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Imaging Microscopy



Light path in an optical imaging microscope I
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Image formation I

Conjugate Field Planes in the Optical Microscope ;
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Specifications of an objective I
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Achromatic I

Objective Correction for Field Curvature
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Images are from http://micro.magnet.fsu.edu/



Types of objectives

Objective Spherical Chromatic Field
Type Aberration Aberration Curvature
Achromat 1 Color 2 Colors No
Plan Achromat 1 Color 2 Colors Yes
Fluorite 2-3 Colors 2-3 Colors No
Plan Fluorite 3-4 Colors 2-4 Colors Yes
Plan Apochromat 3-4 Colors 4-5 Colors Yes

Images are from http://micro.magnet.fsu.edu/



Resolution I

Empty Magnification

Without resolution, magnified images cannot
provide detailed information.

Images are from http://micro.magnet.fsu.edu/



Numerical aperture I

NA = {(n)sin{y)
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Numerical aperture and resolution I

Rayleigh criterion:
resolution ~ 0.611 /NA 0.611/NA

For dry samples, NA < 1.0

clearly resolved resolution limit

Ref: M. Born and E.Wolf, Principles of Optics, 6th ed. (Pergamon, Oxford, 1980), Chap. 8.
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Depth of field I

Depth of Field Ranges
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Contrast
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Fluorescence microscopy

False color images. Usually a monochrome
camera is used to capture the images, and
color is added in the digital image files.

Digital Imaging of Localized Fluorescent Protein Chimeras

Principle of Excitation and Emission
— Ultraviolet (Iu'.r} s T 2

and Visible

Light Emitted ‘
Bl —/

] uv

Ei:ail;tré?r (emission) EBFP - Nucleolus ECFP -‘Mitochondria
(a) (b)

€, %0
'] [ | ‘- i

EGFP -Vimentin' -

Fluorescent
Specimen

EYFP - Golgi DsRed2FP - ER

(d) (e}

HcRed1FP - Nucleus

Images are from http://micro.magnet.fsu.edu/ 3




Fluorescence microscopy I
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Differential interference contrast (DIC) I

Differential Interference Contrast Schematic The contrast iS from the
et ces gradient of the optical paths,

S — not the optical paths.
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Orientation in DIC I

Figure 10-8

Effect ol specimen ansmation in DIC microscopy. Since the shear 8xs 9 lioed in DIC optics,
the specimen itsalf must be rotated to highlight different features, Motice the diferential
emphasis of pores and strisg in the shell of a diatom, Amphipleura, using video-enhansed

DIC oplics

Ref: D. B. Murphy, Fundamentals of Light Microscopy and Electronic Imaging 6
(Wiley-Liss, New York, 2001).



Comparison between phase contrast and DIC I

Transparent Specimens in Phase Contrast and DIC

17



Fluorescence resonance energy transfer (FRET) Microscopy I
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Confocal Microscopy



Confocal microscopy I

Conventional fluorescence microscopy

Confocal microscopy

Images are from Scientific American, August 1994, p. 34. 20



Confocal images I

Improved depth resolution
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Three-dimensional point-spread function I

Aacial

Lateral:

0.88- A
A FWHM,, . = —o exc_
FWHMHmrerar =0.51 ﬁf i (n-yn*-Na’)

il refraciive index of fmmersion |'|.|'||.'|J'.
NA = numerical aperture of the microscope objective,
F P wervelengtl of the excitation ifghi

Ref: Carl Zeiss, Confocal Laser Scanning Microscopy 22
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Scanning system I
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Nanometer depth resolution: differential confocal microscopy I

When signal light is from a single surface

zero derivative
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Ref: C.-H. Lee and J. Wang, Opt. Commun. 135, 233 (1997). 25



Sample images of DCM
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Ref: C.-W. Tsai, C.-H. Lee, and J. Wang, Opt. Lett.
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Digital Images



A digitized image I
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Charge-coupled device (CCD) I

2. CCD camera
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Specifications of CCD cameras I

pixel size (8 um; 23 um)

pixel resolution (640 x 480; 1024 x 1024)
spectral response (300 nm to 1000 nm)
well depth (> 300,000 e)

dark current ( 50 pA/cm? at 20 °C)
dynamic range (> 85 dB)

digital or analog

bit depth (10 bit; 12 bit; 14 bit...)

