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Internet of Things Imperial College

London

INTERNET of THINGS
INFOGRAPHI(

Photovoltaics

Photodetectors

Healthcare
SeNSOrs

Industrial IoT market size worldwide for
2025 predicted to be $111 billion!




State-of-the-art Inorganic PD Technologies Imperial College
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Organic photovoltaics vs organic photodetectors imperial College

London
Similarities Key Differences
= Diode Architecture = For Photovoltaics we maximise power output whereas for
= Necessity to extract current generated from light Photodetectors we want to simultaneously optimise

responsivity, detectivity and speed of response

= Photovoltaics are operated at forward bias whereas

Silver or aluminium
Transport layer

photodetectors are operated at reverse bias
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Specific Detectivity (D*) 7
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Specific Detectivity (cmVHz/W)
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Adv. Mat. 2021, 32, 2003818.
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The noise describes the statistical fluctuations of the current over time i(t) around
an average value i, The root mean square value of this fluctuation is called
noise current i, ;..
inoise (f) — \/isz'hot + i?hermal + l]Z_/f(f) [A HZ_l/z]
. . — . _ _ . 1 —-1/2
ishot = v 2qiaark [AHz™'/?] ithermal = \/4kBTRshlunt [AHz1/?] iy - [AHZTY?]

frequency-dependent
sources, generation and
recombination of electron-

Shot noise > represents
fluctuations in the charge
carrier distribution over time

Thermal noise = results from
thermal excitation of charge
carriers

and space hole pairs.
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Noise current Imperial College

London

[l (e—
—~ [— : _ |2 2 .2
A, 107 3 — 9oL Lnoise (f) — \/lshot + lthermal + ll/f (f)
N —o9L
I 10-8_
$ 10-9_
e * This is the calculated noise
9 10-10_ . .
= * The measured noise is always
O 401 - : :
o higher because takes into account
n . .
o 10" i i wonema All the sources of the white noise
“ o, that are not considered in the

10-14 EIIII o rEr o TR L o rrr L mOdEI

10° 10’ 102 10° 10* 10°

Frequency (Hz)




Current approaches for suppressing dark current , 20
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Infrared organic photodiodes

Why Infrared Photodetectors?

- Biological windows (NIR-II: 1000 -
1300 nm) and NIR-III: 1550 - 1870
nm), which offer deeper tissue
penetration, improved image
contrast and reduced
photobleaching

- Night cameras
Why NIR-OPDs?:

- conformal coverage

- biocompatibility

- cooling requirements

- preferred choice for wearable health
monitors

RedLED g SiPD Red & Ring-shaped
< __ Al LED " FlexOPD
— T - &,—

10

Imperial College
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Wang et al. 2020 Khan et al. 2020

4 Conflicting

200 250 300

K.-H. Jeong, Science, 2006 Jonsson et al. 2015




Charge carrier mobility and lifetime Imperial College
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Time of flight
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Gasparini et al. Adv. Energy Materials, 2017, 7, 22



Thickness dependent JVs Imperial College
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JVs and PD parameters
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Organic Photodetectors Imperial College14
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er (ZnO)

Electron transporting lay

Gasparini et al. Adv. Materials Techn., 2018, 1800104



Imager characteristics Imperial College1 >
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Green LED - 532 nm NIR LED - 850 nm
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Selenium-Substituted NFA-IDSe

U=

Lower aromatic stabilisation
Higher electron affinity
Increased polarisation

|

Reduced bandgap - red-shift absorption
Improved intermolecular interaction

Abs. (norm.)

20

Imperial College
London

B And the

0.0 —_—
400 500 600 700 800 900

Wavelength (nm)

Qiao, ... Gasparini. Journal of Materials Chemistry C, 2024



Selenium-Substituted NFA-IDSe Imperial College2 L
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Charge carrier mobility
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Selenium-Substituted NFA-IDSe & Imperial College23
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Blade coating- large-area device Imperial College24
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Ultra-low bandgap polymer for organic Imperial cO||ege25

photodetector with high infrared detectivity London
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Jacoutot, ..., Gasparini. Small 2022, 2200580



Ultra-low bandgap polymer for organic
photodetector with high infrared detectivity
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Figure of Merits _ | imperial College*
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Specific Detectivity imperial College "
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LDR Imperial College29
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Charge dynamics Imperial CollegeBO
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Homemade Photoplethysmography setup Imperial cO||ege33
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« Photoplethysmography: no-contact optical technique to detect volumetric changes in blood.
« Changes in absorbance - direct current readout from photodetector.
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Jacoutot, ..., Gasparini. Small 2022, 2200580
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Tuning the polymer energetics
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Tuning the polymer energetics and morphology Imperial c(,"ege36
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Device performances Imperial College3 /
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Device performances Imperial College3 5
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Real-world application Imperial cOuege39
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Perovskite Photodetectors Imperial College44
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 MAPb(I, Br),

Current density (mA cm™)
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-~ 7w — — S
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Tunable bandgap
through halide

Gao, Peng, et al. Energy & Environmental Science (2014 . .
s P 019 engineering

Daboczi, Matyas, et al. ACS Energy Letters (2021)




Perovskite Photodetectors Imperial cOuege44
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Gao, Peng, et al. Energy & Environmental Science (2014)




Reducing thermal charge generation: halide doping Imperial c(,"ege4 >
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Nodari, Davide, et al. Advanced Optical Materials (2022): 2201816.



Dark current
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over the 0-15% Br range

Similar behaviour as previously reported for
organic PDs




Responsivity and Detectivity
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Recombination investigation Imperial College
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Morphological analysis

0% Br 15% Br 25% Br
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Reducing Jd: Strain-induced o-phase stabilisation in

FAPI-based Photodetectors
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Hong, Nodari ..., Gasparini Advanced Optical Materials, 2024
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