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Abstract. Fast response photodetectors are widely used in optical communication, high-speed

Wt H A 2022-01-23; f&iTHH#: 2022-02-11

HEETH: AR AARREIEA (61922060,61775156,61805172,61905173 ,62174117) 5 1L FEA TS BF 4 FE b4 1E35 H (201803D42104 ) 5 1L1PG 4
FARBRA LS (201901D211115) 5 FESEARHUH B 4 £ i S5 B AL 5 4F 30U 564 (20171402210001 ) 5 LLPG 4 157 5 2 A BHRE USRS AL 1
BHIH (2020CG013) 5 F TR ZRAHEAA 51 9E L 3030 H (Re2020207) 5 11764 T & 5 560 % 75 (201805D131012-3 ) %3 B35 H
Supported by National Natural Science Foundation of China(61922060,61775156,61805172,61905173,62174117 ) ; Key Re-
search and Development International Cooperation Projects of Shanxi Province(201803D421044 ) ; Natural Science Foundation of
Shanxi Province(201901D211115) ; Fok Ying-Tong Education Foundation for Young Teachers in The Higher Education Institu-
tions of China(20171402210001) ; Transformation and Cultivation Project of Scientific and Technological Achievements in Colle-
ges and Universities of Shanxi Province (2020CG013) ; Liiliang High-level Scientific and Technological Talents Introduction Spe-
cial Project( Re¢2020207) ; Shanxi Platform and Base Special Project(201805D131012-3)



746 K

e % it

photography, biomedical imaging and other fields. Most of the fast response photodetectors used in
the market are based on traditional inorganic semiconductor materials such as silicon and gallium ar-
senide, but their fabrication process is complex, the cost is high, and the mechanical flexibility is
poor. Two-dimensional materials, such as graphene and molybdenum disulfide, due to their unique
layered structure and good optical, electrical, thermal and mechanical properties, are ideal materials
for fabricating photodetectors. In particular, two-dimensional materials with ultra-high carrier mobili-
ties are very suitable for developing fast response photodetectors. In recent years, a series of metal-
semiconductor-metal photodetectors( MSM-PDs) based on two-dimensional materials have been re-
ported, and their response time is often less than 1 pws. In this paper, rapid response two-dimensional
materials based MSM-PDs are reviewed. Firstly, the basic structure and working principle of MSM-
PDs are introduced, and the main factors that determine the response speed of MSM-PD are given.
Then, the molecular structure, optical and electrical properties of graphene, transition metal sul-
fide, black phosphorus, two-dimensional perovskite and other two-dimensional materials are intro-
duced. After that, research progress of Ohmic-contact type, Schottky-contact type and surface plas-
mon polarization enhanced MSM-PDs with the response time less than 1 ps is given. Finally, we
summarize the full text, and prospect the application and development trend of two-dimensional

materials in rapid response photodetectors.

Key words: photodetectors; fast response; two-dimensional materials; graphene; transition metal sulfide; black

543 &

phosphorus; two-dimensional perovskites; metal-semiconductor-metal

1 7] )

s L AR DU 252 — Bk A5 5 e A R B S 5 1Y
AR BT N TS R | R R A
BTl P 6 A L 2T b S A
o7 ] 2 o e PR U 8 M BB Y — A B S
B T O PRI # B AR AR A A e R
(B b TS DR 8 BsF ] B SRy o e 3 DA
Fa s YL A Y 10% (90% ) ETH(FRE) £ 90%
(10% ) Jir it moy Bt g 0 e 3o g 7 Ol FlL 4 0 2% 7
B AF = AR AR B R S SR 2
ok, T R PR R O H B 2 R £
Tk AR S5 AL G T ALY SR A R, RORME
G TCALY PR R LA 7 B R A,
A LA SIE B R A0 45 10 DR e A A A
TR AR I FLHUAR R 06 P 22 S Bl

B 2B 7 A AN W7 R AT Ol H
I 28 7E A G0 T3 B8 LA R SR B0 3 A 25 T TG
WA THEEAERSY ) LA SR 4R
Yy BN R ARG AR R
UG AR PR RTHLAR R L A 7R AR
AR FEFF RARBUA e P R G H 2R 25 J7 18 A
EERENY ) HEAEENE,RE 4tk

AT i 9 B T A 3 R O R ARG B
FIEBRALILF 10" em® - V' - s A&
PR e 10 s B R T 25 Y B AR RE T R v 4
BEE A E R A Y R R
o 4% AR AU AR I ok, LR, —
FRYNVEET ZAERORE Y 6 BRI A Rl 2R A X
6 AR R L PR D A% B0 e R AT DL 3 i
FO ONRDEL E R R R e LRI 1 45
ZHE, Hoh & R -F 5 K-8 8 45 16 B 4R I g%
( Meal-semiconductor-metal photodetectors, MSM-
PDs) 20 EL AT W O E PR O L B s S A
TR Tz R, AN, EATR AR T AR
PONIIL NP7 W

AR SCFE G A R 157 4 A4 FE MSM-PDs Jé I
gk, W, 4 MSM-PDs AYFEARLE K 5 T 4F I
B 48 520 MSM-PDs Wi i 3 B (1) R 2 &, #2
& A ILF T IT R e Nz O SR I e )
YT B BEARE MR, 2 E A A SR T R R
ey BB AERS ek AR BHJS  TE AN 21 )
LR 1 s DUT BRI fih B | A 422 fiph 24 L)
Fo kT 3 T A5 B 0 A8 A B R PR e )3
MSM-PDs HYHIFTEHE R , i, of R 3 i 1o — 24 A4
BEG L PRI 5 AR OK 1 R S AT,



