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Optical Imaging Energy-Loss
Processes Spectra
(real space) (energy absorbtion)

Elastic Inelastic

Scattering Scattering

Diffraction Secondary
Spectra Signals
(reciprocal space) (excitation processes)

1. Signal can be focused — real space image 3. Energy loss spectra
(e.g., OM, SEM, TEM) (due to absorption of incident radiation)
2. Scattering angles can be collected and 4. Secondary signals such as x-rays or
analyzed 1in reciprocal space secondary electrons
(e.g., XRD or SAD) (due to excitation of electrons in material)

(Figure from D.Brandon and W. Kaplan, Microstructural Characterization of Materials, 2" Edition, Wiley (2008) p. 8)




XRD vs OM

XRD Optical microscope (OM)
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1 8t (refraction)
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# (refractive

Index

Vacuum
Air

Water
Cytoplasm
Glycerol
Immersion oil

Fused silica
Optical glasses

Diamond

1
1.0003

1.333

1.35-1.38 7

1.475 (anhydrous)
1.515

1.46
1.5-1.9

2.417

Depends on wavelength and temperature
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fa 58 (dispersion)
IENEY & s A ki A ES N E

http://gallery.hd.org/_c/natural-science/prism-and-
refraction-of-light-into-rainbow-AJHD .jpg.html
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Magnification in Compound Microscope

(fransmission illumination)

Final image
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Iris is a variable
aperture that

adjusts intensity of
light allowed in.

Optic nerve detects signal
projected onto retina by
curved lens.

~0.2 mMmm @ 25 cm distance

13






222 nm 182 nm 171 nm

Rayleigh limit Abbe limit Sparrow limit
g= 081 g= 050 g= DATA
NA NA NA A =510 nm

NA=14
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R, 0.61241
Ar(): — = .
M nsSinga

nsinc. #{EfL1Z(numerical
aperture NA) Visible Light:




MIEFLES DR

R, 0.6121
Ar(): — —

M

nsina

| ~ Numerical Aperture

BUEFLIE(N.A)

/

NA =n « sin(Q)
(a)oa=7° NA=0.12
(b) or = 20° NA = 0.34
(c) 0. = 60° NA = 0.87
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Effective magnification=

Resolution of naked eye

Resolution of microscope

» Effective magnification (M)

resolution of eye

0.2 mm

" max. resolution of LOM - 0.00015 mm

* M’s > M, make the image bigger, but do not

provide any additional
“empty magnification.”

detaills. This Is termed

~ 1333 x
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MIETRE TR
Some Types of Optical Microscopes
Simple optical microscope =——> One lens; 25x; 10 um resolution

Stereoscopic microscope ——> Two lens trains; 6-8x

Compound optical microscope =2 Objective + eyepiece + condenser
lenses; 1300x; 1 um resolution.
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Image formation in a reflected light microscope
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2 % (chromatic aberr.)

Axial Chromatic Aberration

Blur = 0.30 mm
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Ik Z (spherical aberr.)
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Microscope Objective Optical Correction Factors

10x Achromat 10x Fluorite 10x Apochromat

Lens
Doublet Lens
Triplet
Lens
Triplet
Lens
Lens Doublet

Meniscus
Lens

Figure 2
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60x Plan Apochromat Objective
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First image plane
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Spectral Intensity [W/sr/inm/1000cd]
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‘Spectral Profiles of Microscopy Light Sources
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FL1ZFti® (aperture diaphragm)
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Depth of Field Ranges

~ (0.15~0.30)n
Dr = (N.A)M (m) §

- 0.15~0.30, $EL7#%
R, oum

e n, AHTRY Depth

* NA., PIEHEFLE "I“’

* M, EREREMAER

Figure 1
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Photodiodas (Pixatgcn Gh‘f"gtical shift registers 1% % :\:Ilggochromatic
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FEFF R %

1bit (21= 2 intensity levels

3 bits (23 = 8 intensity levels

)
2 bits (22 = 4 intensity levels)
)
8 bits (28 = 256 intensity levels)

102 153 204 255




overexposed
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« Highest useful digital image resolution in optical
microscopy is achieved, if the minimal distance between
distinguishable 2 points (=optical resolution of the
objective) gets detected by 2 or 3 pixels.

Pixel Size Requirements for Maximum Resolution
in Optical Microscopy

Objective Res<->lu.tion !’rojected Requir_ed Pixel
(numerical aperture) .lelt Slze_ on CCD .S|ze
(microns) (microns) (microns)
4x (0.20) 1.5 5.8 29
10x (0.45) 0.64 6.4 3.2
20x (0.75) 0.39 7.7 3.9
40x (0.85) 0.34 13.6 6.8
40x (1.30) 0.22 8.9 4.5
60x (0.95) 0.31 18.3 9.2
60x (1.40) 0.21 124 6.2
100x (0.90) 0.32 32.0 16.0
100x (1.25) 0.23 23.0 11.5
100x (1.40) 0.21 21.0 10.5




