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ST 3R O T T TR R AR SCAFR T — AR R /B R T AE B T AR (LiNDO,/
Na surface plasmonic waveguide, LNSPW), 3% ] LNSPW #4 % 1 & o] I (1) %2 [ # 5 #% (directional coupling,
DC). FIAA RICIT ¥ (finite element method, FEM) X I 5 (A 20 RR M TR A 48 (0 FE & SRR AT T 4047, 45
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Na surface plasmonic waveguide, LNSPW), 37|
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Top electrode

Si0 T
__z(e 2\UM
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Fig. 1. (a) Cross section of the LNSPW in the -y plane;
(b) potential distribution as Vj; = 100 V.

ZAULEE (Si0y) IHTHTA N 1.45, LiNbO; 1)
Yo %N 2.2, Na B9 41 R 52 Re(ny,) FlHE #B
Im(ny,) FEASHDERTAERRK X B2 LanfEl 2(a) B
/R BE A = 1.55 pm, T LNSPW HfEAEfR,
W T 4 A AR BT 0 F 3 20 A T 8] 2(b)—
(e) . [ 2(b)—(d) s BB s T34 1 45 15
TARBE, 350 FAE (fundamental mode, FM) .,
Tt (second-order mode, SM) A= (three-
order mode, TM), & 2(d) Ay =0 514 AL
1, FRAZtE T4 (guided mode-like, GM). Lk FM
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S A AR LNSPW  Hp 38 1 45 2 AR X Y 2
A28, FM T y B A i Fig.2(f)
fiR. #E LiINbOs A~ JFi Al Na 42 )8 222 51 b, i
FOEF 48 NES H i TS RG], At
A i B AE P AE LiNbO; Al N EEIE Na 48 210
ST, HIFE o i B So i s mife
Na 48 2 PR EE S, 76 100 nm R LT
N A, X T AR R R FES | . X T
SM FI TM i 5, BEEEERE v A 2357,

(a)

Re(ny,)
Im(ny,)

B2 (a) Al X B, Na BHTRI50 Re(ny,) FIRERS Im(ny,).
B oy Aii B (b) FEABE (FM); (¢) B BE (SM); (d) =B
(TM); (e) ZALSHE (GM). (H)FM U¥ y Rl kK35 2016

Fig. 2. (a) Re(ny,) and Im(ny,) of Na with different .
Mode field distributions of the (b) FM, (c) SM, (d) TM and
(e) GM; (f) mode field distribution of the FM along y axis.
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BECHIAT RATES 2 nggeAEREASSE L, FH— 1AL
BOIHTAL Ao/ Ao, Ay = N2/4 o H HZS AR AT
SHRRAER. L, 2 Xk
A
Ly = 4nIm(neff)7 (1)
/ﬂ\:':'j Im(neff) 7‘7 et E@ﬁ%ﬁ Aeff fi@%T/ﬁzEﬁXﬂ“*ﬁ
AHYREERE Sy, Hog Ll

Aer = m//W(x,y)dxdy, (2)

Hrp, W(z, y) BB e RS

B 1A R S 2 F Re(nggy) BEE wy
hy BYZEACHEUNIE 3 B, BEE w, AIBEAN, Re(ng)
SeHhm, SRIE FEARREARAE; Y by MHFIRT, w, K
K, SR SRS 2. E 3(a)—
(d) ATAL, hy BRI, P TS0 AH R B B T
B w, .

PEARASE Lp BE w, A1 by RZALANTET 4 P, 24
h; = 100, 200 nm Bf, FM EAEBKH) Lp; T4 hy =
300, 400 nm B, SM F1 TM 7] k1548 K Lp. 1%
ST w, 3G R TR R 7 B 500 )=,
WD TR SRR, BUER AR KR Ly B K.
FM FZAERLEL)Z T, S RAT R3S K
14 B il i 7 A2 e AN R, T SM AT TM 88 =X AH
XF FM i LA 8L, T RT3 RS HE AR
AR

IA— A A R TR A/ Ay BE wy F by Y7
a5 . B RSERE N, B A 8o
FRAL R Z 38, FM BA B/ m s, ol T
MR R 1 TM B AR K, o T
JEA7 B AL PR AT,

