
EE 330

Lecture 2

Basic Concepts



As a courtesy to fellow classmates, TAs, and the instructor

Wearing of masks during lectures and in the 

laboratories for this course would be appreciated 

irrespective of vaccination status 

Photo courtesy of the director of the National Institute of Health ( NIH)



Grading Policy

3 Exams 100 pts each

1 Final 100 pts.

Homework 100 pts.total

Lab and Lab Reports 100 pts.total

Design Project 100 pts.

• A letter grade will be assigned based upon the total 

points accumulated

• Grade breaks will be determined based upon overall 

performance of the class

Review from last lecture:



Equal Access Policy

Participation in all class functions and provisions for special 
circumstances including special needs will be in accord 
with ISU policy

Participation in any classes or laboratories, turning in of 
homework, or taking any exams is optional however 
grades will be assigned in accord with the  described 
grading policy.  No credit will be given for any 
components of the course without valid excuse if 
students choose to not contribute.  Successful 
completion of ALL laboratory experiments and 
submission of complete laboratory reports for ALL 
laboratory experiments to TA by deadline established by 
laboratory instructor is, however, required to pass this 
course.

Review from last lecture:



Semiconductor and 

Fabrication Technology

CAD Tools

Device Operation 

and Models

Circuit Structures and 

Circuit Design

How Integrated Electronics will be Approached
Review from last lecture:



Semiconductor and 

Fabrication Technology

CAD Tools

Device Operation 

and Models

Circuit Structures 

and Circuit Design

How Integrated Electronics will be Approached

After about four weeks, through laboratory experiments and lectures, 

the concepts should come together

Review from last lecture:



How big is the semiconductor industry?

• Annual sales around $600B in 2022

• 25% annual growth rate

• Unprecedented demand for engineers in the field 

Review from last lecture:



Is an automobile an electronics “gadget”?

Review from last lecture:



Rewards in the Electronics Field

Can engineers working in the semiconductor electronics  

field make a good living? 

Review from last lecture:



Review from last lecture:



Selected Semiconductor Trends

• Microprocessors

• DRAMS

• FPGA







Intel Core i9 10900K     14nm CMOS



Dell PrecisionTM T7400 

Processor

Quad-Core Intel® Core i7 Processor Up to 3.4GHz in 32nm CMOS 

Recent Intel Processor

Power Dissipation:  95 watts



Dell PrecisionTM T7400 

Processor

8-core (2.6B) or 18-core Broadwell  Intel® Core M Processor in 14nm CMOS 

Today!

Power Dissipation:  4.9 watts

Intel Tic-Toc product (“Toc” from  22nm Haswell processor)



Dell PrecisionTM T7400 

Processor   Intel Core i9  10900K

10-core Processor in 14nm CMOS, 3.7GHz 

Today!

Power Dissipation:  125 watts



Dell PrecisionTM T7400 

Processor   AMD Ryzen 5950X

16-core Processor in 7nm CMOS, 3.4-4.9 GHz 

Today!

Power Dissipation:  105 watts

Ryzen 7 shown



Cannon Lake Processor

10nm CMOS

i3-8121U

Delayed production schedule – expected to ramp up in 2019 

A bit ago!



Cannon Lake Processor

A bit ago!

Press release from Intel – May 28, 2019

Update: Intel discontinued the Cannon Lake Processor on Feb 28, 2020



Processors

Yesterday!



Processors

Today!



Today!

FPGA  Trends

High-end FPGAs are quite expensive



Today!

FPGA  Trends



Memory Trends



Memory Trends



FPGA Trends



Special Purpose Systems



Selected Semiconductor Trends
• Microprocessors

– State of the art technology is now 5 nm with over  40 

Billion transistors on a chip

• DRAMS

– State of the art is now 128G bits on a chip in a 10nm 

process which requires somewhere around 140 

Billion transistors

• FPGA

– FPGAs currently have over 90 Billion transistors with 

7nm technology 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  (Aug 2016)

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.

http://www.webopedia.com/TERM/M/Intel.html
http://www.webopedia.com/TERM/M/transistor.html
http://www.webopedia.com/TERM/M/integrated_circuit_IC.html
http://upload.wikimedia.org/wikipedia/commons/7/70/Apple-II.jpg


Aug 25, 2021



More on Moore’s Law



Moore’s Law
From Wikopedia  (Aug 2017)

