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Abstract The GeSe micrsheets and GeSe miebelts have been synthesized by a facile-one
pot we chemical methodni 1-octadecene solvent and oleic acid solvent, respectiVély
larger adsorption of oleic acid molecules on 1082) planepromotel the growth alongq1Q
direction of theGeSemicro-belts and limited carrier transport in one directedong P10,
which resulted in higher carrier concentration and mobility of @eSemicro-belts. The
photodetection performance of the photodetectors based on the single GeSshewtand
the single GeSe mictbelt was investigated under illuminatioh 532nm, 980 nm and 1319

nm laser source for light illumination. Both photodetectors based on the single GeSe micro
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sheet and the single GeSe mibmlt presented a high photoresponse, short response/recovery
timesand longtermdurability. Moreover, lte photodetector based on the single GeSe micro
belt displays a broadband response ithigh responsivity (5562 A/W at 532 nm, 1546 A/W

at 980 nm) and detectivity (3.01>40Jones at 532 nm, 8.38x40Jones at 980 nmYhese
excellent performances makket photodetector based on the single GeSe Hbeitovery

interesting as highly efficient photodetectors, especially in NIR region.

1. Introduction

Low-dimensional materials, especially edienensional (1D) and twdimensional (2D)
materials, with theiunique properties have attracted adbtattention from scientists across
various disciplines for many decades. Discovery of carbon nanotubes i 199 opened

the door to 1D materials, such as micoo nane rods, wires, belts and tubes, which have
significantly different properties from their bulk counterparts. For example, 1D materials have
a lower melting point than corresponding bulk mateffalSimilarly, metal nanowires
exhibited semiconductor or insulator properties in small §iZePhobdetectors based on
semiconductor nanowires have high responsivity and sensitive switching charactéristics.
The photodetectors based AnO nanowire exhib&da high internal photoconductive gain as

high as 188 Since the discovery of graphene in020 2D layered materials with atomic
layer thickness have become hotspots in frontier research due to their unique dimensional
characteristics. 2D material layers are connected by strong chemical bonds within, and the
layers are connected by weak van desal§/ forces, and can be easily peeled off into single or
few layerd” Grapheng®? with the electron mobility up to £0cmd s 1, is a typical
representative of 2D materials. But lack of the bandgap limits its application for high
performance photatlector. Consequently, recent research focused on new alternative 2D
semiconductors. Someansition metal dichalgenidegTMD), such aMo$,, werereported

to have high photosensitive and on/off ratiachto 108.[*% But their carrier mobilityis still



very low (100 cnv s 1) compared witlgrapheme. fieindirect bandgap of 1.29 eV (bulk)
and 1.9 eV (monolayer) alstimits their applicationin NIR photodetectol*¥ Black
phosphorugBP), owning to its narrowertbandgap(0.3 eV) and ulte-high electronmobility
(1000050000 cmdY s ), has emerged as an exciting alternate for IR deteldtidh.
However, it is not stable in ambient which seriously limits its processing and appli¢&tions
GeSewith a cked layer structure similar to BP, has baaplgf 1.2:1.2 eV which covers
the solar light wavelengf” Its hall mobility is ~120 civ s  and carier concentration is
~5.31x10' cm® atlow temperaturét® Compared with BP, the biggest merit of GeSe is its
chemical inertness, e.g. its stafyilin ambient. Moreover, the bandgap can be tuned by
changing the thickness of GeSe nanosHéetn previous report$*®2% 2D GeSebased
photodetectors exhibited high responsivity uBt A/W at 808 nit¥, 870 A/W at 405 nm
(19 and 2304 A/W at 350 nmi?%. Some research was also focused2@h GeSebased
phototransistors, which exhibited ultrahigh responsivity uprt@.6x10° A/W, but with long
response and decay time (0.28 s and 0.5%YsThis is because gate voltage of the
phototramsistor was favorite to a high responsivity, but the concentration of defects and
impurities were still not low enough to get a fast photoresp@@@emicro-size 1D GeSe
belts or tube and 2D GeSe sheets have been synthesized by different solution isynthes
methodd???8 Xue et al. synthesized colloidal nanosheets by heating, Giphenyl
disdenide and hexadecylamine mixture and discovered its anisotropic photoresponse
propertied?d Dimitri D et al. reported a solutiebased seedless growth strateayd the
single crystal colloidal GeSe nanobelthich were synthesized by haotject method with
Gel, and TORSe!?® Ye et al. reported the synthesis of the bulk GeSe by heating Se and Ge
together under vacuum conditions, and then GeSe nansshest searated by direct
sonicatiorassisted liquid phase exfoliation (LPE) from the bulk GéSelowever, the facile
wet chemical synthesis method of low dimension structure GeSe and their application in the

