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Course Proposal

1. Details:

a) Course Title: Microscale Systems (0910.403)

b) Sponsor: Dr. H. Clay Gabler, Department of Mechanical
Engineering, College of Engineering

¢) Credit Hours: 2 credit hours

d) Course Level: Senior

e) Curricular Effect: Required Course for Mechanical Engineering majors.

f) Prerequisites: Transport Processes (906.311)

g) Suggested Time/ Spring 2000

Scale of Implementation  One section

h) Resources:

Faculty is in place to teach the course within the Dept. of Mechanical Engineering.
Library resources are in place. Computer hardware resources are available in the Henry
M. Rowan Hall to support this course. No new software resources are required.

2. Rationale:

The proposed course is part of the Engineering Curriculum Proposal approved by the College
Senate in December 1994. The proposed course is consistent with the establishment of the
School of Engineering approved by the Board of Trustees in February 1995.

Recent trends in science and engineering have placed an increasing emphasis on the
miniaturization of engineering systems and the study of microscale phenomena. Examples of
such systems include microelectronic systems, micromechanical devices and chips, and
microsensors. The emerging micromechanical systems industry has built microdevices ranging
from the silicon accelerometers in late model car airbag systems to gas turbines that are smaller
than a dime. These devices operate in length scale regimes which are many orders of magnitude
smaller than conventional engineering systems. For these systems, traditional macroscopic
methods which been have been historically used for analysis and design, e.g. Fourier’s Law of
Heat Transport, must be replaced with methods which capture the importance of phenomena at
the microscale or molecular level.

3. Essence of the Course:

a) Objectives:

The primary objective of the course Microscale Systems, is to provide students with insight into
emerging technologies and designs for microscale machinery, microscale manufacturing, and
microscale heat transport.

The following are the specific objectives of this course:



1. Review the limits and assumptions of macroscale transport phenomena

2. Introduce the nature of microscale transport phenomena

3. Introduce emerging technologies for manufacture of microscale devices

4. Discuss the application of microscale systems and analysis methods to systems, e.g.,
micro-turbines, semiconductors, micro heat pipes, and micromachined sensors.

5. Explore the promise and severe technical demands of design and manufacture of nano-

machines.

b) Topical Outline:

The topical outline of the course may vary to some extent depending on the interests of the
instructor and the students, and the advances in engineering technology. The topics to be
covered will include the following:

1. Microscale Energy Transport in Microscale Systems
1.1. Limits and Assumptions of Macroscale Heat Transfer
1.2. Microscale Energy Transport in Solids
1.3. Microscale Radiation Phenomena
1.4. Microscale Clusters
1.5. Melting and Freezing Phenomena
2. Microscale Manufacturing Techniques
2.1. Bulk Micromachining
2.2. Surface Micromachining
2.3. Micromolding Techniques
3. Applications
3.1. Thermal Phenomena in Semiconductor Devices and Interconnects
3.2. Micro Heat Pipes
3.3. Silicon Micromanufactured Thermal Sensors and Actuators
3.4. Micromanufactured Mechanical Sensors

4. Nanomachines



c) Evaluation and Grading Procedure of Students:

Student grades will be determined on the basis of examinations, homework and/or projects,
laboratory projects and reports.

d) Course Evaluation:

The proposed course will be evaluated on the basis of student evaluations and curriculum review
by appropriate faculty.

4. Results of Consultations:

The proposed course is part of the Engineering Curriculum Proposal approved by the Faculty
Senate in December 1994. Consultations were submitted with original proposal as specified by
the Curriculum Committee. Additional curriculum consultations were performed with outside
consultants including, Professor Skip Fletcher of Texas, A&M. Professor Fletcher is a fellow of
the American Society of Mechanical Engineers.



Catalog Description:

Microscale Systems (0910.403)
Prerequisites: Transport Processes-1 (906.311) or equivalent.

This course will introduce emerging technologies and designs for microscale machinery,
microscale manufacturing, and microscale heat transport. Topics will include a review of limits
and assumptions of macroscale heat transfer, microscale energy transport mechanisms,
microscale manufacturing techniques, thermal phenomena in semiconductor devices, micro heat
pipes, micromanufactured thermal and mechanical sensors, and a brief introduction to
nanomachines.



