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Design of a Dual-Band Balanced Amplifier using a
CRLH Transmission Line Structure

'Jongsik Lim, *Qi Wang, *Junsik Park, *Yongchae Jeong, 'Seok-Jae Lee, 'Sang-Min Han, 'Kwan-Sun Choi,
and 'Dal Ahn

'Soonchunhyang University, Rep. Of KOREA
*Chonbuk National University, Rep. Of KOREA

Abstract — A design of dual-band balanced amplifier using a
composite right/left-handed (CRLH) transmission line structure is
described. The proposed balanced amplifier consists of a couple of
dual-band branch line hybrid couplers and two identical dual-band
singled-ended amplifiers. Those sub-circuits are designed in advance
using the CRLH transmission line structure. As an example of the
proposed balanced amplifier, the prototype of dual band balanced
amplifier is designed at 1800 MHz (f;) and 2300 MHz (f,). The
simulation shows that the designed balanced amplifier operates well
at the desired dual frequency bands. The designed gains are 11.66dB
and 17.39dB at f; and f,, respectively, and the amplification is
observed at both bands clearly.

Keyword—Balanced amplifiers, CRLH, dual-band

1. INTRODUCTION

nlikely to the equivalent network of normal transmission

lines, left-handed (LH) transmission lines may be

designed by combining series capacitor and shunt
inductor artificially. The representative property of LH
transmission lines is negative group velocity, while the energy
propagates normally along the positive direction [1]. In
practice, the realization of LH transmission lines is always
accompanied with practical transmission line elements called
as right-handed (RH) transmission line for physical
connection and application. So the transmission line
containing LH and RH section has been named as composite
right/left-handed (CRLH) transmission lines [2,3].

One of the most important characteristics of CRLH
transmission lines is the possibility for dual-band applications,
because CRLH transmission lines usually have two
frequencies for specific meaningful phase values such 90° or
270°. Therefore lots of research outputs about dual-band
applications have been suggested so far [4-7].

In this work, a design of dual-band balanced amplifier
(DBBA) using the well known CRLH transmission line
structure is described. The structure of the DBBA is typical
and straightforward, however the sub-circuits of the balanced
amplifier such as couplers and single-ended amplifiers are
designed for dual-band operation using the CRLH
transmission line.

In general, balanced amplifiers have a quite broadband
performance, which has been understood as one of advantages

of balanced amplifiers. However the proposed dual-band
balanced amplifier has excellent frequency selectiveness in
the dual operating bands. In other words, the proposed dual-
band balanced amplifier shows the gain performances only at
the required dual and narrow operating frequency band
instead of broadband gain. So, in some cases, the proposed
dual-band balanced amplifier can be more desirable than
typical broadband balanced amplifiers, especially when a
steep rejection is required at the non-interesting band for some
technical requirements.

II. DESIGN OF SUB-CIRCUITS FOR DUAL-BAND
OPERATION

A. Dual-Band Branch Line Hybrid Coupler

Many studies on how to design dual-band power
dividers/combiners and couplers have been performed widely.
In this work, the proposed DBBA has been designed on the
basis of the properties of CRLH transmission lines, so authors
are going to concentrate on the method using it.

Fig. 1(a) shows the unit section of a CRLH transmission
lines. Because it has been well known that CRLH
transmission lines show dual-band characteristics [4-7],
theories about CRLH transmission lines are not introduced
here in detail, but mentioned briefly. As can be seen in Fig.
1(b), frequencies f; and f,, corresponding to 0.5t and
1.5t or -0.5m, respectively, are proportionally related to
each other in normal RH transmission lines. However, in
CRLH transmission lines, this first-order relation is not valid
anymore, but arbitrary ratio of f|/f, is obtainable [8]. This is

one of attractive properties of CRLH for dual-band
applications.
Fig, 2 shows an open stub composed of CRLH

transmission lines and its S-parameters. A typical transmission
zero at the center frequency is shown. The transmission zero
is obtained from two-port networks with open stubs. In
addition, it is noted that two poles exist, and this means a
possibility of design of dual-band circuits.
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Fig. 1 CRLH Transmission line (a) unit section (b) phase
characteristics
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Fig. 2 (a) 2-port network with the CRLH open stub (b) transmission
characteristics

A design of dual-band branch line hybrid coupler (BLHC)
has been proposed already by adding open stubs and
modifying the basically required transmission line impedance
values such as 50Q and 35.35Q to other values [9]. If the
CRLH open stub is adopted to design of BLHC, it is possible
to obtain a dual-band BLHC with typical line impedance
values of 50€2 and 35.35Q.

