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SWIR=Small Wave InfraRed (A=1-3 um)
MWIR=Medium Wave InfraRed (A=3-8 pum)
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NANO-SWIR new proposal

Use of van der Waals materials absorbing in different selected wavelength ranges
between 1 pum and 8 pm with the goal to realize a multipixel detector working as

The selected materials will be grown in form of single crystal nanobelts,
nanowires or nanoplatelets with high charge carrier mobility.
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Synthesis of bismuth sulfide nanobelts for high
performance broadband photodetectors

Jinzhuo Xu,” Henan Li,*” Shaofan Fang,” Ke Jiang,” Huizhen Yao,” Feier Fang,’
Fuming Chen, 1 Ye Wang® and Yumeng Shi () **¢

Broadband photodetectors are critical to modern industrial systems and scientific applications and have
attracted broad attention in recent years. In this paper, high quality single-crystal Bi,S; nanobelts were
prepared by using the chemical vapor deposition (CVD) method. The Bi,S; nanobelts were further used as
photosensitive materials for broadband photo-detection. The as-grown Bi»S; nanobelts exhibit ultrahigh
absorption coefficiency in the ultraviolet (UV) to 8

R) range. The photodetectors based on a single
ance in the UV to NIR range (from 300 to
1000 nm), including high photoresponsivity #b to 201 A W%, anflultrafast response speed of ~50 ps, a high
external quantum efficiency of 31140% and aNggh detectivity
can be attributed to the ultrahigh absorption coelm

Bi:Sz nanobelt showed excellent broadband pfiotoresponse perfd

of 2.7 x 10" Jones. The superior performance
& Bi;Ss nanobelts, as well as the Schottky contact
between the Bi,S; nanobelt and the Au electrode. The present work suggests that the single-crystal BisSs
nanobelts possess great potential for the fabrication of high performance broadband photodetectors.
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SWIR-MWIR: Small (A=1-3 um) Wave Infrared -Medium (A=3-8 um) Wave Infrare NEN
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Most used materials:
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Van der Waals materials for high responsivity IR photodetectors

Comparative table of key performance parameters (Responsivity, Detectivity, Spectral Range, Response Time) for 2D heterostructure IR photodetectors.
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* Very recent

¢ CMOS compatible and Si
integration

* Operating in the range IR-UV
* High Responsivity

Materials Today Nano 29 (2025) 100582

Contents lists available at ScienceDirect

Materials Today Nano

journal homepage: www.sciencedirect.com/journal/materials-today-nano

Van der Waals heterostructures for advanced infrared photodetection:

Chskfor
Upates

Innovations in stability and spectral range

Material Device configuration Responsivity (AW ") Detectivity (Jones) Spectral Range Response Time (s) Ref.
2D/0D Graphene/PbS QD 107 7 = 10" VIS-SWIR 107 [108]
Graphene/PbS QD 107 - NIR 0.3 [109]
MaS:/PhS QD 105-10° —10™ VIS-SWIR 0.35 [110]
MoS:/PbS QD 107 55 % 10" NIR 0.17 [l
PbS/MoS: 5 x 10¢ 3« 10" NIR 7.8 x 107 [112]
PbS/MoS: 5.43 x 102 2.68 = 10 SWIR - [113]
MoS:/HgTe QD ~10° —1012 SWIR Sub-millisecond [114]
Tiz0s/Gr 3.0 x 107 7 % 10® SIR 1.2x10°2 [39]
MoS:/PbS 1.376 x 10% 7.7 x 100 NIR - [115]
MoS:/HgTe 1.05 x 102 102 NIR [114]
Si/Gr 4.49 = 10* 10° VIS-NIR - [601
2D/1D Te/MoS:2 > 10° 101 - 15 % 1073 [116]
PdSe=/SINWA N - VIS-SIR - 691
PdSe=/Ge NCs 53 % 10! 1.45 » 10" NIR 22x10° [117]
Bi:Tes/Gr 9 x 10°° - VIS-NIR - [118]
Cds,Se;_,/Te 2.84 « 107 1.07 = 1077 VIS-NIR 11 % 10°° [119]
2D/2D Graphene/MoS: 107 - MWIR-LWIR - (201
Graphene/MoS: 3 x10° 1.7 = 10 NIR [121]
Graphene/BP 3.3 x 10° - SWIR 4 x 1072 [122]
MaoS:/BP 1.534 x 107 2.13 = 10° SWIR 15 = 10°¢ [771
MoS:/BP 9.0 x 10! 1.1 % 10 MWIR 4 % 10® [81]
BP/WSe: 50 x 107! ~10'® SWIR 0.8 x 107 [931
BP/Graphene 50 % 107¢ 6.69 x 10° Vis-MWIR [123]
BP/MoS: 3.7 x 1072 - NIR-MWIR - [81]
b-AsP,/MoS: - 10° - - 801
WSa2/HfS: >10° >10" Vis-LWIR 1.7 [124]
Graphene/Bi:Ses 1.97 1.6 = 10° NIR-MWIR 4 %107 [125]
PdSe=/MoS: 2.883 = 10! 6.00 x 10% UV-LWIR - [36]
FG/Graphene 5.0 x 10 6 x 10° UV-MWIR 100 [126]
Te/MoS: 87 % 107" 7.8 x 10° NIR-MWIR - (271
Te/Graphene 9.6 x 107 1.04 = 10° NIR-MWIR 2.8 x 107 [128]
MoTe:/BP - 3.4 x 10° UV-MWIR - [129]
Graphene/InSh - - Vis-LWIR - [130]
MaTes/Ge 1.246 x 10* 3.3 x 10" NIR 5 x 107 (31l
2D/3D GeSn/Graphene 22 % 10° 2.96 x 10" NIR-SWIR 10 1nao
BizSes/Si 2 x 10¢ 1.2 x 10" Vis-NIR 23
b-As/Si 7.522 x 10' 3 x 10° UV-MWIR =
PtTes/Si =»1.2 % 10F - Vis-LWIR -
MoS:/a-Si:H 5x10°2 2 x 10' Vis-NIR ]
Graphene,/Ta:0s 7.2 8 = 10° UV-LWIR 1 L'LSL;{'[LR
Graphene/Si 1.3 x 107! - NIR-MWIR -
HgCdTe/BP 1.68 % 107" 1.81 % 10 NIR-MWIR =
WS2/Si = = UV-NIR =
BP/Bi=0:Se 3 x10°
PtTe./Si 5 x 1073 6.92 x 10° UV-LWIR 2.4 % 1072
Te/Si 2.49 x 102 1.15 = 10! UV-NIR 3.7 x 1072

