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Fig. 1. Schematic diagram of Ag film coated asymmetric PS-CaF, hybrid plasma waveguide: (a) 3D diagram; (b) cross-sectional

view.
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B 2 W, (= H) = 1500 nm, W, (= H,) = 300 nm Ml W (= Hy) = 70 I, IEXFFRER K PS-CaF, IR &% 8 TR & PR R
B (a) PM 1; (b) PM 2; S0 o FE IR () PM 1; (d) PM 2; Wi (= Hy) = 1500 nm fil W, (= H,) = 300 nm
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TR A B (e) TMgy; () TEqp; B S 0 I 2 7m0 E (g) TM,, (h) TE(,

Fig. 2. Mode field distributions of (a) PM 1 and (b) PM 2; electric field distribution along the z axis of (¢) PM 1 and (d) PM 2;
mode field distributions of (e) TMy, and (f) TE; electric field distribution along the z axis of (g) TMy; and (h) TEy, when W, (= H,) =

1500 nm, W, (= H;) = 300 nm and Wj (= H;) = 70.
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Fig. 3. Re(ny) and « of the PM 1 and PM 2 with different:
(a) Wi(= Hy) at Wy (= H) = 300 nm and Wi (= H;) =
70 nm; (b) Wy (= Hy) at Wy (= H;) = 1500 nm and Wi (=
H3) = 70 nm; (c) Wi (= H;) at Wy (= Hy) = 300 nm and
Wi (= H;) = 1500 nm.
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Fig. 4. FOM and A of the PM 1 and PM 2 with different:
(a) Wy (= H,) at Wy (= Hy) =300 nm and Ws (= Hj) = 70 nm;
(b) Wa(= H,) at Wy (= Hy) = 1500 nm and W (= H3) =
70 nm; (c) W3 (= H;) at Wy (= Hy) = 300 nm and W, (=
H;) = 1500 nm.
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Fig. 5. (a) Re(ng) and (b) FOM and A of the PM 1 and
PM 2 with different n, as W, (= H;) = 1500 nm, W, (=
H,) = 300 nm and W5 (= H;) = 70 nm.
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Bl 6 dEXFR PS-CaFy IR A 558 TR PM 1 1 PM 2 [ S, B (2) W, (= Hy), (b) Wy (= Hy) Fl (¢) W (= H) MZAELH
', W, (= H), Wy (= H) Bl Wy (= Hy) 4 %I 1500 nm, 300 nm F 70 nm; & Ag i T 9 PM 1 Fl PM 2 1 S, Bt (d) W; (=
Hy) F () W, (= Hy) BIZEALHLEE, Wi(= H) A Wy(= Hy) 435I 1500 nm 1 300 nm

Fig. 6. with an asymmetric Ag film of S, of the PM 1 and PM 2 in the PS-CaF,HPW with an asymmetric Ag films with different:
(a) W, (= Hy) at Wy (= Hy) = 300 nm and W3 (= Hs) = 70 nm; (b) W, (= Hy) at W, (= H;) = 1500 nm and W; (= Hz) = 70 nm;
(c) W3 (= H3) at Wy (= Hy) = 300 nm and W, (= H;) = 1500 nm. Without an asymmetric Ag film of S, of the PM 1 and PM 2 in
the waveguide without an asymmetric Ag film of with different (d) W, (= H;) at W, (= Hy) = 300 nm; (b) W, (= H,) at W, (=
H;) = 1500 nm.

ARG, BT S FEAARNZA. HE 7(b) TE SiO, #f &2 L fd ] 73 F R AP HE (molecular
HE 7(c) ATHA, MR EEAEART o, FOM Fl A B30 beam epitaxy, MBE) HARTE R HAS FAMEAR PS
WAKR, LKL NE T Al LA, 3T JZ, FFRMEG RSSO % 2 PS J=; Hk, A

(I RSS2 TR BE R S FHAP T AOSMEH5 ARAEHE 125 2028 Ze R A A= K AR

KRR CaFy J2 5 F R 228 28 % ok U0RRAS X

WS &S KM Ag s 505, P I 25 K 465 B - 200 ok ik 20 e
L4 PS Fll CaF, #4).

ASCHRE T AR FRARR PS-Cak, R 44 RF 2823 FRAR I PS-CaF, IRASHE T

B TR AT AT T 5, WAR IR ANTET 8 o Bk, PRI S RS A 5 S B P A6 20075 R A 1)
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A BB HLAE

Fig. 7. (a) Re(ng), (b) @

SiO;

Can

K8 il

, (¢) FOM and A with different AT as W) (=

L M.
f)=|

(a) 1E SiO2 4§ EAMEA K PSJZ; (b) L FHOGZME KRB (o) Ik L HimsH

H,) = 1500 nm, W, (= H,) = 300 nm and Ws (=

(e)

Hj3) = 70 nm.

ﬂ(d)

i (d) 7E PS EAMEA K CaF, JZ;

() WAL 4 Jm Ag )2 (f) Mo HOG 2R B, TV BRy i)
Fig. 8. (a) Grow PS on a SiO, substrate; (b) pattern the resist through E-beam lithography; (c) it is coated with a resist;
(d) grow CaF, layers epitaxially on a PS layer; (e) oblique deposition of metal Ag; (f) electron beam lithography moulds it and re-

moves the resist.

