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Utilizing Cascaded Right/Left-Handed
Transmission Lines for Dual-Band and MIMO

Antennas Application

Student : Chien-Hung Wu Advisor : Dr. Shyh-Jong Chung

Institute of Communication Engineering

National Chiao Tung University

Abstract

In this thesis, a dual-band antenna’and a MIMO (multi-input multi-output)
antenna are proposed. The antenna design ‘concepts are all based on using cascaded
two opposite sign segments of 60 degrees electrical length transmission lines to
provide zero phases at the operated frequency. The closed-form formulas for the
equivalent circuit model of transmission line are used for circuit design. A m-type
equivalent circuit for RH (right handed) TL (transmission line) and a T-type
equivalent circuit for LH (left handed) TL are chosen and connected with an
open-circuit at the unconnected port of the LH TL. These can result in a via-free
layout which does not require an extra fabrication process. For the dual-band antenna,
the first operated frequency is 2.45 GHz. We can design the different second
resonant frequency by choosing different electrical length of transmission line.

Choosing 60 degrees electrical length is convenient to design the second resonant

i



frequency at SGHz and reduce the antenna size. Therefore the first and the second
resonant frequency of the dual-band antenna are 2.45 GHz and 5 GHz, respectively.
The measured radiation pattern is approximated to omni-directional, and the largest
average gain achieves 0 dBi at 2.45GHz. For the MIMO antenna, the basic design
theory comes from the dual-band antenna. In order to reduce the coupling between
two antennas, we add an extra ground arm, which is designed for high directivity.
There are three antennas on a PCB board as a experimental prototype. The

measurements of coupling between two antennas are all under -10 dB.
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:ii§$ﬁ§ﬂ2.ﬁﬁﬁﬁ4-ﬁi
(Dual-Band Antenna Design Utilizing Cascaded RH/LH

Transmission Lines)
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Formulas of L and C for A TL Segment

EQC Formulas for L Formulas for C
T RH LR — Z() Sln 9 CR” _ (CSC @ —cot 9)
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2.3 TEAFITERE [23]
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BB PR RS AP 1 23(b) PR B A F £ 0 (2-2) 5 K R pE
PRz S Bt b 0200 A 50 R B R AR B T 47 ]
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(2-4)
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d R AN APTLENA B ROEER S A 0T Y 25 h
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LRSI Y YK
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© =450 1.14 1.07 2.29 6.27
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© =750 1.56 1.99 1.68 3.38
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Electrical Second Resonant

Length Frequency (GHz)
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