How Is working a microscope
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Figure 3.2. The formation of an optical diffraction pattern from a one-dimensional grating illuminated by a laser beam. (a) The condition
for constructive interference producing a diffraction maximum, (b) Schematic of the diffraction experiment and the formation of a row of
diffraction spots. . .



Focal plane and image
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Spatial resolution and diffraction
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Field view and field deep

The area of sample viewed by the ocular tube is called fiel of
VIEW.

Anyway, not only the lateral resolution is important, but also
the vertical features affect the image.

The vertical extension of the focus is named “field deep”

image sample



Resolution Limited by
Lens Aberrations

Chromatic aberration Is

caused by the variation of
the photon / electron
energy and thus

photon/electrons are not
monochromatic.
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Contrast: principles and methods

The quality of an image depends on how the interesting
details can be evidenced from the backgroung signal. The
way to do this is called “contrast” and depends on what kind
of features we are looking for.

Several methods of contrast exist; the most used are:
— Bright field
— Dark field
— Polarization contrast
— Phase contrast or also Differential Interference Contrast
— Fluorescence or Luminescence



Bright- and dark-field

In some cases it Is better to
take only the light diffused
by the sample (dark field)
Instead that the light directly
Illuminating the sample
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5 In reflected-light brightfield, the fine structures in the iron casting are difficult Only in reflected-light darkfield they are clearly visible in the surface

1o see.



Polarization

The use of two polarizer, one on the incoming
beam (P), the other at the exit towards ocular (A),
allows the identification of polarizing (either
geometrically or magnetically) regions of the

= & sample

5

Sample formed by iron . “
spherilites = ke e
Bright field (left) |
Polarized light (right) ...




Phase contrast

In phase contrast one providing a measure
of the phase shift introduced by the
sample. This imply to become extremely
sensitive to thicknesses and/or changes in
the refractive index (in transmission
measurements).

A further phase sensitive method is DIC




Differential Interpherence
Contrast (DIC)

A beam of polarized light is splitted by a
birifrangent prism in to two slightly displaced
beams. Any path difference (typically
produced by e.g. a step on the surface) causes
® a polarization change in the beam at the exit,
' before a second polarizer.

e structure of this brass sample can be seen only very faintly in reflected-light ~ The same sample surface looks like a three-dimensional relief image in
brightfield Differential Interference Contrast (DIC)



Enhancing the resolution

Several problems can affect the resolution even before to reach
the diffraction limit:

— Chromatic or spherical aberration of the optical components (usually
affecting the uniformity of the field view)

— Difficulty in finding the focus because of roughness and scarcely
defined deep of field

— Superposition to the signal of unwanted reflections (e.G. from the
objective lenses) or unexpected phase effects.

Two techniques allows to overcome a large part of such
problems and to reach the diffraction limit:

Confocal microscope and Interference microscope



Scanning the Image

Both the confocal and the interference technigues can
enhance the resolution by taking the signal from a
proportionally small portion of the sample surface.

There is then the need, in order to reconstruct the image of the
sample, of proceed with a scanning of the surface.
This can be achieved either by

— Moving the sample or by

— Moving the light spot (with a Nipkow disk, a galvanometer
mirror, an acusto-optic system, ...)



Interference microscope

A simplified sch_eme of an objective
interpherence microscope =

Beam splitter

(mirror)

CCD reference

sample

source
D,<' Coherence probe microscope
<&

reference : :
am The interpherence image formed on
the detector is extremely sensitive to
sample the focussing of the beam




Confocal microscope
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Slit (positioned in an image plane

correspondingly at the entrance

a‘d at the exit - confocal)
The idea is in enhancing the vertical sensitivity by
Introducing two pinholes which restrict the field of view A
(and the field deep)

sample
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Figure 1.23  Fluorescent images of a human rib bone stained with brilliant sulphaflavine:
(a) standard optical microscope image; (b) RSOM image. [Courtesy: G. Q. Xiao, **Confocal
Optical Imaging Systems and their Applications in Microscopy and Range Sensing,”” Ph.D.
Dissertation, Department of Physics, Stanford University, Stanford, California, USA (De-
cember 1989).]
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Microscopi e microscopie
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Transmission electron microscope (TEM)
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Tecniche di scattering
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Why Electrons?
Resolution!
In the expression for the resolution

(Rayleigh’s Criterion)

A-wavelength, A=[1.5/(V+10-6V2)]1/2 hm
V-accelerating voltage, n-refractive index

o-aperture of objective lens, very small in TEM

— Sina »>a and so a—0.1 radians
Green Light 200kV Electrons
A—400Nnm A—0.0025nm
Nn—21.7 oil immersion n—1 (vacuum)

r-150nm (0.15um)

UNREALISTIC! WHY?



