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Abstract: The metal-semiconductor-metal photodetectors (MSM-PDs) have received great attention in areas of
optical fiber communication, sensing, missile guidance, etc., due to their inherent merits of high speed, high
responsitivity, and easy integration. This review focused on MSM PDs with the semiconductor layer made of
inorganic materials. Firstly, the basic structures of MSM-PDs was introduced, including the planar and vertical
configurations. Then, the working principles of MSM-PDs were introduced. In addition to the common
photoconductive and Schottky principles, the principle of hot carrier photodetectors with the metal layer as the
light absorbing part was also introduced. Subsequently, the research progresses of MSM-PDs made of inorganic
materials such as GaAs, InGaAs, Si/Ge was described in detail. Additionally, the research progress of using
metallic micro/nano structures to extend the response of wide energy band semiconductor based MSM-PDs in
infrared wavelength range was presented. Finally, the full text was summarized and the future development of

MSM-PDs was prospected.
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Fig.1 (a) and (b) Schematic diagrams of the planar and vertical MSMs, respectively; (c) Intrinsic and extrinsic light excitation processes of

semiconductor materials; (d) The diagram illustrating the principle of Schottky MSM-PDs at Vgg < V' < Vg, (e) The diagram illustrating the

principle of hot carrier Schottky MSM-PDs with the hot electrons and the corresponding current produced due to the absorption of light by the left

metal film left metal film
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Fig.2 (a-e) Energy band and (f-j) electric field distribution diagrams of a typical MSM structure. (a) (f) without applied voltage; (b)(g) V is lower than

Vrr, (c)(h) Vis equal to Vgr, (d)(i) V'is equal to Vg, (€)(j) V is greater than Vip but smaller than Vg
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Fig.3 (a) Experimental and calculated impulse response of a GaAs MSM-PDP?; (b) Impulse response of a GaAs MSM-PD with both finger spacing and

width of 300 nm"*; (c) Schematic diagram of a resonant cavity enhanced GaAs MSM-PDP*; (d) Schematic diagram of GaAs MSM-PD with

recessed anode and cathode!""); (e) Schematic diagram of the plasmonic MSM-PD structure™; (f) Structure diagram of a GaAs MSM-PD based on

2D electron gas and 2D hole gas®™

TR TR 0 FL AR P SO I s X SR Y L 3, A e T
) 3 FU R Y BE B, AT AT LA A b i S 40 T, (L
HLA TR R A LA B M R, B TE SV R T
NN 0.24 A/W, B S AR RS T 0.1 A/W, FTillfE
(T BT IR 13 ps, 305 U 4R T 45 ps.

JEHL PRI SR A 2 ad — B i ) 9 (o ), MR
TR L3, 3 1B Ak T DAORIP S0 S a2 PR T e 1
S, A AU ]k S R ) PR RN P RE A S, DA
42 RS PR R SE M . 2005 4E, Lee 25 Afd F G L1
A Tk B AR P LA 2 ] ) 2 T R O X )
HEINY — 2 AR Bl AR, B 5 LA A 70.0 pA [
I8 13.7 pA, I H A& LBl 20800 T RIE A, BEALT
Fm i LR, (5 RN 425 V4 F
52.5 Vil

S LT MSM-PD o, 42 )@ B iR IR S 5 5,
HHAP 42 8 45 Jr e 1 B4 IX SRR . (R 4B AR
{18 SR SFF B HE X 2 S A DX 30 38 4 £ 45 MSM-PD 52 B
HMEFROR L EBUR SR TR £ . 2011 4, Karar 45
NARGE T — s i 7 3 0 4 AR 1 A OB A F Y

