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ABSTRACT  

Using scalable solution processing, layered gallium telluride (GaTe) nanoflake 

dispersions are produced in surfactant-free, low-boiling-point, water-ethanol co-solvent mixtures. 

During exfoliation, chemical degradation of the ambient-reactive GaTe crystals is minimized by 

using deoxygenated solvents in a sealed tip ultrasonication system. The structural and chemical 

integrity of the solution-processed GaTe nanoflakes is subsequently confirmed with a 

comprehensive suite of microscopic and spectroscopic analyses. Furthermore, field-effect 

transistors and phototransistors based on individual solution-processed GaTe nanoflakes show 

electronic and optoelectronic properties, respectively, that are comparable to micromechanically 

exfoliated GaTe. Minimal solution-processing residues from the surfactant-free, low-boiling-

point co-solvent dispersion medium coupled with the high intrinsic hole doping of GaTe 

produces the highest electrical conductivity among solution-processed layered nanoflake thin 

films without post-treatment. Large-area photodetectors based on these electrically percolating 

thin films of solution-processed GaTe nanoflakes show a positive correlation between 
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 2

responsivity and illumination intensity, with a high photoconversion gain that is explained by a 

combination of defect-mediated optical processes and photothermal effects. Overall, this study 

establishes solution-processed layered GaTe nanoflakes as a leading candidate for high-

performance, large-area, thin-film photodetectors. 

KEYWORDS: gallium telluride; two-dimensional; liquid phase exfoliation; anhydrous; 

transistor; photodetector 
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 3

Layered III-VI monochalcogenides such as indium selenide (InSe)
1-3

 and gallium 

telluride (GaTe)
4,5

 have emerged as leading successors to transition metal dichalcogenides 

(TMDCs) for high-performance optoelectronics due to their superlative electronic and optical 

properties.
6
 Bulk GaTe possesses a direct bandgap of ~1.7 eV and shows p-type electrical 

characteristics,
4
 which places it in a relatively select group of p-type layered semiconductors that 

includes black phosphorus
7-10

 and tungsten diselenide (WSe2).
11

 Like other layered materials, 

GaTe nanoflakes consist of covalently bonded layers that weakly interact via van der Waals 

interactions in the out-of-plane direction. However, unlike many other III-VI layered 

compounds, only two-thirds of the Ga-Ga bonds are perpendicular to the layers, resulting in 

distinctive optoelectronic properties (e.g., GaTe possesses a direct bandgap in contrast to the 

indirect bandgaps of GaS and GaSe).
4,12,13

 In addition, while TMDCs such as molybdenum 

disulfide (MoS2) show a transition from indirect bandgap in the bulk to direct bandgap in the 

monolayer limit,
14-16

 GaTe possesses a direct bandgap for all thicknesses, which provides 

advantages in optoelectronic and photonic applications.
4
 

Despite these intrinsic optoelectronic property advantages, GaTe nanoflakes show 

chemical instability in ambient conditions that has hindered application development.
17,18

 

Although micromechanically exfoliated flakes under controlled environments have enabled 

initial fundamental studies of GaTe,
4,5

 this approach lacks scalability for large-area applications 

such as thin-film photodetectors. In contrast, liquid phase exfoliation (LPE) has been previously 

demonstrated as a viable route for scalable processing of ambient-reactive layered nanomaterials 

such as black phosphorus and InSe in either anhydrous organic solvents or deoxygenated solvent 

systems.
2,8,9,19,20

 Commonly, LPE is performed with high-boiling-point organic solvents (e.g., N-

methyl-2-pyrrolidone or dimethylformamide) that possess well-matched solubility parameters 
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 4

and surface tensions (γ = ~40 mJ/m
2
) that promote dispersion stability of layered 

nanomaterials.
21-24  

Alternatively, layered nanomaterials can be exfoliated and stabilized in 

aqueous solutions containing amphiphilic surfactants.
14,22,23

 However, residual high-boiling-point 

solvents or surfactants from these LPE approaches compromise flake-to-flake and flake-to-

electrode contacts, particularly in percolating thin films, thus necessitating subsequent post-

processing such as high-temperature annealing that is not compatible with chemically unstable 

nanomaterials.
2
 To overcome these limitations, binary low boiling point co-solvent systems have 

been reported to stabilize layered materials.
2,25

 The mixture of two poor solvents, water (γ = ~73 

mJ/m) and ethanol (γ = ~22 mJ/m), can effectively disperse layered materials since the overall 

surface energy and solubility parameters are tunable based on their ratio. However, relatively 

few reports provide evidence of high-performance solid-state device applications that exploit the 

benefits of residue-free co-solvent processing.
2,25

   

