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Preface 

Ceramic films and coatings are both active fields of research and 
widely used areas of technology. The relatively high hardness and 
inertness of ceramic materials make ceramic coatings of interest for 
protection of substrate materials against corrosion, oxidation and wear 
resistance. The electronic and optical properties of ceramics make 

ceramic films and coatings important to many electronic and optical 
devices. 

This book presents a series of reviews of many of the most active and 
technically important areas of ceramic films and coatings. The chapters 
are intended to be useful to a B.S. or higher level person who is not 
necessarily an expert in the area. The book is introduced by a survey of 
the uses and methods of preparation of ceramic films and coatings, The 
following chapters each focus on an area of application of a type of film 
with outstanding properties. Each chapter typically considers the 
processing, properties, and applications of the subject area of film 
technology. Each of these chapters can be read on a stand-alone basis, 

but groups of chapters are related, as described below, and reinforce each 
other by providing perspective and alternate viewpoints. 

Four chapters focus on coatings used for protection, An example of 
a field in which ceramic coatings have become indispensable is treated 
first: coated cutting tools. A related research area of great promise is 
taken up in the next chapter: creating an in situ wear resistant film by ion 
implantation. Chemical protection is then considered. A widely used and 
important area of technology is the use of ceramic enamel films for 

protection. Incidentally, decorative aspects of such use are of high 
commercial importance also. Finally in the area of protective films thermal 
protection is considered. Such films have become essential in many high 

vii 
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VIII Preface 

temperature devices including combustors and parts of jet engines. 
A chapter on synthetic diamond films also relates to the use of films 

for protection of a substrate. However, these films also have many other 
potential applications for their electronic, thermal, and optical properties. 
Diamond thin films are still in a stage of rapid advance. The state of the 
art in controlling their structure and microstructure is summarized. 

Several chapters relate to films used for their optical and electronic 
properties. Inorganic, nonmetallic thin films for microoptic devices are 
discussed. Electronic thin films are treated from three standpoints. First, 
electronic films made by an organic precursor route are treated. Second, 
ceramic thick film technology for insulators, conductors, and special 

electrical functions is treated. Third, superconducting thin films are treated 
in a separate chapter. These latter materials present extreme challenges 
to thin film technology because of the critical importance of achieving a 
very narrow range of crystal structure and microstructure required to give 
the best superconducting properties. 

Finally, two areas are taken up which cut across thin film technology. 
Sol-gel preparation techniques offer a wet chemical route to many types 
of thin films. This approach has many advantages, but also has limitations. 
The procedures used for sol-gel film making and the types of 
microstructures that can be achieved are surveyed. 

Characterization of thin films is a requirement for research as well as 
for quality control in production. The major characterization techniques are 

brought together and their capabilities and limitations are treated in a 
single chapter. 

The editors thank the authors for their perserverance in preparing 
chapters and updating them in rapidly moving areas (e.g., 
superconductivity) even as this book was being produced. 

Piscataway, New Jersey John B. Wachtman 

September, 1992 Richard A. Haber 
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Ceramic Films and Coatings - An 
Overview 

John B. Wachtman and Richard A. Haber 

1 .O INTRODUCTION 

The processing, study and use of ceramic films and coatings is done 
by people with various technical backgrounds. The wide range of materials, 
techniques for preparation and types of application make this an inherently 
interdisciplinary field. The present general overview attempts to introduce 
the subject to the worker who is interested in this field but whose expertise 
is in one of the related disciplines and who is not an overall expert in films 
and coatings. 

Films and coatings are used for an enormous and diverse set of 
applications including electronic and optical devices (l)-(3)(3a), protection 
at high temperatures (4), cutting tool enhancement, and large-scale architectural 
and automotive use (5). Many of these applications require the properties 
associated with inorganic, nonmetallic materials; i.e., with ceramics. 

The special physical properties of ceramics deriie from their fundamental 
bond type (6). Characteristically ceramics are compounds with bonds that 
are primarily of a mixed ionic/covalent type rather than a metallic type. As 
a result, most ceramics have completely filled electronic valence bands 
separated by a wide forbidden band from completely empty electronic 
conduction bands causing them to be electrical insulators and to be 
transparent. Because of the availability of the wide range of ceramic 
compounds and the ability to introduce additives into their structures, their 
electronic and optical properties can be tailored to make them semiconductors 
and electro-optic materials useful as wave guides, modulators, and detectors. 

1 



2 Ceramic Films and Coatings 

Because of the basic bonding and structural features of ceramics, some 
possess large and useful amounts of ferroelectricity, ferromagnetism, 
piezoelecticity, and pyroelectricity. Many ceramics have the high bond 
strength between atoms that leads to great hardness, stiffness and strength. 
Many also have good resistance to corrosion and oxidation at high temperatures. 

The special properties of ceramics lead to a wide range of applications. 
Continuing reduction in the scale of microelectronics and increases in the 
complexity of microelectronic devices have greatly extended thin film 
technology. Lines and other geometric features of one micron lateral scale 
or less are used. Films are needed for insulators, conductors, and hermetic 
seals. Integrated optics technology requires sources, transmission lines, 
modulators, and detectors made by thin film technology. 

