
J. Sens. Sci. Technol. Vol. 31, No. 4, 2022 228

Journal of Sensor Science and Technology

Vol. 31, No. 4 (2022) pp. 228-237

http://dx.doi.org/10.46670/JSST.2022.31.4.228

pISSN 1225-5475/eISSN 2093-7563

Solution-Processed Two-Dimensional Materials for Scalable Production 

of Photodetector Arrays

Dongjoon Rhee
1
, Jihyun Kim

1
, and Joohoon Kang

1,2,+

Abstract

Two-dimensional (2D) nanomaterials have demonstrated the potential to replace silicon and compound semiconductors that

are conventionally used in photodetectors. These materials are ultrathin and have superior electrical and optoelectronic prop-

erties as well as mechanical flexibility. Consequently, they are particularly advantageous for fabricating high-performance pho-

todetectors that can be used for wearable device applications and Internet of Things technology. Although prototype

photodetectors based on single microflakes of 2D materials have demonstrated excellent photoresponsivity across the entire

optical spectrum, their practical applications are limited due to the difficulties in scaling up the synthesis process while main-

taining the optoelectronic performance. In this review, we discuss facile methods to mass-produce 2D material-based pho-

todetectors based on the exfoliation of van der Waals crystals into nanosheet dispersions. We first introduce the liquid-phase

exfoliation process, which has been widely investigated for the scalable fabrication of photodetectors. Solution processing tech-

niques to assemble 2D nanosheets into thin films and the optoelectronic performance of the fabricated devices are also pre-

sented. We conclude by discussing the limitations associated with liquid-phase exfoliation and the recent advances made due

to the development of the electrochemical exfoliation process with molecular intercalants.
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1. INTRODUCTION

Photodetectors are a class of optoelectronic devices that convert

light into electrical signals. They are critical in various

applications such as image sensing, telecommunications, and

spectrophotometry [1-3]. Photodetectors typically consist of an

active semiconducting channel that generates electrons and holes

from incident photons with energies higher than the bandgap.

These electrons and holes are then transported to the respective

electrodes and collected as signals. Because each semiconductor

exhibits an optimal spectral range of photodetection depending on

its electronic band structure, multiple materials systems are

developed to cover the whole electromagnetic spectrum [1-3].

Commercial visible photodetectors are mostly based on silicon

because of their optoelectronic properties, processibility, and cost-

effectiveness. In contrast, ultraviolet (UV), near-infrared (NIR),

and infrared (IR) photodetectors are composed of epitaxially-

grown compound semiconductor thin films, such as gallium

nitride (GaN) and indium gallium arsenide (InGaAs) [2,3].

Although these conventional semiconductors are well established,

their sensitivity still needs to be improved (photoresponsivity of

conventional semiconductors is typically < 1 A W–1) [2-7].

Moreover, the applications of compound semiconductors are

limited because of their high cost, incompatibility with the

complementary metal-oxide semiconductor process, and the

complexity of the thin-film growth process. This further motivates

the development of alternative material systems [3].

Two-dimensional (2D) nanomaterials have received significant

attention as promising candidates for high-performance

photodetectors because of their unique electronic and optical

properties [8-10]. In addition, their atomically thin structure and

excellent mechanical flexibility makes them suitable for

manufacturing flexible and wearable devices, which are

challenging to realize using conventional semiconductors [8].

Since the development of prototype photodetectors based on

graphene microflakes (produced via micromechanical exfoliation
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of graphite) [11,12], other 2D materials, such as transition metal

dichalcogenides (TMDCs) and black phosphorus (BP), have been

successfully used to develop photodetectors with a wide range of

spectral responsivities [13-18]. Although the photodetectors

fabricated using microflakes obtained from the micromechanical

exfoliation of 2D materials exhibit excellent optoelectronic

performance, the production yield of such microflakes is very low.

In addition, the precise positioning of microflakes onto predefined

areas is extremely time-consuming. Thus, this method is only

suitable for fundamental research and cannot be used for practical

applications, which require scalable and high-throughput methods

for fabricating photodetector arrays. To this end, liquid-phase

exfoliation (LPE) of bulk van der Waals crystals has been

intensively investigated, as it is a facile and scalable method for

producing 2D nanomaterials [19-21]. The resulting nanosheet

dispersions can be assembled into thin films using facile solution

processing techniques, thereby improving the scalability and

throughput of the photodetector fabrication process [22,23].