Here, we present a scalable method for preparing layered GaTe nanoflakes in surfactant-

free, low-boiling-point, water-ethanol co-solvent mixtures. GaTe is exfoliated in a low boiling 

point water-ethanol mixture without further additives to minimize processing residues. Chemical 

degradation is further avoided by utilizing a deoxygenated solvents and employing a sealed tip 

ultrasonication setup. The structure, chemistry, and optical properties of the GaTe nanoflakes are 

then characterized through a comprehensive suite of microscopic and spectroscopic analysis 

methods. The resulting solution-processed individual GaTe nanoflakes show superlative 

electronic and optoelectronic properties that are comparable to micromechanically exfoliated 

samples including high intrinsic hole doping and photoresponsivities as high as ~2 × 10
6
 A/W. 

Furthermore, the combination of minimal solution-processing residues and high intrinsic hole 

doping of GaTe nanoflakes results in the highest electrical conductivity reported among as-
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 5

deposited layered nanoflake thin films, enabling the production of high-performance thin-film 

photodetectors. 

Exfoliation of pristine GaTe nanoflakes with minimal solution-processing residues is 

achieved via LPE in surfactant-free, low-boiling-point, water-ethanol co-solvent mixtures. As 

schematically shown in Figure 1a, the GaTe dispersion is prepared in three major steps: (1) Ar 

sparging to deoxygenate the water-ethanol co-solvent mixture; (2) ultrasonication to exfoliate 

GaTe nanoflakes in solution; (3) centrifugation to remove large aggregates and unexfoliated 

crystals. This procedure results in a visibly homogeneous dispersion of GaTe nanoflakes (Figure 

1b). Figure 1c provides a schematic of a GaTe bilayer, which shows a distorted network of 

covalently bonded Ga and Te atoms within each layer and van der Waals bonding between 

layers. Atomic force microscopy (AFM) images and thickness/length histograms of the GaTe 

nanoflakes following solution processing are provided in Figure S1. The crystallinity and optical 

properties of the resulting solution-processed GaTe nanoflakes are characterized using 

transmission electron microscopy (TEM), selective area electron diffraction (SAED), Raman 

spectroscopy, optical absorbance spectroscopy, and photoluminescence excitation (PLE) 

spectroscopy. In Figure 1d-e, a representative high-resolution TEM image with a sharp SAED 

pattern confirms that the GaTe nanoflakes maintain their original crystalline structure following 

exfoliation in solution. The Raman spectrum in Figure 1f further shows representative GaTe 

vibrational modes at ~126 cm
-1

, ~141 cm
-1

, and ~161 cm
-1

, which correspond to double resonant 

Bg and Au modes, and the Bg mode, respectively. In addition, the peak at ~90 cm
-1

 can be 

attributed to Ag (90.3 cm
-1

) and Bu (91.9 cm
-1

) vibrational modes.
4,5

 From the optical absorbance 

spectrum, the maximum wavelength of inter-band excitation is estimated at ~710 nm based on 
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 6

the extrapolated intersection of the baseline and the absorption edge (Figure 1g), in agreement 

with the emission peak at ~700 nm from PLE mapping (Figure 1h).
17

  

To determine the influence of the co-solvent composition on GaTe nanoflake dispersion 

stability, samples were prepared using identical exfoliation procedures but different water to 

ethanol volume ratios, as shown in Figure 2a. The overall surface energy of the co-solvent 

mixture is tunable based on the ratio of ethanol (γ = ~22 mJ/m) and water (γ = ~73 mJ/m). The 

highest concentration of GaTe nanoflakes occurs at a 1:2 v/v ratio of the water-ethanol co-

solvent mixture (the corresponding optical absorbance spectra are provided in Figure S2).
2,25

