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Figure 1 (Color online) Schematic of the photoconductive effect. (a)
Band alignment for a semiconductor photodetector under an external
bias in dark; (b) band alignment under illumination; () lasVy curves at
dark and under illumination; (d) l4sVgs traces at dark and under illumina-
tion!
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Tablel Performance parameter of varies photodetectors based on TMD semiconductors

Wi J37

W 7 5[]

SV T AR

R

LRI LR TBYS i AW) s %) (Jones) E =BT

IR S Y= A oL ~7.5x10°° 5x10* - - [27]

BRI 25 522 A L 8.8x10? 6x10? - - [28]

CVDHZ IR 2.2x10° 2.2x10° - - [29]

MoS, Yok fb b B 2 CINRIRAY) 1.17 - 2.8x10? 1.5x107 [30]
APTESIE A £ )2 CIRA 5.75x10° - - 4.47x10° [31]

Hf O d 4% i 2% G ~10* ~10 - =7.7x10" [32]

B v R S SRR R 2 CIRARI#AR) 2.57x10° 1.8 2.2x10% [33]
CVDHZ G 2.15x10* 25 - - [34]

MoSe, CVDHJZ G 1.3x10°? 60 - - [35]
CVDZ 2 G 93 ~4x10? - - [36]

CVDZ 215 CIp 9.2x10°° 5.3 - - [37]

WS, HUBR B 2 (NH U N 8.84x10? >10° 3.146x10° [38]
MBI 25 22 )2 7 AR b A G 1.09%x10? ~10* ~ 3.5x10" [39]
CVDHLE[E L], ~10° - - ~10" [40]

OTSB# £ 2" G ~4x1072 - - ~7x10° [41]

WSe, BRI 0 )2 CIRA 7 ~1072 40 - [42]
PPhat5 2% /b ) G 1.27x10° ~2x10* - - [43]

BB ES 2 Ep 85 - ~4x10° - [44]

BB S 2 CIg ~10° - - - [45]

BB S 2 CINA 16.14 - 3.168x10° - [46]

ReS, CVDZ 2 CIRA 6.04x10° 2 1.5x10° 4.44x10" [47]
BB ES 2 CINA 8.86x10° - - 1.182x10" [48]

ARNE TP E 22 G 2.5x107 6.7x10? - - [49]

Mot /b )2 (NHZSUR) CIg 55.5 ~1x10° 1.0893x10* - [50]

Rese, CVDZ 2 CIRA 2.98 ~5x10° 4.58x10? - [51]
PPhs#52%, APTESIE i £ )2 CILRIRA) 3.68x10* 60 - - [52]

LR 0 )2 ]I ~1x10™* 2 - - [53]

a) L EF/NTF52; b) OTSHE + /Ui 3k = &7t b (octadecyltrichl orosilane)

TG 5 TAEAS R 4R L e A 22 Ml R B BT A R E Ao
FoR . E2(0) R, St HL It Bl A D) 232 5 34 i I
LRGN, ULHIMoS ) B IR B TR A B A S AT S 5
FENK b R B B, mel R A4 si/NE600 ms.
SV 28 1 R i 7 S ) 5 18 3 BT G0 B A AR DG L O 7 AR
HRE T R A, A RS TR
NEP, #17£1.8x10°"° W/Hz, X £ Z 4335 T 16 i T4E
T DXRR AT 114D 5 L 3 R B J22 M OS2 R 1) Y Bt i 00 ]
TERBAFHM K. Zhang NP8 Yok 22 S A TR
(chemical vapor deposition, CVD)ilil £ 15 2] i) P 2
MoS, i FH 2l H AR A . 7E BL2S HhoRTE 28 S
V7 FE 43 591 15 £ 220071780 A/W, i 26 IS IR B X

AR RE S AR K. % 2 B 2 M oS, R 1) L 2 1
B, AEZS S0, MoS, 3 1 FIM oS,/ 46 i S 1 W Ff 17 K
YA, XL T Y p AR A A, IR
HERR 0 A S L A, HESER T IR O, RRAR T 2R
FIER R NG 25, b, BEITAS AR,
HNEE Y A S HICS 2 7 A T 4 't HL U (persistent photo-
conductance, PPC)1% 3= %2 Jii [K]. A% il PPCZ5 S (51 2(c))
KW, ERANMKEE AR £
B B Hb o0 38 e el A R A R A JES ) 2 ok L T
P& v e )07 R R v AR AR Y — R A RGR A

