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MATERIALS SCIENCE AND
ENGINEERING

Emeriti: (Professors) ClaytonW. Bates, Jr., RichardH. Bube,* Theodore
H. Geballe* StigB. Hagstrom,* RobertA. Huggins, Oleg D. Sherby,
John C. Shyne, William A. Tiller, Robert L. White* Professor
(Research) Robert S. Feigel son*

Chair: Bruce M. Clemens

Associate Chair: Reinhold H. Dauskardt

Professors: David M. Barnett, Arthur |. Bienenstock, John C. Bravman,
BruceM. Clemens, ReinholdH. Dauskardt, WilliamD. Nix, Friedrich
B. Prinz, Robert Sinclair

Associate Professor: Shan X. Wang

Assistant Professors. Mark L. Brongersma, Michael D. M cGehee, Paul
C. MclIntyre, CharlesB. Musgrave

Courtesy Professors: CurtisW. Frank, Hugjian Gao, James S. Harris,
James D. Plummer, Jonathan F. Stebbins, Joachim Stohr

Courtesy Associate Professors: Stacey Bent

Courtesy Assistant Professors: Kyeongjae Cho, lan Fisher, Harindran
Manoharan

Consulting Professors: Paul A. Flinn, Timur Halicioglu, Michael A.
Kelly, Jamshed R. Patel, Baylor Triplett, Jeffrey Wadsworth

Visiting Associate Professor: Mats|. Larsson

Lecturer: Ann Marshall

* Recalled to active duty.

Department Offices: 416 Escondido Mall, Building 550
Mail Code: 94305-2205
Department Phone: (650) 723-2534
Email: hf.mse@forsythe.stanford.edu
Web site: http://www-mse.stanford.edu
Coursesin Materials Science and Engineering havethe subject code
MATSCI. For acompletelist of subject codes, seeAppendix B.

TheDepartment of Material s Scienceand Engineering (M SE) iscon-
cerned with therel ation between the structure and properties of materi-
als, factorsthat control theinternal structure of solids, and processesfor
altering thestructureand propertiesof solids. It bringstogether inauni-
fied discipline the developmentsin physical metallurgy, ceramics, and
the physics and chemistry of solids. The undergraduate program, de-
scribed under the* School of Engineering” section of thisbulletin, pro-
videstrainingfor thematerial sengineer and al so preparatory training for
graduatework in material s science. Capabl e studentsare encouraged to
take at least one year of graduate study to extend their course work to
obtainacoterminal M SE degree. Coterminal degreeprogramsareencour-
aged both for undergraduate majorsin Material s Science and Engineer-
ing and for undergraduate majorsin related disciplines. Graduate pro-
gramslead to the degreesof Master of Science, Engineer, and Doctor of
Philosophy.

FACILITIES

Thedepartment isbasedinthe ThomasF. Peterson Engineering L ab-
oratory (Building 550), with extensivefacilitiesin the newly renovated
Jack A. McCullough building and the new Gordon and Betty Moore
Material sResearch Building. Thesebuildingshouseofficesfor thechair
and most of thefaculty, for theadministrativeandtechnical staff, andfor
most graduate students, along with a number of lecture and seminar
rooms. Facilitiesfor teaching and research arealso available, including
equipment for el ectrical measurements; mechanical testing of bulk and
thinfilmmaterials, fractureand fatigue of advanced materials; metallog-
raphy; optical, scanning, transmission el ectron microscopy, and atomic
force microscopy; UHV sputter deposition; vacuum annealing treat-
ments; wet chemistry; and x-ray diffraction. The McCullough/Moore
Complex is aso the home for the Center for Research on Information
Storage Materials (CRISM) with corresponding facilitiesfor magnetic
measurements. The Rapid Prototyping Laboratory (RPL), housing ma-
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terial deposition and removal stations, isajoint facility with Mechani-
cal Engineering, andishoused next tothe Peterson L absin Building 530.
The department maintains two microcomputer clustersfor its students,
onewithanumber of desktop personal computers, andtheother withfive
HP and DEC workstations. Both clusters are linked to the Internet.

Depending on the needs of their program, students and faculty also
conduct researchinanumber of other departmentsand independent | ab-
oratories. Chief anongthesearetheCenter for Integrated Systems(CIS),
the Geballe Laboratory for Advanced Materials(GLAM), and the Stan-
ford Synchrotron Radiation Laboratory (SSRL).

The Center for Integrated Systems(CIS) isalaboratory joining gov-
ernment and industrially funded research on microel ectronic materials,
devices, and systems. It housesa 10,000 squarefoot, class 100 cleanroom
for Si and GaAsintegrated circuit fabrication; alargenumber of electronic
test, materialsanalysis, and computer facilities; and officespacefor fac-
ulty, staff, and students. In addition, Cl Sprovidesstartup research funds
and maintainsa“ Fellow-Mentor” program with industry.

For information on GLAM and SSRL, seethe “ Geballe L aboratory
for Advanced Materials” and“ Stanford Synchrotron Radiation Labora-
tory” sectionsof thisbulletin.

UNDERGRADUATE PROGRAMS
BACHELOR OF SCIENCE

Theundergraduate program providestrainingin solid statefundamen-
talsand material sengineering. Studentsdesiringtospecializeinthisfield
during their undergraduate period may do so by following the curricu-
lum outlined in the “ School of Engineering” section of thisbulletin as
well asthe School of Engineering Undergraduate Handbook. The Uni-
versity’s basic requirements for the bachelor’s degree are discussed in
the“Undergraduate Degrees’ section of thisbulletin. Electivesareavail-
ablesothat studentswith broad interests can combine material sscience
and engineering withwork in another scienceor engineering department.

For information about an M SE minor, see the “ School of Engineer-
ing” section of thisbulletin.