I GaAs MSM-PD, Z5 R 1E 3(e) Fros, SOG4
02 ) (9 0 LR 5 TG R R A L, 3SR T 4 £
2015 4, Sharaf 5 N iE— MBS FHFSE T 60 &% 4
JB G LR ) GaAs MSM-PD #8141 1t BEDS, 2% R3¢
BHZ 285 40 A% S8 1 A 0 0% K Bk 4% MSM-PDM (1 i
WY 42 £, SRR T 10 f5 . BT TE
S BT X AR AT LLSE I 909 GHz (14 45 2 1)
4R . I 4M, Neutens 55 A F] 1 GaAs MSM-PDs 5
BTN 4 R A A 5 2 A B OT R R, AT
IRTFERE T A Fh P AT [ B A £ 450 23 i [0 2 9, %%
SRR AP 40 nm B 0] RIS #1470 GHZ,
DX 53] O - AE A SRR R =2 ] 4
BiTis sh ity =X, 4k i 1<% 7R (2DEG or
2DHG) 548 #1491 i 9 29 RFAN e 1 1 N 1Y
B . 24 nfl Al Ga, As 5 AB2% GaAs #filiit, H
FHEBZ n A ALGa, As PR BERIE B S IR
T, T T LA I Y GaAs ZROKREYL, i1
HL T RAEFELEAE GaAs X, 78 GaAs i1 45 40 % 34 B
PR AR S ST AT R R T N AE A

20201025-7



ISk A2

% 84

www.irla.cn

% 49 A

g, BB T 2DEG. HAL SAE T H b4 X R 7R
n % Al.Ga,_As 1, 1fif L F L5 2R 7E R B 2% GaAs
HEAT, BT A A R B, BT LA BR T
T AT e A v I S 0 PR B 2R U R L TR R
P TR R, BT 2DEG AR R I M
M) 074 T B 2234 3] 640 GHz, AFFE & 1175 7 2T GaAs
2DEG 3§, 2DHG Jt: B #4825 fiE 0% 55 20 431 2% 0 iy Ry
PR E— k. 1992 4F, Litvin 55 N3 F45%% n Al
AlGa,_As SA4587% GaAs HAL5H S T HA 40GHz
R 13 ) MSM-PDsY . 1997 4E, Nabet i % 1 2510
A, JT R 4k o SBT3
HEAT T M R, 2014 4%, AT [R] 1) A 2DEG AN
2DHG, il % T an &l 3(H) Bi7s 19 2 A MSM-PDs, 52 8
T 2 ps ZE AT B Bt [i) g o e e
2.2 InGaAs ¥4} MSM-PDs

Bl B OCAF AR M K T &, ATH 80 4F
RIGIATFIRTT I InGaAs #4 8 MSM-PD Y AHCAFFE ),
InGaAs i & W 5 F A5 4 0 1 & i, A T AR K
0 B AT A 35 0.8 ~ 3.5 um!®@ %, 1987 4E, IBM /A Al 1Y
Melntuff 55 A fR1E T % —> InGaAs MSM-PD, i & {f
AR AE GaAs #HE B, 76 1.3 pm 35K R R (1 Wi iy 3k
JE k48 ps, BT, 55T InP A1 InGaAs MSM-PD
WHAHIEMIE, 55 GaAs IS AR BYRE AR L, 180/
TR 7, BEAR T TEMERE . 1996 48, BOttcher 5
AR T 3 F WK AY InGaAs MSM-PD, i Ji] 7 5
iK% 40 GHz P 121, 1997 4F, Hurr 45 A A% 2 52 B
T InGaAs MSM-PD [ 51 i 4 il 6 L 3R SO R 28,
MR E R 0.32 A/W, 10 V B B HLIR A 107 A %,

{0 InGaAs #8545 Ja8 12 firh 3% 42 e BE A, 1K1Y
P S P EUR R B R, K, AR
InGaAs BB 48 Hh R I — )24 B i InGaAs 1)
HMEJZVE R 21502, BB 2% InP 27 Fe
Z& InP 2 @) InAlAs 2 AlGaAs 2 . InGaP 2",
ARV e & m T A8 fln, 1991 48, B E
25 NHIHARIE MOVPE K, s Dkl s B A7 JE 5 4%
InP P 55 3L 34 2 1958 2 ) InGaAs MSM-PDY), 7£ 1.5V
TG /N T 60 nA OB 100 pmx100 pm),

16 6 VI _E T 1 i 18] /N T 30 ps, Home i 5
0.42 A/W, 1992 4F, Kim % A X% HLBF 58 T LA InAlAs
2 1a5E 2 InGaAs MSM-PD #$4- 75 Aif FE X iy

