530.427 MAT

CONTENT

Page

1. Atomic-level geometry of crystalline interfaces 1
1.1 Introduction 1

1.2 Basic terminology 3

1.3 Microstructure 7

1.4 Coherency, epitaxy and topotaxy 8

1.5 Commensurability 13

1.6 Degrees of freedom of crystalline interfaces 16

1.7 Atomic-level geometry of planar stacking 29

1.8 Grain boundaries 35

1.9 Characterization of the atomic structure of interfaces 52

2. Experimental investigation of internal interfaces in solids 58
2.1 Introduction 58

2.2 Buried internal interfaces 59

2.3 Chemistry of internal interfaces 76

2.4 Outlook and future promise 80

PART ONE Bulk Interfaces 85
3. Correlation between the structure and energy of grain boundaries in metals 87
3.1 Introduction 87

3.2 Characterization of geometry and structure of GBs 88

3.3 Investigation methods 94

3.4 Correlation between macroscopic degrees of freedom and energy 101

3.5 Correlation between microscopic degrees of freedom and energy 127

3.6 Correlation between the atomic structure and energy 135

3.7 Conclusions 146

4. Grain and interphase boundaries in ceramics and ceramic composites 151
4.1 Introduction 151

4.2 Tllustrations of GBs in ceramic materials 159

4.3 Phase boundaries 174

4.4 Summary 187

5. Special properties of grain X boundaries 190

5.1 Introduction 190



5.2 CSL classification of GBs 190

5.3 Solute segregation 192
5.4 Energy of GBs 193
5.5 Kinetic properties 197
5.6 Mechanical and physical properties 201
5.7 Corrosion properties 203
5.8 Triple junctions 206
5.9 Summary 207
6. Grain boundary structure and migration 212
6.1 Introduction 212
6.2 Grain boundary structure 213
6.3 Steps and dislocations 215
6.4 Grain boundary migration 217
6.5 Observations by transmission electron microscopy 218
6.6 Grain structure of films 221
6.7 Discussion 223
6.8 Conclusion 225
7. Role of interfaces in melting and solid-state amorphization 228
7.1 Introduction 228
7.2 Simulation methods 229
7.3 Molecular-dynamics simulation of interface-induced thermodynamic melting 233
7.4 Mechanical melting 241
7.5 The T-V phase diagram and its low-temperature extensions 244
7.6 Interpretation of solid-state amorphization experiments 247
7.7 Summary and outlook 251
8. Wetting of surfaces and grain boundaries 255
8.1 Introduction 255
8.2 Long-range forces 258
8.3 Wetting of external surfaces 262
8.4 Effect of surface chemistry 270
8.5 Closing remarks 271
PART TWO Semi-bulk and Thin-film Interfaces 273
9. Structural, electronic, and magnetic properties of thin films and superlattices 275
9.1 Introduction 275

9.2 Computational method 276



9.3 Transition metal surfaces and metal-metal interfaces 277

9.4 Metal-ceramic interfaces 281
9.5 Semiconductor interfaces and heterojunctions 287
10. Scanning tunneling microscopy of metals on semiconductors 299
10.1 Introduction 299
10.2 Group III metals on silicon 299
10.3 Group V metals on silicon 307
10.4 Alkali metals on silicon 308
10.5 Transition metals on silicon 309
10.6 Metals on gallium arsenide 313
10.7 Conclusions 314
11. Expitaxy of semiconductor thin films 316
11.1 Introduction 316
11.2 Principles of epitaxy 317
11.3 Misfit dislocations 326
11.4 Phase stability in epitaxial systems 331
11.5 Summary 332
12. Phase behavior of monolayers 336
12.1 Introduction 336
12.2 Scattering experiments 339
12.3 Conclusion 352
13. Elastic and structural properties of superlattices 354
13.1 Introduction 354
13.2 Background 354
13.3 Elastic properties 355
13.4 Structure 356
13.5 Discussion 360
13.6 Conclusion 361
14. Computer simulation of the elastic behavior of thin films and superlattices 364
14.1 Introduction 364
14.2 Simulation concepts and techniques 368
14.3 Thin films 372
14.4 Composition-modulated superlattices 394

