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Abstract In this paper, lumped element comprised 
transmission line with a quarter wavelength ( /4) characteristics 
at arbitrary dual band frequencies has been proposed. The ideal
lumped element structure can provide the possibility of
composite right/left handed (CRLH) transmission line for 
monolithic microwave integrated circuit application. Proposed 
structure of /4 CRLH line has been mathematically analyzed 
and verified by simulation at dual bands of 2.4 GHz for Wi-Fi
application and 3.5 GHz for 5G communication system. By the 
simulations, the phase responses of CRLH line are obtained as 

/2 and /2 at designed frequencies, respectively. 

Keywords CRLH, dual band, lumped element.

I. INTRODUCTION

Recently, with the tremendous demands of wireless 
communication system, wireless communication circuits and 
devices are drawing more and more interest. The needs for 
high data rate, delivering high quality, low latency, and 
multiband applications have brought many challenges for 
wireless communication system development.

Composite right/left handed (CRLH) transmission line (TL) 
is a TL composed of the periodic repetition of a unit cell 
comprising a series inductance and a shunt capacitance as well 
as a series capacitance and a shunt inductance. The equivalent 
lumped element (LE) model of the LH TL exhibits positive 
phase response (phase lead). On the other hand, the RH TL has 
negative phase response (phase lag). These attributes are 
applied to the design of a dual-band /4 TL, in which the phase 
response of the CRLH TL is manipulated to yield electrical 
lengths of 90 at two arbitrary frequencies.

The phase response of CRLH is controllable by adjusting 
the values of the lumped elements in unit cell, and is no longer 
linearly proportional to frequency like the conventional 
transmission line. As a result, CRLH structures have been 
widely adopted and implemented for multiband applications 
[1][2]. However, these applications chose the phase responses 
of - /2 and -3 /2 for dual band /4 TL at the dual operating 
frequencies, which caused a bulky circuit size due to the 
chosen negative phases depending strongly on the right-handed 
TLs. To reduce the size of CRLH lines, positive phase /2 of 
CRLH has been proposed in that positive phase are caused by 
the left handed part of CRLH, hence the required lengths of 

right handed transmission lines became shorter [3]-[5]. 
Nonetheless, the circuit still occupies a certain size because of 
the realization of the RH part by TL.

In order to minimize the circuit size as small as possible, 
lumped element comprised structure is a possible solution. This 
paper proposes a realizable structure to implement with lumped 
elements. The proposed structure is analyzed by CRLH theory 
and simulation results shows that this structure can satisfy the 
design requirements and is promising for more applications in 
monolithic microwave or RF intergrated circuit(IC) design.

The paper is structured as follows: chapter II shows the
theory of dual band CRLH and design purpose. The proposed 
structure will be introduced in chapter II, where the analysis 
procedure will be shown and discussed. After that, chapter III
will provide the simulation results with performance analysis 
and assessment. Finally a brief summary will be concluded in 
conclusion part.

II. CRLH THEORY AND PROPOSED STRUTURE

The unit cell of the CRLH is shown in Fig. 1[1]. In this
figure, LR and CR, denote serious inductance and shunt 
capacitance of right-handed (RH) cells while CL and LL denote 
serious capacitance and shunt inductance of left-handed (LH)
cell, respectively. This unit cell topology is composited from a 
RH unit cell and a LH unit cell both with L-type connection.

Fig. 1. CRLH unit cell

The phase response of CRLH is the superposition of the 
RH and LH cell phases. The design frequencies are selected at 
first, then the values of lumped elements can be calculated 
according to the required phase responses [3].



                                 (1)

Fig. 2 shows the back-to-back connection of 2 unit cells and 
4 unit cells. This connection provides a symmetricity as the
conventional transmission line is symmetric itself. 4-unit cell 
structure is adopted as our proposed structure because the 
cascading of more unit cells resembles more closely the 
homogenous transmission lines and it can provide a wider 
passband.

(a)

      (b)

Fig. 2. Structures of CRLH line using: (a) 2 unit cells (b) 4 unit cells

III. SIMMULATION AND RESULT ANALYSIS

To show the validity of the proposed /4 CRLH line,
designed frequencies are chosen to be 2.4 GHz for Wi-Fi 
application and 3.5 GHz for 5G communication system. Then 
all lumped element values can be calculated by dual band 
CRLH theory and calculated values are shown in Table I. ADS 
(Advanced Design System, Keysight) was used to simulate the 
circuit. The insertion losses, return losses, and phase responses
were checked at designed frequencies. The simulation results 
are shown in Figs. 3 and 4, respectively. From the results, we 
can see our proposed /4 CRLH line can pass the signal very
well and the phase responses are 92.4o and -92.4o at designed 
frequencies.

TABLE I

CALCULATED LUMPED ELEMENT VALUES

LE CR LR CL LL

value 1.1 pF 2.8 nH 1.1 pF 2.6 nH

These characteristics imply that this /4 CRLH line is 
operating with the electrical length of /4 at arbitrary dual 
frequencies that the designer can choose. The S-parameters 
shows broad band characteristics, which are realized by the 
cascading structure of 4 unit cells of CRLH.

Fig. 3. S-parameters of proposed /4 CRLH line

Fig. 4. Phase response of proposed /4 CRLH line

IV. CONCLUSION

In this paper, lumped element comprised transmission line 
with a quarter wave length ( /4) characteristics at arbitrary dual 
band frequencies is proposed. Proposed structure of /4 CRLH 
line has been mathematically analyzed and verified by 
simulation. This structure can be applied for the design of 
multiband operation such as dual band branch line coupler or 
dual band antenna system where /4 transmission line is needed 
at arbitrary dual frequencies.

Furthermore the idea of lumped element structure provides 
the possibility for CRLH transmission line in monolithic 
microwave or RF IC design, which can satisfy the requirement 
for multiband system design in wireless communication system 
nowadays.

ACKNOWLEDGMENT 

This research was supported by Basic Science Research 
Program through the National Research Foundation of 
Korea(NRF) funded by the Ministry of Education (No. 
2019R1A6A1A09031717).



REFERENCES

[1] lectromagnetic Metamaterials, 

York, 2006.
[2] -band 

components using composite right/left-handed transmission lines,
Trans. on Microwave Theory and Techniques, vol. 52, no. 4, pp. 1142-
1149, Apr. 2004.

[3] Q. Wang, J. Lim, and Y. Jeong, Design of a compact dual-band branch 
line coupler using composite right/left-handed transmission lines, 
Electronic Letters, vol. 52, no. 8, pp. 630-631

[4] Q. Wang, J. Lim and Y. Jeong, "Design of a compact tri-band branch 
line coupler using double-lorentz composite right/left-handed 
transmission lines", Microwave and Optical Technology Letters, vol. 59, 
no. 4, pp. 918-924, Apr. 2017.

[5] B. An, G. Chaudhary and Y. Jeong, " Size reduction of composite 
right/left handed transmission line and its application to the design of 
dual-band bandpass filter", Microwave and Optical Technology Letters, 
vol. 59, pp. 2272-2276, Feb. 2017.


	Cover
	Content_Qi Wang
	Qi Wang

