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I propose to construct and characterize a composite material which will have a
negative index of refraction at microwave frequencies- both a scientific novelty and a
material with a wealth of application possibilities. This research is built on recent
theoretical(’! and experimental® results which have created such composites and
postulated that such a material could be used to make a “perfect lens.” Such a lens could
focus light to a point avoiding the diffraction limit imposed on traditional lenses. In
preparation for this, I shall study the dielectric properties of various materials using a
powerful technique only a handful of labs are equipped to do. Possible applications for
this research include: smaller and faster electronic circuits, sharper focusing lens, and the
production of composite materials that allow only specific frequencies of electromagnetic
radiation to pass.

The basic experimental setup for the microwave frequency characterization
system is as follows. The mode-locked Ti-Sapphire laser will be used to generate a short
(~100 femtoseconds) pulse, which will be split by a beam splitter into two pulses of
roughly equal intensity. One pulse will strike the transmitting antenna and generate a
short (Gigahertz frequency) electrical transient, which will then propagate through free-
space as it travels toward the receiving antenna. The second pulse is used as a trigger to
allow the receiving antenna to respond to the electrical transient sent by the transmitting
antenna. This method allows the receiver to measure a signal that is linearly proportional
to the voltage (which contains amplitude and phase information) of the propagating pulse
rather than simply the intensity (which only contains amplitude information). Most other
methods can only make intensity measurements. This method also leads to a high signal
to noise ratio as pulses add coherently to produce a strong signal while the incoherent
background noise quickly averages to a low value. As a result of using these short pulses,
1 am able to obtain information over a wide range of frequencies (GHz to THz) upon
Fourier analysis.

The study of the dielectric properties of materials in the GHz range is becoming
increasingly more important in many areas of electronics and optoelectronics. Polymer
materials are now being used as interlayer spacers in microelectronic circuits, so it is
important to know the properties of these materials and how they will affect the circuits.
This is very important in the development of high-speed electronics. Since the dielectric
properties of materials at this frequency range is becoming more important, there are
many materials to be studied. My first goal will be to calibrate the setup using either glass
or quartz whose dielectric properties are well known. I may then study a few other less
well-known materials.

After the first goal has been met, I wish to design theoretically and subsequently
construct metal-dielectric arrays in order to create materials with specific frequency
transmission functions and negative refractive indices (see below for details). The
frequency transmission function describes which frequencies of electromagnetic radiation
(light) are allowed to pass through the material and which are forbidden to pass. Regions
in the frequency spectrum for which no electromagnetic radiation is allowed to pass are
called photonic band gaps. There has been much interest in recent years in finding such
materials and studying their properties,[s'é] which represent a first step towards making a
negative index of refraction material.

One rather straightforward application of these materials with band gaps is in the
manufacturing of cellular phones and antennas. It has been suggested that radiation from
cellular phones can have a negative impact on the brain tissue of its user™®, With a
properly constructed band gap material, the radiation would not only be forbidden from




[image: image2.jpg]transmitting through the material towards one’s head, but also would be reflected in
phase with the original signal propagating in the opposite direction so as to increase the
wave’s total amplitude and hence the reception.

By creating a composite material (metal-dielectric array) consisting of
periodically placed wires in air (mm spacings), I propose to make a material that will
have a negative index of refraction. One composite material has already been made to
produce a negative index of reflection®, but its complexity makes it difficult to produce
and use. On the other hand, the method that I propose, using a metal-dielectric composite
material, will be much easier to manufacture, and hence will be easier to use for

applications.
So, what does it mean to have a negative index of refraction? Essentially it means
that the light gets bent in a way that is opposite to that of most ~_Posiae nder Negatre Index

conventional materials. Snell’s law of refraction relates the
angle of incidence (angle coming into the material) to the
angle of refraction (angle that the light makes on the other
side of the interface) and is governed by the equation
n, sin(8,) = n, sin(6,) :

where the n’s are the index of refractions for each material (a)
and the ©’s are the angles that the light makes with the normal :
of the surface (see Figure I a). Now if n is negative, that Figure 1
corresponds to the light being bent through a negative angle (see Figure 1b).

Besides being an interesting concept from a scientific
point, a negative index of refraction can be of great physical
significance. It has been shown theoretically that such a material
could be used to make a “perfect lens!"’.” A regular lens can focus
light onto an area no smaller than a square wavelength. A block
of material with negative refractive index, however, has the
potential to focus the beam of light to a point (see Figure II),
which could be beneficial in many fields. One example is in the

etching of electronic circuit boards. When a laser is used to etch a Q focus point
pattern onto the material, there is a limit on how finely the lines
can be drawn as mentioned above. With the negative refractive Figure 2

index material, smaller circuits could be made, which could mean
smaller and faster processing computer chips.
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