bR T A RIS Z A, K 2D AT se bt
SRR FEOCHR SRR A ST . YU BN T

3137



a4 G B B& 2017FEOR $£62% F2718
(a) (b) O (¢) O61ewarm i
e — V,=8V, V=70 V ot 0.8
al ~ 0% : 0.5 r-'
6+ < . 2.64
z g . = 0.4 0.6
g 4- E - g
2 § 10:¢ 5 = 0.34 2.51
§ 24 s 0.44
5 = 3 02 s
é 0{ =—n—= 107 - . nﬂ‘K |
20 40 0 100 100 107 109 2030 2030 2030
Vi (V) Incident power Time (s)
) M Rﬁg-lrea;ed N 3 10’
(d) g 1 ]
Rhodamine 6G 2 i 110°
2> 10 Pristine E o
o CHs £ = 1.5
@r 2 100 2
0. NH g 102 3 g
5 =
o {10
o Hy % 102 %
o ]
0" cHy % o4} Pristine 1 10°
- il i) our | ] 102
104 109 104 109 102
Power (W)
® — (@) (h)
MoS: (as fabricated) 1
00.0 e — - (s B 10*
2‘ _—
< < LRl g o’] MoSy/HIO
2 € s00] | z "% .
3 14 3 'z
g. 11 ¢ ©
g . 3 o °
0.0 e | & 2] MoS: (as fabricated)
0
00 02 04 06 08 1.0 0 1 2 3 4 5 104 10 10 10+ 10
Time (s) Time (s) Irradiance (W/cm?2)
o A
° . 110"
= oD | 5
- 1 2
T o * R : =
® 0 .. »
.o f10° %
9 O, L3
M ] 3
-
10°

107 10° 107 10° 10° 10°
Incident power (W)

Time (ms)

Bl 2 (MR )R FERIMoS YIRS . (@) HIZM0S, s HL A i 7 B KBRS ARt 28, J6 B SRR PR A P75 (b) SEMOS,
HLIIIZ G HL RS R ALY, () BEMOS, YerL A AR EE TR R BEFE T E BT R ™, (d) AHLYREE £HII(R6G)
EMIFIMoS, R TR (€) AMEMIFIZREGIE MM oS, #HF- 1 BE RIS BOE SRR BT, () RZHIO, B MIMoS, e A e
AL RO ZR, (9) SHIO, B AIMoS, AL A G R R REC T ASALINLL; (h) ERRFIA B M oS, 't H b (A B i o B2 B T A5 Ak
FKFB, (i) Bl DA M oS, Y mh IR B /R B ) R BRI R B T BRAR L SE 2R (K) R OI6 rb iy g s i 5%

Figure 2 (Color online) The representative photodetectors based on MoS,. (a) Photoresponse at different gate voltage of monolayer MoS,, inset:
optical image of monolayer MoS, phototransistor®”; (b) power dependent photocurrent of the monolayer MoS, phototransistor™®; (c) time-resolved
photocurrent at different temperature of monolayer MoS, photodetector®; (d) schematic diagram of the rhodamine 6G (R6G) treated monolayer MoS,
photodetectors treated and the structure of the R6G; (€) power dependence of responsivity and detectivity for the pristine and R6G-sensitized MoS;
photodetectors®; (f) time-resolved photocurrent of bilayer MoS, devices; (g) time-resolved photocurrent of corresponding protected device
MoS,/HfO,; (h) power dependence of responsivity before and after HfO, encapsulation of a hilayer MoS, photodetectort®?; (i) 3D schematic diagram of
thetriple-layer MoS, photodetector under light illumination; (j) responsivity and detectivity of the MoS, phototransistor; (k) time-resolved photocurrent

