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Optimal design of a narrow-band surface plasmon polaritons inter-
ference comb filter

CHEN Lu, ZHAO Hongxia® , CHENG Peihong, DING Zhiqun, WANG Jingrui, WANG
Zhuoyuan

(Schoole of Electronic and Information Engineering, Ningbo University of Technology , Ningbo, Zhejiang 315016,
China)

Abstract: To narrow the single-channel bandwidth of the comb filter and increase the utilization rate of
limited frequency band resources,a surface plasmon polaritons (SPPs) interference comb filter was pro-
posed in this paper. A significant increase in pass band transmittance ,narrowing of the single-channel
bandwidth and channel numbers was achieved by this filter. To explore the physical mechanism and opti-
mize the filter structure, the effect of the structural parameters of the comb filter on the transmission
spectrum was numerically simulated by finite difference time domain (FDTD) method. Experiment result
shows that the single-channel ultra-narrow bandwidth of the comb transmission spectra results from dual
interference of SPPs and graphene microcavity. As a result, the comb transmission spectra are mainly
concentrated in the near-infrared bands (1—1. 24 um). By optimizing the structure parameters,the sin-
gle-channel bandwidth can reach 4. 2 nm,and the number of channels is 18. Additionally, the adjacent
channel spacing, single-channel bandwidth and channel numbers can be selected by adjusting the width of
the silica top layer. Particularly the comb channel is excited by its material coupling resonance in the fil-
ter, which means that it is simple and more suitable for on-chip integration.
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Fig. 1 Schematic diagram of the comb filter

2.2 MRSH

ARBETE R I A R 22 43 (finite difference time
domain, FDTD) ¥ i EL 4R A 3 47 it AR 37 569 O 335 4 14
O3AT . BRI T St A JE Au AR A ELE BOR
fii 5. 48 (Drude) & A1 g6 15 HH0T .

—— e 1
e(w) T e (D

KH o, HEE TR,y HHJE RZE 0 I AGHE
MR, TR LA B Y w, = 4. 264X 10" rad/s.y
=1.274X10" /s,

LR BRI A B RO

e. = 1 +io./ae s (2)
X e N BRI o, WA B TR N

AN, WRgENE T A RGE LR I

DASIC(E A 40 v SR FH A B8 A O AT 40 U B i T R (E
2.39,

3 HERMSNESH

ASCH ] FDTD B4 8 58 1 B % (transverse
magnetic, TVMD i #R6 A GF T . BIE Y v fl s 05
BRS8N BN N G T 3 S R84
ar SRR AR OGS R . BRAT IR 2 B 0 AR
FHHERE, i d, =90 nm.w, =214. 5 nm;d,=1.7
=11.4 nm.,w; =40 nm, 4N
WM SIO, FI A 280 2B 73 54 4. 444 nm I
85.556 nm, 9 FE I 21 nm, MRHECHRL13], )2 A
SRR BEBA 0. 34 nm,

P2 AT AR g E A AP AE 11, 24 pm
T A o Ak T 3 21 A0 3 B s 5 T R0 38 18 A A 4B A
A LT84 11,5 nm, P FHEN %4 4. 2 nm, [6
B 4% 38 38 B R AR AR J2: 50. 8%6 . e ik 59. 6 %0, J& o
BB TR 8.57—12. 8 1%

R TR A AR DR U A 22 A LB A TE R =

nm.w; =450 nm;d,

7

I



« 794 -

SRS R A P BEHLE L B 3 45 T AT 3 A4
WA =1.07 pm A, =1.15 pm FI 2, =1.23 ym F
B X-Y -1 P F A AR E S AT .

