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Fig. 1. The characteristics of the photogating effect: (a) Schematic diagram of the photogating effect?); (b) the Iy-V, transfer chara-

cteristic curve after illumination. The black line, red line and blue line represent dark current, photocurrent of photogating effect,

the superimposed photocurrent of photogating effect and photoconductive effect, respectively; (c¢) schematic diagram of band ar-

rangement in photogating effect devices!*!.
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Fig. 2. Single two-dimensional material photodetector: (a) Photoexcited hot carrier tunnelling in graphene double-layer heterostruc-
tures'%; (b) schematic diagram of the graphene photodetector on lightly p-doped silicon/SiO, substratel; (c) schematic diagram of
the InSb-based graphene field effect transistor (FET)P"; (d) charge trapping model and simplified energy band diagram!’; (e) the
relationship between photoresponsivity and V[ (f) photoresponsivity under different substrates®; (g) the maximum photocur-
rent is realized near the maximum transconductance at different incident power®; (h) the relationship between photocurrent and

timel67,
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=T Ty A SR B A B R e S R, A
LR, PRI A 25 R EAIK. 78 o] 52 531 H
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A1 250 T 1 RS 3R AR Ry R FL VA Y e R
2013 4F, Roy 45 "7 FI] FH A7 2544 A1 MoS, B9 5 4
SERE T T HAG T e R R R R, A 3(a)
Jiras. Horbofr S50 70 2 LB 1, MoS, 78 2% Ry dik
Sz, FEfRE T, S AR R REON 5, Sk
HL R B 580, 25 XA AE MoS, HIE oG
2. HEERT, #EEm R R EH 5 x 108 A/W,
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Fig. 3. The photodetectors based on graphene heterostructures:

(a)

Schematic of device architecture graphene/MoS,

photodetector’”; (b) schematic of the heterostructure phototransistor devicel™; (c) graphene/BP heterostructure photodetector!®?);

(d) the relationship between photoresponsivity and light intensity®); (e) responsivity as a function of the wavelength (Vp = -3 V,

Vg = =30 V)I¥; (f) photocurrent and photoresponsivity versus incident light power at 980 nm. (Vpg = 1V, Vg = 0 V)50,

FEIREE A 130 K B, Hotmm iy B =ik %] 1010 A/W.
Qiao %5 ™ B () 47 B8 I -Biy Tey S 45 % B 350
FELAT DAT LG BT 21 AN T Y B ARG i
77, G0l 3(b) B7R, JREEER 2 A AR 28 G g B
[ 1000 fi5Ze 47, iRBNL+ A/W By g, 35k
B 83 ZcAy, B HE SRS, SRR B G
B, [ TFeE] B AT 8.7 ms. Kim % B8 i ] CVD
JrikA KA, JH MBE & B BipSes ™0, &1t
A7 AR -BiySey 55T 45 B A 2L AN HL AR I £
AR B BigSes H N S AR KT 21 SR FIILL S
ST B AT W ORT A7 B A5 -BigSes S HIAL Y S
RN, R A BRI R AT 43 B B T e R
F G B, A 2T A0k BRI 2T AN B, S
&5 ik F] 1.97 A/W 1 8.18 A/W. Xu % Bl fifi
FEEAFBRN 22 BP 1B 3R e sobs ke, 15
THT A B 0-2RE (BP) SR GHERIIE. e
HIZERF, JeBk Tk A BP /EAOEMZ, 25
TOMAA S0 2T AR . 7E 655 nm S AL
S B EE K E] 55.75 A/W, 7E 785 nm K AL
N EEIRE] 1.82 A/W. [AIFERY, Liu 4 B2 2R CVD
B BT R B RS T B R N L M REAR
()£ 28005 /BP ZLAMIE K MG PRI &, 284 T iy
TR A S A S B2, 1 iR 78 2 sk

M TAEZ, WK 3(c) B, f184%-BP S5
S5t RIS AR 2T AN (1550 nm) 4RI H
FRER 5 A Y, 3R 3 3.3 x 103 A/W, B EH
ik 1.13 x 109, _FFHmpz a4 HA 4 ms. Liu 555
BT A 25075 / MoSe, Jt FELERIN 5% [FIRE IR 1588 =
MRz, 7F 550 nm i KAb I 1.3 x 10 A/W. Lan
U AR BIE T CVD K WS, M A
i-WS, JUfE FLHr S B 4s. i 8 -W'S, Sl
MNEE LY, AR5 B T A B T2 7O, ER
DS s B T S A R B, 7E 405 nm AL GIR
RIEERR] 950 A /W, WK 3(d) s, 7E 340680 nm
TN EA OGN . FIFHZ2 )2 ReS, A Hi%
HEBR, TG B4, Kang 45 B9 R HIMES 5k
BT T 4 B H5-ReS, FRADEAHIEMZE. HT ReS,
VBRI IZ 5 RGN, S8 ZE R -3V,
WHEA-30 V A1 400 nm Y6 B8 T 38 B e K G R B
T % 100 A/W, TE 3(e) Firas, WA TRE
REA 2.2 x 10%%, #RIMEH 1.6 x 103 Jones Al
HA 30 ms A HE I R B ], LBt ReS, S50
a3 AN B, VLR T OGN AR RS B B AR =k
LU I 7 2 BRI R 254 TP Y ReS, SGHEZ B4
i MoTe,, Yu 55 B0 515 @ i £LAMATI 2%, i
T8 JRIRAE MoTe, 5 | R SEMAL N, fifi #5144 2 2
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F 1 ETAHBIGREL (Gr) FOGIHREEEERHE
Table 1.  Graphene(Gr)-based photodetectors with grating photogating.

