MATERTALS SCIENCE AND
ENGINEERING

Emeriti: (Professors) Clayton W. Bates, Jr., Richard H. Bube, Theodore
H. Geballe* StigB. Hagstrom,* RobertA. Huggins, WilliamD. Nix,*
Oleg D. Sherby, John C. Shyne, WilliamA. Tiller, Robert L. White*;
(Professor, Research) Robert S. Feigel son*

Chair: Robert Sinclair

Associate Chair: Reinhold H. Dauskardt

Professors: David M. Barnett, Arthur |. Bienenstock, John C. Bravman,
BruceM. Clemens, Reinhold H. Dauskardt, Friedrich B. Prinz, Robert
Sinclair, Shan X. Wang

Associate Professors: Michael D. McGehee, Paul C. Mclntyre

Assistant Professors: Mark L. Brongersma, Yi Cui, SarahHeilshorn,Aaron
M. Lindenberg, NicholasMelosh, Alberto Salleo

Courtesy Professors: Stacey Bent, Curtis W. Frank, James S. Harris,
Yoshio Nishi, James D. Plummer, Krishna Saraswat, Jonathan F.
Stebbins, Joachim Stohr

Courtesy Assistant Professors: lan Fisher, Harindran Manoharan

Lecturers: Ann Marshall, ArturasVailionis

Acting Assistant Professor: Seung Min Han

Consulting Professors: Robert E. Fontana, Turgut Gur, Michael A. Kelly,
ReneMeyer, Baylor Triplett, Robert M. White, Wendelin J. Wright

* Recalled to active duty.

Department Offices: 416 Escondido Mall, Building 550
Mail Code: 94305-2205
Phone: (650) 723-2534
Email: matsciengr@stanford.edu
Web Site: http://mse.stanford.edu
Coursesin Materials Science and Engineering have the subject code
MATSCI. For acompletelist of subject codes, see Appendix.

The Department of Materials Science and Engineering is concerned
withtherelation betweenthestructureand propertiesof materias, factors
that control theinternal structureof solids, and processesfor alteringtheir
structure and properties. The undergraduate program, described under
the" School of Engineering” section of thisbulletin, providestrainingfor
thematerialsengineer and a so preparatory training for graduatework in
materials science. Capable students are encouraged to take at | east one
year of graduate study to extend their course work to obtain acoterminal
degree. Coterminal degreeprogramsareencouraged bothfor undergradu-
ate majorsin Materials Science and Engineering and for undergraduate
majorsin related disciplines. Graduate programs lead to the degrees of
Master of Science, Engineer, and Doctor of Philosophy.

FACILITIES

Thedepartmentisbasedinthe ThomasF. Peterson Engineering L abora-
tory (Building 550), with extensive facilitiesin the Jack A. McCullough
building and the Gordon and Betty Moore M aterials Research Building.
These buildings house offices for the chair and most of the faculty, for the
administrative and technical staff, and for most graduate students, along
with lecture and seminar rooms. Facilities for teaching and research are
also available, including equipment for electrical measurements; me-
chanical testing of bulk and thin film materials; fracture and fatigue of
advanced materials; metall ography; optical, scanning, transmission el ec-
tron microscopy, and atomic force microscopy; UHV sputter deposition;
vacuum annealing treatments; wet chemistry; and x-ray diffraction. The
M cCullough/M oore Complex isal sothehomefor the Center for Magnetic
Nanotechnology, with corresponding facilities for magnetic measure-
ments. TheRapid Prototyping L aboratory (RPL ), housing material deposi-
tionandremoval stations, isajoint facility with Mechanical Engineering,
and ishoused next to the Peterson Labsin Building 530. The department
maintainstwo microcomputer clustersfor itsstudents, both of which are
linked to the Internet.

Depending on the needs of their programs, students and faculty also
conduct research in a number of other departments and independent
|aboratories. Chief among these are the Center for Integrated Systems
(ClIS), the Geballe Laboratory for Advanced Materials(GLAM), and the
Stanford 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 housesa10,000 squarefoot, class100 cleanroom
for Si and GaAsintegrated circuit fabrication; alargenumber of el ectronic
test, materials analysis, and computer facilities; and office space for faculty,
staff, and students. In addition, CIS provides startup research funds and
maintains a Fellow-Mentor program with industry.

ForinformationonGLAM and SSRL, seethe GeballeL aboratory for
Advanced Materials” and“ Stanford Synchrotron Radiation L aboratory”
sections of thisbulletin.

UNDERGRADUATE PROGRAMS
BACHELOR OF SCIENCE

Theundergraduate program providestrainingin solid statefundamen-
tals and materials engineering. Students desiring to specialize in this field
during their undergraduate period may do so by followingthecurriculum
outlinedinthe” School of Engineering” sectionof thisbulletinaswell asthe
School of Engineering Undergraduate Handbook. TheUniversity’sbasic
requirementsfor thebachel or’ sdegreearediscussedinthe* Undergraduate
Degrees’ section of thisbulletin. Electives are available so that students
with broad interests can combine material s science and engineering with
work in another science or engineering department.

For information about the minor, see the “ School of Engineering”
section of thisbulletin.

COTERMINAL B.S./M.S. PROGRAM

Stanford undergraduates who wish to continue their studiesfor the
Master of Sciencedegreeinthecoterminal programmay apply for admis-
sion after they have earned 120 unitstoward graduation (UTG) asshown
on the undergraduate unofficial transcript; applicants must submit their
application no later than the quarter prior to the expected completion of
their undergraduate degree. The application must give evidence that the
student possesses the potential for strong academic performance at the
graduatelevel. Scoresfromthe Graduate Record Exam (GRE) General Test
must be reported before action can be taken on an application. Materials
scienceisahighly integrated and interdisciplinary subject, and soapplica-
tionsfrom studentsof any engineering or scienceundergraduatemajor are
encouraged. Informationformspertai ningtothecoterminal programmay
beobtai ned fromthedepartment’ sstudent servicesmanager, Room 551F.

