
PREFACE 

Every solid substance, irrespective of its size, is bounded by some sort 
of surfaces. The topographic nature of these surfaces is determined by the 
environment in which a particular solid substance exists during its lifetime. 
For example, the general landscape of the Earth in Europe differs enormously 
from that in Asia or in Africa due to differences in climatic conditions in 
these continents. While the desert and thorny bushes in the Sahara of Africa 
are due to the dry climate and relatively high temperature there, the wet 
climate and low temperatures of Europe is responsible for the terrains and 
forests containing tall trees with large thorn-free leaves. Other factors 
connected with the difference in the composition of the Earth from one region 
to another also contributes to the difference in the landscape of the planet. 
Presence of volcanos which yield a panorama completely different in the 
territory of Chile from that in the neighbouring Argentina is an example of 
this type. 

Situation in the case of smaller objects is similar to that in the above 
example. In the case of crystalline solids, the panoramic view of their 
surfaces is different because of the varied environmental and structural 
(i.e. compositional and crystallographic) conditions. Depending on these 
conditions, the surfaces of crystalline solids show a variety of as diverse 
structures as spiral hillocks, depressions and cracks formed as a result of 
growth, dissolution and mechanical deformation, respectively. These diverse 
structures are given the general name of surface morphology, surface 
micromorphology or surface microtopography of crystals. The former two terms 
are usually used in the current literature [l] while the last term has been 
used in the works published by the school of Tolansky [2]. In the metallurgy 
literature, the term microstructure is usually employed [l]. 

The subject of micromorphology 
lapped, and fractured surfaces of 

covers 
single 

as-grown, etched, 
and polycrystalline 

abraded 
solids, 

and 
and 

glasses of as diverse substances as insulators, semiconductors, metals and 
polymers. Two relatively old books by Verma [3] and by Dekeyser and Amelinckx 
[4], and a recent review article by Sunagawa and Bennema (5) deal mainly with 
the origin and morphology of growth spirals, while the articles by Enckevort 
(6] and Sangwal (7) describe some observations of the surface morphology of 
solution-grown crystals. Authoritative treatments on the micromorphology of 
etched surfaces of crystals and minerals [8-11] and of fractured surfaces of 
different types of materials [12,13] are available. However, the literature 
on surface morphology is increasingly being published every year in various 
journals, and at present not only a nonspecialist or a beginner but also a 
specialist finds it difficult to have an overall picture of the subject due 
to absence of a reference book. The present monograph is intended to fill 
this gap. 
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The idea of writing the present monograph was conceived during 1985-6 
when the first author was a ctively engaged in the study of the growth 
morphology of bulk single crystal s. The original version of the monograph was 
planned to cover the micromorpho l ogy of as-grown, etched and evaporated 
surfaces of bulk single crystals. Then it was felt that this could easily be 
done in about 200 pages, including a synthetic survey of the areas and 
photographic illustrations. With these concepts still in the state of flux, 
the publishers (Trans Tech) were approached. The publishers warmly agreed to 
undertake the publication of the monograph. In view of various commitments of 
the first author, the tentative time of the completion of the manuscript was 
estimated to be the beginning of 1990. However, since then the contents of 
the book constantly underwent changes in order to widen the scope of the book 
from the standpoint of applied aspects of surface morphology, especially, in 
industry and mineralogy. At one stage it turned out that the subject matter 
was too large to be handled by one author. During this period when the second 
author offered to join the project, realization of the manuscript appeared 
possible. The monograph in its present form is a result of this collaboration 
between the authors on one hand and the publishers on the other. 

The monograph describes and dis cusses g e neral aspects of various types 
of the surface morphology of crystalline solids in the form of bulk crystals 
and deposited layers. Emphasis ha s been laid on tracing the origin of a 
surface structure in terms of current theoretical background. The contents of 
the book can roughly be divided into four parts. The first part is 
introductory in nature, where brie f accounts of the nature of surfaces and 
methods of their observations (chapter 1), and the mechanism of growth and 
development of crystals (chapter 2) are given. The second part deals with 
various types of morphologies relat e d with processes of growth (chapters 3 
and 4), vaporization (chapter 5) a nd dissolution (chapter 6), the generation 
of defects during .growth in the presence of impurities (chapter 7) and 
microstructures of alloys (chapter 7). The surface morphologies associated 
with cleavage, deformation and surface-preparation processes (chapter 8) are 
described in the third part . The last part deals with the morphology of 
organic molecular crystals and mi nerals (chapter 9). 

During the writing of the book , e very effort has been made to make it 
self-contained so that e ven a no nex pe rt will f i nd the treatment of different 
phenomena clear and concise . To achieve this goal, chapter 2 on the 
mechanisms of growth and deve l opme nt of crystals (which are essential for 
understanding the surface morpho l ogy de s cribed in several latter chapters) is 
included, and the description o f t he phenomena is frequently supplimented by 
suitable photographic illustrations s elected from the published literature. 
No sound knowledge or background o f spec iali zation in solid state sciences is 
required to understand the conte nts of the book. 

The monograph is addressed to a wi d e range of readers, including 
scientific workers, teachers as well as students in the general areas of 
crystal growth and materials sc ience , who a re interested in understanding 
elementary processes involved in s urface mo r phology and in characterising 
crystalline products by microscopi c techniques. 

The writing of the present monog raph was completed during the academic 
year 1989/90 when the firs t author wor ked at the Institute of Materials 
Science of Barcelona. His stay i n Ba r celo na wa s made possible with the grant 



of leave from the Pedagogical University of Czestochowa and the financial 
support from la Direccion General de Investigacion Cientifica y Tecnica 
(DGICYT) of the Spanish Ministry of Education and Science. He acknowledges 
his sincere gratitude to his parent institution and the Spanish Ministry of 
Education. 