14.5 Summary and conclusions 403



15. Interfaces within intercalation compounds 407

15.1 Introduction 407
15.2 Background material 408
15.3 Structure 412
15.4 Relation between properties and interfaces 423
15.5 Concluding remarks 427
16. Nanophase materials: structure-property correlations 431
16.1 Introduction 431
16.2 Synthesis 433
16.3 Structure 439
16.4 Properties 452
16.5 Conclusion 457
PART THREE Role of Interface Chemistry 461
17. Interfacial segregation, bonding, and reactions 463
17.1 Introduction 463
17.2 The segregation process 464
17.3 Grain boundary segregation 468
17.4 Grain boundary reactions 475
17.5 Applications 477
17.6 Conclusions 478
18. Physics and chemistry of segregation at internal interfaces 481
18.1 Introduction 481
18.2 Distribution of segregation energies 482
18.3 High concentrations with solute-solute interaction 484
18.4 On the correlation between segregation and solubility 485
18.5 Interstitial diffusion in GBs 486
18.6 Experimental results on H-segregation at GBs 487
18.7 Phase separation in nanocrystalline Pd-H 491
18.8 H-diffusion in nanocrystalline Pd-H 492
18.9 H-segregation at metal/oxide interfaces 493
18.10 Conclusion 495

19. Atomic resolution study of solute-atom segregation at grain boundaries:

experiments and Monte Carlo simulations 497
19.1 Introduction 497
19.2 Methodology 498

19.3 Monte Carlo computer simulations 502



19.4 Atom-probe observations of solute-atom segregation 509

19.5 Conclusions 512
20. Amorphization by interfacial reactions 516
20.1 Introduction 516
20.2 Review of experimental results 517
20.3 Phase formation and growth in diffusion couples-theoretical considerations 531
20.4 Relationship to other melting phenomena 542

21. Relationship between structural and electronic properties of metal-

semiconductor interfaces 550
21.1 Introduction 550
21.2 Interface states 551
21.3 Electron transport of Schottky barriers 554
21.4 Evidence for SBH inhomogeneity: non-epitaxial MS interfaces 558
21.5 Epitaxial MS interfaces 567
21.6 Conclusions 586

22. Electronic properties of semiconductor-semiconductor interfaces and

their control using interface chemistry 592
22.1 Surface techniques in heterojunction physics 592
22.2 Microscopic control of interface parameters 595
22.3 Future directions 612
23 Microscopic nature of metal-polymer interfaces 616
23.1 Introduction 616
23.2 Molecular structure and morphology of polyimides 618
23.3 Surface and interface chemistry 620
23.4 Diffusion and interface formation 625
23.5 Thermal stress and interfacial fracture 631
23.6 Summary 635
PART FOUR Fracture Behavior 639
24 Tensile strength of interfaces 641
24.1 Introduction 641
24.2 Cracks at interfaces 642
24.3 Measurement of strength of interfaces 645
24 .4 Measurement of toughness of interfaces 650
24.5 Measurement of strength and toughness of carbon fibers 651

24.6 Conclusion 652



25 Microstructure and fracture resistance of metal-ceramic interfaces
25.1 Introduction
25.2 Atomistic structure
25.3 Bonding models
25.4 Defects at interfaces
25.5 The work of adhesion

25.6 Fracture resistance

26 Role of interface dislocations and surface steps in the works of adhesion
26.1 Introduction
26.2 Interfacial decohesion: from interface dislocations to surface steps
26.3 Computer simulations
26.4 Core and elastic strain-field effects in free surfaces and GBs
26.5 A broken-bond model for interfacial decohesion

26.6 Summary and conclusions

27. Microstructural and segregation effects in the fracture of polycrystals
27.1 Introduction
27.2 Microstructural effects
27.3 Segregation effects on GB fracture

27.4 Final remarks

Materials index

Subject index

654
654
654
655
656
657
659

662
662
664
671
679
685
689

691
691
692
698
701

703
710



	CONTENT
	1. Atomic-level geometry of crystalline interfaces     1
	PART THREE Role of Interface Chemistry 461
	23 Microscopic nature of metal-polymer interfaces 616
	25 Microstructure and fracture resistance of metal-ceramic interfaces 654
	26 Role of interface dislocations and surface steps in the works of adhesion 662