M 3 UL, 3 AN KT L 3 R BT R 0
JZ o HE A PR T 7E 4 2 B SR — o X
] i B AR T 8 R . & BB RO 3 4 W
RBLFHE AR WM 2R TWHE R, 5k
TR T A G OF 10 7 A0 8RR T R0 7= 2R 1) SPPs
5 JR SR B4 A A W S I O 3 A A BB T R TE K
Wk B SPPs . 1 1 AR A7 VE L 4518 B B9 AR T 3 . fn
Bl 4Ca) s S5k RSH 518 2 A0 TR, ),
WA EE BRI R KA 2.16%, H&FiHE
SPRUT o Bl IE D 1) G M VR 0 2R TR L it — Ak
HIE T B 2 v M) )R O 3 — Wi & SPPs B IE B 1
FIATHHE 4D AR — K 1. 06 pm AR HL Y43 A B 8
AU A SR A TV 3 S AT S (L R S
KED.

TRTWIRETRENEANASES LA 5
12 B R S5k . B S B g NI e A
S0 a0 IE SO A5 RS S 2 AR, XF AL S
Ca) FIE 4 Ca) ] 1, 25 375 55 45 28 WA A7 5 1< s AT D 5
P B 7 5 2 W) G 4 T L 0 A e — 0] B K i S R )
ik 85 Vo BAfEIE A 95 MR A WGk 4.2 nm, ik
Bk As=1.05 pm. B F MmN E 5(b) iR . H
BR300 5l T 18 4 (h) Bk T 3 i 45 51 R
FB IR AR T T G AN AL I BRI AN

DR U I 2% 5 Ak 1 w4 2 — 2 B A S
T M L AR SR i A5 0 T B O A A T 7E A AR
Wy bR F T [F A CE SIO, A2 SR ZU0HA S
T ) B S 4 G R R AR T T Y A . B
PLEE R 2 B % 2 iR 5 Ca) n] Al B8 % A

fRIEHOh 13 NHIE] 18 A, [6 AR R iy 3104

S
N
T

(=)
»~
—
—
——

Transmissivity

=4
[}8)
T

U

1.00 1.06 1.12 1.18 1.24
Wavelength/pm

B2 KRR ES g

Fig.2 Transmission spectrum of the comb filter
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Fig. 4 Structural properties of the single-slit covered
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(b) Electric field distribution with 2, =1.06 pm

0.8

e
=N

b
~

o
(S8
T

1 1 1 1

1.00 1.05 1.10 1.15 1.20 1.25

Wavelength/pm
(a)

=
=

0.24

0.20

0.12

0.08
0.22 0.13

0.04 0.05 0.14
x/pm

(b)

B5 HENEFTAZHEENIREE:
(a) BHIEE; (b) =105 pm KK THERIFZH
Fig. 5 Filter characteristics of the single slit
filled with grapheme: (a) Transmission spectrum;

(b) Electric field distribution with ;s =1. 05 pm

Rifi 5 T0U2 SiO, 4 )2 58 BE A 0. 04 pom 3§ K] 0. 45
pem s YR A P A T B AR W] B B 19 AT 1
A PF B I % A S8 {5 I8 (] BE R B (E A A ST 3 4
Koo VAZETHR R ) o 355 5 3386 K 10,9 24, AH 4B {5 1 i)
PRy 14. 1 nm 3 A F] 25. 4 nm, {5 E T 76 4. 23
nm #°4 6.99 nm. Ji R E 2 SIO, v EE B3
R G b A1 ) s B O L R BOER T AR S O Y O
B A A R 3R T SRR AR U A =21 —
R)ngL/m* xR (X RN FETH ST 3R ne 4 IS N

0.7 —— 40 nm
0.0
07 r — 200 nm
=
go.o
& 0.7 —— 450 nm

SN

1.00 1.05 1.10 1.15
Wavelength/pm
(a)
1.0 1.0
— w5 1M —c==s51nm
| === 83nm | | e 8.3
0.8 "———113mm 0-8—___|]3nm
N (S 133 nm iy =2l
= 0.6 B Z 0.6 | 13.3 nm
£ 04 ? ﬁ‘ Eoat zf N
RN L I
02 Hil d AL 02 W
' ’W‘ L N,
0 ! f 'y 0.0 == L L
1.10 1.60 1.22 L10 L1511
Wavelength/pm Wavelength/ym
(b) (©)

