidth-
controllable  impedance  transformers  using  dual
transmission lines.” Electronics Left vol. 48, no. 15, pp.
931-932,2012.

H. Nguven, K. Ang, and G. Mg, “Design of coupled three-
line impedance transformers,” [TEEE Microw. Wireless
Compon Len., vol. 24, no. 2, pp. 8486, Feb, 2014,

[]

12]

[5]

[4]

[5]

6]

171

8]



	front page
	Kim Phirun
	p1
	p2
	p3

