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Abstract: Photodetectors can realize the conversion of optical signal to electrical signal, and have
shown great application value in the fields of industry, military, medical treatment and so on. How-
ever, the traditional flat photodetector has a weak ability to capture line light, which limits the fur-
ther improvement of responsiveness and other performance indicators to a certain extent. Surface
plasmon resonance effect based on noble metal nanostructure can dramatically enhance the electric
field intensity in the near field region and strengthen the ability of the photodetector to capture the
line light, thus greatly improve the performance of photodetector. In this paper, the basic principle
of surface plasmons is introduced at first. Then, the research progress of surface plasmon enhanced
photodetectors with different structures, such as metal nanoparticles and metal gratings, is intro-
duced in detail. Finally, the thesis is summarized and the development prospect of surface plasmon

enhanced photodetectors is put forward.
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Fig. 1

Schematic diagrams of local surface plasmons.

FERE 1(b) H, PSPPs [ £k 07 T (L
2 B A O, BIVAE A [RS8 R T K Oy
] (5406 1R U O Lb 28 v 1) |l A 9 19 D6 08 1) 10 O
K, B, AB TR T3 Y 42 8 R T 4 i) 4%
W RAERE IR T o™ ARG TE
7 PSPPs LR INE | 07 i ASR O I Ok 7 K F
75 [ 431 55 T PSPPs B #E o< it BVEL W 2
TR ) Bl sE e, —enT B DU LR ok
PSPPs, I UE 7 k. WA A D SR A AT
et A o AT B S H i % PSPPs
PR A B . AT s ek As A
S R TR 55 B, 2 Al YT THN R Bl i AN DG
BC ) ) —Fp 5 . IR o B TM ASHER
A1 5 M R B A AT B TS A G il
PR 2544, RIRT 3% PSPPs

Kogop, = kysin 0 + mzlr b (2)
a

Sk, il Ky =200 S HA . — 4

L JEICM AR (T B g RO ) | 4k 4 R S
(4 4 FL B 51 ) #0856 B 3% BE 3% & PSPPs
PR,
2.2 RBREFREESEHT

& B AR EER 5 ASHOCA ARG R 48
YK SERFRTHY F R AR AR IR i 4 U A=)
R A B HOT X B4 S AN K U A 1] 0t

(a)Schematic diagram of propagating surface plasmons. (b) Dispersion patterns of propagating surface plasmons. (c¢)

TTUEH (AN 1 (¢) ) o 5 PSPPs 3R A5 AHLE,
LSPPs (IR SN T B, ] DL IR A 4
& YUK A SE BLE O  BOR AE R A
J& G RIIURE 1) /NN A SRR B K LSPPs
S PR 1 e, o7 LK H b )R 8 4 )R
MK AR 2 TR RHET | o =2 LA S iR ) 3 1 i s R
LSPPs HREFERRAE 1Y 450 % T 15 203k, H A2 4%
B T4 Jam 4R K BURL ) KN AR, DL JCE A
%@%&[21,26—27] .

LSPPs 4% 77 A= i 1k B2 2« 4 J 40 K U )
H i FEANTC S IR 3 R & A, AT e
(LR MR B T A TE FL A, W 1 () B
T 1E L ff A RS T A E— AR E ST, 3
FRELG IS PR T 7%, 24 A SR NI 4 55 T
L g 8% 3 A9 SR i, 4 J 40 K SR Xo A B & A
PRI, B2 4 T 40 oK OB R ST I 3 K, 2R 1
FEL g 14 PR BRE B 14 K F e K 52 T R AIG, LSPPs
PRIGLTRS . Pk, RF 51 PR & 71 (10 A8 1k 52 i
F LSPPs ILARUEALE 10, AL 9K 5 2 i R
~FAN 70 nm #4113 130 nm Hﬂ‘,ﬁ'ﬁﬁgéﬁ%w o

4 T YRR ITURE F TETR BRI 36, L e 7 3 3 1)
FREE s fL TR KR ) s SR 218
i b 20 I HL 4 A R U TR A X R v e
TIARAYSRAEC AN, 4 Ak TR LR AR fh
Bk PR R R EZ Y Fan, Rk
2% Matthew I BABWFZE T BRIE S 54K DU A X



%57 M

TRBEIR, A FTAE B O SR A H RN SR S 1017

THARTEAR A Ag 20 K STk X Ja) du 2 1T 45 25 oo 3t
PRIERGFEI ) & PR Ag 40K ORI AR 2R
AR RN, BVBRIE < ST IR < DU < A,
AR LTS

