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Designing High-Performance Sb,S; Field-Effect
Phototransistor with an Excellent Light-to-Dark Current

Ratio for Weak Light Detection

Ruijin Hu,* Aodi Zhang, Yunqing Cao, Zongguang Liu, Xiangdong Meng,*

Junzhuan Wang, Shaobo Zhang,* and Linwei Yu

To meet the growing multifunctional flexible applications, developing
high-performance thin film photodetectors, especially based on burgeoning
materials, such as antimony sulfide (Sb,S;) thin film, is an attractive topic.
Although the Sb,S; thin film has lots of advantages, such as high absorption
coefficient, excellent stability, and earth abundance, the photodetectors built
upon it, especially within a phototransistor framework, are still in a very early
stage, let alone working principle, design strategy, and optimization methods.
In this work, by performing a finite-element simulation, the working principle,
as well as the effect of the device geometries (channel thickness/length) and the
trap density, is investigated to explore a practical strategy to improve the per-
formance of the Sb,S; thin film phototransistor. Benefiting from the extremely
low dark current modulated by the gate voltage, the device with a channel
thickness of 400 nm and a channel length of 100 um exhibits an outstanding
light-to-dark current ratio of > 10°, as well as the detectivity of 1.5 x 103

excellent flexibility and mechanical sta-
bility, especially based on some emerging
and up-and-coming materials, is an impor-
tant and meaningful issue.'*! Recently,
the antimony sulfide (Sb,S;) material
has attracted much research interest, for
its tunable bandgap (1.4-1.7 eV), high
absorption coefficient (=10° cm™), low
toxicity, earth abundance, and excellent air
stability.”1% For example, a remarkable
power conversion efficiency (PCE) beyond
8% has been demonstrated, with a structure
configuration of FTO/CdS/Sb,S,/Spiro-
OMeTAD/Au, for the Sb,S;-based thin film
solar cells.['!] Although a large part of such
optoelectronic devices is used to detect
various photoelectric signals, especially as

Jones, photosensitivity of 1.2 x 10, and responsivity of 5.8 x10"2 AW,
More importantly, an excellent weak-light-detecting ability can be obtained,
even with a light intensity of 10 nW cm~2. These results provide valuable
guidance for fabricating high-performance Sb,S; phototransistors and show
great potential for integration within industrial-mature system-level devices.

1. Introduction

With the growing flexible applications demands for multifunc-
tional and multi-scenario environments, developing and fabricat-
ing high-performance thin film photodetectors, to demonstrate
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wearable bio-detectors and bio-sensors,
the investigation of Sb,S;-based photode-
tectors is still in a very early stage, except
for some sporadic research works on the
Sb,S; nanowire photodetectors.l®!213] The
Sb,S; nanowires grown via chemical va-
por deposition or hydrothermal methods
usually have a random orientation and
distribution, which is difficult to integrate
into industrial-mature technology.*-1] Thus, the Sb,S; thin
film, which can be fabricated by industrial-mature technology,
such as magnetron sputtering, atomic layer deposition, and
so on, should be a more proper candidate for the integra-
tion into large-scale fabrication for system-level optoelectronic
devices.[1017-21]

Few works have been reported on the Sb,S; thin film pho-
todetectors, except for some initial explorations utilizing either
the photoconductor or the photodiode with a p-n/p-i-n hetero-
junction architecture.l??] For example, the Sb,S,/TiO, photode-
tectors have been demonstrated to have a detectivity of ~10'!
Jones, a dark current (I,,) of #107* A, and a light current (I;iy,,)
of 107 AI*! The Iy, /I, in this work and other similar-
structured devices based on the Sb, S, thin film is relatively low
due to a high I, ,, typically with a value of 10>~10° under a light
intensity of 1 mW cm™. However, the I, /14, rapidly decreases
to <10 under a light intensity of 1 pW cm= and below, which
is required for neuromorphic vision sensors,!?* especially un-
der dim light conditions. Thus, the signal-to-noise ratio is sig-
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Figure 1. a) Schematic illustration of the Sb,S; thin film phototransistor device with three electrodes, including source (S), drain (D), and gate (G). b)

Transfer characteristics under dark and illumination (4 = 465 nm) conditions with detectivity (D”), photosensitivity (S), and responsitivity (R) values
inserted in. Notably, the lower limit value for all simulated Iy, is set to 107" A in this work, when the actually calculated Iy, value is <107 A. ¢)

