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EE415/515 Fundamentals 
of Semiconductor Devices

Fall 2012

Lecture 1: Introduction, 
General Information, 
and Chapters 1 & 2
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Today

 Introduction & motivation

• Why study semiconductor devices?

• General course information.

• What’s going on: (Semiconductor History)

 Chapter 1:  Crystal Lattices and Growth

 Chapter 2:  Quantum Mechanics
• Both revision of PH 319 (pre-requisite with ECE 322) 
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You should take this course if you…

 are interested in semiconductor devices (duh..)
 would like a career in fab processing, device 

physics, device design or integration as an option.
 would like to be an IC designer who understands 

devices and can communicate with fab personnel.
 would like to be an IC designer who can 

understand the limitations of real devices and take 
advantage of real device performance.

 would like to be an electronics/systems/anything 
designer who needs to understand real world 
devices in real world applications.

 like physics
 are interested in modeling (abstraction)
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You should still take this course if you …

 hate physics, (even if you want a dual degree)

 feel like you never really understood solid state 
after taking previous courses.

 have always found physics and math courses 
extremely difficult.
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… but recognize that it may be harder for 
you than for others, and that you may need 
to work harder for it
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Why work in semiconductors?

 Part of leading edge technology
 Industry that is always new, interesting and 

challenging
 Try your hand at doing the “impossible”
 Growth and high rate of change can lead to 

opportunities for high responsibility positions 
early in your career

 Meritocracies:  pay and advancement are driven 
by your performance

 Access to great resources
 Did I mention fun  ?
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Semiconductor jobs

 Designers:  Chip architects, circuit designers, 
mask designers

 Fab/Sort Engineers:  process, integration, 
device, equipment, test

 Assembly/Test
 Automation is everywhere
 System level engineering
 Other support:  materials, equipment, 

environmental, fab design, analytical labs, …
 Technical liaisons to customers.
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Why Study Device Physics?

 Essential to understand theory 
thoroughly to be an integration, device, 
or reliability engineer.

 Essential to understand device operation 
(output) to be a good designer.

 Extremely valuable for all other jobs, 
especially in technology development.  
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Course information
 Tuesday, Thursday 12:00-1:50pm 
 James E. Morris

• Office FAB 160-13 
• Office hours Tues 9–10am, Thur 4–5pm, or by appointment.
• Email: jmorris@cecs.pdx.edu

 Required textbook: Donald A. Neaman.  
Semiconductor Physics & Devices, McGraw-Hill, 
Fourth Edition

 See syllabus for reference books. 
• Especially: Streetman & Bannerjee (previous text), 

Dimitrijev, Modular Series, . 
• See on-line textbook: 

http://ecee.colorado.edu/~bart/book/start.htm

 Course information at www.ece.pdx.edu/~jmorris
• Lecture slides (download or print out before the lecture)
• Assignments will be at the end of the lecture before due date
• Model answers (for one week until next posting) 
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Topics Covered

 Intrinsic/extrinsic Semiconductors 

 Energy Bands

 Carrier Transport

 P-N Junctions

 MOS Capacitor

 MOS Field Effect Transistors (MOSFET)

 Bipolar Junction Transistors

 LEDs, solar cells

 PNPN and other power devices
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Grading
Undergraduates

20%  Homework (10 assignments, 1% per lecture +3% bonus) 
20%  TWO “on-line lab” device characterization projects
30%  Mid-term exam (covering lectures 1-9/chapters 1-9)
30%  Final exam (covering lectures 10-18/chaps 10-12, 14 & 15)  

Graduate students
20%  Homework (10 assignments, 1% per lecture, +3% bonus) 
20%  TWO “on-line lab” device characterization projects
25%  Mid-term exam (covering lectures 1-9)
25%  Final exam (covering lectures 10-18)  
10% Literature review: written report and presentation

ALL  grading components must be completed as “satisfactory,” but 
LATE satisfactory submissions will still earn zero grades.
ANY academic dishonesty will make the submission “unsatisfactory.”

Note: This includes the unauthorized use of model answers!
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Homework due dates: See schedule
Hard copies to be turned in at the START of  class

 See on line for assignments (in lecture notes.)
 Most assignments cover two classes (~4 problems/lecture)
 Solutions posted on-line immediately after homework due, so no late 

homework can be accepted.
• Note also “deadlines”

 Some collaboration is acceptable.
• You can give or receive suggestions.
• You can check each other’s work. 
• This does not mean copying work. You must turn in your own 

work that you have completed and understood. You may not copy 
line for line. Work together to figure out HOW TO DO IT, but then 
actually DO IT YOURSELF ALONE. 

• Any indications of cheating will result in a “unsatisfactory” and 
potential course failure, and will be reported.

• See http://www.pdx.edu/dos/codeofconduct and ECE policy
 Classroom etiquette: No talking/texting, turn off cell phones
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Projects

 Two projects:  characterizing real PN diodes and 
MOSFETs using the MIT Microelectronics WebLab 
over the internet. 

