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Department of Electrical and Computer Engineering 
ECED6240/Credit Hours:3 

Complementary Metal-Oxide-Semiconductor – MicroElectroMechanical Systems 
(CMOS-MEMS) 

Winter 2021/2022 
Fall 2022/2023, Friday 9:00 – 12:00 

 
Instructor: Yuan Ma 
Office: C314 
Office Phone: 902 494 6129 
Office Hours:  by appointment 
Email: Yuan.Ma@Dal.Ca 
Course Website: mems.ece.dal.ca/eced6240.php 
 
Course Description 
This course includes an introduction to MicroElectroMechanical Systems (MEMS) with a focus on 
integration of MEMS with CMOS technology. Design principles, techniques and micro-fabrication process 
are covered. Electrical and mechanical concepts of MEMS characterization are introduced. 
Contemporary computer aided design and analysis tools such as L-Edit, COMSOL and ANSYS are 
introduced. Students will work on a project to design, simulate and implement a MEMS system for 
selected applications. 
 
Course Learning Outcomes  
Upon completion of this course, students should be able to: 

o Understand basic MEMS working principles and micro-fabrication processes; 
o Use design MEMS design techniques and design rules to design basic MEMS structures; 
o Calibrate simple MEMS devices; 
o Use CAD tools efficiently for design, analysis and implementation of basic sensors and 

actuators. 
 
Reference Text(s) 
Foundations of MEMS, by C. Liu, Pearson; 
CMOS-MEMS, edited by H. Baltes et al. 
 
Course Schedule 
The first half of the term will focus on the basics of instrumentation and MEMS. The seco 
 

Week/Module 
Class Dates 

Focus Topic Lab Activities Readings 

1 Introduction to CMOS and MEMS Video- Silicon Run Ch 1, Baltes, Liu 

2 Electrical and mechanical concepts ------ Ch 3, Liu 

3 Bulk / surface micromachining MUMPS process tutorial Ch 2, 10 Liu 

4 MEMS actuation principles ------ Ch 4-9, Liu 

5 Sensing and actuation L-EDIT tutorial Ch 9, Liu 

6 MEMS calibration methods COMSOL tutorial Ch 2-5 Baltes 

7 Optical interferometer  Veeco tutorial Ch 5-6 Liu 

8 Advanced topics: Optical MEMS ES micromirror tutorial Ch 15, Liu 

9 Study Break ----- ----- 

10 Project - Design L-EDIT  ---- 

mailto:Yuan.Ma@Dal.Ca
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Week/Module 
Class Dates 

Focus Topic Lab Activities Readings 

11 Project – Simulation COMSOL ---- 

12 Project - Presentation Presentation ---- 

 
 
Course Assessments 
 
Components of your grade include assignments, labs, and a project. 

 

Assignments (30%): Brightspace submission of three written assignments will be required. Assignments 

and due dates will be posted on the course website. No late assignments will be accepted. 

 

Labs (30%): There will be two labs in this course. One focuses on the design of MEMS, and the 

other is for the finite element analysis of MEMS. Each lab may take a few lab sessions to finish. 

Details regarding the labs will be posted on the course website. 
 

Project (40%): Two types of projects can be carried out by each student or a group of two students 

depending on the scale of the difficulty. - Design projects: You can use LEdit, or MEMS Pro or other 

microelectronics design and simulation tools to develop a CMOS – MEMS application. The project 

should cover the design objectives, design approaches, performance simulation and final CMOS – MEMS 

fabrication layout. - Literature review project: Certain research topics in CMOS – MEMS with an in-

depth literature search and review into chosen topics in CMOS – MEMS research areas with a detailed 

report can be a great project. The review must be thorough and high quality. 

 

Project deliverables: Each group submit a report with necessary appendix of program files, plots, 

design diagrams, and layout for fabrication if possible. Deadline:  

 

The project is due on December 8th, 2022. 
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Associate Deans Office – Undergraduate Studies 
 
Associate Dean: Dr. Timothy Little timothy.little@dal.ca  
Undergraduate Office Coordinator: Jason Lecoure Jason.lecoure@dal.ca  
Student Success Coordinator: Karyn Hemsworth Karyn.hemsworth@dal.ca 
General Inquires: engineering@dal.ca  or (902) 494-2963 
 
Dalhousie Engineering Student Oath 
 
I, as one who is preparing to enter the profession of engineering, promise to conduct myself in an 
honorable and ethical manner, and, as such, I will not cheat, plagiarize or be involved in any other 
academically dishonest activities.  I shall uphold the values of truth, honesty and trustworthiness.  I shall 
study diligently so that I will be able to safeguard human life, to protect the welfare of society and the 
environment, and to uphold the reputation of the profession.  In all this I shall be concerned for the well-
being of others, and not just myself.  
 

