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• Diodes, solid state lasers, transistors

• Computing, communications 

• Controllers: vacuum cleaners, coffee makers, etc.

• Transportation, autonomous driving, electric cars

• Efficient lighting, solar cells, displays

• Lasers
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Physics of semiconductor devices
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1 hour written exam

 one page of handwritten notes

Oral exam

Examination
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https://upload.wikimedia.org/wikipedia/commons/thumb/c/c2/Bardeen_Shockley_Brattain_1948.JPG/1280px-
Bardeen_Shockley_Brattain_1948.JPG

The first point contact transistor

William Shockley, John Bardeen, and Walter Brattain

Bell Laboratories, Murray Hill, New Jersey (1947)

Shockley

Bardeen Brattain
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The “second” point contact transistor: TRANSISTRON
CFS Westinghouse, Subsidiary Paris (1948)

Heinrich Welker

Herbert Mataré

https://www.computerhistory.org/siliconengine/the-european-transistor-invention/

X-Ray radiograph
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Jack Kilby's first integrated circuit  1958

made of Germanium

https://education.ti.com/-/media/ti/education/images/education/success-story/jkd_jack-kilby.jpg?rev=36d0400f-168f-4250-b39d-1fe578d6ea93&la=en&h=302&w=450&hash=1C1E153346E70FEA65FE87001EC7E12E
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The number of transistors double every two years.

Moore’s law

https://en.wikipedia.org/wiki/Transistor_count
3-atom-thick MoS2 
on sapphire
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A lot of transistors – tightly packed
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A lot of transistors – tightly packed

gl
o

b
al

in
te

r-
m

ed
ia

te

m
et

al
1

PIDS2a 
High-Performance (HP) Logic Technology Requirements

year

in nanometers
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MOSFET are very small already

drainsource

gate

gate oxide

image AI-enhanced
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DNA

MOSFET

1 nm

20 nm

image AI-enhanced
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https://newsroom.ibm.com/2026-06-25-ibm-debuts-worlds-first-sub-1-nanometer-chip-technology
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https://irds.ieee.org
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https://doi.org/10.1038/s41928-024-01175-3

Advanced packaging of chiplets for future computing needs

chiplets: 
separate functional blocks like logic, memory, and I/O

different blocks can use 
optimized manufacturing 
process nodes

blocks can differ in 
semiconducting material

required:
interconnects (high speed, 
low latency)
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300mm IBM Quantum Nighthawk 
wafer (Credit: IBM)

https://www.ibm.com/quantum/blog
/300mm-fab

from a semiconductor device fab

limit of on-chip scaling:
qubit cross-talk



Institute of Solid State Physics

https://doi.org/10.1007/s11227-025-07047-7

Modularity also key for quantum computing
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2022IRDS_ES.pdf
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Al:  = 3.5 ×107 1/Ω·m

Si:  = 4.3 ×10-4 1/Ω·m

Conductivity
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Silicon

silicon crystal = diamond crystal structure

•  important semiconducting material

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

•  often doped with other elements

•  oxide SiO2 is a good insulator



Institute of Solid State Physics

Wolfgang Pauli has lost his interest in Solid State Physics …

in a letter to his assistant Rudolf Peierls (Sept. 29, 1931):

„Über Halbleiter soll man nicht arbeiten, das ist eine Schweinerei, 
wer weiß ob es überhaupt Halbleiter gibt.“
                      

“You shouldn't work on semiconductors, it's a mess, who knows if 
semiconductors even exist."
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Large (2 m) single crystals are grown

Czochralski process

http://en.wikipedia.org/wiki/Czochralski_process

Float zone

Silicon
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50 mm - 0.5 mm thick

Silicon wafers
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http://britneyspears.ac/physics/fabrication/photolithography.htm
http://cleanroom.byu.edu/lithography.parts/Lithography.html

Photolithography
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Implant at 7º to avoid channeling

Ion implantation
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~ 1990

On the chip
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