Syllabus for MAT 571 Introduction to Electron Microscopy

Ver. 2022spring
Instr,:  Mehmet Ali Gulgun
TAs:
1-2 weeks

Specimen electron beam interactions, an overview

6-8 weeks

(Scanning) Electron Microscope

3-5 weeks

Transmission Electron Microscopy

Recommended Books for the course

1
“Scanning Electron Microscopy and X-Ray Microanalysis” by J. I. Goldstein, D. E. Newbury, P. Echlin, D. E. Joy, C. Fiori, and E. Lifshin, Plenum press

2 “Transmission Electron Microscopy” by D. B. Williams and C. B. Carter. Plenum press

3 QED The strange Theory of Light and Matter, Richard P  Feynman, Penguin Books, 

Other Books you may find useful:

1. “Diffraction Physics,” by J. Cowley, North Holland PL, 1990

2. “High Resolution Transmission Electron Microsopy and Asssociated Techniques”, P. Buseck, J. Cowley, and L. Eyring, Oxford, 1992

3. “Elektronenmikroskopie” Flegler, Heckman, Klomparens. Spektrum, 1993.

Topics to be covered: (approximately)

A Brief History of Microscopy: 

OLM vs EM

Electron Beam Specimen Interactions


Elastic versus inelastic interactions

Scanning Electron Microscope

Electron Optics



Electron sources



Lenses



Electron detectors

Image formation in SEM


Magnification


Depth of Field/Depth of Focus


Contrast

Chemical Analysis in SEM


X-ray Spectroscopy

Energy Dispersive X-ray Spectroscopy




Qualitative EDS analysis




Quantitative EDS analysis





ZAF correction





Thin film approximation

Wavelength Dispersive X-Ray Spectroscopy

Transmission Electron microscopy


Column optics



Image formation



Electron diffraction

Specimen preparation for SEM and TEM analysis


For inorganic materials


For biological samples

Rules of attendance for MAT 571 Introduction to Electron Microscopy 


1. Attendance to lectures and to labs at the pre-agreed times is a MUST. Not attending lab-sessions twice is an automatic failing grade of F
2. Students who cannot attend a class or labs are to either
    a) contact the instructors with their excuse for letting them know that they cannot make it to class or lab hours BEFORE lab or class
    b) or bring a valid MD's excuse for their medical inability after the class.
3. Missed classes or lab hours are not repeated.
4. Failing to attend lab hours without showing the courtesy of letting the instructors know ahead of time two times will result in an F-grade for the course.

Midterm #1
40 %

Midterm #2
40 %

Lab reports  20 % (with 5% each successful report)

No Cell phone in lecture rooms.
Labs for Microscopy:

Lab week #2 Introduction of the microscope @SEM

The column, detectors and their functions (show the faraday cage in front of the ET SE detector and introduce BSE detector to show its location), mention the coincidence point of EDS and BSE. vacuum system, the computers for imaging and EDS) 
Lab week #3 Specimen Preparation and introduction of the sample 

into the scope. (prepare one solid sample and one powder sample with and without coating, turning on the microscope and finishing the session)
Lab #4 Imaging in SEM. (SE detectors, their difference, use the

 metallic sample to show the effect of EHT on SE vs BSE contributions, and on fiber samples, surface vs penetration effects.) Lab report#1
Lab #5 Imaging (effect of working distance on resolution, depth of focus, 


and ranges of accelerating voltages) Lab Report # 2
Lab #6 Imaging with SE and BSE detector (Cement sample, effect of 
EHT and aperture on BSE efficiency, and SE and BSE resolution) Lab report#3
Lab #7 Analytical Electron Microscopy EDS coupled with BSE (Cement 
sample,  point analysis, mapping, quantitative EDS correlation to BSE contrast) Lab Report #4
Lab #8 TEM (hopefully) the microscope and its operation in imaging,
ALUMINA CERAMIC SAMPLE Poly-X

Lab #9 TEM (hopefully) diffraction (

ALUMINA CERAMIC SAMPLE Poly-X Lab report #5 extra points)