X ) 7 4 g KSR, AT LA 3 i el A%
L JE] PRl B4 A Hi A Ak Sk 8 1 HL 3 i 2 o iR i
(AN B, e T S 3R 1% ] Bl A H ek P A 3] K O
KA SEIRIG AT B, 3302 A 24 A A s bR 37
RIS, A 23 5 T8 2 (R i v Ao R AR
T4 4 4P A AT 4 1 A% B Ay 2, DA T /) R S R
FHRG W BIE T W/ RS B 45 3%
TET 55 B WOC AR TR A, B LSPPs JLRIGLTES
B, b5 TR 24 R BB IE T 4 40K iR 7E
ANFEA B T B LSPPs HeR g7 ) Afi] %
B, S FEHTET R 1.3 BN 1.4 B, 90k
LSPPs LARIELTHS

55 REHLA A 4 4 90 K TR A LU, 4 8 40 ok
WKL R 5 AN AN R I8 & LSPPs B2 340 T 3@ 2+ 14k
F4) JR 3 AR R 98 1 S 4R U0t 0 1T 9 B
B, B FF 2 K2 Nielsen FBASE T FH ELAR 0 31
4 60,80,100,120 nm F14 4 44 K ks 7 R — A~ 5
JG, JAI AR 400 nm B4 & 9K IURL R 51 25 A 11
SiGHAFEMZR ) T LSPPs SH4R | #4141 ik
RAIKE] 89% , Ay itk — A5 4 v R R R B i T
PRUGEAT E, T30 7R BT AR /N BLAR ) R
et m TR T INIMRRACR S, BRILZ A0, T LA
T 3 8 ORI AR B 51 JE 5 ofe o8 i
WS ) 7 | S IAE AT LT 214 BBl PN A 2 55
4 JE YA KSR R B3 T 8 < AR BL-F (FP) 7
JiE PSPPs £, FP-PSPPs #5530 /& FP ff s #5105
PSPPs HARBEA A ARG M Y, 76 4 & Tl
SERAE Y PSPPs T H, PSPPs HhfR e T 4
JE RN S AR S TE BT 7 A ) B S AR A A | T e A AH
PR Mt — A R MR FP s SR X A0 1 I, iaE
T U A TR AN S R JBAR A Rl B 3R
S5 A SCELXT FP-PSPPs SO iy (il e
AN, —HE 4 JE EME AT T 2k 4 T LI 5 45 4t BE
& LSPPs Huffk . —4E 4 J@ G il LIE R 2 & 8-
Y2 R4 8 1 — A BRI S5 8, Horh, e Rk 1 )R
EABRAN, Me>(Aey) (n/ ey | JFHRLIT %
G

thy( - &,)

(3)

S o KR ey WR k=2 e, H

I B H B SR, £, M ELA TR L R RO S
— k4 @ CM RE I & LSPPs H4R | M 37 3 8 R R
TEA BRI . X T 44 8 LI 5 540 T 5, %
PR 220 & Jm fLIE S AN U BB B & PSPPs 9%,
WREHEA LSPPs R4k, Horp LSPPs FhR 47 &
BRI T /ANLE T R AR ST, i 37 3 B R BRAE /)N
LN BE
3 ATAEBAMEMGEATFER

UG 5% A S AR ] 55

3 3 P 2 T4 B ST LR 4 OB M 4
A LA B R 2 AR A S WA AN g R RO
HRAE 4 Ja YOt i 4548, FRATPRE L 43 Sy — 4G A
THESEME, HARIRT A TSR
3.1 ET—#¢REAMEHMNTESFEHTE

58 AU S B ER 25

NSS4 YA B = A e A S
JCAEIRAON , I3 o WA fLiE A SR T, & Bt
W5 R4 AT A3 5 0 35 4 £L A9 '8 B, AT 42 S 7R
T A E R, I 77 R BB 2 0, A
SerE BRI A PERE . AR 4 —4E 4 B et IR IR, T
O NERMEYEME RN M, AT RRATRAR A A
(] ) A 25 A % A C MR A 52

B R 5 4 22 ) IV K 2% Masouleh HI BN T
& AR EMHE i AL ER ( GaAs ) MSM i HL £
e SAESE ) GaAs MSM G HL RN £8 40 L , 1%
AR O TR AR B R T 4 13,5 £, ARAE
AR FHEE 8 WK LR B E S S b
ARG K S5 A4 2 8] A7 5504 S 46 104 38 K 34
T MSM S H F I 25 A 6 IR WO bl % FL AR
YRR RO G R B S5 S A AT AR
b, MATHBFSE T W03 K LA MR EA s
JEXT GaAs MSM JGHLFRINE8 0 G iz, 25
A FLARR A3 R, S IR S 34 sig U gk /N, % T
R A 2 T 45 B O, A 5T B SR e B
FERpREL, PRI, Bl S K FLAR T R BN, A
BTSRRI K, S EOCR G5, S 5 B
AR N RSN T3 K, X% BT 9K OB
BOE N B T PSPPs (9 AL A B 2
NZ=4RF X6 SGR B A, X J& i F PSPPs
TERNR P FLAR Z A1, PRHAS 6 1 i 8 A28 T



