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Zemiconductor devices are widely used m computation and control systems. Computers, telephones,
medical mstruments, automobies, and household applcances malce heavy use of semiconductors. This
course explains the how semiconductor devices work, Before the devices themselves are discussed, a few
concepts of solid state physics will be presented. Solid state physics is the study of how atoms arrange
themselves mto solids and what properties these solids have. Properties that can be calculated using the
principles of sohd state physics mclude electrical conductraty, thermal conductinty, elasticity, yield
strength, speed of sound, dielectric constant, magnetism, and piezoelectricity.

A proper understanding of the electronic properties of matertals 15 only possible when the electrons are
deseribed quantum mechamcally. Therefore, a brief discussion of quanturm mechanics will be necessary.
After a few principles of quantum mechanics are infroduced, the electronic properties of metals, msulators,
and semiconductors will be described. Electronic devices typically consist of different materials and the
behawor of the electrons at the mterfaces between the materials 13 very mmportant. The properties of
electromnic matenials and the mterfaces between electromic matertals can be used to explam the behawior of a
variety of semiconductor devices such as light emitting diodes, solid state lasers, sensors, bipolar
transistors, and field effect transistors. & device that 15 used extensively in integrated circuits is the
MOSFET (Metal Ouxide Semiconductor Field Effect Transistor). We will spend several weeks discussing
the properties of MIOSFET:.
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1 hour written exam

2 of the problems come from the old exam questions
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The first point contact transistor
William Shockley, John Bardeen, and Walter Brattain
Bell Laboratories, Murray Hill, New Jersey (1947)

Bardeen i Braitain
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Jack Kilby's first integrated circuit 1958
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Table PID52a High-performance (HFP) Logic Technology Requiremenis

2013 [ 2014 [ 2015 [ 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
node lF1E]I14lF "11.]'1[’" lFE‘IT!! “EJI-E“ "4'1-3" lFME'FF l!ﬂ,‘S! l!1m.?'51F
metal 1/2 pitch | 40 32 32 | 283 | 253 | 225 | 200 | 179 | 159 | 142 | 126 | 113 | 100 | 89 a 71
gate length | 20 18 | 16.7 | 152 | 139 | 127 | 116 | 106 | 97 | 88 | 80 | 7.3 | 67 | 6.1 5.6 5.4




International Technology Roadmap for Semiconductors

ITRS 2009 Edition

About the ITRS ;
Exrecutive Summary

ITES News System Drivers
Design
Test & Test Equipment

Public Events

Sponsors Process Integration, Devices & Structures
ITRS Edition Reports and Ordering RF and A/MS Technologies for Wireless Communications
Emerging Research Devices

Models Emerging Research Materials
Papers and Presentations P R R
Lithography
Industry Links Interconnect
Factory Integration
ITRS Teams Assembly & Packaging

Environment, Safety & Health

ITRS Working Group Login L S A

Metrology
Modeling & Simulation

2009 ERRATA-Executive Summary, list of corrections

http://www.itrs.net/reports.html



Table PIDS2a High-performance (HP) Logic Technology Regquirements - TCAD

Year of Production 2013 | 2004 | 2015 | 2006 | 2017 | 2018 | 2019 | 2020 | 202) | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 2028
Loz datintns Pt Rlargns " abeding fnmiiBamadon & Pl radaetionger || i i i i, . il i . . : . .

ok Rangs" { Macla"= DMt 16114 1110 BIT 6/5 413 2K 2.5 1/0.75

AR A Maad AT 55 Fiveh fnmi feond aciaa? 40 32 32 283 | 253 | 225 | 200 | 179 | 159 | 142 | 126 | 113 | 10.0 | 89 8 74
L, o Fhusical Gata Lanuth for 5 otz famd 20 18 16.7 | 162 | 139 | 127 | 116 | 106 a.7 8.8 8.0 1.3 6.7 6.1 b6 54
L o - Efaciie Chaans!Langih inmd i3 160 | 144 | 134 | 122 | 114 10.2 9.3 8.5 7.8 7.0 6.4 5.8 54 449 4.5 41
b g Flonear Sigonily idadaua i

Bulk/SCIMG 086 | 0.85 [ 083 | 084 | 080 | 078 | 077 | 075 | 074 | 072 | 071 | 069 | 068 | 0.66 0.65 0.64
EOT Eveatart Oiida Thickness

Eulk!SCIMG [nm)] 080 | 077 [ 073 | 070 | 067 | 064 | 061 | 059 | 056 | 054 | 0.9

Dielectric constant (K] of gate dielectrics 125 | 13.0 | 135 | 140 | 145 | 150 | 155 | 160 | 165 | 17.0 | 176

Phuysizal gate oxide thicknesz [nm) 206 | 257 | 253 | 20 249 | 246 | 242 | 242 | 237 | 236 | 2.9