Modulation of gate voltage (V) on the ljjgy/lqar values when drain voltage (V) holds to be 1V. d) D" and S values versus light intensity. (e) |-V

gs

curves under various light intensities. f) Transient response with rise time (t,) and fall time (t;) marked in it. g) Separation and collection path of photo-
generated electron-hole pairs (e”-h*) in the Sb,S; channel under two orthogonal electric fields: E, arose due to the application of Vg, and E, originated
from V. h,i) Energy band diagrams under dark and illumination conditions, respectively.

nificantly reduced, posing challenges for subsequent signal pro-
cessing for weak light detection.[2*%]

To this end, the phototransistor structure, as illustrated in
Figure 1a, can offer great advantages to modulate the carrier
concentration in the channel by using a gate electrode, and
thus can get an extremely low I, ,.12%] For example, the Sb,S;-
based double-layer phototransistor achieves an I, of ~107"!
A and an Iy, /Ig, of ~#10°.177] Furthermore, the phototran-
sistor structure is more convenient to integrate with the well-
developed complementary metal-oxide-semiconductor (CMOS)
circuits, which can pave the way for implementing advanced de-
tecting and imaging systems.[?® Although it can offer such ad-
vantages, the phototransistors built upon the Sb,S; thin film lack
a systematic assessment/investigation of the photodetection ca-
pabilities, and working principle, especially the influence of the
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gate voltage modulation, let alone design strategies for better
performance.

Herein, we performed a finite-element simulation, built on a
back-gate top-contact phototransistor configuration, as shown in
Figure 1a, to comprehensively investigate the fundamental work-
ing mechanism, and the effect of the device geometry parame-
ters (channel thickness/length), as well as the trap density, on the
photodetection capabilities, to explore a practical and instructive
designing/improving strategy for fabricating high-performance
Sb, S, thin film phototransistor. With an optimum channel thick-
ness of 400 nm and channel length of 100 pm, a high I, /1.
> 10° can be gained, with a detectivity of 1.5 x 10'® Jones, photo-
sensitivity of 1.2 X 10°, and responsivity of 5.8 X107 A W1, be-
cause of an extremely low I, of 107 A modulated by the gate
voltage. More importantly, as channel length decreases down to
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2 um, the Iy, /15, and D" can be improved to ~10” and ~10"*
Jones, respectively, which shows the benefits of the scaling of
Sb, S; phototransistors.

2. Device Structure and Physical Model

Figure 1a schematically depicts the device structure of the Sb,S,
thin film phototransistor for finite-element simulation. The
source/drain electrodes placed on top of Sb,S; are set to be in
Ohmic contact with the channel and the SiO, dielectric layer with
a thickness of 50 nm and a highly doped silicon gate are stacked
underneath the Sb,S; channel, constructing a typical back-gate
top-contact field-effect transistor (FET) configuration to ensure
the direct illumination onto the Sb,S; light absorption/channel
layer. The channel thickness and length of the Sb,S; phototran-
sistor are referred to as [t 5, and L, which vary from 100 to
600 nm and 0.2 to 100 pm, respectively. Two biases are applied to
the device during working, one to the drain electrode (Vg4) and
the other to the gate electrode (V). The source electrode is con-
nected to the ground. The refractive index (n) and extinction co-
efficient (k) values of the Sb, S, film, extracted from the previous
research,[?’] are plotted in Figure S1 (Supporting Information).
The material properties of the Sb,S;, including bandgap (E,),
electron affinity (y), permittivity (e,), conduction band effective
density of state (N,), valence band effective density of state (N,),
doping concentration (Np), electron mobility (1,) and hole mobil-
ity (u,) are defined in the model and listed in Table S1 (Supporting
Information).l39-32

The electrical characteristics of the device are predicted by nu-
merically solving coupled equations including Poisson’s equa-
tion, the continuity equations, and the drift-diffusion transport
equations for electrons and holes by using the finite element
method:

div(eVy) = —p 1)
’;—’t‘ = %div]:+ G, - R, )
% = %div]:+ G, - R, 3)
Jo = q,E, +qD,Vn )
J, = apu,E, - qD,Vp (5)

where y is the electrostatic potential, ¢ is the local permittivity, p
is the local space charge density, n and p are the electron and hole
concentration, ], andTp are the electron and hole current densi-
ties, G, and G, are the generation rates for electrons and holes,
R, and R, are the recombination rates for electrons and holes, q
is the magnitude of the charge on an electron, y, and u, are the

electron and hole mobilities, E, and Fr; are the effective electric
fields for electrons and holes, and D, and D, are the diffusion
coefficients of the electrons and holes.