HRAR AP e 22 5 U0, AT R B A 4(a) BRI
T R, B AR RIS T g o o B, (EL A ST I g
R MR B4 5, AR PR AR IS 1.3 pm 5V AR R T i
N IRE] 0.96 A/W, H T3 23800 2 5] Aizas e
P AR A IS FL R 5.6%107° AJem?, BARPERE ILIEL 4 (b)
Fi7R o 1995 4F, Yuang 55 A il £ T % InGaP/InP AL
221458 P InGaAs MSM-PD #1474 (i 15155 Hy, i 4%
B AR B R AR ROV PR . BE S AT
TRUERYIERE b, UE— B3 IR T T 4 08 B b B SR S AR
AEXT AR RE Y 52 U, 254 T 1A 4(c) B A&
P4 @ B SR FE N 100 nm [ AR A 10 nm B, B ERL B
AN 375 BH AR S 2325 BH B, AN 25 20028 2544 1) B v 30 %
i ] o o7 A, EI0T ORI 1.55 pm T A9 I 07 2
0.4 A/W 2= 5] 0.7 A/W, 255 T 75%, H &M fg
K 4(d) Fi7n. 1994 4F, Klockenbrink 46 A & FR7E InGaAs
RS 4 IR H AR (8] 51 AT ALOs A0 32 J5 4 14 1) #4
FoE SR G AT TAE R I AR e = IR A
T PRR RS A I LA 2, 350 1070 A SR S, P2
2R JGREEM 250 °C B TFHF 350 C B, A ALO;
N TRZEE R R R BT T 465, WA ALO; 7
O S 25 1 G L GRS 0 1K 100 A

T BRI RS, g | AR A h 0 23 1 2R 1 A
S 1 AN R 2R R 5, R O AF 9 2 D48 1 X 34 22
B om0 RS TR R S AR R ]
. 1999 4F, Pang %6 A1 T —Fh iR sl AL InP #4224
o J22 2% T 19 725 1k fE InGaAs MSM-PD, 528 T g 14
PEREM AR E BT H A, A A — R AR A (E
200 fF, M5 LR AE 10V fi K T 29 200 nA, Hof7 28 L
2150 20 V, REREKHN 0.75 A/W, #5 K 20 GHz.
2005 4, Chiu 55 A K| HI A IF 30 T 4 (BCB) fl BE £ 1k
B 7 2 T InGaAs MSM-PD 2§ B Pk e U, 40 i
IER 1SS A 4(e) Bin . MATTAIH BCB #fifkad 72
FEATE MR SE R A TS T, (s B 3 25 A 11 nA/um®
MR 3] 5.7 pA/um?, Q& 4(F) s .

R T A B0 A A e Ry R, — A% MSM-PDs
A B XSS OR RUBE o 55— T, B KK X
B Ot L RN R AR A RS TR A T W K
2004 4, Kim ZE A #1457 1 mmx 1 mm B KA InGaAs
MSM-PDs"7, 4 4 J& S48 HL M 58 B 2 pum, 8] BE
15 pm B 75 51 2% 248 (1 0 B R 1.02 A/W, 4 58 8
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(a) (c) 3 220 nm-thick SiNx . (e) ,
Back-illuminaced MSM photodetector Il 10 nm-thick or 100 nm-thick Au A— 7
AR (or HR) / L —
-InATAs . y -
11 — —-%%—2%2??5 In,,Ga,, P undoped 10/nm m
| m— — N 1\ 4 \ 1
Optical fiber, | N i-InAIAs InP undoped 40/nm Graced layer,
%}g(n_S?N ) InGaAs undoped 1/pum BCE /. InGaAs \ BCE
iNa / /
T InP undoped 0.5/um Inalas
(V-grooved M@.@_ - Fe-doped InP substrate GANLlS
(Drawing not in scale)

(b) 1.0 — 500 (d) 0.90 (D1E-4 |

- _——Photoresponse ——— 0.85 ——10 nm-thick | < |p s 1E-5 B

L 08 ¢ 400 § T 080 —+—100 nm-thick| & " . £

> ! =) 2 0.75 ° BCB-passivated | [Non-passivated

<06 ! J300 & < 070} —— | § IE6T .