 The 

chemical degradation of GaTe during solution processing is minimized by using deoxygenated 

solvents and a sealed tip ultrasonication system, as reported previously.
2,8,9

 To confirm the 

chemical integrity of the resulting GaTe nanoflakes, X-ray photoelectron spectroscopy (XPS) 

analysis was performed, as shown in Figure 2b. The XPS spectra of GaTe processed in 

deoxygenated solvents match pristine GaTe with Ga3d, Te3d3/2, and Te3d5/2 peaks at 19.5 eV, 

583.5 eV, and 572.9 eV, respectively. On the other hand, the XPS spectra of GaTe processed 

with unsparged solvents exhibit additional GaOx (20.8 eV) and TeOx (587.2 eV, and 576.6 eV) 

peaks, which are indicative of deleterious oxidation during processing.
26

 The time frame of 

chemical stability for GaTe in ambient conditions has been previously established using 

spectroscopic characterization including optical absorbance, Raman, and photoluminescence 

measurements. Unlike black phosphorus that rapidly oxides within hours  following ambient 

exposure, GaTe nanoflake degradation occurs over the timescale of several weeks.
9,17

  

The electronic properties of individual solution-processed GaTe nanoflakes were probed 

by fabricating field-effect transistors (FETs) using electron-beam lithography. Figure 3a shows a 

schematic image of an individual GaTe nanoflake FET. Experimentally, GaTe nanoflakes were 
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 7

deposited from solution onto a 100 nm thick ZrO2 dielectric that was grown by atomic layer 

deposition (dielectric constant, κ ~ 14) on a degenerately doped Si substrate that serves as a back 

gate electrode. Figure 3b shows output curves of a FET with different gate biases ranging from –

20 V to 20 V (GaTe nanoflake thickness ~ 65 nm; channel length ~ 300 nm; channel width ~ 600 

nm). In Figure 3c, the transfer curves reveal a field-effect mobility of ~0.2 cm
2
 V

-1
s

-1
 at a drain 

bias (VD) of –1 V, which compares favorably with values previously reported for 

micromechanically exfoliated GaTe.
4
 The device is not fully turned off even at VG = 20 V, which 

implies exceptionally high intrinsic p-type doping of this GaTe nanoflake. Additional FETs with 

GaTe nanoflake thicknesses of ~21 nm, ~35 nm, and ~58 nm could also not be fully turned off, 

which suggests that the GaTe doping level is at least 5 × 10
18

 cm
-3

 (Figure S4). Since previous 

results for micromechanically exfoliated GaTe showed similar charge transport behavior, high 

hole doping appears to be an intrinsic property of GaTe nanoflakes.
4
 

The optoelectronic properties of individual solution-processed GaTe nanoflakes were 

characterized by exploring the FET response under photoexcitation with a variable power laser 

(λEX = 516 nm). From the intensity-dependent responsivity in Figure 3d, a maximum 

responsivity of ~2 × 10
6
 A/W is observed at a laser intensity of ~10

-6
 W/cm

2
 with VGS and VDS 

values of -20 V and –1 V, respectively. Despite its relatively low charge carrier mobility, 

solution-processed GaTe nanoflakes possess high responsivity values that compete favorably 

with previously reported photodetectors based on layered nanomaterials including InSe (10
7
 

A/W),
2,27

 MoS2 (880 A/W),
28

 ReS2 (10
5
 A/W),

29
 GaTe (10

4
 A/W),

4
 and In2Se3 (400 A/W).

30
 The 

underlying mechanism that allows GaTe nanoflakes to provide such high-performance 

phototransistors is likely related to trapping of minority carriers (i.e., electrons) that leads to a 

space charge region in the channel and majority carriers (i.e., holes) being injected to maintain 

Page 7 of 23

ACS Paragon Plus Environment

ACS Photonics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 8

charge neutrality. In addition, the short channel device dimension (L ~ 300 nm) provides a short 

transit time (τtr = L
2
/µVD, where L is the channel length and µ is the hole mobility) that results in 

high photocurrent gain that is proportional to τ0/τtr, where τ0 is the recombination lifetime of 

photocarriers and τtr is the transit time.  