photodetector devices is rarely reported. In thipepawe reporta onepot wet chemical
3



synthesis method for the direct synthesis of th8eGaicroshees and the G8e micrabelts.
Moreover, we fabricated photodetectors formed by singl8e3uicreasheet and G& micre
belt, which demonstrated a remarkaldsponsivity and detectivity at 532 nm, 980 nm and
1319 nm. Those photodetectors consisted of singl®eGwicrasheet or G8e micrebelt

showed very interesting features as highly efficient photodetectors.

2. Resultsand Discussion
Figure 1 shows the XRDatterns of the GeSe miesheets which were synthesized in 1
octadecene solvent and the GeSe mmlhs which were synthesized in oleic acid solvent.
Both XRD patterns exhibit prominent peaks in agreement with the JCPDS standard €ard (48
1226) of the dhorhombic structure. However, they present a stronger (400) peak compared
with the bulk material (as shown in the standard card). For rslweets, the (400) peak
intensity is substantially equal to the (111) peak. Oriented growth of 1sih@ets along [[D]
and [001] directions promoted (400) crystal plane enlargement. For-bettspthe (400)
peak intensity is about 80% of (111) peak. Oriented growth of Abielts along [001]
direction also promoted (400) crystal plane enlargement, but the degmdargement is not
as pronouncedsfor the micreshees.

The SEM image (Figure 2a) of the GeSe misheets which were synthesized in 1
octadecene solvent shows a rectangular slab shape with the geometry of aboutl8

m (b00 nm Some steflike surfaceon the micresheet surface indicated a layered structure
of the materials. In contrast, the sample which was synthesized in oleic acid exhibied belt
VKDSHG VWUXFWXUH ZLWK W Kkb0G brR (HiQuké 2& Qe selecizdE R X W
electron diffraction(SEAD) patterns of both GeSuicro-sheets (Figur@b) and GeSemicro-
belts (Figure2e) are highly similar and are identified as orthorhombic GeSeRmwithaspace

group.Insets inFigure 2b ance are TEM image®f sngle micresheet and micrbelt. From



the SEAD patterns, the (020Y011) and (002) planes could be recognized with 4plkanar
spacings (espacing}y of 0.191 nm,0.290 nm and 0.218 nm, respectively. These values also
match well with the JCPDS standardrd (N0.481226). HRTEM images show (Figuge
and f) that some {011} lattice fringes are clearly imaged with tspating of 0.20 nm. For
the micrebelt, according to th&EM image of themicro-belt (inset in Figure 2e) and the
arrangement direction dhe (020) crystal plane in the HRTEM (Figure 2f), the micedt
exhibits an obvious oriented growdlong the [010firection