Material Responsivity /(A-W 1) Gain Response time/ms Detection range/nm Ref.
Gr/MoSe, 1.3 x 10* — 22000.0 550 (83]
Gr/MoTe, 970.82 4.69 x 108 78.0 1064 (86]
Gr/ReS, 7 % 10° — 30.0 550 nm [85]
Gr/WS, 950 — — 340-680 nm [84]
Gr/MoS, 107 108 — 650 [87]
Gr/BP 55.75 — 36.0 655 [82]
Gr/Bil, 6 x 100 — 8.0 532 [88]
Gr/PbSe 6613 7824 25.0 — (16]
Gr/BiyTey 35 83 8.7 532—1550 (78]
Gr/MoS, 5 x 108 — — 635 [77]
Gr/Bi,Se, 8.18 - - near-IR 7502500 [38]

IR ED IS 2R F] 4.69 x 10° FHAENIZIAE] 1.55 x
10 Jones. AMLUNLL, Z AR A & 566 HU R
M LOEE] 1064 nm, R AETE 1064 nm FEK T,
St s 970.82 A/W, 4nlE 3(f) iR, BLAh, 78
S5 AR AT RS RAFRD BRG], 78 Vp =
1V, 1064 nm 4bBA 60 A/W R, B R
AR, FEE, RS 1Y e i i 2L A R A 2
BET . 554, ik LA 26 T I S AR 3 T SR 5
4 (Gr) WA R Sel il 42 ' Ha AR DU 4 1 S, 7
S IO B | i R SO R T LA SR G R AR
B A I AR, Ak 1 B,

4.2 AREZHEMBHRBIRRE

A1 EENG TR T A SRR R AR R
A%, 12T ARREIHE HALAR A7 S50 5 B4l B G R Pk
RE. AU pn S T4 A8 LAY 5 21 PN A Fi 37 P A Rl
OrESGAE LS ON i SO A T 4 [ B 34 AT LA
JH LA P4 B 1 B9 T B B B A A R e
AL A AR RE.

Qi 55 B R AWK CVD AE K ik se sl 1
P 1 | PERERRE 19 PbLy/ WS, ZLAMNE K 1 HL
Mg, g 4(a) Bros, KA TR R Pbl, By £
RO TR Z , WSy M R EHZ ok 8 15 4%
WU, BT po S BT4E AR ELA N L 3
I TG K L 23 7O B 23 B R 7Ot
WY ES, NTFEGEIA 5.57 x 102 A/W KDL
Mg 7 1 S 1) 60 5 il ] 2 73 53] A 24 ms
1 33 ms, QI 4(b) Fras. o, Same i e 2 HAt
SURAE TR pn SEREH R R (E, S 4l PbI,

FHL, Pbly/ WS, 5545 5 F A7 I 23 1 e 1 P £
13 AR AL, FERI-60 VAR L fi
B, TP SRS R 7.1 x 100 A/W; ZEMHR
HLEA-40 VI, SRIR#T 4.9 x 102 Jones. Yang
S5 FIH CVD il £ T Z KB KR WSey/SnS,
NI RUZ 554G, WAl 4(c) 7R, Krause 45 P FHE
— P JE R A UZ WSe,/SnS, S 4EH4 (A
XTgtrHES . T R4S T WSe, BIHMH R T SnS,
At , TR T T AL T 24 REHE 25 44 2 &l 4(d)
Jim, il TR TR A, IR T R
7B . AT FH 22 s AR 1 T A 50 SR AR,
3PN TAERE: 4l WSe, fh A4 . WSey/SnS,
HRIR A ARE S WSe,/SnS, HEBX TR, Hirp) H3Bk
B8 WSe,/SnS, pn &5 B A WARAI IR HE R, R
104 A, FFEHRIA 107, FE G HL 5 T, B AR 2L
WSe,/SnS, 5 it 25 6 i i 4 4 108.7 mA /W, £
MR 4.71 x 1010 Jones F1 1w [ 3 B A 500 ps.
AR T SCHR BTG 19 CVD A= K A 2 6] S5 Jo 445 %
s, HOGHRMEER T —@ T, BRI TEmL
RS 125 ME B 1T A A S B 45 G L AR I B8 . Ye 55 199)
LI BP NIGHUZ . WSe, MIHIE)Z, il & 1 T 9\
M5 44 ) BP /WSe, Y 557 T8 06 L4 5,
Kl 4(e) s, TEIGEUL Z5F T, BP Fll WSe, #BH]
DU AR, WEER I BP it
TEALE] WSe, H, FEOHE M KL WSe, HHE 21
FL 9 O DA T JBE R G L. 1T WiSe, FR
Sz N # L R ) BP ThIE R AE BP, 1E
SR Y BEAT R IR AT G R LT A
i 87 2R3 AT LAGAE] 103 F1 5 x 107 A/W, 450
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B4 FETHRmsk i PN S5 45 i BRI 4%
(c) WSey /SnS, 2 Hi W) 5 J5T 25 K4 35 M 45 14 109 7R 3
(e) 2T LM AL 1) WSeo/BP H: i HEI #5878 2 5 (f) 76 1 mW /em? (9 AT DI ZR 2R 0.5 VIRE T, 61 45 G MM ZE D XA
[7]) 9 1 R BT A AR G 3R 19915 () 7E 637 mm Y BRT #% 7 1s RL; (b)) THUAME Pl AR 00 1 R B A DX B S L Vi () — AN
TRE]: L FEE A 10 us, T REEE A 10 s B9 HRHE 28 F 20 ps (912 18435 41 /i 194,

