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Design of broadband near infrared surface plasmonic polaritons

logic AND gates device
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Abstract: A nanostructure of broadband surface plasmons logic AND gate was presented. The two input
ports were composed of broadband infrared directional couplers which were a pair of two parallel slot
nano-antennas milled into gold film. An array of couplers arranged on an arc-shaped circle was capable
of focusing the surface plasmons to the circular center when it was illuminated with radially polarized
beam. The same two focused surface plasmons spots were coupled into two groove-shaped waveguides,
respectively, and then interfered each other at the cross point. The intensity was four times that of
intensity produced by a single arc-shaped nanostructure when two arc-shaped nanostructures produced the
surface plasmons in the center with the same amplitude, polarization direction and zero phase difference.

The nanostructure and device principle were theoretically analyzed. The relation between input ports and
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output port along with broadband property were simulated with the finite difference in time domain method.

Key words: surface plasmon polaritons;

directional coupler; interference

0 5] §

FET A5 B WOt TR TR 4 JE 2 1T Y 3 3 1R
DI R P KR, oA s i 4 AR AN
RUBIRAL THEH A 20045 T 4 B o i i
B HZRAE R RIETE A 2 BT K F o300k . gk
T 45 B OB B 2% T 45 B OT A R AR 12 R AF
BT E R G 2, 3R 1 A5 BT 5 3R AR
BT o i AR A R SR T A B OT B B AR
101 S5 2 SR (A 114 30T 2T 40 3 T 45 B Ot 2
)Rl 23 B TC F PG S Z0 Dl 7 4 B L i) P A7 e e R 2
X 2R o ARG B TR, TR BE RN B LA S T S e 4
Z[E] I R B AR A 1 A R 1T BREE T 1) 1 2 M
WRINGBR T, B PesE KT 4 JE 221 [n] W5 ) %
SR AF B WO, PR sE KLk S B0 1 — i AR
AT DAV — AT [ 9 3R 10 A5 B 0T SR SRR T,
W 53— 07 ) B 2 A5 B O S B 5 T 85, DA
S T A5 B KOTSRS . % I R TS B
TCREE PR AE O % K 830 nm BT HE T8 157 nm FO3E
BRI, AT ASEEE /DT 6 EE 16 Y2 PR, X FlvE
AR B OCTE A 1 /N R FER ANy, AS S 7 B
WK ZERE 5 |G RN G R 2 225 Uik (6141
T T —Fh 20 ko7 4 MR R T A R L R TS R
JUAR X B 2l R 200 7 4 R 23 S 43 BT b SR
SR PR R L OK 1 A A 46 4 B D R
Yy 4R e WA RS I 5 LA P R REE, I BT LA
FHE A 830 nm B3 — 5 i 56 31 Bl PN 1) 3% SR 306 3
Ko R AT B O T S AR A B OT S
BRI N H AR B HOT B R
At 22 p 20 i A 4 T 2R 0 S AR A0 i el
YRR LR AL B I 2R 1T A5 B VO R T A A ) B R A
SRR LR — i TR G, AR B (5
G510, S 3CHk P AR WA 56 T 40 A B )

—x/8)
I.gp= | CA exp(—x exp

logic AND gate;

. D —
[iafse 10 scn

radially polarized beam;

] 25 B BOT T 128

SCHR AR T — R b R T AT A R 1) R T S
B WOT AR A 2 RN A I 5 A AL — N I 2T 4 AL
iy A\ i 22 00 AT B UMOC B B 5T E . )R R AR A
[Fi) , 57 2 [ 2 10 9 B 3% 1T 55 B Ve 2 vk T B AR
S TEM S FIS AT TR TR, IR
B PR 2243 ¥ 804 FDTD solutions #5481 T % A %y i
HITE#MLR,

1 ZE1EHERE

2 b A 4z IS B R A K P g ] LA S VR B A 520
KR, TEBURICHE RIS T LA 4 J& 2R 1 [n] S0 46 555
RIMFEHoT™, S PREE RLT-ATHCE I (a1
FRi7R), ATAR Il —A> € ) R OTHE G 8 o 1 1 RS A A
ZHOZ G T 275 SCHR (4] T B 5% R 26 6T 119 45 46 F1
SR, BAE SR AR ER R 2R
N H R, JFHREE TR X 58 w, K
JE o0 L1 A L2, FHIECh D RBEEE , X RE A 451 1
FRVEAEXTFR 2 e 4 KA XS, B BREEHR A AN [R] (1)
YRR, ABATTHS T LR N SR A RE IS — 1 2
A, I X R IR A s B AL B i OO HRE
B I 4 AN 23 AR5 BT A% 4 B R T A oS ,
WA BIAHTE R @ Fl oo 2 AEEE RS L /N T30 T 25 2
BOTHAS A 1, WS BRAE G2 R E A L 37 K 7]
LA RO, B mOGIR A R B 5 7E X BT
T 1) 33 AT DL Al 5 1 i g e X
E(r, 0)=Ecos’bexp(—r/8)cos(wt—=21r/ Aw)/ (/1) (1)
. 6 4y SPPs AL REICEE . IS SPPs UG & i
ROE I IE S X 07 0 A BRI AL T . 7R 24l
BRLEHI TELLT MEUE SPPs A& #E K BEFNT X il
4% R B R T A PR 4E R Z A FE B D Iy, U
T X b IE 1) AT Xl G TSR BE I AT Lsee A L
Al LLERR

