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Abstract A bandpass filter is proposed in this paper by utilizing the high-order mode of spoof surface plasmon polaritons
(SSPPs). The adopted SSPPs unit cell is a Yagi-like antenna structure, which can effectively reduce the asymptotic
frequency of the SSPPs. In addition, the asymptotic frequency of the mode 1 and the intersection frequency with the light
line in free space can be manipulated by adjusting the geometric parameters of the SSPPs unit cell. Compared with the
fundamental mode with low-pass characteristics, the mode 1 has inherent band-pass response and does not require an
additional gradient transition structure for excitation. In order to verify the feasibility of proposed high-order mode based
bandpass filter, a topology is fabricated and measured by the vector network analyzer. The measured results show that the
insertion loss is less than 1 dB from the frequency range of 6 GHz to 9.9 GHz, and the in-band return loss is better than
10 dB, which is in agreement with the simulated ones.
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Fig. 1 Layouts of SSPPs unit structure. (a) Conventional

groove structure; (b) proposed Yagi-like antenna structure
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Fig. 2 Simulated dispersion curves of SSPPs unit. (a) Conventional groove structure; (b) proposed Yagi-like antenna structure
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Fig. 3 Simulated electric field distributions of SSPPs unit. (a) Electric field distribution of conventional groove-based SSPPs unit for
mode 0; (b) electric field distribution of conventional grooves-based SSPPs unit for mode 1; (c) electric field distribution of

SSPPs unit of proposed Yagi-like antenna structure for mode 0; (d) electric field distribution of SSPPs unit of proposed Yagi-
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PUTE (B 58 TAE 2R W], SSPPs FE A (1 7 i 4 %% &
TR AR TRIE DR E , HE— 20l WF ST — B e R
PR KL SSPPs LILE I 2 ] & R e AR 3 &
B WA 4(a) B, 28\ K K SSPPs HLIT 5 2

14+@ s
----- =3 mm ,. .
s 12} =4 mm lightline ~11.40 GIE
<}
>
Q
=
g
g
=

[N 3 mm B E] 5 mm B — B O O 2R 1 A8
CHDF Ak % ) B A 5. 55 GHz /M3 5. 07 GHz;
T 3T AR CED 8B A958R ) R i A 11. 40 GHz Jdi /N2
9.28 GHz. N 4(b) iR, 22 /UK K2k SSPPs #.on

14 {(b)
o it > .

RC o lightline 4, g5 GHz
%: 10} ~*--h=9 mm ;-.’:':;—:-—--—:'_7-
g 8r L7952 GHz
] 5.75 GHz 4 mode 1
g
£ 4t

2 L

0

B4 28 )\RKL SSPPs BT A5 4 i (T80l 48 5 4504 ST I OC 3R o (a) AR Z5 ) SEBE L8 5 (b) RIS BE AR

Fig. 4 Simulated dispersion curves of SSPPs unit of Yagi-like antenna structure varying with structure size under different structure

parameters. (a) For different width /; (b) for different length A

1523001-3



K A7 mm 805 9 mm B - — By i OB 5 6 4R Y
2 CRYR R R ) B W N 5. 75 GHz Uik /) #)
4.90 GHz; H ¥ Wi % (B b 8 1k 4 %) & i
10.95 GHz Wi /N % 9. 52 GHz. it , — B &5 Y iy 7=
Az 14308 A7 AR5 B AT LA FR S AR R 2k 0 25 00 S 8Ok 1
il 38 e 5 AN TR R 4t R R ST BRIV RT 583 R Y T Y SE
o MEAHAT LA, — B OB T 1k 0 % 32
SR B RGBS A K T AR Lk AR X A [ 4 )
JE 10T AR
2.2 WHEIRERAOEH

55 LG A 4 M Y LA L, — B kLA [
A A 0 LT e 8 I N N 7 NI A A Y
0 5 U R B 7 A Ak Y A, AL SR T AR 4R L b
ATt LR B AT o BRI, A T BRIE S /UK R 6 SSPPs