COTERMINAL B.S./M.S. PROGRAM

Stanford undergraduates who wish to continue their studies for the
Master of Science degree in the coterminal program should apply for
entranceafter thebeginning of theeighth quarter of undergraduatework
and before the end of the eleventh quarter. The application must give
evidence that the student possesses the potential for strong academic
performance at the graduate level. Each application isevaluated by the
department’ sAdmissionsCommittee. Scoresfromthe Graduate Record
Exam (GRE) General Test must be reported before action can be taken
onan application. Materialsscienceisahighly integrated and interdis-
ciplinary subject, and so applications from students of any engineering
or scienceundergraduate major areencouraged. |nformation formsper-
tainingtothecoterminal program may beobtained fromthedepartment’s
Student Services Manager, room 551F, or from Degree Progressin the
Registrar’sOffice, Old Union. Studentsentering thecoterminal program
and receiving both their B.S. and M..S. degreein Materials Science and
Engineering at Stanford should al so seethe* Master of Sciencefor Stan-
ford MSE Students” section below. Coterminal M.S. candidates with
undergraduate degrees in other majors should follow the general M.S.
degreerequirements.

GRADUATE PROGRAMS

Graduate students can specializein any of the areas of materialssci-
ence and engineering. Additional special programsareavailablein col-
|aboration with other departments of the University.

MASTER OF SCIENCE

TheUniversity’shasicrequirementsfor theM.S. degreearediscussed
in the “ Graduate Degrees’ section of this bulletin. The following are
specific departmental requirements.

The Department of Materials Science and Engineering (MSE) re-
quires aminimum of 45 units for amaster’s degree to be taken in resi-
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denceat Stanford. Master’ sProgram Proposal formsshould befilled out,
signed by the students' academic adviser, and submitted to the depart-
ment’s Student Services Manager by the end of the students’ second
quarter of study or two quarters prior to degree conferral, whichever is
sooner. Final changesto themaster’sprogram must be submitted nolat-
er than one academic quarter prior to degree conferral.

Degreerequirements(for studentsentering after September 1, 2001)
areasfollows:

1. A minimum of 33 unitsof M SE coursework, including cross-listed
courses, taken for aletter grade with these limitations:

a) A maximum of 9 units of cross-listed courses may be used in
fulfilling thisrequirement.

b) One-unit seminarsand research unitscannot be usedtofulfill this
requirement.

2. Sixcoursesselectedfromthecorecourses201through210or MATS-
Cl 152 or 251. Thesecorecoursescount towardstherequired 33 units
of M SE coursework, however:

a) MATSCI 152 does not count for studentswith materials science
undergraduate degrees.

b) MATSCI 251 may not be used to fulfill this core requirement if
thestudent hasamaterial sscienceundergraduatedegree, although
it may be applied towards the required 33 units of M SE course
work,

3. LabcoursesMATSCI 171,172, 173 (which count toward therequired
33 unitsof M SE coursework).

Note: studentswho have had equival ent lab courses at other uni-
versities, equivalent practical experience, or haveamaterialsrelated
degree or background are expected to file a petition with the depart-
ment’ s Student ServicesM anager to havethi srequirement waived and
to substitute other appropriate technical coursesfor thelab units.

4. Twelveunitsof approved courseelectivesthat resultin atechnically
coherent program. Of the 12 units of elective courses:

a) Nineof the 12 units must betaken for aletter grade.

b) A maximum of 3 unitsmay be seminars.

c) If writing a Master’s Research Report, aminimum of 6 and a
maximum of 9 units of M SE research units may be counted. MS
research units may only be counted if writing an MS Research
Report.

d) A maximum of 3 units may be undergraduate units (offered at
Stanford University).

€) A maximum of 5 unitsmay beused for aforeign language course
(not including any remedial English courses or coursesin the
student’s native languageif other than English).

f) The combination of seminar, undergraduate, and language units
may not exceed 6 unitstotal.

g) The combination of research, seminar, undergraduate, and
language units may not exceed 12 unitstotal

5. Aminimumgradepoint average(GPA) of 2.75for degreecoursework
taken at Stanford.

All proposed degree programs are subj ect to approval by the depart-
ment’ sA cademic Degree Committee, whichhasresponsibility for assur-
ing that each proposal isatechnically coherent program.

MASTER’S RESEARCH REPORT

Studentswishing totakethisoption mustinclude6to9M SE research
unitsontheir program proposal and thenameof thefaculty member who
will be supervising the research.

The report must be approved by two faculty members. One faculty
member isthestudent’ sresearch adviser. Theother faculty member must
beapproved by the department. Three copiesof thereport (onecopy for
each approving faculty member and the department file), in final form
and signed by two faculty members, must be submitted to the depart-
ment’s Student Services Manager one week before final examinations
of the final quarter of the program. The report is not an “official” Uni-
versity thesis but rather isintended to demonstrate to the department
faculty an ability to conduct and report directed research. Refer to the
Materials Science and Engineering Student Handbook for more infor-
mation and further clarification concerning thisreport.

Incaseswherestudentsdecideto pursueresearch after theinitial pro-
gram submission deadline, they should submit arevised MS Program
Proposal at | east two quartersheforethedegreeisgranted. Thetotal com-
bined unitsof M SE research units, seminars, language courses, and un-
dergraduate coursescannot exceed 12. If amaster’sresearchreportisnot
to be submitted, units of MATSCI 200 cannot be applied to the depart-
ment’s requirement of 45 unitsfor the master’s degree.

MASTER’S DEGREE FOR STANFORD UNIVERSITY MSE
BACHELOR'S DEGREE STUDENTS

TheUniversity’ sbasicrequirementsfor theM.S. degreearediscussed
in the “ Graduate Degrees” section of this bulletin. The following are
specific departmental requirements.

The Department of Materials Science and Engineering (M SE) re-
quiresaminimum of 45 unitsfor amaster’s degree. Studentswho have
received or are currently working towards aB.S. degreein Materials
Science and Engineering from Stanford and are pursuing an M.S. in
Materials Science and Engineering should follow the requirements be-
lowinlieuof thosestatedinthe* Master of Science” sectionlisted above.
Master’s Program Proposal forms should be completed, signed by the
students' academic adviser, and submitted to the department’s Student
ServicesManager by theend of the students’ second quarter of study or
twoquartersprior todegreeconferral, whichever issooner. Final changes
to the master’s program must be submitted no later than one academic
quarter prior to degree conferral.

Degree requirements (for students who entered after September 1,
2001) areasfollows:

1. Threeof theremaining core classes, MATSCI 201-210.

2. Twelveunitsof non-cross-listed M SE 300-level courses(notinclud-
ing MATSCI 300 Ph.D. research).

3. Twenty-four unitsof approved el ectivecoursesthat constituteatech-
nically coherent program. Of the 24 units of elective courses:

a) Twenty-one of the 24 units must be taken for aletter grade.

b) A maximum of 3 unitsmay be seminars.

c) If writing a Master’s Research Report, a minimum of 6 and a
maximum of Qunitsof M.S. researchunits(M AT SCI 200) may be
used.*

d) A maximum of 6 units may be undergraduate units.