T EHE RS R 22 X HEXT R R PS-CaF, IR G
B RP SRR R . AR SO B AE X R AR
JBE PS-CaFy 1RG5 B IRk 880 & 55 CaFy, Fl
Ag WM, e o B ZOR B R X ERR 25 R
PR 2ZEXFAEXT FRER I PS-CaF, 1RS458 TR S
PERE RSN 90— & 11 frs. AR LS5k
tofe, E A SR T, Wi(= H), Wy(=
H,) Fl Wy(= Hs) 435124 1500 nm, 300 nm F170 nm.
R, PM 1 #1 PM 29 FOM 43 %Il /& 1335.45

F11594.99; A 433124 0.30, 0.52; S, 5331124 0.080,
0.064. 7£ + 10 nm IEZEIEHIN, 5% T AW,
AH,, AW,, AH,, AW;#1 AH;%f FOM, Al
Seeg OISR,

ARIRSFE 2T, FOM 7L (AFOM) 4
B 9(a)—(c) Fix. 7EE 9(a) H, AW, 1 AH, 1
AEXT AFOM W52 38 /0N, A8 AR IE FE /N T 20.7
F116.5. SR, PR Sk AR JEE B 5 IR At 4 K % A
X, AWy Fl A Hy BZSAERT AFOM A WA Sk (5 1.
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Fig. 9. The changes of FOM (AFOM) for the PM 1 and

PM 2 with different dimensional tolerances: (a) AW, and
AH, at W, (= Hy) = 300 nm and Ws (= H;) = 70 nm; (b)
AW,y and AHy at Wy (= Hy) = 1500 nm and Wy (= H3) =
70 nm; (¢) AWy and AH; at W, (= H;) = 1500 nm and W,
(= H,) = 300 nm.
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Fig. 10. The changes of A (AA) for the PM 1 and PM
2 with different dimensional tolerances: (a) AW, and AH,
at W, (= Hy) = 300 nm and W; (= H;) = 70 nm; (b) AW,
and AH, at W) (= Hy) = 1500 nm and W3 (= H3) =
70 nm; and (¢) AWy and AH; at W, (= H)) = 1500 nm
and W, (= H,y) = 300 nm.
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Fig. 11. The changes of S, (AS,,) for the PM 1 and PM
2 with different dimensional tolerances: (a) AW, and AH,
at Wy(= H,) = 300 nm and W3(= H;) = 70 nm; (b) AW,
and AH, at Wy(= H;) = 1500 nm and W3(= H;) = 70 nm;
(c) AWy and AH; at Wy(= H;) = 1500 nm and Wy(= H,) =
300 nm.
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Abstract

In this paper, a porous silicon-calcium fluoride hybrid plasmonic waveguide (PS-CaF, HPW) with an
asymmetric silver film is studied. The PS-CaF, HPW is composed of a PS strip waveguide deposited with
asymmetric CaF, and Ag thin film layers on an SiO, substrate. In the mid-infrared (MIR) region, the mode
characteristics and waveguide sensitivity of the mode in the PS-CaF, HPW are simulated by using the finite
element method (FEM). The results show that there are two fundamental modes (PM 1 and PM 2) with
different polarization states in the PS-CaF, HPW. The real part of the effective refractive index (Re(n,y)),
transmission loss (a), normalized effective mode field area (A), quality factor (FOM) and sensitivity (S,) for
each of the PM 1 and the PM 2 are studied and optimized. Moreover, the effect of temperature on the
performances of the PS-CaF, HPW is also analyzed. Firstly, the mode field distributions calculated by the FEM
indicate that the mode field energy for each of the PM 1 and PM 2 in the PS-CaF, HPW is mostly restricted to
the PS layer and CaF, layer. Comparing with conventional dielectric waveguides, the mode field energy of the
PS-CaF, HPW is well confined in the PS layer and CaF, layer. The geometric parameters of the PS-CaF, HPW
are optimized by changing the geometric parameters (W;, Wy, and W3). When W; = 1500 nm, W, = 300 nm,
W3 = 70 nm, and the operating wavelength is ~3.5 pm, o and FOM are 0.019 dB/pm and 1594.99 for the PM
1, and a and FOM are 0.016 dB/um and 1335.54 for the PM 2, respectively. Secondly, the waveguide
sensitivity of the PS-CaF, HPW is analyzed. The results show that the size of PS layer has a great influence on
the waveguide sensitivity. The waveguide sensitivity decreases with the size of the PS layer increasing. In
addition, the PS-CaF, HPW has good temperature resistance. Moreover, temperature has almost no effect on

Re(n,p), nor a nor A nor FOM nor S, in a temperature range from -40 K to 40 K. Finally, the fabrication

wg
tolerances of the PS-CaF, HPW are demonstrated, and the good properties are maintained in a size tolerance
range from -10 nm to 10 nm. With the advantages in propagation property and loss reduction, the PS-CaF,

HPW provides a feasible label-free biochemical sensing scheme and a method of polarization control devices.

Keywords: hybrid plasmonic waveguide, surface plasmon polaritons, propagation property, waveguide
sensitivity
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