….However, in April 2016, Intel CEO Brian Krzanich stated that "In my 34 years 

in the semiconductor industry, I have witnessed the advertised death of Moore’s 

Law no less than four times. As we progress  from 14 nanometer technology to 

10 nanometer and plan for 7 nanometer and 5 nanometer and even beyond, our 

plans are proof that Moore’s Law is alive and well".[25] In January 2017, he 

declared that  "I've heard the death of Moore's law more times than anything 

else in my career ... And I'm here today  to really show you and tell you that 

Moore's Law is alive and well and flourishing."[26]

Today hardware has to be designed in a multi-core manner to keep up with 

Moore's law. In turn, this also means that software has to be written in a multi-

threaded manner to take full advantage of the hardware.

https://en.wikipedia.org/wiki/Moore%27s_law#cite_note-25
https://en.wikipedia.org/wiki/Moore%27s_law#cite_note-26
https://en.wikipedia.org/wiki/Multi-core
https://en.wikipedia.org/wiki/Multi-threaded


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.

• Observation, not a physical law

• 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

• Something a reporter can always comment about when they have nothing to say!

Device scaling, device count, circuit complexity, device cost, … in leading-

edge processes will continue to dramatically improve (probably nearly 

geometrically with a time constant of around 2 years ) for the foreseeable future !!

(from Wikipedia)

http://en.wikipedia.org/wiki/Empirical
http://en.wikipedia.org/wiki/Transistor_count
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Moore%27s_law#_note-IntelInterview
http://en.wikipedia.org/wiki/Gordon_Moore
http://en.wikipedia.org/wiki/Moore%27s_law#_note-0
http://en.wikipedia.org/wiki/Intel
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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

• This along with interconnect requirements and sizing requirements 

throughout the circuit create an area overhead factor of 10x to 100x

(Top Surface View)



Challenges

• Managing increasing device count

• Short lead time from conception to 
marketplace

• Process technology advances

• Device performance degradation

• Increasing variability

• Increasing pressure for cost reduction

• Power dissipation



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 

but 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



Texas Instruments:

• World’s largest producer of analog semiconductors at $8.2B, over  100% 

larger than closest competitor

• Ranks 1st in DSP

Number of employees:  30,000

• Ranks 9th in World in semiconductor sales

2018 sales:      $15.80B

2018 income:      $5.6B

Average annual sales/employee:  $474K

Average annual earnings/employee:  $187K

Selected  Semiconductror Company Profiles 
(with Iowa ties)

Past CEO of TI
ISU EE Class of ‘59

Jerry Junkins

(after taxes)

(data from TI quarterly reports)



Intel:

World’s largest producer of semiconductors

Number of employees (2019) :  110,000

2018 sales:      $71B

2018 income:      $21B

Average annual sales/employee:  $645K

Average annual earnings/employee:  $190K

Cofounders:  Robert Noyce and Gordon Moore

Robert Noyce

BA Grinnell 1949

Selected  Semiconductror Company Profiles 
(with Iowa ties)

Noyce is also the co-inventor of the integrated circuit !

http://upload.wikimedia.org/wikipedia/commons/8/89/Noyce1.jpg


Marvell:

Number of employees:  5200

2018 sales:      $2.9B

2018 income:      $520M

Average annual sales/employee:  $513K

Average annual earnings/employee:  $100K

Cofounders:  Sehat Sutardja (CEO), Welli Dai and Pantas Sutardja

BSEE ISU
(approx 1985)

Sehat Sutardja

Fabless Semiconductor Company

Selected  Semiconductror Company Profiles 
(with Iowa ties)

Sehat Sutardja



Maxim:   Founded in April 1983, profitable every year since 1987

Number of employees:  7150

2018 sales:      $2.5B

2018 income:      $467M

Average annual sales/employee:  $350K

Average annual earnings/employee:  $65K

BSEE IASTATE

(1979)

Tunc Doluca

Tunc Doluca joined Maxim in  October 1984, 

appointed President and CEO in 2007

Selected  Semiconductror Company Profiles 
(with Iowa ties)



50 A Range Cord

6 ga Wiring 0.162 in diameter
25um Gold Bonding Wire

Wire Sizes for Electrical Interconnects



Stay Safe and Stay Healthy !



End of Lecture 2