& 42 % 5 15 89/2022 £ 8 A /FE2iR

PTG EEFY AT R BT T — 3K TAEAE IO A B T
1) SSPPs i BEAE S £ 454 . W] 5 T 7R, SSPPs i %
ety Lk S5 M = A0 4 4 s A & B OB O
(Taper) Fll 4 ~2 )UK K 28 45 ¥ SSPPs 80 41 )il 1 [
G|, (R LR S BE W, = 1. 55 mm, $:1E BHHL R 50 Q, 1F
i SSPPs 1415 L 4544 5 B8 3o I 4 G 4 5 SSPPs Bf
I JesEE R, T S AR /N 22 8] 3l R L B B
SE R K B L AT SE BT £ 5 SSPPs B 41 2 ] i BBt
Mhar UL, Ak 5 B IE K L.=5.5 mm, SSPPs
R4 51 2 F 4 AN AR TRD 9 25 K R 2 SSPPs 570 45 44 41 B
Y, 3% 26 T 25 0 g RS 5 15 1(b) i i B oc 45 M B
AH TR S8 3 IR 5 40 34 20 b 76 JEE 2 0. 508 mm 1)
Rogers RT5880 % iE -, 4 Ji% 15 181 2y % 2 1Y) 4 @ Hb 1
BAKK P L,=49 mm, %% W,,=20 mm.

taper

MS

SSPPs

B 5 25 /KK L SSPPs i H U I 45 # 7 7
Fig. 5 Configuration of SSPPs high-order mode of Yagi-like antenna structure

FE T2 K Kk SSPPs 45 4 1 75 155 08 I 2% 19 1)
ELEERANE 6 FToR , B S, A Il AR EE S, o (8] ik 45
FEo B M, T2 DR Uk 2 0 A E 250N A 38 KN 43 ) k)
BT SSPPs Bt 45 ¥ (14 J B R — By i OB . 3%
U8 A 00 T AL AR A L R 1k A 4 08 5. 54 GHz
F110. 11 GHz, 3% 525 )\ K K £k SSPPs B 0 45 #4 iy —
By e AR A L AR A — 3, o g SRR AR AR
8 RN BE h 0~3. 6 GHz, 283 3T 2R R 4 4% 42
1) B o6 4 A5 SSPPs 3 U 25 44 11 45 vl 7 X, mT A A5 b
) S5 A 19 AEC S 50 L 2 T — B v RS A AR .
FLAE W], 7E 5. 92~9. 88 GHz Y5 18 M 2 30 Bl 1Y,

0 i =
5N | WI
Vi
~10 .,’ iy U 1
2 ! U] == ,'
=z 1 " 7 \\ |
] I
< \
w J "
| 1]
-30 | \ 0
]
mode 0 mode 1 1
-40 : a : : .
0 2 4 6 8 10

Frequency /GHz

16 JENA KL SSPPs i LUK I 7 15 EL &5
Fig. 6 Simulated results of proposed filter based on Yagi-like

antenna structure SSPPs

FABAEE/NT 1dB, [P HAETE T 13 dB. 5% 40k
WA A L AR SCBE T A 8 B g 2 TN TR A
TSR i 2 — W i R S A R R TR
5 40 0 T 25 46 Cln g AR BEL BT 2 45 40 RS IR 25 4 5 )
D] I AR BT , 205 4 S 7 BRL ., e Al sk T 28 UK
LR 25 b g R ST T SR i Ik g A A A R A 4 R
TR

T2 R 5 T B 1 A0 35 TN T3 0 AR RO
R A IR I A SR T WO R, W 7 T
IR, LR T W ARAE O WORT, BB I AR AT 2 B A B
T REME B N ] AR A AR E W =2. 3 mm I} %

0 =
-10+
m
EH -20
oF
—=—W =1.55 mm
30 o W'=1.8 mm
—— W'=2 mm
_40 +|Wi=2.3l mm | . .
2 4 6 8 10
Frequency /GHz

P17 H T SSPPs i W Bk i A 4 B FE S, S 2058 Wi
Fig. 7 Simulated return loss S;; of the proposed filter based on

SSPPs high-order mode varying with line width W,

1523001-4



HRIEX
Ko D5 EE5H R 8 o1& Y mLk e W, vl R B
3ok W 235 48 52 B 50 Q bR ME T 4k 5 SSPPs 4514 2Z [H]
A BEL e DG IE 35k i — 25 B ARl oA Tl g 00 A 42 5 ol 3l
PERE .