The minimal residues from solution processing in surfactant-free, low-boiling-point, 

water-ethanol co-solvent mixtures also result in effective flake-to-flake electrical contacts that 

facilitate the fabrication and testing of large-area photodetectors based on percolating networks 

of GaTe nanoflakes (Figure 4a). In particular, a 200 nm thick GaTe thin film was formed via 

vacuum filtration on anodic aluminum oxide (AAO) membranes followed by evaporation of 50 

nm thick Au electrodes. In Figure 4b, a photograph of the large-area thin-film devices is shown 

along with a magnified optical microscopy image of a device with a 50 µm channel length (inset). 

In Figure 4c, current-voltage characteristics are shown for the GaTe thin film with and without 

optical illumination in vacuum conditions (~1 × 10
-5

 Torr). Due to the minimal solution 

processing residues and the high intrinsic doping of GaTe (as determined from the individual 

GaTe nanoflake charge transport measurements discussed earlier), the electrical conductivity of 

the as-deposited and ungated GaTe thin film (~1.8 S/m) is more than 4 orders of magnitude 

higher than previously reported 2D material thin films.
31-36

 In contrast, although TMDCs such as 

MoS2 possesses higher charge carrier mobilities than GaTe, the low intrinsic doping levels of 

TMDCs result in thin films with relatively low conductivity in the absence of electrostatic 

gating.
35,37-39

 

The spectral response of the GaTe thin-film photodetector (Figure S5) shows that the 

photocurrent (Ipc) decays gradually near the GaTe fundamental band edge in a manner that is 

consistent with the optical absorbance peak in the 600 – 800 nm range and the 
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 9

photoluminescence peak position in the PLE map (Figure 1h). The absence of a sharp 

photocurrent peak near the fundamental band edge in Figure S5 can be explained by the non-

negligible density of shallow defects states. In Figure 4d, the intensity dependence of Ipc is 

shown with a power factor of 1.5 (Ipc ~ P
1.5

). This superlinear intensity dependence of Ipc also 

results in a positive slope of the responsivity (Rλ) for intensities higher than 0.5 W/cm
2
 (Figure 

4e).  Possible mechanisms for the superlinear intensity dependence of Ipc include a two-level 

Shockley-Read-Hall (SRH) recombination process that has been invoked to explain similar 

superlinearity in MoS2 thin films,
35,39-41

 and photothermal effects that lead to superlinearity in 

infrared bolometers based on carbon nanotube thin films.
42

 A two-level SRH process is 

schematically depicted in the band diagram in Figure 4f, where E
n
F, E

p
F, R, and S indicate quasi-

Fermi levels for electrons and holes, mid-gap recombination, and shallow sensitizing centers, 

respectively. At low light intensities, quasi-Fermi level splitting does not reach the band edges 

and sensitizing centers near the valence band are filled with electrons, while deep level traps 

facilitate SRH recombination of excess carriers. As the light intensity increases, the quasi-Fermi 

levels approach the band edges and sensitizing centers populate with holes while recombination 

centers are filled with electrons. The net effect is that electrons have effectively ionized to deep 

level traps and overall recombination losses decrease at higher intensities. Importantly, this effect 

can occur concurrently with the electron trapping effect that is responsible for the high 

responsivity observed for individual nanoflake photodetectors at low intensities (Figure 3). 

Although the two-level SRH process is consistent with the observed photoresponse, it 

does not rule out contributions from photothermal effects resulting from a negative temperature 

coefficient of resistivity (i.e., decreasing resistance with increasing temperature) that is likely to 

be present in percolating thin films that are dominated by hopping transport.
6
 To further explore 
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 10

the possibility of photothermal effects, time-dependent photocurrent measurements were 

performed that show bi-exponential photocurrent rise and decay time constants of 2 sec and 8 sec, 

respectively (Figures S6 and S7). The amplitude of the slower exponential increases with applied 

bias and illumination intensity (Figures S6, S7), both of which are expected to increase the 

temperature of the GaTe thin film, suggesting that photothermal processes at least partially 

contribute to the photocurrent. However, since a pure photothermal response typically results in 

an intensity dependence of photocurrent with an exponent larger than 2,
40

 it appears that both 

two-level SRH processes and photothermal effects are relevant. Ultimately, these physical 

processes coupled with the optoelectronic properties of GaTe nanoflakes lead to a measured 

Rλ of 0.2 A/W at 0.8 W/cm
2
 that represents the highest responsivity at high light intensities 

among layered nanomaterial thin-film photodetectors (Figure 4g).
2,31-36,39

 

