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3.

Background
*One-dimensional nanomaterials and their applications.

* Transition metal carbide nanowires as field emission point
source.

Progress

* Synthesis and characterization of HfC nanowire.

* Field emission performance of HfC nanowire-based field
emitter.

Summary
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Nanostructured Materials @
“There’s Plenty of Room at the Bottom.” — Richard Feynman.
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Richardson-Dushmann Equation (1901)
J= expl @)

*Higher Temperature-Higher Melting Point *Higher Electric Field-Higher Strength

*Lower Work Function *Lower Work Function

Materials with low work function and high strength are neede#.



Field Emission Gun @ Field Emission Stability @
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Simplified schematic of a field emission gun Houdelliier F. etal, (2012), 50,2037

For high electric field, a very sharp tip is needed.

. . Cathode ® Anode to the emitter materials’ properties
The field factor g=E/V can be estimated as 1/5» to 1/100r, to resist contamination and
where r is the radius of curvature of the tip. 53 @CEmitior Abm @ Gas Moleads @ Gas lons destruction. 54

Material Candidates N[MS' Synthesis of HfC Nanowire NlMSl
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@ Nanowires Along Other Directions @
Morphology , Composition and Structure

Hf

<110> oriented nanowire

SEM image: HfC Growth Substrate TEM image: Individual HfC Nanowire

Uniform, Clean Single Crystalline Nanowires Along <100> Direction.
This is the first successful synthesis on HfC nanowires.

58 <111> oriented nanowire 59
Composition Distribution . ‘,Ms’ Growth Mechanism @
Vapor - Liquid — Solid (VLS) Mechanism
”.{I CH,(g)+HfCl(g) > HfC(g)+4HCI(g)
L I\ e
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"g HE
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EDS results from a nanowire

The Ni was only detected in the particle at the tip of the nanowire.

This result indicated the growth of HfC nanowire followed the vapor-liquid-soliéi0
(VLS) mechanism.
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Different Morphologies ” Fabrication of Nanowire-Based Field
NIMS — . NIMS
Under different flow rate of CH,: Holder Emitter (I)

-
30 mi/min

Focused lon Beam |

62
Platform On The Tip

Fabrication of Nanowire-Based Field Fabrication of Nanowire-Based Field
Emitter (III)

NIMsS NIMS

Nanowire Assemble ~Emitter (II)

Ta Needle

SEM Images

Optical Microscope

C Substrate with Nanowires

3-D Micro-Manipulator

100 pm
S —

W support Need

Emitter Tip

HfC Nanowire Tip
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Field Emission Characterization SystemN'MS
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Field Ion Microscope (FIM) and Field ”
. NIMS
Evaporation
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Field Ion Microscope (FIM) and Field
. NIMS
Evaporation

Porsined g 0 el it

i
Schematic of field ion microscope
http://www.nims.go.jp/apfim/fim.htm!(
When the electric field is high enough, the atoms on the surface are pulled out.

Threshold electric field
for field evaporation:

Local brightness:

righter poles have
electric field.
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Field Emission Pattern Nlms'

#
11

HfC-<100> - 4 fold HfC-<110> - 2 fold

Only {111} areas are bright which means the {111} crystal planes have the

lowest work function. 70

Calculation of Work Function N,lm '

Emitting Area:

Clean Surface Ri=23.6n Dirty Surface
2=117nm

The emitted electrons are
expected to come out from the
whole surface.
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Emission Stability ”
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H. Adachi, C. Oshima, etc., Appl. Phys. Lett. 43(1983), 702

Emission pattern changed with different flash process conditions :
1.Composition deviation; 2. Devastated surface state.

Evaporation

Repeatable Emission Pattern

Emission Stability 4 ’
Emission Current from an As-Grown Nanowire
e Applied Voltage: 740V
|

. The noise is step and spike noise similar to C materials which are inert to gas
adsorption.

The step and spike type noises are caused by ions of ambient gas molecules in

vacuum ionized by the field emission current. 76

Emission Stability ”

At room temperature |

The brightness decayed by more than 90%, which was caused by the adsorption of
the molecules in the chamber.

At liquid N, temperature

We can expect good stability in a high vacuum condition.

Emission Stability ”

Thermal - Assisted Emission Current from an As-Grown Nanowire

Heating Current: 0.79 A

Applied Voltage: 740 V

. By heating the tip surface we would expect fewer adsorbed molecules on the
surface than at room temperature.

Heating the tip can remove the dangling bonds of the adsorbed H, molecules’7



Emission Stability N.Ml 5'

Emission Current from a Flashed As-Grown Nanowire

Flashing Current: 0.88 A

Applied Voltage: 600 V

1. A fast decay occurred that means the terminated layer of the nanowire became into Hf atoms.
2. There are still some steps which means the C layer was not removed completely.

Flashing Current: 1.21A

Applied Voltage: 600V

Fi] 153 H 13
Tune min
After flashed under higher current, the decay was faster and the steps disappeared.
The outmost atoms of the tip were totally Hf.
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Summary

Lateral Distance

80

Emission Stability N.Ml s'

Emission Current from an O,-Treated Nanowire

Treating Current: 0.79 A

O, Pressure: 1.1x10-8 Torr

Applied Voltage: 900V

Tuwe b
Little decay and fluctuation with only some steps.
Thermal — Assisted Emission Current from an O,-Treated Nanowire

Heating Current: 0.79 A

Applied Voltage: 700 V

Fewe b 79

Stable emission current with fluctuation noise less than 0.6%.
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