Syllabusfor Materials Sciencefor Engineers (ENGR-1600
Fall 2009

Course Coordinator: Prof. C. Steinbruchel
MRC 113,ext. 2904
Email:_steinc@rpi.edu
OfficeHours: tha

Your Sedion #
Professor
Office/ Email
OfficeHours

If you have questions about the course, goto your instructor first.

For switching sedions, talk to Mr s. Rickert in JEC 3018(they are all full).

Goa: Thegod of the murseisto help you adchieve afundamental understanding of the
structure and properties of materials (metals, pdymers, ceramics, semicondtctors). Most of
youwill use materialsto buld the products you design, and astrong grasp of the properties
of materials and the methods to control those properties will make you a better enginee.

Text: Wewill use Fundamentals of Materials Science and Engineering: An I ntegrated
Approach by Calli ster. In addition, the padkage mntains aworkbookwith figures and team
problems and alaboratory notebook. Youwill also have accsesto orline resources for the
course on http://www.wil eyplus.com.

Academic Integrity: Therelationship between students and faaulty is based upontrust,
and the mntinued maintenance of thistrust is necessary for educaionto be successul.
Students ned to trust faaulty to make gpropriate judgments as to the mntent and structure
of the murse. Faaulty members need to trust that the work turned in by students represents
their own effort. Violation d thistrust undermines the educaional process In addition,as
engineas, you may be designing products (aircraft, the computers that run them, or the
runways they land on) that lives depend on. As aresult, we will have notolerancefor bread
of acalemic integrity such as cheaing, plagiarizing, or inappropriate sharing of lab reports or
quizzes.

Anyone caught cheating or plagiarizing for thefirst time will recevean F
in theassgnment or test.

Anyone @ught cheating or plagarizing for the second time will receve
an Fin the course.

Cheding includes dharing answers, steding answers, and dadng text strings on your
cdculator or other equations nat onthe aib shed we hand ou. Plagiarism means copying
words from someone’ s work, even if you “change the sentence abit.” If you share your
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laboratory report, you are a guilty as the person copying it. If you do e materia from an
appropriate source, make sure you referenceit properly in your report.

Youshoud be avare that we have olleded a substantial number of 1ab reports over time, so
that we will bein apositionto compare different eledronic versions of lab reports, etc.

Reading Assgnments. Therewill be reading assgnments associated with eat class
sesgon. It isvery important for you to read the assgnment before aming to class

Teaching Asgstant Help: Teading asgstants will have officehours at times and locaions
to be aanourced. In addition, your professor will have officehours that will be annourced in
class

ClassParticipation: Classparticipationis an essntia part of this course and worth 5% of
your grade as measured primarily by classattendance The participation pation d your
grade will be assessd onthe basis of your classattendance, participationin clasgoom
discussons, attendance of laboratories, and by your participation in your tean when solving
team problems. Proper clasgoom behavior isaso very important, including showing up for
classontime. Realing newspapers, listening to music with headphores, reading your email
playing computer games while in the dassoom and any similarly rude behavior will not be
tolerated. If you do na attend classon the day of alaboratory, you will recave azero for
that laboratory (unlessthe profesor has excused you from the laboratory).

Homework: Therewill be weekly homework assgnments due & the beginning of the
Thursday class €sgon. Late homework will not be acceted.

An acceptable homework problem solution must mee the foll owing criteria:

1. Your work must be presented in anea and aderly fashion.

2. All stepsin a cdculation must be shown, and the reasoning behind ead step must
ke dealy stated. All units andtheir cancdlations must be shown in numericd
oblems.

3. Numericd answers must have units and ke expressed to an appropriate number of
significant figures.

4. Answersto nonmathematicd questions require concise paragraphs with complete
sentences. Copying from the text bookis plagiarism (see acdemic integrity).

Homework will be graded onascde of 0to 2.In order to get agrade of 2, you must have
made aserious attempt to doALL problems, and you must have dore half of them corredly.

An esential part of learning from doing homework isto compare your homework to the
posted solutions. Homework solutions will be posted every Friday onthe course website on
the RPI Leaning Management System web pages.

Laboratory Sessons: The courseincludes svera laboratories. Please purchase the
padkage & the bookstore that has the lab manual, lab naebook,and ready nates (workbookK).
The lab manual has further instructions abou the laboratory and writing lab reports.

The essential deliverables for ead lab are;



1. A flow chart showing the lab procedure, due & the start of classon the day of the
laboratory.

2. Laboratory notes, due & the end d the laboratory class

3. A laboratory report, due one week after the laboratory is completed.

Quizzes. Therewill be a20 minute quiz almost every week during the Wednesday class
period. These weekly quizzes are sedion-spedfic and will be worth 20 ponts ead.

There will also be 4 cumulative quizzes (marked cumulative on the syllabus) that will be
commonto al sedionsandwill be worth 40 pants ead. The cumulative quizzes are graded
individuall y by the instructors of eat sedion.

