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Dual Band Biasing Circuit Using CRLH TL

Phanam Pech and Yongchae Jeong
Division of Electronics Engineering
Chonbuk National University
Jeonju, Republic of Korea
ycjeong@jbnu.ac.kr

Abstract—This paper demonstrates a design of dual band
biasing circuit using composite right-/left-handed transmission
line (CRLH TL). The proposed circuit consists of the L-first type
balanced CRLH TL structure. The prescribed dual band
biasing circuit can be generated two reflection zeros (RZs) at the
first (fi) and second (f2) frequency bands by controlling the
right-handed (RH) and left-handed (LH) components. To show
validity of concept, the circuit is designed and simulated at 1.96
GHz and 2.4 GHz. From results, it can concluded that the
proposed circuit can be used as dual band biasing circuit.

Keywords—CRLH TL, dual band, left-handed, right-handed.

I. INTRODUCTION

In modern communication system, the usage of multiple
frequency bands is growing especially in wireless
communication system. Therefore, the RF circuits should
have an ability to operate in multiple frequency bands. The
dual band power amplifiers (PAs) and dual band bandpass
filters were presented in [1]-[3]. In active circuit design, the
biasing circuit is one of the important parts. As in the PA
circuit, the DC power is supplied to the gate and drain of the
transistor according to its operation mode and input power
level. Usually, the DC power supplies connected with a RF
short-ended quarter wavelength (4/4) transmission line
provide an open circuit at RF frequency or fundamental
frequency. Thus, this biasing network prevents the DC
supplies from being interrupted with RF signal. Also the
biasing circuit does not affect to the matching network at the
RF fundamental frequency. This approach works for single
band PA design. However, the same biasing topology cannot
prevent the interruption between DC and RF signals at dual-
band frequencies. An alternative approach must replace the
single frequency quarter wavelength transmission line with
dual-frequency quarter wavelength transmission line but, this
approach increase the complexity of biasing circuit and may
increase the size.

According to the dual band property, CRLH TL are
presented in dual band application with the size reduction [4]-
[6]. The phase response of the CRLH TL can be controlled by
adjusting the values of RH and LH components. Therefore,
the arbitrary frequencies (fi and f;) can be realized to meet the
requirement. Recently, a novel DC biasing circuit with
harmonic control capability for compact high efficiency PAs
was presented in [4]. The bias circuit was designed by using
asymmetric and unbalanced CRLH structures, but not shown
an analysis. The bias stub was designed to generate the RZ at
the fundamental frequency such that the stub operated like an
ideal DC biasing circuit.

In this paper, a dual band biasing circuit using CRLH TL
is proposed. The operation frequencies are chose in personal
communication system (PCS) and industrial scientific and
medical (ISM) band at 1.96 GHz and 2.4 GHz, respectively.

419

Fig.1. Basic structure of asymmetric CRLH TL.

II. DESIGN METHOD

In order to design a biasing circuit using CRLH TL, one
possible choice is to use the L-first type structure and feed the
DC from the shunt inductor of the LH component. In this
paper, the proposed circuit is designed using balanced CRLH
TL structure. Fig. 1 shows the structure of the asymmetric
CRLH TL. The RH TL is constructed by a series Lz and a
shunt Cr in low pass topology. The LH TL is constructed by a
series Cz and a shunt L, in high pass topology. CRLH TLs are
realized by combining the RH and LH TLs. The RH
components can be realized with the TL. A balanced CRLH
TL can be designed when the following conditions are
satisfied [7].

1 1
o, =0, = ﬁ— ﬁ (1a)

L,C, = L,Cy (Ib)

’L ’L
Zpy=Zy = C_I; = C_ia

where ws. and wg; are the resonant frequencies of the series
and shunt circuits in Fig. 1, respectively. The subscripts R and
L are referred to RH and LH, respectively.

(Ic)

The proposed dual band biasing circuit is realized from the
symmetric L-first CRLH TL in Pi-type combination that
equivalent to the C-first CRLH TL in T-type combination as
shown in Fig. 2.

7,02 20, 20, 7,02
Ly
(a) 1
Z, 672 CL Z.02
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Fig. 2. Balanced CRLH TLs: (a) C-first in T-type combination and (b) L-
first in Pi-type combination.



The analysis are based on lossless circuit. In general, RH
TLs represent normal TLs. The phase responses of the RH and
LH TLs, ¢r and ¢, are expressed as (2a) and (2b), respectively.
The phase response of the CRLH TL (¢¢) can be obtained by
combining the phase responses of RH and LH TLs as
expressed in (2c¢).

¢, =—Na[L,C, (2a)
N
N b
G =P+, (20)

where N denotes the number of cascaded unit cell.

When the balanced CRLH TL operate at two frequencies (fi
and /), the corresponding phase pairs should be ¢; and ¢, as
shown (3).

N
~NoWLiCp +——=~ ¢, (3a)
oJL,C,
(3b)

N
_NCONLRCR + W ~ P,
PRVRIAST)

The analyzing method to calculate the values of the
parameters Lg, Cg, Lz, and C; for C-first balanced CRLH TL
is presented in [7]. As mentioned above, the proposed
structure is equivalent to the C-first balanced CRLH TL in T-
type combination. Therefore the values of Lz, Cg, Lr, and C;
in L-first balanced CRLH TL can be calculated with the same
method.

I = Z[¢1(w1/w2)_¢2]

* _Na)z[l—(a)l/a)z)z]’ 4
_ ¢1(a’1/a’2)_¢2
€= NZw, [1—((01/602)2}’ @)
) NZ[I—(wl/a)z)z}
b= o ¢ —(o/0,)8] o)
N[l—(a)l/a)z)z] "

CL = s
a)lZ[¢] _(601 /a)z)¢2]

where Z is the characteristic impedance of the RH TL. ¢, and
¢> are chosen at +7/2 and 0° to obtain the RZs, respectively.

III. SIMULATION

Fig. 3 shows the structure of the proposed dual band
biasing circuit. The first shunt inductor (2L;) serves as the DC
bias feed and it also determines RF frequency of the stub. In
order to obtain the RZs at f; and f,, the impedance at the
junction point of the stub should be infinite at these
frequencies. The RH components are converted to the TL with
the characteristic impedance Z and its electrical length 6. The
calculated parameters are presented in Table 1.

TABLE L CALCULATED VALUES OF RH AND LH COMPONENTS.
Z(Q 6(9) Ly, (nH) C. (pF)
70 77.1 2.15 0.3
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Fig. 3. Proposed dual band biasing circuit.
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Fig. 4. Simulation results: (a) impedance points at f| and f,, and (b) S-
parameters.

Fig. 4 shows the simulation results of the proposed circuit.
The impedances at fi and f; are located at the open position on
the smith chart. As the results, two RZs are obtained at these
frequencies. Therefore, the proposed structure can operate as
a dual band biasing circuit.

IV. CONCLUSSION

This paper demonstrates a dual band biasing circuit by
using balanced CRLH TL. The analysis and simulation show
that the proposed circuit can provide the RZs or open circuits
at fi and f>. The proposed circuit will be useful in microwave
power amplifier design for dual band applications.
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