The publication of the book would not have been possible without the 
collaboration of different publishers who gladly granted permission to 
reproduce figures from journals and books published by them and of the 
authors who not only granted permission to use figures from their published 
papers but supplied with reprints of their works and original photographs for 
reproduction. The authors' thanks are due to the following publishers: 

Akademie Verlag, American Institute of Physics, Butterworths, Chapman and 
Hall, Electro- chemical Society, Elsevier Science Publishers, Institute of 
Physics (London), John Wiley, Pergamon Press (Oxford), Springer Verlag, and 
Taylor and Francis Ltd. 

They also express their indebtedness to the following authors: 

Dr B.P. Agarwal (Ahmedabad, India), Prof. M.K. Agarwal (Vallabh Vidyanagar, 
India), Dr M.F. Ahmed (Bangalore, India), Prof. R. Armstrong (Maryland, USA), 
Prof. S.K. Arora (Vallabh Vidyanagar, India), Dr H. Asai ((Kanagawa, Japan), 
Prof. D. Aquilano (Torino, Italy), Dr 8.J. Baliga (New York, USA), Prof. .C. 
Bassett (Reading, UK), Prof. E. Sauser (Stuttgart, Germany), Prof. P. Bennema 
(Nijmegen, The Netherlands), Prof. K.W. Benz (Freiburg, Germany), Dr R.M. 
Biefeld (Albuquerque, New Mexico, USA), Prof. R. Boistelle (Marseille, 
France), Prof. C.E. Bugg (Alabama, USA), Dr A.K. Chin (Murray Hill, NJ, USA), 
Prof. M.A. Cuevas (Barcelona, Spain), Dr T. Fujii (Kawasaki, Japan), Prof. 
S.K. Ghandhi (Troy, NY, USA), Dr G.H. Gilmer (Murray Hill, NJ, USA), Prof. 
E.I. Givargizov (Moscow, USSR), Prof. V.G. Glebovsky (Moscow, USSR), Dr T. 
Hibiya (Ibaraki, Japan), Dr I. Hino (Kawasaki, Japan), Prof. T. Hirokawa 
(Koriyama, Japan), Prof. J.P. Hirth (Pullman, WA, USA), Dr H. Hoche (Halle, 
Germany), Dr R.H. Hopkins (Pittsburgh, USA), Dr M.H.J. Hottenhuis (Arnhem, 
The Netherlands), Dr T. Inoue (Senda i, Japan), Dr T. Ishida (Sendai, Japan), 
Dr E.S. Johnson (Tempe, Arizona, USA), Dr H. Kakimoto (Yokohama, Japan), Dr 
H. Kanda (Ibaraki, Japan), Prof. K.W. Keller (Halle, Germany), Dr M. Kitada 
(Tokyo, Japan), Prof. D. Knoppik (Freising, Germany), Prof. H. Komatsu 
(Sendai, Japan), Prof. M. Kumagawa (Hamamatsu, Japan), Prof. L. Malicsko 
(Budapest, Hungary), Dr K. Matsumoto (Kawa saki, Japan), Dr H. Matsunami 
(Kyoto, Japan), Dr K. Meinel (Halle, Germany), Dr S. Miotkowska (Warsaw, 
Poland), Prof. H. Muller-Krumbhaar (Julich, Germany), Prof. J.B. Mullin 
(Worcestershire, UK), Prof. Z. A. Munir (Davis, CA , USA), Dr K. Nakajima 
(Atsugi, Japan), Prof. T. Nishinaga (Tokyo, Japan), Dr Y. Ohba (Kawasaki, 
Japan), Prof. H. Ogawa (Saga, Japan), Dr M. Ozenbas (Ankara, Turkey), Prof. 
A.J . Pennings (Groningen The Netherlands), Dr H.B. Pogge (New York, USA), 
Prof. L.N. Rashkovich (Moscow, USSR), Prof. K. Reichelt (Julich, Germany), 
Prof. G.M . Rosenblatt (San Diego, CA, USA), Dr K. Rozniakowski (Lodz, 
Poland), Prof. K. Sato (Hiroshima, Japan), Dr E. Schonherr (Stuttgart, 
Germany), Dr D.W . Shaw (Dallas, Texas, USA), Prof. J .N. Sherwood (Glasgow, 
UK), Dr E. Sirtl (Marktl/Inn, Germany), Dr M.B. Small (New York, USA), Prof. 
G.B. Stringfellow (Salt Lake City, USA), Prof. I. Sunagawa (Tokyo, Japan), 
Prof. M.V. Swain (Cambridge, UK), Dr M. Szurgot (Lodz, Poland), Dr K. Takagi 
(Tokyo, Japan), Dr G. Torres Villasenor (Mexico, Mexico), Dr K. Tsukamoto 
(Sendai, Japan), Dr W.J.P. van Enckevort (Cuijk, The Netherlands), Dr M.V. 
Wegner (Los Angeles), Dr D.F. Weirauch (Dallas, Texas, USA), Dr J.L. Weyher 



(Parma, Italy), and Dr T. Yanaki (Saitama, Japan). 

In every case the original sources of the figures reproduced in the monograph 
are indicated in their captions. 

Finally, 
libraries of 
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their gratefulness to the staffs of the 
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University of Barcelona for their assistance with the literature, and to Drs 
S. Veintemillas and A. Figueras for going through the text of some of the 
chapters and for the encouragement . They also express their gratitude to Dr 
F.H. Wohlbier (Trans Tech Publications) for showing keen interest and 
understanding during the realization of the manuscript and the publication of 
the book. Last but not the least, the authors record their thanks to their 
wives who created a pleasant atmosphere for this undertaking. 
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