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Circularly Polarized Light Detection Through 3D Chiral
Metasurface-Based Phototransistors

Saravanan Rajamani, Daniela Simeone, Alessandro Pecora, Mariachiara Manoccio,
Gianluca Balestra, Ayaz H. Bayramov, Nazim T. Mamedov, Adriana Passaseo,
Giuseppe Gigli, David Maria Tobaldi, Vittorianna Tasco,* Marco Esposito, Adriano Cola,
and Massimo Cuscunà*

Distinguishing between different handedness of circularly polarized light can
be a useful additional property in photodetector technology. The integration of
this functionality can be obtained either using optical media with chiro-optical
response, or by the employment of chiral metamaterials. In this work, 3D
chiral metasurfaces composed by a 3D helix array, are integrated onto a
micrometer-scale silicon-based transistor and act as optical filter for circularly
polarized light. The technological process involving focused electron beam
induced deposition for helix manufacturing is carefully studied with respect to
its effect on the phototransistor response. The integrated system exhibits a
photoresponse which is dependent on the circular polarization, with a
promising asymmetry factor in the visible spectral range. The proposed
technology can pave the way for novel potential applications in diverse areas
such as materials science, bioimaging, and quantum computing.

1. Introduction

Circularly polarized light (CPL) is a polarized light in which the
electric field has constant magnitude but its vector continuously

S. Rajamani, D. Simeone, M. Manoccio, G. Balestra, A. Passaseo,
G. Gigli, D. M. Tobaldi, V. Tasco, M. Esposito, M. Cuscunà
CNR Nanotec
Institute of Nanotechnology
University Campus Ecotekne
Via per Monteroni, Lecce 73100, Italy
E-mail: vittorianna.tasco@nanotec.cnr.it;
massimo.cuscuna@nanotec.cnr.it

The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/admt.202301250

Tasco is currently seconded at the European Research Council Executive
Agency of the European Commission. Her views expressed in this paper
are purely those of the writer, may not in any circumstance be regarded as
stating an official position of the European Commission.

© 2023 The Authors. Advanced Materials Technologies published by
Wiley-VCH GmbH. This is an open access article under the terms of the
Creative Commons Attribution License, which permits use, distribution
and reproduction in any medium, provided the original work is properly
cited.

DOI: 10.1002/admt.202301250

rotates in a plane (i.e., right-handed or
left-handed circular polarization, respec-
tively RCP and LCP) with a steady rate.[1,2]

In recent years, CPL detection has un-
locked potential applications for a wide
range of areas such as optical communi-
cation of spin information,[3,4] magnetic
recording,[5–8] ellipsometric tomograp-
hy,[9] remote sensing,[10,11] optical infor-
mation processing,[12,13] and advanced
biosensing.[14,15] Traditionally, CPL is
detected by using achiral photodetectors
and conventional bulky optics, namely,
quarter waveplates (𝜆/4) and linear po-
larizers. Given recent trends in miniatur-
ization, the use of devices comprising ab-
sorbing materials, such as chiral organic
compounds or chiral perovskites,[16]

is emerging. These materials
are intrinsically chiral, and have the potential to differentiate be-
tween RCP and LCP light.[17–25] Another direction involves the
integration of chiral metamaterials with conventional semicon-
ductor technologies for photodetection.[26] In a pioneering work
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demonstrating a hot electron-based CPL-detecting diode,[20] an n-
type silicon wafer has been put in contact with chiral plasmonic
nanostructures (Z-shape Ag metasurfaces). These nanostruc-
tures absorb photons, generating high energy electrons within
the metal, which can emit over the Schottky interface, leading
to a detectable current.[20] The device exhibited asymmetric pho-
toresponsivity, with a difference of 1.5 mA W−1 at the resonance,
peaked in the NIR spectral region.