AW R T 4412 \K KL SSPPs H 5T [ 51 51
BT 3k Bk i A R o 3 TR B BT IR UE B A
FEANTA] SSPPs LG FESIANE N T A A& i ke ik . anf&l 8
7R, % SSPPs B0 M 41 A~ %5 DA 1328 ¥ 385 m 2] 4 1) 1
UE UL AR AAE S, AT T . T &5 Rl LA
W A E, BEE SSPPs BT AN £ 39 0, A 3 8 I AR
1) 308 A% A il 2 R BE U, ¢ B0 LR T A S 1% Y
PR, IR T AR B SSPPs 1% i 45 44 2 i TS50 A
A B4 51 53 45 19 SSPPs B ITH 1Y, SSPPs BT A H
22, A% fi R 1 e 3 BRAECIR S, B 3 B0 o O i AR 1
i 3 AR

2 4 6 8 10
Frequency /GHz
B8 JLT SSPPs i B 2 U B 4% 104 AHRAE S, 5 SSPPs B
AN 126 7
Fig. 8 Simulated insertion loss S, of proposed filter based on

SSPPs high-order mode varying with array number N of
SSPPs unit

R Tt R HE T UK R 2k SSPPs 45 14 1)
o A U A A TR R A 3 o A R AT T BB
Pho i 9Ca) iR, 24 T ARSI R0 S 4 GHz B, B
TR 26 15 B 0 H 3 B B E 203 5B — 4> SSPPs #ot

=

= L;q»;‘*:v,
=y 58 i § ==

B9 28 N KR K 2k SSPPs i B8 % &% 9 B 37 43 A B .
(a)4 GHz;(b)8 GHz
Fig. 9 Simulated electric field distributions of proposed filter
based on Yagi-like antenna structure SSPPs. (a) 4 GHz;
(b) 8 GHz

=42 % F 15 81/2022 £ 8 B/ ¥ ¥R

BEMIE , ok S BLRE B R ALy o AR B M, AN AT 9 (b) By
X T N 8 GHz, L7 RE BETE BN 2 /UR R &
SSPPs B0 b A7 A WA X B 4 Je s, 1X 5 74 3(d)
3R B A PR AR A B Y . e Ah AR AR A
SSPPs H.I0 2 [8] (4 B S 0 PEAH I, 3 30 48 5 1

3T 5

R T B8 E 45 SSPPs i I U8 U A% A0 AT AT X2
IR K LR 45 K 1) SSPPs % B £ 47 7 Jm T Fn il 3 .
WE 10 FE7R , Sk 7 3R U8 I 2 A4l A AR S 8, X
U Ul 7 T RE AR AT 2 N BRAE 2. 92 K23k 1 Bl ik e
B b I % o I 4% 43 B AR I E AT 0 A 0 Y
WHABFESHWNE 11 iR, 6.0 GHzZE 9.9 GHz 1)
WA, A EE S, /N T 1 dB, [l 9 Bt RE S, i
10dB. MEAZE R 505 45 R AR A B W #
2 TE] A Al /N 25 32 B 02 o 8 D 2 5 K e 1L 22 1] ) 34
DA = L

FI10 2R KL SSPPs i #5125 32t 4 B 52 4 7
Fig. 10 Test environment of proposed filter based on Yagi-like

antenna structure SSPPs

S, /S, /dB

2 4 6 8 10
Frequency /GHz

P11 BNK R SSPPs v B UE Il e T 1 45 28 15 0 025 SR %
e

Fig. 11 Measured and simulated loss parameters of proposed

filter based on Yagi-like antenna structure SSPPs

4 45 B

HFANTEmMEE TERBOTH R AR, & T
— T A TE S A B A S R B AR . RIS UK
K2k SSPPs LIt 45 ¥, 47 20 Hh % AIK SSPPs 1Y i L 45
kX SSPPs Bt &5 H i 28 5 05 B, b T
SSPPs H A5 A — B i YA Y 7= A2 AL BR LA B 52 1) 8 1k A5

1523001-5



$ 425 F 15H9/2022 F£ 8 A/FZH

I EES R RIUROH L5t it X T2/ UR K4S
He) SSPPs i YA Y 3 98 P A b 4T 1 07 B AN L, 4
HEER G M A R W) & BB 0k 1 % s it i nl 47
Vo ZUEDAS AR TR A BT O 7R S B TR AR R A
G0 b ELAT T A 1 0L AT 5

[10]

2 % X w

Barnes W L, Dereux A, Ebbesen T W. Surface plasmon

subwavelength optics[J]. Nature, 2003, 424(6950):
824-830.
Yin L L, Vlasko-Vlasov V K, Pearson J, et al.