€) A maximum of 5 unitsmay beused for aforeign language course
(not including any remedial English courses or coursesin the
student’s native languageif itisnot English).

f) The combination of seminar, undergraduate, and language units
may not exceed 9 unitstotal.

g) The combination of research, seminar, undergraduate, and
language units may not exceed 15 unitstotal.

3. Aminimumgradepoint average(GPA) of 2.75for degreecoursework
at Stanford.

* SeetheMaster’ sResearch Report abovefor information on Research Report requirements.

HONORS COOPERATIVE PROGRAM

Some of the department’s graduate students participate in the Hon-
ors Cooperative Program (HCP), which makesit possiblefor academi-
cally qualified engineersand scientistsinindustry to be part-time grad-
uate studentsin Materials Science while continuing professional
employment. Prospective HCP students follow the same admissions
process and must meet the same admissions requirements as full-time
graduate students. For information regarding the Honors Cooperative
Program, seethe“ School of Engineering” section of thisbulletin.

PETITION PROCESS FOR TRANSFER FROM M.S. TO Ph.D.
DEGREE PROGRAM

When astudent is admitted to the graduate program, he or sheisad-
mitted specifically intoeither theM.S. or thePh.D. program. Admission
to the Ph.D. program is required for the student to be eligible to work
towardsthe Ph.D. degree. A student inthe M.S. program can petition to
be admitted to the Ph.D. program by filing an M.S. to Ph.D. Transfer
Petition.
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This petition must be accompanied by a one-page statement of pur-
pose stating the reasons why the student wishesto transfer to the Ph.D.
program, and twolettersof recommendation from membersof the Stan-
ford faculty, including onefromthe student’s prospectiveadviser and at
least one from an MSE faculty member belonging to the
Academic Council.

The M.S. to Ph.D. Transfer Petition is due to the Student Services
Manager by theend of the second week of Spring Quarter during thestu-
dent’sfirst year inthe M.S. program. Only students enrolled in the 200
series core-course sequence are eligible to petition, and a grade point
average (GPA) of 3.25 or better in the core coursesisrequired.

Transferring to the Ph.D. program isacompetitive processand only
fully qualified M.S. students are admitted. The Admissions Committee
and the department chair consider the student’s original application to
the graduate program aswell asthe material provided with the transfer
petition. Decisions regarding these petitions are normally available by
the fourth week of Spring Quarter.

ENGINEER

The University’s basic requirements for the degree of Engineer are
outlined in the“ Graduate Degrees’ section of thisbulletin.

A student wishingto enter the Engineer program must have compl et-
ed the substantial equivalent requirementsof theM.S. in Materials Sci-
ence and Engineering, and must file a petition requesting admission to
theprogram, aswell asstating thetypeof researchto bedoneandthepro-
fessor whowill besupervising. Onceapproved, theApplicationfor Can-
didacy must be submitted to the department’s Student Services M anag-
er by theend of thesecond quarter inthe Engineer program. Final changes
intheApplication for Candidacy form must be submitted no later than
one academic quarter prior to degree conferral.

The90-unit program must include 9 unitsof graduatenon-cross-list-
ed courses in materials science (exclusive of research units, seminars,
colloquia, MATSCI 400, Participation in Teaching, and so on) beyond
the requirements for the M.S. degree, and additional research or other
unitsto meet the 90-unit University minimum requirement. A gradepoint
average(GPA) of 3.0must bemaintained for all degreecoursework tak-
en at Stanford.

Completion of an acceptablethesisisrequired. The Engineer thesis
must be approved by two Academic Council faculty members, one of
whom must beamember of the department, and submitted intriplicate.

DOCTOR OF PHILOSOPHY

TheUniversity’shasicrequirementsfor thePh.D. degreeareoutlined
inthe“ Graduate Degrees” section of thisbulletin.

Degreerequirements(for studentsentering after September 1, 2001)
areasfollows:

1. SubmitaPh.D. Program consisting of at least 135 units, T which con-

tainsaminimum of 57 technical course units. Of these 57 units:

a) Atleast 54 of the 57 unitsmust befor aletter grade.

b) 33 unitsmust betaken asnon-cross-listed M SE coursesfor al etter
grade.

¢) All students must take six core courses.*
1) 203, 204 and 207 arerequired of all studentsintheir first year.
2) All studentsmust takethree additional corecoursesintheir first

year asfollows:

a) either 205 or 206
b) two of 208, 209, or 210.

d) A minimumof 12 unitsof 300-level coursesfromtheM SE faculty
(not including MATSCI 300, Ph.D. research).

€) A minimumof 12 unitsof coursestakenfromoneof thefollowing
listsof Advanced Specialty Courses(seebelow). Someand/or all
of these courses can be the same as the courses used to meet the
requirement of 12 units of 300-level courses; however, the units
may not be counted twicetoward the 57 technical unitsor the 135
total degree units.

f) Theremaining unitsbeyond the57 unitsof technical coursework
may consist of Ph.D. research, seminars, teaching experience, and
soon.
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2. First-year Ph.D. studentsare required to take the M SE Colloquium,
MATSCI 230 each quarter of their first year.

3. Passadepartmental oral qualifying examination by theend of Janu-
ary of their second year. A grade point average (GPA) of 3.25 from
the six core classestaken (201-210) isrequired for admission to the
Ph.D. qualifying exam. Studentswhose GPA isbetween 3.00and 3.25
may petition for possible admission to the exam. Studentswho have
passed the departmental oral examination are required to complete
theApplicationfor Candidacy for the Ph.D. degree by theend of the
quarter inwhichthey passtheexam. Final changesintheApplication
for Candidacy form must be submitted no later than one academic
quarter prior to degree conferral.

4. MaintainaGPA of 3.0in all degree coursestaken at Stanford.

5. Present theresult of the dissertation at adepartment seminar imme-
diately preceding the University Oral examination.

* Studentsmay, if they havesufficient background, petition out of someof therequired core

courses. Tosuccessfully petition, studentsmust haveprior permissionfromtheir academic
adviser, and al so permissionfromtheinstructor of theparticul ar corecourse. Thatinstructor
providesan oral or written examination that the petitioning student must pass.