Most recently, Namgung et al.[27] exploited an InGaZnO
(IGZO) transistor to capture hot electrons with larger and signifi-
cantly asymmetric responsivity in the visible: 6.5 and 3.62 A W−1

at a gate voltage of 20 V under 780 nm LCP and RCP light
illumination, respectively. Li et al.[26] reported the integration
of a set of chiral plasmonic metasurfaces with a graphene–
silicon photodetector for effective full-Stokes polarimetry in the
NIR. A CPL detector was also demonstrated by integrating a
geometry-controlled TiO2–SnO2 hetero-chiral thin film on a Si-
based photodetector,[28] or by the insertion of X-shaped Al-Al2O3-
Al sandwich structures on the top of a metal-semiconductor
photodetector.[21] Therefore, the integration of chiral plasmonic
nanostructures with semiconductor devices appears to be an ex-
tremely promising route for efficient CPL detection.

In the aforementioned experiments, the chiral nanostructures
were fabricated using multi-step lithographic approaches com-
bined with the thermal evaporation of metals. By using focused
ion/electron beam induced deposition, we have demonstrated
that chiral nanostructures can be realized also in a single pro-
cess run without lithographic steps, with a fully 3D helix shape.
As a result of light-handedness dependent excitation of electric
dipoles along the single helix wire,[29] arrays of these nanostruc-
tures grown on ITO substrates have shown large asymmetric re-
sponse when interacting with visible CPL in passive transmission
schemes.

To explore their potential in active photonic circuits, here we
propose their direct integration on the active area of a silicon-
based, high responsivity phototransistor (PT). As the CPL inci-
dent on the device will be filtered by the chiral metacrystal and
then absorbed by the underlying phototransistor, different pho-
tocurrent is expected to be generated.[21] From a technological
perspective, the proposed approach presents a twofold set of ad-
vantages. On one hand, the PT technology, consisting of a pho-
tosensitive semiconductor, combines light detection and signal
amplification in a single device.[30] On the other hand, focused
electron beam induced deposition (FEBID) and focused ion beam
induced deposition (FIBID) provide a high degree of freedom in
the design, the ability to realize core/shell and composite struc-
tures, and high spatial resolution in a single writing step.[31–33]

However, the high energy of the beams when combined with the
PT, may pose nontrivial limitations on the exploitation of this ap-
proach, potentially impacting the electrical transfer characteris-
tics, an aspect that we will explore in the present study.

2. Experimental Section

2.1. Amorphous Silicon Thin Film Transistor Fabrication

We have fabricated a common back gate a-Si:H inverted stag-
gered TFT structure on p-type Si (100) wafer (thickness ≈400 μm)
with a low resistivity < 0.005 Ohm × cm (high doped substrates)

with a thermal oxide layer on top (100 nm) working as gate dielec-
tric. A 80 nm-thick undoped a-Si:H layer acts as the semiconduc-
tor active material, whereas a 20 nm-thick, highly phosphorous
doped (n+) a-Si layer was patterned by optical lithography to re-
alize ohmic source and drain contacts. The fabrication steps of
the a-Si:H TFT are shown in Figure 1. In detail, undoped hydro-
genated a-Si was first deposited by using RF-plasma enhanced
chemical vapour deposition (RF-PECVD) on the Si-wafer with
thermal oxide, at a substrate temperature of 250°C. Then, the n+

doped a-Si:H layer was sequentially deposited.
Deposition conditions were:

i. a-Si:H, 20 sccm SiH4, Ts = 250 °C, PRF = 20 mW cm−2, and
p = 0.3 Torr;

ii. n+ a-Si:H, 20 sccm of 1% PH3 in SiH4, Ts = 250 °C,
PRF = 20 mW cm−2 and p = 0.3 Torr.

Ohmic source-drain contacts were formed removing n+ from
the channel region by using photolithographic patterning and
RF-Reactive Ion Etching (RIE) in O2 (25%) and CF4 (50%) gas
mixture at p = 500 mTorr (Figure 1). Then, a second photolitho-
graphic step was applied followed by a second RIE step to define
the device islands. Finally, a 150 nm thick Al─Si metal layer was
thermally evaporated followed by the third photolithographic step
to form source-drain metal contacts. The TFTs were realized with
an a-Si:H active area of ≈10 × 10 μm2.