3138



iE R

YRR Ab R B MOS0 HL AR 1. A BILYL R 7 B
(Rhodamine 6G, R6G)H A7 5% (i 6 W Wi fig 71, an &l
2(d), (i, ¥ R6GHEIR TEMOS KT I, R6GHL UK
Al e T, IR AU E I 4 MoS,, K
Mg E TOotHERE, HOGHm N IR E] T 1.17 AW,
PRI 2234 5] 1.5x107 Jones, EQEik$280%. ixX H%k{H
I R 2 R6GAL B M oS, 8§ F — N 2. i3 i
K2 Kang 25 A\ PY S 3o 3- 5 N 3 = 2 4 Rk
(aminopropyltriethoxysilane, APTES)% 15244 & i%
15 T MoS,)l HE i VA4 114 W) 7 B8 (5. 75% 10°%) A F
(4.47x10%). REHLE EEAELL TP (1) B
T, HF BRI BT i H A A T R — s T
R HERL T, AR > TIFRINE A, (2) £
T VI REA A BB R T 2 B i, 4w TiE . Hh
T /INES SR RSO AR AR RE 1 s
KuferZ: A PBAYE it T HEO, ) 25 (1 M oS, it H 1R 45 2
. HEO 3t 2 A R AR T W B AR 43 XoF #8 iy 1) 4ol
3, THBR TR AR IR M2 U RN . 3 Ak, AR AY B
fil L, BEL RN B v AR AR 6, AR R B R R T g 1 3
i 17 (1 2(F)~(hy). R T it DA% G2 1) 56 H A 45 U3
e FIHAR 7T 56 U L 1 5 | 2 B L 9 186 R A )
WangZ: A\ B3 T B bR R 2 4 - = 2
% [poly(vinylidene fluoride-trifluoroethylene), P(VDF-
TrRE)IVE A L J2 1 2K e I 45 06 oL O A4S 28 1 (I
2(i)~(k)). #I|F P(VDF-TrFE)fa i& 1 F A W Ak fig S 7E
A VA VA T AR AR S 0 R I L, AR M oS,
TR e SRR, WAL T B (~10 MA). X Fh
S ES HIMoS Y HL i IR 2R R A EL, HA
1) 5 HEL 446 I E 7 (M 17 B SR 31 2570 AIW, HRIN 3k 3
2.2x10% Jones). [kItLZ 4k, 1E N Tl P(VDF-TrFE)
JZ R e B B R A EH, AR M oS,3R T Bl A,
A5 25 1 2 A o i i 07 3 B (~2 ms). BRSO E T
S, AN IA RO M T MoS, I REAT 454, B OBR
VL R 3] T 20 4M X

(i) HALTMDs K. S5MoSZEML, B2
MoSexth J& BB TR, B/ NATELS eV,
X R MoSe fE ' L s (4 HL A i i . — 2
RAZH 38 3 CVD 7 i L) A B T R 2 50 JE MoSe, 44
K I A g A S L AR O A AR I 2
LT B PR M 0Sep 't L FR N 7 LA A b 4 e 7 5k
{ELIR 7 BE AR, 51, Chang A BAFnXiaks A543 5]
AT T 0 B IR ZE25 ms, Wi 07 BE AE0.25 mA/W AT

N RIZE60 ms., MR BE 1.3 mA/WIF G HL ER I 2%, AH
2T, £2)2MoSeH A e ¥ 137 B (93.7 AIW)F,
{ELm )i 2 A A (~400 ms), iX 2 Ky £ )= MoSe;fit
W BB LB RE S, 5 Fas X E Gl

WS, [l FEGE I FH7E G H T2 F . Perea-L 6pez2s
NP CV D #1551 14 22 |2 WS, 535 3 i 3
HLARIN RS, & B0 1o 3 i AR A B 6 K, A
i 7 B AT 92 wA/W, {ELI 7 53 i 35 $1)5.3 ms. Huo%%:
N PEBLSE LA 4 1 45 2 14 22 )2 WS, T O L A4,
& B H e 7 5 B0 AR UK A B (R 3(a)), FE
NH A T 3R A5 F5e i A H i 7 B, e s {3 511 884
AIW, FLTEELZS RS T 2980f%. aE B L
(photoluminescence, PL) AT LLIE R, ) B B () NH3
TR LT S BIWS,, U2 T WS L T4 24 1
B, IEK T R T A, l, GongZE AP T
WS, M S AR, W 30) TR, fiiT6Auglk
TR T HE HEOMYZ ], 3 26 AU RE A R 3K FL
T, TS R, X AR R TR /N Y I R R (0.02
V) T 3545 71090 A/W I I hy B, JF B AR I 2 5K 3|
3.5x10™, B R Wi I B S RN B (~7s), (HAT L
i AR R, A R AR, 4R R R
(E13(b)).

