"m Check for updates

Journal of Sensor Science and Technology
Vol. 30, No. 3 (2021) pp. 139-147
http://dx.doi.org/10.46670/JSST.2021.30.3.139
pISSN 1225-5475/eISSN 2093-7563

A Zst djo|2A0|H MAof & Eg Sl3N4/SlO % H EX-&X
=RS

4 Oz M F

Specification optimization and sensitivity analysis of Si;N,/SiO, slot and
ridge-slot optical waveguides for integrated-optical biochemical sensors

Jaesik Jang"" and Hongsik Jung'

Abstract

Numerical analysis was performed using FIMMWAVE to optimize the specifications of Si;N,/SiO, slot and ridge-slot optical wave-
guides based on confinement factor and effective mode area. The optimized specifications were confirmed based on sensitivity in terms

of the refractive index of the analyte. The specifications of the slot optical waveguide, i.e., the width of the slot and the width and height
of the rails, were optimized to 0.2 pm, 0.46 pm, and 0.5 pm, respectively. When the wavelength was 1.55 um and the refractive index
of the slot was 1.3, the confinement factor and effective mode area of 0.2024 and 2.04 um’, respectively, were obtained based on the
optimized specifications. The thickness of the ridge and the refractive index of the slot were set to 0.04 um and 1.1, respectively, to opti-

mize the ridge-slot optical waveguide, and the confinement factor and effective mode area were calculated as 0.1393 and 2.90 pm’,
respectively. When the confinement coefficient and detection degree of the two structures were compared in the range of 1 to 1.3 of
the analyte index, it was observed that the confinement coefficient and sensitivity were higher in the ridge-slot optical waveguide in the
region with a refractive index less than 1.133, but the reverse situation occurred in the other region. Therefore, in the implementation

of the integrated optical biochemical sensor, it is possible to propose a selection criterion for the two parameters depending on the value

of the refractive index of the analyte.
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Fig. 1. Ridge-slot waveguide structure.
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Confinement Factor & Effective Area versus Rail Width
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Confinement Factor & Effective Area versus Rail Heigth
25 55

5
45
S
o 02r
@ I
*‘-L_. &
5 — §
£ ®E
GCJ slot width = 200nm g
‘E rail width = 460nm 3
S2 index = 1.3
— 25
M*Z
0.1¢ 1.5

0.3 0.35 0.4 0.45 0.5 0.55

Rail Height(um)

0.6 0.65 0.7

Fig. 7. Confinement factor and effective mode area versus rail height

with wy=0.2 um, n,=1.3, w,=0.46 pm.
Ao S71el 23S 3 =2 dd wolE d4shd 14
Ft Al el A F skl AL A skl F-eehA] $71 Wi
of #dlde] Eole 75 Ast 8 BE Hol AlojollM A4
3 et o= Asfof gt mbM sk Y ol 0.5 um
AAsAH. T wol2 A & ol F& BE ol
A 2,13 pm’2 HAZHR! 1.89 pm?e} H]Lo}oq ZAlE B
olx o, tutht 75 Al of 022 T3] w2 #hE
Holw, B3t 33t gde] F3} wdt iﬂi dlde] ol

53] Feldold)

U202 &£F Z Wil g 74 Al 48 FHE
st5 HAkel A st Fig. 8ol YR AT Al 2% shent
et €% & st &% ¥ =92 720 vXe 9%
Asb7] fl8l f8 2HES S B9 dd F3 =)=
oA HZ3Fek 7191 0.46 pum, 0.5 pm S A& £ Zo]
Z7FPE 74 Alg= S7FE7E0.2 pmell A 745 Alg= 0.2024

p
L

O
-

gk

Confinement Factor & Effective refractive index versus Slot Width
1.56 10.205

154

o
@

o
R

Effective refrctive index
Confinement factor

Rail width = 460nm
rail height = 500nm

Loyr index = 1.3

0.18 02 0.22
Slot width(um)

0.24

Fig. 8. Confinement factor & effective mode area versus slot width
in slot region with w, =0.46 um, n,=1.33, #=0.5 um.

J. Sens. Sci. Technol. Vol. 30, No. 3, 2021



Jaesik Jang and Hongsik Jung

0.2um
0.46 r

Y[nm]

0.46

0.5um

—

Field Distribution

uonnqLasia plal

N N S SRR i
T Tt

-560 -100 0 100 560 X[nm]

Fig. 9. Optimized two dimensional mode profile with x and y field
component of quasi-TE mode in slot waveguide.

2 Hdigto] HaL 2 o] %R, & Alre gt kA &
£ ZL 02um=z 2G5 3 F8 FHES EF Z9)
/bt Aaste A4S BAth ol £ o 14 o
Fgshd Fuso] &5 Woll §Al w8 =3, weha 24
Eol W& &£58 ugt Rt s HEA fFaadE]
oA H= ZoR A E

AF7HA] Y F, o] 283 &5 Fo thste] 0.46 um,
0.5 um, 0.2 umA GO 2 77t HA sk Pt A st &% 3
=329 E(x, )2 o1z = X9 E(x, 1.4), E(0,y)2]
d Y = BE¥ = Fig 99 2ok E(0,y)= €5 ol &
AAZF REHH, 2 9 FEodl= 002 St T3t E(x,
1.4)%] o%, AAl= €5 Well 7P ol Lx3ith. A ste A
Lol & AlFE 02024, 8 2= HolE 2.047 um® |t}

328X &2 & ZOE N = X5

Fig. 13} 22 8A-&% 34 =329 A9 HA 355 96t
A FAE A AP o)A &£F F R HA s}
A LE AR HA-ER F B R E(xE €5
& EapR ol TSR E(x)e BA TSt €24 =25 °ﬂ
gl &% Wo] & Al gro] DEkrith o)\ dA A=
o A E0] 1, 1.1, 1290 Al Z-5-¢ll &A] 77 H@PPE
W & Ao 8 BE Hold vX = 9§ AESITH
Fig. 10(a)= €39 22 50| 19 A$E 8A T ue} +
S AT AEH R FTlske AdS Bold, 18 RE Yol

Zasle 73S ®o|a UTh Fig. 10(bye €3¢ 45|
L1R1 7492 A 77} S7hek 45 Alge S7ksitrt 3
A FAZE 0.04 pmol A 75 Al 0.13932 FHoj7} =, o]
TR Yz gAeh 8 2 Yol 74 Alge g 8

A TR BTV A %A 02 hashs YL Hal), vk

pu

R

J. Sens. Sci. Technol. Vol. 30, No. 3, 2021

144

Confinement Factor & Effective Area versus Ridge thickness
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Confinement Factor versus Analyte Index
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Specification optimization and sensitivity analysis of Si;N,/SiO, slot and ridge-slot optical waveguides for integrated-optical biochemical sensors
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