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Integrated Electronics
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Catalog Description

E E 330. Integrated Electronics. (Same as Cpr
E 330.) (3-3) Cr. 4. F.S. Prereq: 201, credit or 
enrollment in 230, Cpr E 210. Semiconductor 
technology for integrated circuits. Modeling of 
integrated devices including diodes, BJTs, and 
MOSFETs. Physical layout. Circuit simulation. 
Digital building blocks and digital circuit 
synthesis. Analysis and design of analog 
building blocks. Laboratory exercises and design 
projects with CAD tools and standard cells. 



Topical Coverage

• Semiconductor Processes
• Device Models (Diode,MOSFET,BJT)
• Layout
• Simulation and Verification
• Basic Digital Building Blocks
• Behavioral Design and Synthesis

– Standard cells
• Basic Analog Building Blocks
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Textbook:
CMOS VLSI Design – A Circuits and Systems Perspective 

by Weste and Harris Addison Wesley/Pearson, 2005



Grading Policy

2 Exams 100 pts each
1 Final 100 pts.
Homework 100 pts.total
Quizzes 15 pts each
Lab and Lab Reports 100 pts.total
Design Project (tentative) 100 pts.

If for any reason the final examination is waived, the two listed 
examinations will be weighted 150 points each.



Instructor Access:

• Office Hours
– Open-door policy
– MWF 1:00-2:00 

• reserved for EE 330 and EE 508 students
– By appointment

• Email
– rlgeiger@iastate.edu
– Include EE 330 in subject

mailto:rlgeiger@iastate.edu


Teaching Assistant  Access:

Mike Beckman
– beckmann@iastate.edu
– Room 1313 Coover Cube 15
Viabhav Kumar
-viabhav@iastate.edu
- Room 310 Durham

mailto:beckmann@iastate.edu
mailto:-viabhav@iastate.edu


• Course Web Site:  
http://class.ece.iastate.edu/ee330 

http://class.ece.iastate.edu/ee330


Reference Texts:  

Microelectronic Circuits (5th Edition)
by Sedra and Smith, Oxford, 2004

Digital Integrated Circuits (2nd Edition) 
by Jan M. Rabaey, Anantha Chandrakasan, Borivoje Nikolic, Prentice Hall, 
2002   

Analog Integrated Circuit Design   
by D. Johns and K. Martin, Wiley, 1997    

Principles of CMOS VLSI Design  
by N. Weste and K. Eshraghian, Addison Wesley, 1992   

CMOS Circuit Design, Layout, and Simulation (2nd Edition)
by Jacob Baker, Wiley-IEEE Press, 2004.

VLSI Design Techniques for Analog and Digital Circuits   
by Geiger, Allen and Strader, McGraw Hill, 1990   

CMOS Analog Circuit Design   
by Allen and Holberg, HRW, 2002.   



Other texts in the VLSI field:

Design of Analog CMOS Integrated Circuits   
by B. Razavi, McGraw Hill, 1999   

Design of Analog Integrated Circuits 
by Laker and Sansen, McGraw Hill, 1994

Analysis and Design of Analog Integrated Circuits-Fourth Edition   
Gray,Hurst, Lewis  and Meyer, Wiley, 2001   

Analog MOS Integrated Circuits for Signal Processing    
Gregorian and Temes, Wiley, 1986   

Digital Integrated Circuit Design
by Ken Martin, Oxford, 1999.



Cell Phone Policy

Use them !
Hearing them ring represents business opportunity !

Please step outside of the room to carry on your conversations



The Semiconductor Industry

How big is it ?

How does it compare to other industries?



How big is the semiconductor industry?
From : http://www.gartner.com/teleconferences/asset_144017_75.jsp

http://www.gartner.com/teleconferences/asset_144017_75.jsp


How big is the semiconductor industry?

$250B (est)2006

$200B2004

$100B1994

$50B1990

$25B1984

At the current growth rate, it will top $300B before the end of this decade!

Semiconductor sales do not include the sales of the electronic systems in 
which they are installed and this marked is much bigger !!



The Semiconductor Industry

How big is it ?

How does it compare to other industries?

• Relative to Iowa-Centric Commodities

• Relative to Oil Production



Iowa-Centric Commodities



Iowa-Centric Commodities

In the United States, Iowa ranks:

First in Corn production
First in Soybean production

First in Egg production
First in Hog production

Second in Red Meat production

http://www.iowalifechanging.com/travel/iowafacts/statistics.html

http://www.iowalifechanging.com/travel/iowafacts/statistics.html


Iowa-Centric Commodities

Corn

Beans



Iowa-Centric Commodities

Corn Beans

Agricultural Commodities are a Major Part of the Iowa Economy



Value of Agricultural Commodoties

Corn and Beans Dominate the US Agricultural Comodoties



Value of Agricultural Commodities

23.3World

11.8United States

2.24 Iowa

Bushels (Billions)

Corn Production Soybean Production

7,968World

3,141United States

338 Iowa

Bushels (Millions)



From: http://www.west-central2.com/grainbids/grainbidslive.asp

http://www.west-central2.com/grainbids/grainbidslive.asp


From: http://www.west-central2.com/grainbids/grainbidslive.asp

http://www.west-central2.com/grainbids/grainbidslive.asp


Value of Agricultural Commodities

$41.523.3World

$21.011.8United 
States

$3.982.24Iowa

Value (Billion 
Dollars)

Bushels 
(Billions)

Corn Production Soybean Production

$39.07,968World

$15.43,141United States

$1.65338Iowa

Value (Billion 
Dollars)

Bushels 
(Millions)

World 2005 semiconductor sales of $235B approx a factor 
of 3 larger than total corn and soybean production! 