T Atleast 90 units must be taken in residence at Stanford. Students entering with an M.S.
degreein Materials Sciencefrom another university may request totransfer upto 45 units
of equivalent work toward the total of 135 required units.

ADVANCED SPECIALTY COURSES

1. Biomaterials: APPPHY S 192; BIOPHY S 228; CHEMENG 260,
310A,B, 350, 355, 444A, 452; ME 283, 284, 381, 385A,B, 386, 457

2. Electronic Materials Processing: EE 212, 216, 217, 311, 316, 410;
MATSCI 312, 313, 330

3. MaterialsCharacterization: APPPHY S216, 218; CHEMENG 345; EE
329; MATSCI 320, 321, 322, 323, 324, 325

4, Mechanical Behavior of Solids: AA 252, 256; MATSCI 251, 255, 270,
350, 352, 353, 354A,B, 355, 356, 358, 359; ME 335A,B,C, 338

5. Physics of Solids and Computation: APPPHY S 218, 272, 273, 372,
373; CHEMENG 444A; EE 222, 223, 228, 327, 328, 329; MATSCI
330, 343, 347, 349, 359; ME 344A ,B, 444B

6. Soft Materials; CHEMENG 260, 310A,B, 460, 462; MATSCI 343

Ph.D. MINOR

TheUniversity’sbasicrequirementsfor thePh.D. minor areoutlined
inthe“ Graduate Degrees’ section of this bulletin. A minor requires 20
units of graduate work of quality and depth to be approved by the Ad-
vanced Degree Committeeof thedepartment. Individual programsmust
be submitted to the Student Services Manager at |east one quarter prior
to degree conferral and approved as are other academic plans.

COURSES

PRIMARILY FOR UNDERGRADUATES

MATSCI 50. Introductory Science of Materials—(Enroll in ENGR
50.)
4 units, Win (Bravman), Spr (Sinclair)

MATSCI 70N. Building the Future: Invention and I nnovation with
Engineering M aterials—Stanford Introductory Seminar. Preferenceto
freshmen. Thetechnol ogical importance of materialsin human civiliza-
tionis captured in historical names such as the Stone, Bronze, and Iron
Ages. The present Information Age could rightly be called the Silicon
Age. The pivotal roles of materialsin the development of new technol-
ogies. Quantitative problem sets, field trips, and formal presentations of
small-group projects. GER:3b
4 units, Win (Bravman)

M AT SCI 100. Under gr aduatel ndependent Study—Independent study
in materials science under supervision of afaculty member.
1-3 units, any quarter (Staff)

MATSCI 150. Under graduate Resear ch—Participation in aresearch
project.
3-6 units, any quarter (Staff)



MATSCI 151. Microstructure and Mechanical Properties—(For
undergraduates; see 251.)
4 units, Aut (Dauskardt)

MATSCI 152. Electronic Materials Engineering—M aterials science
and engineering for information technol ogy applications. Kineticmolec-
ular theory and thermally activated processes; band structure and el ectri-
cal conductivity of metals and semiconductors; intrinsic and extrinsic
semiconductors; diffusion; elementary p-n junction theory; operating
principles of metal-oxide-semiconductor field effect transistors; intro-
duction to crystal growth; oxidation kinetics; ion implantation; thermo-
dynamics and kinetics of chemical vapor deposition; survey of physical
vapor deposition methods, etching, and photolithography.
3 units, Spr (Mclntyre)

MAT SCI 159Q. Resear ch in Japanese Companies—(SameasENGR
159Q.) Stanford Introductory Seminar. Preference to sophomores. The
home campus equivalent of the Kyoto course. Knowledge from this
research, and company visits. The structure of aJapanese company from
thepoint of view of Japanese society. Visiting researchersfrom Japanese
companies, with brief presentations and extensive question and answer
periods, explore the Japanese research ethic.
3 units, Spr (Sinclair)

MATSCI 161. MaterialsSciencelL ab |—(SameasMATSCI 171.) For
undergraduates. The development of standard lab procedures for mate-
rials scientists with an emphasis on microscopy, metallography, and
technical writing. Techniques: optical, scanning-electron, atomic-force
microscopy, and metallographic specimen preparation. The relation-
ships between microscopic observation, material properties, and pro-
cessing. Prerequisite: ENGR 50 or equivalent.
4 units (Saff) not given 2002-03

MATSCI 162. M aterialsScienceL ab | |—(SameasMATSCI 172.) For
undergraduates. Introduction to x-ray diffraction for microstructural
analysis of materials, emphasizing powder and single-crystal tech-
niques. Diffraction from thin films, thin-film multilayers, amorphorous
materials, strain measurements, orientation measurements, and electron
diffraction. Prerequisite: 193/203. (WIM)

4 units, Win (Vailionis)

MATSCI 163. Materials Science Labs|11—(Same as MATSCI 173.)
For undergraduates. L ab on experimental techniquesfor the study of the
mechanical propertiesof materials, including fracturetoughnesstesting of
metallic materials, ductile-to-brittletransition curves, fracture of ceram-
icsusingindentation techniques, and effectsof grainsizeonyielding and
strain hardening. Prerequisites: 198/208, 151/251, or equivalent.

4 units, Spr (Staff)

MATSCI 167. Sports Materials Laboratory Project—(Same as
MATSCI 267.) For undergraduates. The Sports Materials Laboratory is
an industry-supported research program allowing students to examine
real-world materials design issues under the guidance of both industry
and University mentors. Modeling and experimental work in metal,
polymer, ceramic, and composite systems. Fundamental and applied
materials issues including materials characterization, microstructure-
property relationships, materialsand component design, and test system
design. Research projects are expected to be completed in one academic
year. Enrollment limited to number of projectsavailable. May be repeat-
ed for credit. Prerequisite: consent of instructor.
1-3 units, Aut (Dauskardt) Win, Spr (Clemens)

MATSCI 168. Sports Materials Laboratory Seminar—(Same as

MATSCI 268.) For undergraduates. Weekly discussions and research

presentations for the Sports Materials Laboratory. May be repeated for

credit. Corequisite: participationinaSportsMaterial sL aboratory project.
1 unit, Aut (Dauskardt) Win, Spr (Clemens)