2.2. Helix Array Growth by FEBID

Substrates with fabricated a-Si:H TFTs were cleaned with ace-
tone and isopropanol and loaded in a dual configuration fo-
cused ion beam (FIB)/SEM system, a Carl Zeiss Auriga40
Crossbeam, equipped with the Cobra FIB column and a gas
injection system (GIS) with five gas channels. For FEBID
nanohelices, we employed trimethyl(methylcyclopentadienyl)-
platinum(IV) [(CH3)3(CH3C5H4)Pt] as metalorganic precursor,
locally injected through the nozzle at the upper side of the sam-
ple. The nanohelices were grown one by one through an electron
beam scanning direction perpendicular to the precursor gas flow.
We optimized the injection distance between the substrate and
the nozzle to obtain high growth control by a suitable gas den-
sity. The single loop nanohelices were grown at an electron beam
current of 50 pA, an accelerating voltage of 10 or 2 keV, respec-
tively, a step size of 2 nm, and a dwell time of 8 ms. In the case
of 2 loop helices, the second loop was realized with a dwell time
of 16 ms to compensate the 3D proximity effect.[34] The cham-
ber pressure was stable at 1 × 10−5 mbar during the deposition
time. The Raith elphy multibeam pattern generator controlled ex-
posure parameters of the electron beam. The base pattern layout
consists of an empty circle that is scanned one or two times by
the electron beam to create 1 or 2 loop nanohelices, respectively.

2.3. Monte–Carlo Simulations

The electron interaction with active layers of TFTs was mod-
elled with a Monte–Carlo simulation by using the CASINO
software.[35,36] CASINO is a Monte–Carlo simulation tool de-
signed for modeling electron trajectory in solids. It is specially de-
signed for low beam interaction in bulk materials and thin films.
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Figure 1. Fabrication process sketch of the circularly polarized light detector with 3D chiral helices integrated on a hydrogenated amorphous silicon
thin film transistor. a) Thermal SiO2 is first deposited, b) a sequential deposition of undoped and doped a:Si-H films is performed, c) patterning of the
doped a:Si-H source and drain contacts, d) island definition to electrically separate the various devices, e) definition of source/drain metal contact. The
scanning electron microscopy (SEM) micrograph presents a top view of the final architecture of the a-Si:H-based TFT, with an active area of 10 × 10 μm2

located between the doped a:Si-H source/drain contacts. f) The nanohelices array is finally deposited on the active area using focused electron beam
induced deposition in combination with Pt metalorganic precursor.

We utilized 20 000 electrons for trajectory simulation at both 2
and 10 keV energies of the primary beam.

The mass densities used for a-Si:H and thermal SiO2 are
2.3[37,38] and 2.21 g cm−3,[37] respectively.

2.4. Electrical and Electro-Optical Characterization

The TFT electrical characterizations were carried out in a K. Suss
probe station by using an Agilent B1500A semiconductor de-
vice parameter analyzer. For evaluating the response to circu-
larly polarized light of transistors, equipped with the 3D chiral
metamaterial, a spectral photocurrent set-up was adapted. The
monochromatized light of a tungsten lamp was sent, by means
of an optical fiber, to a lens tube assembly able to zoom and colli-
mate the optical beam. A linear polarizer and a quarter-wave plate
were properly positioned above the sample to ensure the Right
and Left circular light polarization. A circular spot of ≈0.8 mm
was incident on the sample. The measurements were performed
with light under normal incidence to the substrate containing
the helix arrays. Photocurrent was measured under a continuous
beam by using a pA-meter.

3. Results and Discussion

We started from the fabrication of hydrogenated amorphous-Si
(a-Si:H) thin film transistors (TFTs),[39–41] and then compact ar-
rays of nanohelices were realized on the active area of the devices
by focused ion/electron beam induced deposition. The fabrica-
tion scheme is shown in Figure 1 (for details see the Experimental
Section).