Subwavelength focusing and guiding of surface plasmons
[J]. Nano Letters, 2005, 5(7): 1399-1402.

TR, AT, Az, AL N DR B Ot E M
BHIL G224k, 2021, 41(1): 0124001.

Zhang H C, He P H, Niu L Y, et al. Spoof plasmonic
metamaterials[J]. Acta Optica Sinica, 2021, 41(1):
0124001.

X BE  BRR AT RO 2% T A5 s e M HR AT LT, £
S5 2R, 2020, 39(2): 169-190.

Liu P K, Huang T 1J.
polaritons and their applications[J]. Journal of Infrared
and Millimeter Waves, 2020, 39(2): 169-190.

Yan X T, Tang W X, LiuJ F, et al. Glide symmetry for
mode control and significant suppression of coupling in
dual-strip  SSPP  transmission lines[J]. ~ Advanced
Photonics, 2021, 3(2): 026001.

B, A, PN, A5 S RIMOT Y IR B Rk A
T 25 # S 21 A W Wi [T]. 06 2% 2% i, 2020, 40(21):
2124003.

Yang L, Jiang S L, Sun G B, et al. Plasmonic enhanced

Terahertz surface plasmon

near-infrared absorption of metal-silicon composite
microstructure[J]. Acta Optica Sinica, 2020, 40(21):
2124003.

KA, B, N, ST AT RN SR T
POt R 2 0 U O AR BT ] B0t 5ot T kR
2020, 57(17): 172401.

Zhu D W, Zeng R M, Tang Z T, et al. Design of
multiband filter based on spoof surface plasmon polaritons
[J]. Laser & Optoelectronics Progress, 2020, 57(17):
172401.

A, BEVRE, P OL, AF LR ER I AF B ot AR
X R AR JE BR R R AT 9 I A B [T] Ot e i, 2020,
40(14): 1423001.

Wu M, Liang X Y, Sun D X,

asymmetric rectangular ring resonance cavity electrically

et al. Design of

adjustable filter based on surface plasmon polaritons[J].
Acta Optica Sinica, 2020, 40(14): 1423001.

Pendry J B, Martin-Moreno L, Garcia-Vidal F J.
Mimicking surface plasmons with structured surfaces[J].
Science, 2004, 305(5685): 847-848.

Garcia-Vidal F T,
Surfaces  with  holes in

Martin-Moreno L, Pendry I B.

them: new plasmonic
metamaterials[J]. Journal of Optics A: Pure and Applied
Optics, 2005, 7(2): S97-S101.

Fernandez-Dominguez A I, Moreno E, Martin-Moreno

[14]

[16]

(18]

[19]

[20]

[22]

[24]

[25]

1523001-6

L., et al. Terahertz wedge plasmon polaritons[J]. Optics
Letters, 2009, 34(13): 2063-2065.

Jiang T, Shen L F, Wu JJ, et al. Realization of tightly
confined channel plasmon polaritons at low frequencies
[J]. Applied Physics Letters, 2011, 99(26): 261103.
Yong JZ, Quan J, Tie J C. Bidirectional bending splitter
of designer surface plasmons[J]. Applied Physics Letters,
2011, 99(11): 111904.

Shen X P, Cut T J, Martin-Cano D, et al. Conformal
surface plasmons propagating on ultrathin and flexible
films[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2013, 110(1):
40-45.

Shen X P, Jun Cui T. Planar plasmonic metamaterial on
a thin film with nearly zero thickness[J]. Applied Physics
Letters, 2013, 102(21): 211909.