30



Signal digitization I
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Sufficient sampling I
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Sampling frequency > 2 x signal bandwidth
For CCD cameras, the pixel size on the image should be smaller
than half the optical resolution.

From Carl Zeiss, Confocal Laser Scanning Microscopy 32



Related Technologies
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Multiphoton Microscopy I

Two-Photon Jablonski Energy Diagram
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Widefield optically sectioning microscopy I

\ M Homodyne detection principle

spatial phase shift: 2n/3 |p=\/(|1—|2)2+(|1—|3)2+(|2_|3)2

Axial response curve:

Ref: M. A. A. Neil, R. Juskaitis, and T. Wilson, Carl Zeiss ApoTome
Optics Letters 22, 1905 (1997).



Sectioned fluorescence images without scanning I

Fluorescence Optically sectioned




The concept of differential confocal microscopy I

When signal light is from a single surface
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The NIWOP technique I

70 nm trench on InGaAs

AFM
this technique

All the components are added 75 10 15 20 25 30 35

outside a bench-top microscope. Distance (um)

This technique is called non-interferometric widefield optical profilometry
(NIWOP).

C.-H. Lee, H.-Y. Mong, and W.-C. Lin, Optics Letters 27, 1773 (2002). 38



Observation of membrane ripples of a living cell I

1!'1“1 -
Bright field image

20 min 40 min

60 min

The ripples are moving away from the cell edge with an
average speed about 1.3 um/h.

C.-C. Wang, J.-Y. Lin, and C.-H. Lee, Optics Express 13, 10665 (2005).
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Highlighted in Virtual Journal for Biomedical Optics (January 2006)

The Virtual Journal for Biomedical Optics

Exploring the Interfaca of Ight and blomedicine

Editorial
Diffuse Imaging and Scattering

Microscopy and Optical Coherence Tomography
Optical Spectroscopies

Image Reconstruction and Data Processing
Biophotonics and Biosensors

Dptical Instrumentation and Endoscopy

In Vitro Diagnostics and Histology

Honinvasive Optical Magnostics

Vision and Color

Novel Light Sources and Novel Optics

Ocean and Plant Sdence

Laser Eye Protection

Bickogical Optical Materials

Edltﬂnal [shew all papses in this eategary]

Mambrana ripplas on a living
fibroblast call measused wsing
non-interferometric widefeld
optical profilomatry. For
details. see Dot Exprasy 13,
106635 (2003).
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Stimulated emission depletion (STED) microscopy
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Ref: G. Donnert et al., Proc. Natl. Acad. Sci. USA 103, 11440 (2006).
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Confocal microscopy for single molecules |

Blinking

Ref: W. E. Moerner and M. Orrit, Science 283, 1670 (1999).
42



X-ray microscopy |

The resolution of a zone plate is
(&) TXM: transmission x-ray microscope almost equal to the smallest
(outermost) zone width. With current
e-beam lithography, the smallest
zone width can be ~15 nm.
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Ref: C. Jacobsen, Trends Cell Biol. 9, 44 (1999). Ref: W. Chao et al, Nature 435, 1210 (2005).
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Compact soft x-ray microscope |

CCD

Resolution ~ 100 nm

Multilayer Image of diatom

mirror

R @ 3.37 nm

Ref: M. Berglund et al., J. Microsc. 197, 268 (2000). 44



X-ray microtomography |

Commercial product available

ST e
g
.

Vesicles inside a cell _ -
http://www.microphotonics.com

Capacitor

Resolution ~ 250 nm

Ref: Y.Wang et al., J. Microsc. 197, 80 (2000).

Resolution < 10 um 45