For University coterminal degree program rules and University
application forms, see http://registrar.stanford.edu/shared/publications.
htm#Coterm.

GRADUATE PROGRAMS

Graduate students can specializein any of the areas of materials sci-
ence and engineering.

MASTER OF SCIENCE

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

TheDepartment of M aterial s Scienceand Engineeringrequiresamini-
mum of 45 unitsfor amaster’ sdegreeto betakeninresidenceat Stanford.
Master’s Program Proposal forms should be filled out, signed by the stu-
dent’ sacademicadviser, and submitted tothedepartment’ sstudent services
manager by the end of the student’s first quarter of study. Final changes
to the master’s program must be submitted no later than one academic
quarter prior todegreeconferral . Stanford M aterial s Scienceundergradu-
ates who are pursuing or who plan to pursue a coterminal M.S. degree
may have more flexibility in their programs and should consult with their
academicadvisersregarding appropriatecorecourseand el ectivechoices.
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Degreerequirementsare asfollows:

1. A minimum of 30 units of Materials Science course work, including
core and lab courses specified below, taken for a letter grade. Research
units, one-unit seminars, and coursesinother departments(i.e., where
students cannot enroll inaclasswithaMAT SCI subject code) cannot
be counted for this requirement.
Three core courses: 203; 204; 207.
Lab courses: MATSCI 171, 172, 173. Note: students who have had
equivalent lab courses at other universities, equivalent practical ex-
perience, amaterial srelated degreeor background, or passedthePh.D.
qualifying exam, are expected to file a petition with the department’s
student services manager to have this requirement waived and to
substitute other appropriate technical coursesfor thelab units.
4. 15 units of approved course electives that result in atechnically
coherent program. Of the 15 units of elective courses:

a) 12 of the 15 unitsmust betaken for aletter grade (except for those
submitting an M. S. report).

b) amaximum of three units may be seminars.

c) if writing amaster’s research report, a minimum of six and a
maximumof 15unitsof MaterialsScienceresearchunits(MATSCI
200) may be counted. M.S. research units may only be counted if
writingan M.S. research report.

d) amaximum of three units may be undergraduate units (offered at
Stanford University).

e) amaximum of five units may be used for a foreign language course
(not including any remedial English courses or coursesin the
student’s native languageif other than English).

f) thecombination of seminar, undergraduate, andlanguageunitsmay
not exceed six unitstotal .

g) thecombination of research, seminar, undergraduate, and language
unitsmay not exceed 15 unitstotal.

h) activity unitsmay not be counted toward agraduate degree.

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

All proposed degree programs are subject to approval by the depart-
ment’s student services manager and the Academic Degree Committee,
which has responsibility for assuring that each proposal isatechnically
coherent program.

MASTER’S RESEARCH REPORT

Studentswishing to take thisoption must include 6-15 M aterial s Sci-
enceresearch unitsontheir program proposal and thenameof thefaculty
member who will be supervising the research. Students using 15 units
of research toward the degree must participate in amore complex and
demanding research project than those using fewer units.

The report must be approved by two faculty members. One faculty
member isthestudent’ sresearch adviser. The other faculty member must
be approved by the department’s student services manager. Three copies
of the report (one copy for each approving faculty member and one for
the department file), in final form and signed by the two faculty members,
must be submitted tothedepartment’ sstudent servicesmanager oneweek
before final examinations of the final quarter of the program. The report
is not an official University thesis but rather is intended to demonstrate
to department faculty an ability to conduct and report directed research.
Refer to the Materials Science and Engineering Student Handbook for
further clarification concerning this report.

In caseswhere studentsdecideto pursueresearch after theinitial pro-
gramsubmissiondeadline, they shouldsubmitarevisedM.S. Program Pro-
posdl at least two quartersbeforethedegreeisgranted. Thetotal combined
unitsof Material sScienceresearch units, seminars, languagecourses, and
undergraduate courses cannot exceed 15. If amaster’sresearch reportis
not to besubmitted, unitsof MATSCI 200 cannot beappliedtothedepart-
ment’srequirement of 45 unitsfor the master’s degree.
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HONORS COOPERATIVE PROGRAM

Some of the department’ sgraduate students participatein the Honors
Cooperative Program (HCP), which makesit possible for academically
qualified engineers and scientists in industry to be part-time graduate
studentsin Material s Sciencewhilecontinuing professional employment.
Prospective HCP studentsfollow the same admi ssions process and must
meet thesameadmi ssionsrequirementsasfull-timegraduatestudents. 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

Students admitted to the graduate program are admitted specifically
into either theM.S. or the Ph.D. program. A student admitted tothe M. S.
program should not assume admission to the Ph.D. program. Admission
tothe Ph.D. program is required for the student to be eligible to work
towardsthe Ph.D. degree.

A studentintheM.S. program may petitionto beadmittedtothe Ph.D.
programby filingan M.S. to Ph.D. Transfer Petition. This petition must be
accompanied by aone-page statement of purposestating thereasonswhy
thestudent wishestotransfer tothePh.D. program, an updated transcript,
andtwol ettersof recommendation frommembersof the Stanford faculty,
including onefromthestudent’ sprospectiveadviser and at | east onefrom
aMaterials Sciencefaculty member bel onging to the A cademic Council.
TheM.S.toPh.D. Transfer Petitionisduetothestudent servicesmanager
by the end of the second week of Spring Quarter during the student’s first
year in the M.S. program. Only students enrolled in the 200 series core
course sequence areeligibleto petition, and agrade point average (GPA)
of 3.50 or better in the core coursesisrequired.