Zhang®: NP0 T 125 fih 4> 8 H B %) B2 W Se,
S HL W A B 0 (1 3(C)). F PR Sy 25 fih e A 114 56 oL
A i v W P AR F~10° AW, TG T OGBS
Mo 7 B8 R B T AP B . 5 2 AR B2, Tis ik
A0 3 RS 7E 23 ms, 111 PolFL A i 7 3 B AR LR
U I R A ' L i 3 22 1) R T A () 4 i HL A 5 W Se,
ZIJE A A 2 R B S ) Y. Kang% A1
WH5E T OTSE 2% 0 2 W Se 6 H MERE B9 52 i . 38 oo
AP FHOTSHE BE, ] LLAE AR ] I X0 pAl 15 2k ik
B 24 7F 2.1x 101 ~5.2x 10 ecm~2. PradhanZ A 424 4%
T 3)ZWSe it PG LI %, Wi N R A E] 7 AIW, T
o7 3 B B R SA B AN 10 ps. Jo%s A SR I PPhgts
FFB, KpRl S EE% =k S HaEE, JHE
WSe,ii i Ji§ Fifi A—JZh-BN, 43715 17 1.27x10°
AT R e R BE,  [RD ER ) R B () U 2.8 ms.
Pradhans AR 4535 7 2 i v BEL GO B 4 i A 52
M. AT 2 B, D e H R A AT G 1 R i 4 LA
B ) G LI S, A7 10J2 YW Se, P i '
A TR L R S 4 i HH 370%, 3K I W AR Ak

3139



a4 % B & 2017HE9OA H62% F27H

=5 (b) ©

104 Gate pulse 1oV
2 Light n P n
—o— Air 9 0
. —d— Vacuum| i
£ —v—Ethanol il ey R
< —4—NH,
(3
10
0.1 1 10
Light density (mW/cm®)
(d) = (e)
10.04
Half wave plate

% 5.04 — gy — —

40 60 80 100 120 Si0; &
Time (s) i
@ e R (h) (i) 30
? £y / 10" *0s Decaying time
4/ = ®15s B 25| A-__
¥ .3 2 430s 1 ~-a
e < 10° m45s g 20 %,
g X 60s o 15 ‘--‘_ N
= 5 w e ~
g 10 §_ RIsIngtil?ﬁ:‘» e
2 | 2=405nm & 10 M
8 10°1 v =30V & N
N
10° I l 0 &
102 100 10
Incident power (W) 0 30 60

Plasma time (s)

B3 (4 R )RR M AL WE 4 B AL YOG BRI 2Y. () WS 4K I G RI BRAE AR I 4R R i BE B LSRR, (b) WS,
AR PP AR DI R T R, (0) MR AN T e S Y ST ZR0%; () I HUB A B2 W S Yot S PRI M0
LR 7 26, (e) ReS, 4k AroGrl I /R A, () SEr AR I CH LM AL R, (g) A T PRI ReS, YE IR 257
FEIEL, () AN ] 48 4 B A B Y ResS, i 1o B B 25 G 3R ARG 2R (i) 7 o T B 4 A 0 1A T ] A A S R 1)

Figure 3 (Color online) The representative photodetectors based on other TMDs. (a) The power dependent photoresponsivity of WS, nanoflakes
under various gas atmospheres”™; (b) 3D schematic view of floating-gate phototransistors based on WS;; (c) time resolved photoresponse of the WS,
photodetector device with areset gate voltage pulsé®”; (d) time resolved photoresponse of the Pd- and Ti-contacted monolayer WSe;, photodetectors®”;
(e) 3D schematic view of the photodetector device based on few-layered ReS, with polarized light illumination; (f) the polarization angle of green light
dependence of photocurrent (square) and absorption (circle) plotted in polar coordinates*; (g) schematic illustration of ReS, phototransistor treated

with O,-plasma; (h) laser power dependence of photoresponsivity of the ReS, photodetectors with various O, plasma treatment times; (i) rising and
decaying times of the ReS, photodetectors with different O, plasma treatment time*?
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MATTRIEZE T BPI 45 1) S04 rL i 7 (T 4(e), (F)). 45
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Table2 Performance parameter of varies photodetectors based on BP, Group I11A, IVA and ternary metal chal cogenides

LEILRTIRIN H T Wi o7 BE (AJW) - W BB ] (ms) A FRCR(%) BRI (Jones) 275 SCHR

MR 5 0 2 CINRTR4 ) 4.8x107° 1 - - [62]

BB 2 /0 )= LA AELIS  9x10t >10° - ~3x10% [63]

BP LR s 0 2 L SEAY 0.657 - - - [64]
BB 2 /0 )= a4 82 - - - [65]

Sep R B E I 15.33 ~3x10? 2.993x10° - [66]

GaS PVD )2 LA 19.2 ~30 9.373x10° ~10" [67]
U s 0 2 eI 2.8 20 1.367x10° - [68]

