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5. NMTT 315 Materials Modification in Nanofabrication

I. Catalog Description

NMTT 315 Materials Modifications in Nanofabrication 3c-21-3cr
Corequisite: Admission to NMT track

Provides detailed knowledge of the processing steps used in modifying material properties in
nanofabrication including molecular functionalization, cross-linking, metal silicidation, material
oxidation, material nitridation, barrier materials, alloying, stress control, annealing, and doping.

II. Course objectives

Students will be able to

A.
B.

Contrast thermally grown oxides with spin on dielectrics.

Analyze material morphology with the SEM to:

a. Determine the processing parameters of dielectric materials.

b. Control deposition methods that impact on dielectric constant etch rate.

Explain the concept of engineering dielectric constants for different nanofabrication
applications.

Explain the impact of dopants on material properties, such as mechanical, optical, and electrical

properties.

Describe the procedures for slicing, etching, polishing, and epitaxial growth.

II1. Course Outline

This course covers processing steps used in modifying the material properties; analyses of
material morphology; determining the processing parameters; impact of dopants on the
mechanical, electrical and optical properties etc. The course also provides hands-on experience
on the growth, slicing, etching, polishing of materials used in the Nanofabrication technology.

Lectures are generally presented for 3 hours for 4 days/week and lab sessions for 3 hours for 3
or 4 days/week in the fall and spring semester. During summers, lectures and labs are held for
5 days/week.

Part A: Lecture (30 hours)

The emphasis of this course is to cover in detail the processing steps used in modifying material
properties in the Nanofabrication. The material modification steps that are taught include the
molecular functionalization, cross-linking, metal silicidation, material oxidation, material
nitridation, barrier materials, alloying, stress control, annealing, and doping. Avoiding
unintentional materials modification is also covered. In addition several other topics are also
discussed which include the understanding and use of state-of-the-art nanoscale products for
biological applications; scaling of biological devices; microfluidic channel; materials-
modification equipment and materials characterization tools in the Nanofabrication facility
cleanrooms.

Part B: Lab (18 hours)
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The lab component of the course provides hands on experience in (i) studying the material
morphology by using SEM, (ii) understanding of deposition methods, etch rates, etc. to
comprehend the processing parameters of dielectric materials, (iii) providing concept of
engineering dielectric constants for different nanofabrication applications (e.g., studying the
family of spin on glass and spin on dopants), (iv) explaining the impact of dopants on material
properties, such as mechanical, optical, and electrical properties, (v) identifying and using the
necessary processing equipment for slicing, etching, polishing and epitaxial growth.

IV. Evaluation method
The final grade will be determined as follows

Mid-term exam (500 points)

Quizzes (usually 3 quizzes each of 100 points = 300 points)
Lab + homework (400 points)

Independent reports and simulation (250 points)

Final presentation (300 points)

Final Exam (500 points optional)

V. Example Grading Scale

The final grade will be determined by the following percent scale.

90% - 100% - A
80%- 89%-B
70% - 79%-C
60% - 69% -D
below 60% -F

VI. Attendance Policy

Attendance is mandatory. Make up time is required for any absence that extends beyond two
days. The student must give a written explanation for absences. An attendance sheet is
attached to the classroom door, and the missed time must be documented before re admittance
to the class. Failure to make up lab time results in an F grade.

VII. Required Textbook(s), Supplemental Books and Readings

1. Semiconductor Manufacturing Technology by Michael Quirk and Julian Serda (2001)
[Prentice-Hall : ISBN 0-13-081520-9]

Nanotechnology A gentle introduction to the next big Idea by Mark Ratner, Daniel Ratner
(2003) [Prentice Hall : ISBN 0-13-101400-5]

Nanofab Safety Manual

Class notes in printed form

Notes issued during class

Equipment training notes

Lab experiment notes

L

NovAW

VIII. Special Resources Requirements

There is no special resource requirements for this course
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Popular Articles

It's a Small World Afier All by Lawrence D. Maloney, Design News Sep 26, 2005
Nanotech could put a new spin on sports by Kevin Maney, USA Today, Nov 17 2004.
Nanomechanical memory demoed by Eric Smalley TRN, Nov 15, 2004

COURSE ANALYSIS QUESTIONNAIRE

Section A: Details of the Course

Al How does this course fit into the programs of the department? For what students is the course
designed? (majors, students in other majors, liberal studies). Explain why this content cannot be
incorporated into an existing course.

