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ABS1RAcr the year 2000 and beyond. Considering the new
electronics developments that we witness just
about every month, who would dare to predict
what will be available in the year 2010? And
yet, a closer analysis reveals some major trends
that are likely to continue. A major one will be
the relatively low importance of computational
and analytical skills and high importance of a
broad education in basic science and compueter
technology [I].

The objectives and methodology of
implementing Computer Aided Electronic
Circuit Simulation (CAECS) in an engineering
school are described and discussed. Experience
gained suggests that a systematic incorporation
of CAECS in the electronic engineering
curriculum improves the efficiency and quality of
the education process and helps to promote
design skills of the students.

INTRODUCTION

Fig. I. Outline of traditional Electronic
Engineering Curriculum.

The general outline of the traditional
electronic curriculum (Fig. I) concentrates
around three major areas:{ Basic education,
Analytical skills and elements of Design. Most
of the available school time, however, is usually
spent on the first two areas leaving little, if any
time for the development of the d~sign skill of
the students. The cUrriculum outline proposed
here (Fig. 2) is an attempt to follow the
technological trends discussed above. It includes
a heavy emphasis on broad education in the basic
sciences, familiarization with the various facets
of computer technology and much heavier
emphasis on design and (hopefully) creativity.
The time saved by dropping unnecessary subjects
(e.g. experience in the factorization of
polynomials or manual evalua.tion and drawing

The dramatic advances in microelectronics of
recent years have rendered computer power an
inexpensive commodity. This makes possible
the development of powerful, yet low cost,
computers and consequently software tools that
relieve engineers of many labor intensive chores.
In fact, we are witnessing a major change in
electronic engineering practice, a trend which
will evidently only grow in coming years. This
trend has been eloquently summarized by the
Technion's (Haifa, Israel) committee report [I]:
"Machines freed mankind from the drudgery of
manual labor, and computers will free engineers
from the drudgery of searching for data,
analyzing and formatting the results."
.A direct consequence of this development is a

complete metamorphosis of the ele,ctronic
engineering profession, Many skills that were
once a synonym for electronic engineering, such
as fluency in mathematical manipulation, circuit
analysis and the meticulous mastering of
mundane details, will certainly not be required in
the future electronic engineering realm. All of
these will be taken care of quickly and reliably
by computers, leaving the future engineer more
time for creative work.

Considering the above, engineering schools
have currently the awesome task of preparing the
students of today for a dramatically different
engineering environment. The complexity of
the problem can be appreciated by considering
the simple fact that the fruitful period of
engineering activity for today's students will be
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Fig. 11. Feedback amplifier used for illustrating CAECS-assisted teaching

methodology.
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implementation as of Sept. 1988 is outlined in
Fig. 9. Once made available, the CAECS
package was heavily used by students both for
course and laboratory assignments and as a
means of gaining a better understanding of
theoretical subjects and for verifying (to
themselves) comprehension of course material.
As an example of the latter, students have been
seen to run simulation on their own to verify
concepts in the theory of feedback amplifiers.
This change of approach toward a self study and
self testing practice, was promoted by the open
lab policy. Access to the graphics terminals is
granted to all students around the clock. A
central printer and plotters are also available (but
in a controlled manner) for producing hard copy
records for further (home) use.

RESULTS AND DISCUSSION

(a)Fig. 8. Capabilities of CAECS package
developed by authors.

(b)
Fig. 10. Ex~mples of GRAFSPICE menu
windows, (a) main menu, (b) File Utilities
window.

One of the important administrative features
of GRAFSPICE is the electronic submission of
students' solutions and assignment reports.
Once completed, both text and graphic output
can be submitted to the instructor or teaching
assistance accounts. The records can then .be
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The present CAECS was implemented in
early 1987 and was used ever since. Curriculum
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universal aspects of the subjects, development of
CAECS validation habits, approximate manual
analysis and most important, a major shift from
analysis to design. In the laboratory, some
hardware experiments were replaced by CAECS
sessions and simulation is applied in the design
of experiments by students (mini-projects).

