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Motivation and Outline

Motivation:
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Greater understanding of the physical system
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Tools of the trade, Scanning tunneling Microscopy

Current state, atomic manipulation and tip induced chemistry
Current limitations

The intelligent Scanning probe microscope

Results so farée



Tools of the trade

The scanning tunneling microscope

A Scanning tunneling microscope maps the topographical and/or
electronic surface features by scanning an atomically sharp tip within
nmdés of the surface
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Z I Scanning tip

The tunnel current i, is highly
dependant on the tip-sample
distance, d. This current can
be maintained with a feedback
loop that actively controls the

tip-sample distance. Sample surface Y

Axis under direct (piezo) control



Tools of the trade
Really topographic data
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(a) Zero bias, Fermi levels are aligned. (b) Negative sample
\ bias and (c) positive sample bias.
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where the 4
electrons are A - o T w2
allowed to go CoPc on Ag(111) imaged in; Left: the forward direction with a

sample bias of -1.1 and Right: reverse direction biased at +0.5
V. The tunnel current was 0.15 nA in both 15x15 nm? images.



Motivation

Nanoscale metrics and making cool nanobots!
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D. M. Eigler & E. K. Schweizer, Nature 344, 524 - 526 (1990)
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Room temperature manipulation of C,

[D.L. Keeling, M.J. Humphry, R.H.J Fawcett, P.H. Beton, C.Hobbs, and L.
Kantorovich, Physical Review Letters 94, 146104 (2005)]



Directed Reconfigurable Nanomachines
‘The quest for grey goo!
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Tip Induced chemistry
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(1) Schematic drawing of the sequence of steps by which an STM probe can (a)
dissociate a CzH:| molecule on a terrace; (b and c) draw iodine atom away; (d) pull

one CgHs (phenyl) molecule toward another; (e) weld them together; (f) pull one

phenyl to confirm the association [Hla et al. Phys. Rev. Lett. 85, 27771 2780 (2000)] 7



So why have we got 0n;

So why if we can manipulate atoms and molecules (even
perform | ocal c he mi
physical parameters of the process

e 188 Image?
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Understanding the image

The effect of the local nanostructure on imaging

Expt. standard bec(111)

NO ‘functionalised' STM tip in different configurations while scanning Rh [J. H. A. Hagelaar etal. g
RB 78, 161405 R 2008]



STM Imaging

The human way

Tip optimisation while imaging Tip type Image

Magnified tip apex

The image Is the result of the
convolution between surface and tip

(and tip-surface interaction) 10



Cost Benefit

time is money

Who is spending their time conditioning the tip?
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ANALYSIS
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3000e¢

an intelligent SPM controller
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Resultant
images

The good, the bad and the ugly: The target dataset
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Deconvolve tip structure
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The Data Master 3000¢e¢

concept

a proof of

A deterministic approach

Consistent fair atomic resolution. Stage 1 complete.
Time elapsed: 1010.1902 (~17mins)

Streaky Image.
Executing cleaning pulse

Cloudy Image.
Executing cleaning pulse

Flat Surface.
Zooming in to 50nm

Flat Surface.
Zooming in to 20nm

Constant Atomic resolution.

Zooming in to 4nm

Poor Atomic resolution.
Rescanning
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Evolution
can the system become intelligent

Can the system become intelligent, %
rather than a deterministic approach i

can it evolve better images?
Mutation Creates Variation
Parameters | |V,G3

Unfavourable mutations
selected against
Parameters | VG,

Reproduction and

mutation occur
Parameters | ,,VsG,

Favourable mutations
likely to survive
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