The course will extend knowledge learned in other departmental courses to areas that are currently the
subjects of cutting-edge research and technology. The course is designed for the Applied Physics majors
who have been admitted to NMT track. This content cannot be incorporated into an existing course
because the department currently does not have necessary equipment and facility. Also, the content covers
a broad range of topics in physics chemistry and interface areas such as biology, biochemistry, material
science, and forensics. There are no physics courses in which all of these topics could be included.

A2 Does this course require changes in the content of existing courses or requirements for a
program? If catalog descriptions of other courses or department programs must be changed as a
result of the adoption of this course, please submit as separate proposals all other changes in
courses and/or program requirements.

The course does not require changes in the content of existing courses or requirements.

A3 Has this course ever been offered at IUP on a trial basis (e. g. as a special topic). If so,
explain the details of the offering (semester/year and number of students).

The course has never been offered on a trial basis.
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A4 Is this course to be a dual-level course? If so, please note that the graduate approval
occurs after the undergraduate.

No, it is not dual-level.

AS  If this course may be taken for variable credit, what criteria will be used to relate the
credits to the learning experience of each student? Who will make this determination and
by what procedures?

The course is not variable credit.

A6 Do other higher education institutions currently offer this course? If so, please list
examples (institution, course title).

Yes, similar courses are being taught at several other PASSHE universities including Lock Haven,
Shippensburg, California, Millersville, Clarion, etc.

A7  Is the content, or are the skills, of the proposed course recommended or required by a
professional society, accrediting authority, law or other external agency? If so please
provide documentation.

No

Section B: Interdisciplinary Implications

Bl Will this course be taught by instructors from more than one department? If so, explain
the teaching plan, its rationale, and how the team will adhere to the syllabus of record.

This course will be taught only at the Penn State’s NMT facility.

B2 What is the relationship between the content of this course and the content of courses
offered by other departments? Summarize your discussions (with other departments)
concerning the proposed changes and indicate how any conflicts have been resolved.
Please attach relevant memoranda from these departments that clarify their attitudes
toward the proposed change(s).

The content of this course is not related to courses given in other departments.

B3 Will this course be cross-listed with other departments? If so, please summarize the
department representatives’ discussions concerning the course and indicate how
consistency will be maintained across departments.

The course will not be cross-listed with other departments.

Section C: Implementation

Cl1 How will the proposed new track affect students already in the existing program?

The essence of the Applied Physics/NMT track is to help students in their Junior/Senior year to gain
valuable experience (18 cr. Capstone 16 weeks (Fall or Spring) or 12 weeks (Summer)) in
nanofabrication manufacturing technology at the Penn State’ Nanofabrication Facility while
enrolled for the BS degree in Applied Physics at Indiana University of Pennsylvania. Students
taking the capstone experience at Penn State will pay tuition for the 18 credits at IUP at the
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C2

C3

C4

Cs

prevailing rate while Penn State will provide, through agreement with the State of Pennsylvania, the
necessary boarding and lodging. The 18 credits earned by the students at Penn State will be
transferred to TUP in compliance with the agreement between Penn State and PASSHE. Other
students in the IUP physics program will not be affected at all.

Are faculty resources adequate? If you are not requesting or have not been
authorized to hire additional faculty, demonstrate how these courses will fit into the
schedule(s) of current faculty. What will be taught less frequently or in fewer sections to
make this possible?

Since capstone experience in nanofabrication manufacturing technology will take place at the Penn
State’ Nanofabrication Facility, no new faculty at IUP will be needed to offer this new track and no
change in other courses or programs in the physics department is foreseen.

Are other resources adequate? (Space, equipment, supplies, travel funds)

(a) No additional space is necessary to offer this new track
(b) No additional supplies are necessary for this new track

(c) No additional equipment is needed for this new track

(d) Auvailable library materials are adequate for this new track.
(e) No travel funds are needed.

Do you expect an increase or decrease in the number of students as a result of these
revisions? If so, how will the department adjust?

Although the number of students in this track might not significantly increase the total number of
students in the Applied Physics Program, it is expected that the NMT track may help attract highly
motivated undergraduates into our program.

Intended implementation date (semester and year)

The new track is expected to start as soon as it is approved. Intended implementation date is Fall
2006. Students in the Applied Physics Program with NMT track will be advised in a manner
consistent with university procedures for phasing in of the 120 curricula.

Section D: Miscellaneous

D1

Include any additional information valuable to those reviewing this new course proposal.

N/A
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