2. Electronic submission of student work was
deemed very important to circumvent the

need for heavy (paper) printing and plotting
(or otherwise handling of diskettes);
3. SPICE 2G [2] is available through
DECUS (DEC users group) at a very low cost.

Albeit given for (practically) free, SPICE 2G
output fonnat leaves a lot to be desired. The
original version can only produce tables of
numbers and character plots. These
shortcomings were overcome by developing in-
house pre and post processors to SPICE which
have been nicknamed GRAFSPICE (Fig. 8).
The interfaces were developed by senior students
(as part of their Engineering Project requirement
toward a B.Sc.degree in this department) and
draw on other resources of the departmental V AX
8300/750 system such as the VMS Editor
(DEC, Inc., USA) and PLOT 10 (Tektronix,
USA) for output. The interfaces are menu
driven, self explanatory and are easily run Dy
freshman students with practically no knowledge

.of the VMS operating system or any familiarity
with the software packages used (such as PLOT
10).Fig. 5. Pros and cons for basing CAECS

in eningeering schools on personal computers.

Fig. 6. Pros and cons for basing CAECS
on a central computer facility.

Fig. 7. The hardware-software system adopted
by the authors for implementing CAECS in a
university environment. .

Hardware-Software. The policy adopted by us
pennits the use of any CAECS package by the
students at home, but at the same time, calls for
a comprehensive support within the university
environment. Two main alternatives were
considered: a PC based system and a main
computer solution. The pros and cons for each
approach are summarized in Figs. (5,6). We
finally chose the main computer alternative (Fig.
7) for three main reasons:

I. A V AX 8300/750 system was already
available for this task; ,
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of root locus plots) can now be devoted to help
promote the creativity of the students by
exposing them to a multitude of design tasks. A
powerful tool that can help realize the new
approach is Computer Aided Electronic Circuit .

Simulation (CAECS). The inherent features of
these simulators (Fig. 3) have made them very
quickly a popular and almost indispensable tool
qf modern electronic industry. However, since
the methodology for implementing such a tool
in electronic engineering education is still
undeveloped, a background study had to be
undertaken to first define the objectives of its
use. Once the goals are clear, implementation
strategy can be developed.

Fig. 4. Objective of implementing CAECS in
Electronic curriculum.

OBJEcrlVES

Five objectives for the implementation of
CAECS in electronic engineering curricula.have
been identified {Fig. 4). They cover three main
areas: updating the computational and analytical
resources available to the students, promotion of
ideas related to the proposed curriculum {Fig. 2)
and side benefits such as the familiarization of
students with tools used in industry and the
saving of students' time. The major objective
however is the imbedding of the method in all
facets of the educational process: courses,
laboratories, engineering projects and graduate
research. Whereas the last two come in rather
naturally, through need, application of CAECS
in course and laboratories calls for a revamping
of present teaching methodology. Use of
CAESC while leaving the teaching methodology
unchanged will accomplish very little. In fact,
allowing students to analyze by CAECS
electronic circuit problems found in today's
textbooks without rephrasing the questions will
turn them into electronics ignoramuses.
Comprehensive planning and curricula
modification had therefore to be exercised before
CAECS could be usefully and successfully
implemented by us (i.q: the Department of
Electrical and Computer Engineering, Ben-
Gurion University, Beer-Sheva, Israel).

Fig. 2. Outline of proposed Electronic
Engineering Curriculum.

IMPLEMENTATION

, ,
Methodology. Courses and laboratories that

could benefit from CAECS have been examined
and changed to take advantage of the features of
the new tools. Since a comprehensive
discussion of each subject is beyond the scoIie of
thi~ report, we concentrate here only on the
general guidelines used. The main change in
lecture courses is a larger emphasis on the more

Fig. 3. Feature of Computer Aided
Electronic Circuit Simulation (CAECS).
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