Transferring to the Ph.D. program is a competitive process and only
fully qualified M. S. students are admitted. Faculty consider the student’s
original application to the graduate program as well asthe material pro-
vided with thetransfer petition.

ENGINEER

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

A student wishingto enter theEngineer program must havecompleted
the requirements of the M.S. in Materials Science and Engineering, and
must file a petition requesting admission to the program, stating the type
of research to be done and the proposed supervising professor. Once ap-
proved, the Application for Candidacy must be submitted to the depart-
ment’ sstudent servicesmanager by theend of thesecond quarter intheEn-
gineer program. Final changesintheA pplicationfor Candidacy form must
besubmitted nolater than one academic quarter prior to degreeconferral.

The 90-unit program must include 9 units of graduate coursesin
Materials Science with aMATSCI subject code (exclusive of research
units, seminars, colloquia, and MATSCI 400, Participation in Teaching)
beyond the requirementsfor the M. S. degree, and additional research or
other unitsto meet the 90-unit University minimum requirement. A grade
pointaverage(GPA) of 3.0must bemaintainedfor all degreecoursework
taken at Stanford.

Completion of an acceptable thesisisrequired. The Engineer thesis
must be approved by two Academic Council faculty members, one of
whom must be amember of the department, and submitted in triplicate.

DOCTOR OF PHILOSOPHY

TheUniversity’shasic requirementsfor thePh.D. degreeareoutlined
inthe“ Graduate Degrees’ section of thisbulletin.
Degreerequirementsare asfollows:
1. Submit a Ph.D. program consisting of at least 135 units,T which
containsaminimum of 57 technical course units. Of these 57 units:
a) atleast 54 of the 57 unitsmust befor aletter grade
b) 33unitsmust betakenasMaterialsSciencecourseswithaM AT SCI
subject codefor aletter grade



) studentsmust take six core coursesfor aletter grade*
1) 203,204, and 207 are required of first-year students
2) students must take three additional core courses in their first year
from thefollowing: 202, 205, 206, 208, 209, 210.

d) aminimum of 12 units of 300-level Materials Science courses
(not including MATSCI 300, Ph.D. Research, or MATSCI 400,
Participation in Materials Science Teaching)

€) aminimum of 12 unitsof coursestaken from one of thefollowing
listsof advanced specialty courses(seebel ow). Someor all of these
coursescan bethesameasthecoursesused to meet thereguirement
of 12 units of 300-level courses; however, the units may not be
counted twice toward the 57 technical or 135 total degree units.

f) electivetechnical coursesto bringthetotal unitsupto 57

g) theremaining unitsbeyond the 57 unitsof technical coursework
may consist of Ph.D. research, seminars, and teaching experience.

2. First-year Ph.D. students are required to take the Materials Science
Colloquium, MATSCI 230, each quarter of their first year (not counted
astechnical courseunits).

3. Ph.D. students are required to obtain an M.S. degree in Materials
Sciencenormally by theend of their second year. Paperwork must be
submitted prior to taking the qualifying examination. Courses taken
for the 57 technical units of Ph.D. work may count to meet the M.S.
degreerequirements.

4. Adepartmental oral qualifyingexamination must bepassed by theend
of January of their second year. A grade point average (GPA) of 3.25
from the six core classestaken isrequired for admission to the Ph.D.
qualifying exam. Studentswho have passed the departmental oral ex-
amination arerequired to compl ete the Application for Candidacy for
thePh.D. Degreeby theend of thequarter inwhichthey passtheexam.
Final changesintheA pplicationfor Candidacy form must besubmitted
no later than one academic quarter prior to degree conferral .

5. MaintainaGPA of 3.0in al degree coursestaken at Stanford.

6. Present theresult of thedissertation at the University ora examination.

* Students may, if they have sufficient background, petition out of some of the required core
courses. To petition, students must have prior consent from their academic adviser, and
consent from theinstructor of the particular core course. That instructor providesan oral or
written examination that the petitioning student must pass.

T At least 90 units must be taken in residence at Stanford. Students entering with an M.S.
degreein Materials Science from another university may request to transfer up to 45 units
of equivalent work toward thetotal of 135 required units.

ADVANCED SPECIALTY COURSES

1. Biomaterials: APPPHY S292; BIOPHY S228; CHEMENG 260, 310,
355, 444; ME 284A,B, 381, 385, 386, 457; MATSCI 380, 381

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

3. Materials Characterization: APPPHY S 216, 218; CHEMENG 345;
EE 329; MATSCI 320, 321, 322, 323, 325, 326

4. Mechanical Behavior of Solids: AA 252, 256; MATSCI 251, 270, 352,
353, 358; ME 335A,B,C, 338, 340, 340B, 345

5. Physicsof Solidsand Computation: APPPHY S218, 272,273, CHEM -
ENG 444; EE 222, 223, 228, 327, 328, 329, 335; MATSCI 330, 343,
347, ME 344A B, 444B

6. Soft Materials: CHEMENG 260, 310, 460; MATSCI 343; ME 455.

PH.D. MINOR

TheUniversity’sbasic requirementsfor the Ph.D. minor are outlined
in the “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 Committee of the department. Individual programsmust
be submitted to the Student ServicesManager at |east onequarter prior to
degree conferral and approved as are other academic plans.