However, one major drawback of the LPE process is that the

generated nanosheets have a small lateral size (typically <

100 nm) and broad distribution in thickness [24-26]. Hence, the

electrical and optoelectronic performance of the resulting thin film

is poorer than the individual 2D nanosheets because of the high

inter-sheet junction resistances [27]. To address this, electrochemical

exfoliation processes that use molecular intercalants have been

recently developed [28,29]. The resulting 2D nanosheets are

characterized by large lateral sizes (from hundreds of nanometers

to over a micron) and a narrow thickness distribution, thus

enabling the formation of low-resistance conformal inter-sheet

junctions with large overlap areas. Therefore, 2D nanosheets

produced by electrochemically driven molecular intercalation and

exfoliation are bringing about major advances in the fields of

electronics and optoelectronics [28,30,31].

In this work, we review the recent advances in solution-

processed 2D materials in the context of photodetectors. First, we

present the spectral range in which various 2D materials exhibit

optimal photoresponsivity and the corresponding photodetectors

based on the microflakes generated by the micromechanical

exfoliation of these 2D materials. Next, we discuss the LPE

process for producing nanosheet dispersions of 2D materials,

solution processing techniques for thin-film formation, and

optoelectronic characteristics of the resulting photodetectors.

Finally, we explore the recently developed electrochemical

exfoliation process based on molecular intercalants and briefly

discuss its advantages in achieving high-performance

photodetectors.

2. Prototype Photodetectors based on 2D 

Microflakes

Fig. 1a shows the optical radiation portion of the electromagnetic

spectrum, which includes the UV, visible, and IR wavelengths.

Owing to the diverse electronic properties of 2D materials, 2D

material-based photodetectors can operate over the entire optical

radiation spectrum (Figs. 1b–e) [9, 10, 32]. Since its discovery in

2004 [33], graphene has been widely investigated for applications in

broadband photodetectors because of its zero-band-gap electronic

structure, which enables the absorption of light across a broad range

of wavelengths, i.e., from visible to infrared (Fig. 1b) [11-13]. In

addition, the exceptionally high charge carrier mobility of graphene

is particularly promising for ultra-fast photodetector applications

[11, 12]. Fig. 1f shows a representative photodetector composed of

a micromechanically exfoliated graphene microflake with a field-

effect transistor (FET) configuration [12, 13]. This device has been

shown to exhibit a maximum photoresponsivity of 6.1 mA W–1

under an optical excitation of 1.55 μm and broad operational

wavelength range (300 nm to over 6 μm) [12, 13]. Despite the

superior electrical and optical properties of graphene, the

performance of graphene photodetectors is limited because of the

weak optical absorption (approximately 2.3%) and large dark

current resulting from the zero band gap [34]. Consequently, other

2D materials, such as transition metal dichalcogenides (TMDCs)

and black phosphorus (BP), have been investigated, especially for

constructing photodetectors that can operate in the visible and NIR

regimes [13-18]. In particular, 2D BP (or phosphorene) has a direct

bandgap (0.3–2 eV) that depends on the number of layers and a

high hole mobility (up to 1000 cm2 V–1s–1) [35], which further

motivates its use in fabricating visible and NIR photodetectors (Fig.

1c). Photodetectors composed of micromechanically exfoliated BP

microflakes have been demonstrated to exhibit a maximum

photoresponsivity of approximately 102 A W–1 when illuminated

with light of wavelength 3.39 µm (Fig. 1g) [16]. TMDCs have been

widely used to construct visible photodetectors because their band

gap ranges from 1 to 2.5 eV (Fig. 1d). In particular, photodetectors

based on micromechanically exfoliated monolayer MoS2 with a

back-gate FET configuration have been shown to achieve an

exceptionally high photoresponsivity of 880 A W–1 at 532 nm (Fig.

1h) [15]. Although 2D materials have been actively used for

fabricating visible and IR photodetectors, 2D material-based UV

photodetectors have been relatively unexplored. To this end,

hexagonal boron nitride (h-BN), which is commonly used as a high-

quality insulator in van der Waals heterojunctions because of its
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wide band gap (up to 6 eV), has exhibited great promise in detecting

UV light (Fig. 1e) [36,37]. Photodetectors based on

micromechanically exfoliated h-BN microflakes have been

demonstrated to sense deep UV (200–280 nm) and vacuum UV

(100–200 nm) radiations with a photoresponsivity ranging from

tens of μA W–1 to a few A W–1 (Fig. 1i) [36,37].