G 058 T, 2 ¢ T A DR D 7 - - 4% s o PR 28 9 i 747
(eI

2 MSM-PDs AR 4ME T4F R

2.1 MSM-PDs EA%#
MSM-PDs 38 F P31~ 43 J8 > T A 42 fioh 21 1

A 43 Sk V- TG 45 4 RN Al LS5 A PR IS an &l 1 i,
V- T 45 49 1) MSM-PDs 1 | HL A 37 T2 S K2 Y
[l —M (P 1 (a)) . 7 3 1 25 0 2 1R
HLAR o7 T2 AR Z B W, W&l 1 (b) FroR . X
T 235 K4 1) 2842 43 590 9 Bk Ok °F- T MSM-PDs il 2 T
MSM-PDs, V-1 MSM-PDs 45 T. 25 B8 Ah & T
N A A N (E S N ST Tl N {1
MSM-PDs H, #5 4F T00 5 14 4 Ja ri A 6 200 12 05 3
DI G R 08 BE A B rhF] 2 AR Z b, el
MSM-PDs B, A B 25 U8 i 2% b )2, DL R SIE S W ik
J2 f R I S5 A ] 22 o 2 B i AT L B I B
. T EH MSM-PDs H HLHE 2 (0] (Y BE 25 5 45 1,
A R F U IR 1 1 A AR A [ B R B =2 ) Y R
BT DA DT U6/ )N 28 0 A D ) PR
M) 7 3 B AT DA B

@ s (b)

TR

BT (a) A SUHE LB A9 F T MSM-PD 7R & IEL; (b) B
A % 3 AR Y 2 1 MSM-PD R BA,

Fig. 1  (a) Schematic diagram of the planar MSM-PD with

interdigital metal strip electrodes. (b) Schematic di-

agram of vertical MSM-PD with common metal elec-

trodes.
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Fig.6 (a)The schematic layered structures of graphene!

(b) The schematic layered structures of MoS, M () Layered

black phosphorus crystal structure’”’. (d) The schematic layered structures of perovskites from 2D to 3D, (e) The

schematic layered structures of 2D Bi, 0,Se'”".
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Fig.8 (a)Schematic of the Bi, 0,Se photodetector

[%7 " (b) Structure diagram of hybrid graphene photodetector ™’ (¢)The ris-
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ing edge of the response time of the hybrid graphene photodetector (d) Transient photocurrent traces of the planar ar-

ray photodetector'™’ . (') The 2D bilayered perovskite structure of (PA),(G)Pb,I, [ () Structure diagram of gra-

phene photodetector™’.
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tector[87

phene/Si photodetectors under 532 nm laser illuminating

hanced waveguide-integrated graphene photodetector’

tector[go] .

89

(a)Schematic diagram of graphene photodetector with Au nanoparticles™’’. (b) Transient response of graphene photode-

'. (c¢)Schematic diagram of graphene/Si photodetector with Pt nanoparticles'™®’. (d) Transient response of gra-

8] (&) Three-dimensional schematic of the plasmonic en-

. (f)Schematic diagram of graphene-plasmon integrated photode-
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Tab.1 Summary of fast response MSM-PDs based on two-dimensional materials

Response

Bandwidth/ R/ D"/

Device structure EQE/% Year Ref.
speed GHz (A-W™) Jones
Ti/ Au/Graphene/Ti/ Au 2. 1ps 262 — — — 2011 [84]
Au/Graphene/Au — 20 — 0.1 — 2013  [81]
Ni/Al/Graphene/Ni/ Al 24 ps 41 — 1.6 x 107 — 2014 [79]
Ti/Au/Graphene/Ti/Au 600 ns — — 83 10 x 108 2017 [87]
Graphene Au/MoS, /Graphene/ Au 17 ns — — 3 x10* — 2017 [82]
Au/Deposited graphene/Au 10 ns — — 0.5 7.4 x10° 2017 [76]
Au/Graphene/Si/Pt/ Au 180 ns — >10* 1.68 x 10’ — 2018 [88]
Au/Graphene/Au — 110 — 0.5 — 2018 [89]
Au/Pd/ Graphene/Au/Pd — 110 29 0.36 — 2019 [90]
Au/Cr/MoS,/Au/Cr 3 ps 300 — — 2015 [85]
TMD Mo/MoS, /Mo 1 ps — — 15 — 2017 [78]
Au/MoS,/ Au 60 ns 5.5%x107° 30 0.11 — 2019 [75]
BP Ti/Au/BP/Ti/Au 380 ps 9 — — — 2017 [86]
Au/EFA/Au 2.54 ns — — — 1.73 x10™ 2019 [77]
2D Pervoskite
Au/Perovskites/ Au 3.1 ns — — 47 6.3x10'7 2019 [83]
Ti/Au/Bi, 0,Se/Ti/Au 1 ps 500 — 65 — 2018 [71]
Bi,0,Se
Cr/Au/Bi, 0,8e/Cr/ Au 476 ns — — 58 — 2021 [73]
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