MATSCI 170. Materials Selection In Design—(For undergraduates;
see 270.)
4 units (Pringz) alternate years, given 2003-04

MATSCI 171. Materials Science Lab |—(For graduate students; see
161.)
3 units (Saff) not given 2002-03

MATSCI 172. Materials Science L ab | 1—(For graduate students; see
162.)
3 units, Win (Vailionis)

MATSCI 173. Materials Science Labs | I|—(For graduate students;
see 163.)
3 units, Spr (Saff)

MATSCI 179Q. M aterialsin Sports—Stanford Introductory Seminar.
Preferenceto sophomores. Introduction to material s science using sport-
ing equipment asavehicleto highlight material properties, performance,
and selection criteria. The classesof material, and the propertiesrelevant
to sporting equipment performance. Examples from modern sporting
equipment (golf clubs, tennis rackets, skis, and bicycles) highlight the
relationship between material properties and product performance.
3 units (Clemens) not given 2002-03

MATSCI 187. Scattering Physics—(For undergraduates; enroll in
APPPHY S 196.)
4 units (Greven), not given 2002-03

MATSCI 189Q. Materialsin Art and the Ancient World—Stanford
Introductory Seminar. Preference to sophomores. Discussion of the
processing, microstructures, and properties of materialsused in art and,
more generally, in ancient structures and artifacts. Topics: interaction of
light with matter (especially dyes and pigments, minerals and metals),
materials selection for ancient structures, long-term environmental sta-
bility of materials, early metallurgical practices, ceramic and glass art
processing.
3units, Aut (Mclintyre)

MATSCI 190. Organic M aterials—(For undergraduates; see 210.)
4 units, Aut (McGehee)

MATSCI 191. Mathematical and Computational Methodsin Mate-
rials Science—(For undergraduates; see 201.)
4 units, Aut (Bar nett)

MATSCI 192. Solid State Thermodynamics—(For undergraduates;
see 202.)
4 units, Aut (Musgrave)

MAT SCI 193. AtomicArrangementsin Solids—(For undergraduates;
see 203.)
4 units, Aut (Sinclair)

MATSCI 194. Phase Equilibria—(For undergraduates; see 204.)
4 units, Win (Mclntyre)

MAT SCI 195. Wavesand Diffraction in Solids—(For undergraduates;
see 205.)
4 units, Win (Clemens)

MATSCI 196. | mperfectionsin Crystalline Solids—(For undergrad-
uates; see 206.)
4 units, Win (Nix)

MATSCI 197. RateProcessesin M aterials—(For undergraduates; see
207.)
4 units, Spr (Clemens)

MATSCI 198. M echanical Propertiesof M aterials—(For undergrad-
uates; see 208.)
4 units, Spr (Nix)

MATSCI 199. Electrical, Optical and M agnetic Propertiesof Solids—
(For undergraduates; see 209.)
4 units, Spr (Brongersma)
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PRIMARILY FOR GRADUATES

MAT SCI 200. M aster ' sResear ch—Participationinaresearch project.
1-9 units, any quarter (Staff)

MATSCI 201. Mathematical and Computational M ethodsin M ate-
rials Science—(Same as MATSCI 191.) Introduction to mathematical
techniquesuseful inthestudy of material sscienceand solid statephysics.
Varies annually; course may be repeated for credit. In 2002-03, mathe-
matical and computational methods for treating wave and diffusion
phenomena. | n subsequent years, mathematical methods associated with
crystal physics, variational calculus, and quantum mechanics. Prerequi-
site: familiarity with ordinary differential equations and an elementary
understanding of matrices.
3units, Aut (Barnett)

MATSCI 202. Solid State Thermodynamics—(Same as MATSCI
192.) The principles of thermodynamics and relationships between
thermodynamic variables. Equilibrium in thermodynamic systems. Ele-
mentary statistical thermodynamics. Thermodynamics of multicompo-
nent systems, interfaces, and defects in solids. Prerequisite: physical
chemistry or introductory thermodynamics.

3 units, Aut (Musgrave)

MATSCI 203. Atomic Arrangementsin Solids—(Same as MATSCI
193.) Atomic arrangements in perfect and imperfect crystalline solids,
defect chemistry, and elements of formal crystallography, including
development of point groups and space groups.

3units, Aut (Sinclair)

MATSCI 204. Phase Equilibria—(SameasMATSCI 194.) Theprinci-
plesof heterogeneous equilibriaand their application to phase diagrams.
Thermodynamicsof solutions; chemical reactions; non-stoichiometry in
compounds; first order phase transitions and metastability; higherorder
transitions; statistical models of aloy thermodynamics; binary and
ternary phase diagram construction; thermodynamics of surfaces. Pre-
requisite: 192/202; or consent of instructor.
3 units, Win (Mclintyre)

MATSCI 205. Waves and Diffraction in Solids—(Same as MATSCI
195.) Theelementary principal sof x-ray, vibrational, and el ectron waves
in solids. Basic wave behavior including Fourier analysis, interference,
diffraction, and polarization. Examples of wave systems, including
electromagnetic waves from Maxwell’s equations. Diffracted intensity
in reciprocal space and experimental techniques such as electron and x-
ray diffraction. Latticevibrationsin solids, including vibrational modes,
dispersion relationship, density of states, and thermal properties. Free
electron model. Basic quantum mechanics and statistical mechanics
including Fermi-Dirac and Bose-Einstein statistics. Prerequisite: 193/
203 or consent of instructor.
3 units, Win (Clemens)

MATSCI 206. | mper fectionsin Crystalline Solids—(SameasMATS-
Cl 196.) The relation of |attice defects to the physical and mechanical
properties of crystalline solids. Introduction to point imperfections and
their relationship to transport propertiesin metallic, covalent, and ionic
crystals. Geometric, crystall ographic, el astic, and energetic properties of
dislocations. Rel ations between disl ocations and the mechanical proper-
tiesof crystals. Introduction to the structure and properties of interfaces
in solids. Prerequisite: 193/203.
3 units, Win (Nix)