COURSES

PRIMARILY FOR UNDERGRADUATES

MATSCI 70N. Building the Future: Invention and I nnovation with
Engineering M aterials—Stanford Introductory Seminar. Preferenceto
freshmen. Thetechnol ogical importanceof materialsinhumancivilization
iscapturedin historical names such asthe Stone, Bronze, and Iron Ages.
Thepresent Information Age couldrightly becalledthe SiliconAge. The
pivotal rolesof materialsinthedevel opment of new technol ogies. Quan-
titative problem sets, field trips, and formal presentations of small-group
projects. GER:DB-EngrAppSci, Write-2
5 units, Spr (Bravman, J)

MAT SCI 100. Under gr aduatel ndependent Study—Independent study
in materials science under supervision of afaculty member.
1-3 units, Aut, Win, Spr, Sum (Staff)

MATSCI 150. Under graduate Resear ch—Participation in aresearch
project.
3-6 units, Aut, Win, Spr, Sum (Staff)

MATSCI 151. Microstructure and Mechanical Properties—(Same
as 251.) Primarily for students without a materials background. Me-
chanical propertiesand their dependence on microstructurein arange of
engineering materials. Elementary deformation and fracture concepts,
strengthening and toughening strategiesin metalsand ceramics. Topics:
dislocation theory, mechanisms of hardening and toughening, fracture,
fatigue, and high-temperaturecreep. Prerequisite: ENGR 50 or equival ent.
GER:DB-EngrAppSci
4 units, Aut (Dauskardt, R)

MATSCI 152. Electronic M aterials Engineering—M aterials science
and engineering for electronic device applications. Kinetic molecular
theory and thermally activated processes; band structure and electrical
conductivity of metalsand semiconductors; intrinsic and extrinsic semi-
conductors; diffusion; elementary p-njunctiontheory; operating principles
of metal-oxide-semiconductor field effect transistors. Semiconductor
processingincluding crystal growth, oxidationkinetics,ionimplantation,
thin film deposition, etching, and photolithography. Prerequisite: ENGR
50 or equivalent. GER:DB-EngrAppSci
4 units, Spr (Han, S

MATSCI 153.Nanostr uctureand Char acter ization—Thestructureof
meaterialsat thenanoscaleisinmost casesthesamecrystallineformasthe
natural phase. Structures of material s such as semiconductors, ceramics,
metals, and nanotubes; classification of these materials according to the
principles of crystallography. Primary methods of structural character-
ization, X -ray diffraction, and electron microscopy; their applicationsto
study such nanostructures. GER:DB-EngrAppSci
4 units, Win (Sinclair, R; Solorzano, G)

MATSCI 154. Solid State Ther modynamics—The principles of ther-
modynamicsand rel ationshi psbetween thermodynamic variables. Equi-
libriuminthermodynamic systems. Thermodynamicsof multicomponent
systems. Prerequisite: physical chemistry or introductory thermodynam-
ics. GER:DB-EngrAppSci

4 units, Aut (Barnett, D)

MATSCI 155. Nanomaterials Synthesis—The science of synthesis of
nanometer scale materials. Examplesincluding solution phase synthesis
of nanoparticles, the vapor-liquid-solid approach to growing nanowires,
formation of mesoporous materials from block-copolymer solutions,
and formation of photonic crystals. Relationship of the synthesis phe-
nomenato the materials science driving forces and kinetic mechanisms.
M aterial sscienceconceptsincluding capillarity, Gibbsfreeenergy, phase
diagrams, and driving forces. Prerequisite: ENGR 50, and MATSCI 154
or CHEMENG 110. GER:DB-EngrAppSci
4 units, Spr (Clemens, B)
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MATSCI 156. Solar Cells, Fuel Cells,and Batteries: M aterialsfor the
Ener gy Solution—Operating principles and applications of emerging
technological solutionsto the energy demands of theworld. The scale of
global energy usageand requirementsfor possiblesolutions. Basicphysics
and chemistry of solar cells, fuel cells, and batteries. Performanceissues,
including economics, from theideal deviceto theinstalled system. The
promise of materialsresearch for providing next generation solutions.
4 units, Aut (Clemens, B)

MATSCI 157. Quantum Mechanics for Materials Scientists—
Introduction to quantum mechanics and its application to the properties
of materials. The Schrédinger equation, uncertainty principle, bound
states and periodic potentials, angular momentum, quantum statistics,
and perturbation theory. Applications to electronic band structurein
semiconductors, metals, and nanostructures; vibrational properties of
solids; light/matter interaction and lasers; bonding; magnetic materials;
nanotechnol ogy. Prerequisites: working knowledge of calculusand high
school physics.
4 units, Win (Lindenberg, A)

MAT SCI 159Q. JapaneseCompaniesand Japanese Society—(Sameas
ENGR 159Q.) Stanford Introductory Seminar. Preferenceto sophomores.
The structure of aJapanese company from the point of view of Japanese
society. Visiting researchersfrom Japanese compani esgivepresentations
ontheir researchenterprise. TheJapaneseresearch ethic. Thehomecampus
equivalent of aKyoto SCTI course. GER:DB-SocSci

3units, Spr (Snclair, R)

MAT SCI 160. Nanomater ialsL abor ator y—Preferenceto sophomores
and juniors. Hands-on approach to synthesis and characterization of
nanoscal e materials. How to make, pattern, and analyze the latest nano-
tech materials, including nanoparticles, nanowires, and self-assembled
monolayers. Techniques such as soft lithography, self-assembly, and
surface functionalization. The VLS mechanism of nanowire growth,
nanoparticlesizecontrol, self-assembly mechanisms, and surfaceenergy
considerations. Laboratory projects. Enrollment limitedto 24. GER:DB-
EngrAppSci
4 units, Spr (Melosh, N)

MATSCI 161. Nanocharacterization Laboratory—(Same as 171.)
The devel opment of standard |ab proceduresfor materials scientistsem-
phasi zing microscopy, metallography, and techni cal writing. Techniques:
optical, scanning-electron, atomic-forcemicroscopy; and metallographic
specimen preparation. Therel ationshipsamong microscopic observation,
material properties, and processing. Prerequisite: ENGR 50 or equivalent.
GER:DB-EngrAppSci, WIM
4 units, Wn (Han, S

