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Summer 2006

This summer has provided me with the very interesting
challenge of immersing myself into a research
environment involving nanotechnology.

Some of the things | worked on this summer were:
 CVD (Chemical Vapor Deposition)

« SEM (Scanning Electron Microscope)

e Photolithography




Chemical Vapor Deposition
(CVD)

The CVD allowed us to set growth
parameters for our samples —
temperature, pressure, gas flow
rate, and growth time.

For growth, the CVD is placed
under an extremely low vacuum.
The chamber is then flooded with

inert gas (H,). Once the chamber
reaches the correct temperature
and pressure, C,H, gas is allowed
to flow into the chamber and react
with the catalyst.

Some samples we grew to test
growth height (WSU samples),




CVD Chemistry

e The ratio of H, to C,H, during the growth
phase promotes the exothermic ™
hydrogenation of C,H, to C,H, on the H C—C H
catalyst surface.
This increased surface temperature
causes rapid decomposition of C,H,
which is the carbon source for creating
the CNTs.
The hydrogen is used in this process to




CVD Parameters

« Standard growth conditions: 700°C, 385 sccm H,, 25 sccm C,H,, 100mBar
pressure, and 30 minutes growth time.
» We deviated from the standard parameters to see the effect on nanotube growth.

Variation of Growth Conditions

Additional Acetylene (sccm) Additional Growth Time min dditional Pressure (mBar Average Height {(pm
SN151 20 20 0 65
SN156 30 30 0 27
SN164 40 40 0 23
SN154 10 10 10 15
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CVD Growth Results

We were able to analyze the data that we retrieved from using the CVD with our different
experiments and came to some very useful conclusions.

Variation of Growth Condition:

Through running the CVD using various growth conditions and then plotting the data
that we obtained by looking at the samples under the SEM, we were able to derive
an optimized growth condition for our CVD. We found these conditions to be: 700°C,
385 sccm H,, 45 sccm C,H,, 100mBar pressure, and 50 minutes.

Standard Conditions Standard Conditions + 40 sccm

_ _ Optimal Conditions
C,H, + 40 min growth time



Photolithography

Nanotubes grow where catalyst is placed
We used an Iron Nitrate Sol-gel Catalyst [Fe(NO,),]

Photolithography is used to pattern catalyst onto die
The photolithography process:

Start with plain die : o Photresis
. . . SiO, Layer uv
Spin on Omni-coat and Photoresist S (NI S

Cover with a mask and expose to UV light

Photoresist
Omni-coat
SiO, Layer

Si

chip

Develop to remove unexposed photoresist @ omarcoat

SiO, Layer

Si chip
Spin on catalyst w 50, Lo
i chip

Lift-off to remove cross-linked photoresist

Si chip

 We also made our own photomasks



Photolithography

Pre-growth Electrode Head Pre-catalyst Small Electro  des

Pathogen Detector Pattern Photomasks We Created



Photolithography

o Patterning catalyst onto an electrode allowed us
to grow nanotubes in the area needed to make a
working electrode

 We successfully created a photomask and
patterned catalyst onto silicon die for a pathogen
detector

 We proved that our lab could grow nanotubes in
a variety of patterns by creating our own
photomasks and patterning catalyst on the die
ourselves via photolithography



Cr/Au Electrodes

A good part of our summer research was spent on a metal electrode with CNT growth
on the end that could be used in a biological pathogen detector.

This project took us almost the whole summer as we have been working on it in pieces
and is really almost a compilation of the things we have learned to do as it
encompassed almost all of the things we learned how to do.

Pre-Growth Post-Growth CNT Pillar

/

Contact Electrode

N

™

Base Electrode

Catalyst Silicon Substrate  Cr/Aulayer  CNT Growth



Cr as an Adhesion Layer

One of our first problems was that Au was not sticking to the SiO,, so we tried using a Cr
adhesion layer in hopes that it wouldn’t fracture under the high temperatures needed for
the growth phase.

It turns out that Cr worked really well as an adhesion layer as long as it was not allowed
to oxidize before it was coated with Au. We had very minimal fracturing when it went
into the CVD at 700°C.



Etch vs. Non-Etch Lithography

We also needed to find an effective way to create and pattern the electrode. Using photo-
lithography with different masks gave us two methods; an etch and a non-etch method.
Etching involved putting catalyst on first, cross-linking photo-resist, and then removing
catalyst where it wasn’t cross-linked using HF acid. While the non-etch method involved

cross-linking around the pattern, putting catalyst down and then removing the cross-linked
photoresist with lift-off.

Electrode Photomask  Catalyst Photomask

Pre-Growth Post-Growth

Non-etch

We found that the non-etch process creates a far better looking and cleaner sample then the
etch process does. They are very noticeably different in quality and growth height.



CNT Growth on the Head

Once everything is patterned and ready to grow, we still need consistent and uniform
growth on the head of the electrode. This can be difficult to obtain based on the catalyst,
growth conditions and the lithography process.

Since the CVD is temporarily out of use, we were not able to fully test the next batch of
electrodes for growth. So far the growth on the electrodes has been inconsistent and has
a lot of debris on it.



Field Emission Measurements
(FEM)

« Taking field emission measurements
(FEM) is a process that involves
applying a specific voltage to a sample
and then seeing what kind of current
the sample can produce.

« FEM are what can be described as an
anode-cathode experiment.

 The anode for our experiment is a
tungsten probe, while the cathode is W Probe

the stage where our sample is
mounted.
 When a specific voltage is applied to

the probe, which is above a specific
spot on the sample, a current can be
generated and then measured.

CNT Bundle




FEM

* This process is done in what is know as an ultra high vacuum (UHV) chamber.

 This is a chamber that is pumped down to a very low vacuum in an attempt to
remove any particles in the chamber that might interfere with the measurements
that are taken.

Camera

/

Probe Control
Quick Sample Loader /

\
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UHV Chamber Wire for applying
voltage



FEM

PECVD Samples:

We spent the first half of the summer working on 6 PECVD bulk growth samples in the UHV
chamber. We took multiple FEM on each sample and then pooled all of the data into one
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PECVD Growth

What | learned most from the experiment is that many times it is easier to have someone
else who is experienced with a piece of equipment do part of the work for you, and that in

the long run, it saves everyone time if people are willing to help out. | learned that
teamwork is a valuable aspect to research. | also learned how to data mine and write up

a repot on finished samples.



FEM

Main CNT Growth Sample:

| spent a good amount of time working on a patterned sample from WSU in the UHV
chamber. We took FEM in a specific pattern to test if shielding was present in the sample.
We also spent time looking at how the new probe tip effected our FEM.




FEM

Main CNT Growth Sample:

With this project | was a little more
entrenched in the work and so | was
able to produce more usable results.
While looking at the samples we
learned that the shielding effect was
not present in our sample, except for
possibly in the 120um bundle region.
This is probably because the bundles
are just too far apart to produce the
effect.



Summer 2006

It is easy to see that this summer has been full of
new experiences for me.

It was very interesting to learn about this field of
science that still has so much new potential.

This summer also taught me a lot about what it
means to do research and helped to put some
stereotypes about the research environment to rest.

Through learning the basics in the field of
nanotechnology and being immersed in a research
environment, | will definitely carry the skills | have
learned here into the future.
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