Department of Earth Sciences — Fall 2026

ERTH 711 Special Topics in Earth and Planetary Sciences - Electron & Ion
Microscopy (3 credits)

Instructor: Dr. Elena Dobrica

Contact information: dobrica@hawaii.edu

Office location: POST 526
Office hours: By appointment.

Lectures: TR 03:00 — 04:15 pm in POST 708; lab sessions in POST 008

I. Course description

This graduate-level course offers a comprehensive introduction to scanning electron microscopy
(SEM), focused ion beam (FIB) techniques, transmission electron microscopy (TEM), and their
applications in Earth, planetary, and materials sciences. Through lectures and hands-on lab sessions
(SEM and FIB), students will learn the theoretical principles, instrument operation, and analytical
techniques essential for high-resolution imaging and microanalysis. The course emphasizes imaging
modes, energy-dispersive X-ray spectroscopy (EDS), electron backscatter diffraction (EBSD), and
specimen preparation strategies for geological and extraterrestrial materials. Students will gain direct
experience with instrumentation and are encouraged to analyze their own research samples. By the
end of the course, students will be able to independently operate SEM and FIB systems and critically
evaluate analytical results.

11. Course Information, Policies and Resources

a. Focus designation and hallmarks: This course emphasizes the development of practical and
analytical skills critical to graduate-level research. Students will understand the applications, benefits,
and limitations of SEM, FIB, and TEM techniques, supporting the development of critical reasoning
in experimental design, data interpretation, and analytical workflows across Earth, planetary, and
materials sciences.

b. Attendance policy: Students who are enrolled in this course, but never attend will be
flagged by the course instructor for non-participation before the last day to add/drop (for 100% tuition
refund) deadline. Flagged students will be administratively dropped by the Office of the Registrar.
Any changes to a student’s enrollment status may affect financial aid eligibility and can result in the
return of some of all of federal student financial aid.
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c. Statement on Disability: KOKUA Program: If you have a disability and related access
needs, please contact the KOKUA Program (Office for Students with Disabilities) at 956-7511,
KOKUA@hawaii.edu, or go to Room 013 in the Queen Lili‘uokalani Center for Student Services.
Please know that I will work with you and KOKUA to meet your access needs based on disability
documentation. Kokua’s services are confidential and offered free of charge.

d. Academic Integrity and Ethical Behavior: Office of Student Conduct: Cheating,
plagiarism, or other forms of academic dishonesty are not permitted within this course and are
prohibited within the System-wide Student Conduct Code (EP 7.208). Examples include: fabrication,
falsification, cheating, plagiarism, and use of improper materials. Any incident of suspected academic
dishonesty will be reported to the Office of Student Conduct for review and possible adjudication.
Additionally, the instructor may take action in regards to the grade for the deliverable or course as
they see fit.

e. Office of Title IX: (808) 956-2299 / t9uhm(@hawaii.edu / https://manoa.hawaii.edu/titleix/

f. Department of Public Safety: (808)956-6911 (Emergency) / (808)956-8211 (Non-
Emergency) http://manoa.hawaii.edu/dps/

g. UH System Basic Needs: Student basic needs security is critical for ensuring strong academic
performance, persistence and graduation and overall student well being. If you or someone you know

are experiencing basic needs insecurity, please see the following resources: UH System Basic Needs

h. Student Success Resources: The Division of Student Success (DSS) houses student support
services to build success inside and outside the classroom. If you want learning assistance, academic
advising, career resources and guidance, counseling, family and relationship support, identity-based
support, services for underrepresented groups, health and wellness services, opportunities for
leadership growth, and community engagement, you will find this and more in DSS, (808) 956-3290,
https://manoa.hawaii.edu/studentsuccess/departments/

III. Course Content and Learning Objectives

A. Course Content

1. Sample requirements and preparation
Representativeness of samples
Electron-solid interactions
Ion-solid interactions
Components of the dual-beam SEM/FIB
Gas injection system chemistries and considerations
Imaging modes in the SEM/FIB
Energy-dispersive X-ray spectroscopy (EDS)
Introduction to electron backscatter diffraction (EBSD)
10 Introduction to the transmission electron microscopy (TEM)
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B. Course Learning Objectives
Upon successful completion of this course, students will be able to:

1. Independently operate SEM and FIB instruments.

Select and apply appropriate imaging and analytical techniques based on research goals and

sample characteristics.

Prepare samples for SEM, FIB, and TEM analyses using proper procedures.

4. Interpret and critically evaluate SEM and EDS data, recognizing instrumental limitations
and artifacts.

5. Understand the principles, capabilities, and limitations of TEM for materials
characterization.

6. Communicate microscopy-based scientific results clearly in both written and oral formats.
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C. Program and Institutional Learning Objectives

This course contributes to the following EPS Graduate Program Learning Objectives (PLOs) for
both M.S. and Ph.D. students:

e Technical Knowledge: Students will apply theoretical and practical knowledge of SEM,
FIB, and TEM methods in geology, geophysics, and planetology.

e Scientific Method (Effective and Ethical Practice): Students will formulate hypotheses
and apply microscopy techniques to test them, analyze and interpret data, and draw valid
conclusions.

e Communication: Students will communicate their findings in both written and oral forms,
including preparation of a scientific-style report and presentation.

o Employability/Contributions Post-Graduation: Students will acquire the technical and
professional skills needed to contribute meaningfully to academic, governmental, or industrial
research settings.

IV. Required Texts and Readings

Recommended Textbook: Scanning Electron Microscopy and X-Ray Microanalysis (4th ed.) by
Goldstein J.I., Newbury D.E., Michael J.R., Ritchie N.W.M., Scott J.H.J., and Joy D.C.

V. Course Assignments, Evaluation and Grading

Attendance i1s mandatory. Late submissions will be penalized unless previously approved by the
instructor. Final grades will be calculated as follows:

e Assignments — 15%

e Midterm Exam — 20%

e Laboratory Practical Exam — 25%

« Final Report and Presentation — 30%

e Participation — 10%
Final Report Requirements: Each student will submit an individual written report and give a brief
oral presentation. The written report must include: a) research question and hypothesis; b) analytical



approach; c) instrumentation and settings used; d) results and interpretation; e) discussion of
artifacts/limitations; f) conclusions and recommendations. The oral presentation will summarize the
project and highlight key findings. Both components will be graded using clearly defined rubrics.



	B. Course Learning Objectives
	C. Program and Institutional Learning Objectives