University Policies, Statements, Guidelines and Resources for Support 
 

This course is governed by the academic rules and regulations set forth in the University Calendar 
and the Senate.   https://academiccalendar.dal.ca/Catalog/ViewCatalog.aspx?pageid=viewcatalog 

 

University Statements 
 

• Territorial Acknowledgement:   
 

Dalhousie University is located in Mi’kma’ki, the ancestral and unceded territory of the Mi’kmaq. We are 
all Treaty people.1 
 

• Internationalization  
 
At Dalhousie, ‘thinking and acting globally’ enhances the quality and impact of education, supporting 
learning that is “interdisciplinary, cross-cultural, global in reach, and orientated toward solving problems 
that extend across national borders.”  https://www.dal.ca/about-dal/internationalization.html 
 

• Academic Integrity  
 

At Dalhousie University, we are guided in all of our work by the values of academic integrity: honesty, 
trust, fairness, responsibility and respect. As a student, you are required to demonstrate these values in 
all of the work you do. The University provides policies and procedures that every member of the 
university community is required to follow to ensure academic integrity. (read more: 
http://www.dal.ca/dept/university_secretariat/academic-integrity.html) 

 

• Accessibility  
 

The Student Accessibility Centre is Dalhousie's centre of expertise for student accessibility and 

 
1 For more information about the purpose of territorial acknowledgements, or information about 
alternative territorial acknowledgements if your class is offered outside of Nova Scotia, please visit 
https://native-land.ca/.  

mailto:timothy.little@dal.ca
mailto:Jason.lecoure@dal.ca
mailto:Karyn.hemsworth@dal.ca
mailto:engineering@dal.ca
https://academiccalendar.dal.ca/Catalog/ViewCatalog.aspx?pageid=viewcatalog
https://www.dal.ca/about-dal/internationalization.html
http://www.dal.ca/dept/university_secretariat/academic-integrity.html
https://native-land.ca/
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accommodation. The advising team works with students on the Halifax campus who request 
accommodation as a result of: a disability, religious obligation, or any barrier related to any other 
characteristic protected under Human Rights legislation (NS, NB, PEI, NFLD). 
 
If there are aspects of the design, instruction, and/or experiences within this course that result in 
barriers to your inclusion please contact: 

• the Student Accessibility Centre (https://www.dal.ca/campus_life/academic-
support/accessibility.html) for all courses offered by Dalhousie with the exception of Truro. 

• the Student Success Centre in Truro for courses offered by the Faculty of Agriculture 
(https://www.dal.ca/about-dal/agricultural-campus/student-success-centre.html) 

 
Please note that your classroom may contain accessible furniture and equipment. It is important that 
these items remain in the classroom, undisturbed, so that students who require their use will be able to 
fully participate.  
 

• Conduct in the Classroom  –  Culture of Respect 

 
Substantial and constructive dialogue on challenging issues is an important part of academic inquiry and 
exchange.  It requires willingness to listen and tolerance of opposing points of view.  Consideration of 
individual differences and alternative viewpoints is required of all class members, towards each other, 
towards instructors, and towards guest speakers.  While expressions of differing perspectives are 
welcome and encouraged, the words and language used should remain within acceptable bounds of 
civility and respect. 
 

• Diversity and Inclusion – Culture of Respect  
 

Every person at Dalhousie has a right to be respected and safe. We believe inclusiveness is fundamental 
to education. We stand for equality. Dalhousie is strengthened in our diversity. We are a respectful and 
inclusive community. We are committed to being a place where everyone feels welcome and supported, 
which is why our Strategic Direction prioritizes fostering a culture of diversity and inclusiveness (Strategic 
Priority 5.2). (read more: http://www.dal.ca/cultureofrespect.html)  
 

• Student Code of Conduct 
 

Everyone at Dalhousie is expected to treat others with dignity and respect. The Code of Student Conduct 
allows Dalhousie to take disciplinary action if students don’t follow this community expectation. When 
appropriate, violations of the code can be resolved in a reasonable and informal manner—perhaps 
through a restorative justice process. If an informal resolution can’t be reached, or would be 
inappropriate, procedures exist for formal dispute resolution. (read more: 
https://www.dal.ca/campus_life/safety-respect/student-rights-and-responsibilities/student-life-
policies/code-of-student-conduct.html) 
 