Basic features of A Modern TEM
CM200 (200kV)

Electron Gun

Condenser. -EDS Detector

Lens-
Objective Lens

SAD Aperture

Specimen Holder

Magnifying

TV Monitor Lenses

Viewing Chamber

“ Cost: ~$4.000.000



A better comparison

TEM
Light microscope Electron —
SOMICE
Eve
Electron
s beam :
Light beam Specimen
o+ Bpacimen

Eye Vacuum
Lamp Viewing

SCreen



Generation of electron
beam by electron Gun

Filament (heating cathode)

—<—— Wehnelt

Crossover point (electron source)

-

Filament circuit

Y

Electron beam

Bias circuit -
Accelerating

voltage
circuit

Filament

Crossover point —— X .
il 7' ) Emission current
\
/

meter

A SEM fitted with a field emission electron gun can provide higher brightness and higher
resolution.



Electron Beam Source

5Single Crystal LaB6
Heating Cup

Heating wire (W or Re)

Support Fosts

Lanthanum Hexaboride Single
o Crystal Filament.

Electron Beam Source |

W Filament - Current density ~10A/cne, probe size ~5.0nm
LaB; - Current density ~10°A/cm?, probe size ~1.5nm
FEG - Current density ~1PA/cm? , probe size ~<1.0nm EM&Q |
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Figure 3.1, Simple imaging system illustrating the two stage process in image formation: first, the formation of the dilfraction pattern in the
focal plane of the objective lens. and second. the recombination of the diffracted beams to form the image.



Specimen Preparation-Destructive

Dispersing crystals or powders on a carbon film on a grid
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1. a fallure Is Iocated and a strlp of Pt is placed as a protectlve cover.

2. On one side of the strip a trench is milled out with the FIM.

3. The same is done on the other side of the strip (visible structure).

4. The strip is milled on both sides and then the sides connecting the
strip to the wafer are cut through.

5. The strip is tilted, cut at the bottom and deposited on a TEM grid.


http://www.feic.com/support/tem/gridwith.htm
http://www.feic.com/support/tem/high-res.htm
http://www.feic.com/support/tem/fib.htm
http://www.feic.com/support/tem/fib.htm
http://www.feic.com/support/tem/fib.htm
http://www.feic.com/support/tem/fib.htm
http://www.feic.com/support/tem/fib.htm

Specimen Preparation-2

lon-milling a ceramic Ar (4-6keV, 1mm A)

R R

nmégﬁ; 7
e

Dimple center part ion-mill until a hole
of disk to —5-10um appears in disk 60 um

grind

Jet-polishing metal

| ., -
— ] a thin stream of acid
Cut into disks A disk is mounted in a
ut i I - - ]
Drill a 3mm and grind jet-polishing machine
cylinder and is electropolished
until a small hole is
made.

Ultramicrotomy-using a (diamond) knife blade

Mainly for sectioning biological materials.

To avoid ion-milling damage ultramicrotome can also be used
to prepare ceramic TEM specimens.



Diffraction, Thickness and Mass Contrast

BF images
‘ thinner

Weak diffraction
¢  Strong
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Bright Field (BF) and Dark Filed (DF) Imaging

BF imaging-only 1S
allowed to pass objectlve aperture to
form images. :

Incident beam

specimen mass-thickness
contrast

DF imaging
only diffracted
beams are
allowed to pass
the aperture to
form images.

Particles in Al-Cu
Alloy.

thin platelets Il e
Vertical, dark
Particles le.

hole in objective
aperture(10-100um)


http://www.feic.com/support/tem/alpart.htm
http://www.feic.com/support/tem/alpart.htm
http://www.feic.com/support/tem/alpart.htm

Phase Contrast Imaging

High Resolution Electron . . . ‘
Microscopy (HREM) D
Si
Objective
aperture -_ —

Electron diffraction pattern recorded
From both BN fllm on Si substrate

LN

HFIEM Mlcrograph :
of BN filmonSi |

Use a large objective
aperture.

Phases and intensities
of diffracted and
transmitted beams
are combined to form
a phase contrast
Image.

Silicon Substrate <110>







Sy rrry) ! ' -
T T T
‘.ﬁ'.l,'._a AANTIBANLF i “.f Y . "
LISk g “;’“"f Ly S
ARAN F D .Ia:- ..9\";’4‘-""’ o
;.-; 'F”f“. flf -:.-::‘-‘-; 'if[‘ #;l..;.r. > “.J ﬂrx;..j::“ J(

- A o [ ] i O F
LT A ) T WIS
(s " ‘d‘ Hr " J _ " i Pl F {.- . ﬁ F

R e = - ,_‘,!_, -
i 2 5 L x i)
Fn . .--:-I.}

S
FysyEry

" ']
AR R .
'I'--i1I .