Figure 3 illustrates the formation mechanism of GeSe rsbeets and micrbelts. Ligand
adsorption of the solvent on GeSe auads will influence the preferential growth orientation
of GeSe crystals. GeSe is a typical layered structure with very saturated and stable layers,
wherethere areno additional dangling bonds between layers. When thetddecene was
used as solvent, itid not produce chemisorption on the surfacetloé GeSe. As a
consequencethe GeSe in 1octadecene can grow into miesbeet along [001] and [010]
directions (Figure 3a)lo further study their growth mechanisive systematicallyobserved
the microcrys@al morphology (Figure 4) and Fourier Transform infraredFTIR) spectra
(Figure S1 Supporting Information of GeSe synthesizedavith different oleic acidl-
octadecene ratios (0: 100; 20: 80; 40: 60; 60: 40; 80: 20; 100/H®n the ratio of oleic acid/
1-octadecene is 0: 100 (Figure 4a)pst of the products are shdi&e structures with little
difference between length and width. As the content of oleic acid gradually increases, the
obtained GeSeicro-crystalsbecome longer and narrow&hen the oleic @d isintroduced
above 80%, the obtained GeSe is basically a migett structure (Figure 4e and fl. is
obvious that the morphology of the GeSe can undergo an alteration fromsnézts to
micro-belts by changing theatio of oleic acid/toctadecene From theFTIR spectraFigure
Sla and b, it easily verifes the adsorption of oleic acid on the surfaifethe microbelt,
wherethe 1389 crit peak assigned to COQ@roup?! (for oleic acig only appeared in the

micro-belt. With the increase of olei@ad content, the peak @O0 becomes more obvious.
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This is because the oleic acid which hasC®O0H combines with Ge ions on the surface of
GeSe to form a GOCO bondAs a result, the oleic acid can be easily absoiin the 002
planes in which GeSehemically grow only along [@Q] direction, resulting in fanation of
GeSe micrebelts along the [D0] direction (Figure 3b).This phenomenon confirmed that
adhesion of oleic acid to Q@) planes of GeSe promoted an orientational growth aloh [0
direction which resulted in the formatioof the micrebelts.

The GeSe micresheets anthe GeSe micrebelts exhibitedliversebandgap owing to their
different microstructure and thickne¥®hen the layer numbers of the GeSe were more than 3,
the transition fromdirect bandgap to indirect bandgap occurféd and the bandgap also
changes with the thickness variatiém this work,the thickness of micrsheetis aboutl52.1
nm, while thatof one micrebeltis about82.9 nm (Figure 8. Figure5a and b show thgV-
Vis-NIR reflectance spectra of the GeSe misheets and the GeSe midyelts, respectively.
Bandgapof the micro-sheetandthe micro-belt were therdetermine by using KubelkaMunk
transformation from the reflectance specivagrex axisis K and y xis is [F(RpV]Y2. After
linear extrapolationthe indirect bandgap of the GeSe misteets and the GeSe midyelts
was found to be 120eV and0.94 eV, respectively (Figuréc and d). Thsebandgap of the
micro-sheets and the micteelts indicatedher good photodetectiorapplication prospects in
both visible and NIRegion

TableS1 presents the electrical properties of the synthesized GeSe shieets and micro
beltswhich areroughly estimatedoy Van der Pauw methodh results,GeSemicro-belts film
exhibit much higher Hall mobility (31.2 ¢ s 1) and carrier concentration (1.6010'
cm?) in comparison with th&eSemicro-sheetdilm, because thearrier transport was easily
confined in quasonedimension along [00] in the GeSemicro-belts. The GeSemicro-belts
showed the much thinner perpendicular to the preferred growth directianmgRigyand J.

An infinite potential well perpendicular to the growth direction was established, and the

carrier mobility along the growth direction was mubkigher compared to perpendicular
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direction. In contrast, theGeSemicro-sheets exhibited no obvious quantum confinement
effect, as the sizes along the three fundamental directions was comparable.

Through applying the van der Pauw method on the comprgssederfilm samples, the
electrical properties of micrsheets and micrbelts were not indeed evaluated precisely. This
is because the scattering in grain boundary and a carrier transportation in sheet are quite
different from single crystal. Howevehdpurpose of our van der Pauw method is not to get
specific values, but to compare the properties of GeSe fsi@ets and micrbelts. It can be
proven that the micrbelt does have an improvement on electric property over the 4micro
sheet.Thus, the varder Pauw results are still relatively applicable for such purpose. In fact,
the actual level of the micrsheet should be around €av/Vs [*8 as previous research on
bulk single crystal GeS&he actual carrier mobility level of the miebelt should bearound
120 cr?/Vs P9 It is similar with a GeSe single crystal film as previously reported and higher
than that of the micrgheet.Table S2summarized previous study of the carrier mobility of
materials by firsfprinciples calculation, field effect traisgr characterization and van der
Pauw method.

