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Debluring!
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Scan the sample in X , Y and 
Z   �



Scan the beam X , Y & 
Z   �



Scan the beam X , Y & 
Z   �



Scan the beam X , Y & 
Z   �









•  Optical layout of wide field 
epifluorecence microscope 

•  Unlike wide field microscope, 
illumination is from a laser, and focused 
to a diffraction limited spot  

•  Fluorescence from specimen is 
directed to a photomultiplier 

•  Out of focus light is rejected by the 
confocal pinhole 

•  Spot is scanned over specimen (raster 
scanning)  

•  Image is composed in computer (image 
is not visible by eye!) 

Scanning	
  basics	
  



•  In laser scanning confocal microscopes 
spot is scanned over specimen 

•  Scanning is typically realized by a pair 
of mirrors that rotate back and forth at 
high rates (up to 1000 cycles/sec) 

•  One mirror (the fast mirror) scans the 
beam in one direction (usually in X) 

•  The other (the slow mirror) scans the 
beam in the other direction (usually in 
Y) 

•  Mirrors are connected to scanner 
galvanometers – precision positioners 
driven by special electronics 

•  As good as these are, there are limits 
to scanning rates, resulting in relatively 
slow frame rates (at most a few frames 
per second) 

•  By positioning the mirror in a conjugate 
plate of the objectives back aperture, 
angle translates precisely to position in 
the image plane 

Scanning	
  basics	
  



Confocal	
  strengths:	
  
Op9cal	
  sec9oning	
  no	
  out-­‐of-­‐focus	
  	
  
Theory:	
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Weaknesses:	
  
Slower	
  
Lower	
  sensi9vity	
  (PMT	
  <5%	
  QE)	
  	
  
-­‐>Higher	
  photodamage	
  
-­‐>Lower	
  signal	
  
-­‐>Satura9on	
  of	
  dyes	
  
-­‐>Satura9on	
  of	
  Detector	
  	
  
Hard	
  to	
  quan9fy	
  intensi9es	
  
Heavy	
  and	
  expensive	
  instrument	
  
Mul9ple	
  Lasers	
  for	
  colors	
  
	
  
	
  	
  



Although the major advantage of laser scanning confocal microscopy relates to 
image quality,  other advantages are significant 

•  Electronic zoom, pan and rotation – changing the scanning parameters can be 
used to rapidly change magnification, region of interest and image orientation 

•  Multiple channels – by splitting the emission between several PMTs, images of 
multiple  fluorophores can be acquired simultaneously with all images in perfect 
registration 

•  Spectral unmixing  -multiple channel imaging can be used to separate fluorphores 
with overlapping emission spectra 

•  Transmitted light imaging – by adding a detector  in the transmitted light path, 
brightfield, DIC/Nomarski images can be collected simultaneously 

•  Region of Interest scanning –by using AOTFs, scanning can be limited to specific 
arbitrary regions (FRAP, photoactivation) 

•  Line scanning – by scanning the same line, data from small regions can be 
collected at very high rates (500-1000 samples /sec) 

•  3D reconstruction is simple and allows real-time display 
  

Addi9onal	
  advantages	
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Spectral unmixing 

YFP and auto fluorescence 



Combining	
  fluorescence	
  and	
  transmiEed	
  light	
  images	
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3D	
  reconstruc9on	
  and	
  visualiza9on	
  

MDCK	
  cells	
  grown	
  in	
  3D	
  collagen	
  culture	
  
Ran	
  Li	
  and	
  Ann	
  Marie	
  Pendergast	
  
hEp://microscopy.duke.edu/gallery.html	
  	
  

Cultured	
  hippocampal	
  neuron	
  transfected	
  with	
  GFP	
  	
  
University	
  of	
  Strathclyde	
  Centre	
  for	
  Biophotonics	
  
hEp://www.biophotonics.strath.ac.uk	
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Multi-color imaging �
�

Discrete filters: (Squencial or simultaneous)�
  Narrower for multicolor to reduce cross-talk �
  Color decomposition with multiple exposures�
  4-5 colors can be resolved�
�
�
Spectral Imaging: �
  Records the whole emission spectrum�
  3D data block for each 2D image�
  Each fluorophore can be deconvolved�
""if no spectral shifts�

    if background and auto-fluorescence << signal�
  In practice 5-6 colors can be resolved �
�



Modula9on:	
  AOTF	
  
•  	
  AOTF	
  =	
  Acousto-­‐Op9c	
  Tunable	
  Filter	
  	
  
•  Used	
  to	
  separate	
  a	
  par9cular	
  wavelength	
  

from	
  a	
  mixture	
  of	
  wavelengths	
  
•  Also	
  used	
  to	
  modulate	
  the	
  intensity	
  of	
  the	
  

selected	
  wavelength	
  
•  Mul9ple	
  wavelengths	
  can	
  be	
  selected	
  

simultaneously	
  and	
  controlled	
  separately	
  
•  Switching	
  9me	
  on	
  the	
  order	
  of	
  

microseconds	
  
•  Can	
  also	
  be	
  used	
  to	
  illuminate	
  regions	
  of	
  

interest	
  (ROIs)	
  while	
  scanning	
  
•  Made	
  of	
  a	
  tellurium	
  dioxide	
  crystal,	
  that	
  is	
  

“bombarded”	
  by	
  an	
  acous9c	
  (periodic	
  
pressure)	
  wave	
  

•  As	
  a	
  result	
  the	
  crystal	
  laece	
  structure	
  is	
  
alternately	
  compressed	
  and	
  relaxed	
  
conver9ng	
  it	
  into	
  a	
  gra9ng	
  that	
  diffracts	
  
light	
  



Modula9on:	
  AOTF	
  
Crucial	
  func9on:	
  
Turn	
  of	
  laser	
  beam	
  when	
  
data	
  is	
  not	
  collected	
  -­‐	
  avoid	
  
unnecessary	
  exposure	
  

“kill zones�

Beam	
  off	
  
Beam	
  on	
  



Modula9on:	
  AOTF	
  

CFP 
PAGFP Synapsin I 
(before photoactivation) 

PAGFP Synapsin I 
(after photoactivation) 

PAGFP Synapsin I 
(after full field photoactivation 

10µm 









Spinning	
  disk	
  (Nipkow)	
  confocal	
  
•  Laser scanning confocal microscopes have two major 

shortcomings 
•  Slow scan rates (limited by scanner galvanometer  

mechanics) 
•  Light concentrated in time and space (scanning spot) – 

leading to fluorophore saturation and extended 
photobleaching  

•  An alternative – spinning disk confocal microscopy (Nipkow 
disks) 

•  (Historically, spinning disks predated laser scanning 
systems…) 

•  Fast scan rates (up to 1000 images/sec) 
•  Allows use of high QE detectors (i.e. EMCCDs) 
•  Less bleaching 

   

Paul	
  GoElieb	
  Nipkow	
  

The	
  Mechanical	
  Television	
  



Spinning	
  disk	
  confocal	
  



Spinning	
  disk	
  confocal	
  

disk	
  

Specimen	
  

Multiple spots generated by multiple pinholes 
Each pinhole serves as a miniature confocal system 



Spinning	
  disk	
  confocal	
  
Problem: 
•  Only a minuscule amount of light passes 

through pinholes 

Solution: 
•  The Yokogawa Microlens-enhanced 

Nipkow Disk  
 



Spinning	
  disk	
  confocal	
  



Spinning	
  disk	
  confocal	
  

Not everything is perfect: 
•  Complicated (and expensive) system 
•  Axial resolution hampered by pinhole 

crosstalk 
•  Multiple emission channels and spectral 

unmixing – difficult (multiple CCDs, 
registration) 

•  Although high frame rates are possible in 
principle, in practice multiple frames are 
accumulated/averaged to obtain useful 
data 

   











































Mul9photon	
  confocal	
  microscopy	
  
•  A relatively new technique that had some unique 

advantages 
•  Excitation of fluorescent molecules occurs at focal 

plane only, hence: 
•  Much less bleaching and photo damage 
•  Pinhole not needed – all emitted light is used 

•  Based on IR light – much better tissue penetration 
(hundreds of micrometers) 

•  Requires special pulsed lasers (very expensive), and 
special optics 

•  Mainly used for in vivo imaging  
•  Lower resolution than single photon confocal 

microscopy 
•  Use of multiple fluorophors is tricky. 



Mul9photon	
  confocal	
  microscopy	
  

•  Basic idea: use 2 or 3 low energy photons (long 
wavelength) to simultaneously excite a 
fluorescent molecule 

•  As this is a very low probability event, it will 
occur in significant amounts only where photon 
flux is concentrated enormously 
•  in space – at focal plane 
•  In time – by concentrating all energy into 

incredibly brief pulses (~100 femtosec or 
10-13 sec) repeated at  80 -100 megahertz  

•  For 2P excitation,  
Fluorescence   α  (power) 2 

 and 
(power)d= 1/d2 · (power)focal point 

•  Therefore, excitation drops with the 4th power of 
distance from focal plane 