GaSe PVD/> 2 g 1.7x1072 - 5.2 - [69]
CVDZ D 0.6 - - - [70]

caTe PR & 2 )2 G ~10* 6 - - [71]
CVDZ ) E LA 3x1072 54 8 - [72]

BRI 5 0 2 Al WL 21 4k 1.57x10° 50 ~10° 1.07x10" [73]

InSe U s 0 2 LH T WGELTAN  5.68x10° 5 - 10% [74]
LA R 0 2 CIA - 8.7x1072 - - [75]

In,Se, PR 2 2 )2 LHNTWGELT AN 3.95%102 18 1.63x10° 2.26x10% [76]
PR & 2 )2 ELIRIWIRAR ~10* 5 - ~10" [77]

U 0 2 CINR R 2.4x10* 0.165 - - [78]

oS, CVDi# )z %1 G ~1072 ~5x107 2.4 2x10° [79]
CVDZJZ CIg 2 42 - - [80]

CVDJ 2 AT, 2.6x10° ~20 9.3x10* 10%° [81]

Snse, CVD/ )2 G 1.1x10° ~10 2.6x10° 10%° [82]
IR E = G 0.5 ~3 - - [83]

GeS PR & 2 2 G 2.06x10° ~10° 4.0x10* ~2.35x10% [84]
Culn/Seyy  HLIH &2 LA 0.38 24 - - [85]
Ta,NiSes U 5 0 )2 SIEAR ) 17.21 ~3x10° 2.645x10° - [86]
SN(SSery). PIEHUMRE G ~6x10° 9 - 8.2x10% [87]
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Figure 4 (Color online) The representative photodetectors based on BP. (a) 3D schematic view of black phosphorus photodetector integrated in a
silicon photonic circuit; (b) optical microscope image of the device; (c) responsivity and internal quantum efficiency (QE) as a function of applied bias
for 100-nm-thick black phosphorus®: (d) schematic of black phosphorus mid-IR photodetectors; (e) back gate voltage dependent photocurrent at dif-
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ferent polarized direction; (f) XX photocurrent (Ix) / YY photocurrent (lyy) ratio at different incident light wavelength!®!
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Figure5 (Color online) Schematic diagram of mixed-dimensional van der Waals heterostructures. (a) 2D-0D; (b) 2D-1D; (c) 2D-2D; (d) 2D-3D*"
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Table3 Performance parameter of mixed-dimensional van der Waals heterostructures photodetectors

AT B S ”&’/jw’*;; Wz my *ﬁ(j;)’;”“ iﬁ“ ei) 2% it
InSe-Alg K 14, G - ~8x1072 8.66x10° - [75]
MoS,-PbSHF 41 A WLZL4k 6x10° ~3x10? - 6x10" [92]

2D-0D o
WSe,-PbSHe: T 1, CINRAR) 2x10° ~5x10? - ~10" [93]
WS,-SnSe# K & CINRAR 9.9x1072 ~8 - - [94]

51D MoS,-GaN CIA 7.345x10? 5 - - [95]
M oS-k 4 K B G4 ~12 1.5x1072 25 - [96]
WSe,-M0S, CIR/A 10 - 2.4 - [97
BP-Mo0S; I 0.418 - 0.3 - [98]
M0S,-WS, CIEA 1.42 - 2.78x10° - [99]

2D-2D ReSe-M oS, G 6.75 - 1.266x10° - [100]
GaTe-MoS, G 1.365 <10 2.66x10° - [101]
MoS,-BP CILRIRAR) 0.1534 1.5x10°2 - 2.13x10° [102]
InSe-CulnSe, e CACINIRIRAR 4.2 - - - [103]
MoS,-Si CIR i) - 3x10°2 - ~10" [104]
GaSe-Si N - 6x10°2 23.6 - [105]