The GeSe single micksheet orthe single GeSeanmicro-belt was transferred on a Si/SiO
substrate with Au electrodes to fabricate photoconductive photodetector device Haigunck
b), respectively. Figuréc and d show the-V curves of the photodetectobased on the
single GeSe micrsheet and the single GeSe mibet under dark, and illumination with
different light intensities using 980 nm laser as illumination sources. The electrical
conductivity of tle photodegctors based on the single GeSe mitd& HHW A) and the
single GeSe mickEHOW A) in dark condition was very low. However, the
photodetectors showemuch higher pKkRWRVHQVLWLYLW\ DW GLUHUHQW LGQ
was obvious that the phocurrent increased significantly with increasing light intensity. It
could be attributed to the change in phgemerated carriers. Under light irradiatidine 4p

orbital electrons of Ge and Se absorbed photon energy forming-gééoated carriers. The
7



voltage bias then drove the phajenerated carriers to migrate along the direction of electric
field and produced a photocurrent. The higher the voltage, the faster the carriers move. The
higher the light power, the larger the quantity of the carrieusTthe photocurrent is
positively correlated with the voltage bias or the light powermwdss obvious that both
photodetectors based on the single GeSe rsicet and the single GeSe mibet have a
significant light response to the near infrared li¢80 nm) and could output a signal with

high ON/OFF ratiosFurthermore,tie GeSe micrebelt-basedphotodetector presented higher

dark current A DQG SKRWRFXUhaM®M ofGeSe rBicroVKHHW A

DQG ), bub those should be attributed different internal mechanisms. On the one hand,
high carrier concentration makes the GeSe maitbasedpohotodetector exhibit a higdark

current On the other handhe smaller bandgamakesthe micrebelts to get the larger
photocurrent than the micigheets at7 V. When light is radiated on the surface of the GeSe
micro-belt-basedphotodetector, more energy can be absorbed and pimtocarriers can be
generated across a relatively narrow band gap. Then, a higher photocurrent can be produced
in light radiated GeSe mictoelt photodetector-igure S8 (Supporting Information) shows

the FV curves of the photodetector based on thglsitGeSe micrgheets and the single
GeSe micrebelts under dark, and illumination with different light intensities using 532 nm
and 1319 nm laser as illumination sources, which also presented the significant light response
to 532 nm and 1319 nm.

Photorespnsivity R ), external quantum efficiency (EQE) and specific detectivify (e
important parameters to evaluate the phradtecting performanceR can be defined as
photocurrent generated per unit power of specific wavelength of incident light on the area.
EQE s the number of electrons generated per incident photon of laser at specific wavelength.
D" is used to describe the sensitivity of the photodetector. These performances can be

determined by formula (1), (2) and (3):

R=(lpn la)/ (P-S (1)



EQE=(h-c-R)/(e" ) )
D'=RS Y%(2-e-14)*? (3)
where,lph is the current under the excitation of laser &nd current without excitation in the
dark; Sis the illuminated area of the GeSe mistructure; P is the power of the light; is the
light speed;h LV WKH 30DQFNYV1 suRmQaiYeDOR, EQD &0 IB* of the
photodetectors based on the single GeSe rsiceet and the single GeSe mibet. Figure
7a and bshow the dependence Bf on the power of the light and the bias voltage for the
photodetectors based on the single GeSe rsiceet ad the single GeSe micitteelt. TheR
increased with increasing the bias voltage and decreasing the power of theJhigbt.
irradiation at 532 nm and bias voltage at 9 V, fhaeached up to 734 A/W (single GeSe
micro-sheet) and 5562 A/W (single GeSe roisheet). TheR of the photodetectors based on
the single GeSe mictbelts was also as high as 1546 A/W even under 980 nm. At lower
frequencies of infrared regime, in general, the energy of the single photon is too low to
produce photogenerated carrieBue to much higher carrier concentration (Tal¥),
however, the GeSe mictmelts generated monghotogenerated carriers than GeSe micro
sheets. As a result, tlie of the photodetector based on giegle GeSe micrebelts could be
calculated to be abtB times (980 nm) and 92 times (1319 nm) as much as that of the
photodetector based on tlstngle GeSe micresheet. Moreoverthe higher EQE and D*
values (Tablel) also confirmed the excellent detection performance of the photodetector
based on theingle GeSe micrebelt.

