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Application-motivated basic research...
focus on defects, doping and diffusion, synthesis of novel
semiconductors and ion beam physics, towards applications within
solar cells, QT, power electronics and sensors
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Choice of material platform for physical realizations of QT

’ Superconductors Superconductors

* Trapped ion

- Trapped ions &
* Atomic vapor rapped ions

« Optical gratings
% Optical gratings
* Quantum dots

» Defects in semiconductors Quantum dots

Point defects
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Point defects in semiconductors for QT

Certain point defects can act as isolated two level systems with possibility for spin
manipulation and single photon emission properties satisfying the qubit requirements
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Point defects in semiconductors for QT

Certain point defects can act as isolated two level systems with possibility for spin
manipulation and single photon emission properties satisfying the qubit requirements
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v EXcite with laser = single-photon
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Point defects in semiconductors for QT

Sensing applications

Strain

Interaction with the resonant phonon
modes of a macroscopic mechanical
resonator through crystal strain

Nature Comm., 5, 4429 (2014)
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Biomarkers

Single fluorescent nanodiamonds as
cellular biomarkers
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Fluorescence thermometry with
sensitivities ~ 10 mK-Hz"2

A Thermal echo near zero magnetic field

@ Temperature

PNAS 110, 8417 (2013) ey PNAS 104, 729 (2007)
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Point defects in semiconductors for QT
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We offer a diamond-based, freely programmable qubit system, which
makes it possible to perform various arithmetic operations. Here you
% gﬁg % ang % ang

have the possibility to manipulate the qubits directly to understand the
functionality of quantum computers and to test optimised algorithms.
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Single photon emission from point defects

EC Ideal single-photon source:
» Triggered (on-demand)
L — * g@0)=0
« Indistinguishable photons
» High repetition rate
« Room temperature
« Chip integration
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ldentification and single photon emission (SPE) from point
defects in Silicon
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Point defects suitable as solid state qubits and single Si reveal several other SPEs, e.g. W, T and C-
photon emitters (SPE) center, but also several unknown defects
- First identification of SPE in Si, the G-center suitable for telecom wavelengths
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Formation of qubit candidates through ion implantation

Photon Energy (eV)
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Charge state identification and control of quantum
defects in Silicon Carbide
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* Vg, exhibit a quadratic Stark shift
UNIVERSITY M. Bathen, ..., L. Vines, npj Quantum Information, vol. 5, 111 (2019)
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Ongoing projects

SPE's in SIC polymorphs and other Strain effect on emission lineshape
materials J
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Predicting solid state material platforms for guantum
technologies

Criteria-based approach
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Table 3. Material properties from the MP database.
Approach Material ~ Crystal structure MP code Density (g cm ) Band gap (eV) a,b,c(A)  aB,y ()
Crystal structure from large datasets were used as a starting gl b 0SS G Mg o053
. . . . . Cul Hexagonal mp-569346 58 12 43,43,7.0 90,90,120
point to predict suitable material hosts for quantum emitters. 12 e @
Cdse Cubic mp-2691 53 05 4.4, 44,44 60,60, 60
H . BN Cubi -1639 35 46 26,26,26 60,60, 60
» Unconventional parameters was found to be important for e ame mes o b anans wee
. . ZnCd;Se, Cubic mp-1078597 53 17 6.1, 6.1, 6.1 90, 90, 90
the materlal Select|on BCN Tetragonal mp-1008523 33 16 26,26,37 90,90, 90
BC:N Orthorombic ~ mp-629458 34 18 25,26,36 90,90, 90
H . H . . All hes to 0.75 confid CdsnP,  Tet I 5213 46 07 72,72,72 131.1,131.1,71.7
* Resulted in a list of potential material candidates for R . a3 ot oanio wchi
. . R . InP Cubic mp-20351 46 05 42,42,42 60,60, 60
experl mental |nvest|gatlon InP Hexagonal mp-966800 4.6 05 42,42,69 90,90, 120
sisn Cubic mp-1009813 4.4 04 43,43,43 60, 60, 60
ZnGeAs; Tetragonal mp-4008 52 06 70,70, 70 131.4,1314,71.2
Material properties for the 9 materials predicted by the empirical approach (>0.85 confidence) and the 6 materials predicted by all approaches (>0.75
UNIVERSITY confidence).
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What Is gquantum sensing ?

Definitions: 1) 1)
1. Use of guantum system with quantized energy E = hw, r
levels to measure a physical quantity 0y ! 0)

« Superposition

2. Use of quantum coherence (i.e., wavelike Clotrone |
spatial or temporal superposition states) to o— |
measure a physical quantity. |

) = al0) + B|1)

3. Use of quantum entanglement to improve the

sensitivity or precision of a measurement,

beyond what is possible classically - Entanglement

observation )
impact t
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Ongoing QT research at the University of Oslo

Liquid He quantum dots

Nanoparticle and
epitaxial quantum dots

Conduction band

Surface states

Energy

Fermi level

Valence band

Momentum

Machine learning for new
guantum materials _
Point defects

Properties of quantum
materials
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Semiconductor materials for QT
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Silicon
Point defects

. . Spin qubit CMOS devices
Silicon carbide

Point defects

Diamond
Point defects

Gallium arsenide
Quantum dots

2D'TM DCS @ Transition metal ) Chalcogen

UNIVERSITY B d it Hexagonal boron nitride
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. Nanoscale
Extreme conditions

Signals in cells

Communi-
cation

Better logistics
and optimization

Predict the weather

Predict new medicines
and materials for e.g.
solar cells and batteries
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