All the quizzes together will be 40% of the total grade. Quizzes may include material
covered in ledure, team problems, reading, hamework, or laboratory. No makeup quzzes
will be given. If astudent missesaquiz for an uravoidable and compelli ng reason, the
student may be excused from the quiz at the instructor’ s discretion provided that the student
presents a suitable written excuse. The written excuse is required from the Dean, adoctor, or
a wmad. Cumulative quizzes are written jointly by all the instructors but graded individually
for ead sedion.

Final Examination: Therewill be a omprehensive final examination given duing exam
week. The examinationwill not be given ealy to any student because of previously made
travel arrangements. Please do nd plan to leare schod until the end o exam week.

The Final iswritten and graded jointly by all i nstructors.

Final Grades: Thefina grade for the murse will be determined as foll ows:

Homework 10%
Participation 5%
Laboratory Reports  15%
Quizzes 40%

Fina Examination 30%
Letter grades for this course will be asfollows. A, A-, B+, B, B-, C+,C, C-, D+,D, F.
Internet Sitee  Therewill be awebsite for the murse. The site will contain hanework

solutions, instructions for the labs, etc. The URL is http://rpilms.rpi.edu/. Login, go to Fall
09 courses and find Materials Sciencefor Engineas (ENGR-1600.



ClassSchedule

Sesgon | Date Topic Realing
1 MonAug 31 Introduction: Materials Classes Chapter 1
Wed, Sept 2 Ledure
2 Thur, Sept 3 Review of Bondng Structure - Property Relations | Chapter 2
(CTE, Tm, €tc.)
Mon, Sept 7 noclass
Wed, Sept 9 Quiz
3 Thur, Sept 10 Crystall ography - Metal Structures Chapter 3, sedions 3.1-3.5
Crystal Structure Tutorial (tean problem; noth-
ing neads to beturned in).
4 Mon, Sept.14 Miller Indices - Structure of ionic and covalent Chapter 3, sedions 3.6-3.19
crystals
Wed, Sept 16 Quiz
5 Thur, Sept 17 Polymerizaion Chapter 4, sedions 4.1-4.4,
LAB — Polymer Synthesis 4.64.10
6 Mon, Sept 21 Morphdogy of Linea Polymers Chapter 3 and 4,sedions
45,4.114.12
Wed, Sept 23 Quiz
7 Thur, Sept 24 Glasses and the GlassTransition Chapter 3, sedion 3.8,
Minilab — Superball Experiment Chapter 11, 11.1511.17
No full report required.
8 Mon, Sept 28 Structure Determination Chapter 3, sedion 3.20
Medanicd Properties— Maaoscopic
Wed, Sept 30 Cumulative Quiz Sessons 1-7
9 Thur, Oct 1 Medhanicd Properties— Maaoscopic Chapter 7, sedions, 7.1:7.9,
LAB — Structure Determination by Diffraction |7.13, 7.14, 7.19, 7.20
10 Mon,Oct 5 Medhanicd Properties— Atomic and moleaular Chapters 5, 7, 8,sedions
behavior, line defeds 5.7, 8.18.7, 8.15, 8.1'B.19
Wed, Oct 7 Quiz
11 Thur, Oct 8 Brittle and Ductil e Fradure Chapter 9, sedions 9.1-9.8
LAB —Tensile Testing
12 Tue, Oct 13 Strengthening in metals Chapter 8, sedions 8.9-8.14
Wed, Oct 14 Quiz
13 Thur, Oct 15 Polymer Deformation Medhanisms and Strength- | Chapter 8, sedions, 8.17
ening 8.19
LAB - Brittle Fracture (Strenght of glasg
14 Mon, Oct 19 Crystal Defeds— Point Defeds, Solid solutions Chapter 5, sedions 5.1-5.6
Wed, Oct 21 Cumulative Quiz Sesson 8-13




15 Thur, Oct 22 Diffusion Chapter 6, sedions, 6.1-6.5
LAB - Diffusion Laboratory (H, permeation)
16 Mon, Oct 26 Phase Equili brium — One Comporent Chapter 10, sedions 10.1-
Phase Equili brium — Two comporent 10.5
Wed, Oct 28 Quiz
17 Thur, Oct 29 Phase Equili brium — Two comporent Chapter 10, sedions 10.6
LAB — One Component Phase Diagram 10.8, 10.10, 10.12,10.13,
10.17
18 Mon, Nov 2 Phase Equili brium — Two comporent Chapter 11, sedions 11.1-
Nucledion and Growth 114
Wed, Nov. 4 Quiz
19 Thur, Nov 5 Microstructure Devel opment Chapter 10, sedions 10.11,
Demo - Spherulite Growth 10.1810.19
No full report required
20 Mon,Nov 9 Hed Tredment Chapter 11, sedions 11.5
11.12
Wed, Nov 11 Cumulative Quiz Sessons 14-19
21 Thur, Nov 12 Spedd Topics Ledure
22 Mon,Nov 16 Eledrochemistry, Corrosion Chapter 16, sedions 16.1-
16.2
Wed, Nov 18 Quiz
23 Thur, Nov 19 Corrosion Chapter 16, sedions 16.5
LAB —Corr osion / Degradation of Materials 16.13
24 Mon,Nov 23 Eledricd Properties of Metals Chapter 12, sedions, 12.1
12.9
Wed, Nov 25 noclass
25 Thur, Nov 26 noclass
26 Mon, Nov 30 Semiconductors Chapter 12, sedions 12.10
LAB — Eledrical Conductivity of Metals 12.13
Wed, Dec?2 Cumulative Quiz Sessons 20-24
Thur, Dec3 Semiconductors (continued), Dieledric Materials | Chapter 12, sedions 12.18
12.23
27 Mon, Dec7 Microeledronic Devices/ Device Fabricdion Chapter 12.15
Demo - Single aystal Siingot, Si wafers
Wed, Dec9 PracticeQuiz
28 Thur, Dec10 Review