Ma H F, Shen X P, Cheng Q, et al. Broadband and
high-efficiency conversion from guided waves to spoof
surface plasmon polaritons[J]. Laser &. Photonics
Reviews, 2014, 8(1): 146-151.

Ye L F, Xiao Y F, Liu N, et al. Plasmonic waveguide
with  folded highly
propagation and concentration[J]. Optics Express, 2017,
25(2): 898-906.

Ye L F, Zhang W, Ofori-Okai B K, et al. Super
subwavelength guiding and rejecting of terahertz spoof

stubs  for confined terahertz

SPPs enabled by planar plasmonic waveguides and notch
filters based on spiral-shaped units[J]. Journal of
Lightwave Technology, 2018, 36(20): 4988-4994.

Ye L F, Xiao Y F, Liu Y H, et al. Strongly confined
spoof surface plasmon polaritons waveguiding enabled by
planar staggered plasmonic waveguides[J]. Scientific
Reports, 2016, 6: 38528.

Guo Y J, Xu K D, Deng X J. Tunable enhanced sensing
of ferrite film wusing meander-shaped spoof surface
plasmon  polariton ~ waveguide[J].
Express, 2019, 12(11): 115502.
Guo Y J, Xu KD, Deng X J, et al. Millimeter-wave on-
chip bandpass filter based on spoof surface plasmon
polaritons[J]. IEEE Electron Device Letters, 2020, 41
(8): 1165-1168.

FEENY, A BTN T3 A B WOC i I3 1 Ak 3
K] L FERTFE, 2020(3): 58-62.

Cheng A F, Bai Y K. Circularly polarized leaky wave

Applied  Physics

antenna based on spoof-surface-plasmon[J].
Optical Communications, 2020(3): 58-62.
LR SR, HRE . T AT B ML 9 0
Tl R 2] Sl R wEoe, 2021(5): 67-72.

Bai Y K, Chai B, Zheng H X. A wide-band leaky-wave
antenna based on spoof surface plasmon polaritons[J].
Study on Optical Communications, 2021(5): 67-72.

Wang J, Zhao L., Hao Z C, et al. Splitting spoof surface

Study on

plasmon polaritons to different directions with high
efficiency in ultra-wideband frequencies[J].
Letters, 2019, 44(13): 3374-3377.

Han C, Wang Z H, Chu Y Y, et al. Compact flexible

multifrequency

Optics

splitter based on plasmonic graded



% 42% £ 15H1/2022 &£ 8 B/kFFR

[27]

metallic grating arc waveguide[J]. Optics Letters, 2018,
43(8): 1898-1901.

FISTEE NI TR 3-8 TR %N L I [ 2 @
GLAEIN[D]. BIHT: ARFK A, 2020.

Zhang H C. Fundamental theory, device synthesis and
system integration of spoof surface plasmon polaritons
[D]. Nanjing: Southeast University, 2020.

Xu K D, Lu S, Guo Y J, et al. High-order mode of
spoof surface plasmon polaritons and its application in
bandpass filters[J]. IEEE Transactions
Science, 2021, 49(1): 269-275.

Jiang T, Shen L F, Zhang X F, et al. High-order modes
of spoof surface plasmon polaritons on periodically

on Plasma

corrugated metal surfaces[J]. Progress in

[29]

1523001-7

Electromagnetics Research M, 2009, 8: 91-102.

Liu X Y, Feng Y J, Zhu B, et al. High-order modes of
spoof surface plasmonic wave transmission on thin metal
film structure[J]. Optics Express, 2013, 21(25): 31155-
31165.

Liu Y Q, Xu K D, Guo Y J, et al. High-order mode
application of spoof surface plasmon polaritons in
bandpass filter design[J]. IEEE Photonics Technology
Letters, 2021, 33(7): 362-365.

Yida, Wei X C, Yang R, et al. Modeling and analyzing
high-order modes in periodic-stub-loaded stripline for
wideband filter design[J]. IEEE Transactions on
Electromagnetic Compatibility, 2020, 62(2): 398-405.



	1　引        言
	2　基于SSPPs高阶模式的带通滤波器
	2.1　SSPPs的高阶模式研究
	2.2　带通滤波器的实现

	3　加工与测试
	4　结        论

