il X 4 CHIRRE Gk
SCIENCE CHINA PRESS

CrossMark

& click for updates

JUAT ARV R 2 1 55 i OCidE s I i A0 1
Rk

1 1 - 1,.2%
Fat, AR AR, Hos

L. bR R A Bt R A YL S AR BT 52 0T, b 100871;

2. MEJRIE Tk R2ERR2E S TALEARIITBE, 35505t A il R S E S SR =, M/REE 150080
* PR A, E-mail: linf@pku.edu.cn

2019-04-15 Wk, 2019-05-23 &[], 2019-05-24 57, 2019-08-07 M2 ik £

R HRFIEFE4 (21790364, 11374023, 61422501, 11674012, 61176120, 61378059, 6097701, 61521004)F1 [ 5 & s ik & T H
(2017YFA0205700, 2015CB93240)%% Bl

e XEEEHTE-—MIRGELRBRE BB THEER N #ER, AR e A E
THERG KT UREATHRR, BT RUAFEGREEHEAEERN. FRT 2HRNWEAFTE, #
B 2R B DL R e AR B HOLE S, AXH R W LA kA i F IR EHOLR R R A A
BNERREFENFAFERTEARCEFNLIBFRREMTTY, ARENELNAXRTEEHTTH
I, HAPRZBME SRS RERTHRBEMBRHRTAMEX. ATRREHRTHEESET WM KA,
FHNRERRRE. ATE M E LTS B3 A T U ERTEEHOTH LA, RALIKTFH BT

FHEMFORE, ETHHH AN, REXRZH.

Kgtinl KW EEHOUES, 43, THH, LA, RERL

FR 55 B it (surface plasmon polaritons, SPPs)f&
MOCAS BG5BT R R IR, S8R A
H HL T 32 B GO A NI 7 2 SRR IR 7,
S5 EEART B B RS IR BT SR Bk
ARG Y, 7E R T 7 ) b 5 I O iy —Fh
RGN T R T A BT B SR S
Y wi ek, LS GRS R HAT AR 3 i AH BLAR
FIP. SPPSTE 2R 4T A 1R Z WA BB, W4z 8
S RN AR 2 c5/5 9 A ok NI Y -5
JE RN 1 S 111570 AN 111572 )=

RIMFEWOCATT FE—Fr ke, @l
FHIE 37 DX rb SR A B A AT DA SE IRATT SR PR, O Je
KPP A CEE, DTS I AT 75 114 F G T8 e B Al o

TR, P LA T 3R A5 B TS 55 M AH S 98+
L R FH IR 240 [ 2 3R 1) 4 B O3 e SE I %
WA TAE R Lius AU T20054E 482 1. 7E5286
TR FH 4 e FEE 2R T 45 5 Ve 5 v 1% [0 R R [ R0 45
F, PRI R EESPPsI ARG RE I, SC3E T SPPsAYIE AL
%, [A4E, Drezet A\ FIRHR ST B a7 — R
RUAR A% B S T R 11 45 B POt B e SIS T
SRR B . 20064F, SteeleZs A" fdi I A S 1E
RIS | 7= Az SPPs i 7 BRAH T T R ALk i B 2R £
MU, 28 T et h SPP LI AR (v VT BL A ZEsR, SEBL T
FE AL SPPSI YR EE. 51 AZAFRLIIE B8 R G, e
JARE VI RISPPsU K, MM SEEL T R 10145 B IOt 5
BN AR AL B BRI 1045 A4 3. 20084F, Gor-

Chinese). Chin Sci Bull, 2019, 64, doi: 10.1360/N972019-00325

SURRSA: 93k, X B, BHARER, S5, JLATAR (0782 B3 10 45 Bt s B A AU HER Rl Al Rl A, 2019, 64

Jiang J, Zhao Y, Yang C X, et al. Near-field mode and focusing optimization of geometric phase modulated surface plasmon polaritons focusing lens (in

© 2019 (PIEREE) A=tk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/N972019-00325
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/N972019-00325&amp;domain=pdf&amp;date_stamp=2019-07-04