3. LPE FOR SCALABLE PRODUCTION OF 

PHOTODETECTOR ARRAYS

3.1 LPE of van der Waals crystals

Although prototype photodetectors based on micromechanically

exfoliated 2D materials have demonstrated promising

optoelectronic performance at the microscale device level, the

scalability and throughput of the fabrication process needs to be

addressed to bridge the gap between fundamental research and

practical applications. Among the various methods available for

the scalable synthesis of 2D materials, LPE of van der Waals

crystals is particularly advantageous because it does not require

high temperature and vacuum processing conditions unlike

chemical vapor deposition [19-21]. Fig. 2a presents the three

different techniques used to perform LPE to produce nanosheet

dispersions of 2D materials [22]. The most commonly adopted

strategy is to immerse the crystal in a liquid medium and apply

ultrasound waves using a probe sonicator. During the

ultrasonication process, cavitation bubbles that form near the

crystal collapse to generate shock waves and microjets, which can

break the van der Waals forces between the layers of the 2D

Fig. 1. Spectral response of 2D material-based photodetectors. (a) Optical radiation portion of the electromagnetic spectrum (UV, visible, and

IR). Atomic structures and representative electronic band structures of 2D materials: (b) graphene; (c) BP; (d) MoS2 (TMDC); and (e)

h-BN. (b–e) Reproduced with permission from Ref. [32]; copyright 2020, Royal Society of Chemistry. Representative photodetectors

based on 2D microflakes produced by the micromechanical exfoliation of: (f) graphene (reproduced with permission from Ref. [13];

copyright 2018, Elsevier); (g) BP (reproduced with permission from Ref. [16]; copyright 2016, American Chemical Society); (h) MoS2

(reproduced with permission from Ref. [8]; copyright 2017, Wiley-VCH); and (i) h-BN (reproduced with permission from Ref. [37];

copyright 2020, American Institute of Physics).
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material [38]. Alternatively, van der Waals crystals can also be

exfoliated by applying a shear force using a rotor-stator mixer or

ball mill [39,40]. LPE of the 2D material leads to the formation of

a polydispersed nanosheet dispersion with a broad distribution in

lateral sizes and thicknesses [19]. Because the electronic and

optical properties of the 2D material depend on the size and shape

of the nanosheets, the nanosheet dispersion needs to be sorted via

centrifugation (Fig. 2b) [19,20,41]. The simplest centrifugation-

based sorting approach is sedimentation-based separation (SBS),

which sorts the nanosheets based on their mass (Fig. 2b(i)) [41].

For a more precise sorting, sedimentation-based density gradient

ultracentrifugation (sDGU) should be performed, where the

density gradient of the medium is used to distinguish between

nanosheets of different masses and lateral sizes (Fig. 2b(ii)).

Lastly, isopycnic DGU (iDGU) sorts nanosheets according to their

buoyant density, leading to the separation of the dispersion into

multiple populations of similar thickness, and hence, similar

electronic properties (Fig. 2b(iii)). Fig. 2c shows an example of

centrifugation-based sorting, where WS2 nanosheets resulting

from LPE are separated into two distinct populations of different

lateral sizes. A major advantage of the LPE process is that it can

be applied to a wide variety of van der Waals crystals, leading to

nanosheet dispersions having diverse electronic properties (Figs.

2d and e). Several 2D materials have been successfully exfoliated

from their bulk crystals using LPE, including graphene, BP, h-BN,

TMDCs, metal monochalcogenides, and metal trichalcogenides

[41,42]. Furthermore, the resulting nanosheets can be easily

assembled into large-area thin films via network formation (Fig.

2f).

3.2 Solution processing for nanosheet assembly

Nanosheet dispersions of 2D materials are compatible with

various solution processing techniques, which are widely used for

coating solution-based functional materials [20, 22] Vacuum-

assisted filtration is the most common technique for generating

thin films of 2D materials (Fig. 3a) [22]. During this process, the

nanosheet dispersion is filtered through a porous membrane

having pores of diameter less than 100 nm. The 2D nanosheets

collect on top of the membrane to form a continuous network,

Fig. 2. LPE for scalable production of 2D materials. (a) Different techniques for performing LPE (reproduced with permission from Ref. [22];

copyright 2018, Royal Society of Chemistry). (b) Nanosheet sorting by different centrifugation methods. (c) Nanosheet sorting into two

different populations. (b, c) Reproduced with permission from Ref. [20]; copyright 2016, Wiley-VCH. (d) Nanosheet dispersions of dif-