In conclusion, structurally and chemically pristine GaTe nanoflakes have been exfoliated 

and stabilized in surfactant-free, low-boiling-point, deoxygenated water-ethanol co-solvent 

mixtures in a manner that results in exceptional optoelectronic properties for both individual 

nanoflakes and percolating thin films. The resulting solution-processed GaTe nanoflakes show 

heavy p-type doped electrical behavior and high photoresponsivity. This high p-type doping 

coupled with minimal solution processing residues plays a favorable role in producing highly 

conductive percolating GaTe nanoflake thin films. The defect structure and photothermal 

properties of these percolating GaTe nanoflake thin films further enable large-area 

photodetectors that show notably high responsitvities at high light intenstities. Overall, this work 

establishes a scalable pathway for processing and utilizing GaTe nanoflakes in a manner that 

preserves its optoelectronically-active p-type semiconducting properties that complement the 
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vast library of n-type layered semiconductors for emerging van der Waals heterojunction 

applications.
13,43

 

 

  

Page 11 of 23

ACS Paragon Plus Environment

ACS Photonics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 12

Methods  

 

Solvent Exfoliation: Gallium telluride (GaTe) pellets were purchased from a commercial supplier 

(Alfa Aesar) and stored in a dark N2 glove box. For liquid phase exfoliation experiments, a 

custom tip sonicator setup was prepared by piercing the plastic lid of a 50 mL conical tube with a 

0.125 inch sonicator tip. Additionally, Parafilm and Teflon tape were used to further seal the lid 

in order to suppress ambient contamination during exfoliation. Deoxygenated water-ethanol co-

solvent mixtures were prepared by sparging with ultrahigh purity Ar for at least 30 min. The 

GaTe pellets and 15 mL of deoxygenated co-solvent mixture with an initial concentration of 5 

mg/mL were placed in this sealed conical tube with the sonicator tip in an N2 atmosphere. The 

container was then connected to the sonicator (Fisher Scientific Model 500 Sonic Dismembrator) 

in ambient conditions, after which the GaTe pellets was exfoliated via ultrasonication at ~30 W 

for 1 hr in an ice bath. As-prepared GaTe dispersions were centrifuged at 5,000 rpm for 10 min 

to remove unexfoliated GaTe pellets (Avanti J-26 XP, Beckman Coulter). 

 

Transmission Electron Microscopy (TEM): A droplet of GaTe dispersion was deposited on a 

holey carbon TEM grid (Ted Pella) and fully dried with an N2 gun. The TEM grid was then 

loaded into the TEM sample holder within 5 min of exposure to ambient air. TEM measurements 

were performed with a JEOL JEM-2100 TEM at an accelerating voltage of 200 keV. 

 

Raman Spectroscopy: Solid-state Raman spectra were obtained using a Horiba Xplora Raman/PL 

system with an excitation wavelength of 532 nm. The spectra were collected for 100 sec using a 

50× objective with a laser power of ~0.14 mW.  PL spectra for the solution sample in Fig. 1g 

were obtained using a Horiba Fluorolog-3 spectrofluorometer. 
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 13

 

X-ray Photoelectron Spectroscopy (XPS): An ultrahigh vacuum (UHV) Thermo Scientific 

ESCALAB 250 Xi XPS system was used at a base pressure of ~5 × 10
-10

 Torr to gather XPS data. 

The XPS data had a binding energy resolution of ~0.3-0.4 eV using a monochromated Al Kα X-

ray source at ~1486.7 eV (~400 µm spot size). When using charge compensation, all core levels 

were charge corrected to adventitious carbon at ~284.8 eV. 

 

Electron-Beam Lithography (EBL): For single flake field-effect transistor fabrication, solution-

processed GaTe was vacuum-filtered and transferred onto 100 nm ZrO2 substrates via PDMS 

stamping. Contacts were then defined with EBL in PMMA using 5 nm of Cr and 40 nm of Au as 

the contact metals. 

