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Part.1: Important Principles of Optical Microscopy
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Optical Principles
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Optical Principles
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Figure 1.2 Schematic path of light in a microscope with eyepiece. The virtual image is reviewed by a
human eye composed of eye lens and retina. 10
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represents overlap intensity.
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Figure 1.7 Paths of ravs in white light illustrating chromatic aberration.
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Part.2 Instrumentation of Optical Microscopy
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The main steps of specimen preparation for light microscopy include
the following:

1. Sectioning;

2. Mounting;

3. Grinding;

4. Polishing;

5. Etching.
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Specimen Preparation
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Sectioning; it serves two purposes: generating a cross-section of the specimen to be
examined; and reducing the size of a specimen to be placed on a stage of light
microscope, or reducing size of specimen to be embedded in mounting media for further
preparation processes.

The main methods of sectioning are abrasive cutting, electric discharge machining and
microtomy, which is mainly for polymer specimens.

5

5

6 |

(@) (b)

Specimen sectioning by: (a) wire cutting with electric discharging; and (b) diamond saw
sectioning.
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Specimen Preparation

w14

+* Mounting refers to embedding specimens in mounting materials (commonly /,&r
Pos S

thermosetting polymers) to give them a regular shape for further processing.

** Mounting is not necessary for bulky specimens, but it is required for specimens
that are too small or oddly shaped to be handled or when the edge of a specimen
needs to be examined in transverse section.

** Mounting is popular now because most automatic grinding and polishing
machines require specimens to have a cylindrical shape. There are two main
types of mounting techniques: hot mounting and cold mounting.

Cold mounting of specimens: (a) place specimens on the bottom of molds supported by

clamps; and (b) cast resin into the mold. (Reproduced with permission of Struers A/S.) .
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Specimen Preparation

Grinding and Polishing: Grinding refers to flattening the surface to be examined and g
removing any damage caused by sectioning. The specimen surface to be examined is )‘)";ﬂ‘,}a
abraded using a graded sequence of abrasives, starting with a coarse grit. Commonly,
abrasives (such as silicon carbide) are bonded to abrasive paper. Abrasive paper is

graded according to particle size of abrasives such as 120-, 240-, 320-, 400- and 600-grit
paper. The starting grit size depends on the surface roughness and depth of damage

from sectioning. Usually, starting grade is 240 or 320 grit after sectioning with a

diamond saw or EDM. Both hand grinding and machme gr/nd/ng are commonly used

ad

6009nt . 6—,u'r'n di.amdnd | 1-um diamond Colloidal silica
Hand grinding using a simple hand grinding device. =~ Sample of specimen surfaces after grinding and
polishing with abrasives of differentgrits and size.
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Specimen Preparation

Etching : Chemical etching is a method to generate contrast between microstructural g@
features in specimen surfaces. Etching is a controlled corrosion process by electrolytic  s&esn
action between surface areas with differences in electrochemical potential. Electrolytic
activity results from local physical or chemical heterogeneities which render some
microstructural features anodic and others cathodic under specific etching conditions.

During etching, chemicals (etchants) selectively dissolve areas of the specimen surface
because of the differences in the electrochemical potential by electrolytic action

between surface areas that exhibit differences.

Polished and
etched surface

~ V7 /
Surfacg?

groove

Grain boundary
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Part.3 Scanning Electron microscopy
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Figure 1 Schematic describing the operation of an SEM.
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** Topography: The surface features of an object or "how it looks", its texture;
direct relation between these features and materials properties

» Morphology: The shape and size of the particles making up the object;
direct relation between these structures and materials properties

s* Composition: The elements and compounds that the object is composed of
and the relative amounts of them; direct relationship between composition
and materials properties

s+ Crystallographic Information: How the atoms are arranged in the object;
direct relation between these arrangements and material properties.
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ELECTRON GUNS are typically one of two types:

1) thermionic guns : which are the most common type, apply thermal
energy to a filament to coax electrons away from the gun and toward
the specimen under examination.

Usually made of tungsten, which has a high melting point

2) field emission guns
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Signal Detection

¢ The electron signals from each pixel of the raster are collected by a detector in
order to generate a corresponding point-to-point image on a display screen.

¢ To understand signal detection, knowledge of electron signal types that are
useful in an SEM is necessary: backscattered electrons and secondary electrons.
When high energy electrons strike a specimen, they produce either elastic or
inelastic scattering.