MATSCI 207. Rate Processesin M aterials—(SameasMATSCI 197.)
Diffusion and phase transformations in solids. Diffusion topics: Fick's
laws, atomic theory of diffusion, and diffusionin alloys. Phase transfor-
mation topics: nucleation, growth, diffusional transformations, spinodal
decomposition, and interface phenomena. Material builds on the math-
ematical, thermodynamic, and statistical mechanical foundationsin the
prerequisites. Prerequisites: 194/204.
3units, Spr (Clemens)
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M AT SCI 208. M echanical Propertiesof M aterials—(SameasM AT SCI
198.) Introduction to themechanical behavior of solids, emphasizing the
relationships between microstructure and mechanical properties. Elas-
tic, anelastic, and plastic properties of materials. The relations between
stress, strain, strain rate, and temperature for plastically deformable
solids. Application of dislocation theory to strengthening mechanismsin
crystalline solids. The phenomena of creep, fracture, and fatigue and
their controlling mechanisms. Prerequisites: 193/203, 196/206.
3 units, Spr (Nix)

MATSCI 209. Electrical, Optical and M agnetic Propertiesof Solids—

(Same as MATSCI 199.) Introduction to the electronic, magnetic, and

optical properties of solids. Emphasis is on concepts and models of

phonons and el ectronic energy bands as applied to metals, semiconduc-

tors, magnetic materials, and insulators. Elementary quantum and sta-

tistical mechanicsconceptsareutilized. Prerequisite: 195/205 or equivalent.
3 units, Sor (Brongersma)

MATSCI 210. Organic M aterials—(SameasMATSCI 190.) Bonding
and intermolecular interactions in organic materials. Techniques for
determining the chemical structure and molecular packing of organic
materials. Relationship between the structure and physical properties of
polymers, liquid crystals, and other macromolecules. Introduction to
synthesizing organic macromolecules. Current technological applica
tions for organic materials such as flexible flat panel displays.
3 units, Aut (McGehee)

MATSCI 230. Materials Science Colloquium—May be repeated for
credit. (AU)
1 unit, Aut (Brongersma, Mclntyre), Win (Wang, Dauskardt),
Sor (McGehee, Sinclair)

MATSCI 251. Microstructure and Mechanical Properties—(Same
asMATSCI 151.) Primarily for studentswithout amaterial sbackground.
Mechanical propertiesand their dependenceonmicrostructureinarange
of engineering materials. Elementary deformation and fracture concepts,
strengthening and toughening strategiesin metals and ceramics. Topics:
dislocation theory, mechanisms of hardening and toughening, fracture,
fatigue, and high-temperaturecreep. Prerequisite: ENGR 50 or equivalent.
3 units, Aut (Dauskardt)

MATSCI 255. Mechanical Properties of Composites—Introduction
to composite material sand their applications. Elastic and plastic proper-
ties of structural polymers, metals, and ceramics, reinforced by fibers,
laminates and dispersed particles. Application of micromechanicsto the
understanding of strength, fracture toughness, creep resistance, and
thermal propertiesof composites. Synthesis, processing, and the charac-
terization of structural composites.
3units(Nix) alternate years, given 2003-04

MATSCI 267. SportsMaterials Laboratory Project—(For graduate
students; see 167.)
1-3 units, Aut (Dauskardt), Win, Spor (Clemens)

MAT SCI 268. SportsMaterialsL aboratory Seminar—(For graduate
students; see 168.)
1 unit, Aut (Dauskardt), Win, Spr (Clemens)

MATSCI 270. Materials Selection In Design — (Same as MATSCI
170.) Methods to select materials for engineering applications, empha-
sizing structural and thermal properties. Fundamentals of the interrela-
tion between materials parameters. Strategies for optimal selection
subject to performance, processing, and manufacturing constraints.
Materials selection with and without shape considerations. Use of
materials databases. Design case studies. Material synthesis methodol-
ogies. Prerequisites: ENGR 14 and 50 or ME 111.

3units(Prinz) alternate years, given 2003-04

MATSCI 273. Materials Physics in the Real World—(Enroll in
APPPHY S 270.)
3units, Sor (Fisher)



MAT SCI 299. Practical Training—Educational opportunitiesin high-
technology research and development labsin industry. Qualified gradu-
ate students engagein internship work and integrate that work into their
academic program. Following the internship, students complete a re-
search report outlining their work activity, problems investigated, key
results, and any follow-on projects they expect to perform. Student is
responsible for arranging own employment. See department student
services manager before enrolling.
3 units, any quarter (Staff)

MATSCI 300. Ph.D. Research—Participation in aresearch project.
1-15 units, any quarter (Staff)

MATSCI 310. Integrated Circuit Fabrication Processes—(Enroll in
EE 212))
3 units, Aut (Plummer)

MATSCI 312. New Methodsin Thin Film Synthesis—Techniquesto
grow thin films on an atomic scale provide the materials base for new
classes of coatings and devices. The fundamentals of vacuum growth
techniques, molecular beam epitaxy (MBE), chemical vapor deposition
(CVD), ion beam assisted deposition, and plasma processes. Relation-
ships between deposition parameters and film properties. Industrial
applications of thin film synthesis. SITN/SCPD televised.
3units, Aut (Wang)

MATSCI 313. Synthesis and Processing of Bulk and Thin Film
Ceramics—Unit process operations used to fabricate polycrystalline
ceramic componentsand thin films. Topics: grain growth, solid stateand
liquid phase sintering, drying, forming processes, particle packing ef-
fects, powder synthesis through solid state reaction and wet chemical
methods, thin film deposition via sol gel and vapor phase synthesis
routes. Prerequisites; 204 and 207, or equivalents.
3 units, Aut (Mclntyre) alternate years, not given 2003-04

MATSCI 315. Polymer Surfacesand I nterfaces—(Enroll in CHEM-
ENG 460.)
3units, Sor (Frank) alternate years, not given 2003-04

MATSCI 316. Nanoscale Science, Engineering, and Technology—
Overview of nanotechnology with an emphasis on self-assembly and
molecular electronics. Topics: intermolecular interactions; self-assem-
bly of amphiphilic molecules, block copolymers, organic-inorganic
mesostructures, colloidal crystals, proteins, DNA and ablone shells;
biologically inspired growth of materials; scanning probe microscopy
and lithography; carbon nanotubes; organic semiconductors; nanoel ec-
tronics, molecular electronics. Other nanotechnology topics may be
explored through a group project. Prerequisite: knowledge of how
conventional silicon transistors are fabricated and how they function.
SITN/SCPD televised.
3 units, Win (McGeheg)

