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Abstract – This paper introduces a novel Amplitude Modulation (AM) technique employing
metamaterial Broadside Coupled Split Ring Resonator (BCSRR). The carrier wave in the range
of GHz frequency is directly modulated by the signal, using a specially designed BCSRR acting
as a modulation sensor. The Modulated signal is transmitted through air and receiving it from
a distance, the original signal is faithfully reproduced. Resonant frequency dependence of the
spacing between the two rings of the BCSRR is employed for the modulation process and it is
achieved by varying the spacing between the rings in accordance with the input signal. For the
effective modulation, the carrier frequency is chosen at the midpoint of the linear section of the
falling/rising slope of the absorption curve of the BCSRR unit. By selecting the BCSRR with
narrow bandwidth, effective modulation is obtained even for weak signals. The chances of dis-
tortions in the AM wave due to over modulation are also addressed. The distinct characteristics
of this modulation process, which does not require any associated electronic components, over
conventional AM process, along with its manifold possibilities in the field of communication and
instrumentation are also discussed.

I. INTRODUCTION

Negative permeability metamaterial resonating structures are extensively used for different sensing applications
in the field of science and technology [1]. Split Ring Resonator (SRR) and its manifold variants are the most
explored components in the present day scenario [2]. Broadside Coupled Split Ring Resonator (BCSRR), if fabri-
cated in a special way as mentioned by Sikha et al., offers an added advantage of wide band frequency tunability
due to flexibility of changing the spacing between the rings of the BCSRR which are separately made on two
pieces of same substrate material [3]. By employing this specially designed BCSRR unit, we are introducing a
novel method for direct modulation of the amplitude of a microwave (carrier wave) using an audio frequency sig-
nal. Using a single BCSRR unit with one of its ring having capability to vibrate in response to the modulating
signal, this direct amplitude modulation is achieved. Quite recently the possibility of modulating carrier using
a signal related to mechanical vibration without employing any complicated electronic circuitry is reported [4].
This is the first experimental demonstration of a direct amplitude modulation (AM) process using a metamaterial
structure, which may have promising applications in various fields of communication and instrumentation.

II. EXPERIMENTAL SETUP OF AMPLITUDE MODULATION (AM) PROCESS

For experimental demonstration of this AM process, we have fabricated BCSRR rings on two FR4 circuit pieces
with dielectric constant εr = 4.4 and thickness t = 0.8 mm. The structural parameters of fabricated rings are given
as inner radius r = 2 mm, split width d = 0.2 mm, width of the rings c = 1 mm. The resonant absorption curve
of BCSRR with a spacing of 1 mm is obtained by setting it in between the transmitting and receiving probes of
Vector Network Analyzer (VNA) and is shown in Fig. 1. The resonance frequency obtained is f0 = 4.72 GHz.
In order to obtain a faithful amplitude modulation we have to select a carrier frequency either on the rising or
falling linear regions of the resonating curve. In the present case we have chosen the carrier frequency as 4.733
GHz which is on the mid point of the rising slope. For effectively modulating the carrier with signal, we need to
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