The a-Si:H exhibits a direct band gap in the range 1.5–2.0 eV
depending on growth conditions and hydrogen content.[42–45] The
amorphous nature of the material makes it able to absorb visible
light effectively. The growth of a-Si:H films is typically carried out
by using a plasma deposition process that is suitable for large-
scale production as it operates at temperatures below 300 °C.[42,46]

Nevertheless, the material contains defects like dangling,
strained, and weak bonds, which diminish its efficiency by serv-
ing as recombination sites for both electrons and holes. These de-
fects originate from the band tails and hinder the flow of charge
carriers. To reduce the density of these defects, hydrogen is in-
troduced into the material, creating an alloy of amorphous sili-
con and hydrogen, commonly referred to as hydrogenated amor-
phous silicon, which enhances photon absorption efficiency. Hy-
drogenated amorphous silicon has also disadvantages due to its
structure; in particular, a prolonged exposure to light, as occurs in
amorphous silicon solar cells, leads to an increase in the density
of states in the energy gap due to the Staebler–Wronski effect.[47]

This increase in the density of states is due to the formation of
silicon dangling bonds. Despite the light-induced degradation
of amorphous silicon, the latter is frequently used for realizing
phototransistors,[48] because of a high ratio of photocurrent to
dark current and a good saturation in the output photocurrent.
Therefore, in the present work we used a simplified TFT design
based on a highly photosensitive semiconductor, as a-Si:H is, to
demonstrate the ability of a miniaturized device equipped with
3D chiral helices to discriminate RCP and LCP incident light.

The integration of the chiral medium is carried out on the sen-
sitive area of the phototransistor (of the order of 10 × 10 μm).
To create arrays of nanohelices with a proper control over size
and spatial arrangement, both focused ion and electron beam
can be used. In particular, the employment of a gallium ion beam
can enhance the range of achievable material combinations.[31–33]

When combined with a Pt-precursor, the Ga-ion beam typically
results in the incorporation of 50% of metal within the winding
nanowire, leading to pronounced plasmonic effects. However,
when writing with the Ga-ion beam on the surface of an a-Si:H
TFT, some damage effects have been observed, as discussed in
detail in the supplementary materials (Figure S1, Supporting In-
formation).

On the other hand, a FEBID approach,[32] as shown below
through simulations and experimental results, does not induce
detrimental changes in the electrical transfer characteristics.
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Figure 2. a) Calculated penetration depth by irradiating the sample with an electron beam energy of 2 keV (left panel), and 10 keV (right panel); a large
number of electrons (20 000) was set to better evaluate the penetration depth in the TFT heterostructure. b) SEM images (3D view) of an amorphous
silicon-based TFT with a 1 loop Pt/C mix-based nanohelix array (lateral pitch = 350 nm, vertical pitch = 450 nm, wire diameter = 50 nm, external diameter
= 220 nm, one full revolution), fabricated on top of the TFT active region by a FEBID approach at an electron beam energy of 2 keV. c) Dark transfer
characteristics (Ids-Vgs, semi-logarithmic scale), measured at Vds 0.5 V, of the a-Si:H TFT reported in panel b), before (black symbols) and after (green
symbols) helix growth.