4 BRI DC WA ST

H# 7 FET LNSPW B DC /Y 3D #5711 6(a)
Fr, AGHEMNE ARG (Input) A, ¥l 2(Port 2)
R Bt 1, 3 1 3(Port 3) MARA I L. FIHZS
AL 701 DC ARG K (Lo) . 48
BRI (W) ABGBS (X) F V) B RS 5 47
PE. & 6(b) FE 6(c) F Vy = 100 Vi DC ) 2-y
IR A 22 T ) F A A L

IR REL, WF RAT RS w, = 300 nm
Fl hy = 200 nm. 2§ A = 1.55 pm H W,,, = 100 nm
fF, o 2 A 3 I — ki DR (Popn,) Bl
#H Le AV BRI 7 B, fiIE 7(a) AT,

054205-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 054205

Re(neff)

¥l

Fig. 3. Re(nyy) as functions of w; and hy: (a) hy = 100 nm; (b) iy
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3 Re(ny) BT w, A1 by ASILELE  (a) by = 100 nm; (b) hy = 200 nm; (c¢) ky = 300 nm; (d) A, = 400 nm

= 200 nm; (¢) hy = 300 nm; (d) Ay = 400 nm.
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Fig. 4. Lp with different w, and h;: (a) ky = 100 nm; (b) k; = 200 nm; (¢) h; = 300 nm; (d) ~; = 400 nm.
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0.1}

200 400 600 800

wi/nm

(a) hy = 100 nm; (b) Ay = 200 nm; (c) 7y = 300 nm; (d) h; = 400 nm

Fig. 5. Influences of w; and hy on A,/ Ay (a) hy = 100 nm; (b) Ay = 200 nm; (¢) A = 300 nm; (d) 7, = 400 nm.

(a) Port 3
LNSPPW_=¢

k,z Electrode
xr

(b) 0V 50 V 100 V

Kl 6 (a) LNSPW A HL G T8 DC /R B (b) DC 2y #Hl; (c) DC 22 # 1A
Fig. 6. (a) Schematic of the electro-optic tunable DC based on the LNSPW: (b) DC cross section in 2~y plane; (¢) DC cross section

in 2z plane.

FHIE Vo F, S 2 R 3 1 Pow, B Lol 728
i AE Ak, T H AR AR I AN 1 1 P FHAE,
A[SCE 3 dB A . 2 Lo < 10 pm B, Vo XS4
Uit5 L1 Poymn 52 M AN B 85 TG 24 Lo 4K SE36 KA,
Vo IS W G 58 Y W, = 100 nm Fl Lo =
17 pm B, SE T Vo o] eloAs g 12 Fil T3 A9
Py BIR/NEZR, W 7(b) F7R. 24 Vy = 53 V i,
Uit 12 A 11 3 1 Pooy FHIAL; Vo < 53 VB, Ui

2 (4 Py 8 T3HE 35 Vy > 53 VISR, H
W AT L S ek IRV AT AR R G A R G R
P 2V = 0, 53 F190 V Af, DC Ay L5 A 4l
Kl 8(a)—(c) Fin.

SE MHE G 7% DC WY Lo Al W, SRR A FRE R
AHEBEREW, K, FASEACE TS T
Lo Fl Wiy, BYZE A 05 12 R 31 Pgpn,
S, WE 9(a)—(c) Bin. 4 Vo ANAERE, P4
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F Propm BRNZ Lo Fll W, BIFEIRER; SR
2 Lo Fl Wy, AR, JATE Lo Fl W, BRI V,
(19728 A A" 2 BH I8 3028 PR A B Y P RN,
118 9(a) ATHL, 24 Lo = 5.3 pm Hl W,,,~100 nm
iF, A AT SE P 3 dB HBA, it 2
Uiy 3 1Y P ZEASFHEE. H1 B 9(b) FNE 9(c) AT
B, Y Lo BERF] 12 F1 17 pm B, P 3 dB#EE
() Wp W2, ERASIIE 0BG Y RT3
WEBIKY Lo FIELTEH W,

0.8

(a) Weap = 100 nm

Phorm

Le/um

(b) Weap =100 nm, Lc =17 pm

0.20

Piorm

0.15

0.10

095, 20 10 60 50 100
Vo/V

B 7 (a) LNSPW ¥4 B A DC i 11 2 Fl 11 3 0 Py, Pl

Lo M Vo 7S AR (b) Lo = 17 pm B, 35 F 2 R 03 /9

Piomm

Fig. 7. P,y of the Port 2 and Port 3 in the DC based on

the LNSPW (a) with different Lc and Vj, and (b) with dif-

ferent Vj as Lo = 17 pm.

