Electrostatic Force Microscopy to Study Si_nglle Dopant Atoms
- Encapsulated in Silicon

1. Motivation

Hydrogen resist lithography allows atomically precise placement of P or
As atoms on silicon. Then, dopants are encapsulated with an additional
layer of silicon [1,3,9].
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Many interesting questions arise:

1. How big is the coupling between dopant atoms?

2. What is the coherence time?

3. How far do dopant atoms diffuse in the silicon crystal?
4. How are the energy levels affected by the environment?

2. Sample

We studied a contacted Single Electron Transistor sample with a
single 10x10nm Quantum Dot

5 QD: 10x10
S-QD: 9nm
' D-QD: 9nm
G2-QD: 30nm
G1-QD: 32nm
B
Q
G2
device Gwidth: 15nm
Sdwidth:10nm
S
STM, UCL

3. Navigation: finding the QD
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Spectroscopy technique

The tip can be used as a both, a movable gate and a single electron sensor [2]
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José Bustamante'>, Taylor Stock?, Logan Fairgrieve-Park’,
Kieran Spruce?, Yoichi Miyahara*, Neil Curson?, Peter Grutter’

A WO N -

Physics Department, McGill University, Montreal, Quebec, Canada
London Centre for Nanotechnology, University College London
Departamento de Fisica, Universidad San Francisco de Quito
Department of Physics, Texas State University,

Contact: joseb@physics.mcqill.ca

(a) AFM tip ) Vacuum frequency shift dissipation
10
7 a: AFM 1ip tunnel 20 -
N _ 1 barrier _ 8 " ne
;"/.; 5 \ DC bias, Vg — ODp— :IE -40} = - N=4
QE;/ | = -60f m 6 N=3] m=2 | N=1
Py = =
A a a <. 80/ .‘i’ 4 Ee
e [ Tunnel barrier I e 100k a —
t Vsl + 5 8 2| N0
» -120f a
Conducting substrate (back electrode) S w ‘ ]
------ Back -140 0 ” ’ Im " |||""r " "IIIH'MIH
electrode -1600 : P y .
Sample Voltage Vg (V) -10 -9 -8 -7 -6 -3 -4

Bias voltage (V)

Acknowledgements
NSERC gz
CRSNG Québec

Secretaria de
Educacion Superior,
Ciencia, Tecnologia e Innovacion

INTRIQ) i

INSTITUT TRANSDISCIPLINAIRE
D'INFORMATION QUANTIQUE

’

Vcpd=0.086Y.

Vcpd= -0.4607

/1

Scan for a digital copy

glency shift[Hz]

Vbias=0V

Features:

- Optical access for prepositioning.
- 11.4um scan range.

- 2mm x4mm coarse motion range
- Capacitive position sensors [4]

- Optical cantilever excitation [2]

5. Novel Microscope at McGill University

Low Temperature AFM with A
coarse positioning capabili- |
ties. The design is based on
a previous AFM with no
coarse positioner [2].
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6. Outlook

- Optimize Navigation remains challenging at low temperatures
- Find QD fast. Perform bias spectroscopy on them.
- Reduce size of QDs to single atom limit.
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