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QDIP are promising but not yet competitive.
- Large dark current at room temperatures
- Low density of absorbers IS Capture
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e Small capture

* Low thermalization efficiency
(phonon bottleneck)

* Low escape probability
(phonon bottleneck)

* Large absorption coefficient

Ok (tunneling)

Increase capture and thermalization efficiencies without
increasing the escape probability.

Capture and thermalization are very efficient in 2D
nanostructures.

0D nanostructures have low escape probability and high
absorption coefficient.

What if we can combine these advantages?



R Finanziato . Ministero : . f
dall'Unione europea A dell’Universita [taliadomani !c\f!n%élc!

and Technology Institute

NextGenerationEU 2 - deua Ricerca DI RIPRESA & RESILIENZA

75 1

a) b) AlGaAsCB  [] |
We designed and realized by Droplet Epitaxy a el - :
hybrid 0D-2D nanostructure (QDs on top of a o : )
" f GaAs/AlGaAs. oD-2D | ¢ ™ |
QW) made of GaAs/AlGaAs # E \ 50 L
The absence of a potential barrier between 0D gz € E il
and 2D allows to spatially modulate the S .
properties quantum confinement. o :
QD-like low energy states i
QW-like high energy states
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The QW introduces resonant states
in CB, E>E; with a localization in
the QD region -> large absorption

probaility
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Droplet Epitaxy y o 4

Two-step growth of self-assembled QDs:

- Deposition of group Il to form metal
droplets

- Crystallization with group V flux

Finanziato 7% Ministero l

Advantages:

- Strain-free growth

- Independent control on QD
morphological parameters
(height, aspect ratio, shape)

- Narrow size dispersion

AS, P, SB, N

10729 (0T02) 96 1dV Jaz19)

Gurioli et al., Nat. Mater. 18, 799 (2019)
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CONCLUSIONS:

Innovative quantum state design to modulate quantum confinement:
- 0D ground state

- 2D excited states

To exploit the advantages of
both nanostructures.

Achieved room temperature
operation R =2*10* A/W

Vichi et al., ACS Photonics 12,447-456 (2025)

Resonant state absorption
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Droplet deposition:
Ga amount --> droplet volume
Temperature --> droplet density

Crystalization controls geometry:

1) Asincorporation in the droplet and
crystalization at the liquid-solid
interface

2) As adsorption on the surface and
crystalization after Ga out-diffusion

Process 1: Crystallization Process 2: Crystallization after
|l =./4D-.1T Diff. length at liquid-solid interface diffusion out of the droplet
Ga

. 35.Oﬂm

z

—E e
D;, = Dye a/kT Diffusivity
N
T =7 Lifetime
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—E,
l - 1/4DGCLT T = NS/]AS DGa = Doe /kT

Vo = VRS

RM=R0+l

. h _ 3 ,B)/ RO 3
p_ZRM_Zn(1+a+a2) Ry

How to change R without changing h?
Increase diffusion length

How to change h without changing R?
Increase droplet volume
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