The photodetectors based on the single GeSe siet and the single GeSe mibmt
also presented a fast photoresponse time in NIR. Figaurand b show the timesolved
photoresponse of the photodetectors based on the single Ge®esineet and the single
GeSe micrebelt under 980 nm laser illumination. When the applied voltage was 5 V (with an
incident light density of 106.2 mm'?), the current of the photodetector based on the single

GeSe micrebelt dramatically increases from $ 2)) VWDWH GDUN FRQGLWLF
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(ON state, light illumination). The light response renedithe same after multiple cycles,
demonstrating the excellent stability of the photodetectors based on the single GeSe micro
sheet and the single GeBecro-belt. To extract the exact response time, one of the response
periods in Figuré8a and b were magnified, as shown in FigBceand d. In the time domain,

WKH VSHHG RI D SKRWRGHWHFWRU ZDV RIWdH @eRN® UDFWH
interval for the response to rise from 10% to 90% of its peak value) and the recovery time

decay the time interval for the response to decay from 90% to 10% of its peak value). The
much shorter responsente (0.027 s) and recovery time (0.029 s) of the qutetector based
on the single GeSe mictmelt could beobserved in cmparison with the photodetector based
on the single GeSe micty KH [deW  2Vgecag=0.1175).

Table 2 summarizes the key parameters of our photodetectors based on the single GeSe
micro-sheet and the single GeSe mibelt, compared to various low dimension materials
based photodetectors reported in the literatBoth photodetectors based on the single GeSe
micro-sheet and the single GeSe mitt demonstrated considerable or muobtter
photoelectric performance, especially for the photodetectors based on the single GeSe micro
belt. For the visible light, th& of the photodetectors based on the single GeSe +haito
(5562 A/W) was higher than MeE VD layer (2200 A/W)2Y. For the NIR light, theR at
980 nm (1546 A/W) is much higher thahat (6.21 A/W) of Sn doped@h,Se:-based
photodetector at 850 nf#l. Moreover, the response time (0.027 s) of the photodetector based
on the single GeSe mictwelt was the faster than Ga&sed photodetector (0.03%), GaTe
based photodetector (0.054%%, GeSbased photodetector (0.1118) and 2D G&e-based
phobdetector(0.2 s)?? or phototransistof0.28 s)?4. At the same time, both photodetectors
based on the single GeSe misleet and the single GeSe mibet also presented
photoresponse at longer wavelength (1319 nm). These excellent performan@shmak
photodetector based on the single GeSe nrsheet (belt) a promising material/concept for

designing highly sensitive photodetectors, especially in NIR photodetection.
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3. Conclusion

In conclusion, the GeSe micgheets and the GeSe midrelts weresynthesized by onpot
wet chemical method in-@ctadecene solvent and oleic acid solvent, respectiValylarger
adsorption of oleic acid molecules on 2) planeof the GeSemicro-belt promotel the
growth along [@Q] direction. Owing to the limitéion of carrier transport in one direction
along [QLQ], the GeSemicro-belts exhibited much higher carrier concentration and mobility
(31.2 cnv 5 1 1.601° 10" cm? than the GeSe micro-sheets (7.75 cniv s 2
2.447 102 cmi?). As a result, the photletector based on the single GeSe e showed
remarkable broadband response with a high responsBB§2A/W at 532 nm 1546 A/W at
980 nm) and detectivity3(01x10? Jones at 532 nnmB.3810'* Jones at 980 nm), short
response/recovery times (0M0@.029 s), and lonterm durability. These excellent
performances make the photodetector based on the single GeSeliarery interesting as

highly efficient photodetectors, especially in NIR region.

