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To the older trees, because that’s from them that we came from but most importantly, to
the young trees, because to them belongs the future.

In my naive mind I like to think of knowledge dissemination as an old tree, with its roots
strongly and deeply set in the ground, and with its seeds gently taken by a lovely wind
that spreads them all around. Let the ground stick close to the old tree’s roots and let the
wind caress its branches, as long as possible. .. till new young trees grow up from the
ground and become stronger and stronger and can finally replace the old one.

27
28
29
30
31
3
33
34
35
36
37
38
39
40
41
e
43
44
45
46

47

Font: Times & Century gothic ~ Size:10/12pt ~ Margins:Top:18mm  Gutter:18mm  T.Area:125mm x 192mm | Color  Lines: 46  Fresh Recto



Els AMS ~ CSHN  Prelims  11-3-2008  20:53  Page:6  Trim: 165mmx240mm  Floats: Top/Bottom  TS: Integra, India

01

03
04
05
06
07
08

09

28
29
30
31
)
33
34
35
36
37
38
39
40
41
o)

43
45

46

47

Font: Times & Century gothic ~ Size:10/12pt ~ Margins:Top:18mm  Gutter:18mm  T.Area:125mm x 192mm | Color  Lines: 46  Fresh Recto



Els AMS

U

03

04

05

06

07

08

09

27

28

29

30

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

CSHN  Prelims ~ 11-3-2008  20:53  Page:7  Trim: 165mmx240mm  Floats: Top/Bottom  TS: Integra, India

Table of Contents

vii

Preface. . . . ... ix

Chapter 1: Introduction: the interdisciplinary nature of nanotechnology
and its need to exploit frontier characterization techniques

Carlo Lamberti . . . ... ... . . 1

Chapter 2: Ab initio studies of structural and electronic properties

Maria Peressi, Alfonso Baldereschi, and Stefano Baroni. . ...................... 17

Chapter 3: Electrical characterization of nanostructures

Anna Cavallini and Laura Polenta . . ... ... ... .. .. . . . . . . . ... 55

Chapter 4: Strain and composition determination in semiconducting
heterostructures by high-resolution X-ray diffraction

Claudio Ferrari and Claudio Bocchi . . ... ... ... .. . . . . . ... 93

Chapter 5: Transmission electron microscopy techniques for imaging
and compositional evaluation in semiconductor heterostructures

Laura Lazzarini, Lucia Nasi, and Vincenzo Grillo. . . ... ... ... .. .. ... ... ...... 133

Chapter 6: Accessing structural and electronic properties of semiconductor
nanostructures via photoluminescence

Stefano Sanguinetti, Mario Guzzi, and Massimo Gurioli . ....................... 175

Chapter 7: Power-dependent cathodoluminescence in IlI-nitrides
heterostructures: from internal field screening to controlled band-gap modulation
Giancarlo Salviati, Francesca Rossi, Nicola Armani, Vincenzo Grillo

and Laura Lazzarini . . ... .. ... .. . e 209

Chapter 8: Raman spectroscopy

Daniel Wolverson . . ... ... .. .. . . e 249

Chapter 9: X-ray absorption fine structure in the study of semiconductor
heterostructures and nanostructures

Federico Boscherini . ... ... . ... . . ... .. e 289

Chapter 10: Nanostructures in the light of synchrotron radiation:
surface-sensitive X-ray techniques and anomalous scattering
Till Metzger, Vincent Favre-Nicolin, Gilles Renaud, Hubert Renevier,

and Tobias Schiilli. . . . . ... .. . . . 331

Font: Times & Century gothic ~ Size:10/12pt ~ Margins:Top:18mm  Gutter:18mm  T.Area:125mm x 192mm 1 Color

Lines:

46  Fresh Recto



Els AMS

01

03

04

05

06

07

08

09

30

31

32

33

34

35

36

37

38

39

40

41

42

43

45

46

47

CSHN  Prelims  11-3-2008  20:53  Page:8  Trim: 165Smmx240mm  Floats: Top/Bottom  TS: Integra, India

viii Table of Contents
Chapter 11: Grazing incidence diffraction anomalous fine structure
in the study of structural properties of nanostructures

Maria Grazia Proietti, Johann Coraux, and Hubert Renevier . .. ................. 371

Chapter 12: The role of photoemission spectroscopies in heterojunction research
Giorgio Margaritondo . . . .. ... ... 407

Chapter 13: ESR of interfaces and nanolayers in semiconductor heterostructures
Andre Stesmans and V.V. Afanas’ev . ... ... ... 435

Subject Index. . . ... ... 483

Font: Times & Century gothic ~ Size:10/12pt ~ Margins:Top:18mm  Gutter:18mm  T.Area:125mm x 192mm | Color  Lines: 46

Fresh Recto



Els AMS ~ CSHN  Prelims  11-3-2008  20:48  Page:9  Trim: 165mmx240mm  Floats: Top/Bottom  TS: Integra, India

ix

» Preface

03
04
05

After the publication of the review “C. Lamberti, The use of synchrotron radiation techniques

in the characterization of strained semiconductor heterostructures and thin films, Surf. Sci.
Rep., 53 (2004) 1-197”, Elsevier contacted me for the coordination of a new book collecting
the most used characterization techniques for the investigation of semiconductor heterostruc-
tures and nanostructures. After an initial inertia from my part, I accepted the task. The
immediate enthusiastic replay of most of the contacted chapter coordinators has made my
work easier than expected. I would like to express my gratitude to all these colleagues, as well
as to all colleagues who have kindly acted as competent reviewers, as their hard work has
importantly helped the chapter coordinators and myself to improve the quality of the final
product. At the end of the task, looking to the final result, I am proud to count within the
chapter coordinators dear friends and eminent scientists that are in the top positions in the
ranking lists of the corresponding disciplines. I am even more proud to underline that, among
such list of eminent scientists, women play an important role, leading four chapters.

“Characterization of Semiconductor Heterostructures and Nanostructures™ is structured in
chapters, each one devoted to a specific characterization technique used in the understanding
of the properties (structural, physical, chemical, electrical, etc.) of semiconductor quantum
wells and superlattices. A chapter is devoted to the ab initio modeling. The book has basically
a double aim. The first one lies on the educational ground. The book provides the basic
concept of each of the selected techniques with an approach understandable by master and
Ph.D. students in Physics, Chemistry, Material Science, Engineering, and Nanotechnology.
The second aim is to provide a selected set of examples from the recent literature of the TOP
results obtained with the specific technique in understanding the properties of semiconductor
heterostructures and nanostructures. Each chapter has consequently this double structure: a
first part devoted to explain the basic concepts, serving the largest possible audience, and a
second one to the discussion of the most peculiar and innovative examples, allowing the book
to have the longest possible shelf life. So students should not get frustrated if they find more
difficulties in the understanding of the second part of the chapters. My advice is to focus on
the first parts; they can always came back to the second parts in the ensuing years, when their
experience will be improved. Of course, the book is devoted also to the specialized commu-
nity of scientists working in the fields of design, growth, characterization, and testing of
heterostructures-based devices in both academic and industrial laboratories. Such readers
should skip the first parts of the chapters, focusing on the final ones.

On top of this, the book has a further and somewhat even more ambitious goal. In this
regard, the topic of quantum wells, wires, and dots should be seen as a pretext of applying top
level characterization techniques in understanding the structural, electronic, etc. properties of
matter at the nanometer (even sub-nanometer) scale. In this way, it is aimed to become a
reference book in the much broader, and extremely hot, field of Nanotechnology.
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