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Why do we need quantum computers? 



IBM Q System 1 Google claims Quantum Supremacy

Quantum computers: science fiction or just science?

Credit: Google



Quantum computers “think” differently than regular ones



Classical versus quantum bits

To make a qubit, we need: Classical bit Quantum bit

The quantum principles of superposition and 
entanglement are vital for enabling quantum 
computers to think differently

A stable, two-level quantum system 
that is isolated from its environment 
Superconducting charge current 
Photon polarization 
Electron spin

And a way to communicate with it 
Photons
Magnetic fields 
Electric fields



Based on the Josephson junction

The superconducting charge qubit

Pros and cons

• The superconducting charge qubits have 
enabled the quantum computers of today

• However, the superconducting basis may 
not be ideal

Millikelvin operating temperatures are 
needed

 Importantly, stability is poor, with single-qubit 
coherence times on the μs time scale

Connectivity between qubits (entanglement) 
is main limitation for enhancing computing 
power

https://blog.qutech.nl/index.php/2017/11/04/the-first-delft-qubit/



Different technologies show promise compared to 
superconductors

Promising alternatives 
include quantum dots

(often made of
semiconductors) and 

trapped ions

Solve problems 
of

• Temperature

• Cost

• Scalability

We will focus on
point defects in 
semiconductors
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Application oriented basic research

Group for semiconductor physics (LENS) at UiO

Norwegian Micro- and Nanofabrication Facility

• ~ 50 people (Prof’s, PhD’s, Msc’s, technical
and administrative staff)

• Lab: MiNa-Lab
• Clean room (440 m2 ) and characterization 

We work on:
• Solar cells
• Quantum tech
• LED’s
• Power electronics
• Nanotechnology
• Sensors
• Thermoelectricity



General properties

Point defects can trap charge carriers

• Intrinsic and extrinsic, substitutional and 
interstitial

• Can trap charge carriers, alter the 
electronic structure of the host material, 
and affect optical and electrical properties

DOI: 10.1016/j.cpc.2018.01.004
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Quantum capability

• In certain materials, defects can trap 
charge carriers in high-spin configurations

• The spin states can be used for qubits 
spin up or spin down can be used as the 
two-level qubit system

• The system can be practically isolated 
from its surroundings, and very stable –
even at room temperature! 

Pulse of
oscillating
magnetic
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Single-photon emission is crucial for quantum application



Single-photon emitter

• In certain materials, defects can trap 
charge carriers, and emit same-colored 
photons upon excitation 

• Single-photon emitters are crucial for
• Secure quantum communication

• Quantum cryptography 

• Qubit-qubit connectivity

• Single-photon emission can be used to 
read-out the qubit state of the point defect
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Single-photon emission is crucial for quantum applications

Spin state Two-level quantum system
Single-photon emission Read-out the qubit state



Some problems are solved

Point defects in semiconductors are a promising alternative to 
the superconducting paradigm

… and some new ones are created

• The point defect platform offers
 Smaller devices and ease of fabrication  

 Much higher operating temperatures

 Higher stability, even at room temperature

• Point defects are tiny, and finding one in a 
bulk material (among billions of atoms) is 
like searching for the needle in the 
haystack 

• Point defect formation is statistical, and 
you can never know exactly where one 
ends up 

• Signals from single defects are weak, so 
they are difficult to locate, although it is 
possible 

• Connecting several point defect qubits 
remains a major challenge

While several challenges 
remain, this is a very 
fascinating and timely 
topic, and we anticipate 
several exciting 
developments for point 
defects in semiconductors 
in the future
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