ferent 2D materials (reproduced with permission from Ref. [41]; copyright 2018, Royal Society of Chemistry). (e) Morphology of

nanosheets resulting from LPE of different 2D materials. (f) Thin films of 2D materials formed by nanosheet assembly. (e, f) Reproduced

with permission from Ref. [42]; copyright 2011, Wiley-VCH.
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while the solvent passes through the pores. In addition to the

simplicity of the process, vacuum-assisted filtration offers design

flexibility because the resulting films can be easily released from

the membrane and transferred onto a desired substrate. Another

method for generating thin films from nanosheet dispersions is

layer-by-layer assembly (Fig. 3b) [22,43]. Exfoliated 2D

nanosheets possess a certain charge, and hence, they can be

deposited onto a target substrate by first immersing it into a

polyelectrolyte solution having the opposite charge and then into

the nanosheet dispersion. By alternating between the

polyelectrolyte solution and nanosheet dispersion, the thickness of

the nanosheet films can be controlled precisely. Because both

vacuum-assisted filtration and layer-by-layer assembly produce

2D nanosheet films that cover the entire substrate area, additional

patterning techniques (e.g., photolithography) are required to

define channel regions for fabricating photodetectors. In contrast,

inkjet printing enables the selective formation of nanosheet films

on predefined patterned areas (Fig. 3c) [20,22]. Typically,

piezoelectric elements are used to generate a pressure pulse on the

ink reservoir, which ejects the 2D nanosheet dispersion in the

form of ink droplets that are printed on the substrate to create a

thin film. Another method to form 2D nanosheet films on a

substrate in an area-selective manner is spray coating, during

which the 2D nanosheet dispersion is expelled from a spray gun

in the form of small aerosol droplets and deposited on the

substrate to produce nanosheet films following solvent

evaporation (Fig. 3d) [20,22]. The working principles of inkjet

printing and spray coating have been discussed in detail in

previous studies [22,41]. In addition to these four methods, other

techniques such as Langmuir-Blodgett deposition [44], screen

printing [45], and electrophoretic deposition [46] can also be used

to form 2D nanosheet films over large areas.

3.3 Optoelectronic performance of LPE-processed

2D material-based photodetectors

Because of the universality of the LPE and solution-phase

deposition methods, a wide variety of 2D materials have been

successfully processed into large-scale photodetector arrays (Fig.

4). Figs. 4a–d show representative photodetectors composed of

different 2D materials with their active channel layers created

using different solution processing techniques. For example, in the

MoS2 photodetector shown in Fig. 4a, MoS2 and graphene

nanosheets were generated using ultrasonication-assisted LPE,

which were then inkjet-printed onto a polyimide substrate to form

the semiconducting channels and electrodes, respectively [26].

The resulting flexible photodetector achieved a maximum

photoresponsivity of 50 mA W–1 when illuminated with a laser of

wavelength 516 nm and exhibited mechanical stability during

repeated bending cycles. Drop casting can also be used to

fabricate photodetectors in which precise patterning is not

necessary. Fig. 4b shows a deep UV photodetector based on h-BN

nanosheet films drop-casted onto a copper foil [47]. A Schottky

barrier forms between the h-BN film and copper substrate, which

leads to an exceptionally high photoresponsivity (approximately 5

A W–1) for deep UV light (210 nm). In addition to graphene,

TMDCs, and h-BN, emerging 2D materials such as metal

monochalcogenides have been successfully used to fabricate

photodetectors using LPE and solution processing. For example,

large-area photodetectors based on liquid-phase exfoliated gallium

telluride (GaTe) [48] and indium selenide (InSe) [49] have been

successfully realized using vacuum-assisted filtration and spray

coating (Figs. 4c and d).

Although working photodetectors based on LPE-processed 2D

nanosheet films have been successfully developed, their

optoelectronic performance is considerably poorer than that of

photodetectors based on single microflakes produced by

micromechanical exfoliation. The discrepancy between the

photoresponsivity of individual 2D flakes and that of a network of

2D thin films is clearly demonstrated by liquid-phase exfoliated

InSe nanosheets (Figs. 4e and f) [50]. Fig. 4e shows the

photoresponsivity of an LPE-processed single InSe nanosheet

under illumination by a laser of wavelength 516 nm. This

Fig. 3. Solution processing techniques for assembling nanosheets of

2D materials into thin films. (a) Vacuum-assisted filtration.