@43 &

odetskiZE AUV I 42 51 114 METiE TR 44 K e 3 THT 45 1 18
JCIB BT HAT FE T H e N RE AL RS R T 153
RETIRE, AHZERIR N B a5 F S8 T A S
St E EVE S Y SPPs B AR BE. 20104E, KimZE A 1
A BRTiE B A S BYL Y 3 T A 5 VO I a8 B % T S
FURIRTE R A S sh A Y. ) FHMEIE 45 44 0 AR 57 1%
il S BT L AT 3 o I TR D FEL g 174 3 T A IR
TRE, B T 3% 01 45 B O I s B i R BUsbE, ]
DAt T AN R 46 o7 9 2% T 55 25 30T 19 sh 8 U1 4.
20134F, Lin%E NP5 i 5 T TR b 4% (5 FR 45 4 B AR frT
AR RGERY, 7E G L SCE T XA A A SR AT
B AR RE S

JUEIET R WHIRIIA DL S MR TiE T 114 6 T 4 25 3
TLBEGARE] Tz ST, SR SEL5 4 R 1 i 2 N
M, et o AR. RANEIR GRS nT LA i
SE AR TR, RIAAE 2 1] b ELAA B BRSSO AT HE A
(25 (D% 55 25 (B Gy R VE A 0. O T S BT B 45
Pt gE = A RAERIRCR, AR SCR R R A 2ot E
BE ol B 2 A FE T B AR S (R B, SEBR T B T B
RIERM S B HOTERRE, X—RZERETHNEY
B — T WAL, hFREARER—1
SPPsiii, HESNTE R A LI, 534%™ A i SPPs & 7E
ZEFE PSR A ELRR A TR SRR A T R A B 4
HHZ T RIS m R EN T E, @i TR
WP R R, T LEBR T M SC R L. H
F BB ZE R HREAE IR Ao B LR A, AN EAE
TE BB 1) 23 8] e 7= A= ) JUART AR L IR, A SR e

B BT LT AR B2, S Lin%E AP T
TRURSE P TT S B T A5 B OTIE BT T A A ey
TR g 17 (G P A B B BTN T 1808 B9 25 [ A7
HESI—F0) AR, FEASC AR, AP STy 25 [F] £
BRI S 7T BRI A Ped 1 25 (A1 5L F AN
[, SECHBAMO2E, ST ORRE. TR L
{7 BELFR T A5 FRE L VE R AR PR, AT SR 0 AR 45 4
WATSCBURAE, JEEHAEWER T HW G, RIHERER
TR BRI,

1 RS EHoCE SRR SRNEVES

— AR S IE L2V sk . Sl AR AR R AR
B!, AR S i B K S I e o
JCHE FEAH [FIRL U HES N FE— AR BR b, AT AR5 4t ™
AE R R T A B O TAR BRI B S A
1.1 g5ixil

P 12 P A [R50 400 DK A0 4 A I 17 4 [R] L A% 6 i
GO R R BRI AL A, El1(a)~(e))
S NFR GBS B R F28, 36, 44, 52, 604N
BHWOTE B R E . 1 (ay)~(e) X B 45 H (1)
AR EI(EP). MRHERT S R ASHE A BRI,
11 (ay) Y B HT AR L 2R 7 A iR TR B H AR,
HAKSRKERRER, 2583 um.

mE L (a) i, o FReasr= A 1 2 w4 B o
A% T7 ) B e S BT s A Al % 7 ) L,
XHUBRSE ARy [ iR 243 B TR AR 7 1), X

Diag.

(c) -
.
.