(a) Pbly/WS, 55 HIE AR A (b) PhLy/WS, 47 46 0 8 W6 1 e 1] 09
; (d) WSe,/SnS, 5 J5 4 0 Rt 45 4 FOE % . J2 1) 0 1 5o 72 1 7% 2 P 0

Fig. 4. PN heterojunction photodetector based on photogating effect: (a) Schematic device structure of Pbl,/WS, photodetector fab-
ricated on SiO,/Si substrate; (b) time-resolved photoresponse of Pbl,/WS, phototransistors®™); (c) schematic diagram of the multi-
electrode WSe,/SnS, vdW heterostructure backgate device; (d) schematic diagram of WSe,/SnS, heterostructure band structure
and photoexcitation, interlayer relaxation process in WSe,/SnS, heterojunction®”; (e) schematic illustration of the BP on WSe, pho-
todetector with photogate structure; (f) the dependence of the photogain G and detectivity D* on the different wavelength illu-
mination at 1 mW /cm? incident illumination power density and 0.5 V biasl®); (g) schematic illustration of the device in the dark
under 637 nm illumination; (h) a conductive path for Vi, is formed between side top-gate electrode and overlapped region; (i) a
single modulation cycle The rise time is =10 us The fall time consists of a fast component of =10 us and a slow component of =
20 psb.

ROk 101 F1 10 Jones, Q1K 4(f) Uis. #fd:
FIH BP HA 5 10 R, IS4 1550 nm
WA A AR D' i 17 B e K24 40 mA /W, HA
ST AT w8 (2 SR 0°); S5/ Wi iy 5 24
68 mA /W, HoAw 4l 75 a1 95 % 5 )5 a] (€ XA 90°),
i E 2R B L B U R AR ZE A 6 BRI . Guo
S 00 R — Rl 254, dE 5 A A B E R
i, SEHL T A R, ARl 4(g) . DGR
I, p BWSe, 402K F V5 A GO A $2 (R A MR i .
XF ZnO TFHL I E A AFE S XA TR, aniEl 4(h)
s e S H R0 0 1 £ AR L7 R R] 53531 R

SO R R GBE S it 1A ) e e BE A o, I
LM BT ' P A 0 25 1 U el 7 R G 25 43 3] 3 )
4.83 x 10° A/W 1 104, [RIA, 075 3] T HebR i i
NEEFRIA 10 ps, Q0 4(1) Bk,

5 REMEZ

ARSC B IR T MO B B A A
KNS T T YERDRE S A A O R SR 5 T 1T
AT T RE . BRI LAR R T Rk #7E
A G # P ARSI S, Ak
7 il £ PO G P PRI s (O PR RE AT (i 5 de s, (HARR
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Fig. 5. New structure of photodetector based on photogating

(a) 211 E5 1

effect: (a) Schematic diagram of device structure; (b) sche-

matic diagram of energy band structure.
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Abstract

In recent years, due to their unique physical, chemical and electronic properties, two-dimensional materials
have received more and more researchers’ attention. In particular, the excellent optoelectronic properties and
transport properties of two-dimensional materials such as graphene, black phosphorous and transition metal
sulfide materials make them have broad application prospects in the field of next-generation optoelectronic
devices. In this article, we will mainly introduce the advantages of two-dimensional materials in the field of
photodetection, outline the basic principles and parameters of photodetectors, focus on the difference between
the grating effect and the traditional photoconductive effect, and the reasons and characteristics of improving
optical gain and optical responsivity. Then we review the latest developments and applications of grating local
control in photodetectors, and finally summarize the problems faced by the photodetectors of this kind and their

prospects for the future.

Keywords: two-dimensional material, photoelectric detection, photogating effect, heterojunction, built-in

electric field
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