For the device under illumination, the optical intensity profiles
are calculated and then converted into photogeneration rates,
which are integrated into the generation terms in the continuity
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equations. The optical intensity at each mesh point is determined
by tracing the path of light from the source to the point, where
the refractive index is used to calculate the reflection and trans-
mission rates of light. The light absorption and photogeneration
rates are assessed by the extinction coefficient:

PA
Gahs ="My Eae Y (6)

where 7, is the internal quantum efficiency, which represents the
number of electron-hole pairs generated per photon, P is the ray
intensity factor including the effect of reflections, transmissions,
and absorptions, 4 is the wavelength, h is Planck’s constant, ¢ is
Ehe speed of light, a is the absorption coefficient given by a =
Zk

" The Shockey-Read-Hall (SRH) recombination rate is deter-
mined by:
pn—n?
Rgpy = E,.

T,o[1 + nie( kT’”

- 7)
)+ Tolp + mie(—22)]

where E,,, is the difference between the trap energy level and
the intrinsic Fermi level E;, 7,,,, and 7, are the electron and hole
lifetimes, n; is the intrinsic carrier concentration, and T is the
temperature.

Gaussian-distributed donor-like bulk defects are incorporated
into the Sb,S; thin film to analyze their influence on photode-
tection performance. The detailed parameters of the defects, in-
cluding the peak trap energy, the capture cross-section, and char-
acteristic decay energy, are provided in Table S2 (Supporting In-
formation).

The performance of the phototransistor is evaluated based on
the photosensitivity (S), responsivity (R), and detectivity (D"):

S = Ilight_ldark (8)
Idark
R= Ilight_ldark (9)
P A
D" = Ry 2 (10)
qudark

where Iy, and I, are the I, under dark and illumination con-
ditions, P is the light intensity, A is the effective area.

3. Results and Discussion

Figure 1b shows the typical transfer curves (I4-V,,) of the Sb,S;
thin film phototransistor under dark and illumination condi-
tions, with an outstanding Iy, /I, value of ~10°, as well as
an excellent D* of 1.5 x 10" Jones, S of 1.2 x 10°, and R of
5.8 x 1072 A W~'. Taking notice, according to the lower limit of
the measuring instrument (~107* A), all the simulated I, , is set
to 107!* A in this work, when the actually calculated 1,,,, is below
107 A, as indicated by the grey dashed line in Figure 1b. The
Sb, S, phototransistor significantly outperforms its photoresistor
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Figure 2. a) Schematic of the Sb,S; thin film phototransistors with channel thicknesses (t,,s,) varied from 100 to 600 nm, while the channel length

is fixed at 100 um. b) Simulated |45-V,q

curves of the devices under dark and light illumination, and c) extracted lj5p,; and Iy, values, as well as d)

simulated D" and R values, under the 4 = 465 nm. e) Time response diagrams of the phototransistor with a channel thickness of 400 nm. f) Normalized
absorption rate as a function of depth into the Sb,S; channel under different wavelengths.

and photodiode counterparts, as demonstrated in Figure S2 (Sup-
porting Information). More interestingly, as seen in Figure lc,
the L /Igu for the Sb,S; thin film phototransistors can be
greatly modulated by the V,,, which can be divided into three
regions (on-state, subthreshold, off-state). In the on-state region
(Vgs > 1V), Iy, has almost the same value as Iy, with an
Light/Taan value of ~1. This is because the intrinsic carrier con-
centration in the channel is already sufficiently high under dark
conditions, exposing the device to light causes only a slight in-
crease in the current. In the subthreshold region (-1 V<V, <
1V), an almost unchanged or slightly increasing I;;,,,, but an ob-
viously and rapidly decreasing I, are presented, resulting in a
sudden increase of the Iy, /Ij.- In comparison, in the off-state
regime (V,, < —1V), the applied V,, fully depletes the carriers in
the channel, suppressing I, , to an ultralow level (<107* A). Un-
der illumination, the photo-generated carrier concentration sub-
stantially exceeds the original value in the depleted channel, lead-
ing to a significant increase in current. As a result, the highest
Light/ Lzt as well as the D”, can be achieved for the n-type Sb,S,
thin film transistor in the off-state region (pink zone), as shown
in Figure 1c and Figure S3 (Supporting Information). Thus, fur-
ther simulations under different incident light intensities (4 =
465 nm, from 107° to 1 mW cm~2) have been carried out to inves-
tigate the weak-light-detecting capability of such V -modulated
devices, and the obtained 1,,-V, curves are shown in Figure le,
as well as the extracted corresponding values of D, S and R in
Figure 1d and Figure S4 (Supporting Information). With the in-
creasing light intensity, ranging from 10~ to 1 mW cm~2, the
D" first increases slightly, and then decreases, with a maximum
value of ~10'* Jones at 1 yW cm~2, and a minimum value beyond
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10" Jones even with a light intensity of 10 nW cm™2, which in-