MAT SCI 317.Advanced I ntegrated Circuit Fabrication Processes—
(Enroll in EE 311.)
3 units, Spr (Saraswat)

MATSCI 318. Integrated Circuit Fabrication Laboratory—(Enroll
in EE 410.)
3-4 units, Win (Saraswat)

MATSCI 319. Electron and on Beamsfor Semiconductor Process-
ing—(Enroll in EE 217.)
3 units, Win (Pease) alternate years, not given 2003-04

MATSCI 320. Techniquesfor Microstructural Characterization of

M aterials—Current methods of directly examining the microstructure

of materials. Topics: optical microscopy, scanning electron microscopy,

field ion microscopy, transmission electron microscopy, X-ray topogra-

phy, scanning probe microscopy and microanalytical methods. Empha-

sisison the electron-optical techniques. Recommended: 193/203.
3units (Sinclair) alternate years, given 2003-04

195

MATSCI 321. Transmission Electron Microscopy—Imageformation
and interpretation. The contrast phenomena associated with perfect and
imperfect crystals from a physical point of view and from a formal
treatment of electron diffraction theory. The importance of electron
diffraction to systematic analysis and recent imaging developments.
Prerequisite: 193/203, 195/205, or equivalent.

3units, Win (Sinclair) alternate years, not given 2003-04

MATSCI 322. Transmission Electron Microscopy L aboratory—
Experimental application of electron microscopy to typical problemsin
materials science, including specimen preparation, microscope opera-
tion and alignment, recording and analysis of bright and dark field
images and diffraction patterns, disl ocation and stacking fault character-
istics, analytical and high resolution techniques. Prerequisite: 321,
consent of instructor.
3units, Spr (Marshall)

MATSCI 323. Thin Film and I nterface Microanalysis—The science
and technology of a variety of microanalytical techniques, including
Auger electron spectroscopy (AES), Rutherford backscattering spec-
troscopy (RBS), secondary ionmassspectroscopy (SIMS), ionscattering
spectroscopy (ISS), and x-ray photoelectron spectroscopy (XPS or
ESCA). Generic processes such as sputtering and high-vacuum genera-
tion. Prerequisite: someprior exposureto atomic and el ectronic structure
of solids. SITN/SCPD televised.
3units (Kelly) alternate years, given 2003-04

MATSCI 324. Selected Topics in Thin Film Microcharacteriza-
tion—Case study characterizing materials, defining problemsin charac-
terizing surfacesor thinfilms, carrying out anal yses of relevant samples,
and reporting the results. Students operate modern electron, ion, and x-
ray probe instruments to study samples. Methodology for approaching
characterization problems; experience in interpreting and presenting
experimental results. Emphasis is on the application of theoretical
measurement capabilitiesto practical problems, and the capabilitiesand
limitations of modern techniques. Topics: choosing the appropriate
techniques, analytical pitfalls, quantitative analysis, effects of noiseand
other uncertainties on analytical precision. Limited enrollment. Prereg-
uisite: 323 or consent of instructor.
3units, Win (Kelly) alternate years, not given 2003-04

MATSCI 325. X-Ray Diffraction—Diffraction theory anditsrelation-
ship to structural determination in solids. Focusis on applications of x-
rays; concepts can be applied to neutron and el ectron diffraction. Topics:
Fourier analysis, kinematic theory, Patterson functions, diffractionfrom
layered and amorphous materials, single crystal diffraction, dynamic
theory, defect determination, surface diffraction, techniques for data
analysis, and determination of particlesizeand strain. Prerequisites: 193/
203, 195/205.
3 units (Clemens) alternate years, given 2003-04

MATSCI 327. Scattering Physics—(Enroll in APPPHY S 218.)
3 units (Greven) alternate years, given 2003-04

MATSCI 330. Ceramicsfor ElectronicApplications—Electronicand
ionic conduction, dielectric, piezoelectric, and opto-electronic proper-
ties of advanced ceramic materials. Behavior of bulk polycrystalline
ceramics and thin films. The relationships among processing history,
microstructure, point defect chemistry, and the functional properties of
ceramic. Application areas. high permittivity on-chip capacitor dielec-
trics, piezoel ectric sensors/actuators, fast ion conductors, electrical and
thermal transducers, and electro-optic devices. Prerequisite: 209 or
equivalent.
3units(Mclntyre) alternate years, given 2003-04

MATSCI 331. Solid State Physics |—(Enroll in APPPHY S 272.)
3 units, Win (Manoharan)

MATSCI 332. Solid State Physics | 1—(Enroll in APPPHY S 273.)
3 units, Spr (Manoharan)

Excerpt from Stanford Bulletin, 2002-03

ineering

o
c
Ll
O
=
O
o)
O
c
§
O
%!
2
O
g
L
=




O
Z
(2%
LLJ
L
Z
O
Z
LLJ
O
@)
©)
I
Q
V)

MATSCI 334. Basic Physics for Solid State Electronics—(Enrall in
EE 228.)
3units, Aut (Fan)

MAT SCI 335. Propertiesof Semiconductor M aterials—(Enroll inEE
327)
3units, Spr (J. Harris) alternate years, not given 2003-04

M AT SCI 336. Physicsof Advanced Semiconductor Devices—(Enroll
in EE 328.)
3units(J. Harris) alternate years, given 2003-04

MATSCI 341. Principles and Models of Semiconductor Devices—
(Enrall in EE 216.)
3units, Aut (J. Harris)

MATSCI 342. TheElectronic Structureof Surfacesand I nter faces—
(Enroll in EE 329.)
3units, Aut (Pianetta) alternate years, not given 2003-04

MAT SCI 343. Organic Semiconductor sfor Electronicsand Photon-
ics—The science of organic semiconductors and their usein electronic
and photonic devices. Topics. methods for fabricating thin films and
devices; relationship between chemical structureand molecular packing
on propertiessuch ashand gap, charge carrier mobility and luminescence
efficiency; doping; field-effect transistors; light-emitting diodes; lasers;
biosensors; photodetectors and photovoltaic cells. SITN/SCPD televised.
3 units, Spr (McGehee)

M AT SCI 344. Micromachined Sensor sand Actuator s—(Enroll inEE
312)
3 units, not given 2002-03

MATSCI 345. Advanced VL S| Devices—(Enroll in EE 316.)
3units, Win (Saraswat)

