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Introduction



•Transport in semiconductors and device performance from a more 
physical perspective.

(for a more technical, system designer-oriented discussion on 
CMOS, including fabrication techniques, EECS523 is 
recommended).

•Challenges and technological innovations to sustain the historical 
scaling trend of MOSFET

• Technology “boosters” (high-k, metal gate, mobility 
enhancement, ballistic enhancement)

• Non-conventional CMOS structures (UTB FD, DG)

•Emerging technologies beyond MOSFET
(single-electron devices, 1D structures, molecular 
devices, spin based devices, new nanoarchitectures).

Topics covered in this course:

Prerequisite: EECS421 or permission by instructor.



“… predicts the main trends in the semiconductor industry 
spanning across 15 years into the future.” (2005-2020)

http://www.itrs.net/links/2006Update/2006UpdateFinal.htm

December, 2005

•8 years in the nearest future (up to 2013) as the Near Term
•subsequent 7 years (up to 2020) as the Long Term

Updated version, December, 2006



http://public.itrs.net/ •Coordinated by The Semiconductor Industry 
Association (SIA)
•Published every two years
•Reviewed (updated) every year



• System Drivers
• Design
• Test and Test Equipment
• Process Integration, Devices, and Structures
• RF and Analog / Mixed-signal Technologies for Wireless 
Communications
• Emerging Research Devices / Emerging Research Materials
• Front End Processes
• Lithography
• Interconnect
• Factory Integration
• Assembly and Packaging

For the 2005 ITRS, the Focus ITWGs are the following:

http://www.itrs.net/Common/2005ITRS/Home2005.htm

Minor changes were made in the PIDS chapter, and no changes were made in the 
ERD chapter in the 2006 update



•A single-number technology node is no longer used (DRAM, MPU and 
Flash each has its own independent measure) 

•Timing of a technology cycle may be different for a particular product. 
Trend cycle: a period of time to achieve 0.71x size reduction per cycle 
(0.5x  per two cycles). Measures packing density.

•For MOSFET, figure of merit for scaling is the intrinsic speed 1/τ, (τ=CV/I, the 
intrinsic delay). Historical rate of increasing 1/τ by 17% per year is targeted.

•Emphasis of emerging research devices, materials, architectures expected 
beyond CMOS scaling (year 2020?) (new ERD chapter)

Major relevant changes in 2005/2006 ITRS:



ITRS2005: Executive Summary
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ITRS2005: Process Integration, Devices, and Structures (PIDS)



ITRS2006(update): Process Integration, Devices, and Structures (PIDS)



ITRS2005: Process Integration, Devices, and Structures (PIDS)



ITRS2005: Process Integration, Devices, and Structures (PIDS)

Delayed to 2010 (from 2008)



ITRS2005: Process Integration, Devices, and Structures (PIDS)
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Beyond CMOS

ITRS2005: Emerging Research Devices (ERD)



ITRS2005: Emerging Research Devices (ERD)



ITRS2005: Emerging Research Devices (ERD)



ITRS2005: Emerging Research Devices (ERD)

•System function (application)
•Computer architecture
•Micro- or nanoarchitecture
•Circuits
•Devices
•Materials

Information Processing Hierarchy

“Micro- and nanoarchitecture” - implementation details of how the 
various computing functions can be organized for high information 
throughput and minimum expense and energy cost.

“computer architecture” - all the systems elements, including 
software, needed to meet the needs of a given information 
processing application.

New “nanoarchitecture” may be needed.



Information Processing Hierarchy

ITRS2005: Emerging Research Devices (ERD)



ITRS2005: Emerging Research Devices (ERD)



Lecture notes, electronic copy published on course website after each lecture.