2 150-3.0-1.5/1.0/Abgupt g 3 065 = 1E-7} 1E-7}

£ 04 ' l0 & E 060 2 ——

=0 J 2 5055 8 1pgl” 1E-8

Z Dark — S £ 030 g 1E-8 1

2,02 . 1100 > 2045 2 -

2 _~“current Ry L S 2 1E-8 b+ Photo current 1E=8 [, photo current

N et . 0 & 035 . glE—IO - Dark current 1E-10 L Dark current
0 5 10 15 20 0.1 1 10 100 = 0 2 4 0 2 4

Bias voltage/V

Optical power/pW

Bias voltage/V

K 4 EHI InGaAs MSM-PD ) 5H7R B (a) KOG REFIE R T ()7 HATEW]H R AE kY InGaAs MSM-PD £5H7R AT (c) S
(5] 5 Ja WL JEE BE T e M R AR BT A AR S R 2R AT () BCB MIBESE L InGaAs MSM-PD AYZSHI/RBE I (e) BeBlALATIR#RF

F G RV LR i (D7)

Fig.4 Schematic diagram of a back-illuminated InGaAs MSM-PD (a) and its photo response and dark current characteristics (b)"""; Schematic diagram

of an InGaAs MSM-PD with semi-transparent Schottky contacts (c) and curves of responsivity versus optical power for the devices with different

contact thicknesses!". The structural diagram of the BCB passivated InGaAs MSM-PD (e) and the 1-V characteristics in dark and under

illumination for devices before and after passivation (f)"%!

210 MHz, Jf HiZ#% 4 4 | ] InP/InGaAsP 1% i 2 1%
# InGaAs 5 InAlAs Z 8] 1) InGaAlAs 2% 7% )2, 1F
10 V fii & R A5 20 T 441K B W5 HLIR 45 nA, AH R 35
TR ZE 45 fA/um’,
2.3 Si/Ge #f#} MSM-PDs

T GaAs. InGaAs # ¥} 1 1 Bt MSM-PDs .
ZoW KB WEFE, TAE 800 nm K% H 15 Ik B, GaAs Al
Si MSM-PDs J& A LA B8 %, JF H Si MSM-PDs
Y5 GaAs MSM-PDs M L, il % BiAS A, BE 45 ) 55 R
KM, % T Si MSM-PDs i i 3% i W T
1991 4EPY. 1993 4F, Si MSM-PDs #i il T 1E AR H I,
A N A7 6 TE 465 nm KT B 48 ] 75 GHZ,
2 AR I 3 W] 52 ik AR B W W TR 1 52 ) i 1 A
800 rum FRFA/T Wi 17 882 B 8 748, 7 b A0 4R e 7
38 GHz, [AJ4F, M i T38 o P Ak SCHs B Al 1 LA 2
B, OB AR e Ay v g — 2B A0 110 GHZ™, %tk
fE & 7E 400 nm J5 I T IAS Y, ] BA R
e B 1 i

TR BIRELE 800 nm 4 T A M SUIR BESA 10 pm

L, —E R B2 T AR e B B S Lee %A
$e A 3~7 pm JRE A ik v (G 0 /)N T HAE 830 nm
PR T B s B, B 12.7 pm) 145 Si MSM-PD, Jy
TS AT RN 5 M e 1 46, AT T Ak R ) T AR
TANEE S(a) TR B SCRE, LB Rk v B A1) B D
2, MTTRT T I g (R BAL GE s A AR e 1oy R kA
RBHTEE T W Blcsts 1 e L REPET, 1996 4F, Ho
AR 5 —Fp Oy ok B Si MSM-PD 7E K B 1)
i o7 7, BRI L 5(b) BT /R AT RESS F 00, %4
Fa HREH 9 5 BE R 9 pm, SRIIE T 63% 1Y 790 nm Y K
A SRR, A AT A X — 3, SRRk
DI FL 3 430 T4 350, ZEREAE N 7 B MR RE X S
W= A A B T T LR 5B Z M Je 5 1 4
Jr F R TR R SR, AT DR B 8 7 o B R B . 2 A
FRAE 5V R IAS1 3 dB 5150 B4 9 A 2.2 GHz,
BEAMAT BT A - T R B B e T2 5 A%

TI-V % HL R 2% AR AE 1.3 ~ 1.55 pm A8 {5
P BB TR R B, AR e AT S Rk AR T2
IR LR — DX, TEXFE— A RT, B
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(@

Schottky

contacts \

Membrane

Silicon
substrate

Textured back
surface

10*
(c

~

f—+—Ti-Ge-Ti (light) < Ti-Ge-Ti (dark)
~#—Ni-Ge-Ni (light) Ni-Ge-Ni (dark)

