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A FIFTEEN-WEEK COURSE in the fundamentals of 
microelectronics processing has been prepared to 

meet the needs of graduate and advanced under­
graduate students in Purdue's School of Chemical En­
gineering. There is ample evidence of the impact of 
large scale integration on calculators and computers. 
Very large scale integration (VLSI) is bringing about 
great changes in industrial process control, automo­
tive electronics, and other fields in which data acquis­
ition, computation, or controls are necessary. In re­
cent years, chemical engineers have been increasingly 
involved in chemical vapor deposition, epitaxial lateral 
overgrowth, microlithography and silicon growth on 
insulators. The aim of this course is to teach the basic 
principles and practical aspects of the most advanced 
state of electronics processing. The main emphasis is 
on fundamental processes that are especially useful 
for VLSI schemes. The course outline is given in 
Table 1. 
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Perhaps the rapid pace of innovation does not fit 
the limited timetable for publication of a book [1-5]. 
Recent efforts are most often treated in journal arti­
cles and as a consequence, those journal articles end 
up playing a key role in this course. Some of the arti­
cles are mentioned at the end of this paper [6-14]. 

In order to maintain the pace shown in Table 1, 
some topics were not covered in depth. For these top­
ics, several references were suggested, and students' 

Introduction 

TABLE 1 
Course Outline 

Overview of Microelectronics 
Semiconductor Devices 

Crystal Growth and Epitaxy 
Crystal Growth 
Chemical Vapor Deposition 
Vapor Phase Epitaxy 
Molecular Beam Epitaxy 
Silicon on Insulators 
Epitaxial Lateral Overgrowth 
Doping Profiles in Epi-layers 

Dielectric and Polysilicon Film Deposition 
Deposition Processes 
Reactor Design 
Polysilicon and Silicon Dioxide 
Process Simulation 

Ion Implantation 
Ion Implant System-Dose Control 
Impurity Profiles of Implanted Ions 
Process Considerations 

Lithography 
Pattern Generation-Mask Making 
Printing and Engraving 
Resists 
Process Considerations 

Dry Etching 
Selectivity-Feature Size Control 
Gas Discharges 
Plasma-Assisted Etching Techniques 
Process Simulation 

Other Processes-Device and Circuit Fabrication 
Oxidation 
Diffusion 
Metallization 
Fabrication Considerations 
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comprehension was examined through homework 
problems and midsemester exams. At the end of the 
course, the students expressed approval of the texts 
(1, 2, 5) and of the supplementary readings. 

The course begins with an overview of microelec­
tronics. The major technologies for the manufacture 
of microcircuits are discussed, and the students be­
come familiar with small-, medium-, large-, and very 
large-scale integration. After a general discussion of 
some of the materials used in microcircuits (i.e., Si, 
Ga, As) the physics of semiconductor devices is briefly 
covered. Concepts such as energy bands, carrier con­
centration and carrier transport phenomena are pre­
sented, while the students begin familiarizing them­
selves with the p-n junction and bipolar, unipolar and 
microwave devices. The basic principles of these de­
vices are also discussed. 

The first major step in device fabrication includes 
crystal growth and epitaxy. The starting materials of 
semiconductors (e.g., silicon dioxide for a silicon 
wafer) are chemically processed to form a high purity 
polycrystalline semiconductor from which single crys­
tals are grown. The growth of crystals from a melt as 
well as float zone processes is studied in detail. Em­
phasis is placed on the conceptual understanding and 
mathematical modelling of such processes. 

The growth of a single-crystal semiconductor upon 
a single-crystal semiconductor substrate, called 
epitaxy, is closely related to the technology of crystal 
growth. The epitaxial process offers an important 
means of controlling the doping profiles so that device 
and circuit performances can be optimized. Many 
novel device structures can be made by epitaxial pro­
cesses [3]. Some important epitaxial growth tech­
niques are discussed, with emphasis on vapor-phase 
epitaxy and molecular beam epitaxy. The growth of 
silicon on insulators is covered next. One of the pri­
mary aims of the study of such a process is the fabri­
cation of three-dimensional integrated circuits. A con­
ceptual understanding and mathematical modeling of 
epitaxial lateral overgrowth are emphasized within 
this context. 

To fabricate discrete devices and integrated cir­
cuits we use many different kinds of thin films, such 
as dielectric layers and polycrystalline silicon. Depos­
ited thin films must meet many requirements. The 
film thickness must be uniform over a large number 
of wafers processed at one time. The structure and 
composition of thin films must be controlled and repro­
ducible. Therefore, it is necessary to understand all 
the variables in the reactor design of a dielectric or 
polysilicon film deposition. The modeling of reactors 
used for such depositions is discussed in detail. 
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The masking structures mentioned previously 
provide an introduction to the process of transferring 

patterns of geometric shapes on a mask to a thin 
layer of radiation-sensitive material covering 

the surface of a semiconductor wafer. 