Development of new materials has affected ceramic film and coating 
technology. The discovery that multiple layer coatings can have extraordinary 
mechanical properties including very high values of elastic moduli is one 
example. The development of procedures for growing true diamond thin 
films has set off a whole field of research. The discovery of the high Tc 
superconducting ceramics which have their best properties as highly- 
oriented thin films has caused intense efforts to process these materials into 
good thin films and to combine them with normal conductors to make 
devices. 

Modern ceramic film technology has been strongly affected by many 
lines of progress in related technologies. This progress includes developments 
in vacuum technology, film processing, film characterization, materials 
science of ceramics, semiconductor device technology, optical technology, 
and cutting tool technology. The following sections summarize the major 
areas of application, discuss the major processing techniques, discuss the 
major characterization techniques, and give some perspective on exciting 
trends toward new ceramic films and new applications. 

2.0 AREAS OF APPLICATION OF CERAMIC FILMS AND 

COATINGS 

Table 1 gives a brief summary of areas of application with some typical 
examples of ceramics for each (6). Practical ceramic films vary greatly in 
function and thickness. Some have been in use for a long time and others 
are just coming into use. At one extreme are the naturally-forming oxide 
films which act as the oxidation barrier on stainless steels. These are 
typically as thin as 10 nm or less. At the other extreme are the porcelain 
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enamel films as thick as 1 mm or more which are used to protect steel from 
corrosion. There is thus a long-standing ceramic film and coating technology 
with its roots in practical needs. 

Table 1. Uses of Ceramic Films and Coatings (6) 

Use Typical Ceramic Material 

Wear Reduction 

Friction Reduction 
Corrosion Reduction 
Thermal Protection 

AI,O,, B,C, Cr,O,, Cr B, 
Cr Si,, Cr,Si,, DLC*, Mo,C 
MoSi,, SIC, TiB,, TIC, WC 
MoS,, BN, BaF, 
Cr,O,, AI,O,, S&N,, SiO, 
Ca,Si,, MgAI,O,, MgO, 
ZrO, (Mg or Ca stabilized) 

Electrical conductivity 
Semiconductors 
Electrical Insulation 
Ferroelectricity 
Electromechanical 

In,OJSnO,, YBa,Cu,O,x 
GaAs, Si 
SiO 
Bi?i 0 

4 3 12 

AIN 

Selective optical 
transmission and 
reflectivity 

Optical wave guides 
Optical processing 

(electrooptic, etc.) 
Sensors 

BaF,/ZnS, CeO,, CdS, 
CuO/Cu,O, Ge/ZnS, 
SnO, 
SiO 
Ga&, InSb 

SiO,, SnO,, ZrO, 

* DLC = Diamond-like carbon 

3.0 PROCESSING OF CERAMIC FILMS AND COATINGS 

It can be argued that most if not all of the current film production 
techniques are merely extensions of processes already studied more than 
50 years ago. Such techniques can be grouped into four categories: (i) 
atomic deposition processes, (ii) particulate deposition processes, (iii) bulk 
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coating, and (iv)surface modification (6). The principal techniques in these 
categories are listed in Table 2. The degree of extension of these basic 
techniques in recent decades is so great in many cases that it constitutes 
a revolution in process control and in the type and quality of films and 
coatings which can be made. For example, the degree of process control 
now possible allows the growth of epitaxial layers with desirable properties 
in many systems (l)(2)(7)-(15). A relatively new process is laser ablation 
which uses very short-pulse lasers to transfer complex compounds to a 
substrate with little or no change in composition (8). 

Progress in vacuum technology in the 1950s and 1960s made it 
possible to operate at pressures of 10-l’ torr instead of the previous limit of 
about 1O-6 torr (16). This makes it possible to study the chemistry and 
structure of surfaces without significant contamination. Also, these vacuum 
techniques can be used to lower the contamination during film production. 
Even when the film production process operates at a higher pressure, the 
background contamination can be kept down. 

The interaction of depositing ions with the surface is complex. Takagi 
(17)(18) has emphasized the importance of the kinetic energy of the 
depositing ions in affecting the processes which occur. Figure 1 from Takagi 
shows the range of energy per ion and incident flux density of ions 
corresponding to characteristic operating conditions for deposition, etching, 
and implantation. Also shown on the figure are the energy ranges that 
correspond to significant interactions. He notes that an ion energy of a few 
hundred eV would be very useful but is difficult to achieve because of the 
space charge repulsion effect. The technique of ionized cluster beam (ICB) 
deposition is used to avoid space charge repulsion. In this technique, films 
are deposited by clusters of 500 - 2000 atoms with a small charge per ion 
compared to individual ions. 

The energy of the deposited ion after it has come to equilibrium with the 
temperature of the surface is also important. Metastable films can be 
formed if the temperature is too low. The temperature of the substrate is 
critical to the crystal structure (or lack of it) and the texture of the film. For 
example, formation of films of superconducting Ya,Ba,Cu,O,_X with good 
crystallinity and highly preferred orientation requires both a suitable substrate 
and a deposition temperature above 600% as discussed in the chapter on 
superconducting thin films in this volume (Ch. 11). 

Some film processing techniques involve a rapid drop in energy of the 
atoms just before and just after attachment to the substrate. Non- 
equilibrium phases, both metastable crystalline phases and amorphous 
phases, can be formed. These typically remain frozen up to temperatures 