deed reveals an excellent weak-light-detecting capability of such
Vy-modulated Sb,S; thin film transistor. Also, the ideal Sb,S;
phototransistor has a rise time (r,) of 0.25 ms and a fall time
(7¢) of 1.43 ms by setting the value of the electron mobility at
0.8 cm? Vs,

Unlike the p-n photodiodes with only a vertical electric field,
the Sb, S, phototransistors feature two orthogonal electric fields,
a horizontal electric field (E,) and a vertical electric field (E,), as
illustrated in Figure 1g. The E, is determined by V4 and L,
while E; can be adjusted by V,, and the thickness of the SiO,
layer. Under illumination (k> E,), the electron-hole pairs can
be generated in the Sb,S; channel, and then separated by the
electric fields. Under E,, the photo-generated electrons will move
upward, and then drift to the drain with the assistance of E,, as
indicated by the blue dashed line in Figure 1g. Considering the
finite lifetime of photo-generated carriers (18 ns) and the long
channel length (100 um), only electrons near the drain can be ef-
fectively collected. As for the holes, most of them are attracted
to the bottom of the channel, with little chance of being col-
lected. Figure 1h,i demonstrate the band diagrams at the sur-
face of the Sb,S; channel with V,, of =3 V and V,, of 1 V. At
dark, the thin film enables the full depletion of the channel, thus
blocking the transportation of the carrier. As a result, the device
exhibits an extremely low dark current. Under illumination, as
shown in Figure 1i, the large photo-generated electron-hole pairs
can lower the barrier to enable movement. These results pro-
vide a promising approach and reasonable design to enable an
excellent weak light detection capability of the Sb,S; thin film
transistor.

© 2025 Wiley-VCH GmbH
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for the Sb,S; channel.

As shown in Figure 2a, a simulation was performed on differ-
ent Sb, S, channel/absorber thicknesses (tg, 5 ) ranging from 100
to 600 nm, to seek a preferable tg, 5 , which will allow a reason-
able balance between sufficient incident light absorption (a large
enough I;,;,.) and the gate control capability (a small enough Iy, )
for better photo-sensing performance. Figure 2b shows the I, —
Vs curves simulated under dark and 1 mW ¢cm~? illumination
(A = 465 nm) conditions. It can be seen that with the increasing
tsp,s,» the Iy, shows a monotonically increasing trend with a »2
orders of magnitude increase. As to I, as shown in Figure 2c,
it remains a rather low value of <107'* A when tg; 5 <400 nm,
but when tg, 5 >400 nm, it shows a strikingly rapid increase up
to #107° A at tg, s = 600 nm, which can be attributed to the de-
creasing V,, modulation caused by a too thick channel, resulting
inalower Iy, /15, value. Also, the calculated D", R, and S values
are plotted as a function of tg, 5, in Figure 2d and Figure S5 (Sup-
porting Information). Itis interesting to find that the R increases
monotonically, while the D* and S increase first and reach their
maximum value at t5, s = 400 nm, and then decrease.

Furthermore, the static and dynamic responses to light with
different wavelengths, ranging from 365 to 630 nm, are calcu-
lated to gain a deep insight into the photo-sensing capability of
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the Sb, S, transistor. The transfer curves under light illumination
(4 =365, 532, and 630 nm), as well as the calculated D", S, and R
values, are shown in Figure S6 (Supporting Information). When
tsp,s,= 400 nm, the highest I, value, as well as the correspond-
ing T/ Tganc of 1.4 X 10°, can be obtained for A =532 nm (green
light) with a light intensity of 1 mW cm™?, while the lowest I},
value and Ty, /T4, of 5.8 X 10° for 4 = 630 nm (red light), which
can be attributed to the too thin absorber thickness. Ideally, one
absorbed photon (hv>E,) generates one electron-hole pair in the
Sb,S; channel, thus the electron-hole pair generation rate (G)
is numerically equal to the absorption rate (Abs.). Therefore, as
shown in Figure 2f and Figure S7 (Supporting Information), for
high-energy light, such thickness (tg, s, = 400 nm) can absorb the
whole photons (hvsgs ., > WVs3; p, thus the number of photons of
532 nm light is more than that of 365 nm under the same light
intensity), while for low-energy light, such as A = 630 nm (red
light), only a partial absorption happens. As a result, the I, for
630 nm is smaller than the others. Even though a thicker Sb,S;
film will benefit the photon absorption of the light at long wave-
lengths, it comes at the expense of the gate control capability.
The L, is another critical factor in regulating the photo-
detecting capabilities. As shown in Figure 3a, the simulation