BS5 1N

/

s Elastic scattering produces the backscattered electrons (BSEs), which are
incident electrons scattered by atoms in the specime.

*¢ Inelastic scattering produces secondary electrons (Ses), which are electrons
ejected from atoms in the specimen .

Beam

PM

Specimen

= 46
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BSEs are typically deflected from the specimen at large angles and with
little energy loss niater yllacipyt yeht ; 60-80% of the energy of incident
electrons.

In contrast, SEs are typically deflected at small angles and show
considerably low energy compared with incident electrons.

During inelastic scattering, an incident electron transfers kinetic energy
to an electron in a specimen atom. Any electron in atoms in the specimen
with sufficient kinetic energy will leave its orbital to become a secondary
electron.

The SE energy is usually in the range of about 3-5 eV. In terms of
usefulness, SEs are the primary signals for achieving topographic
contrast, while BSEs are useful for formation of elemental composition
contrast.
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Characteristic Auger Electron

BS5 1N

Sometimes an upper
electron drops to

_ fill the vacancy,
A high speed electron emitting a

knocks out an inner
shell electron from
an atom, leaving
a vacancy.

Photon
emission

photon.
Since for heavy atoms

the energy is in the

X-ray region, this is

called x-ray fluorescence
Auger
electron

But sometimes the

The Auger energy is transferred
to an outer electron,

Effect ejecting it from the
atom.
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A: Low vacuum 0.8 mbar, jadeite, 25kV

DxAuto Result Table (-]
Print Copy CSY Options Scale Add Graph Phijpz) P1 P2 OK
i A 8 [ ¢ [ o | E [ F [ & S
| 1 |low vacuum 0.8 14:10:42 10-03-97
o [2 | Oxide: Net Wtz Az Enmor% BG P/B
EX Na20 61.85 14.50 16.11 1.31 3.72 16.63
(4 | Mg0 463 1.09 1.86 6.32 3.93 118
[5 | AI203  120.16 23.28 15.72 0.93 4.50 26.70
[ 6 | Si02 22769 48.12 55.15 0.67 4.05 56.22
Na A Ca0 6.41 0.70 0.86 5.15 4.50 1.42
[8 | Fe203 3.03 0.60 0.26 8.10 3.00 1.01
[9 | Cu0 25.02 6.17 2.09 2.40 10.43
[ 10 | Zn0 13.81 3.87 2.89 2.16 6.39
1
[12 ] Total 100.00 _ 100.00 +
Cu
Zn
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A: Low vacuum 0.8 mbar, jadeite, 25kV

DxAuto Result Table
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Print Copy CSY Options Scale Add Graph Phijpz] P1 P2 0K
A A [ 8 [ ¢ | o [ € | F T & [+
1 |[low vacuum 0.8 14:10:42 10-03-37 =
2 Oxide: Net W AtZ ErrorZ BG P/B
3 Naz20 61.85 14.50 1611 1.31 372 16.63
4 MgO 4.63 1.09 1.86 6.32 3.93 1.18
5 Al203 12016 23.28 1572 0.93 4 50 26.70
b 5i02 227 69 4812 5515 0.67 405 56.22
7 CaD 6.41 0.7 0.86 5.15 450 1.42
8 Fez203 3.03 0.26 810 3.00 1.01
9 CuO 2502 617 2.09 2.40 10.43
Zn0 13.81 3.87 2.99 2.16 6.39
11
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A: Low vacuum 0.8 mbar, jadeite, 25kV
i
DxAuto Result Table -
Print Copy CS5Y QOptions Scale Add Graph Phijpz] P1 P2 0K
Al A T 8 | ¢ | o | E | F [ & +

1 low vacuum 0.8 14:10:42 10-03-97
2 Oxide: Net Wiz At Error BG P/B
3 Na20 61.85 14.50 1611 1.3 3.72 16.63
4 MgO 463 1.09 1.86 6.32 3.93 1.18
5 Al203  120.16 23.28 15.72 0.93 4.50 26.70
] 5i02 22769 48.12 55.15 0.67 4.05 56.22

Na 7 Ca0 6.41 0.70 0.86 515 4.50 1.42
8 Fe203 3.03 060 0.26 810 3.00 1.01
9 CuOD 25.02 6.17 2.09 2.40 10.43
10 Zn0 13.81 3.87 289 216 6.39
11
12 Total 100.00 100.00 +J|

Cu
Ca Zn
Fe

100 2.00 5.00 4.00 5.00 £.00 2.00 Wﬂo 0.00
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The End
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