(b) Layer-by-layer assembly. (c) Inkjet printing. (d) Spray

coating. Reproduced with permission from Ref. [22]; copy-

right 2018, Royal Society of Chemistry.



Solution-Processed Two-Dimensional Materials for Scalable Production of Photodetector Arrays

233 J. Sens. Sci. Technol. Vol. 31, No. 4, 2022

nanosheet was exfoliated using a surfactant-free, deoxygenated,

co-solvent mixture to prevent chemical degradation. To fabricate

a photodetector, the InSe nanosheet was transferred onto a heavily

doped silicon substrate that was coated with a 20-nm thick Al2O3

gate dielectric film, followed by electrode deposition. Owing to

the surfactant- and oxygen-free exfoliation process, the InSe

nanosheet achieved a field-effect mobility (approximately 19 cm2

V-1s-1) and current on/off ratio (approximately 106) comparable to

that of micromechanically exfoliated few-layer InSe flakes [51].

Interestingly, the single-nanosheet InSe photodetector exhibited an

exceptionally high photoresponsivity of 5 × 107 A W–1 for an

optical power density of approximately 10–6 W cm–2 as well as

distinct gate tunability in the photoresponse behavior. When the

InSe nanosheets were assembled into a thin film using vacuum-

assisted filtration (for scalable device fabrication), the maximum

photoresponsivity of the film decreased by more than 6 orders of

magnitude (Fig. 4f). Such a dramatic reduction in the

photoresponsivity is mainly due to a decrease in the charge carrier

mobility, which in turn is caused by the nanosheet assembly into

thin films. This is because LPE-processed nanosheets in a network

are typically connected by numerous edge-to-edge junctions with

poor inter-sheet overlap; consequently, significant junction

resistances develop to impede the transport of photogenerated

charge carriers [27]. Furthermore, the nanosheets are not closely

aligned along the in-plane direction because of their small lateral

size and large dispersion in thickness, which further decreases the

charge carrier mobility compared to that of single nanosheets with

perfect in-plane alignment [27].

To improve charge transport across the inter-sheet junctions, a

precursor-assisted chemical welding process has been recently

proposed [52]. For example, application of an ammonium

tetrathiomolybdate ((NH4)2MoS4) precursor solution to the MoS2

nanosheet film followed by thermal annealing produces sub-

stoichiometric MoS2-x at the inter-sheet junctions (Fig. 4g). This

Fig. 4. Photodetectors based on liquid-phase exfoliated 2D nanomaterials. Photodetectors fabricated using nanosheet films composed of: (a)

MoS2 (reproduced with permission from Ref. [26]; copyright 2019, American Chemical Society); (b) h-BN (reproduced with permission

from Ref. [47]; copyright 2021, American Chemical Society); (c) GaTe (reproduced with permission from Ref. [48]; copyright 2018,

American Chemical Society); and (d) InSe (reproduced with permission from Ref. [49]; copyright 2020, Wiley-VCH). Optoelectronic

performance of liquid-phase exfoliated InSe photodetector based on a: (e) single nanosheet and (f) thin film formed by a network of

nanosheets. (e, f) Reproduced with permission from Ref. [50]; copyright 2018, Wiley-VCH. (g) Chemical welding of MoS2 nanosheet

film. Effect of chemical welding on MoS2 nanosheet film: (h) electrical properties and (i) photoresponsivity. (g–i) Reproduced with per-

mission from Ref. [52]; copyright 2021, American Chemical Society.
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increases the electrical conductivity of the MoS2 nanosheet by

more than 2 orders of magnitude (Fig. 4h) compared to that of the

as-prepared nanosheet, which in turn results in an enhanced

photoresponsivity (Fig. 4i). Moreover, the additional defect states

corresponding to the MoS2-x at the welded interface enables

photodetection at NIR wavelengths, which is otherwise not

possible due to the intrinsic band structure of MoS2.