© 2025 Wiley-VCH GmbH

95UB01 7 SUOLULLOD 9AIIE1D) 3[cedldde au Aq peusenob afe e VO ‘85N JO Sa|nJ 1o Akeuq1 18Ul JUO A8]IA UO (SUONIPUOD-PUe-SWLBI 00" A 1M ARe.q 1[BU [UO//:SIL) SUONIPUOD pUe SWS | 8L 88S *[9202/TT/v0] Uo Ariqiauluo A im ‘Aiseaun BuifueN Aq Z6TT0SZ02 WOPe/Zo0T 0T/I0p/Loo™Aa] 1M Ale.q 1 |pul|uo’paoueApe/Sdny WoJj pepeo|umod ‘2z 'Sz0z ‘TL0TS6TZ


http://www.advancedsciencenews.com
http://www.advopticalmat.de

ADVANCED
SCIENCE NEWS

ADVANCED
OPTICAL
MATERIALS

www.advancedsciencenews.com

www.advopticalmat.de

a b c
@
15} E.
E=17eV ~
S
EF o) . w/o trap|
= < 10™ 1x10"
E —--¥ZZIZZZZZZZIZC . o P | —1x10™
t . o - Ligne - 4 —5x10™
Donor-like trap 0o 10%2f7.2° 5x10 1x10'8
0.7eV | l 5x101
16
EV 0 10~14 ______________________ 1 :10__
1x10™ 5x1015 1x10'8 -4 2 0 2 4
Trap-assisted SRH recombination Donor trap density (cm™/eV) Vgs V)
e f
,(7)\ 13 14
110 N= +r wl/o trap, 1x10", 1x10 K
N e l 510", —— 110" 510" € 010 N= s wiotrap, Tx10"
L ——1x10'8 S 1x10*, 5x10"
o I 0.08} 15 15 8
@ 2x102 | < 110, 5%10 3
n © - 1x10 X
= =006 ¥,
4102 ~< n Y [ ¥
vz 8 = ¥
< “— . )
= o 1%10% T 004 Jo decreasing [
-
el c <4
£ o A
, 5 ) M E oo} » ‘
110 S Rec. rate increasing I3} e A B
s s " s s f 04 0 Lo P S S S 0.00 lesssde—y ' T T r— Y
wiotrap  1x10 1x10""  1x10' 0 20 40 60 8 100 120 0 20 40 60 8 100 120

Donor trap density (cm>/eV)

Position (um)

Position (um)

Figure 4. a) Schematic diagram of the recombination process for the phototransistor with deep-level traps. b) Trap energy level distribution with different
trap densities (N,) in the Sb,S3 channels. c) 14,-V,, curves of devices with different N;, where the channel thickness and length are 400 nm and 100 um,
respectively. d) D* and R as a function of the trap densities. e,f) Recombination rate and ], along the channel direction.

model of the Sb,S; phototransistors, with different L, values in-
creasing from 0.2 to 100 um, is built and carried out, as well as the
calculated I4,-V,, under illumination (4 = 465 nm) in Figure 3b,
which shows a decreasing trend of Iy, /14, With increasing Ly,
achieving an impressive value of 2 X 107 at L, = 2 um. How-
ever, the further reduction of L, <2 pym can lead to inefficient
gate control ability, causing an increase in the dark current, which
results in the degradation of the photo-sensing performance, as
demonstrated in Figure 3¢, Figures S8, and S9 (Supporting Infor-
mation). The D" and S achieve their highest values, D* of > 10'°
Jones and Sof2x 107 at L, =2 pum, while Ris 50 AW~!. Such var-
ied trends can be attributed to the L, -induced E, variations. With
a fixed V, the E, significantly increases, as the L, decreases, as
shown in Figure 3d, which results in a much shorter transit time
and a lower recombination rate for the photo-generated carriers
(Figure 3e). Furthermore, the photo-generated electron current
densities (J,) along the channel direction near the surface of the
Sb, S, channel are simulated and shown in Figure 3f, which can
directly decide the I;,,. When the L, = 100 um, only the elec-
trons near the drain electrode can be collected, and others can-
not be efficiently collected because the electrons are recombined
during the moving process, in other words, the transit time is
larger than its lifetime. As to L, = 2 pm, the shorter channel
ensures a shorter transit time, which enables the effective collec-
tion of photo-generated electrons away from the drain electrode
and achieves higher J. and I, values. As shown in Figure 3f,
the J, can be effectively modulated by the L, especially under
the L, <20 um. Besides, given that I ,, remains <107'* A (the
lower limit is set to1071* A), even for the device with L, of 2 um,
an enhanced D" can be expected/designed for the scaled devices,
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which shows a promising potential to integrate a high-density
Sb,S; phototransistor array into an advanced neuromorphic vi-
sion system.