Figure 2a analyzes, through Monte Carlo simulations the inter-
action of a focused electron beam with the transistor heterostruc-
ture (details on the model can be found in the Experimental Sec-
tion). As expected, the higher the energy, the longer the beam
penetration depth. In the case of 10 keV (Figure 2a, right panel),
the electron trajectories cross the silicon/silicon oxide interface,
reaching the c-Si substrate with a penetration depth of ≈1 μm.
Therefore, the prolonged exposure of a-Si:H to 10 keV electron
beam required for the array writing, has the potential to gener-
ate a large amount of interface trap states and defects in a-Si:H
through an electronic excitation of the Si–H and Si–Si resulting
in breaking of weaker bonds and subsequently end up as dan-
gling bonds. As expected, the relative TFT transfer electrical char-
acteristic (source-drain current vs gate-to-source voltage, Ids–Vgs),
after the nanohelix growth, reported the absence of source-drain
current modulation induced by gate polarization (Figure S2, Sup-
porting Information). In contrast, an electron beam energy of
2 keV restricts the depth to which the electrons can penetrate
the sample (as shown in the left panel of Figure 2a) and reduces
the amount of damage to the a-Si:H semiconductor. This obser-
vation suggests that the growth of 3D helical-shaped nanostruc-
tures with high precision using a low energy electron beam can
minimize the negative impact on the underlying device’s electri-
cal transfer characteristics.

Figure 2b reports the scanning electron microscopy image of
the amorphous silicon-based TFT with an array of nanohelices on
top of the active region (10× 10 μm2). The helices are obtained us-
ing the FEBID approach, with an electron beam energy of 2 keV,
in combination with Pt-precursor. The employed beam and pat-
tern growth conditions provided a uniform nanohelix array with a
lateral pitch of 350 nm. Each helix exhibits a wire diameter (WD)
of 50 nm, an external diameter (ED) of 220 nm, and a full rev-

olution vertical pitch (VP) of 450 nm, while the composition is
expected to be a combination of Pt and C.[32]

Electrical measurements were conducted to better analyze
the TFT properties before and after nanohelix array growth
(Figure 2c). As can be noted, before fabricating helices, the elec-
trical transfer characteristic (measured at drain-to-source voltage,
Vds = 0.5 V) was featured by a subthreshold slope of about 0.4 V
per decade and a threshold voltage (Vth) of about 1.5 V, while the
retrieved field effect mobility electron was around 0.7 cm2 Vs−1.
After FEBID process, the TFT undergoes a positive threshold
voltage shift (+ΔVth) of ≈2 V (Vth = 3.5 V) (Figure 2c). Such ef-
fect is likely related to acceptor-type defects formation near the
valence band edge at the a-Si:H/SiO2 interface, which induces an
increase in the hole density in the valence band of the amorphous
silicon with a consequent positive shift of the Vth, as already ob-
served for n-type TFTs irradiated with an electron beam.[49] Ac-
tually, the mentioned defect formation at the amorphous sili-
con/silicon oxide interface is supported by Monte–Carlo simu-
lations (Figure 2a, left panel), that clearly highlight electron tra-
jectories reaching such an interface.

It is worth noting that the increase in the threshold voltage is
also due to a subthreshold slope increase up to 0.7 V per decade.
The latter originates from the formation of localized electronic
states, occurring in the bandgap of the amorphous silicon (deep
states mostly consisting of Si dangling bonds), due to the elec-
tron beam irradiation during the nanohelix growth. This damage
caused by the low energy electron beam is similar to the light-
induced degradation previously mentioned, Staebler–Wronski
effect,[47] and resulting in the degradation of the optoelectronic
properties of a-Si:H films. Despite such a slight degradation,
the low accelerating voltage induced deposition process required
for the proper formation of Pt-based helices, induces minimal
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Figure 3. Responsivity of an amorphous silicon-based TFT equipped with
a 1 loop Pt/C mix-nanohelix array upon exposure to left-handed and right-
handed circularly polarized illumination. The TFT was biased in the off-
regime (gate voltage Vgs = 1.5 V, Vgs–Vth = −2 V and drain voltage
Vds = 2 V). The difference between the responsivities (ΔResponsivity) in-
duced by LCP and RCP light irradiation is also reported, a maximum value
of 3 A W−1 was achieved. The inset reports the sketch of the optical setup
used to produce left-handed and right-handed circularly polarized illumi-
nation.

damage to the channel region and the TFTs correctly switch be-
tween the off and on states.