2D-3D WS,-Si Al W2 4h 1.11 76 1.16x10? 5x10" [106]
BP-SrTiO; AT, 1.1x10° - - - [107]
MoSe,-Si Al LT Ah 0.27 ~3x107 - 7.13x10" [108]
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Figure 6 (Color online) The representative photodetectors based on mixed-dimensiona van der Waals heterostructures. (a) Schematic view of the
Mo0S,/PbS photodetector under illumination'; (b) time dependent photoresponse of the monolayer MoS,/single-walled carbon nanotubes p-n photodi-
ode; inset: scanning photocurrent micrograph of a representative photodetector®; (c) transfer curves of the MoS,/GaN phototransistors under different
test conditions®; (d) |-V characteristics of the BP/monolayer MoS, p-n diode under various incident laser powers; inset: schematic view of the device
structurd®®; (e) 1-V characteristics of InSe/CulnSe, lateral p-n diode in dark and under illumination!’®; (f) photoresponsivity of bilayer Gr/WS,/Gr
phototransistor as a function of incident light power; inset: 3D Schematic view of Gr/WS,/Gr photodetector™”; (g) schematic view of the Gr/MoSe,/Si
heterojunction photodetector under illumination; (h) rise and fall time intervals between 10% and 90% of peak response®’®; (i) photoresponse of
BP/SrTiOs; photodetector change with both red and UV is switched on and off alternatively at 50 K7
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Photodetector s based on two-dimensional semiconductors:
Progress, opportunity and challenge

LI Liang, PI Leling, LI HuiQiao & ZHAI TianYou'

State Key Laboratory of Materials Processing and Die & Mould Technology, School of Materials Science and Engineering, Huazhong University
of Science and Technology, Wuhan 430074, China
* Corresponding author, E-mail: zhaity@hust.edu.cn

Two-dimensional (2D) materials have attracted increasingly great interest in recent years due to their unique structures
and novel physical and chemical properties. 2D semiconductors, the brightest member of the family of 2D materials,
alow for realizing versatile electronic and optoelectronic devices. Their layered structure and atomic thickness render
them have promising applications in monolithic integration, flexible devices and wearables electronics. Moreover, their
bandgaps are usually related to the thickness and external strain, which mean the electronic optoelectronic properties can
be tuned by changing the number of layers or strain engineering. Interestingly, some 2D semiconductors such as black
phosphorus, GeS, and ReS, have low symmetry crystal structures, their electronic and optical properties are highly
anisotropic, such characteristics give us another degree of freedom to photodetections using polarized light. This feature
article reviews the recent research activities that focus on applications of 2D semiconductors as photodetectors.

It begins with survey of photocurrent generation mechanisms, which include photoconductive effect, photogating
effect, photovoltaic effect, photo-thermoelectric effect and bolometric effect. These mechanisms are systematically
introduced and discussed.

Then, the general meaning of figure of merit that evaluates the performance of photodetectors is introduced, including
responsivity, external quantum efficiency, time response, signal to noise ratio, noise equivalent power, detectivity.

Furthermore, the recent photodetectors based on 2D semiconductors including transition metal dichal cogenides
(TMDs), black phosphorus, ternary chalcogenides and their hybrid structures such as 2D-0D, 2D-1D, 2D-2D and 2D-3D
structures are presented. MoS,; is the most studied TMD semiconductor, photodetectors based on monolayer and
multilayers MoS, are widely studied, some strategies including doping, encapsulation, and device design for improving
photoelectronic performance are presented. Another interesting TMD is ReS,, due to its direct bandgap nature regardless
of thickness and the low symmetry structure, it is supposed to have promising optoelectronic properties including in
plane anisotropy. Black phosphorus, a p-type direct bandgap semiconductor with ultrahigh room temperature mobility
beyond 1000 cm?V s, have also received much attentions in recent years. Unlike most 2D semiconductor have bandgap
range from 1-2 eV, black phosphorus have a much wide tunable bandgap from 0.3-1.5 eV, depending on the thickness,
which means it can be used for infrared detection. Besides, like ReS,, black phosphorus also have in plane anisotropy in
optic and electronic properties, proving us another additional opportunity by using polarization techniques to control the
photoelectronic properties. The no dangling bonds nature at surface of 2D materials make the mixing of 2D materials
with each other and other materials possible without the constraints of crystal lattice matching possible. These 2D based
hybrid structures are also used in photodetectors to broaden the response range, increase response speed, and even
investigate new physics.

The most challenges of 2D semiconducting photodetectors are the low absorptions, slow response and narrow detect
range. We aso summarize some strategies to improve the above mentioned problems. Plasmon antenna, optical
waveguides and optical microcavities can help to improve light absorption of 2D semiconductors. p-n Diode devices not
only have fast response, but also wide detect range, other strategies such as encapsulation, surface modification, electrode
design and so on might also help. Finally, the article ends with a summary and outlook on the future developmentsin this
growing field.

two-dimensional materials, photodetector, van der Waals, phototransistor, transition metal dichalcogenides, black
phosphorus
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