Aditya Kushwaha“, Manasvi Raj, Anshul“, Rahul Kumar " ', Neeraj Goel **

* Department of Electronics and Communication Engineering, Netaji Subhas University of Technology, Dwarka, New Delhi, 110078, India
® stitute of Infrastructure Technology Research and Management, Ahmedabad. 380026, India



Some 2D materials are grown at ROMA2 INFN Unit
in form of thin films by vapor solid deposition...
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Bi,Se,/Si junction @ ROMA2 showing
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Bi2Se3 nanostructures grown @ROMA2 by VSD

"By 1 hin films are
granular with low
charge mobility=

=LIMITED
RESPONSIVITY

EHT= 200kY  SignalA=inLens
|_| ) . NANOMICROFAB
WD= 6.2mm Mag = 160.21 KX TiftAngle= 0.0° SRADVANCED AR

Nanobelt

2um EHT = 1.00 kv Signal A=InLens  Date :25 Nov 2018 ~
[ ! WD = 4.2mm Mag = 10.00 KX Time :11:05:00 ‘

Nanobelts present single crystal lattice

structure which favours the high charge
mobility=HIGH RESPONSIVITY



2DM nanostructures
absorbing in different INFN
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INFN PISA

Principal Investigator:

Franco Spinella

Multipixel production and electro-optical measurements

INFN ROMA2

Local Coordinator:

Matteo Salvato

Growth of nanostructures and electro-optical measurements

INFN PAVIA

Local Coordinator:

Vittorio Bellani

Nanomanipulation of the nanostructures on multipixel
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Project costs (@ INFN ROMA2

Mainly costs are for consumables:

Most of the equipment is available @Roma2 partially
financed by other INFN projects as QUANTEP

- Tubes for material evaporation

- Evaporation materials
- Substrates

- Gases

- Water purification

- Source meter

- Optical accessories
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Costs in k€ 2026 2027 2028 Total
Travels 2 2 2 6
Consumables 25 13 8 46
Equipements 0 8 0 8
Total 27 23 10 60

Total costs of the Project in 3 years for 3 Units: 180 k€

Project costs (@ INFIN ROMA2 during the three years of the Project






Cosa si propone il progetto ?

INFN

Istituto Nazionale di Fisica Nucleare
Sezlone di PISA

Fase 1: caratterizzazione dei materiall

e Caratterizzare la risposta spettrale di diversi materiali

e Sceglierne 4 che coprono la banda 1-8 um con la massima
responsivita’ e separazione spettrale

| Material|

PdSe2/Si
Bi202Se/PbSe
WS2/PbS
Bi2Te3/Gr
PdSe2/MoS2
WS2/Bi2Se3
Bi2Te3/Gr
Te/Si
PdSe2/Ge
PtSe2/Ge
MoS2/Si

PbSe

ReS;/ReSe,

AW)
2

pons
2

P=1nW
| Vos= 28V
T Vos - Viu= 0V

Phot
2

heterojunction

h |
405 655 785 850 980 1310

Wavelength (nm)

Graphene

structure bandgap Substrate wavelength responsivity
eV um AW
thin film:V for 50 to 5 layers
Q-dots 2
Q-dots 1,8
nanowire 0,35 0.94-1.72
film/flake 10,6
flake/film 1.064
nanoplatelets 1,55
film. 0,35 |
thin film 0.2-3.034
1,55
thin film 0.45-1.050
thin film R

Si0,/Si substrate

AdvSci5-1700423_2018
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