• Fair Dealing policy 
 

The Dalhousie University Fair Dealing Policy provides guidance for the limited use of copyright protected 
material without the risk of infringement and without having to seek the permission of copyright 
owners. It is intended to provide a balance between the rights of creators and the rights of users at 
Dalhousie. 
(read more: https://www.dal.ca/dept/university_secretariat/policies/academic/fair-dealing-policy-.html) 

https://www.dal.ca/campus_life/academic-support/accessibility.html
https://www.dal.ca/campus_life/academic-support/accessibility.html
https://www.dal.ca/about-dal/agricultural-campus/student-success-centre.html
http://www.dal.ca/cultureofrespect.html
https://www.dal.ca/campus_life/safety-respect/student-rights-and-responsibilities/student-life-policies/code-of-student-conduct.html
https://www.dal.ca/campus_life/safety-respect/student-rights-and-responsibilities/student-life-policies/code-of-student-conduct.html
https://www.dal.ca/dept/university_secretariat/policies/academic/fair-dealing-policy-.html
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• Originality Checking Software (Mandatory to include if being used) 
 
The course instructor may use Dalhousie’s approved originality checking software and Google to check 
the originality of any work submitted for credit, in accordance with the Student Submission of 
Assignments and Use of Originality Checking Software Policy. Students are free, without penalty of 
grade, to choose an alternative method of attesting to the authenticity of their work, and must inform 
the instructor no later than the last day to add/drop classes of their intent to choose an alternate 
method.  (Read more: https://www.dal.ca/dept/university_secretariat/policies/academic/student-
submission-of-assignments-and-use-of-originality-checking-software-policy-.html) 
 

• Student Use of Course Materials 
 
These course materials are designed for use as part of the [course code] course at Dalhousie University 
and are the property of the instructor unless otherwise stated.  Third party copyrighted materials (such 
as books, journal articles, music, videos, etc.) have either been licensed for use in this course or fall 
under an exception or limitation in Canadian Copyright law.  Copying this course material for distribution 
(e.g. uploading to a commercial third-party website) may lead to a violation of Copyright law. 
 

University Policies and Programs 
 

• Important Dates in the Academic Year (including add/drop dates) 
http://www.dal.ca/academics/important_dates.html  

• Classroom Recording Protocol 
https://www.dal.ca/dept/university_secretariat/policies/academic/classroom-recording-
protocol.html 

• Dalhousie Grading Practices Policy 
https://www.dal.ca/dept/university_secretariat/policies/academic/grading-practices-policy.html  

• Grade Appeal Process  
https://www.dal.ca/campus_life/academic-support/grades-and-student-records/appealing-a-
grade.html  

• Sexualized Violence Policy  
https://www.dal.ca/dept/university_secretariat/policies/health-and-safety/sexualized-violence-
policy.html 

•  Scent-Free Program  
http://www.dal.ca/dept/safety/programs-services/occupationalsafety/scent-free.html  

 

Learning and Support Resources 
 

Academic Support 
 

• Student Services @ Sexton https://www.dal.ca/campus_life/academic-support/student-services-
sexton.html 

• Advising https://www.dal.ca/campus_life/academic-support/advising.html (Halifax) 
https://www.dal.ca/about-dal/agricultural-campus/student-success-centre/academic-
support/advisingdalac.html (Truro) 

