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Abstract—This paper describes the experience in teaching
integrated circuit design using an educational toolcalled
Microwind through a Project-Based Learning approach. The
evolution of the tool in the context of technologwcale down is
described, with focus on nanoscale technologies. Aavaluation
of the courses taught in two institutions (INSA Frace, and
UniSA Australia) shows high levels of student satiaction.

Keywords- I ntegrated circuit design, VLS| Design, nanometer
technology, project-based learning, lifelong learning.

l. INTRODUCTION

Syed Mahfuzul Aziz
School of Electrical & Information Engineering
University of South Australia
Mawson Lakes, SA 5095, Australia
e-mail: mahfuz.aziz@unisa.edu.au

the circuits. Engineering students need to be abrea
themselves with the rapid changes in technologydesign
practices. Courses in IC Design [3] [4] must al$m &0
equip students with the skills of independent lesyrand
lifelong learning. Due to time constraints in a sstar long
course it is often not feasible to introduce stusleto
complex commercial design tools and at the same tim
expect them to develop practical circuit designliskand
independent learning skills.

We present project-based approaches to teachingtextio
in two institutions in Australia and France, botimed at
actively engaging students in stimulating learning

The trend of CMOS technology improvement continuesexperiences for the development professional desigis

to be driven by the need to integrate more funstiaithin a
given silicon area, reduce the fabrication costreéase
operating speed and dissipate less power. Pastyéans
have seen the introduction of nanoscale technddofpe
industrial production of high performance integdatércuits
(IC). Table 1 gives an overview of the key paramsfer
technological nodes from 45 nm, introduced in 2083yvn
to 11 nm, which is supposed to be in productiotha2015-
2018 timeframe (Fig. 1). Mass market manufactumvith
the 32 nm technology is scheduled for 2011 [1] [2].

TABLE I. TECHNOLOGY ROADMAP DOWN TO11-NM

Technology 45 nm 32 nm 22 nm 16 nm 11 nm
node

First 2007 2009 2011 2013 2015

production

Effective 30 nm 25 nm 18 nm 12 nm 9 nm

gate length

Gate . Metal Metal Metal Dual? Triple?

material

Gate . . Very Very Very

dielectric | MONK | HIgh K e bk | High K | High K

Raw

Mgates/mrﬁ 1.5 2.8 5.2 9.0 16.0

Memory 1 4 0.17 0.10 0.06 0.03

point (Um?)

Shifting to a new technology node impacts upon the

design methodology, and requires improved technpolog
models and tools to accurately predict the perfoigea of

using the latest semiconductor technologies. Weo als
illustrate the educational tool Microwind [5], démped to
support the design of CMOS basic cells and wellesuio
project-based learning approach. In this paperfogas on
educational developments, teaching challenges, ogetp
design flow and associated tools in the light afsthissues.
We also present evaluation of the courses by Un#Bd
INSA students based on the same evaluation quesiien

II.  DEVELOPMENTS INCMOSTECHNOLOGY

A. General Trends

The introduction of every new technology node ie fast
years has represented massive improvement in M@iSede
performance. At the transistor level, the chaneelgth of
MOS devices is automatically scaled with a new nedigy
node. Roughly speaking, the node corresponds foohéhe
gate layer pitch, although the definition differspgnding on
the application domain. Two approaches have been
introduced recently to improve transistor curreaypabilities:

Decreasing the oxide thicknesiyx. The oxide
thickness has been reduced to 1.2 nm (5 atoms).
Unfortunately, the gate oxide leakage is exponkytia
increased, which increases the standby power
consumption. Starting with the 45 nm generation, so
called “metal gates” have been introduced, based on
Nickel-Silicide (NiSi) or Titanium-Nitride (TiN), &
illustrated in Fig. 2(a) and (b).
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Fig. 2. Compared to poly/SiO2 gates (a), the mgasd combined with High-K oxide material (b) entesthe lon current and drastically reduceslaffe
current (c). Electron mobility vs. Equivalent gatede thickness for various materials (d) from [4].



* Increasing the carrier mobilify. Starting with the 90
nm generation the concept of strained silicon has
been exploited to enhance the carrier mobility,clhi
boosts both the n-channel and p-channel transist
performances. The '™ generation of strain
engineering used in the 32 nm technology massivel
boosts MOS performance [1] [2].

