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Abstract
Topological insulators are a group of materials that have a generally large insulating band gap on the interior and gapless Dirac surface states. They represent a great opportunity for the
development of optoelectronic devices and study of spintronics. The durability and transparency of topological insulators at multiple frequencies make them an optimal material for the
advancement in high performance electronics. Studies to create thin films of topological insulators have found that certain Bismuth compounds work best to make the films continuous. Bismuth
Selenide (Bi2Se3) has proven to be easiest to create using Van der Waals epitaxy. Yet, no one has created continuous Bismuth Telluride (Bi2Te3), which could be more useful than Bi2Se3
because the selenium vacancies act as electron donors inside the material. In order to allow the metal to fully insulate the interior it would be helpful to find a ternary compound or alternative
compound that decreases the number of defects We expect to create new films that will be just as continuous and easily made in chemical vapor deposition tubes and expand our knowledgecompound that decreases the number of defects. We expect to create new films that will be just as continuous and easily made in chemical vapor deposition tubes and expand our knowledge
on the development of the film using different substrates and growth settings.

Introduction
Topological insulators (TIs) were first theorized in 2005
and later experimentally achieved in 2007. Their
structure allows for the flow of quantized currents
across the surface but have a large insulating band gap

Substrate
Results and Discussion

We were able to confirm the expected orientation of the
hexagonal and triangular shapes that grow during the
formation of Bi2Te3 film in the high temperature zone.
Ternary compounds were also concluded to be able toacross the surface but have a large insulating band gap

in the interior. Bismuth compounds have been used to
create different topological insulator compounds with
other elemental metals. Although not all of the
properties in each type of TI is understood, current
research is working towards developing uses for the
unique properties of TIs. By harnessing the spin lock
properties and effective surface conductivity, their use in

Experimental Set Up
The concept for the evaporation process uses simple
chemical vapor deposition (CVD). We heat the source by
positioning a 12 inch long 1 inch in diameter quartz tube

Source

~500°C

Ternary compounds were also concluded to be able to
create continuous films at certain temperature zones,
potentially reducing the number of selenium vacancies.
Many different alterations in the position, size and source
crucible have already been tested. Conclusions made
include:

 Positioning of the substrate does not change the growth
studying spintronics and applications in electronics is
optimistic. This project will focus on harnessing optimal
growth settings for different compounds of Bismuth.

positioning a 12 inch long, 1 inch in diameter, quartz tube
across a furnace. The set up allows for one end to attach to
a vacuum pump that can decrease the pressure inside the
tube. The other end is connected to an Argon gas tank that
allows for the flow of inert gas through the tube without
chemically affecting the deposition.

Bi2Te3 Film Close 
Up

being closer to source, only changes temperature of
growth.

 Defects of using small tubular and circular cquartz
crucibles verses larger boat crucible.

 Ternary compounds will form continuous films. Ration of 
2:1 and 1:2 of Bi2Te3 and Bi2Se3

 Size of substrate does not effect growth.
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Future Work

We are constantly working to develop and improve the
creation of Bi2Te3, but our future goals include:
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Long Boat Crucible
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What makes Topological Insulators preferred over
current technology such as Indium Tin Oxide (ITO) and

 Experiment with different substrates that have
comparable surface structures to mica.

 Determine the optimal ratio for the creation of a ternary
compound that limits selenium vacancies

 Changes in positioning to increase deposition rate.
 Initial growth patterns.
 Continue using dark field viewer study initial nucleation
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Both figures above show the bending radius of Bismuth
Selenide (Bi2Se3). The graph on the right measures the
resistance based off of the bending radius, showing the
durability level above ITO’s.
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Figures above showing Bi2Te3 flakes’ formation on the left
and Bi2Te2Se1 continuous film on the right. Below (left) is an
overlay of the edges, shown in gold around the flakes of
Bi2Te3. The bottom right figure shows the Dark Field View.

Graphene?
 Durable and holds resistance over larger range of

motion as seen in the figures above.
 Resistant to coating of Oxygen Plasma treatment
 Thermal Transparency
 Possible cheaper methods of production

 Theory of “Folding Edges” using Molecular Beam
Epitaxy (MBE).
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