4. Experimental Section

Materials: Germanium (VI)iodide (Gek, 99.999%, Sigma Aldrich), selenium dioxide
(SeQ, Alfa Aesar, 99.4%), -bctadecene (Aladdin, 90%);Hexadecylamine (Aladdin, 90%)
and oleic acid (Sigmdaldrich, 90%). Cyclohexane 85%) and absolute ethyl alcohol
(99.7%) were purchased fro8inopharm Chemical Reagent Co., LAdl. reagents were used
for the synthesis without further purification.

Synthesis of5eSe micreshees: For the synthesis ofGeSe micresheets, Geal(0.29 g),
SeQ (0.05548 g), doctadecene (6 ml) andHexadecylamine (8) were added into a three
neck flask. The mixture was heated at 120 € for about 15 minutes under vacuum at the
stirring speed of 400 r/miruntil the selenium dioxide was completely dissolved in 1

octadecene (solution became transparent brown). AndAheras was introduced into the
11



flask and the solution was heated to 320 €. The solution was stirred at 320 € for 6 h and
then cooled down to room temperature. The obtained solid GeSe-sheets were
precipitated usingn ethanol/cyclohexane mixture fetnol: cyclohexane =1:1) and then were
collected by centrifugation, washed with ethanol for several times, and finally dried at 60C.

Synthesis ozeSe micrebelts: The preparation processsameas fa micro-shees except
that the 1octadecene as solvemas replaced by oleic acid.

Hall effect measuremerthe obtained GeSe micgheets or micrielts powders were put
in a round mould for pressing. Thére powdeifilled mould wasput into the tablet press and
the GeSe powdergere punchedinto around film at a pressure of 40 MPa for about 30
seconds. Aftecoating four Ag electrodes on the filfhe GeSe micrsheets or micrbelt
films for Hall effect measurement were fabricatd@then the film was putinto the device
(BID-RAD HL5500PC) for Hall effecmeasurement.

Fabrication of the photodetector devicdsvo photodetectors were febated from micre
sheetsandmicro-belts, respectivelyThe assynthesizedseSe micresheets (micrdelts) were
ultrasonically dispersed iathanol solutionSubsequentlya capillary was used to drop the
ethanol solution containineSe micresheets (micrdelts) on a clean silicon wafer. Then
some micresheets (micrdelts) wee picked up by PDMS (Polydimethylsiloxane) under the
microscope. After that we selected a singlero-sheet (micrebelt) stuck under PDMS,
alignedit with the gold electrode on S¥®i, and then moved PDMS down to connect the
selectedsingle micro-sheet gingle micro-belt) WR WKH JROG HOHFWURGH $IWH
for 5 minutes, PDMS was liftednd single micro-sheet gingle micro-belt) stayed on the
electrode. Figure&showsfabrication schematidiagramof the photodetector

Characterization X-ray diffraction (XRD) measurements were performed on Daojin XRD
6000 XVLQJ &X .. UDG L BWrtaRgission electron microscopy (TEM) images
and high resolution TEM (HRTEM) images were obtained from Titan ChemiSTEM. Samples

were prepared by dropping a diluted GeSe simdbelts solution onto carbon coated copper
12



grids. S4800 scanning electnomicroscope (SEMand MultiMode atomic force microscope
(AFM) wereused to observe the morphology of the GeSe nsbeets and micrbelts. The
electrical properties of GeSe miesheets and micrbelts were investigated by the Hall
measurement with (BHRRAD HL5500PC). The reflectance spectra were acquired using a
Hitachi U4100 spectrophotometer. The photoresponse performance of the devices were
measured by a Keithley 4200 S3ie 532 nm, 980 nm anti319 nmlaser diods wereused

as the light source fohé photocurrent measuremer3IR spectra was measured by Nicolet

iIS10 FTIR spectrometer.

Supporting Information

Supporting Information is available from the Wiley Online Library or from the author.
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Figure 1. XRD patterns ofa) GeSanicro-sheetsand(b) GeSemicro-belts.
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Figure 2. SEM image of (a) GeSemicro-sheetand (d) GeSemicro-belt SAED patterns of
(b) GeSemicro-sheet and (e) GeSmicro-belt. HRTEM images of (¢) €&emicro-sheet and

() GeSemicro-belt.
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Figure 3. Formation mechanism ¢&) GeSe micraheets and (b) mictoelts.