 

Charge Transport Measurements: Electrical measurements were performed in a Lakeshore CRX 

4K probe station at a pressure less than 1 × 10
-5

 Torr at room temperature. Two Keithley 2400 

Source Meter units were used to measure current-voltage characteristics. Equation (1) was used 

to calculate field-effect mobility: 

 d
eff

ox DS

Lg

WC V
µ =  (1) 

where L is the channel length, gd is the transconductance, W is the channel width, Cox is the gate 

oxide capacitance, and VDS is the applied source-drain bias. 
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Supporting Information  

The supporting information gives additional data and analysis including transfer 

characteristics of FET devices, spectrally resolved photocurrent, and time-dependent 

photocurrent. This document is available free of charge via the Internet at http://pubs.acs.org. 
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Figure 1. Characterization of GaTe nanoflakes processed in surfactant-free, low-boiling-point, 

water-ethanol co-solvent mixtures. (a) A schematic of the GaTe nanoflake dispersion preparation 

steps that minimize exposure to ambient air during processing. (b) Photograph of a GaTe 

dispersion in a water-ethanol co-solvent mixture after ultrasonication and centrifugation. (c) 

Schematic showing the atomic structure of layered GaTe (Ga: green, Te: brown). (d) High-

resolution transmission electron microscopy (HRTEM) image of solution-processed GaTe 

nanoflakes. (e) Selected area electron diffraction (SAED) pattern of solution-processed GaTe 

nanoflakes. (f) Raman spectrum of solution-processed GaTe nanoflakes. (g) Optical absorbance 

spectrum of a GaTe dispersion with the band-edge estimated at ~710 nm. (h) Photoluminescence 

excitation (PLE) map of a GaTe dispersion. The label ‘Raman-OH’ at the upper left corner 

indicates the Raman mode of water.   
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Figure 2. Stability and chemistry of GaTe nanoflake dispersions. (a) Photograph of as-prepared 

GaTe dispersions for different water-ethanol ratios. (b) X-ray photoelectron spectroscopy (XPS) 

analysis of GaTe dispersions with (top) or without (bottom) Ar sparging of the water-ethanol co-

solvent mixture. 
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Figure 3. Electronic and optoelectronic properties of individual GaTe nanoflake devices. (a) A 

schematic of a GaTe nanoflake phototransistor. (b) Output characteristics of a GaTe nanoflake 

field-effect transistor at different gate biases (VG). (c) Transfer characteristics of a GaTe 

nanoflake field-effect transistor. (d) Responsivity (Rλ) as a function of illumination intensity (P) 

for a GaTe nanoflake phototransistor.  
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Figure 4. Optoelectronic properties of percolating GaTe nanoflake thin-film devices. (a) A 

schematic of an array of percolating GaTe nanoflake thin-film photodetectors. (b) A photograph 

of an array of percolating GaTe nanoflake thin-film photodetectors with an optical microscopy 

image of one device with a channel length of 50 µm (inset). (c) Current-voltage characteristics of 

a GaTe thin-film photodetector under vacuum in the dark (IDark, red), under illumination with a 

516 nm wavelength laser with an intensity of 0.73 W/cm
2
 (ILight, black), and the resulting 

photocurrent (Ipc = ILight – IDark, green). (d) Photocurrent (Ipc) as a function of laser power 

intensity (P) at V = 10 V, showing a superlinear power law dependence. (e) Intensity-dependent 

responsivity (Rλ) extracted from (d) and plotted on a logarithmic scale that reveals a power 

exponent of 0.44. (f) Band diagrams for the photocurrent mechanism at low (left) and high 

(right) laser intensities. (g) A comparison plot of responsivity versus illumination intensity for 

large-area layered nanomaterial thin-film photodetectors (MoS2: blue; MoSe2: gray; MoTe2: 

wine; WS2: green; WSe2: pink; InSe: purple) prepared using different methods (star: vacuum 

filtration; triangle: chemical vapor deposition; square: Langmuir-Blodgett; circle: inkjet 

printing).
2,31-36,39
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Structurally and chemically pristine layered gallium telluride (GaTe) is stabilized in 

deoxygenated, surfactant-free, low-boiling-point, water-ethanol co-solvent mixtures. The 

resulting individual GaTe flakes exhibit superlative p-type doped semiconductor behavior. 

Minimal solution-processing residues coupled with the high intrinsic hole doping of GaTe 

produces the highest electrical conductivity among solution-processed layered nanoflake thin-

films as well as high photoresponsivity without post-treatment. 
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