MATSCI 347.1ntroduction to M agnetism and M agnetic Nanostr uc-
tures—Atomic origins of magnetic moments. Magnetic exchange and
ferromagnetism. Types of magnetic order. Magnetic anisotropy. Do-
mains, domainwalls, andtheir origin. Hysterisisloopsandtheir rel ation-
shipto fundamental physical properties. Hard and soft magnetic materi-
als. Demagnetization factors. Applications of magnetic materials, espe-
cialy toinformation storage. M agnetic nanostructuresand nonotechnol -
ogy. Prerequisites: Physics 53 and 57, or equivalents.
3units, Spr (Wang)

MATSCI 349. Introduction to I nformation Storage Systems—(En-
roll in EE 335.)
3 units, Win (Wang)

MATSCI 350. Micromechanics—Use of the theory of elasticity to
discuss fields of dislocations, inclusions, inhomogeneities, and their
interactionsin deformable solids. Applicationsto the microscopic foun-
dationsof macroscopic plasticity, theeffectsof strainenergy on morphol-
ogies associated with phase transformations, and the determination of
effectivepropertiesof compositemedia. Prerequisite: any brief introduc-
tion to the theory of elasticity, or consent of instructor.
3 units (Bar nett) not given 2002-03

MATSCI 352. StressAnalysisin Thin Filmsand L ayered Composite
M edia—Introduction to methods of stressanalysisof layered dissimilar
media, including thin films deposited on substrates, composite lami-
nates, and stratified anisotropic elastic materials based on techniques
pioneered by Stroh. Stress states generated by thermal and elastic
mismatch and local stressconcentrationsat interfacial cracksor corners,
with applications to integrated circuit devices, aircraft materials, and
geophysical media. Prerequisites: introductory course on the strength of
materialsor thetheory of elasticity, somefamiliarity with matrix al gebra.
SITN/SCPD televised.
3 units, Win (Barnett) alternate years, not given 2003-04
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MAT SCI 353. Mechanical Propertiesof Thin Films—The mechani-
cal propertiesof thinfilmson substrates. Themechanicsof thinfilmsand
of the atomic processes which cause stressesto develop during thin film
growth. Experimental techniquesfor studying stressesinand mechanical
properties of thin films. Elastic, plastic, and diffusiona deformation of
thin films on substrates as afunction of temperature and microstructure.
Effects of deformation and fracture on the processing of thin film
materials. Prerequisite: 198/208.
3 units (Nix) alternate years, given 2003-04

MATSCI 354A. Theory and Applications of Elasticity—(Enroll in
ME 340A.)
3units, Win (Seele)

MAT SCI 354B. I ntroduction to FractureM echanics—(Enroll in ME
340B.)
3 units (Gao) not given 2002-03

MAT SCI 355. Time-Dependent Plasticity—T heoriesand mechanisms
of creep. Temperature and strain rate effects on the plastic flow of solids.
The relation of high temperature strength and ductility of materials to
structure. Prerequisite: 198/208.

3units, Aut (Nix) alternate years, not given 2003-04

MATSCI 356. Fatigue Design and Analysis—(Enroll in ME 345.)
3 units, Win (Nelson)

MATSCI 357. Physical Solid M echanics—(Enroll in ME 329.)
3 units, Win (Cho)

MATSCI 358. Fracture and Fatigue of Engineering Materials—
Linear-elastic and elastic-plastic fracture mechanics from a materials
science perspective, emphasizing microstructure and the micromecha-
nisms of fracture. Plane strain fracture toughness and resistance curve
behavior. Mechanisms of failure associated with cleavage and ductile
fracture in metallic materials and brittle fracture of ceramics and their
composites. Fracture mechanics approaches to toughening and subcrit-
ical crack-growth processes, with examples and applications in ad-
vanced materialsincluding cyclic fatigue and high-temperature creep of
metals and ceramics. Prerequisite: 151/251, 198/208, or equivalent.
3 units, Win (Dauskardt)

MATSCI 359. Crystalline Anisotropy—Introductory matrix and ten-
sor analysiswith applicationstotheeffectsof crystal symmetry onelastic
deformation, thermal expansion, diffusion, piezoelectricity, magneto-
striction, and thermodynamics, following a treatment at the level of
Nye's text. Homework sets use Mathematica. ™

3 units (Barnett) not given 2002-03

MATSCI 360. Techniques of FailureAnalysis—(Enroll in AA 252.)
2 units, Spr (Ross)

MATSCI 361. Mechanics of Composites—(Enroll in AA 256.)
3units, Win (Springer)

MATSCI 400. Participationin Materials Science Teaching—May be
repeated for credit.
1-3 units, Aut, Win, Spr (Saff)

MATSCI 405. Seminar in Applications of Transmission Electron
Microscopy—May be repeated for credit. (AU)
1 unit, Aut, Win, Spr (Sinclair)

MATSCI 459. Frontiersin Interdisciplinary Biosciences—(Cross-
listedin multipledepartmentsintheschool sof Humanitiesand Sciences,
Engineering, and M edicine; students should enroll directly through their
affiliated department, otherwiseenroll in CHEMENG 459.) Anintroduc-
tion to cutting-edge research involving interdisciplinary approaches to
bioscience and biotechnology; for specialists and non-specialists. Orga-
nized and sponsored by the Stanford BioX Program. Threeseminarseach
quarter address a broad set of scientific and technical themes related to



interdisciplinary approachestoimportant issuesin bioengineering, med-
icine, and the chemical, physical, and biological sciences. Leading
investigators from Stanford and throughout the world present the latest
breakthroughs and endeavors that cut broadly across many core disci-
plines. Pre-seminars introduce basic concepts and provide background
for non-experts. Registered students attend all pre-seminarsin advance
of the primary seminars, others welcome. Prerequisite: keen interest in
all of science, engineering, and medicine with particular interest in life
itself. Recommended: basic knowledge of mathematics, biology, chem-
istry, and physics.
1 unit, Aut, Win, Spr (Robertson)

Thisfile hasbeen excerpted from the Stanford Bulletin, 2002-03,
pages190-197. Every effort hasbeen madetoinsureaccuracy; late
changes(after print publication of thebulletin) may havebeen made
here. Contact the editor of the Stanford Bulletin via email at
arod@stanford.edu with changes, corrections, updates, etc.
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