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= 1.1 INTRODUCTION

Nanotechnology started as a name in 1974. It was introduced
by Taniguchi to describe manufacture to finishes and
tolerances in the nanometre region. He extrapolated the
specifications from existing and past machine tools, such as
lathes and grinders, to a new generation of machine tools. He
concluded quite correctly that in the late 80’'s and 90's
accuracies of between 0.1 pm and 1 nm would be needed to
cater for industries’ needs. This has turned out to be true, see
Figure 1.1.

It soon emerged that the only way to achieve such results was
to incorporate very sophisticated instrumentation and
metrology into the design.
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= 1.3 NANOTECHNOLOGY INSTRUMENTS

Instrumentation has been developed to explore and
measure surface properties down at the atomic
level. In engineering terms they have usually been
involved with looking at surface topography and
boundaries of one sort or another. This requirement
goes far beyond the original concept of the
dimensional tolerance performance of a machine
tool or the attainable surface texture on a
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m 1.3.1 Specific Application Areas Include:

1. Semiconductor and other electric surface
properties in respect of charge injection and charge
store;

2. Surface reagents and catalysts in respect of
chemical reactions and processes;

3. Surfaces of biological molecules in both liquids and
membranes and their changes in real times.

4. Surfaces of magnetic heads, compact discs etc., for
storage capacity;

component. X
topodraphy: semiconductor: property:
pog p.y. in respect of: charge injection:
tolerance: reagent: catalyst:
machine tool: biological: membrane:
attainable:
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5. Coatings and surfaces of tools for wear properties; m 1.3.2 Specific Measurement Requirements:
6. Surfaces effects produced by non-conventional 1. Flaw or defect detection;
mechanisms; 2. Structural characterization — lattice parameters;
7. Damage monitoring of pure and hybrid materials on 3. Position and relative position of features;
the atomic scale; 4. Height or topographic features;
8. Tribological investigation including bearings, 5. Shapes and edge sharpness;
adhesion adsorption etc. 6. Volumetric analysis;
coating: wear: 7. Movement of atoms;
non-conventional: 8. Time changes of atomic or molecular structures.
tribology: m flaw:
adhesion: defect:
adsorption: lattice parameter:
molecular:
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Instrument Development
m Instrument Development
Field ion microscope — Muller (1956) — measures field
emission.
Scanning electron microscope — Thornton (1968) — measures
secondary electrons.
Scanning tunneling microscope — Binnig et al. (1982) —
measures charge density.
Atomic force microscope — Binnig et al. (1986) — measures
atomic and ionic forces. k- -
Scanning capacitance microscope — Bugg, King (1988) — 5 i #: 1 i e Ry o B
surface capacitance.
Differential interference microscope — Shonenberger, Alvarado
(1989) — optical reflectance.
Nano stylus instruments — Garratt, Bottomley (1990) — X
topography.
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Zerodure (2) b 2

m Expansion Class 0  0=%0.02 - 10-6/K
m Expansion Class 1  0=+0.05 - 10-6/K
m Expansion Class 2 0=0.10 - 10/K
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