MATSCI 162. X-Ray Diffraction L abor atory—(Same as 172.) Ex-
perimental x-ray diffraction techniques for microstructural analysis of
materials, emphasizing powder and single-crystal techniques. Diffraction
fromepitaxial and polycrystalline thin films, multilayers, and amorphorous
materials using medium and high resolution configurations. Determina-
tion of phase purity, crystallinity, relaxation, stress, and texture in the
materials. Advanced experimental x-ray diffractiontechniques: reciprocal
lattice mapping, reflectivity, and grazing incidence diffraction. Enrollment
limited to 20. GER:DB-EngrAppSci
4 units, Win (Vailionis, A)

MATSCI 163. M echanical Behavior L aboratory—(Same as 173.)
Experimental techniques for the study of the mechanical behavior of
engineering materials in bulk and thin film form, including tension test-
ing, nanoindentation, and wafer curvature stress analysis. Metallic and
polymeric systemswill bestudied. Prerequisites: 198/208, 151/251, ME
80 or equivalent. GER:DB-EngrA ppSci

4 units, Aut (Gage, D)
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MATSCI 164. Electronic and Photonic Materials and Devices
L aboratory—Lab course. Current electronic and photonic materials
and devices. Device physics and micro-fabrication techniques. Students
design, fabricate, and perform physical characterization on the devices
they have fabricated. Established techniques and materials such as pho-
tolithography, metal evaporation, and Si technol ogy; and novel onessuch
as soft lithography and organic semiconductors. Prerequisites: 152 and
199, or consent of instructor. GER:DB-EngrA ppSci
4 units, Aut (Salleo, A)

MATSCI 171. Nanochar acterization L abor ator y—(For graduate
students;, see 161.)
3units, Win (Han, S)

MAT SCI 172. X-Ray Diffraction L abor ator y—(For graduatestudents;
see 162)
3units, Win (Vailionis, A)

MATSCI 173. M echanical Behavior Laboratory—(For graduate
students; see 163.)
3units, Aut (Gage, D)

MATSCI 190. Organic Materials—(For undergraduates; see 210.)
GER:DB-EngrAppSci
4 units, Aut (McGehee, M)

MATSCI 192. Materials Chemistry—(For undergraduates; see 202.)
GER:DB-EngrAppSci
4 units, Aut (Cui, Y)

MAT SCI 193. AtomicArrangementsin Solids—(For undergraduates;
see 203.) GER:DB-EngrAppSci
4 units, Aut (Snclair, R)

MAT SCI 194. Thermodynamicsand Phase Equilibria—(For under-
graduates; see 204.) GER:DB-EngrAppSci
4 units, Win (Salleo, A)

M AT SCI 195. Wavesand Diffraction in Solids—(For undergraduates,
see 205.) GER:DB-EngrAppSci
4 units, Win (Clemens, B)

MAT SCI 196. | mperfectionsin Crystalline Solids—(For undergradu-
ates; see 206.) GER:DB-EngrA ppSci
4 units, Spr (Nix, W)

MAT SCI 197. Rate Processesin M aterial s—(For undergraduates; see
207.) GER:DB-EngrAppSci
4 units, Spr (Mclintyre, P)

M AT SCI 198. M echanical Propertiesof M aterial s—(For undergradu-
ates; see 208.) GER:DB-EngrAppSci
4 units, Win (Dauskardt, R)

MATSCI 199. Electronic and Optical Properties of Solids—(For
undergraduates; see 209.) GER:DB-EngrAppSci
4 units, Spr (Brongersma, M)

PRIMARILY FOR GRADUATE STUDENTS

MAT SCI 200. M aster'sResear ch—Participationin aresearch project.
1-15 units, Aut, Win, Spr, Sum (Staff)

MAT SCI 202. M aterialsChemistry—(Sameas192.) Chemical princi-
plesof materials: atomicand molecul ar bonding; acid and basechemistry;
redox and electrochemistry; colloidal and surface chemistry; materials
synthesis; and nanoscale chemistry.

3units, Aut (Cui, Y)

M AT SCI 203.AtomicArrangementsin Solids—(Sameas193.) Atomic

arrangementsin perfect andimperfect crystallinesolids, especially impor-

tant metal's, ceramics, and semiconductors. Elements of formal crystal-

lography, including devel opment of point groups and space groups.
3units, Aut (Sinclair, R)



MATSCI 204. Thermodynamics and Phase Equilibria—(Same as
194.) Theprinciplesof heterogeneousequilibriaand their application to
phasediagrams. Thermodynamicsof sol utions; chemical reactions; non-
stoichiometry in compounds; first order phase transitions and metastabil-
ity; thermodynamicsof surfaces, elastic solids, diel ectrics, and magnetic
solids. Prerequisite: 192/202 or consent of instructor.