B 6 AETE SO, R~ THUIKIE & KL
(a) BBEE; (b) BEE; () BRBHIKE
Fig. 6 Comb transmission spectra with different top
layer silicon dioxide parameters:(a) Width; (b) Thickness;

(¢) Local enlarged image



+ 796 -

AR S L RO AT H L A R A0/ 5
Gl N

1M H1 6 Ch) AT, T2 Si0, T8 B 46 % i 450
nm I, Fifi 2 G JRE R 3 O 4% DR IR A 06 1 i AN
7 5 RASARN AR 6 (o) Jah 3 ik R Br R . B LA
A3 A R A T2 AR R R JE A i R S I R 4 A [
iENCY SRR R IV EPTER S IR ST 2
4.2 FRBEBBERYNRRZSIEENZIDANE

7 2N [A] B 2 A0 A8 0 9 B R 2 80T By IR i
FHoes . b5 S8 5 2 ME. mE 7@ 5,
BfE b2 A S50 T8 BE 00 1S O, i aE i N AR I S 3K
Y 13 ANHEKH] 19 A, B Bl F I R 08 A N R, {5 1
HIm 6.91 nm fF) 4.4 nm.,

7(b) J& A7 B0 95 B 1R BE 450 nm, HABZE ) 2
B 2 A FE RO R R A8 2 T FIR
BRGS0 SRR IR BN T 6 2B A
REHHOCIE Z2RFAL., HRKTHT 6 25 M
ARAZ SO WY ST O DR B A A SR R A 1S, B
BN v Jmy SO0 37 78 55 Bk 9 IR SPPs i F1 5
FFEL,

"NANNANARN
0.8 [ — 300 nm

ity
[=]
IS

Transmissivi
(=]
2

"1.00 105 1.10 1.15 1.20
Wavelength/pm
(a)
1.0
1 ’ 2 layers
0.8} to.
- f l ------ 4 layers
:é 0.6 . ’ — 5 layers
E
g 04
e
0.2
0.0
1.00 1.08 1.16 1.24

Wavelength/pm
(b)

B7 AELERAEHNRRES KL (a) FE; (b) B%
Fig.7 Comb transmission spectra with different upper

grapheme dimensions: (a) Width; (b) Layers

4.3 AEAREMRXRKBIBIEIEOZIDME
8 Ca) S AN [v] B 4% B RE T DB D4 2% 09 35 34 O 1

Y BB - B 2022% ¥33%

HAb S5/ RS 5 B 2 MR .y BT %0 A (6] B 4% b
AL B 08 U A8 R AR AL BT L B (Ge) FRLAE I BT R i
K3k 70 % TM4H (In) BRAE fe /N, AT 40060, R &
BB BHAE I 2T 81k B o S R g K B MR 9 3B 5 R
/NS WE 8(b) TR o L8R 4 A RL Y 358 55 R Ab T 8%
FIVEH 22 [] o AFL{5 30 50OR BA A T 4 S8 34 00 T 86 L T A AR
SCHEE B4 A A Sy e bR

Transmissivity

1.00 1.05 1.10 1.15 1.20 1.25
Wavelength/pm

(a)
0.000 32
\“
030G ™S~
Bl S -0.00024 ,,
02 .y T 2
z ., 2
= W i - Ge ~— . L.0.000 16 g
g | — s - Au &
E | [ -0.000 08
-0.1 1 1 e 0
1.0 1.1 12 1.3
Wavelength/pm

(a)
B8 AN[E) B uEH AL R IR K AR LA MIB BT ik .
(a) FEHFE; (b) RLEMRIES X
Fig. 8 Transmissivity spectra of different single-slit
materials and filter structures:
(a) Transmission spectra;