The CPL, generated from a lamp through a linear polarizer
and a quarter-wave plate, was focused on the sample as shown
in the inset of Figure 3. The input wavelength was swept from
480 to 700 nm, and the transistor was biased in the off-regime
(Vgs–Vth = −2 V and drain voltage Vds = 2 V). That bias in the
off-regime allows the maximization of the ratio between the pho-
tocurrent and the dark current compared to the on-regime, where
the dark current magnitude becomes comparable with the pho-
tocurrent, as displayed in Figure S3 (Supporting Information).
Hence, it is evident that the off-regime represents the most fa-
vorable configuration to detect the tiny changes induced by the
different light polarizations.

In the investigated spectral range, the responsivity achieved
under LCP illumination is slightly higher than the RCP one
(Figure 3), demonstrating a selection ability between RCP and
LCP light. It is worth noting that the TFT dark current was sub-
tracted to the measured photocurrents. The difference between
the responsivities generated under RCP and LCP irradiation is
also shown in Figure 3. The figure demonstrates better spec-
trally selective dichroic filtering in the middle of the visible re-
gion, with a value ≈3 A W−1, and a null difference ≈700 nm.
As demonstrated in our previous works,[31–33] for right-handed
Pt/C mix-helix structures, right-handed circularly polarized light
is strongly absorbed due to the matching between RCP light and
helix twist. This allows mostly LCP light to reach the a-Si:H active
layer, and generate a larger photocurrent. It is worth noting that
the responsivities observed with RCP and LCP light in Figure 3
are strongly driven by that of the bare TFT (without helix growth)
shown in Figure S3b (Supporting Information).

Such encouraging results have motivated us to attempt to fur-
ther improve the device performance. Therefore, we explored the
integration of a similar array grown under the same conditions

Figure 4. a) SEM images of two loop Pt/C mix-helix array fabricated on
a-Si:H TFT active region (10 × 10 μm2) (left panel), Ids–Vgs characteristics
(linear scale) before and after helix growth, measured at Vds 0.5 V (right
panel). b) gfactor value calculated by the measured RCP and LCP photocur-
rents, Iph(LCP) and Iph(RCP) reported in Figure S4a (Supporting Informa-
tion).

but with double loop helices (Figure 4a, left panel). Electrical mea-
surements were conducted to better analyze the TFT properties
also before and after the double loop nanohelix array growth. As
it can be noted, before fabricating helices, the transfer electri-
cal characteristic (measured at Vds 0.5 V) was featured by a low
threshold voltage of ≈1.8 V. Conversely, after the helix integra-
tion by FEBID, the electrical characteristic undergoes a thresh-
old voltage shift of ≈5.2 V (Vth = 7 V), as depicted in Figure 4a
(right panel). Actually, the prolonged exposure of a-Si:H to 2 keV
electron beam for growing a double loop helix array has the po-
tential to generate a huge number of acceptor-type defects at the
a-Si:H/SiO2 interface, with a consequent larger positive shift of
the Vth as compared to the single loop case.

The spectral response of the TFT equipped with the double
loop Pt/C-helical array was recorded in the range 480–700 nm.
Similarly, to the case of a single loop helix array, the TFT was
biased in the off-regime (Vgs–Vth = −2 V). The photocurrents in-
duced by LCP and RCP incident light are reported in Figure S4a
(Supporting Information). The latter reports a selective dichroic
filtering in a larger spectral range with respect to single loop case.
Actually, the null point in the difference between the LCP and
RCP light excitation induced-photocurrents red-shifted toward
values larger than 700 nm (Figure S4b, Supporting Information).
Such an enlargement in the dichroic band by increasing the num-
ber of helix loops was already observed and deeply discussed in
our previous works.[33] In order to better compare the efficiency
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of the fabricated devices with double and single loop helices, we
calculated the anisotropy factor (g) (Figure 4b) defined as:

g = 2
Iph (LCP) − Iph (RCP)

Iph (LCP) + Iph (RCP)
(1)