1018 K ot

¥R LRV

SIHURTAR AT . AT BE A B 4 oK O R S
JCMR MG 5 5 (HE B — s S S B el
AILRSEIE AN, SCWO AR, 3 PR A s A O
HESRHACR (¥ J2: LSPPs B A PSPPs AR
WA AR A RO AR ) R, R
12k 22 F) P K 2% Masouleh A BAIBBF 5T T 4 G
B AYTERXT MSM S HL AR 25 56 IR W ) 52, 2
P2 (a) Bt 5 ad X HeA [ 40 K A T8
KG9 R SEH, Al ATT A B W IR 4 KO
W AT US55 X0 O i R W 2 s 3306 . X2
i TR B A (R R 20 KO ) ZE B S| &
(BRI B 263k O LA D7 TR A i
TE PR FLAR 0 O X AR L - — 2 i T
A JE IR, AT DA A A S 6 T A R b B b A
HPEZ . BT, B R 4E £ F) K% Masouleh
VB 7 — o A 2% 10 4 B8 3 e 1Y o A
MSM ;L 0 #5812 9 A S 7 A [ 94 ok 4
DCHI A b 4 e g < S T AR S D K L AR
Ml o YRR AE VI A K SEH R 4 G
= B 140 nm P8R 40 nm , i A 186 i
SRARELI A 330, S AH [R) 45 48 14 B8 b0 B B 1Y

(a) |—Z PPs

Triangular nanogratings (b )

yvyve

40 4% o 3 R T AE L FLAR Y ) 3 A 9 R R
SERFTRE T AR GEAT AR, S EAE A oK B L
FERL T A P B ML PO BE, T4 = 1 R IX
BN ECRER

BT LA EZ5AG W50 AT B 0 B4 T DIl
BERT MSM 1 HL P 0 25 1 W AL 14 5 Wi il 17 R
AR, i, s E DGR BORBE Lysak 141 BA
P T 5 LA M R ) B BRI B AR
A IS R iR PR 4 YA A R 1Y 1. 6 A5
DG FEL PRI 2 25 4y D 23 L, R TOURS <5 'l IF.
PR AUE R BRI IR, XA ASE S
TR B S MR, SR 5 TR 3 1 2 B T 3t
PRI i P K ALAR AT B ST, fo 5 A AR Y
OO A ARG ok . MRS 5 Y A 2 TR
FOCHHES R S A T, B OL T2 Mo A 3
EPAALAE AP, 2 AT BRI 53 B 1 THER | e 7
JCHIEXT AR CEPERER R . DUEOLHEES M 1 A 2
ORI AT i AT S W) T JER S G M 19 o5 2 LE A
SV S0 W AT 5 ) 52 0 1T L 20 N T DR A G
JCEH FA RN B4 FUA TS B G B9 5 B2 X
DI O s AT 2 R

(e)

\ Taper nanogratings

S

Ii |
R
Subwavelength aperture

-AAAA_

Underlayer
GaAs = Gold

N 1
' oY y t
A\ ” '
.
N -
N s
l -
L"-,_ ‘ L

B2 (a) BAMHIE  =MAIE BIEFAEE 2R CH AR IL R (Gads) MSM SGHRMZE 45 F9 1 5 (b) ZE T B G4 i
HL PRI ST 78 BRI 5 (o) 70« RGP (0 TR E DA S Mo BE 181, A - BRI SR 8 1) IR LI e Ak i) v 375

Fig.2 (a)Schematic illustration of metal-semiconductor-metal photodetector( MSM-PD) structure with rectangular, triangular,

trapezoidal, and ellipse wall nanogratings on the metallic underlayer and semiconductor substrate( GaAs). (b) Cross sec-

tion diagram of photodetector based on circular grating structure. (c) Left: scanning electron microscope image of circular

grating surrounding the slit, right: electric field strength at the slot of the circular grating surrounding the slit.
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Fig.3 (a)Schematic diagram of the photodetector modified by the array of two-dimensional gold circular holes. (b)Black line

is the detection rate and the red line is the response rate. (c) Structure of circular and rectangular hole arrays. (d)
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Fig.4 (a)Spectral responses of CuO/Zn0O and CuO/Ag/Zn0 photodetectors at a bias voltage of 2 V. (b) Structure diagram of

mercury telluride( HgTe) quantum dot( QD) photodetector modified with gold nanorods. (¢) Structure diagram of a mon-
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Fig.5 (a)Structure diagram of diamond photodetector modified by nano ellipsoid particle array. (b) Structural diagram of pho-

todetectors which can detect linearly and circularly polarized light, respectively. (c¢)Structure diagram of perovskite pho-

todetector modified with Au film-SiO,-Au bow tie array. (d)Structure diagram of photodetector modified by Au disk array.
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