Ion implantation is investigated next and is one of 
the key processes we use to introduce controlled 
amounts of dopants into semiconductors. The specific 
goals that must be realized in this process are: the 
energetic charged atoms or molecules should be de­
posited in the exact quantity specified and to the cor­
rect depths below the surface; the deposition should 
be limited to only the designated areas of the sub­
strate; when required, it should be possible to electri­
cally activate all the implanted impurities; as much as 
possible, the silicon (or other material) lattice struc­
ture should be unchanged by the dopant incorporation 
process. To meet these goals, a number of approaches 
are discussed. Models of the different aspects of ion 
implantation as well as adequate masking structures 
against the implant are shown to play a key role in the 
overall process. 

The masking structures mentioned previously pro­
vide an introduction to the process of transferring pat­
terns of geometric shapes on a mask to a thin layer of 
radiation-sensitive material (called resist) covering 
the surface of a semiconductor wafer. This process is 
called lithography, and such patterns define the vari­
ous regions in an integrated circuit such as the contact 
windows, the implantation regions, and the bonding­
pad areas. The resist patterns defined by the litho­
graphic process are indicated to be only replicas of 
circuit features and not permanent elements of the 
final device. Mathematical modeling of some of the 
printing and engraving steps in a lithographic process 
is discussed in detail. 

To produce the circuit features mentioned above, 
the resist patterns must be transferred once more into 
the underlying layers comprising the device. The pat­
tern transfer is accomplished by an etching process 
which selectively removes unmasked portions of a 
layer. Emphasis is given to dry etching techniques 
that use plasmas in the form of low-pressure gaseous 
discharges. These techniques are used in VLSI pro­
cessing because of their potential for very high fidelity 
transfer of resist patterns. Modeling and process 
simulation of some dry etching methods are presented 
in depth. It is important for the students to realize 
that selectivity and feature size control are key issues 
in any dry etching technique. 

Oxidation, diffusion and metallization are dis-
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TABLE 2 
Titles of Final Projects in Fall 1985, 1986 

• Molecular Beam Epitaxy 
• Silicon on Insulators: A Focus on Epitaxial Lateral Over-

growth 
• Solid Phase Epitaxy of Silicon 
• Gettering 
• GaAs Contacts: Theory and Practice 
• Review of the Thermal Nitridation of Silicon 
• A Comprehensive Study of Plasma Etching Technology 
• Optical Resist Systems 
• X-Ray Lithography: The Solution to Submicron Device De­

sign? 
• Resist Material Considerations for VLSI Edge Definition in 

Lithography 
• Kinetics in the Vapor Phase Epitaxy of GaAs 
• Alternatives at the UV Limit of Optical Lithography 
• Recent Studies on the Kinetics of Epitaxial Silicon Growth 
• X-Ray Lithography 
• Metalorganic Chemical Vapor Deposition 
• Low Pressure Chemical Vapor Deposition Reactors 
• Chemical Vapor Deposition of II-VI Materials 
• Low Temperature Deposition of Silicon Dioxide 

cussed briefly, either because chemical engineers are 
already familiar with some of the basic principles of 
these processes (e.g., oxidation, diffusion) or because 
many aspects of such processes have been previously 
covered (e .g., metallization). Also, diagnostic tech­
niques and device and circuit fabrication are briefly 
discussed. Some emphasis is given to isolation, self­
alignment, local oxidation, planarization, and getter­
ing. 

The last stage of this course is a final project that 
is mandatory for all graduate students (and optional 
for all undergraduates) who take the course. After 
choosing from a list of topics, each student works on 
his/her own project. Topics covered in the past two 
years are listed in Table 2. Within such a project, a 
student is expected to critically review any existing 
literature and to present his/her own (perhaps innova­
tive) ideas for improving or developing various pro­
cesses. 
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COMPUTER-AIDED ENGINEERING FOR 
INJECTION MOLDING 
Edited by Ernest C. Bernhardt 
MacMillan Publishing, New York 10022, 1984 

Reviewed by 
Donald G. Baird 
Virginia Polytechnic Institute 

This book is a collection of topics involving the ap­
plication of computers to the design and control of the 
injection molding process. Unfortunately, as noted by 
the editor, the chapters lack coordination and hence 
the book represents a collection of topics rather than 
a unified text. However, it is one of the first attempts 
in the polymer field to develop a complete package 
starting with the ideas of hardware, process control 
techniques, the basic equations which are required to 
simulate injection molding, and the application of com­
puter simulation to solving injection molding prob­
lems. 

The book is divided into three sections, with the 
first section being entitled "State of the Technology." 
The first chapter in this section is rather general in 
nature and attempts to explain in qualitative terms 
how the computer is used in the design of injection 
molds. For example, it is illustrated how a mold de­
signer might use a computer simulation to predict 
where weld-lines would lie and how the location of 
cooling channels would change the temperature distri­
bution in a part. Certainly this information is useful, 
but it does not allow one to accomplish any quantita­
tive design work. The second chapter is also quite 
qualitative in nature as it describes melt flow in 
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