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Semiconductor
manufacturing
processes

•10 µm – 1971
•6 µm – 1974
•3 µm – 1977
•1.5 µm – 1982
•1 µm – 1985
•800 nm – 1989
•600 nm – 1994
•350 nm – 1995
•250 nm – 1997
•180 nm – 1999
•130 nm – 2001
•90 nm – 2004
•65 nm – 2006
•45 nm – 2008
•32 nm – 2010
•22 nm – 2012
•14 nm – 2014
•10 nm – 2016
•7 nm – 2018
•5 nm – 2020 Wikipedia “x nm process” = half-distance between identical features
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Intel Core I7
35 nm gate length
1 nm equivalent oxide thickness, with 0.7 nm 
transition layer

Intel Pentium 4

Intel Core I7 980x extreme edition

Intel Core I7 Ivy Bridge (25 nm gate length)

Intel Core M (e.g. in Ultrabook 
laptops) (15 nm gate length)

Samsung  64 GB multi-media card; flash memory

Intel Pentium II

Intel Pentium 75-100 MHz

NVIDIA H100/200 GPU, Apple MacBook Pro, iPhone 15 Pro HPC (IBM, Samsung)
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Moore’s law
(1965):

Moore, Gordon E. (1965). "Cramming more components onto integrated circuits“ 
Electronics Magazine. p. 4. 

the number of 
transistors in a dense 
integrated circuit 
doubles approximately 
every 2 years. 

2010 update:
Slow down in 2013 to 
doubling every 3 years

http://www.cs.utexas.edu/%7Efussell/courses/cs352h/papers/moore.pdf
http://en.wikipedia.org/wiki/Electronics_%28magazine%29
http://en.wikipedia.org/wiki/Electronics_%28magazine%29
http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/Integrated_circuit


• Conventional Lithography:  use photons, electrons, ions; minimize wavelength and 
scattering (e.g. EUV lithography for 3 nm technology uses 13.5 nm EUV light)
• Improved lithography: use tricks like interference patterns to improve resolution
• Various soft lithography methods – use printing, SPM, etc. 



Lithography/direct writing overview









Projection photolithography











Intel lithography road map



Problem: can’t use neutral atoms – need to produce multi-charged ions in discharge- or 
laser-induced plasma (Xe, Sn, Li plasma sources); need high efficiency; lack of coherence

13.5 nm:
4d – 4f transitions
Sn4+ -Sn13+

• Sn droplets injected in 
a vacuum chamber at 
high speed

• Laser pulses (CO2) 
vaporize the droplet 
creating plasma 
(ionized Sn)

• Sn ions emit 13.5 nm



ASML is the leader in EUV lithography systems (https://www.asml.com/en) (Netherlands)
Inpria is the leader in EUV resists (https://www.inpria.com/,  Corvallis)

https://www.asml.com/en
https://www.inpria.com/




Right: the effect of 
introducing in the path of the 
wave a transparent mask with 
a 180° phase-shifting region. 

Alternating phase-shift mask

Attenuated phase-shift mask

Phase-shift masks: use interference patterns to improve  resolution

Conventional mask

Used in <=65 nm technologies

Further trick: use immersion (water) lithography (increase NA) – used in <=45 nm technologies













EPL = electron projection lithography



















Microcontact printing: 

soft lithography that uses the relief patterns on a master polydimethylsiloxane (PDMS) stamp to 
form patterns of self-assembled monolayers (SAMs) of ink on the surface of a substrate 

PDMS master is created by 
patterning silicon, pouring and 
curing the PDMS, and peeling away 
from the substrate

Thiol is poured over the stamp and 
let dry. Conformal contact is made 
with the substrate and pattern is 
left behind.

Used in microelectronics, micromachining, organic semiconductor devices, biology

Why PDMS?
• Low Young modulus
• Low shrinkage
• Inert and non-reactive
• Gas permeable
• Transparent 240-1100 

nm
• Non-adhesive (low 

surface energy)







Full-color quantum dot displays fabricated by transfer printing

T. Kim et al.

Nature Photonics 5, 176–182 (2011); doi:10.1038/nphoton.2011.12



• Creates patterns by mechanical deformation of imprint resist and subsequent processes. 
The imprint resist is typically a monomer or polymer formulation that is cured by heat or 
UV light during the imprinting.  Adhesion between the resist and the template is 
controlled to allow proper release.











Photonic and plasmonic devices, nanofluidics, single electron memory, organic TFTs



Use STM or AFM:

Material 
modification, 
removal, or addition 
at nanoscales







Quate group at Stanford

Attempts to scale-up:







Tseng et al.,



Other methods: e.g. Nanosphere Lithography 
(van Duyne group, Northwestern)
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