(b) Transmissivity of the single slit material

4.4 BENEFTNGRFS S0, EELTLIIMH

KB EHEIERI R IDAN 12

B9 & RAE NI TR 1) A S8 0G 5 SO, JEJE HAS [F)
ARAT B B AR GE GO, A S S8 S B 2 M.
A9 Ca) AT Bl 25 A7 B8 0 5 SI0, Fu 1 1 3 /N, ]/
SIO, 378 2 B (386 K, FitR 38 Sk ik 4 & (WL IE 9
(D) /R ED . S A B IR F s N R SiO;
J 4 JRE O A B 0 A A AR K R, S B U
2ngL+A/2=AN BB LR K AT, N
D IEEER AR S SCER 14 ] AT A X T A — [ E T
W, BAE I S R BLE L S A B S SIO, TR
BELE R 89 ¢+ 1 B i K Fe /N o [) B 2 s 4 T ARl s W i



S8 BR FRSE . — iR ANSE B IOT T AR A R DR A O A BT BT 5T < 797 -

FAR, FEOE S A8 0, BT U % L 6 B AR O
HEAE.

0.8 ———- 801 emee——— 87:3
‘ - 17:1 83:7
‘ —.rgl
‘ ’
g ’5 461 EEET
] ) W&
504?‘3 BR .,ln
E fo e i ¢ t HUuSaaeadn 8L
7] 1 4 R !
§ 4 (R 5 ) i
= sRLEE ‘B R L}
0.2 | g
| el ,:
U ! /]
0.0 1 1 : “
1.00 1.05 1.10 1.15 1.20 1.25
Wavelength/pm
(a)
0.8
== - 80:] mmmmm—- 87:3
- 171 — Q37
06 Feme o o 0. VRERN
9:1 . -
> r \
‘g / P N
2 04 AV
é - i I/ I” Y,
172} /, e
§ ,’ ," / / \
= 7 ,I’ ,’ o \
02 ,/’,'/ > / \
’ ," —
prtels
0.0
1.031 1.036 1.041
Wavelength/pm
(b)

9 BENEARERS S0, BE
L R B T B 4K i 5 S i
(a) EHFEE; (D) BHHEKXE
Fig. 9 Comb transmission spectra with different thickness
ratios of graphene and silicon dioxide in the single slit:

(a) Transmission spectrum; (b) Local enlarged image
5 &

FIH Au B 58 05-Si0, 4 )2k 8T 21 4h
BB 1—1. 24 pm 0 [ N B RO GE SO615 . 48 4
S5 3 BT UE DI RCAR 3% S O 1% &t SPPs Rl A5 4
PO U 95 77 A o T 4R A T A R R AR A
B R i SiO, A2 5 200 A S
B ST o 1 80 G R, PR T B SR T R I T v
MR ez B ELS R M . 38 AT B R, B A
R 21 nm, B)RASBEZECN 15 2. T)2 SO,
1Y 58 BE BEFE 40 nm RN T A EE S SO, )&
BEL Ry 89 ¢ 1 B, A Fe AR A AR uE B R . JUHT
PR T SiO, 1Y 98 BE S AR <8 45 38 ] BE L A

[2]

[3]

[4]

[6]

[7]

[8]

[9]

LI'Y Y,CHEN Q Q, WU B, et al. Broadband perfect
matematerial absorber based on the gallium arsenide
grating complex structure[ J]. Results in Physics, 2019,
15(1):102760.

YANG L,JIANG S L,SUN G B,et al. Plasmonic enhanced
near-infrared absorption of metal-silicon composite mi-
crostructure [ J]. Acta Optica Sinica, 2020, 40 (21):
2124003.

M, ¥t I D 55 S5 8 IooT Y 0 R -k 4 A
S5 R LT AN U [T 22 4R . 2020, 40(21) £ 2124003,
TANG J,LI J X,CHEN Q,et al. Surface plasmon enhanced
silicon-based near-infrared photoconductive detector[ J].
Chinese Journal of Lasers,2020,47(11):1113002.