Fr

ERwar g o pwi
4 8 9 # & F fF.r v "
F P prpaog-d b o4 & F § i g ¥ ¥ Yy e
P e ' ! . i .80 g bW a
& B0 * Bl F & _# - 'l ] i



.
]y g




Geometry for  Flectron Diffraction

e-diffraction
0| e Bragg’s Law: A = 2dsinf

dhki Specimen A=0.037A (at 100kV)
A\ foil 9=O.26°+if d=4A
L| 26 A = 2d6

r/L=sin20
r as 9 >0
T D r/L = 20

v

Reciprocal r/L =A/d or
lattice

r=7uLxl
d

L -camera length

r -distance between T and D spots

1/d -reciprocal of interplanar distance(A-1)
[hkI] SAED pattern gagp —selected area electron diffraction
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Figure 3.1. Simple imaging system illustrating the two stage process in image formation: first, the formation of the diffraction pattern in the
tocal plane of the objective fens, and second. the recombination of the diffracted beams to form the intage,






SAED Patterns of Single Crystal,
Polycrystalline and Amorphous Samples

a. Single crystal Fe (BCC) thin film-[J001]

b. Polycrystalline thin film of Pd,Si

c. Amorphous thin film of Pd,>Si. The diffuse
halo is indicative of scattering from an
amorphous material.



IncidentY beam Incident Y beam
Crystal Crystal
BRIGHT FIELD Objective Objective DARK FIELD
only the undiffracted aperture aperture only one of the diffracted
beam 000 is allowed beams is allowed to pass
to pass into the into the imaging system.
imaging system.
(a) ®)

Figure 3.40. The position and function of the objective aperture for (a) a bright field image and (b) a dark field image. In practice the
incident beam is tilted to obtain a dark field image, rather than the aperture off-centred, so that the selected diffracted beam is parallel to

the microscope column.

0.1um

N i

Figure 3.41. Bright field image of a polycrystalline specimen of
cordierite, in which the different crystals are in different orienta-
tions, and hence diffract differently. This shows up the grain
boundaries.
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Figure 3.42. A schematic illustration of diffraction contrast imag
ing. (a) A bright field image showing a lamellar intergrowth, set /
diffracting more strongly than B. (c), (d) and (e) are diffractiot
patterns from individual lamellae and over the whole intergrowt!
respectively. The dark field image in (b) is formed using one 0
the diffracted beams from set B, i.e. one of the spots drawn a
open circles.



6. Comparison of Scanning Electron Microscope with Optical Microscope and
Transmission Electron Microscope

6.1 Comparison by Principle Diagrams

Below are compared three types of microscopes that are used generally.

The optical microscope (OM) taken up here is for observing transmitted images. With this OM, the
light passing through a sufficiently thin specimen is magnified through glass lenses. When observing a
specimen with a transmission electron microscope (TEM), a specimen that is made thin enough to
transmit an electron beam is prepared, and a beam which has-passed the specimen and scattered is
observed after being magnified by electron lenses.

In scanning electron microscope (SEM) observation, an electron beam that is finely focused by
electron lenses is scanned over the specimen and the brightness on the CRT is modulated by the signals

obtained.

Opticl microscope

oM
/—Light source (lamp)

Condenser lens

Specimen

Eyepiece

< /— Naked eye

Resolution

Magnification

200nm

~ X2000

Objective lens

Transmission electron microscope  Scanning electron microscope

TEM SEM

_——Electron source
(electron gun)

Condenser lens

Objective lens
aperture

Objective lens

Intermediate lens

=
= ..‘L
Specimen 5 %

Projector lens Detector

screen Deflection coil

X 50~ X1,500,000 X10~X1,000,000



6.2 Comparison of SEM Image with OM and TEM Images

We compared photos of glomerulus obtained with an OM, SEM and TEM. With a bulk-state
specimen, a SEM image has a large focal depth as compared with an OM image.

OM image: X 200 OM image: X 200
Specimen:  Rat's glomerulus (free cell) Specimen:  Rat’s glomerulus (section)
0,0, stained HE stained

SEM image: X 750 (secondary electron imdge)
Rat’s glomerulus

Surface morphology of
the bulk-state specimen is observed.

Specimen:

TEM image: x 750
Specimen:  Rat's glomerulus
The internal structure of
a thin section specimen is observed.
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