• Dalhousie Libraries http://libraries.dal.ca  

• Copyright Office https://libraries.dal.ca/services/copyright-office.html  

https://www.dal.ca/dept/university_secretariat/policies/academic/student-submission-of-assignments-and-use-of-originality-checking-software-policy-.html
https://www.dal.ca/dept/university_secretariat/policies/academic/student-submission-of-assignments-and-use-of-originality-checking-software-policy-.html
http://www.dal.ca/academics/important_dates.html
https://www.dal.ca/dept/university_secretariat/policies/academic/classroom-recording-protocol.html
https://www.dal.ca/dept/university_secretariat/policies/academic/classroom-recording-protocol.html
https://www.dal.ca/dept/university_secretariat/policies/academic/grading-practices-policy.html
https://www.dal.ca/campus_life/academic-support/grades-and-student-records/appealing-a-grade.html
https://www.dal.ca/campus_life/academic-support/grades-and-student-records/appealing-a-grade.html
https://www.dal.ca/dept/university_secretariat/policies/health-and-safety/sexualized-violence-policy.html
https://www.dal.ca/dept/university_secretariat/policies/health-and-safety/sexualized-violence-policy.html
http://www.dal.ca/dept/safety/programs-services/occupationalsafety/scent-free.html
https://www.dal.ca/campus_life/academic-support/student-services-sexton.html
https://www.dal.ca/campus_life/academic-support/student-services-sexton.html
https://www.dal.ca/campus_life/academic-support/advising.html
https://www.dal.ca/about-dal/agricultural-campus/student-success-centre/academic-support/advisingdalac.html
https://www.dal.ca/about-dal/agricultural-campus/student-success-centre/academic-support/advisingdalac.html
http://libraries.dal.ca/
https://libraries.dal.ca/services/copyright-office.html
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• Writing Centre https://www.dal.ca/campus_life/academic-support/writing-and-study-skills.html  

• Study Skills/Tutoring http://www.dal.ca/campus_life/academic-support/study-skills-and-
tutoring.html  

• On Track (helps you transition into university, and supports you through your first year at 
Dalhousie and beyond) https://www.dal.ca/campus_life/academic-support/On-track.html  

• Registrar’s Office Student Guide Student Guide - Admissions - Dalhousie University 
 
Community Connections  
 

• Indigenous Student Centre https://www.dal.ca/campus_life/communities/indigenous.html  

• Elders-in-Residence (The Elders in Residence program provides students with access to First 
Nations elders for guidance, counsel and support. Visit the office in the Indigenous Student 
Centre or contact the program at elders@dal.ca or 902-494-6803.) 

o https://www.dal.ca/academics/programs/undergraduate/indigenous-studies/a-day-in-
the-life/elders-in-residence.html  

• Black Student Advising Centre https://www.dal.ca/campus_life/communities/black-student-
advising.html  

• International Centre http://www.dal.ca/campus_life/student_services/international-centre.html   

• South House Sexual and Gender Resource Centre https://southhousehalifax.ca/about/  

• LGBTQ2SIA+ Collaborative - https://www.dal.ca/dept/hres/education-campaigns/LGBTQ2SIA-
collaborative.html 

• Dalhousie Student Advocacy Services http://dsu.ca/dsas  

• Dalhousie Ombudsperson https://www.dal.ca/campus_life/safety-respect/student-rights-and-
responsibilities/where-to-get-help/ombudsperson.html  

• Human Rights and Equity Services https://www.dal.ca/dept/hres.html  
 

Student Health and Wellness Resources 
 

• Student Health & Wellness Centre: https://www.dal.ca/campus_life/health-and-wellness.html  

• Online Resources for Students https://www.dal.ca/campus_life/health-and-wellness/online-
resources.html 

 

Safety  
 

• Biosafety http://www.dal.ca/dept/safety/programs-services/biosafety.html  

• Chemical Safety http://www.dal.ca/dept/safety/programs-services/chemicalsafety.html  

• Radiation Safety http://www.dal.ca/dept/safety/programs-services/radiation-safety.html 

• Laser Safety https://www.dal.ca/dept/safety/programs-services/laser-safety.html 
 
 
 

https://www.dal.ca/campus_life/academic-support/writing-and-study-skills.html
http://www.dal.ca/campus_life/academic-support/study-skills-and-tutoring.html
http://www.dal.ca/campus_life/academic-support/study-skills-and-tutoring.html
https://www.dal.ca/campus_life/academic-support/On-track.html
https://www.dal.ca/admissions/registrars_office/ro_student_guide.html
https://www.dal.ca/campus_life/communities/indigenous.html
https://www.dal.ca/academics/programs/undergraduate/indigenous-studies/a-day-in-the-life/elders-in-residence.html
https://www.dal.ca/academics/programs/undergraduate/indigenous-studies/a-day-in-the-life/elders-in-residence.html
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http://dsu.ca/dsas
https://www.dal.ca/campus_life/safety-respect/student-rights-and-responsibilities/where-to-get-help/ombudsperson.html
https://www.dal.ca/campus_life/safety-respect/student-rights-and-responsibilities/where-to-get-help/ombudsperson.html
https://www.dal.ca/dept/hres.html
https://www.dal.ca/campus_life/health-and-wellness.html
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