(Based upon commodity prices for most of the past decade)



Value of Agricultural Commodities

$76.023.3World

$38.511.8United 
States

$7.32.24Iowa

Value (Billion 
Dollars)

Bushels 
(Billions)

Corn Production Soybean Production

$49.07,968World

$19.33,141United States

$2.08338Iowa

Value (Billion 
Dollars)

Bushels 
(Millions)

World 2006 semiconductor sales of $250B approx a factor 
of 2 larger than total corn and soybean production! 

(Based upon commodity prices as of today)



The Semiconductor Industry

How big is it ?

How does it compare to other industries?

• Relative to Iowa-Centric Commodities

• Relative to Oil Production



Value of Oil

80World

2.7Russia

5.5China

5.6Japan

15Western Europe

20United States

Barrels/Day (Million)



Value of Oil

$1460$58429.2World

$49.5$19.80.99Russia

$100$402.0China

$100$402.0Japan

$275$1105.5Western Europe

$365$1467.3United States

(@$50/barrel)(@$20/barrel)

Value (Billion Dollars) Value (Billion  Dollars) Barrels/Year (Billion)

World 2005 semiconductor sales of $235B  a factor of 2.5 to 
7 smaller than total oil production! 

Electronic system sales much larger than semiconductor sales !!



The Semiconductor Industry
How big is it ?

How does it compare to other industries?
• Relative to Iowa-Centric Commodities

Much larger than major agricultural 
commodities

Relative to Oil Production
Factor of 2 to 4 smaller than energy

About $250B/Year and growing rapidly

The semiconductor industry is one of the largest 
sectors in the world economy and is rapidly growing



How is the semiconductor industry 
distributed around the world?









Selected Semiconductor Trends

• Microprocessors
• DRAMS
• FPGA





























Apple IIe 1977IBM pc  1981

IBM PC (model 5150)
Type  Personal computer
Released  August 12, 1981
Discontinued  April 2, 1987
Processor Intel 8088 @ 4.77 MHz

3u NMOS technology
Memory16KB ~ 640KB
OS IBM BASIC / PC-DOS 1.0

Processor    6502 @ 1 MHz
Memory  4 KB to 48KB
1975 – Probably 5u NMOS technology 



Selected Semiconductor Trends
• Microprocessors

– State of the art technology is now 65nm with over  
1Billion transistors on a chip

• DRAMS
– State of the art is now 2G bits on a chip which 

requires somewhere around 2.5 Billion transistors
• FPGA

– FPGAs currently have over 800Million transistors and 
are growing larger

Device count on a chip has been increasing rapidly with 
time, device size has been decreasing rapidly with time 
and speed/performance has been rapidly increasing



Moore’s Law
From Webopedia

The observation made in 1965 by Gordon Moore, co-founder of Intel, 
that the number of transistors per square inch on integrated circuits
had doubled every year since the integrated circuit was invented. 
Moore predicted that this trend would continue for the foreseeable 
future. In subsequent years, the pace slowed down a bit, but data
density has doubled approximately every 18 months, and this is the 
current definition of Moore's Law, which Moore himself has blessed. 
Most experts, including Moore himself, expect Moore's Law to hold for 
at least another two decades.



Growth of transistor counts for Intel processors (dots) and Moore's Law 
(upper line=18 months; lower line=24 months)

(from Wikipedia)





Feature Size
The feature size of a process generally corresponds to the minimum lateral 
dimensions of the transistors that can be fabricated in the process

Feature Size of 
MOS Transistor

Bounding Region Bounding region often a factor of 10 or more larger
Than area of transistor itself



Moore’s Law

Moore's law is the empirical observation that the complexity of integrated 
circuits, with respect to minimum component cost, doubles every 24 
months[1]. It is attributed to Gordon E. Moore[2], a co-founder of Intel.

• Often misinterpreted or generalized

• Many say it has been dead for several years

• Many say it will continue for a long while

• Not intended to be a long-term prophecy about trends in the
semiconductor field

Device scaling, device count, circuit complexity, … will continue to 
dramatically improve for the foreseeable future !!

(from Wikipedia)



ITRS Technology Predictions

ITRS 2004  Supply Voltage Predictions
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ITRS Technology Predictions

Minimum ASIC Gate Length
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Future Trends and Opportunities
• Is there an end in sight?

• Will engineers trained in this field become 
obsolete at mid-career ?

No !  But the direction the industry will follow is not yet known 
and the role semiconductor technology plays on society will 
increase dramatically!

No !  Engineers trained in this field will naturally evolve to support the 
microelectronics technology of the future.   Integrated Circuit designers 
are now being trained to efficiently manage enormous levels of complexity 
and any evolutionary technology will result in even larger and more 
complexity systems  with similar and expanded skills being required by the 
engineering community with the major changes occurring only  in the 
details. 



Future Trends and Opportunities
• Will engineers trained in this field be doing 

things the same way as they are now at mid-
career?

• What changes can we expect to see beyond the 
continued geometric growth in complexity 
(capability)  ?

No !  There have been substantive changes in approaches 
every few years since 1965 and those changes will continue.   
Continuing education to track evolutionary and revolutionary 
changes in the field will be essential to remain productive in 
the field. 

That will be determined by the creativity and marketing skills 
of those who become immersed in the technology.  New 
“Gordon Moores”, “Bill Gates” and “Jim Dells” will evolve.



Creation of Integrated Circuits

Most integrated circuits are comprised of transistors along with a 
small number of passive components and maybe a few diodes 

This course will focus on understanding how transistors operate and 
on how they can be interconnected and possibly combined with a small 
number of passive components to form useful integrated circuits


