MSE 225 / AST C225

Thin Film Science and Technology
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Atomically sharp SrTiO3 / LaTiO3 superlattice grown by pulsed laser deposition.  H. Hwang et. al.

· Course Description

This course provides an introduction to the preparation methods, characterization techniques, and the physical properties of thin films. Topics covered include: gas kinetics, vacuum science and technology, thin film deposition techniques, growth process and modes, thin film processing, characterization, epitaxy, lattice engineering, metastable phases, artificial structures, mechanical, electrical, magnetic and optical properties of films, and processing-microstructure-property-performance relationships in the context of applications in information storage, integrated circuits, micro-electromechanical systems, optoelectronics and photovoltaics.

· Prerequisites

Graduate standing in engineering, physics, chemistry, or chemical engineering; Or consent of instructor.
· Instructor: Prof. Junqiao Wu


Department of Materials Science and Engineering


Berkeley Nanosciences and Nanoengineering Institute 

· Contact

wuj@berkeley.edu, 322 HMMB


http://www.mse.berkeley.edu/~jwu

· Meeting times
Lectures: see syllabus
Office Hours: see syllabus
· Textbook

Thin Film Deposition: Principles and Practice, Donald L. Smith, McGraw Hill Inc.
· Course content
0.    Introduction
1. Gas Kinetics
1) Phase diagram 

- P-V-T phase diagram; phase transitions

2) Maxwell-Boltzmann distribution 

- thermal motion; average velocity; molecular impingement flux

3) Ideal gas and real gas 

- Ideal gas law; heat capacity of gas; non-ideal gas; mean free path

4) Gas transport theory
- Diffusion; viscosity; heat conduction; electrical conduction 
2. Vacuum Technology
1) Define vacuum
Vacuum terminology; clean surface lifetime

2) Create vacuum
- Vacuum circuits; vacuum conductance; gas flow; pumping speed; contamination; vapor pressure; various types of vacuum pumps
3) Measure vacuum
- Various types of vacuum gauges; leakage detection; gas contamination
3. Materials Evaporation

1) Thermodynamics of evaporation
- Phase transition thermodynamics; thermodynamic functions 

2) Evaporation rate

- Evaporation; alloys; compounds

3) Evaporation steps

- Sources; temperature control; transport

4) Evaporation monitoring

- Quartz crystal microbalance; optical interference; Fresnel’s equations; optical absorption; ellipsometry

4. Materials Deposition

1) Adsorption
Adsorption physics; adsorption kinetics

2) Surface diffusion

Surface diffusion physics

3) Nucleation

Surface energy and its anisotropy; three film growth modes; capillary theory; 3D and 2D nucleation

4) Structure development

Substrate temperature effect; Ostwald ripening; amorphous films

5) Interfaces

Classification of interfaces; diffusion barrier

6) Stress

Stress and strain; problems with film stress; intrinsic stress

7) Adhesion

5. Film Epitaxy

1) Symmetry

Symmetry; lattice mismatch

2) Applications

Bandgap engineering; semiconductor alloys; basic semiconductor physics; modulation doped heterojunctions; quantum well lasers; superlattices

3) Disruption

4) Growth monitoring

Electron spectroscopy and diffraction; x-ray diffraction; 

5) Lattice mismatch

Misfit dislocations and associated energetics; critical thickness; threading dislocations

6) Surface morphology

Surface morphology monitoring; formation of quantum dots via lattice mismatch and its application; atomically smooth surface
6. Growth Methods

1) Evaporation

- thermal evaporation; electron-beam evaporation
2) Sputtering

- DC sputtering; DC magnetron sputtering; RF sputtering; reactive sputtering

3) Chemical vapor deposition
- CVD reaction types; reaction kinetics; atmospheric pressure CVD; low pressure CVD; plasma enhanced CVD; metal organic CVD
4) Molecular beam epitaxy

7. Film Analysis

1) Structure
- accuracy and precision; thickness; topography; inhomogeneity; crystallography; bonding; defects
2) Composition

- Electron beam analysis; x-ray analysis; secondary electron mass spectrometry; Rutherford backscattering

3) Electrical

4) Optical

8. Film Properties

1) Mechanical
- Stress and strain; biomolecular applications; intrinsic stress; buckling and domain formation due to elastic mismatch; adhesion
2) Electrical

- Electrical conduction and Drude model; conduction measurements; Hall effect and van der Pauw method; metal and semiconductor conduction; temperature effect; surface scattering; transport in insulator layers; capacitance-voltage measurement; percolation and scaling laws in semi-continuous films

3) Magnetic

- Magnetic anisotropy; ferromagnetic domain formation; giant magnetoresistance
4) Optical

- General consideration; semiclassical dielectric theory; dielectric functions of semiconductor and metal; transparent conductors; multilayer dielectric optics and interference; semiconductor optics; photoluminescence, absorption, Raman scattering and local vibrational modes in semiconductors; Fourier transform infrared measurement; plasma and surface plasma in metals; metal optics and plasmonics
5) Metallurgical and protective

- Hardness; hard coating materials and films

6) Emerging thin film materials and applications
- Diamond thin films and diamond electronics; atomic graphene sheets, graphene physics and applications; complex oxide thin films and superlattices, new physics with complex oxides; nanoparticle superlattice solids, self-assembly of nanostructures; High-Tc superconductivity films
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