FERL AR BRI, 55 3R T AF B T 1Y O A Ak R 21040
o FERMERLI]. o E 0%, 2020,47(11) :1113002.
KINDNESS S J, ALMOND N W, MICHAILOW W, et al. A
Terahertz chiral metamaterial modulator [ J]. Advanced
Optical Materials,2020,8(21) ;:200581.

WANG S L,YIE Z W,PENG X L.et al. Study of highly-ef-
ficient composite waveguide modulator based on gra-
phene[ J]. Acta Optical Sinica,2018,38(5):0513003.

E MR A R TR B A A
SEH ER U oE [J]. ek 244, 2018,38(5) :0513003.
WANG Y, XIONG H B, WANG G, et al. A SSPPs micro-
wave band pass filter based on trapezoidal slot array
[J]. Piezoelectrics & Acoustooptics,2020,42(1):8-11.
Fm, AR, E K, 5 B T RS E M B 51 1Y SPPs Bl Al
T DR AR LJ]. TR R 5 06,2020, 42(1) < 8-11,

XIAO G L,DOU W Y, YANG H Y. Band-stop filter based
on metal-insulator metal waveguide with asymmetric cir-
cular resonant cavities[ J]. Acta Optica Sinica, 2019, 39
(5):0513001.

M D 82 W L A 2k . R T AR X AR IR TR O IR R e -
I -4 A U 5 A 0 A BEL VR A [0 D 4. 2019,
39(5):0513001.

ZHENG M F,LI H J,CHEN Z Q,et al. Compact and multi-
ple plasmonic nano-filter based on ultra-broad stopband
in partitioned semicircle or semiring stub waveguide[ J].
Optical Communications,2017,402(5) :47-51.

GONG Y K.LIU X M,WANG L R. High-channel-count plas-
monic filter with the metal-insulator-metal Fibonacci-se-
quence gratings [ J|. Optics Letters, 2016, 35 (3): 285-
287.

[10] KUMAR M P.BHARAD S.HJHAM R A. Simplified high

figure-of-merit prism-free surface plasmon resonance re-



[11]

[12]

[13]

[14]

798 -

fractive index sensor based on self-adaptive angular in-
terrogation[ J]. Journal of Applied Physics, 2019, 114
(19):014304.

XIN C.LI X,CHEN L. Surface plasmon resonance sensor
based on a novel d-shaped photonic crystal fiber for low
refractive indexdetection [ J]. IEEE Photonics Journal,
2018,10(1) :6800709.

MIN Y L,ZHAO H X,ZHENG Z,et al. Research on optimal
design of a four-channel absorber[ J]. Journal of Optoe-
lectronics « Laser,2021,32(5) :451-456.

P R X R AR A — b I SE T RO O AR R T
WEFELJ]. e T « #06,2021,32(5) :451-456.
SANGJUN L,HYUNGJUN H, SANGIN K. Graphene perfect
absorber of ultra-wide bandwidth based on wavelength-
insensitive phase matching in prism coupling[ J]. Scientif-
ic Reports,2019,19(8):11967.

SHI S X,ZHANG H X,LIU J S.et al. Physical optics and
applied optics[ M]. Xi”an: Xidian University Press, 2020

[15]

Y BB - B 2022% ¥33%

92.

AIBURE 5D, KBRS 55 B BOG A% 5 R M.
VG2 V4 2 B 1 BB R i AL . 202092,

GAO J,SANG T,LI J L,et al. Double-channel absorption
enhancement of grapheme using narrow groove metal
grating[ JJ. Acta Physics. Sinica,2018,67(18) :184210.
e, FR L RIR LA I TR 200 4 Ol B S B sk
e WL T 0 i B (U] W PR AR 4R, 2018, 67 (18D,
184210.

fEER N
RHE (1970 ) & A A BBz . 322 O 2T 15 R RN e A

PEI7 AT 5T -



