Submitted to Journal of Materials Education { 19U8),

FProceedings of Symposium on Materials Education, MRS Fall Meeting, Bosion, Dec, 1997

15-MINUTE "CLII'S" ON MATERIALS ENGINEERING

Albert Polman

Debye Institute, Utrecht University, The Netherlands, and

TOM Institute for Atomic and Molecular Physics

Kroislaan 407, 1088 51 Amsterdam, The Metherlands

e-mail: polman @ amolf.anl

ABSTRACT

This article describes a new way of structuring a
course on atomic scale materials engineering.
Each weekly 90-minute session is divided in six
L5-minute blocks in the following order: 1) peer
mstruction on homework, 2) student presentation
of homework exercises, 3) domonstration of
equipment by instmctor, 4) studenl presentalion
of a recent article, 5) explanation by instructor of
new homewaork, and 6) news of the week, The
students learn about technigues for thin [ilm ma-
terials characterization, become acguainted with
various applications of these technigues, and arc
able to situate them in the context of modern de-
velopments in materials scicnce. Tn oaddition, a
variety of presentation skills arc addressed. Stu-
dent evaluation of this new sclup has been very
positive. Although the number of shwdents in the
course was small {about 1{} students), this course
structure is suitable for larger groups and for
other materials engineering courses as well,
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INTRODUCTION

The attention span of present-day university stu-
dents is short. During a lengthy lecture in front of
a class student concentralion often wavers. If our
goal is to have students actually learn something
for the full lecture period, it is essential that we
change the format of the lecture at regular inter-

vals, In this article I will present my experiences
with an experiment I did with a group of third and
fourth year students majoring in physics and ma-
terials seicnece al the University of Uhrecht in ‘The
Netherlands, Instead of the usval 90-minute
weekly lectures, I divided this weekly session into
six [S-minute blocks, each with a different topic.
This new setup was termed "clips", inspired by
MTV video clips in which presentations are shaort
and rapidly changing.

The course [ teach is on atomic scale male-
rials engineering and characterization. My teach-
ing goals for the students are that they learn:

1. to know and understand various technigues
for thin film materials characterization;

2. to be farmliar with the applications of these
techniques;

3. tosituate this knowledge in the contexl of
modern developments in materials engi-
neering;

4. to present scientific papers.

The course duration is fifteen weelks, with classes
held once a week for 90 minutes. Tn the usual
setup this M-minate session consists of two 45-
minute lectures, and includes a 15-minute break.
‘The estimated recommended time to be spent on
homework for this course is eight hours per week.
In the following scctions I will describe how the
course was restroctured into short elips, and how
these weekly clips cach address 1he above teach-
ing goals.



LEARNING GOAL 1:
TECHNIQUES FOR THIN FIL.M
MATERIALS CHARACTERIZATION

The textbook 1 am curently using is Fundamen-
tals of Surface and Thin Film Analysiz by L.C
Feldman and J.W, Mayer.! This textbook de-
seribes the fendamentals of malerials characteri-
zation that T wani my studenls lo know about.
Each week T discoss one chapter for aboul 15
minuates. OF course this is very shoet, and only
sufficient to highlight the mast imporiant issucs
dealt with in each chapter. In my weekly "clhip” T
give a short overview of the techniques and
physical concepts addressed in the chapter, and
project five to ten transparcncics with the most
impertant graphs presented in that chapter, T end
this 15-minute clip by assigning my students this
chapter as homework for the nest week, As
homework the students are also required o solve
a set of exercises listed at the end of each chapter.
The following week T test students’ knowl-
edge of the chapter by using the transparcn
sheets of the week before. T select theee o five
students and ask them to lecturc o their col-
leagues, using these transparcot sheets. These
homework presentations take aboul 15 minutes, 1
then ask a few stadents to stand in front of the
class and present one of the exercises preparcd as
homework. | ask them to present this as if they
are standing in front of an audience at a Materials
Science Conference. | emphasize that their pres-
entation should include what I consider to he four
important aspects of any scientific presentation:

what kind of problem has been solved,
why it 15 an interesting problem,

how 1t has been solved, and

what was the result.
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Bach week we spend approximately 15 minules
on these presentations in class.

Both the homework presentation clip and
the exercise presentation clip are ways of peer
instruction, As has been shown by for cxample
Mazur at Harvard University,” peer instruction is
a leaming and teaching method that can signifi-
cantly increase the efficiency of physics course
lectures, Mazur used peer instruction for elemen-
tary physics courses. Also in the present 13-

minute lecture clip format it proves to be very
effective. Morsover, the students always do their
hommework because they may be asked to stand in
[ronl of the class. They do not want to run the risk
of not having anything to say. An additional ad-
vantage is that students often listen to each other
better than to an nstructor lecturing. Because
they are actively invelved in the class, they are
motivated not only to understand formolay but
also to be able to explain what these mean. And
while learning about materials analysis they also
learn a variety of presentation skills they will
need later on in their career,

LEARNING GOAL 2:
APPLICATIONS OF MATERIALS
CHARACTERIZATION

Each week [ spend about 15 minutes demanstral-
ing materials analysis equipment. For example, T
show a surface barrier detector for Rutherford
backscattering spectrometry (RBS), a Cu x-ray
source, Si wafers coated with a variety of thin
films, solar cells, or I perform a computer sinm-
lation of ion ranges in solids, with input parame-
ters suggested by the students.