Channef Taoig (6™ dom © 147

Bulk 6.0 7.0 1.7 8.4 9.0

SOIMG 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
B Fhvizknass famiiSd

S0l

MG 6.4 5.8 5.3 4.9 44

T ey - Soniad Cide Thickness for S0 fnmilE7

S0l

LET Sapacianoa Squiadan: Pvictness inmii il

Eulk/SCNMG 140 | 107 | 103 | 1.00 | 097 | 094 | 091 | 0.59 | 0.86 | 084 | 0.81 [INE RN WS W 0.73 0.71
T o s iy R R T SRR
Bulk/SCIMG 0502 | 0.465 | 0.448 | 0.420 | 0.396 | 0.373 | 0.362 | 0.329 | 0.311 | 0.289 | 0.273 USSR E TR S 1l WA 1 K L3
Mot fom = Hemsd

Bulk 400 400 400 400 400

50l

MG 250 250 250 250 250 250 200 200 200 200 200 150 150 150 150 150
P

Eulk/SCNMG 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
7 rar - WS Sivies Doavarar b 7

Bull: 1,348 | 1,355 | 1,340 | 1,295 | 1,267

S0l

MG 1670 | 1,680 | 1,700 | 1,660 | 1,660 [N TURNES WG 5N B 7S 7 S T N 1R 17 16 [ s 970 500
i WHTT

Bulk 0.306 | 0.327 | 0.334 | 0.357 | 0.373

S0l

MG 0.219 | 0.225 | 0.231 | 0.239 | 0.264 | 0.266 | 0.265 | 0.276 | 0.295 | 0.303 | 0.306 | 0.319 | 0.334 | 0.340 | 0354 | 0.364




Electrons

Charge = -1.6022 x 10-1° C
Mass =9.11 x 103! kg
Radius = ?
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Quantum Mechanics

Everything moves like
a wave but exchanges
energy and momentum
like a particle.




Qulsihalx

Everything moves like a wave but exchanges
energy and momentum like a particle.



Conductivity
Al: 6=3.5%107 1/Q'm
Si: 6=4.3 x10% 1/Q'm 8

]
ln
nc
1
1A
11A
1
5
VB viB
5B 6B 7B 8 1B 2B
23 24 25 26 27 28 29 30
V Cr Mn Fe Co Ni Cu <Zn
Vanadium ‘Chromium Manganese Iron Cobalt Nickel ‘Copper Zinc
50.942 51.996 54938 55.933 58933 58693 63.546 65.39

43

“Nb ‘Mo “Tc ‘Ru ‘Rh ‘Pd ‘Ag ‘Cd

Niobium Molybdenum  Technetium  Ruthenium Rhodium Palladium Silver ‘Cadmium Antimony
92.906 95.94 98.907 101.07 102.906 106.42 107.868 112411
73 74 75 76 77 78 79 80
Ta W Re Os |Ir Pt Au Hg
Tantalum Tungsten ‘Rhenium ‘Osmium Tridium Platinum Gold Mercury
180.948 183.85 168.207 190.23 19222 195.08 196.967 200.59
105 106 107 108 109 110 11 112

Db Sg Bh Hs Mt Ds Rg Cn

Rutherfordium ~ Dubmium  Seaborgium  Bohrium  Hassium  Meitnerium Darmstadtium Roentgehium Copernicium
[261] [262) [266] [264] [269] [268] [269] 272 211
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Silicon

 Important semiconducting material

 2nd most common element on earths crust
(rocks, sand, glass, concrete)

 Often doped with other elements

* Oxide S10, 1s a good 1nsulator

silicon crystal = diamond crystal structure

2.33 28.086
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Silicon

Large (2 m) single crystals are grown

Czochralski process ﬁ I:I.: I !

Htlhn_; of Introduction Beginning of Drgst.a.] Fo rmui crystal
El}::.hcnn ni'rh med  the crystal with a residue
crystal grOw of melted silicon

@ Float zone

http://en.wikipedia.org/wiki/Czochralski process



Silicon wafers

50 um - 0.5 mm thick




Photolithography

_— Resist
= Si0,
— — g

_— UV light source

Positive Resist

Negative Resist v(
@ Etch-back
Lift-off 9

http://britneyspears.ac/physics/fabrication/photolithography.htm

http://cleanroom.byu.edu/lithography.parts/Lithography.html



EBPG (Electron beam pattern generator)
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MOSFET

Metal Oxide Semiconductor Field Effect Transistor

SOWCQT
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functions as a switch
~ 1 billion /chip
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Self-aligned fabrication

p-S1 100 wafer




Dry oxidation

S10, gate oxide




photoresist

polysilicon CVD: SiH, @ 580 to 650 °C

SiO,
TiN (CVD)
30-70 uQ2-cm Conductive diffusion barrier

p-Si
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Self-aligned fabrication

polysilicon
gate

p-Si



Spacer

PECVD SiN,

S1IN

polysilicon
gate

p-Si



Spacer

Etch back to
leave only
sidewalls SiN
polysilicon
gate

p-Si
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Salicide (Self-aligned silicide)

Transition metal (T1, Co,W) 1s
deposited (CVD). During a high

temperature step is reacts to a T1S1, (metal)
silicide (T1S1,). Not silicide 1s

formed on nitride or oxide.

polysilicon
gate

_ “

p-Si



