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Atorr I a unit used (o measure pressure.

When a SEM is used, the column must always be at a vacuum. There are many

to ionize, which produces random discharges and leads to instability in the beam.
The transmission of the beam through the electron optic column would also be

A vacuum environment is also necessary in part of the sample preparation. One
such example is the sputter coater. If the chamber isn't at vacuum before the sample
is coated, gas molecules would get in the way of the argon and gold. This could lead
to uneven coating, or no coating at all.




The Sputter Coater

TN

C, Cr, Au-Pd

The sputter coater is used to coat non-metallic samples (bugs,
plants, human hair, etc.) with a thin layer of gold. This makes

samples are metallic, they can simply be mounted and placed
in the SEM
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r Theory of Scanning Electron Microscope \
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Observation at lower accelerating voltages
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Non-Conductive Samples Observation
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ceramics 5.0kV 12.0mm x5.00k SE(U) 10.0um ceramics 1.0kV 12.1mm x5.00k SE(V) 10.0um

Vacc : 5kV Vacc : 1kV

Upper Detector Upper detector
Specimen : Ceramics




Non-Conductive Samples Observation

ceramics 1.0kV 12.1mm x5.00k SE(U) 10.0um ceramics 1.0kV 12.1mm x5.00k SE(L) 10.0um

Vacc : 1kV Vacc : 1kV
Upper Detector Lower Detector

Specimen : Ceramics






Types of Imaging Disturbances

Image disturbances can be classified by the following
expressions:

Chromatic aberrations

 Images lacking sharpness and contrast
 Unstable images

* Generally poor-quality images
 Noisy images

« Images showing jagged edges
 Unusual-contrast images

* Distorted or deformed images.



Image Disturbances and Their Causes

(1) ‘ Lack of sharpness

(2)

(3)

}_

Low image quality

[ * Improper accelerating voltage setting.
* Instability of gun emission caused by insufficient heating of ilament.
* Improper electron probe diameter,
* Improper setting and incorrect centering of ohjective apenure.,
* Insufficient astigmatism correction
* Improper focal depth
* Too large magnification
* Specimen charge-up and magnetization
| * Defocus of camera syslem

[ * Improper accelerating voltage setting
* Improper probe cument setting
* Incorrect astigmatism correction
* Nolse caused by excessive pholomultiplier (PMT) gain

Noises

* Improper contrast and brightness

* Improper specimen preparation process

* Improper photographic material

* Improper positional relation between specimean and detector
|_* No specimen tilting
| * Instability of accelerating voltage anci gun emission

* Discharge of detector

* Charge-up of specimen surface

(4) ‘ Image distortion and deformation }7

* Burnt CRT or dusty CRT screen
* External stray magnetic fild
|_* Mechanical vibration

| * Specimen charge-up
* External stray magnetic field
* Electron beam damage
* Deformation of specimen itself during its preparation
* Image drift caused by column interior charge-up

|_* Specimen drift on heating and cooling stages
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Image Changes Caused by Interactions
Between Electron Probe and Specimen

Incident electrons
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Fig 1 Diffusion of incident electrons (after Ducumb and Shields).

Fig. 2  Effect of accelerating voltage.




‘ Toilet paper ‘

‘ Gold particles ‘

® 1,400

(b) 25 KV

and resolution

.
L e

= @R
e %

[a) 5 kV

% 36,000

The

are better at the higher

{ Image sharpmess and resolution
Itage, 25 kV.

accelerating vo

» LEFT

» RIGHT: At 5 kV , the microstructures of the specimen sur

face are clearly

hallow:

1S §

dent electrons

1mci

seen as the penetration and diffusion area of

Ty



Accelerating Voltage Influence on
Image Quality
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Probe Current, Probe Diameter,
and Image Quality
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It is therefore necessary to select a probe current suited for the magnification
and observation conditions (accelerating voltage, specimen tilt,etc.) and the
specimen.




Ceramic, 10 kV, x5,400
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Edge effect Influence on Image Quality
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Fig. 11. Edge effect (secondary electron emission differing with
surface condition)
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Specimen Tilt

i Specimen tilt 15 aimed at:

Obtaining information
different from that obtained
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(b) Tilt angle: 45°




Detector position and specimen direction
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Composition of Signals
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Fig. 17 Secondary electron detector




Composition of Signals
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Fig 18. Backscaltered electron detector

Fig. 19. Principles of composition image and lopography image




Composition of Signals - Slug 20 kY, x1,100
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X-ray Exposure and Composition

(c) Xray image Ca 300 seconds

(b) X¥-ray image CA 50 seconds




Influence of Charge-Up on Image Quality
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Effect of Working Distance and
Aperture Size
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Astigmatism
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Formation of astigmatism for a lens with slightly different
optical properties in the horizontal and vertical directions
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Astigmatism Correct ‘




Contrast &
Brightness
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External Disturbances

Magnetic Field | I Mechanical vibration ‘

Influenced

Uninfluenced

(b} Influenced by external magnetic field




Image Distortion
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Barrel — Magnification decreases with distance from optical axis

Pin-cushion — Magnification increases with distance from optical axis



Image Dastortion

Horizontally Distorted

(a) Normal Image (b} Horizontally distorted image

Latex particles
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Summary

What you see.....
Is not necessarily what you get!!!

Be careful with images. ..



