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Atomic Force Microscopy

High-Resolution Visualization of Surface Structures
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atomic resolution of mica: crystal lattice (0.518 n m) atomic resolution of Au(111): single atomic step (0O .234 nm)
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Characterization of Organic Ultrathin Films Using
Atomic Force Microscopy

High-resolution imaging of n-alkanes adsorbed on gr aphite

Resolving the packing structures of semifluorinated alkanes on silicon
Characterization of few-layer graphene (FLG) on sili  con
High through-put nanofabrication of self-assembled monolayers (SAMs) via

nonconventional method —particle lithography
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Agilent 5600 LS AFM System




Probing the Local Electric Properties Using Atomic Force Microscopy

(Kelvin Force Microscopy & Capacitance Gradients Me  asurements)
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High-resolution Imaging of n-Alkane C  ,,H;,, Adsorbed on HOPG

Scan size: 400 nm x 400 nm Scan size: 350 nm x 350 nm

AFM studies to characterize the packing of normal alkane C  4H;,, molecules adsorbed on
graphite. They formed lamellar structures with a line width around 7.5 nm, corresponding to the
length of fully extended C 4,H;,, molecules.
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High-resolution Imaging of n-Alkane C  ;,H,, Adsorbed on HOPG

Scan size: 350 nm x 350 nm Scan size: 55 nm %55 nm
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Characterization of Semifluorianted Alkanes on Sili

con
( Determination of packing structures)
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lying-down packing model
Scan size: 70 nm x 70 nm
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Characterization of Semifluorianted Alkanes on Sili con

( Determination of Molecular Orientation)

Topography
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Surface Potential

Scan size: 520 nm % 520 nm.
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High-resolution Imaging of Few-Layer Graphene on Sil  icon
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Probing the Local Electric Property of Few-Layer Gr  aphene

Topography Phase dC/dz

Scan size: 16 pm % 16 pym Scan size: 16 pm % 16 pym Scan size: 16 pm x 16 Hm
Materials Dielectric constant
graphite €=12-15
silicon dioxide €= 45
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Outlook of Nanofabrication Techniques

10 pm 1pum 100 nm 10 nm 1nm 1A

Conventional

Nonconventional
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Particle Lithography: Using the Natural Arrangement of Monodisperse
Spherical Particles as Masks to Produce Ordered Arr  ays of
Nanostructures

evaporation of metal

___SEM-500 nm __

......

-50 nm
small2006 2, 458 — 475.

Monodisperse polystyrene latex or colloidal silica are clo sely packed in hexagonal
arrangement on flat surfaces to provide either an evaporati ve mask or a structural template
for directing the subsequent surface adsorption or reactio ns.
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Organosilanes on Silica: a model system of self-asse mbled monolayers
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- ease of sample preparation - high stability
- ordered and well-defined structures - rich terminal group chemistry
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5600 LS Capabilities Match the Specific Research Ne eds in this Project

% Accommodate large samples
Silicon or glass substrates with a size of several inches can be imaged directly using

5600 LS. No need to cut sample into small pieces.

** High-resolution capability
The typical feature sizes of the organosilane patterns are at the nanometer-scale , thus
requiring a characterization technique with sufficient resolution.

“ Programmed automatic AFM measurement
In order to optimize the fabrication process, the samples need to be examined thoroughly,
not just at one or a few random locations. The capability of 5600 LS AFM to perform the
automatic measurement at selected locations under well-defined imaging conditions renders

an easy way to collect enough data from a statistic viewpoint.
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esulting Oragnosilane S  AMs
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Sites of water residues determine the surface morphology of

organosilane nanostructures. Nanopatterns
of OTS films on mica were prepared using masks of 500 nm latex w ith (A) brief drying of 25 mins, (E) long-

term drying of 12 hrs and () complete drying in an oven, respe ctively.
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Effect of Sphere Size: array periodicity and surfac e coverage control

o ® ¢
J:‘Q.,_‘.._ 1

o € 5o

height (nm)
o N B O ©

o

0.2 04 06 0.8
distance (um)

height (nm)
o N & O @

o

0.2 0.4 06 08
distance (um)

height (nm)
o N & O ®

0.2 04 06 08
distance (um)

o

-]

height (nm)
o N & O

o

0.2 04 06 08
distance (um)

(=T ]

height (nm)
a0 @

o

0.2 04 06 08
distance (um)

- Agilent Technologies




Tuning the Chemrstry Usrng Srlanes Wrth Preferred Termrnal Functionalities
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Periodic nanostructures of NH- termranted AAPTMS (N-(6-aminohexyl)aminopropyltrimet hoxysilane) on Si(111)
produced via particle lithography using (A) 300 nm, (B) 200 m, and (C) 150 nm diameter latex, respectively.
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Example of High-throughput Fabrication via Particle Lithography / Vapor

Deposition Approach
Topography - Phase

A wide area view of PEG-silane nanopatterns on silicon prepa red with a mask of 150 nm latex to
demonstrate the high throughout capability of particle lit hography/ vapor deposition of organosilanes.
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Selective Attachment of Gold Particles on Organosil ane Nanopatterns

___10 _ ___Friction
@ o 7.”‘ : -:- - : : _:;,— .‘i%;?g ,5- - _..1 ;

CH; CHy CHy
i

-

-

OH OH OH OH OH

R N N

_8i_ _Bi, 8 _Si gt ‘ éi o,

Jog oo ud ooy

o

\ X
f"’ji wna!ﬂ ,,cam ,,D,asn bgﬁi t”dsl ,b/;s ,b/gi ’o’; ,“),;




Close Look of Gold Nanoparticle Arrays
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Successive AFM zoom-in images of periodic arrays of gold nan opartilcles on silicon prepared with a mask
of 300 nm latex. The scan sizes are (A) 10 um x 10 um, (B) 10 um x 10 um, and (C) 1 um x 1 um,
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Summary

AFM is a powerful imaging tool, capable of providing 3D visua lization
of sample’s surface morphology with unprecedented resolut lon and
sensing materials local properties.

Taking advantage of those AFM enabling aspects, high-resol ution
characterization of organic ultrathin film can be achieved. As
demonstrated in this talk, molecular-level understanding of their
packing structures and local electric properties are obtai ned.

Using AFM as the main characterization technique, it proves t hat
particle lithography combined with subsequent vapor depos ition offer
an effective means for high-through nanopatterning of orga nosilane
self-assembled monolayers. These nanostructured surface s with
designed chemistry can serve as the templates to direct sele ctive
surface recognitions.
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Questions ?
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Robustness of the Particle Lithography/ Vapor Depo  sition Approach
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Comparison of surface densities (left) and percentage of su rface coverage (right) of PEG and AAPTMS
nanostructures produced with different latex masks.
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Probing the Thermal Property of Polymers

In situ and temperature-dependent AFM studies of polymer low densi ty polyethylene (LDPE). It shows that

LDPE can Wlthstand a temperatures of 80 ° C, but heating above 95 °C will lead to a structure transition.




Capability of Sub-micrometer Sample Stage XY Positi  oning Precision
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