~#—Ti_Ge-Ni (light)"* Ti-Ge-Ni (dark)
10° F

d 3

’ L jore (=1 480/nm)

i’ "“-3‘3fﬁfOr?i?%fif%E:E:'
i Idarh

102 g u g

0 025 050 075 1.00 125 1.50
Bias voltage/V

Detector current/pA

(®) Transmission line .electrode ,,_'.f:
;" ‘*j /
Silicon
ridge .
Ay A ) ] sio,
) e 7 1] s & 6 e /- Tiw/Au
Transmission line electrode
TR ]
Silicon substrate
(d)

K5 (a) T A SEEMREEE L6 fER MSM-PD BRI K7 (b) HA BT RELS A MSM-PD 25 F 7% BE B () HA SRR HL R RIS XS R AT
) Ge MSM-PDs ot iz Flig FLIR HIZREY; (d) St MSM-PD fYAERIFRHLIL SEM &

Fig.5 (a) Cross-sectional diagram of an MSM detector based on a textured silicon membrane!™; (b) Schematic diagram of an MSM-PD based on silicon

trenches™; (c) Photo response and dark currents measured for both symmetric and asymmetric MSM-PDs on Ge substrate!®’; (d) SEM image of

an asymmetric contact for a Si MSM PD!*

TR ER 5T SiGe 4544 () 6 LRI 2% 0 1998 4F, Colace
S NS TAE Si AT EAMEA: K Ge # 4 MSM-PD™,
N TR R O BE T A 7 G R e I B R A1, Al 2
Si Fl Ge ZRIGIA T —EREAKK Ge Zh)ZE. %
PRI Z8AE A 1.3 pm A1 1.55 pm R 24 B BT 8041
e 07 238, i R 1V E, W35 0.24 A/W, X Fh7E fiE
P L AME Ge BRI 55 3 HL T 2544 7T DL 7y
KAE Si M Ge 45 H I HE . 2006 4, Okyay 45 A5 |
M2 08 K5 FAME A K ARSI T =300 SiGe
MSM-PD, Z M 25 A I 1 1.55 pm, SMIRE 2 V T,
M) 1o 2 72 1K 0.85 A/W, AR B4 FRUR K 68%. TE
WTAER, ABATEX I T Ti, Cr 5 Ni =FAE 48
FL A 6T i 14 P BB 1 52 i, b 7] & BAH L F Ti AT Cr,
Ni AR AR AR 2 5%, 8Os L A

J T BEAK Si/Ge MSM-PDs #844: B 5 HLIE, 182 T 7T
DU 2.2 15 InGaAs 28 55 14 285 (0L 1) 4% 42 348 5
ARG R AT DUR AR XS FRE AR . SEBReh, SR
X R HL R B T B A MRS X R R P 28 R X

PREZSV AR, qnE 1(d) B, i AN ) 2 R 0 4
& LA T A 0 A0 Ak R s 1 1 R SR A A v, AT
RmE B, MmN SR amEIHF LR,
2003 4, Chui 45 A\ B B 454 S0 IES T X — 41, fib
fIIXTELAFGE T Tis Ni BB B L4154 Si M2 Ge MSM-
PDs #1952 BLAE, 25 R S(c) frs, HE
AL, Ti/Ge/Ni 25 #4 5 Hoe S5/ A E, 22 Ha 3 JL-F- A
[e, T EL A A0 R, AR A R S AL R
4 & ¥ /Y, 2007 4%, Hwang 45 A 41 X} 3 H & MSM-
PDs AT T2, e I 58 b, Ml fi] e
VB S8 FJE7E SiGe/Si AUZ 2 PR 1) | F i >
S HL AR B 548, BLRGT T NiL Cr, Au —Fj LAl A4
L T 41 X 8 R RE Y B2 A, 255 T A O, AT
R I NYSiIGe/Si/Au #{F HA AR S LI, s
W 1G5 FRL U L 3K 3642, 11T Ni/SiGe/Si/Ni #% 14 it I 5 Ha,
T AR 4.63 ¢ IS X6k 1 6 4 T el A% AR AL 15 Hl
T2 H 2006 47 Okyay 55 A B UCHE H 9™, A 1% 3t
14 AR P ZE N A 5(d) B, 26 B, A 8 A A
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XoF ik T S, AR 2 A I R RN o AE X AR
Hh TR ARSI P AW R 30 PR 3 8 B /0N, A+ I b FL
SRR /N, RZWIR . 1 S e R[] L 37 08
T, BRI RERARR TR P, BRI i, f A R 8 1) R % ik i
AR 1A P EOT B A m AR XE AR, et ok g
FL A FEAR o T 2011 4F, Park F1 Yu AORIFSE 2 1A 3%
FL AR P 8 ) AN G R A R 1) 5 L 90 AR A1 5 T 328 FH 4
Ja& FL AR A A DGR, AT TR T T B R A
Xof R LA 2 2, R B 5 X B R 1 1 ERL 3 LT AR TR
3T Er 19 Fh 2% -k BE E0 KR AR, B, Er (1)
VT 8 AN T R LR #5424 2 52 ) g . AT A AT 20l R A
M5 FEL 3L o

