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Fig. 1 Sensing waveguide structure. (a) Schematic diagram of sensing waveguide and system; (b) cross-section structure of trapezoidal

waveguide; (¢) cross-section structure of slot waveguide
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Fig. 6

Optimization process of slot waveguide. (a) Variation of ¥ and TE mode effective refractive index of waveguide with core layer

height; (b) variation of y and TE mode effective refractive index of waveguide with ridge width; (¢) variation of y and TE mode

effective refractive index of waveguide with slot width

1899913-3



58818 3L

S AT ST S R S R TR R A DR R R R
TR T 390 nm A REWE R SR FE S T E T
e 2 B ] A, 5 EEURT R Ml /N B 2 JRE JRE R I IR % o
SE B PRS2 R IR 0. 4 pum, 882 TR B AT LG 2o

A R 5 2R B Bk 4% VI 2% 245 4 1 B R 0 AR £k
[ 6 (b) Br 7~ , I B Bk 4% 9 FE 8 50 nm, it 2 & E A
0.4 pmo y M-S0 ST 55 5% B Bk 48 7 0 2% JF 25
A1 6 J3E 19 135 R T 18 K, e e T A0 2% T 45 A 1) B T L
K F 590 nm A fig i & T AR B 4 W 2RO 45 4
B4 B JBE Xy B4 52 R S R 2 TR A R A TR
e A A 2% T8 45 K B 9 BE B 0. 6 pm, Bk 4 T I 2% B
45 K 1 58 BE AT DA 3 H Ak 6 20 R 0 i T S 50U
FIREE .y M T 00 TE 8520 R T 5 5% bl Bk 4% 98 )&
B AR Ak 1 6 (c) BT 7, I B A 2% 7 A 2% T2 245 44 10 5
FE R 0.6 um, 2 JEEE N 0.4 pm. oy FE S 09 A 87
SR B e HE v BE (%) B8 RN /DN L Bk A R E BN T
55 nm A" e 2 A A, Bl g B B R /I 32 1 i il
24 M E BT LM 2% B8 R B 50 nm , B2 48 TE B AT LA i
A ez M2 0 T2 S 80158 B 08 FE . BREE T8 M

@ 0.025 ——5 qB/em
——— 1dB/em s
< 0020 -
%; 2 dB/cm . P
p= —-—- 3dB/em
= 0.015} P
g 7
S 0.010f s |
% s 500
‘B », —) nm
& |

E 435 £ 18H1/2023 £ 9 B/ HFFR
50 nm s 2R EE N 0.4 pm B 48 ) 4% T 45 # /Y 5
FER 0.6 pm B, 5 B AF 5] y=0. 42,63 0 1 W& 7
(a) G 1A
3.2 BRERSERBHOMEREM
e B T T A% R 1R VRIS IR (R AN [ D S AR
awe MR B L 09728k an 15 7(a) fi s, 3 L CH R Ry
B C=1x10", X F WMS A& , & 15 1% 2 50 (10 k6
MR RR(C,) " AT AR R K
Con=C/Ro (2)
HRE 2. 475 1 2 25 1, IO I 8 0.2 mV .,
TEA TR ayo 55T, B2 I S AL IR AF 19 C, B L 1) 722 b
WE 7)) xR ATLLRI, Y aye=0 dB/cm i}, — ik
T I I EL R L B T R R K. Y awe=3 dB/cm
KN L, B gt il S0 C. 298 1X107°, Frd, 4
awe<<3 dB/cm B, C., A 7T LA/ F 1X 1077, i i A [H]
WA ST M L,,<<5 cm. A, [R B & KA
lem.2 cm.3 em. 4 em A5 em A% S5 0] DU AT GE i
W K R TSR] awe 5544 T 1 L, 5 KPR BE Mk
T S RAFEAR LA R B Ak i — N RS
Ry M 7, 7] DL FAAR C o

(b) 102 -
—— 1dB/cm P
- - - 2dB/cm /./'
—-—- 3dB/cm Pl
./
bt - -
= — L™
Tz 10t - .-
oF ~ -
10° y
0 2 4 6
L /cm

F7 AT i 05 EAERESE o () R IR] aywe 2508 T, 2/ W B L i3 A2 b (I P2 B 4 0 10635 40 6 ) 5 (D) AR TR e 61 F L CBE L
£ Ak
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Abstract
Objective  On-chip gas sensor based on infrared absorption spectroscopy is useful for environmental detection because of
its small size and low power consumption. Direct absorption spectroscopy is a commonly used detection technique for on-
chip gas sensors, but the noise of this detection method is high. The wavelength modulation spectroscopy technique can
suppress noise. The combination of the wavelength modulation spectroscopy technique with the on-chip gas sensor can
improve the performance of the sensor. However, the waveguide parameters including external confinement factor, loss,
and length influence the second harmonic signal. A slot waveguide can increase the external confinement factor by using
the mode field distributed in the slot for sensing. We provide guidance for the design of on-chip gas sensors based on

wavelength modulation spectroscopy.

Methods The optical field distribution results and external confinement factor are obtained by COMSOL Multiphysics

with electromagnetic waves and frequency domain module. The optical parameters of the waveguide are set at the
wavelength of 3291 nm. The chalcogenide rectangular waveguide is fabricated by the lift-off method. The process of the
lift-off method includes spinning photoresist, lithography, development, thermal evaporation, and removal of photoresist.
The noise of the waveguide sensing system 1s used for simulation analysis. The second harmonic signal amplitude of the
on-chip gas sensor is simulated by MATILAB. The important parameters of the simulation model include gas absorption
parameters at 3291 nm, waveguide parameters, and laser parameters. The simulated limit of detection is calculated based

on the signal-to-noise ratio.

Results and Discussions The trapezoid waveguide morphology is shown in Fig. 2, and the external confinement factor
of the waveguide is about 8% . The CH, sensing results based on wavelength modulation spectroscopy at 3291 nm show

that the response result is linear (Fig. 5). The slot waveguide structure with magnesium fluoride as the lower cladding
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layer and chalcogenide glass as the core layer is optimized, and the external confinement factor reaches 42% (Fig. 6).
Based on the experimental results, the effects of waveguide loss and waveguide length on the second harmonic signal
amplitude are studied (Fig. 7). Decreasing waveguide loss and selecting an appropriate waveguide length can increase the
sensing performance. The influence of the change of environmental pressure on the slot waveguide sensor can be ignored

(Fig. 8). The influence of fabrication errors on slot waveguide sensor performance is analyzed (Fig. 9).

Conclusions In this paper, an optical waveguide CH, sensor with a lower cladding of magnesium fluoride and a core layer
of chalcogenide glass is fabricated. With the combination of wavelength modulation spectroscopy technique and on-chip
optical waveguide gas sensor, the CH, sensing performance is analyzed. The performance of the slot waveguide CH,
sensor combined with the wavelength modulation spectroscopy technique is studied. Decreasing waveguide loss and
choosing an appropriate waveguide length can increase the amplitude of the second harmonic signal and improve the
performance of the waveguide gas sensor. When the waveguide loss is <<3 dB/cm, the limit of detection can be <C1X
107°. Further reducing the noise of the system can also reduce the limit of detection. The influence of the change of
environmental pressure on the slot waveguide sensor can be ignored. The influence of fabrication errors on slot waveguide
sensor performance is analyzed. We provide guidance for the design of an on-chip gas sensor based on wavelength

modulation spectroscopy.

Key words optical waveguide; wavelength modulation spectroscopy; on-chip integration; optical waveguide sensor; gas

sensor
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