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Abstract: Development of quantum computing promises, among other things, improvement of scientific computation performance. Indeed, a
computer exploiting the proprieties of quantum mechanics would allow for computation power exponentially greater than a classic computer.We
develop double latera quantum dots with micro-magnets to control spin orientation of electrostatically confined electrons. In this talk, an
introduction to the mechanisms used in the spin control will be given. Then, methods used to characterize the micro-magnets will be described.
Finally, we will present the results obtained with Hall effect devices for the micro-magnets.
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(Overview

Quantum dots and qubits

Spin qubits in lateral quantum dots

Manipulating spin qubits with micro-magnets
Micro-magnets characterization methods (Hall effect)
Results of characterization

Conclusion
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Quantum dots and qubits

- What is a quantum dot?

1070068

n
Few electrons, nanometer-scale confined system.

Confinement -> quantum properties.
-~ Can be realized with electrons in semi-conductors.

Excellent candidates for qubits. n=1

e

What is a qubit?
Basic constituant of quantum information.
Bits: 0 or 1. Qubits: 0, 1, or any superposition.

Uses quantum properties: superposition, entanglement, etc. ruwesss



Spin (_|l|l')ils mn lateral quantum dot:

QOur goal: manipulate spin qubits in lateral quantum dots to encode information.

Hpm qublt electron electrostatically confined, spln up or down.
Spin can be manipul&ied with magnetic fields.
IDEG B O

1A s/ GaAs heterostructure

|

2D Electron Gas (ZDEG)

The dot is shaped by applying negative biases on gates.

1070068 Page 9/39

It is possible to isolate a single electron in the dot.



Sl)in qubits m lateral quantum dot:

Our goal: manipulate spin qubits in lateral quantum dots to encode information.

Spin qubit: electron electrostatically confined, spin up or down.
Spin can be manipulated with magnetic fields.
2DEC > /H" S

AlGaAs/ GaAs heterostructure

|

2D Electron Gas (ZDEG)

* The dot is shaped by applying negative biases on gates.
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It is possible to isolate a single electron in the dot.



Manipulating spin qubits with
micro-magnelts
8

- How can we effectively manipulate the
spin?

- Oscillating magnetic field is needed to
manipulate the spin of the electron.

Usual methods for manipulating spin are
too slow for our application.

- We use a magnetic field gradient produced
by a micro-magnet and AC potential
applied on gates to produce and effective

oo 0SC1llating magnetic field. -




(haracterization of micro-
magnelts:| [all effect

Goal of the characterization process: determine the magnetization o
the micro-magnets.

Hall effect: apparition of a voltage perpendicular to the injected
current in the presence of a magnetic field.

Electrical cur_'.:ductur 4 Magnetic field B,
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(.haracterization ol micro-
magnets:Ha || elfect

Goal of the characterization process: determine the magnetization o
the micro-magnets.

Hall effect: apparition of a voltage perpendicular to the injected
current in the presence of a magnetic field.

Electrical conductor 4 Magnetic field B,
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Characterization of micro-
magnets:Ha 1l effect

Goal of the characterization process: determine the magnetization o
the micro-magnets.

Hall effect: apparition of a voltage perpendicular to the injected
current in the presence of a magnetic field.

Electrical cm‘_uductur 4 Magnetic field B,
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Characterization of micro-
magnets:Ha [l effect

Goal of the characterization process: determine the magnetization o
the micro-magnets.

Hall effect: apparition of a voltage perpendicular to the injected
current in the presence of a magnetic field.

Electrical conductor 4 Magnetic field B, \
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(haracterization of micro-
magnels:Ha Il elfect

Goal of the characterization process: determine the magnetization o
the micro-magnets.

Hall effect: apparition of a voltage perpendicular to the injected
current in the presence of a magnetic field.
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(haracterization steps
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(haracterization steps
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(.haracterization steps
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(haracterization results
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(Characterization results

Measurments in perpendicular configuration.
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(Characterization results

Measurments in perpendicular configuration.

The magnetization of the micro-magnet is weak in this
configuration.
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(Characterization results

Measurments in perpendicular configuration.

The magnetization of the micro-magnet is weak in this
configuration.

The slope of Ry vs B gives us the charge carriers density.
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(haracterization results

Hall resistance as a function of the applied magnetic field in the

8000
perpendicular configuration
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(Characterization results
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(Characterization results

Measurments in parallel cunfif__:uratiun.
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(Characterization results

Measurments in parallel mnfif._;uratiun.

The magnetization of the micro-magnet is strong in this configuration.
The micro-magnet produces a magnetic field entering the central region
of the cross.
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(Characterization results

Measurments in parallel cs_mfiguratim'l.
The magnetizatiun of the micm-magnet 1S strong in this cont’iguration.
The micro-magnet produces a magnetic field entering the central region

of the cross.

The plot of Ry vs B shows an ll}'ﬁtere:-_‘»is because of the micro-magnet
magnetization
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(Characterization results

Hall resistance as a function of the applied magnetic field Bo
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(.haracterization results

We simulate a magnetic object with dimensions=micro-magnet.
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(.haracterization results

We simulate a magnetic object with dimensions=micro-magnet.
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(.haracterization results

We simulate a magnetic object with dimensions=micro-magnet.
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(.haracterization results

We simulate a magnetic object with dimensions=micro-magnet.
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(.haracterization results

We simulate a magnetic object with dimensions=micro-magnet.
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(.haracterization results

We simulate a magnetic object with dimensions=micro-magnet.
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(.onclusion

We tabricated Hall effect devices to determine the magnetization of
micro-magnets of cobalt.

Those micro-magnets are to be used to manipulate spin qubits in
lateral double quantum dots.

We obtained the magnetization: 1.13 T. The reference value for cobal
saturation magnetization1s 1.8 T.

The result will be improved by using more precise dimensions for
simulation and a smaller integration surface.
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