5

i[kspp(x—]‘z)—)+cpz}} (2)

0320003-2



gk A2

% 3 2 www.irla.cn % 45 %
p(=x/& D /5 D ’
L= |=CA PO x| hon| 145w || - PO x| —hon| =3 v | @

K WIHERARDL @ T @, B T RESEMAG BE
WK ;€ MW, AR A, J2 04 b O A B IR I
ksw=271/Aspp, AN AT LAE H 2 A=A, (- @)+
ksepD =1 [) IS} 35 J IRF | T_qo=0, PGS B X %0 1F 17 114
SPP H [ A& 4% . 174 (@) =/2 Fll ksppD=T1/2 I , Lpp
X DLk iR, T SEE R K TE Y Lse/ T spro
{H1 A=A, Fl(@—@)=m/2 AT RELE— MR T8 1 1k Bt
RIS B PR B I B A i K 1 I G FEAS T BB
PSP 3 A R e A A B AT A Y — R SG
RN PR K A8 Ak AT DLl A8 A Pl 48 45 1)
SPPs HYAHNL 25 Ap=(o—¢1) , I HE R B T A i B PN 52
B A=A, A I 5A FR 22 73 2 455 004K F FDTD
solutions 11 45 W E M . 24 L,=225nm, L,=260 nm,
W=80 nm, 4 I JEL B H=200 nm I}, 7F 773~930 nm %
BN, A=A, SRR R . 7F 830 nm A, Ap=(¢p—
©)=38°, I, N T 1 2 (- @) +hspeD =1, AJ LLIEHE
2 D=320 nm, Q1R E LIHC I n=Lge/Lg, TTH R
HIFE LB RIE I, m>15, A=810 nm B, {46 HLik 3
R =44 I, IR E X n>15 B E R
B, WHZHR G #5498 K T 157 nm,,

H Gold

—| W e—

— W = I

f ¥ .
L #—5( 1
=

(a) JRFALIA (b) Ml #E
(a) Top view (b) Side view
Pl 1 HLA 3T 55 B OT S 1) R T AR 9 S A T A 4 R R 45
7~

Fig.1 Structure schematic of the two parallel slot antennas which

have the function for SPPs directional coupling
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Fig.2 Intensity of circular nanostructure excited by radial polarized

light
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Fig.3 Groove waveguide etched on the gold film
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Fig.4 Structure of logic AND gates

2 BEE TN H 5 R AR

TEEIA v 5220 A 00 18 TR 94 2K 45 4 DR IS
AR ISR A 0 FAR ) AR D IR B B, R R A i
1 Flay Aty 2 57 B 43 5B B A6 EE, IF 53 BIF A
FURERL T, X I AR S R P I AR R R
1) T A B OoT B 0 o PR 4318 T ] — 38, AR
ZE R TR TERIAVEIX A S8 AT DU SR £
B R R] DU B 4 i e OB RO AR
e /NFRAAP A, AT RUE SO iy S SN
U7, M — A 9K g5 40 Bl B s, ) A —
AHi A i AR B OTHR A BN S B s R
S5 B WOTAE 5 R R I /N T A A i [ B A {5 S
WA (3G 5 T PE s BT . AT DA SO s i) i b o
SO TR B, PR BT 9K S5 R 5 A 1 R B S
e 10 I 5 R BE DU R /N | RIS AT A Sk A 1) e
UifE 507 I, bR R 3N R K S5 R
BT 214 XU A it 2% 1 45 B Ooc 2 58 S5 T T

R T DB A R R A AT, SR TR
1A BR 2243 474 FDTD solutions 8.6 it T X4~
SR IR T B BT R A B DG R XN
Fo) 5 M S 2 BAC B H0CN L,=225 nm , L,=260 nm , W=
80nm, H=200nm, FE#AY T 58 B FIEREE I 100 nm
WK BN 3390 nm,, A S EOG B KB R R 570~
950 nm , 7E 5 H 3t LA K 25 5 H 9 10 nm A1 20 nm ()
N7 B 3 A 2 B I T A N T 1) WE A A0
Bl 5 i, B 6 iiias Lom Az R b & 6(a) |
(b) F1 () 2 — i A i A7 2 TR 25 #5980 0C fan A\ Ik i o
Uity [ 568 52 43 A7 5 ] 6(d) | (e) AT () A B A A i 5 4
T A5 BT A I O ) R R AT . DS BE AR
ROTUAFE R, A — A i A A 5 R A i
AV B AAG T, s R A 25 4 f5 D

b R TP A S A A E S I S el
DU ARS8 T e i Be b SRR A2 AH ik
{6 AL S TP I, RS R S X R 2 R I 2R
BAAN A B 4 A% (RS SS SRtk B2 SRR (e 41,
R34 SR A DAL T b i Gl 45 4 18 2 S 8 548 S50 LA
RACBAU S AL E SRR 2E . IR
— A A S AT R AE S I AR T IR (1, 0)=
1=0, 10 4 1 A S 2404 g AR5 Il HE A5 5 5
Toupa(1, 1) =41 =1 ARYGATTHEA 3T, XG5 d )
DA BN A\ S 2 T 45 B RO GZ 3 5 T TR DI RE
Monitor3

Monitor2
Monitorl

Waveguidel Waveguide2

Pl 5 i 3mSR
Fig.5 Schematic diagram of three monitors at output port
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Fig.6 Simulation results of SPPs intensity on the three monitors
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Fig.7 Spectral characteristics of SPPs intensity distribution
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