Fig. 3 shows the schematic circuit and simulated S-
parameters of the designed dual-band BLHC with f; and f, of
1.8GHz and 2.3GHz, respectively. It is observed that good
performances as BLHCs have been obtained at both
frequencies. The dual-band operations are caused by the
CRLH transmission line.

=

= ;
=
a5
S

freq=1.800GHz freq=2.300GHz
dB(S(1,1))=-23.515 dB(S(1,1))=-20.723
m1 m2
freq=1.800GHz freq=2.300GHz
dB(S(2,1))=-3.913 dB(S(2,1))=-3.821
m3 m4
freq=1.800GHz freq=2.300GHz
dB(S(3,1))=-3.892 dB(S(3,1))=-3.910

m3 m2

T
-104
SN o] 5
BRB 20—
mmm ]
TOOT ]
-30—
‘407\\\\‘\\\\\\\\‘\\\\‘\\\\
0 1 2 3 4 5
freq, GHz
(b)

Fig. 3 (a) Schematic and (b) Simulated S-parameters of the dual-band
BLHC using CRLH Transmission line
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B. Dual-Band Single-Ended Amplifier

In the same way, one can design a dual-band single-ended
amplifier using the dual-band properties of CRLH
transmission lines. Fig. 4 shows the design concept of the
dual-band single-ended amplifier using CRLH transmission
line. The matching networks are designed normally for each
frequency band. So the design of two amplifiers is completed
first. Then the two amplifiers may be merged into one dual-
band amplifier by adopting the CRLH structure.

Fig. 5 shows the S-parameters of the designed dual-band
single-ended amplifier for f; and f, frequency bands. It should
be noted that this amplifier is not a broadband amplifier, but a
dual-band amplifier. One can recognize the dual-band gain
and matching characteristics from the S-parameters even
though positive gain is observed over broad frequency band.
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Fig. 4 CRLH Transmission line (a) unit section (b) phase
characteristics
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Fig. 5 S-parameters of the single-ended dual-band amplifier

I11. DESIGN OF THE DUAL-BAND BALANCED
AMPLIFIER

The structure of the balanced amplifiers is typical,
however in this work, the designed dual-band BLHC and
single-ended amplifier are adopted in order to design the
proposed dual-band balanced amplifier as illustrated in Fig. 6.
Two single-ended amplifiers should be identical ideally,
however minor variations between devices are not guaranteed
in practice. The same situation goes for the two dual-band
BLHCs.

Fig. 7 shows the simulated S-parameters of the proposed
dual-band balanced amplifier. Definitely, two operating
frequency bands are observed clearly with good reflection
coefficients. The S-parameters shows a dual-band operation
rather than wide-band amplification. Fig. 7 shows the clear
difference between a wide-band amplifier and a dual-band
amplifier. Wide-band amplification may replace dual-band
amplification naturally. However, with the systematic point of
view, the steep rejection for the unwanted frequency band
may be more fruitful than broadband amplification in some

applications.
mand

amplifiers

Dual-band
BLHC

Dual-band
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Fig. 6 Proposed configuration of the dual-band balanced amplifier
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Fig. 7 Simulated S-parameters of the dual-band balanced amplifier
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IV. CONCLUSION

A design of dual-band balanced amplifier using CRLH
transmission line has been described in this work. A BLHC
and single-ended amplifier have been designed by adopting
the CRLH structure as the sub-circuits for the balanced
amplifier. The S-parameters of the dual-band balanced
amplifier showed a clear dual-band operation, which is
different from wide-band amplification. The gain at the
unwanted band in the mid of the operating bands has been
rejected perfectly. It is expected that the proposed design
scheme using CRLH transmission line would be applied for
various dual-band high frequency circuits when the unwanted
band should be rejected steeply.
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