Notice that this factor provides a way to normalize the dif-
ference between the photocurrents, generated by RCP and LCP
light, to the total photocurrent, making it more suitable for com-
parison purposes.[32] With double loop helices, the light absorp-
tion of the chiral array increases considerably, and this is ex-
pected to improve the polarization discrimination. Consistently,
the anisotropy factor observed in the TFT structure equipped
with the double loop Pt-helical nanostructure array, ≈0.35 at
560 nm (see Figure 4b), was larger than what was observed in
the single-loop helix array, where the highest value was ≈0.17 at
490 nm. The gfactor value could be further enhanced by additional
device optimization. Actually, in the case of Pt precursor dissoci-
ated by the focused electron beam, we know that a lower metal
percentage is contained in the winding wire,[32] leading to a less
pronounced plasmonic behavior, as compared to what obtained
with the ion beam. The latter could be used in the next PT archi-
tecture by introducing a sacrificial SiO2 thick layer on the a-Si:H
one, capable of stopping ions before they penetrate to the semi-
conductor.

We conclude the discussion of TFT photoelectric properties
with a brief mention of reliability, optical excitation power and
time response. Before employing a monochromatized tungsten
lamp, we conducted several measurements under much higher
optical densities (≈10 mW) by using laser excitation at 660 nm.
Despite the higher photocurrent values, the spectral response
and transfer characteristics were found to be influenced by in-
cident optical density, with significant degradation observed dur-
ing prolonged exposures. As mentioned above, this behavior is
typical of a-Si:H and is associated with light-induced defects.[47]

Given our focus on the polarization discrimination capability of
helical arrays, we adopted measurement conditions to minimize
these detrimental effects and ensure reliable results. Several de-
vices were tested at low optical excitation levels, demonstrating
a good level of reproducibility. An average maximum gfactor was
estimated to be ≈0.35 ± 0.02. For what concerns the response
time, this is a general figure-of-merit characterizing the perfor-
mance of photodetectors. For a-Si:H based phototransistors, typ-
ical values have been reported in the range of tens to hundreds
of μs,[50,51] with multi-trapping being the limiting mechanism.[51]

As the helix structure only affects the light absorption mecha-
nism, we do not expect the time response of our devices to sig-
nificantly differ from their TFT analogues.

The calculated gfactor was also compared to the one measured
on a Pt/C mix-helix array fabricated by FEBID at 2 keV on an in-
dium tin oxide (ITO) substrate, with identical structural features
and fabrication tolerance. In that case, we used a conventional op-
tical setup composed by an optical microscope and a camera for
collecting CPL light, as described in previous works.[31–34] As can
be noted in Figure S5a (Supporting Information), at energy as low
as 2 keV, the density of the generated SEs leads to the appearance
of a secondary helix structure as already reported for nanohelices
realized on the TFT active area at similar energy (Figure 4a, left
panel). Figure S5b (Supporting Information) (right panel) shows

the gfactor calculated by the measured RCP and LCP optical trans-
missions (Figure S5b, Supporting Information, left panel), as fol-
lows:

g = 2
TLCP − TRCP

TLCP − TRCP
(2)

A maximum value of g at 540 nm was observed, in good agree-
ment with the results achieved by means of a double loop Pt/C-
helix array integrated on the TFT active area (Figure 4b). Finally,
from results in Figure 4 and Figure S4 (Supporting Information),
we demonstrated the ability of the proposed TFT architecture to
discriminate RCP and LCP incident light within an integrated
and miniaturized system, and without bulky optics.

4. Conclusion

In conclusion, we have presented an integrated and miniatur-
ized chiral photodetector, where the response of a phototransistor
based on amorphous silicon becomes selective to the handedness
of circular polarized light in the visible spectral range. Such a
functionality was enabled by a 3D chiral metasurface consisting
of ordered array of nanohelices, prototyped by focused electron
beam induced deposition, and exhibiting chiro-optical behavior
in such a range. Further improvement can be envisaged by con-
sidering different combinations of nanohelix materials with im-
proved circular polarization selectivity, and phototransistor ma-
terials with better resistance to high energy beam damage.
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