• Weblab can be accessed at http://ilab.mit.edu

• Manual can be found in ilab

• Projects are not due for a few weeks, about one 
week after the last topic lecture 

• Nevertheless, request an account soon and test 
that it works on the computer of interest.
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Course outcomes
Ability to:

1. Understand and analyze performance of intrinsic and extrinsic 
semiconductors

2. Understand and analyze operation of p-n junction

3. Understand and analyze performance of MOS capacitor, FET 
and MOS transistor

4. Model semiconductor devices and to examine accuracy and 
limits of models

5. Trade-off device design parameters based on understanding 
of device operation and design goals

6. Understand and analyze bipolar transistors for dc and ac 
operation 

7. Understand and analyze performance of  MOS devices 
fabricated in sub-micron technology

8. Understand and analyze performance of selected 
optoelectronic and power devices

9. Write succinct, accurate and complete technical reports
13

Course outcomes (graduate)
Ability to:

1. Understand and analyze performance of intrinsic and extrinsic 
semiconductors

2. Understand and analyze operation of p-n junction

3. Understand and analyze performance of MOS capacitor, FET and 
MOS transistor

4. Model semiconductor devices and to examine accuracy and limits of 
models

5. Trade-off device design parameters based on understanding of device 
operation and design goals

6. Understand and analyze bipolar transistors for dc and ac operation 

7. Understand and analyze performance of  MOS devices fabricated in 
sub-micron technology

8. Write succinct, accurate and complete technical reports

9. Understand and analyze performance of selected optoelectronic and 
power devices

10. Ability to compare pros and cons of various devices in different 
applications and present the findings in a short, informative way14
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Some history …
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From 90nm SRAM Press Briefing
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From 90nm SRAM Press Briefing
17

From 90nm SRAM Press Briefing
18
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 Can’t continue business as usual

 What have you noticed about recent microprocessors? 

 Note: Scaling has been great for digital circuits but for analog ???

20
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Semiconductors
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Structure of Solids
 Some solids are amorphous with no periodic structure.  Atoms or 

molecules are randomly oriented.
 Crystalline solids are periodic.

• Atoms or molecules are arranged in an orderly and repeating fashion.
• They have definite shapes with clearly defined faces.

 Polycrystalline solids have small regions of crystalline material.

9/24/2012 23

Lattice Types
Face-centered cubic (fcc):  
additional atom in the center of 
each face. (Cu, Al, Ni, Au)

Simple cubic (sc): atom 
at each corner of cube. 

(NaCl, AgCl, NaF)

Body-centered cubic
(bcc):  additional atom at 
center. (Na, K, Fe)

p.24



9/24/2012

13

Unit cells
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Crystalline Structure

 A unit cell can represent the entire lattice.

 When shifted by an integral number of basis 
vectors a, b, c a new cell is found identical to the 
original.  

i.e. points indistinguishable when shifted by

r= pa+qb+sc, where p,q,s are integers.

 The arrangement dictates the properties of the 
material, including electrical properties
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Crystal planes & Miller indices
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Intersect ions:
3, 2, 1

Reciprocals:
1/3, 1/2, 1/1

Multiply by 3x2x1:
2, 3, 6

Miller plane indices:
(2 3 6)

General plane:
(h k l)

1, 2, 2 → 1, ½, ½ → (2 1 1)

Crystal planes & directions

28
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Diamond Lattice (Silicon, 
Germanium, and Carbon sp3)

Diamond lattice:  fcc with an extra atom placed at a/4+b/4+c/4 from each atom

Can also be thought of as two interpenetrating fcc sublattices

(Streetman)

31
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Tetragonal “diamond” structure:
4 atoms from original fcc cell + 1

33
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Crystal defects
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Single atom energy levels

 Electrons in an atom have certain allowed energies:

 At low temperatures the electrons fill the allowed levels starting 
with the lowest energies.

 Gaps exist  between levels.

 Pauli exclusion  at most two electrons of opposite spin may 
occupy any energy level.
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....... ,2 ,1  where
11
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Lyman: i = 1, 
Balmer: i = 2, 
Paschen: i = 3, 
Brackett: i = 4

Optical emission: hϑ = E2 - E1
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Schroedinger & Potential well 
→ Wave function & probability solutions

r → n
Φ→ m
Θ→ 

+ spin


44
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Hydrogen atom
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Atomic properties

 An atom’s chemical properties, or how it 
interacts with other atoms, are determined by the 
shell structure.
• They fill from the bottom up.

 In particular it is the number of electrons in the 
outer shell that matters.
• Called valence electrons.

 Periodic table organized by valence electrons.
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Silicon is in Column IV of the periodic table

Memorize
This!
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First atomic orbitals

 1s shell=2 electrons

 2s shell=2 electrons

 2p shells=total of 6 electrons

• 2px shell = 2 electrons

• 2py shell = 2 electrons

• 2pz shell = 2 electrons

 So 8 electrons in (n=2) second shell

49
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Silicon orbits/shells
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Chapter 2

52

Read Sections 2.2  & 2.3:
Schrödinger wave equation
Applications

Free electrons
Potential wells
Electron tunneling

(Revision? Covered in ECE417/517 Nanoelectronics)
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