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Quantum Materials Vision

Extraordinary new quantum materials enable
atomic-scale electronics and photonics that
transform signal processing and computation.
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Science & Technology Mission

Integrated quantum systems made from atomic-scale devices,
error-free data channels, and single-atom memory sites:

Quantum Materials

Atomic Layers: Graphene, BN, MoS,, — atomic scale devices
Topological Insulators — topologically protect data

NV Center Diamond — 17 atom memory sites, ultrasensitive
magnetosensors
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Subsurface Charge Accumulation Technique

Capacitive imaging technique is Subsurface Charge Accumulation
based on the image charge induced image of quantum Hall liquid
in the electron gas by a scanned tip. Landau level filling at low T in B.

Ashoori, Nature (1998); Science (2000).



Imaging Electron Charge with an SET

Ultra-sensitive single-
electron transistor (SET)
is fabricated on the end
of an insulating probe
via sequential metal
evaporations.

The SET can sense a
tiny fraction of an
electron charge, and
maps out the charge
density as it is scanned
acroos the sample.

Yoo, Fulton, Hess ... Science (1997)



Ultrasensitive Scanned Magnetosensor
based on a Diamond NV Center

Optical readout

\'4

Single NV center
magnetosensor S~

A nitrogen vacancy (NV) center in a diamond nanowire has
ultrahigh sensitivity and spatial resolution.

Yacoby, Nature Nano. (2012)
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Imaging Electrons in a GaAs/AlGaAs 2DEG

Charged
SPM tip

Simulatons of
electron flow 2DEG

Electron waves flowing from a quantum point contact (QPC)
are deflected by a charged SPM tip

Topinka et al. Nature 410, 183 (2001)



Imaging Coherent Flow of
Electrons from a
Quantum Point Contact

Quantized Conductance Steps

Fringes demonstrate coherence
Topinka et al. Physics Today 56, 47 (2003)



Imaging Electron Interferometer
LeRoy et al PRL(2005)
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Imaging a Quantum Dot in a Nanowire

SPM tip
InAs/InP Nanowire

Conducting
substrate

« Metallized tip is a movable gate

 Display dot conductance vs. ry,
for different Vy,

« Conductance 'bullseye’ locates
dot and measures Coulomb
blockade conductance

Ania Bleszynski and Linus Froberg
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Imaging the Nanowire Dot's Last Electron

V., steps from-2.5Vto1.75V

tip
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Bleszynski, Froberg et al. (2007)

e Rings shrink as Vy,



Image Magnetic Focusing with an SPM Tip
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Rob Parrott
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Aidala, Nature Phys 3, 464 (2007)
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