(a) Lc=17 pm

e N
< >
Weap = 100 nm A
(b)
B
()
C
BT T T
0 0.5 1.0

8 LNSPW M DC WA AHE () Vo=0V;
(b) Vo=53V;(c) Vb=90V

Fig. 8. Mode field distributions of the DC based on the
LNSPW: (a) Vo=0V; (b) V3 =53V;(c) V,=90V.
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13 dB MG I Wy, 2258, QN1 10(b) FI7s.
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WIIRE. S35k, T Vo Xt Py ROV IRE, 5
LNSPW ) DC 0] 52 BURR G e 4 94 15 LA YWEK
EPEES

JE 0 A A A PERE UM B R AR A R I
(splitting ratio, SR). i A4i#E (insertion loss, IL).
i i 1 FE (through put loss, Lyyp). 54k (B H)
$51FE (trop loss, Lyp). i (directionality, Lpy).
MBI (isolation, Lig), IXEE48FRIE LK

(a)
0.6
04 g g
g g B
A & A
0.2
g Port 2~
0 N N N A O | N N N N _.,' N N N ;"
50 100 150 200 250 50 150 200 250 50 100 150 200 250
Weap/nm Weap/um Weap/nm
— V=0V ---V;=20V ----- Vo=40V — = V=60V - Vo=80V Vo =100 V

F 9 RE Lo Bl Vy it Wy Xt Py FIFER

(a) L

= 5.3 pm; (b) L = 12 pm; (¢) Lo = 17 pm

¢
Fig. 9. Py as a function of W,,, with different Le and Vi (a) Lg = 5.3 pm; (b) Le = 12 um; (c) Lo = 17 pm.
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Fig. 10. P,oy as functions of (a) L¢ and (b) W,,, with different A.
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Electro-optic tunable directional coupler based on
a LiNbO;/Na surface plasmonic waveguide”
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Abstract

To meet the increasing demand of integrated photonic device design, a LiNbO;/Na surface plasmonic
waveguide (LNSPW) is demonstrated, and a directional coupler (DC) based on the LNSPW is also studied. The
mode characteristics of the LNSPW and the coupling performances of the DC are simulated by the finite
element method (FEM). There are four modes in the LNSPW when its width (w;) and the thickness (h;) are
less than 600 nm and 400 nm, respectively. The number of the modes in the LNSPW increases with waveguide
size increasing. To achieve the single-mode propagation, w;, and h; are chosen to be 300 nm and 200 nm,
respectively. The effective refractive index (ney), propagation length (L;), and normalized effective mode area
(Aes/ Ag) are analyzed with different dimensional parameters of the LNSPW. The value of L, is ~200 pm, and
A/ Ay is less than 0.4. In order to demonstrate the electro-optic tunable performance, the normalized output

power (P, values of the DC are calculated based on the LNSPWs with different values of coupling interval

(Wgap), coupling length (L), and operating wavlength ()). The P, values of the output ports (port 2 and
port 3) vary with W,,, and Lc. Owing to the electro-optic effect of LiNbO; (LN), Py, of the DC can be

adjusted by changing the applied electrostatic voltage (Vp). The influence of Vi on P, increases when W,,, is

larger than 100 nm and L¢ is greater than 12 um. The larger the value of Ly and W,,,, the stronger the effect
of Vyon Py is, but Py, values from two output ports decrease with W,,, and L increasing. A 3 dB coupler

can be achieved by changing V; to 53 V when W,,, =

directivity and isolation. The LNSPW provides a feasible scheme to realize the tunable DC, and has potential

~100 nm, Lo = ~17 pm, and A = 1.55 pm, and has good
applications in integratable electro-optic tuanble devices, nonlinear optics, optical signal processing, and optical
holographic storage.

Keywords: LiNbO; waveguide, electro-optical device, surface plasmonic, directional coupler

PACS: 42.79.Gn, 78.20.Jq, 42.82.—m DOI: 10.7498 /aps.71.20211217

* Project supported by the National Natural Science Foundation of China (Grant No. 62075057) and the Doctoral Program of
Henan Normal University, China (Grant Nos. gd17167, 5101239170010).
1 Corresponding author. E-mail: hengmaggie@163.com

054205-9


http://doi.org/10.7498/aps.71.20211217
http://doi.org/10.7498/aps.71.20211217
mailto:hengmaggie@163.com
mailto:hengmaggie@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 建模与分析方法
	3 波导性能优化
	4 电光可调DC的耦合特性分析
	5 结　论

