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i) First demonstration of InAs Quantum Dot Single TeraAppS

5 Electron Transistor as Highly sensitive -
_ CNRNANO =
SCUOLA Nanodetector in THz Frequency Regime
NORMALE
SUPERIORE

1) Physical Principle

Coulomb Blockade | InAs QD o

1. The bias voltage must be lower than the elementary
charge divided by the self-capacitance of the QD: V,,,.< e/C —@&

2. The thermal energy (KgT), must be below the charging

energy: KT < e?/C S D

3. The tunneling resistance R, must be greater than h/e?

AE

C (tunneling time) < 101> §
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| CNRNANO =

2) Simulation step TeraAppS

SCUOLA . . . . . .
NORMALE 3D architecture in the numerical simulation shgwmg
SUPERIORE the QD geometry, due to a hexagonal Wurtzite

structure of grown NWs>° from the cubic basis

12
12 14 16 18 20 22 24 26 28 30 32

3D simulated image of distributed electrostatic Radius of NW (nm)
potential around prismatic InAs QD in the Color map of simulated gate-QD capacitance (C,) as a
presence of external applied electric field into function of size of QD (W4) and radius of NW (R,,)
our FET
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2) Simulation step TeraAppS

Bow-tie antenna simulation representing the
energy enhancement at the position of SET
owing to the presence of antenna, depicted as
a function of bow-tie radius (R,) for an
impinging frequency of 2.8THz.

w
__CNRNANO =
SCUOLA
NORMALE
SUPERIORE

0 20 40 60 80 100
Bow-Tie Radius (um)

out-of-plane maps of electric field component for R, = 20um, 55um, and 90um corresponding to the A/2, 3A/2, 5A/2 resonances
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2) Simulation step TeraAppS
\

| CNRNANO =

SCUOLA  Numerical results related to the simulation of different energetic electron states in quantum

NORMALE dot
SUPERIORE o - dot o _
The distribution of electron wave function (orbital configuration) for each energy level is
depicted.
200 | Rnw=20nm (Eooo) 350

180 & . —{Egq0) i
Sia0f {Es51) are more sensitive > 250}

g 120, " o omechamgesin £
~‘;100" . N 3} L
W gol the R, than to the W 450 |
|
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Ll

60| “‘\\\\HR changes in the W, 100 b
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20F 1 o
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InAs QD Width (nm) NW Radius (nm)
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NORMALE

‘ SCUOLA
SUPERIORE

Drain Current (nA

Source to Drain bias (mV)
S 5 3 & o

N
o

Gate Bias (V)

2) Experimental step
Quantum Transport experiment

_12Ivsd=1mv

< 1.0f T=4.21K

*5 0.8}

5 0.6}

£ 04}

©

0 0.2+ A
100.0 0.0+t

1 2 3 4 5
1.000 Gate bias (V)
0.01000 Coulomb blockade
diamonds

1.000E-04

TeraApps

from transport measurement.
It shows for particular values
of applied gate bias, transition
through QD occurs and its is

equal to zero elsewhere.

Vip * Vg plane

1.000E-06 _
1.000E-08
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2) Experimental step TeraAppS

C)

< Optical measurement in low temperature (4.21K) \
__ CNRNANO = |
SCUOLA o
NORMALE ‘ .
SR | Tunning the source Quantized phtoresponse curve

©
o

from 640GHz to 690GHz

0.4 | Lock-in amplifier Values

0.3}
0.2}
0.1}

Q
o

Testing frequency = 0.665 THz

Photocurrent (nA)
o
N

Photocurrent (nA)

_ 0.2 0.0f

20, Dr|Curren nA 100.0 00-_ 0.1
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® of Gate bias (V)
% & ‘7 1.000E-04 Maximum responsivity
il under 0.65THz
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15}
O :
(0_2012 7 4 . 5 1.000E-08 R=s 2 5 Y = sig sin@ X = sig cosB

_ = sqrt(X- +Y*)
Gate bias (V) Quadrature component In-Phase component
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large area agraphene grown via Chemical Vapor

C)

<
| CNRNANO = i Deposition (CVD) transistor as Terahertz Detector
| NORMALE Fabrication and characterization Maximum responsivity
SUPERIORE o0s In room temperature and under 0.65THz
Lock-in amplifier| W Rv = 12V/W
< 0.004 - / w\\\\
0.28[ E | "\
Z 0.26 | Room Temperature © 0000 |
:: 833 Vsd = 2mV % 5. 66d §!Charge Nutriality Point]
8 0.18:— arge Nutriality Poi fJf:ci-0.008 Mm WNﬂ
5 216 0.012 ci
S 014} i I P R
0.12} 3 2/ 1 0 1 2
0.10} | , Gate Bias (V)
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Gate bias (V) v
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o dV,

X Speed of device measured under 3THz: 40nS
Bow-tie dipole antenna Linear dipole antenna
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Publication:

PISA

TeraApps
2P

NORMALE  Unveiling the detection dynamics of semiconducting
SUPERIORE  hanowire photodtectors by THz near field nanoscopy

Authors: Eva Pogna, Mahdi Asgari, Leonardo Viti, Valentina
Zannier, Lucia Sorba, Miriam Serena Vitiello

0 ® Light e

Nature, Light: Science & Applications L' h Science &
lg Applications
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Near-Field THz Photocurrent TeraAppS

Nanoscopy of InAs Nanowires FET
Light-induced photo-voltage by locally exciting the InAs NW with THz-coupled AFM ti

Neaspec ‘ SUPERIORE N
easpe ey t/'p THz-QCL 2.7THz

‘ - @ » THz-laser i
\ - Reflectivity (Self-mixing)

\
\ Photo-current (Detection mechanisms)
— \ ——— \
i o *
\ \“‘

\

@)

| CNRNANO =

> Deflection laser

- Topology

Lock-in
detection
Near field vs far field Vs
photocurrent enhancem /
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Below pinch-off V

o]
__ CNRNANO = 08 —
SCUOLA Y
NORMALE 067 by
SUPERIORE —2mv
8 0.4 —4mV
Bolometricand PTE < |
effects as a function of tip J L
- Lo
position measured 0 VKT
experimentally 0 ] ) 3 A
X(pm) x107°
Bolometric
2| AR

Bolometric and PTE
effects as a function of tip
position measured via
simulation

www.TeraApps-project.eu

4 | |Incident Power \Vj
| |— 120 uyW
3L — 110 yW
| |—85uW
< ol —esuw
S 50w
—
> 1r
< i
D=t~ == mmm o e e o == —
1k
-2 . . . L
0.0 0.5 1.0 15

400 0 400
X (nm)

-800 800

tip (

2.0

AAPPS
Ier \PP

TeraApps
~



Many thanks to: TeraAppS
\

Miriam Vitiello
Leonardo Viti
Eva Pogna
Elisa Riccardi
and

Thanks for your attention

www.TeraApps-project.eu