3 units, Wn (Salleo, A)

MATSCI 205. Waves and Diffraction in Solids—(Same as 195.) The
elementary principalsof x-ray, vibrational, and el ectron wavesin solids.
Basicwavebehaviorincluding Fourier analysis, interference, diffraction,
and polarization. Examples of wave systems, including el ectromagnetic
wavesfrom Maxwell’ sequations. Diffractedintensity inreciprocal space
and experimental techniquessuch asel ectronandx-ray diffraction. Lattice
vibrationsinsolids, including vibrational modes, dispersionrelationship,
density of states, and thermal properties. Free electron model. Basic
guantum mechanicsand statisti cal mechani csincluding Fermi-Diracand
Bose-Einstein statistics. Prerequisite: 193/203 or consent of instructor.
3 units, Win (Clemens, B)

MATSCI 206. Imperfectionsin Crystalline Solids—(Same as 196.)
Therelationof |atticedefectsto thephysical and mechanical propertiesof
crystallinesolids. I ntroductionto pointimperfectionsandtheir rel ationship
totransport propertiesinmetallic, covalent, andioniccrystals. Geometric,
crystallographic, elastic, and energetic properties of dislocations. Rela-
tionsbetween disl ocationsand themechani cal propertiesof crystals. The
structure and properties of interfacesin solids. Prerequisite: 193/203.
3units, Spr (Nix, W)

MAT SCI 207. RateProcessesin M aterials—(Sameas 197.) Diffusion
and phasetransformationsinsolids. Diffusiontopics: Fick’slaws, atomic
theory of diffusion, and diffusionin alloys. Phase transformation topics:
nucleation, growth, diffusional transformations, spinodal decomposition,
and interface phenomena. Material builds on the mathematical, thermo-
dynamic, and statistical mechanical foundationsin the prerequisites.
Prerequisites: 194/204.
3 units, Sor (Mclntyre, P)

MATSCI 208. M echanical Propertiesof Materials—(Same as 198.)
Introduction to the mechanical behavior of solids, emphasizing the re-
|ationships between microstructure and mechanical properties. Elastic,
anelastic, and plastic propertiesof materials. Therel ationsbetween stress,
strain, strain rate, and temperature for plastically deformable solids. Ap-
plication of dislocationtheory to strengthening mechanismsincrystalline
solids. Thephenomenaof creep, fracture, and fatigueandtheir controlling
mechanisms. Prerequisites: 193/203.
3units, Win (Dauskardt, R)

MAT SCI 209. Electronicand Optical Propertiesof Solids—(Sameas
199.) The concepts of electronic energy bands and transports applied to
metals, semiconductors, and insulators. The behavior of electronic and
optical devicesincluding p-n junctions, MOS-capacitors, MOSFETS,
optical waveguides, quantum-well lasers, light amplifiers, and metallo-
dielectric light guides. Emphasisis on relationships between structure
and physical properties. Elementary quantum and statistical mechanics
conceptsare used. Prerequisite: 195/205 or equivalent.
3 units, Spr (Brongersma, M)

MAT SCI 210.OrganicM aterials—(Sameas190.) Uniquephysica and
chemical properties of organic materials and their uses.The relationship
between structure and physical properties, and techniques to determine
chemical structure and molecular ordering. Examplesinclude liquid
crystal's, dendrimers, carbon nanotubes, hydrogel s, and biopolymerssuch
aslipids, protein, and DNA.

3 units, Aut (McGehee, M)

MATSCI 230. Materials Science Colloquium—May be repeated for
credit.
L unit, Aut (Salleo, A; Lindenberg, A), Win (Cui, Y; Snclair, R),
Sor (Dauskardt, R; Heilshorn, S)

MATSCI 251. Microstructure and Mechanical Properties—(For
graduate students; see 151.)
3units, Aut (Dauskardt, R)

MATSCI 299. Practical Training—Educational opportunitiesin high-
technology research and development labs in industry. Qualified gradu-
ate students engage in internship work and integrate that work into their
academic program. Followingtheinternship, studentscompl etearesearch
report outlining their work activity, problems investigated, key results,
and any follow-on projectsthey expect to perform. Studentisresponsible
for arranging own employment. Seedepartment student servicesmanager
beforeenrolling.
3units, Aut, Win, Spr, Sum (Saff)

MATSCI 300. Ph.D. Resear ch—~Participation in aresearch project.
1-15 units, Aut, Win, Spr, Sum (Saff)

MATSCI 302. Solar Cells—Theory of conventional p-n junction and
excitonicsolar cells. Design, fabrication, and characterization of crystal-
line silicon, amorphous silicon, CdTe, CIGS, and tandem and organic
solar cells. Emerging solar cell concepts such as intermediate band gap
and bioinspired solar cells. Emphasisis on the material s science aspects
of solar cellsresearch. Module design and economic hurdles that must
be overcome for solar cell technology to generate a significant fraction of
theworld's electricity. Group project to explore one solar cell approach
in depth. SITN/SCPD televised.
3units, Spr (McGehee, M)

MATSCI 311. Lasersin Materials Processing—Principles of laser
operation. Optically and electrically pumped lasers. Materiasfor solid-
statelasers. Fundamental sof | aser/material sinteractions. Applicationsin
thin film technology and microfabrication; laser annealing of defects and
crystallization of amorphous films. Laser-induced shock waves. Extreme
non-equilibriumlaser processing; ultra-fast (femtosecond) lasersandtheir
novel uses; micro- and nanofabrication of fluidic and photonic devices;
intracellular nano-surgery.
3units, Sor (Salleo, A)

MATSCI 312. New Methodsin Thin Film Synthesis—Materialsbase
for engineering new classes of coatingsand devices. Techniquesto grow
thin films at atomic scale and to fabricate multilayers/superlattices at
nanoscal e. Vacuum growth techniquesincluding evaporation, molecul ar
beam epitaxy (MBE), sputtering, ion beam assisted deposition, laser
ablation, chemical vapor deposition (CVD), and electroplating. Future
direction of material synthesis such as nanocluster deposition and nano-
particlesself-assembly. Rel ationshi psbetween deposition parametersand
film properties. Applications of thin film synthesis in microelectronics,
nanotechnol ogy, and biology. SITN/SCPD televised.
3units, Aut (Wang, S