Figure 4. GeSe morphologies with different oleic aciddtadecene ratios: (a) 0:100; (b)

20:80; (c) 40:60; (d) 60:40; (e) 80:20; 1O:0.
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Figure 5. Reflectance spectra of (a) GeSe misheets and (b) mictoelts. Indirect bandgap

by KM function of (c) GeSe micrsheets and (d) mictoelts.
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Figure 6. Diagrams of photodetectors fabricated (@ single micresheet and (b) single
micro-belt, respectively.-V curves of the photodetectors based on (c) single GeSe-micro
sheetand (d) single micrdelt under 980 nminset: Optical image of thesingle GeSe micro

sheef(single micrabelt) on theAu electrodes

Figure 7. Powerdependence responsivitRR | of the photodetectors based on (a) single GeSe
micro-sheet and (b) single GeSe midrelt at different bias voltage (under 980 nm).
Wavelengthdependent responsivityR() of the photodetectors based on (c) single GeSe

micro-sheets and (d) single GeSecrotbelts at different bias voltage.
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Figure 8. Time-resolved photoresponse (980 nm) of the photodetectors based on (a) single
GeSe micresheet and (b) singl&eSe micrebelt at the bias of 5 V with an incident light
density of 106.2 mW crh Respnsetime and the recovertime of the photodetectors based

on (c) single GeSe micisheets and (d) single GeSe mibelts at a bias of 5 V.
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Table 1. R, EQE and Dof the photodetectors based on single GeSe rsiteet and single
GeSe micrebelt under 532 nm, 980 nm and 1319 nm.

Micro-sheet Micro-belt
532nm 980nm 1319nm 532nm 980nm 1319nm
R (A/W) 734 184 1.94 5562 1546 179
EQE (%) 1.7240° 2.33104 1.82x10% 1.30x10° 1.96X1C° 1.68x10°
D*(Jones) 3.20x10% 8.02x10% 8.46x10° 3.01x10% 8.38x10% 9.71x10%

Table 2. Comparison of key parameters between this work and various low dimension
materiak-basedphotodetectors.

Materials Wavelength R EQE Response time Reference
(hm)  (A/W) (%) (s)
MoS, 473 2200 220 30
MoS, 561 880 0.6 31
MoS, 635 2570 0.0018 32
Black phosphorus 640 4.8x10° 0.001 33
Sndoped black phosjginus 635 15.33 2.993 0.3 34
Gas 254 4.2 2.05x10° 0.03 35
GaTe 473 0.03 8 0.054 36
GeS 633 206 4x104 1 37
GeS 405 173 5.32x10¢ 0.11 19
ShSe 850 6.21 906 0.04 38
GeSe 405 870 2.67x10° 0.15 19
GeSe 808 3.5 537 0.1 18
GeSe(nanoshee 350 2.3x10°% 816 0.2 20
GeSe(nanoshee 532 1.6X10° 3.9x107 0.28 21
GeSe(nanoflake 532 4.25 39
GeSe (sheet 532 734 1.7240° 0.194 This work
980 184 2.33x104 0.117
1319 194 1.82x102 0.138
GeSe (belt) 532 5562 1.30x10° 0.031 This work
980 1546 1.96x10° 0.027
1319 179 1.68<104 0.025
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Table of contents GeSe micro-shees and micrebelts were synthesizedby a chemical
orientation growthmethodin 1-octadecene solvent and oleic acid solvent, resmdgtiThe
photodetectors based on singhécro-belt showed a broadband spectrphotaesponsewith
high responsivity (5562 A/W) and detectivity (3.AD¥ Jone}. It demonstrate significant

application potential in theisible and NIR photodetection.

Keyword: GeSe; photodetectoranicro-sheet micro-belt, photoresponsivity
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ToC figure

Surface adsorptioofthe ligandsnduces GeSe to grow into mictbelts with high
photoelectric performance.
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