CME 785
SCANNING ELECTRON MICROSCOPY

Fall Semester 2010
Monday, August 30

Lecture:

Introduction





Demonstration:
 
Operation of the SEM


Readings:

SEM Student Handbook, pp. 1-47

Wednesday, September 1

Lecture:

Operation of the Microscope

Filament saturation

Module-by-module description of the SEM

Cautions

Demonstration:
Microscope operation

Readings:
Handout – Operation Manual

Lab:
Individual Instruction

Monday, September 6
Labor day – No Class





Lab: Individual Instruction continued

Wednesday, September 8

Lecture:

Vacuum Systems:  Theory and Applications





What is High Vacuum?





The Mechanical Pump





The Oil Diffusion Pump




Secondary Electron Signal





Spot Size





Resolution





Signal

Monday, September 13

Lecture:

Specimen Preparation I - Coating Specimens





The generation of secondary electrons and the need for specimen coating





Sputter coating





High vacuum evaporation





Osmium-thiocarbohydrazide-osmium impregnation





Random potentials





Uncoated specimens

Digital Image Acquisition, Annotation,Transfer and Save

Demonstration:

Operation of the sputter coater 


Readings:

Operation Manual for Denton Sputter Coater





SEM Student Handbook, pp. 145-168

Laboratory
Sputter coat a specimen (paper or a dry specimen of your choice) and produce a micrograph of it  


Assignment:

Save an Image to Personal folder on Data G
( Due 9/15)
Wednesday, September 15
Lecture:

Specimen Preparation II - Specimen Drying

Fixation

Critical Point Drying

Freeze Drying

Chemical Dehydration


Artifacts


Demonstration:

Use of the Critical Point Drying Apparatus 





Operation of the SEM


Readings:

SEM Student Handbook, pgs. 115-145


Laboratory

Prepare a fungal sample utilizing the critical point drying apparatus and  TMS

Assignment:

produce 1 micrograph utilizing each technique   (DUE:  9/22)
Monday, September 20

Lecture:

Accelerating Voltage and Filament Saturation




Edge Effect

Laboratory

3 micrographs demonstrating the choice of accelerating voltage (insect


Assignment:

or fungi, minimum magnification 1000x)  (DUE: 9/22)



Reading

 


Assignment:

SEM Student Handbook, pp. 47-65

Wednesday, September 22




Optimizing Depth of Field




Discussion of  the factors which affect depth of field





Apertures – Use and Alignment


Laboratory

4 micrographs demonstrating effect of working distance on depth of


Assignment:

field (gold grid tilted 60(, 1200x)    (DUE 9/27)




Buy  Epson Photo Quality Paper- Glossy  ( for 9/29 lab)
Monday , September 27
Lecture:

Resolution




The concept of resolution




Factors which limit resolution

Astigmatism—Its cause and correction

Laboratory

4 micrographs demonstrating effect of spot size, working distance,

Assignment:

and astigmatism on resolution and contrast (gold grid at 20,000x,30,000x)




(DUE:  10/4)
Wednesday, September 29
Digital Darkroom I


Lecture:

Pixelated Images and Histograms





Contrast Enhancement





Photoshop I





Printing Digital Images  




Adding Text

Laboratory 


Assignment:

Print Two SEM Images (Due 10/4)
Monday, October 4




Cryofracture

Laboratory 

Assignment:

One micrograph utilizing cryofracture (Due 10/11)
Wednesday, October 6
Digital Darkroom II

Look-up Tables


Transforming Black and white images into color




Discussion of  Final Projects


Laboratory 

Assignment:

Print a micrograph to which color has been added (Due 10/11)
Monday, October 11



  
Use of Apertures





Review for Exam
Wednesday, October 13



  
EXAM I

Monday, October 18




Stereo Microscopy

Laboratory 


Assignment:

Take a Stereo Pair (Due 10/20)
Wednesday, October 20




Low Accelerating Voltage
Digital Darkroom III

Laboratory 


Assignment:

Print a Red-Green Stereo Pair (Due 10/25)
Monday, October 25
Lecture:

Primary (Backscattered electron) Mode of Operation




Generation of the primary image




Biological applications




The use of heavy metal stains and markers

Demonstration:
Operation of the backscatter detector

Readings:

Primary mode of operation hand-out

Laboratory

1 micrograph utilizing the primary mode of operation (crystals

Assignment:

in wood)   (DUE:  10/27)
Wednesday, October 27
Backscatter (cont’d)

Digital Darkroom IV




Image Processing 





Noise reduction, sharpen, unsharp mask


Laboratory 


Assignment:

1 micrograph utilizing BSE for Atomic Number Contrast





1  micrograph demonstrating sharpen or unsharp masking
( Due 11/1 )

Monday, November 1

Lecture:

Energy-Dispersive X-ray Analysis I





The generation of x-rays in the SEM





X-ray detection





Interpretation of spectra and artifacts

 
Demonstration:

Operation of EDXA System


Readings:

SEM Student Handbook, pp. 69-111





Operation of  EDXA Handout


Laboratory




Assignment:

An x-ray spectrum of a known 
(DUE:  11/3)
Wednesday, November 3




Discussion of Final Projects II




EDXA Unknowns
Monday, November 8

Lecture:

EDXA II






Elemental Mapping






TRIX






Line Scan






Spot Analysis






Quantitation


Demonstration:
TRIX





Elemental Mapping





Line Scan


Laboratory

An Elemental Map


Assignment:


(DUE:  11/10)



Wednesday, November 10
Transmission Electron Microscopy
Monday, November 15
Review
Wednesday, November 17
EXAM II
Monday, November 22

 Light Microscopy

Wednesday, November 24




Thanksgiving Recess
Monday, November 29


Final Project Progress Assessment
Wednesday,  December 1
Final Project Progress Assessment
Monday, December 6

Low Vacuum Operation
Wednesday, December 8
No Class
Friday, December 10



Projects Due at 4:00 P.M.





Students submit projects and micrographs.  Students return





keys, cleaned SEM stubs, and specimen boxes.






Grades will not be submitted to Registrar until all materials have 






been accounted for.

REQUIREMENTS FOR THE ERE 785FINAL PROJECT

Part I  -  A portfolio of micrographs demonstrating the following techniques


1. Critical Point Drying


2. Depth of Field


3. Backscatter*


4. Energy Dispersive X-ray Analysis*

5. High Magnification (>50,000 )

6. Stereo Pair

7. Cryofracture

8. Aesthetic (Optional)

* - must be accompanied be a secondary image of the same

Part II  –  Publication Micrograpghs -  The micrograpghs should be presented as if they were to be submitted for publication in a national peer reviewed journal. This includes Figure Legends with final magnifications.

1. A series of micrographs relating to a biological specimen

2. A series of micrographs relating to a non-biological specimen

A minimum of 8 micrographs relating to each subject

No more than 3 micrographs from Part I  may be used in Part II

TEXT

Scanning Electron Microscopy – A Students Handbook, Postek et al.,Ladd Research Inc.
STUDENT LEARNING OUTCOMES:

After completing this course the student should be able to:

1. Understand the theory and use of the scanning electron microscope (SEM) as a scientific tool

2. To have knowledge of the wide range of scanning electron microscope techniques currently available (secondary, backscatter, x-ray, field emission, cryo)

3. To be able to determine the type of specimen preparation techniques necessary for biologic and non-biologic specimens

4. To be able to interpret artifacts and specimen structures based on the type of image and specimen preparation

5. To be able to prepare specimens for examination with the SEM using the techniques of fixation, drying, sputter coating, carbon coating, rotary shadowing, HVEM.

6. To be able to capture and prepare digital images of a variety of samples 

7. To have awareness of other advanced microscopy techniques such as light microscopy, transmission electron microscopy, confocal and others, and the appropriate technique for the sample and research goal.

8. Operate a scanning electron microscope for an employer.

MAJOR CONCEPTS OR METHODOLOGIES: 
This course will cover the theory and operation of scanning electron microscopes.  Concepts include resolution versus contrast, signal generation, accelerating voltage, spot size, apertures.  Other concepts to be covered are the reasons for choosing the appropriate specimen preparation technique for both biological and non-biological samples, artifacts due to specimen preparation, and artifacts introduced during image generation, as well as digital image acquisition and introductory image processing. 