Ill.  PROPOSEDEDUCATIONAL SCENARIO

In order to address the design tool issue both Ara8d
INSA courses use a set of user friendly design and
Qimulation tools, namely Microwind and Dsch [5]. €Be
tools and associated text books [7] [8] incorpothte most
Yecent CMOS technologies and provide an interactive
learning environment for the development of skiislesign

and analysis of integrated circuits.

B. Challenges

It is acknowledged that the students need to dpva® A. Educational Approach

lifelong learners if they are to adapt to the rapid
technological changes and the consequent changiesign
concepts and methodologies. In addition, it is seagy for
them to develop the important graduate qualitieproblem .
solving and critical thinking in order to succedlfoperate
in a continually changing and challenging field BESI
Design. It is therefore important to consider fokowing
issues:

e The commercial chip design tools available tod&y ar
very powerful, and are capable of capturing the
design and verification needs of modern ICs.
However, these tools are highly complex and need
long time to learn.

e It is very important for students to develop thaybou .
understanding of the complex process technologies
[3] [6] and their impacts on design alternativemgs
intuitive 2D/3D technology visualizations. Therefor
it is necessary to use design tools that are niyt on
less time consuming to learn but also provide
intuitive  design, simulation and visualization
environments. .

e Student diversity must be considered. From a
pedagogical perspective, any gap in the background
knowledge must be addressed first before effective .
learning of new concepts and skills can occur.

The design courses proposed to students for pHysica
design of layout-level functional blocks include:

An introduction to the technology scale down amsd it
impacts on device integration, performance and
design challenges.

A tutorial on MOS devices, based on problem-based
learning, introducing width/length effe¢gn/loff and
Vtillustration, for both N and P devices (Fig. 3). To
develop skills in modeling [3] and simulation thet s

of user-accessible SPICE model parameters is
reduced to around 30 most important ones for
BSIM4.

The design of inverters, and a simple ring osaillat
and a small student contest to achieve the maximum
oscillating frequency on a common technology node.

The design of basic logic gates introducing
interconnect design, compact design strategies, and
impact on switching speed and power consumption.

The design of analog blocs introducing amplificatio
voltage reference, addition of analog signals, and
mixed-signal blocs [4].

A capstone design project, e.g. microprocessor.
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Fig. 3 : Student drawing of a MOS device with siatidn properties (left), corresponding I/V curvéngsBSIM4 (right).
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B. Design Tool

Microwind is a CMOS circuit editor and simulatiooot,
for logic and layout-level design, running on Misodt
Windows. It has been developed since 1998 throeghral
versions, and is available as a freeware (liteioarfs]) for
educational purpose, and sold to universities tinou
Ni2designs, India. Microwind allows students to wirthe
masks of the circuit layout (Fig. 4a), use a sesinfulation
properties (clocks, pulses, DC voltage sources, 5& to
build a test scenario, and validate the currertigel
relationships through built-in analog simulatiomg(Fsb). Our
approach aims at giving students immediate conéideto
design MOS devices. The approach consists of abstegpep
illustration of the most important relationshipstieeen the
layout and its performance. We concentrate on 2D. @),
3D views (Fig. 6), static and dynamic characterss(iFig. 5),
and the MOS model parameters that are considerest mc
significant for educational purposes (Fig. 3-right)

Through careful investigation of the simulationgdents
are able to gather information about the key prigerand
drawbacks, for example junction capacitance effett
samples undesired intermediate voltage, threshiéddtethat
jeopardizes the high voltage levels, and ultra-fas
charge/discharge (in the picoseconds range). Miods
layout library (MOS generators, and Cell compileont
Verilog-HDL description) is used progressively tase the
layout design phase.

C. Project-Based Learning
Project-based learning methods have been develioped

i e
30 nm effective
channel

Physics and Modeling of Semiconductor Devicesich is
offered in the first year of a two-yedflastersprogramin

Automatic Control and ElectronicdHowever a more open-

ended approach is adopted in a second year coitlest t

Analog CMOS Circuit Design

VDD property

EZx 2l

High voltage property _ Node visible

VSS property
Clock property

Sinusoidal wav

Pulse property

@

wpn .
Poor “1

1.00 Tz More

Vit $ X Close

Good “0” — & Pt

1 54p; 50ps 53ps 50ps 7= L
\ r—l 0323 |
gg N ) _J
0000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0400 0.45Time(ns)
oltage vs nd V= volage fF requency ve e {Eye dagram]

Fig. 5. Properties added to the layout (a), amettilomain simulation of

the MOS using BSIM4, showing analog memory effeae do junction
capacitance and threshold voltage drift (b).
At both UniSA and INSA, the aim of the project-badse

the IC design courses at both UniSA and INSA. Undbiars
a course titled/LSI Designwhich focuses on Digital CMOS