BRUbZ b, dA Al A T ok A
A A A 1 R R A 22 10 0 B DA AR AR B L 3001
filhn, 2008 4, Ang %5 Al i 75 HLA™ NiGe/Ge 5t [fi &b
T R M AE A B S O, s o RS A R
0.1 eV 5% 0.49 eV, BEHLFAE 1 V & T M 2.45 mA
TRES] 0.92 pA. IEH, RAEAG S A R
UL 7 2 LT EE S, R B (9 28 4F ZE 1550 nm
WA 1V R R 0 B S EL R 29 A 100, 1 N KR
0.36 A/W, HH N 1 B FR0R 34%, —3 dB A5 i) i 7 9
h 15 GHzo At AT — 25 (A 5 2 B 7 H A8 795 i 4 5]
LA T A [R5 1 1) - 384 ) F 2 SiGe MSM-
PD 2544 (e,

2.4 HAbFTHL4 5 MSM-PDs

% T 1 SCATZE AR B AU GaAs, InGaAs., Si/Ge 26—
sop AR, AT R LA TR SRR
VERG AT DL BT 21 7 MSM G L g R I T —E Y
WF 5, P AL $5 JC HLAS Bk B 20 AR g
MoS,7 % &

FLER AR ELA BRARY BB L S TR
by Q=T S T e 2SN TS kT =~
AR, SRR R A Rt R, ST AL
BLA SR (1 FL I 2 e Tz e 10, T 1
2l JC LS BR T Y O H BRI 2 1Y R GE AR R D
2013 4F, Zhou 5 A % 1 B A m ¥R % 1Y SrTiO;
MSM-PDs, 5% T AN [ (1) 4 Jm FEL AR G 2544 E L BE Y
S, Y4 AR AR, 5 SITiOs A1 — MR Y
M AR A, ST F AR A 2.215¢10°" A, 550
FALIK 10" em-Hz"W . BLAk, B2 i iz ) 3 2 B

T — AR e B, b B ] R 360 s
T, BT D SE T IEHLES R i s R B A0 )
i, 2016 4F, Ramasamy %5 A4 T —Fi LT CsPbX;
(X MK ) BT A A MSM-PDs Y, #8259 1 S FL i L
=35 10°, 2017 4F, Liu 5 AHRE 2RI 1.5V
T R, #8120 Wi 1% 28 8 3k 34A/W, A B Y EQE K it
10000%,,

B — RV R B 4 SRR, R
AT C & B0 L B S e /N A L, LA O 5 ) e L P
H 2004 458k & B0 LR AE U S i ERe i 5 ke 7
12 ORI, A, A B T IR AR A U K Y L Ok
ELA R 3R T 5, Bk DR A ) AR
ORI, 2011 4F, Urich 45 A4 18 (19 42 )& — A 220 -4
JE G R RN ERT, A A — MR R A e B B[] 2.1 ps,
A B 58 262 GHz, 2017 4F, Xu 25 ANIRIE T —
T A7 BB S 45 46 ) MSM-PDsP, S8R BT — 4
BARM T I, 1 VARE T, KR E 24N 107 Alem’
B, WE(ED G A 0.43 A/W,