.....
~~~~
~

|EJ*

Bl 1 (ROZ8RROR )R T 45 BT B B A 1R R ANE A

Figure 1 (Color online) Structure diagram and near field pattern diagram of surface plasmon polaritons focusing lens
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Figure 2 (Color online) Diagram of the relationship between the
diameter of the interference ring of the SPPs lens and the number of
nano-slits

iRt 11 1 () TR BV 2598, RS P U R P S A
B, PRAEAZAY BT

K32 TR BRI 1~43R % NP4,
SIEVEHU TR LI —RL. dey Ry 7 52 LRI47 A 1Y
SPPs, r/n TR, IR AT, B
R IEWIA T L 0 X PR B AE 1 R1453 551 7 A Y
Fey ey 2 THT 45 T POT A% AR 31 25 (8] 37 B S A ) 0 1 .
M TR BRI RAIROCA ST, k5 ko W ERF LA 22
So=m, WRR/PNGL K, FrLhbi g — AT s 1)
WA H T B TR LA IS 5 | 1) R T 45 5

o J )
-
la’meh& S
4 \
’ s \
4 w; \

I \
1 . \
1 1
\ ]

\ /)

AY 4
\ V4
N ks ,

\ 7
X ~ -_— e == - P
4

B3 (MR- () 1 A RO CIE 5 T PR B R B
Figure 3 (Color online) Schematic diagram of interference ring
principle of SPPs lens



@43 &

WOt T, ARG —RHN T R R
% TWRAER 2R A,,=18.5. il HTE 1 (ay)~
() PIBEBIZE S, & BT 1 P 45 Hh D e B 553 P I
TR R ECE I R 194,

SRITAANL S FEPREE LRIAR) T35, Ok B A R e
O AR R R ) T e R, T 25 R
Besg2, 35 5 TR M. B TR AR —
ANBREE A I R AF B OT R R — A SR, XRERT L
FHTRT B AR T T PP IR R A R O B A 45 4k
B e . R, 2, 34b7=EAISPPsTESAL
A2 R R 2 A/ xcos(L,/Ax21), A/Lyxcos(L,/Ax2m)
cos(f), A/L;xcos(Ly/Ax2m)cos(8), HHL,=R—r, L,=L,;=
(R*+r°=2Rrcos(0))". AZHessr 4 ISPPsI EIRIE, R
NEERIREAR, 241, 2, 3, 43Kk (ISPPsI & R IR 7E S kb
AT e, AR 5 R B R T
OR8N B S VA W /(T B8 T & B8 7 N LUK AW 0y ES
I ENT RS, BT 2R T O B R A K
INRTLLZG, 25 SR B BRG0P A i T otk 1) 5
WHEAENO0, BIMBA AL 2 i (1967 ' ) BRAE RO AL,
WEL =04k, BCHYL,=L,=R, ZFINFE IR T 1+cos
(O)+cos(—0). FH AR H I S FR 1+cos()+cos
(=0)=0, T1HEFN0=120°, HLiIn=3. WP (1), n=307,
d=0, IEMZ A A VA TE.

P4 (a~e) 50 B 318 FH 409 K B B by A ) 3 v 45
BIMOTIERBE AR, 8, 9, 10, 11 um F ATt A.
20 T 40 B4 #4 1 i) 358 B e A
671 nmfYA7 R RARE T (14 4 2 7= A T8 [ 2R B4R
H}7.6 pm. UNE4(a)Fl(b), MBI ER/NT7.6 pmif, £
T 45 B OT B B W 454 RS/ NF P A i T e N B
F2, AR P P 5 5 I A L PN 3 DX A i
W M EHAKTT.6 umit, BEAEIR R T 0,
()~(e)¥ITET.6 pmib /™24 T TSI, L g —
HRM, TWANES HRRR LER, XEWRET

ZNRIE S AU NS S UL

1.3 R EHOTE BRI

KIS O RIEY IR S BB AR SR, BEE E
sk, ORISR R KR BN, AE
7.7 pmAb kR RAE, XS HH (D) R A S5 R
7.6 pmJLT-—E RSB IE B AR A TR
THAS, ARG AT

I/ N T4 BT RRRFE— EUR R IS5 O
JeF oA BRI . A BT HAT AL 5 245
FERPERR. FIRHET S, P4 =S a0 B otk
AT, PS5 Z 18] Az R 4 B O 2R AU A,
W PEEEE RIZIAE S HFE. BR AR R, 2l T2
FESUFE BB LS T 50 1 7 AR S BOR R AR 8 55
AR/, MBI PRAER S AR L2, A ThE
T [ LA R A, B RE B AR e T
W EACH, RERCRERLF.

2 U AR i S BiociE B

R

FrAEE I L (a)~(e) T i K, RAEZRE
BIMOTIE RS T RE R 1 IR, ARG TR HE
TR B8 7 A 1 SPPSTE B 4R G & T IR 2 AR 25k
B X ERE LA O R LR, Bt g —
ANRAEIR. T REREGEEA 25 [ Gy R A, 38
1 TR F Y P4 B e R S 7 AR R SPPsHRHE L AR AH
7P, AT AR 22 SCBUAR T, X o i St
TER AR TT L S PHE B A P B R

P62 LT AR AL 9 i R I 45 BT BE. [516(a))~
(a3) 73312 BT A0 TR SR A LY E AR M6, 8, 10 pmify
RIF BHOTE R RERE, Ky, kZRmxh e
AT BT, EI6(by)~(bs) &l 6(a; )~(as) T 1 )
FKii A EHOTE BT AR #6(c))~(cs) /2 gt 40

¥)

|E?

B 4 (MEROR E) AR BRI B EoTB B a4

Figure 4 (Color online) Near-field pattern diagrams of SPPs focusing lenses with different diameters

4



40+ 7704.7047
364 | o BILIIBR
i | LG
w 321 o BENE |
< |
| 284 |
m |
2
i 24 |
X !
= 20 |
B |
164 |
124 !
} L } } }
6000 7000 8000 9000 10000 11000 12000
ZESHATBEBEER (nm)
B 5 (MZRREO)REFSETEREASPORERT—ILY

HICF I

Figure 5 (Color online) Diagram of the relationship between the SPPs
focusing lens diameter and the normalized intensity of the central
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Near-field mode and focusing optimization of geometric phase