HOMEWORK ASSGNMENTS: In order to get full credit, you must do the foll owing:

Show all your numerical calculations, including unitsand their
cancdlations.

When final answers are given in thebook or in these notes, you must
show the derivation of those answers, so that we seethat you can work
through the problems.

When a verbal answer isrequired, you neel to provideit in the form of
complete sentences.

When a graph isasked for, it must be drawn nicdy (straight axes
properly labeled, with even units, accurate data points, etc.)

Homework #1 DUE Thursday, Sept 10: Sesdons 1-2

2.9 2.11 2.13

Additional Problem:

Make aplot of bondng energy vs. melting temperature for the metals listed in Table 2.3.

From your plot, determine the bondng energy for Cu, which has a melting temperature of
1084<T.

Homework #2 DUE Thursday, Sept 17: Sesson 3

3.1 3.3 3.7

Homework #3 DUE Thursday, Sept 24: Sessons 4-5

3.12(also doNiO andNiS) 3.14 3.27 3.28
4.6 4.7

Homework #4 DUE Thursday, Oct 1: Sessons 6-7

4.3 4.5

Additiona Problems

1. If along chain moleaule of linea palyethylene were scded upto the diameter of a piece
of spaghetti, how long would it be? Assume amoleaular weight of 100,000.

2. If codling israpid enough, aglasscan be formed from any material. What processare you
trying to "bea" by coding rapidly.

3. Isthe glasstransition temperature awell -defined temperature? Why, or why not?
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Homewor k #5

3.47 3.51

Homewor k #6

7.6 8.3

Homewor k #7

8.21 8.22

Additional problem:

DUE Thursday Oct 8. Sessons 8-9

7.3 7.4 7.8

DUE Thursday, Oct 15 Sessons10-11

8.6 9.2 9.4

DUE Thursday, Oct 220 Sessons 12-13

8.24

Would you exped the tensil e strength of palychlorotrifluoroethylene to be greaer than, the
same &, or lessthan that of polytetrafluoroethylene having the same moleaular weight and

crystalli nity? Why?

Homewor k #8

5.2 5.5

Homewor k #9

10.3 10.4
Homework #10
11.5 10.8

Homework #11

11.8 11.10
Homework #12
16.2 16.4

Additiona Problems:

DUE Thursday, Oct 29: Sessons 14-15

6.2 6.4 6.8

DUE Thursday, Nov 5. Sessons 16-1

10.5 10.7 10.12

DUE Thursday, Nov 12 Sessons 18-19

10.17 10.18 10.28

DUE Thursday, Nov 19 Sessons20-21

11.13 11.18

DUE Thursday, Dec3: Sessons 22-23

6.12

1. Briefly describe the phenomenon d passvity. Name two common types of metal all oy

that pasgvate.



2. For a oncentration cdl, briefly explain why corrosion cccurs at the region having the
lower concentration.

Homework #13 DUE Thursday, Dec10: Sesdons 24-25

12.5 12.9 12.11ac

Additional Problems:

1. At room temperature the dedricd condctivity and the dedron mohility for Cu are
6.0x107 (Qm)-1 and 0.0030m?/Vs, respedively.

a) Compute the number of free éedrons per m3 at room temperature.

b) Determine the number of free éedrons per Cu atom. The density of Cuis 8.9 g/lcm3.

2. What change in temperature increases o of intrinsic Si by afador of 2, compared to room
temperature (293K) ?

3. Determine the type of dopant (n or p) in the foll owing situations:

a) AsinSi b) GainSi c) Gein GaAs
Homework #14 DUE Monday, Dec14: Sessons26 & 27
12.29a-c

Additiona Problems:

1. What shoud the band gap Ey of amaterial be so that it is transparent in the entire visible
wavelength range?

2. Asame that the gate cgadtor in an MOS transistor has dimensions 1um x 1um and that
the gate dieledric is SIO, with a thickness of 30rm. What is the cgpadtance of the gate

capaator? (Youmay need to look upsome data ebout SIO,)

3. A typicd concentration o dopant atoms in a semiconductor is 1016 cm3. What is the
dopant concentration in terms of number of dopant atoms/ Si atom?

4. What would the mnsequences be (advantages, disadvantages) of using a material with a
relative dieledric constant much higher than that of SiO, in an MOS device?