MoS, & — I S8 T 1 4 Kb
B BA R B e RE AR R PR A, X s
JE MoS, 7EGHL T 254 B F2 1 T SR 8 A T A% 52
K. flhn, 2013 4F, Tsai 8 A\HIH 73T £ )2 MoS,
HEIE Y MSM-PDs, 281 7E 10 V f & T, Jt L 4
% ik 13.3, AHR B IR 3R 0.57 A/W. a1y |
FHEF T2 70 ps, T FERFEIZ9 20 110 pso BLAh, RI(E
FE =3k 200 C WIPRSE T, 1245 140 1 BH I H O Lo A
it 10,

3 E£EMMEHIEIE MSM-PDs B ZT 5 Nz

0 H AR R AR LA AR R UR, Y
NS RE AR T2 AR BR A, 2 AR ARAS
REMZ SO, SRR T — S5 iy B > AR R e
15 LA B 2T A 4k i 1o U, R BRI kS
HLA P78 0] LG — R o e 1) 56 F R 3R F
MSM-PDs [##3H WLF 20 tH2d 70 440, AL 4
i R ) TR O g T 5, R SRR T IR LR
. 2011 4%, Wang 5 Melosh ¥i b B il A ok 1 22 1Hi
BT R Aw/ALO,/Au T B = 2 E5H A
S, AR LG T A BRG, RORHE & 1 28 By e Ji 2R 1
BEAP, & TR I 2 K-t n] e 350 2 i 5 B o0,
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A SR 4 e 45 K 1 o B e 8l 3, XA L TR
JERE R 3NN N S [ S aale S S A NE =4 i ]
LR AT LS B A G 6 1 1 B R i 17, 240K A
BT K SHHLHIER T R8T MSM-PDs H1 LA4h, i n]

FH T B R U7 R AR (0 25
I L4 A R 3 T A5 8 e Jr O AR A
FEATEAR, 42— 2 Ao 4 10 12 0 gl )
PIRREA a0, XFHF AwALOy/Au T K = 245,
Chalabi 45 A K422 IO 1 Fi A AR T 490 K 11 B 91 2% 142,
YAIY 4 JE H I TE BEAR[R], BT IOk 1 2 T A5 B O T
AR 6], AH R B 28R N RN ] . i T AB R
@) (b)

(]
Waveguide SPP Modes
modes Cavity 1

Light

®

G A —HE M, P LA g ik B AR A 1Y) (i 41 12
PEPE, 5 B A O 4 SRR, T 4 T e AN A
T, W RAESRIE R — 20T, MU B
AR DU ap R 3 %8 [ i 41 ' J5E % T 1) f) g g
Ge %5 AT T — B HAT A FR 4 8 40K SR F Al i)
LAY Si MSM-PD, 3 i A Ak 42 J 99 K SUHg ra A 7 9
B, ST 9K 1310 nm A1 1550 nm 4Bk 0.45 mA/W
F110.25 mA/W H B iz F£ 0% 2015 4F, Wang 55 A
7. MoS, MSM-PD X 4 L il i — 2H X 48 E 5l A4
R RN, G 6(a) FIR, & A & JRAKRRER
R A B RZ I AR SO G RE T 5, 7 A 5 22 ) 4

. Incident

radiation

6 (a)~(b) SARHUL A —ZHFIA T S BAKKLIEFIH MoS, MSM-PD 45475 S B B i3 3 AR B S g n R (o) Aoy — 4R BOR LAY 26
B ZnO MSM-PD £ #47R & IE2; (d) BA Z4ERIE SE 454 A AwTiO/1TO S B4 #5 45 44 K HR BRI (o) 5 4 40 K ik 1
MoS, MSM-PD 444753 E E ) () Tamm 111 55 55 #OCHHLF ZnO MSM-PDs 25 #4758 2 ™M), (g) 218 PO R BN FE 1 R4k 2 MSM
GRELRII 45 7 R R 0

Fig.6 (a)~(b) Schematic diagram of structure, electric field distribution and energy band of the MoS, MSM-PD with one of the finger electrode

including an optical antenna array!"'”; (c) Schematic diagram of the vertical type ZnO MSM-PD with the conformal grating structure;
(d) Schematic of structure and principle of Au/TiO,/ITO photodetector with two dimensional conformal grating'™; (¢) Schematic diagram of the
MoS, MSM-PD dressed with metallic nanoparticles!'®); (f) Schematic diagram of the Tamm plasmon based hot electron ZnO MSM-PD!"'%;