4. ELECTROCHEMICAL EXFOLIATION 

FOR HIGH-PERFORMANCE DEVICES

Although chemical welding has shown promise in enhancing

the optoelectronic performance of LPE-processed 2D nanosheet

films, there are two main drawbacks that hinder the practical use

of this process for generic 2D nanomaterials: (1) different

precursor solutions are required for different 2D materials and (2)

the photoresponsivity is still significantly lower than that of

micromechanically exfoliated single flakes. To improve charge

transport in solution-processed 2D nanosheet films,

electrochemical exfoliation using molecular intercalants has been

recently proposed [28,29]. In this process, quaternary ammonium

molecular ions such as tetraheptylammonium (THA+) and

tetrabutylammonium (TBA+) ions are intercalated into a bulk van

der Waals crystal loaded at the cathode of an electrochemical cell

operating under a DC voltage. This effectively expands the

interlayer spacing and breaks the van der Waals bonds between

the nanosheet layers (Figs. 5a and b). Following a mild sonication,

2D nanosheets with large lateral sizes (from several hundreds of

nanometers to over a micron) are produced with a narrow

thickness distribution. Fig. 5c compares the morphologies of the

MoS2 nanosheets produced via ultrasonication-assisted LPE and

electrochemical exfoliation [53]. The electrochemically exfoliated

MoS2 nanosheets are characterized by much larger lateral sizes

and a narrower thickness distribution, thus enabling the formation

of conformal inter-sheet junctions with large overlapping areas

within the nanosheet network [27]. Consequently, the resulting 2D

nanosheet film exhibits superior electrical properties owing to the

significantly reduced inter-sheet junction resistances and superior

in-plane alignment of the nanosheets [31]. Notably, this method

can be applied to various 2D materials to yield high-quality

nanosheet dispersions. Subsequently, these dispersions can be

assembled into continuous thin films via spin coating, which has

been challenging to achieve with LPE-processed 2D nanosheets

(Fig. 5d) [31]. 

Wafer-scale phototransistor arrays have been constructed by

Fig. 5. Electrochemically-driven molecular intercalation for fabricating high-performance 2D photodetectors. (a) Electrochemical cell for the

intercalation process. (b) Schematic illustration of the molecular intercalation and exfoliation processes. (a, b) Reproduced with per-

mission from Ref. [29]; copyright 2019, Wiley-VCH. (c) Difference in morphologies between MoS2 nanosheets produced via ultra-

sonication-assisted LPE and electrochemical exfoliation (reproduced with permission from Ref. [53]; copyright 2021, Wiley-VCH). (d)

Electrochemical exfoliation of different 2D materials. (e) Wafer-scale array of photodetectors based on electrochemically exfoliated

MoS2 (semiconducting channel), HfO2 (gate dielectric), and graphene (electrodes) nanosheet films and the corresponding spectral pho-

toresponsivities. Photoresponsivity under 655-nm laser illumination as a function of: (f) gate bias and (g) laser power density. (d–g)

Reproduced with permission from Ref. [31]; copyright 2022, Wiley-VCH.
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processing electrochemically exfoliated graphene, MoS2, and

HfO2 nanosheets into electrodes, semiconducting channels, and

gate dielectrics, respectively (Fig. 5e) [31]. The resulting device

exhibited excellent electrical performance with a field-effect

mobility of 8.3 cm2 V–1s–1 and a current on/off ratio of 1.6 × 106,

and it could be operated with low gate biases because of the high

areal capacitance of the HfO2 nanosheet dielectric. Furthermore,

broadband photoresponsivity was realized across the entire visible

spectrum, which could be tuned by varying the gate voltage (Figs.

5e–g). In particular, the maximum photoresponsivity achieved

was greater than 104 A W–1 under laser excitation at 655 nm,

which is much higher than that of previously reported

photodetectors based on solution-processed TMDC channels.

Furthermore, the proposed method is suitable for low-power

optoelectronics because the resulting photodetectors can fully

operate under drain and gate voltages of 1 V and 0.1 V,

respectively.

5. CONCLUSIONS

In this review, we discussed the progress made in the scalable

production of photodetectors fabricated using solution-based

exfoliation of 2D van der Waals crystals. Because the exfoliation

process can be universally applied to a wide range of 2D

materials, photodetectors with diverse spectral responses can be

realized for a single class of materials. With the advent of

electrochemical exfoliation that can produce structurally

homogeneous 2D nanosheets with large lateral sizes, solution-

processed 2D nanosheet thin films are now beginning to bring

about breakthroughs for the scalable manufacturing of high-

performance photodetectors. Furthermore, the scalability of the

nanosheet thin-film production process enables the fabrication of

large-area van der Waals heterostructures, which offers a wide

range of tunability in the electronic band structure for engineering

the optoelectronic performance of wafer-scale photodetector

arrays. With further refinement in the electrochemical exfoliation

process as well as other chemical treatment strategies, we expect

that solution-processed 2D materials will become highly

compelling for next-generation photodetectors for practical

applications.
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