IC design. It is foered in Masters by courseworkgrams learning (PBL) approach is to engage students in a
and also as a final year course in undergraduaigr@ms. stimulating learning experience for the developmert
Students are expected to have the necessary backiyro professional design skills, and for the developmeit
knowledge and experience in digital logic designd an jhgependent and lifelong learning abilities. Thedsits do
eIectrpmcs. The issue of _student diversity is edsied by simple projects in the early stages using steptéy-self
following a structured project-based approach. KSA a  |earning guides Critical questions and increasingly complex
similar approach is adopted for an introductoryreeuitled  {35ks are gradually scaffolded within the projects.



TABLE Il

& QUESTIONNAIRE FOREVALUATION OF THE PBL APPROACH

# Question statement
A9
e— A .
- ey —‘—' s ¥ = - My 1 | was able to work out how to use the CAD softwayaising the
Y /N /N o A 1 - project handouts provided

| was able to learn circuit design techniques oromg by doing the

k2 da k. il ida il M ST s

2 projects using the project handouts
3 The handouts assisted in revisiting some of th&dracnd
oo knowledge required for the course
s i
— 4 The questions given in the project handouts hetpedo think
oon =1 critically
Exsaas O oemo
5 The projects helped me put the theory of VLS| Desigo practice

moers X Close.

The final capstone project challenged me to testeasning in the

Fig. 6. 3D viewer showing the interconnect struetof a ring oscillator 6 course

designed by students, with zooming and rotate fanst

7 | feel confident about completing similar capstpnejects
These early projects, done mostly in a self leanin independently

manner, assist students in 8 | The skills I learn in VLSI project work are usefalme
* Reviewing/developing fundamental concepts

Overall | am satisfied with the project-based l@agrapproach use

. . o in the VLSI Design course
e learning how to use the design tools
« developing problem solving/critical thinking skills
« developing independent learning skills V.  CONCLUSIONS

On completion of each of the early projects theletis The use of the educational tool Microwind that eéeab
get the satisfaction of designing a circuit thatigens some stude_nts to develop circuit design skills using Hm(_jdeep
useful function. This is helpful for confidence kiiig and ~ SuPmicron technology has been one of the underlfgors
motivation, particularly for the students who amwnto the for the successful delivery of the digital and agahtegrated
idea of independent learning and whose previousatitmal ~ Circuit design courses in two institutions in Aadix and
experiences may have been quite different frometigaging France. Engaging students in design work invohanginge
PBL approach. The projects gradually increase impexity of latest technologies has enabled them to undefstae
requiring students to engage in deeper problemirgpland ~ impacts of technology scale down on factors suckpe®d,
critical thinking [9]. Finally there is a capstopeoject on ~POWer and noise. Using project-based learning netlogies
designing a microprocessor which challenges stsdégt suited to the teaching context, digital and andfoglesign

putting the knowledge and skills they have deveddpetest. ~ courses have been delivered with high levels ofiesit
satisfaction. Collaboration among faculty memberha two

Students develop design skills at layout level,asle to institutions has led to the production of a rangdearning
optimize the layout to increase speed, reduceilicersarea, resources to support students through project-beseding
and to check the layout for design rule violatid®RC). and to assist them in developing independent aetbrig
They gain valuable experience on the challengesiied in  learning skills. These resources are available at
designing and simulating complex integrated ciecaitd are  www.microwind.org andhttp://tiny.cc/UniSAVLSI
ready to explore professional tools available tustry.

IV. EVALUATION BY STUDENTS ACKN_OWLEDGMENT .
The IC design courses at INSA and UniSA were The authors would like to thank Bhupesh Purohit and

evaluated anonymously by students using the saméin@y Sharma of ni2designs, India for their supparid
questionnaire. The courses at both the instituttamsistently ~ inspiration, as well as numerous academics andestad
received high rankings in all the evaluation itensthe last ~worldwide who used our design tools and courseuress,
five years, on average more than 90% of the resgaad and sent valuable feedback.

expressed satisfaction with the overall qualitythad courses

[9]. The project-based strategies were also eveduasing the

specially developed questionnaire given in TableFliy. 7

presents the student responses to the questiorumsiing a

Likert scale of 1 to 5 (1-strongly disagree, 5-uiifg agree).

Clearly the students found the PBL strategies wseful for

their learning.
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Fig. 7. Student responses to evaluation of the &f&iroach, from [9].
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