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Semiconductor devices are widely used m computation and control systems. Computers, telephones,
medical metruments, automobies, and houzehold appheances malce heavy use of semiconductors. This
course explains the how semiconductor dewices 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 sobid state physics mclude electrical conductraty, thermal conductinty, elasticity, yeld
strength, speed of sound, dielectric constant, magnetism, and piezoelectricity.

A proper understanding of the electronic properties of materials 15 only possible when the electrons are
descnbed quantum mechamcally. Therefore, a brief discussion of quantum 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 matertals 15 very mmportant. The properties of
electromic matenals and the mterfaces between electrome matenals can be used to explam the behawior of a
variety of semiconductor devices such as light ermtting diodes, solid state lasers, sensors, bipolar
transistors, and field effect transistors. & device that 15 used extensively in integrated circuits is the
MWMOSFET (Metal Oumide Semiconducter Field Effect Transistor). We will spend several weeks discussing
the properties of WIOSFET:.
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Before the lecture, the slides will be uploaded to:
https://cloud.tugraz.at/index.php/s/NjuEDwhj1RSCBGT
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1 hour written exam
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Chapter summaries
Solutions to 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)

Emitrer

Bardeen Brartain

Shockley



Jack Kilby's first integrated circuit 1958
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Table PID52a High-performance (HFP) Logic Technology Regquiremenis
2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
node |"1614" "1M0"

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

"E]'T“ “E‘I.E"

43" "3(2.5" "2i1.5" "410.75"
metal 1/2 pitch | 40 | 32 | 32 | 283 | 253 | 225 [ 200 | 179 | 159 | 142 | 126 | 113 | 10.0 | 89 g 741
gate length | 20 | 18 | 167 | 152 | 139 | 127 | 11.6 | 106 | 97 | 88 | 80 | 7.3 | 64 | 64 56 5.1

a4 i a r
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YEAR OF PRODUCTION 2097 2019 2021 2024 2027 2030 2033
P54M 36 P48M28 P42M24 P36M21 P32M14 P32M14T2 P32M14T4
Logic industry "Node Range " Labeling (nm) o™ T 5" 3" "z.1q" ™.5" .0
ID-Foundry node fabaling i10-f7 ir-r5 i5-13 i3-r2A4 i2.1-f1.5 i1.5-1.0 i1.0-f0.7
; ; ; finFET finFET LGAA LGAA LGAA VGAAR, LGAA | VGAA, LGAA
Logic device structure options FDSOI LGAA finFET YGAA YGAA 3DVLSI 3DVLSI

Logic device mainstream device

MALYSaC Metalx 22 Piteh (nm)i1,2]

finFET

FinFET

Fi-501

finFET

FinFET

LGAA

Laberal Nanowsr e

Wertical Nanowre

LGAA

Laber al Nanowr e

Wertical Manowine

YGAA

Werrlacad Marowere

MALYSoC Metafyl 22 Ritch fnm) 18.0 14.0 12.0
Contacted poly half pitch (nm) 27.0 24.0 21.0
Lo Physical Gate Length for HP Logic (nm) [3] 20 18 16 14 12 12 12
Lo Physical Gate Length for LP Logic (nm) 22 20 18 16 14 14 14
Channel averiap ratic - two-sided 0.80 0.80 0.50 0.50 0.80 0.80 0.80
Spacer width (hm) 8 i L] 5 5
Contact CO {nem) - FnFET, LGAA 18 16 14 12 10
Contact CO {nm) - /GAA
Device architecture hey ground rules
FInFET Fin HalEpitch (hm) 16.0 14.0
FinFET Fin Width {nm) 8.0 7.0
FInFET Fin Helaht (nm) 45 50
Foatprint drive efficiency - fnFET 3.06 3.82
Lateral GAA lateral haltpitch (nm) 12.0 10.5 9.0
Lateral GAA vertical halt-pitch (nm) 8.0 8.0 8.0
Lateral GAA (ranosheet) thickhess (nim) 5.0 5.0 8.0
Lateral GAA (nanasheet) minimum width (nm) 7.0 7.0 6.0
Number of vertically stacked nanosheets 3 4 5
Device height (nim) 47 63 79
Footpeint drive efficiency - lateral GAA 3.00 4.57 6.11
lrertical GAA igteral hal-pitch (nm)
lFertical GAA width (nin)
Contact-gate enclosure {nm)
Footprint drive efticiency - vertical GAA
Defice effective width (nim) 98.0 107.0 72.0 96.0 110.0
Device lateral half pitch (nm) 16.0 14.0 12.0 10.5 9.0
Device height (nm) 45.0 50.0 47.0 63.0 79.0
Mindtnwen device width (fin, nanosheet) or diameter (nim) 8.0 7.0 7.0 7.0 6.0
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233 28.086

Slllcon 5.43 SI 14

3s23p?

 Important semiconducting material
* 2nd most common element on earths crust 1683  DIA 625

(rocks, sand, glass, concrete)
 Often doped with other elements
* Oxide S10, 1s a good nsulator

silicon crystal = diamond crystal structure



Silicon

Large (2 m) single crystals are grown

@ Float zone

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



Silicon wafers

50 um - 0.5 mm thick




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

http://cleanroom.byu.edu/lithography.parts/Lithography.html
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Fig. 2 Schematic cross section of present CMOS FETs with
multilayered wiring.

19 nm HO.B nm
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MOSFET

Metal Oxide Semiconductor Field Effect Transistor

SourceT
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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 uQ-cm Conductive diffusion barrier

p-Si
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Self-aligned fabrication

polysilicon
gate




Spacer
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Spacer
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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 (TiS1,). Not silicide is

formed on nitride or oxide.

polysilicon
gate