In addition, two of the 15 weekly sessions
are spent outside the classroom. One session is
held in the RBS laboratory, where the students
are presented with a sample box labeled "sample
K" and are asked to find our the surface composi-
tion of the sample using RBS. The students divide
the work among themselves, such as mounting
samples, venting the vacuum system, starting the
accelerator, setting up the detection electronics
and collecting the data. After the RBES measure-
ment has been made, they perform the data analy-
sis using the theory they have learned the week
before. After a few hours of team work the com-
position of sample X is determined. This is al-
ways a very satisfving and successful session for
students,

The second outside session is an excursion
to Philips Semiconductors, a silicon IC factory in
Nijmegen, The Netherlands. Here the students
can see how modern materials analysis technigues
are: being used in semiconductor processing, in
device characterization and in failure testing.
Visiting such a facility affords students with first-



hand expericnce on the practical application pos-
sibilities of materials analysis equipment. Such
up-to-date expasure on how technigues taught in
the classroom are really being used in modern
matcrials Fabrication is a worthy addilion (o their
textbook knowledge,

LEARNING GOAL 3:
MODERN DEVELOPMENTS TN
MATERIALS SCTENCE

To let sindents hecome acquainted with some of
the more recent developments in materials sci-
ence, cach woek Task a student (o give a presen-
tation on a recent article that T have selected from
Applied Physics Letters or Physical Review Let-
ters. The stident has 1o presenl the paper as if it
ware a conlerenee presciutalion, within the typical
15-minule time limil, aesin addressing the four
key aspects deseribed earlier in the homework
presertalion scolion, These paper presentations
have proven lo be very instruetive, both for the
presentator and the audience.

A second way of communicating recent de-
velopments in materials research is that I end
every weekly session with a "News of the Week"
clip. In 15 minutes I discuss items such as a re-
cent Mobel prive in physics, an interesting article
in Nature:, Scicnce, Applied Physics Letters or
Physical Review Letlers, or a significant devel-
ppment in my own research group.”

LEARNING GOAL 4:
PRESENTATION SKILLS

In many universities the materials curriculum
does not include sufficient activities that allow
students 1o develop their presentation skills, The
opportunily (o give a typical 15-minute lecture at
a conference often only presents itself in later
years, when students are well into their research
programs. In order to further stimulate the devel-
opment of presentation skills I plan one of the Tast
sessions as a "Student symposium on atomic scale
materials engineering”. In this symposium, or-
ganized as a typical conference, each stadent
presents a recent article which 1 have selected
beforehand. Because all the articles are chosen so

as o relate o a specific theme, lor example “op-
lical malerials”, an interesting and coherent sym-
posium iz guaranteed, The student presentations
last 15 minutes each. In addition to my own st-
dents I also invite graduate students who are more
experienced in their presentation skills. The
graduates serve a two-fold purpose: not only do
the students learn from their presentations, the
symposium also gains in seriousness because of
their presence as andience members.

CLASS SCHEDULE

In summary, the weekly 90-minute session is
divided into six 15-minute blocks, as may be sesn
in Table I, The 15-week course schedule is shown
in Table II: it includes 12 weekly lectures, two
excursions, and the "Student symposium on
atomic scale materials engineering”. The last
session is used to test student comprehension. In
this session I ask each student to explain one or
two aspects of the material covered during the
course. In this final session the students also
evaluate the course.

In this course, there 15 no final writien
exant. At the last session the students receive
their final grade, which is the weighted average of
two grades: the average of homework exercises
(which they hand in weekly, and which | correct,
rate and return the week after) and a rating of
their in-class presentations (homework, papers,
SYIposium).

Table { Weekly session: six I5-minute "clips”

Students:  homework chapter contents

presentations

Students:  homework exercise presentations

Instructor: equipment demonstration

- break -

Students:  present a recent arlicle

Instructor: discusses next chapter and
homewaork assignment

Instructor: "News of the Week"




Table [T 15-Week course schedule

| Chapter |

2 Chapler 2

3 Chapter 3

4 Chapter 4

5 Wisit to RBS lab: students analyze
sample X

B Chapter 5

7 Chapter ©

& Chapner 7

g Chapter &

10| Visit to a factory {e.g. Philips

Serniconductors)

11 | Chapter 9

12| Chapler 10

13 | Chapter 11 -

14 | Student Symposinm on atomic scale
materials engineering

15 | Final test, students evaluation of course

ARE THE LEARNING GOALS ACHIEVED?

With the weekly division into 15-minute clips and
the course schadule as shown in Tables T and 11,
all aspects of the four learning goals are ad-
dressed: the students learn and understand various
technigues for thin film materials characteriza-
tion, learn about applications of these technigues,
and learn to situwate them within the conlexl of
modern developments in materials science, In
addition, a variety of prosenlation skills are ad-
dressed. Of course, an imporlanl criterion in
measuring success is the studenl evaluation at the
last class meeting. I have now piven this course
twice, in 1996 and 1997, Both limes students

were very enthusiastic about both the 15-minule
clip setup and the course schedule as a whole,
The average student’s rating (on the Dutch scale
of 1-10) for the course itself was between 8 and 9.

It is my conviction that this clip setup can
be applied to other Materials Education courses
as well. While my expetience has thus far heen
limited to third and fourth years studems, a sirni-
lar setup can be used for first and sccomd year
students. Also, while my groups were limited 1o
about ten students, this setup is feasible for larger
groups, except perhaps for the weekly homewaork
presentations, which is probably suited for groups
to a maximum of about 20 students. However, the
equipment demonstrations, students’ paper pres-
entations, and the "MNews of the Week" arc all
elements that can be incloded in courses with a
large student enrollment.
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