MATSCI 316. Nanoscale Science, Engineering, and Technology—
Sample application areas: renewable energy including nanoscal ed
photovoltaic cells, hydrogen storage, fuel cells, and nanoel ectronics.
Nanofabrication techniques including: self-assembly of amphiphilic
molecules, block copolymers, organic-inorganic mesostructures, col-
loidal crystals, organic monolayers, proteins, DNA and abal one shells;
biologically inspired growth of materials; photolithography, el ectronbeam
lithography, and scanning probe lithography; and synthesis of carbon
nanotubes, nanowire, and nanocrystals. Other nanotechnol ogy topi csmay
be explored through agroup project. SITN/SCPD televised.
3units, Win (Cui, Y)

MAT SCI 320. Nanochar acterization of M aterials—Current methods
of directly examining the microstructure of materials. Topics: optical
microscopy, scanning electron and focused ion beam microscopy, field
ion microscopy, transmission electron microscopy, scanning probe mi-
croscopy, and microanalytical surface science methods. Emphasisison
the electron-optical techniques. Recommended: 193/203.
3units, Win (Sinclair, R; Evans, C), alternateyears,
not given next year
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MATSCI 321. Transmission Electron Microscopy—Imageformation
and interpretation. The contrast phenomena associated with perfect and
imperfect crystalsfrom aphysical point of view and fromaformal treat-
ment of electrondiffractiontheory. Theimportanceof electrondiffraction
tosystematic analysisand recent imaging devel opments. Recommended:
193/203, 195/205, or equivalent.

3units, alternateyears, not given thisyear

MATSCI 322. Transmission Electron Microscopy L aboratory—
Experimental application of electron microscopy to typical materials
science studies. Topics include microscope operation and alignment,
diffraction modes and analysis, bright-field/dark-field analysis of defects,
high resolution imaging, and analytical techniques for compositional
analysis (EDAX). Enrollment limited to 12. Prerequisites: 321, consent
of instructor.
3units, Spr (Marshall, A)

MATSCI 323. Thin Film and Interface Microanalysis—The science
and technol ogy of microanalytical techniques, including Auger electron
spectroscopy (AES), Rutherford backscattering spectroscopy (RBS),
secondary ion mass spectroscopy (SIMS), ion scattering spectroscopy
(ISS), and x-ray photoel ectron spectroscopy (XPS or ESCA). Generic
processes such as sputtering and high-vacuum generation. Prerequisite:
some prior exposure to atomic and electronic structure of solids. SITN/
SCPD televised.
3 units, not given thisyear (Brongersma, M)

MATSCI 325. X-Ray Diffraction—Diffraction theory and itsrelation-
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, diffraction from
layered and amorphous materials, single crystal diffraction, dynamic
theory, defect determination, surface diffraction, techniques for data
analysis, and determination of particle size and strain. Prerequisites:
193/203, 195/205.
3units, alternate years, not given thisyear (Clemens, B)

MATSCI 326. X-Ray Science and Techniques—X-ray interaction
with matter; diffraction from ordered and disordered material's; x-ray
absorption, photoemission, and coherent scattering; x-ray microsocopy.
Sourcesincluding synchrontrons, high harmonicgeneration, x-ray lasers.
Time-resolved techniques and detector technol ogy.

3units, Aut (Lindenberg, A)

MAT SCI 343. Organic Semiconductor sfor Electronicsand Photon-
ics—Thescienceof organicsemiconductorsandtheir useinelectronicand
photonic devices. Topics: methods for fabricating thin films and devices;
rel ationshi p between chemical structureand molecul ar packing on proper-
ties such as band 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, Win (McGehee, M; Peumans, P)

MAT SCI 346. Nanophotonics—(Same as EE 336.) Recent develop-
mentsin micro- and nanophotonic materialsand devices. Basic concepts
of photonic crystals. Integrated photonic circuits. Photonic crystal fibers.
Superprism effects. Optical properties of metallic nanostructures. Sub-
wavelength phenomena and plasmonic excitations. Meta-materials.
Prerequisite: electromagnetic theory at the level of 242. SITN/SCPD
televised.
3units, Win (Fan, S Brongersma, M)

MATSCI 347.Introduction to M agnetism and M agnetic Nanostr uc-
tures—Atomic origins of magnetic moments, magnetic exchange and
ferromagnetism, types of magnetic order, magnetic anisotropy, domains,
domainwalls, hysteresisloops, hard and soft magnetic material's, demag-
netization factors, and applications of magnetic materials, especially
magnetic nanostructures and nanotechnology. Tools include finite-element
and micromagnetic modeling. Design topicsinclude el ectromagnet and
permanent magnet, electronic article surveillance, magnetic inductors,
bio-magnetic sensors, and magnetic drug delivery. Design projects, team
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work, and computer-aided design. Prerequisites: PHY SICS29and 43, or
college-level electricity and magnetism.
3units, Spr (Wang, S, White, R)

MAT SCI 352. StressAnalysisin Thin Filmsand L ayered Composite
M edia—Introduction to methods of stressanalysisof layered dissimilar
media, including thin films deposited on substrates, composite laminates,
and stratified anisotropic elastic materials based on techniques pioneered
by Stroh. Stressstatesgenerated by thermal and el asticmismatchandlocal
stress concentrations at interfacial cracks or corners, with applications
tointegrated circuit devices, aircraft materials, and geophysical media.
Prerequisites: introductory courseonthestrength of material sor thetheory
of elasticity; familiarity with matrix algebra.
3units, not given thisyear (Barnett, D)

M AT SCI 353. M echanical Propertiesof Thin Films—Themechanical
properties of thin films on substrates. The mechanics of thin films and of
the atomic processes which cause stresses to develop during thin film
growth. Experimental techniquesfor studying stressesinand mechanical
properties of thin films. Elastic, plastic, and diffusional deformation of
thin films on substrates as a function of temperature and microstructure.
Effects of deformation and fracture on the processing of thin film materi-
as. Prerequisite: 198/208.
3units, not given thisyear (Nix, W)