modulated surface plasmon polaritons focusing lens
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Surface plasmon polaritons (SPPs) are an electromagnetic mode in which an external light field interacts with the free
electrons on a metal surface. When light is incident on the surface of the metal and dielectric, the collective free electrons
oscillate on the surface of the metal owing to the incident light excitation effect. This causes the coupling of light and free
electrons on the surface of the metal and the spread of the media surface along a conductor, which is constrained and
attenuated in the vertical direction at the interface. The surface plasmon polaritons have strong near-field electromagnetic
field characteristics showing strong interactions with nanostructures especially with nanomaterials composed of delicate
structures. Because the diffraction limit can be exceeded and the nano-level sub-wavelength spot can be formed in the near-
field region, it is of great significance to design optical near-field focusing devices.

Different from the widely studied toroidal, elliptical, and helical surface plasmon focusing lenses, a surface plasmon
polaritons focusing lens composed of rectangular slits is designed, and its near field mode is studied. In the case of incident
light excitation, the propagating direction of the surface plasmon polaritons is always perpendicular to the long axis of the
rectangular slit. When the rectangular slit rotates on the surface of the metal, it can produce an optical electrical field with a
controllable geometric phase, which can be used to manipulate the near electrical field. The rectangular slit not only
modulates the optical electrical field in terms of its depth, length, and width as toroidal, elliptical, and helical units do but
also produces another kind of phase manipulation in terms of its axis orientation, which enriches the means of light field
manipulation. In brief, a single rectangular slit generates SPPs, and then coherent interference occurs in the process of
propagating towards the center of the circle. Its size and spatial position are related to the number of lens slits and the size of
the lens. In this paper, finite difference time domain method is used to calculate the electric field intensity of the structure.
By analyzing the finite difference time domain simulation results, we find that the lens focuses best when the size and
number of the lens slits causes the interference ring to disappear. In addition, we can use the simplest coherent interference
model to explain the interference bright ring pattern, with the strongest envelope at a specific location in the internal surface
plasmon polaritons focusing lens. Although it is difficult to get the analytic solution of the strongest interference bright
ring, the interference model used in this paper is self- consistent and can be used to verify the accuracy of the empirical
formula obtained from the finite difference time domain simulation results.

By adjusting the spatial rotation angle of each slit, the geometric phase of the SPPs can be generated, and the central
focusing of the SPPs focusing lens can be finally realized. The focusing effect is the best when the interference ring
disappears. This paper provides a new idea for the design of a surface plasmon polaritons focusing lens. The surface
plasmon polaritons focusing lens in this paper connects the geometric phase to near field focusing; this gives us an
enhanced understanding of geometric phase and provides a new direction for the combination of surface plasmon
polaritons and topology.
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