In the actually deposited Sb,S, thin film, the bulk traps, es-
pecially the deep-level traps, are inevitable, regardless of the fab-
rication methods. Thus, for a deeper insight into the practical
applications, donor-like traps in a Gaussian distribution are im-
plemented into the Sb,S; channel, which will result in the trap-
assisted SRH recombination process, reducing the lifetime of
photo-generated carriers and Iy, As shown in Figure 4a, the
peak of Gaussian distributed traps is located at 0.7 eV above the
valence band, as well as other detailed parameters including the
capture cross-sections in Table S2 (Supporting Information).1%33
As shown in Figure 4b, the simulation was carried out to inves-
tigate the effect of the trap density (N,) varying from 1 x 103 to
1x 10 cm= eV~! on the photo-detecting capabilities of devices.
When under N, =1x10'¢ cm ™ eV, the Iy, /1, decreases al-
most 2 orders of magnitude to the value of 5 x 10*, compared to
the ideal device without traps (Figure 4c). Interestingly, the per-
formance of Sb,S; phototransistors, such as the D", R, and S, is
nearly kept constant when the trap density <1 x 10'* cm= eV,
as presented in Figure 4d and Figure S10 (Supporting Informa-
tion). While the N, is raised beyond this critical value, the perfor-
mance rapidly declines. Figure 4e plots the extracted recombina-
tion rate along the channel direction. As expected, the recombi-
nation rate climbs dramatically with the growth of N, resulting in
easier recombination of the photo-generated carriers before be-
ing efficiently collected, which is consistent with the simulated
J. distribution in Figure 4f and Figure S11 (Supporting Informa-
tion), where only a limited J, is generated under illumination for

© 2025 Wiley-VCH GmbH
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devices with high trap density. These results show that the trap
density in the thin film should be kept below 1 X 10" cm™ eV~
to ensure the high performance of Sb,S; phototransistors.

4, Conclusion

In summary, we have performed a finite-element simulation with
a back-gate top-contact transistor configuration to explore a prac-
tical strategy for fabricating Sb,S, thin film photodetectors with
excellent weak light detection capability. Benefitting from the
high absorption coefficient of Sb,S; to enable the high light cur-
rent and the gate voltage modulation to achieve extremely low
dark current, a high light-to-dark current ratio of ~#10°, as well as
the decent detection of light with intensity down to 10 nW cm™2,
have been achieved for a device with 100 pm channel length.
The proposed Sb, S, phototransistor significantly outperforms its
photoresistor and photodiode counterparts, which usually have a
limited light-to-dark current ratio of ~10 and ~10%, respectively.
Our results reveal that the device geometry, including the chan-
nel thickness and channel length, needs to be carefully designed
to derive the ideal photo-detecting performance. These results
obtained from the thicker Sb,S; film and short channel length
are advantageous for light current but can increase dark current
due to the degradation of gate control ability. For example, the
Sb,S; phototransistor with a thickness of 400 nm and a chan-
nel length of 2 um demonstrates an enhanced light-to-dark cur-
rent ratio of 2 X 107, a detectivity of ~10'> Jones, and a respon-
sitivity of ~50 A W~!. Moreover, to guide the experimental pre-
sentation of the Sb, S, transistor, the influence of bulk trap den-
sity is also investigated, revealing that a trap density lower than
1 x 10" cm~ eV~! has a negligible effect on the performance,
while a trap density of 1 x 10 cm™ eV~ would reduce the
light-to-dark current ratio down to 5 X 10*. These results high-
light the promising potential for constructing high-performance
Sb, S, phototransistors, which are widely applicable to the neuro-
morphic vision system, bio-signal detection, and image sensors.

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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