(g) Structural diagram of broadband and efficient photodetectors composed of multiple MSMs based on the slow light absorption principle!"*"!
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B, WlE 6(b) Fros, AHIE R R/ NT, &R G JEm
DK R 28 11 H AR 22 1E 5 R S 1 0 T LA 5 R v g i
R BRT VR SRR ML ASE LS, 8 0] LUK
e SR AR B OGS R AU 1 L AR O R E
RRE R . TN K22 22 0 AT AR 42 H 54—
Pk, BRI 4w il i S R R 4k, FAE b5 PR
T AR R AT 4 8 f ke, anlEl 6(c) Bimte, 5
LGSR A L, 3 FPORIE 25 H #1102 4 8 e
R KT 99%, A7 Al F LI $2 = . 2016 45, Chou
NS A T HA R e Tio, #vl ol
LRI 251, S5 44 7 25 T 2 UL AL 6(d), S BRAIG T BiR
14 58 Y6 1 F AR

4 J AR IR AL T DA R 3 T A B OC R K, A
A0 [ B D 7 0 e 0 g U 1L fgi
Sobhani % A if7E MoS, MSM-PD H1 5| A T — & fb ik
£ 7 1 45 TR A K R, SCBL T AR MERE 00 B T,
g R B E A E 6(e)M X F AT SCHTIAR Sun &
2 B A JE I = 4 98 K 4544 /) ZnO MSM-PD #4%
PR A AT K A AR UKL B A ZnO RS il 45 T
MSM-PD, ANALHEES T ZnO 3 % (1) 25 A1 S0 187, 3845
AR B R 2 n] WO X, 2017 4F, Wen 55 A
W — 2 BEAL S A5 19 4 99 K FIURLAE Ay 2 T 45 25 e i
Wik, 51 AE] Si il TiO, W4~ L F45 52 2 AR )2 ],
X [ s &5 4 Ol W R L - & S M4 B MSM-PD
S0, TR S K 1500 nm 4b 52 B0 T YOG I i %
3.3 mA/W'7,

B Tl b AR Ik 3R AT B OT I 2R L EE A 18
AJ i 3 Tamm A58 20 8 18 A58 =03 111 fil 5 At 55 1
JERERM A . 4N, 2017 47, Zhang 55 AN HUISWFSE T
WL 6(f) BT 7R (4 5 A B A% 525 5 1 FE B ZnO MSM-
PDs (P RE!, BT Tamm 2 i 45 B o LR X Y
PR, (A AT 0 o i 270 B ) A T 45 AN AH 4B A
JoT )22 22 1) 1) Jmp ¥ DXk, XA A 4 87% ) 813 nm £4h
T 2 Bl IO 4 B W, DT IR B — A 58 ) 1ol i
Tio DXFPER AR 7 T 28 45 ] 8 LA KOs A SR f
ANHURAHE . 2016 4, Sakhdari %5 AL T2 9% Ok
Ji U0 20V B T IR 6(g) B IR HL TR G HLER
D8, X S50 S PR b J& 24> MSM 25 14 JF Bk 7E —
A, AN A A MSM T SEI T XA [F KOG AE 5
R AT, - L 08 ol SR mT LS B A B Y A

I

AR, 24 MSM A& 1 — kLSBT 58 38 1 i 7
HOLRRMEREY,

4 REFREE

FE 21 20 3R — A F BB € R R A B AR,
JEHLFHR TE B W O 1F B s BRSO S M. O
B8R e I L AR P & J , bR 0 57 7 1) 42
B, BB WL A | G B EHR T R
1l MSM-PDs [ T Hi A< £ 45 b [5] 47 f4 25 3 L IK HL 25
o A o7 238 AR, A7 BIRHIE N B AR R G, IF H
MSM-PD M #BHAE K B Z5F T2 2 B Ll S &
AR AR T M, A TR, 55
PRI 25 B 51 ()4 o5, 2 — AR A N T SOt
PRIES o

SCPEER T A 1971 AL RS MSM 454
PR SR s DO, P9 E AT & B Tl R -2
R s HL R 15 5 I T HA ) — S E R L 2 SR R
R PR ORI, AN SRR R A
AR BB, ANGEAS 3 O IRI, RIBH AR |
PERIHUACRRE S, IF HEATER & T2 ARSI
W RIS, 3 F LA, 58 E AT XA R
SRR R 45 B MSM-PDs JT R T — &5 RS IR AR
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