MATSCI 358. Fracture and Fatigue of Materialsand Thin Film
Structures—Linear-elastic and el astic-plastic fracture mechanics from
amaterial s science perspective, emphasi zing microstructure and the mi-
cromechanismsof fracture. Planestrainfracturetoughnessandresistance
curve behavior. Mechanisms of failure associated with cohesion and
adhesion in bulk materials, composites, and thin film structures. Frac-
ture mechanics approaches to toughening and subcritical crack-growth
processes, with examples and applications involving cyclic fatigue and
environmentally assisted subcritical crack growth. SITN/SCPD tel evised.
Prerequisite: 151/251, 198/208, or equivalent.
3units, Spr (Dauskardt, R)

MATSCI 359. Crystalline Anisotropy—(Same as ME 336.) Matrix
and tensor analysis with applications to the effects of crystal symmetry
on elastic deformation, thermal expansion, diffusion, piezoelectricity,
magnetism, thermodynamics, and optical properties of solids, on the
level of J. F. Nye's Physical Properties of Crystals. Homework sets use
Mathematica.

3units, not given thisyear (Barnett, D)

M AT SCI 380. Nano-Biotechnology—L.iterature based. Principlesthat
makenanosca ematerial sunique, applicationstobiol ogy, and how biol ogi-
cal systems can create nanomaterials. Molecular sensing, drug delivery,
bio-inspired synthesis, self-assembling systems, and nanomaterial based
therapies. Interactions at the nanoscale. Applications and opportunities
for new technology.

3units, Aut (Melosh, N)

MATSCI 381. Biomaterialsin Regenerative M edicine—(Same as
BIOE 361.) How materialsinteract with cells through their micro- and
nanostructure, mechanical properties, degradation characteristics, surface
chemistry, and biochemistry. Examplesinclude novel materialsfor drug
andgenedelivery, materialsfor stemcell proliferationand differentiation,
andtissueengineering scaffol ds. Prerequisites: undergraduatechemistry,
and cell/molecular biology or biochemistry.
3units, Win (Heilshorn, S; Cochran, J)

MATSCI 399. Graduate I ndependent Study—Under supervision of
afaculty member.
1-10 units, Aut, Win, Spr, Sum (Staff)

M AT SCI 400. Participation in M aterials Science Teaching—May be
repeated for credit.
1-3 units, Aut, Win, Spr (Staff)

MATSCI 405. Seminar in Applications of Transmission Electron
Microscopy—May be repeated for credit.
1 unit, not giventhisyear (Snclair, R)



COGNATE COURSES

Seerespectivedepartment listingsfor coursedescriptionsand General
Education Requirements (GER) information. See degree requirements
above or the program’s student services office for applicability of these
coursesto amajor or minor program.

AA 252. Techniquesof FailureAnalysis
3units, Spr (Murray, S

AA 256. M echanicsof Composites
3 units, Win (Chang, F)

APPPHY S218. X-Ray and Neutron Scatteringin the21st Century
3 units, Win (Greven, M), alternate years, not given next year

APPPHY S270. M agnetism and L ong Range Order in Solids
3units, Aut (Fisher, 1)

APPPHY S272. Solid State Physics|
3 units, Win (Kivelson, S

APPPHY S273. Solid State Physics| |
3units, Spr (Kivelson, 9

CHEMENG 444. Quantum Simulationsof Moleculesand Materials
3units, Aut (Musgrave, C)

CHEMENG 460. Polymer Surfacesand I nterfaces
3 units, alternateyears, not given thisyear

EE 212. Integrated Circuit Fabrication Processes
3 units, Aut (Plummer, J)

EE 216. Principlesand M odels of Semiconductor Devices
3units, Aut (Harris, J), Wn (Saraswat, K; Pease, R)

EE 228. Basic Physicsfor Solid State Electronics
3 units, Aut (Peumans, P)

EE 311. Advanced I ntegrated Circuit Fabrication Processes
3units, Spr (Saraswat, K)

EE 312. Micromachined Sensorsand Actuators
3units, Win (Kovacs, G)

EE 316.Advanced VL S| Devices
3units, Win (Wong, P)

EE 327. Propertiesof Semiconductor Materials
3 units, not given thisyear

EE 328. Physicsof Advanced Semiconductor Devices
3units, Spr (Harris, J)

EE 329. TheElectronic Structureof Surfacesand I nterfaces
3 units, not given thisyear

EE 335. Introduction to I nformation Stor age Systems
3units, Win (Wang, S

EE 410. Integrated Circuit Fabrication Labor atory
3-4 units, Wn (Saraswat, K)

ENGR 31.Chemical Principleswith ApplicationtoNanoscaleScience
and Technology
4 units, Aut (Mclntyre, P)

ENGR 50. Introduction to Materials Science, Nanotechnology
Emphasis
4 units, Win (Melosh, N), Spr (Sinclair, R)

ENGR 50M. Introduction to Materials Science, Biomaterials
Emphasis
4 units, Aut (Heilshorn, §

ME 329. Physical Solid M echanics
3 units, alternate years, not given thisyear

ME 340. Elasticity in Microscopic Structures
3 units, Spr (Cai, W)

ME 345. Fatigue Design and Analysis
3 units, Win (Nelson, D)

This file has been excerpted from the Stanford Bulletin, 2007-08, pages
234-240. Every effort hasbeen madeto ensure accuracy; post-press
changesmay havebeen madehere. Contact theeditor of thebulletin
at arod@stanford.edu with changesor corrections. Seethe bulletin
web siteat http://bulletin.stanfor d.edu for additional infor mation.
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