Why do Electrical Engineering Students Love VLSI Design?
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ABSTRACT

Probably the best way of preparing for an engineering career in
the microelectronics industry is to complete a design project
where circuits are not just being modeled and simulated on a
computer, but actually fabricated and tested. Students at ETH
Ziirich are indeed given this opportunity. Following tapeout at the
end of the 7" term and fabrication via an external multi-project
wafer service, circuit samples get tested by their developers in the
subsequent term. Needless to say that students accepting this offer
feel very motivated and that industry highly values the practical
experience of graduates formed in this way.

1. THE STARTING POINT

VLSI is a prevalent implementation technology. Most other
subjects taught in graduate courses for EE students deal
with applications of electronic information processing. Just
consider telecommunication, signal and image processing,
computer graphics, multimedia, control and automation,
information theory, cryptology, robotics, etc. To develop
successful industrial products, it takes the combination of
application expertise and implementation know-how.

2. OUR CONVICTIONS

* Do not have students specialize in microelectronics
alone. Encourage them to concurrently major in a few
application-oriented subjects too.

* Do not confine students to mathematical models and
computer simulations. Expose them to actual
components, physical quantities, and instruments.

*  Have students complete a full VLSI design cycle.

* Give students the opportunity to compare their
expectations against physical reality. Make testing of
actual VLSI chips part of the curriculum.

*  Accept student proposals for design projects.

3. OUR TEACHING PROGRAM IN DIGITAL VLSI

The authors have organized their teaching activities into a
series of three consecutive courses outlined in fig.1.

A. Lectures and exercises

Our courses begin in the 6™ term and follow a top-down
approach. VLSI I essentially covers everything from
architecture design to configuring an FPGA, including the
writing, simulation, and synthesis of HDL models. Students
of EE, CS, physics, or mechatronics are admitted to this
course and earn 7 ECTS points upon successful completion.
Teaching this material in the Bachelor program seems most
appropriate given the industrial significance of field-
programmable logic today.

Learning how to design mask-programmed VLSI chips is
then open to Master students that elect to specialize in the
field. Designing electronic circuits down to that level of
detail involves many decisions related to electrical, physical
and technological issues. The VLSI II course, therefore,
deals with all those undesirable physical effects that a

designer must observe to make his circuit work as intended
such as clock skew, metastability, layout parasitics, ground
bounce, crosstalk, leakage, heat, electromigration, latch-up,
electrostatic discharge, and process variability. IC cost
structures, collaboration within the microelectronics
industry, business models, and the like form another focus
of our VLSI II course (7 ECTS points).

Everything required for detecting and locating fabrication
defects makes up for most of VLSI III, including fault
models, automatic test pattern generation (ATPG), and
automatic test equipment (ATE). The CMOS fabrication
process and a technology outlook conclude this course
offered in the 8" and final term (6 ECTS points).

B.  Student IC design projects

Students willing to attend all three courses are further
offered the opportunity to complete a full VLSI design and
test cycle on a design of their own. The process begins in
the 6" term when students are informed about target
technology, available die sizes, packages, deadlines, and
other modalities. They can then either choose from a list of
projects defined by our research staff or submit their own
proposal. The bulk of the design work is carried out as a
project in the 7" term using industry-standard CAE/CAD
tools by Synposys, Cadence, and Mentor graphics. This
explains why Design for Test (DFT) and Built-in Self Test
(BIST) must be taught as part of VLSI II. Design reviews
are also conducted. Provided physical verification reveals
no conspicuities, GDS II layout data are sent for fabrication
on a multi-project wafer (MPW). Students completing a
term project earn 8§ ECTS points at our department.

During the first half of the 8™ term, students prepare the
necessary test vector sets for their circuit and train to use
the ATE in order to be ready when then samples arrive
(typically 10 packaged chips). This and the actual testing is
done in the framework of regular exercises of the VLSI III
course as school regulations require each student to
complete two term projects at two different labs.

Example 1:
Singular Value Decomposition for MIMO Communication

Singular Value Decomposition (SVD) of the multi-input
multi-output (MIMO) channel matrix is obtained from a
sequence of Givens rotations; taking square roots is also
required. An efficient method for implementing such
operations in hardware is the CORDIC algorithm which
has been combined here with a multiply accumulate unit
into a matrix decomposition unit (MDU) [1]. Datapath
operation gets controlled by a sequencer and a microcoded
program stored in a RAM of size 64 x 20 bit. During
architecture exploration, two interesting compromises for
the MDU have been identified as illustrated in fig.2. Option