Textbooks:

Fundamentals of Modern VLSI Devices by Yuan Taur and Tak H. Ning
Cambridge University Press, 1st edition (October 13, 1998) ISBN: 0521559596

Nanoelectronics and Information Technology by Rainer Waser
John Wiley & Sons 2 edition (April 22, 2005) ISBN: 3527405429

Reference books:

* Physics of Semiconductor Devices By S. M. Sze and K. K. Ng
Wiley-Interscience (October 27, 2006), 3rd edition
ISBN: 0471143235

* The Physics of Low-Dimensional Semiconductors by John H. Davies
Cambridge University Press (December 13, 1997), ISBN: 052148491X

Physics of Semiconductor Devices by M. Shur
Prentice Hall (January 26, 1990), ISBN: 0136664962



• Introduction. (1 lecture)
(ITRS 2005, PIDS, ERD)

• Energy bands. (1 lecture)
Free electron model, Fermi surfaces, carrier density, density of states, 
energy bands (nearly-free electron model and tight-binding model), 
effective mass. (Waser 3, Davies 2) 

• Electrons and holes in Si. (1 lecture)
Intrinsic carrier concentration, envelope function, doping, Si and GaAs
lattice and band structures, valley degeneracy, HH and LH bands, surface 
states. (Waser 3, Davies 2)

• Electrical transport.  (1 lecture)
Boltzmann transport equation, scattering time approximation, mobility, 
Einstein relation, scattering mechanisms, phonons, screening (Waser 3, 
Davies 2)

Schedule:



• Minority carrier diffusion equation and P/N junctions (1 lecture)
minority carrier lifetime, diffusion currents, build-in potential (Taur 2.2)

• MOS capacitor (1 lectures)
C-V, interface charges (Taur 2.3)

• MOSFET devices (2 lectures)
Drain-current model, I-V characteristics, subthreshold region, channel 
mobility, (Taur 3)

• Short channel and hot carrier effects (2 lecture)
velocity saturation, high field effects substrate current (Taur 3.2,2.4)

• CMOS device design (1 lecture)
Threshold voltage design, discrete dopant effects, effective channel 
length. (Taur 4)

• CMOS performance factors (1 lectures)
S/D resistance, parasitic capacitances, quantum capacitance, gate 
resistance, interconnect R and C, gate delay. (Taur 5)



• CMOS scaling and novel device concepts (3 lectures)
Scaling rules, high-k dielectrics, metal gates, SOI devices, double gate 
devices, strained Si (Taur 4.1, 5.4, Waser 13) 

• Schottky barriers and Ohmic Contacts (1 lecture)
Metal/semiconductor interfaces, transport mechanisms, Ohmic contacts. (Sze
5)

• Heterostructure devices (1 lecture)
Band bending at the interface, modulation doping, HEMT (Shur 2.12)

• Quantum size effects (1 lecture)
3D, 2D, 1D structures, Resonant tunneling devices  (Sze 9, Shur 7.6)

• Ballistic transistors (1 lecture)
Ballistic transport, “contact” resistance, ballistic FET (notes) 



• Single electron devices (1 lecture)
Coulomb blockade phenomena, Single electron transistors (Waser 16)

• Carbon nanotube devices (1 lectures)
Band structure, growth, transport, CNTFET (Waser 9)

• Nanowire devices (1 lecture)
Growth, electrical and optical devices, devices on flexible substrates (notes)

• Molecular Electronics (1 lecture)
Single molecule devices, crossbar structures (Waser 20)

• Magnetism and Spintronics (2 lectures)
Magnetic materials, Magnetoresistance effects, spin injection, SFET (Waser 4, 24)

• Quantum computing (1 lecture)
Quantum parallelism, qubits, entanglement, teleportation. (notes) 



Grading: 
Homework 50% (roughly biweekly basis)
Term paper 45% 
Participation 5% 

office : 2417-A EECS Building
regular office hours: MW, 10:30-11:30am
phone : (734) 615-2306
fax : (734) 763-9324
email : wluee@umich.edu



Next time:

Energy bands. (1 lecture)

Free electron model, Fermi surfaces, carrier density, density of states, 
energy bands (nearly-free electron model and tight-binding model), 
effective mass. (Waser 3, Davies 2) 

Further reading:

Summary, PIDS and ERD chapters of the 2006 ITRS

http://www.itrs.net/links/2006Update/2006UpdateFinal.htm


