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Fig.1 The schematic diagram of the gas pressure sensing device

RBEE”, FTEL RS R R WSS vl m] AL FT A



E, :EO(A+ Be 4 +cdﬁe-i¢z) (2)
e, A=24R, B=(1-a)1-RWR, C=(1-a,)A-RWR
PRIL, 2T T BRI S S B T AZ R

=D+, +1,+1, (3)

| oc|—C
0

J, D=A?+B*+C?, |, =2ABcos(4), |,=2ACcos(4,), I, =2BCcos(d—4¢,)-

WA (3) BATHEAL, BN LEEEEREWPROGIE I BARE, P& noE gk
(IEEATEAR s [ ST U FET L3 T b (L 4 1 BELILLNT L JBE o A S 206 o Sk ™ ™,

B 5 #% R=0.04, 2=1300~1600nm, n1=n,=1, L;=200pm, A~[FjE (=1,2..4) % B (K1 Lo 53 HIEL2104
410+ 610, 810um, H LB, 7 E2rh N =12 j=4X] B Fbs i . wE2fs, b
EEUERR, SRR HLE B G M a% (j >D) MBH 2%, A EM
RN m=j+1.
(a)

i= i= i=3 i=
B2 ANFEGEESEMT, B L LS AERDEEIREE. (a) j=1; (b)j=2; (c)j=3; (d)j=4

Fig.2 With different j-value conditions, the Vernier spectrum generated by the /1 and I is simulated.
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Fig.6 The I is unchanged, and the effect of different Is on the envelope feature points.
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Abstract

Objective Optical fiber sensor technology is extensively applied in gas pressure sensing
in the field of industrial and environmental safety monitoring on account of its high
sensitivity, compact structure, immunity to electromagnetic interference. Compared with
long-period fiber gratings and anti-resonant waveguide, optical fiber sensors based on
Vernier effect generally have greater advantages in terms of sensitivity. Vernier effect is
an effective method for amplifying interferometer sensitivity, which has been
well-known in the field of optical fiber sensing. However, as the harmonic order j
increases, Vernier spectra deteriorates, i.e. the contrast of the external envelope
decreases and the inner envelope disappears. The objective of this work is to obtain a
method of generalizing the high-order Vernier effect and obtaining high sensitivity
through experimental exploration and theoretical analysis. In addition, We intend to
explore the reason of the decrease of external envelopes contrast and the loss of internal
envelopes that affect spectral contrast. We expect to contribute to the extensive
application of high-order harmonic Vernier effects and high-sensitivity sensor designs.

Methods First of all, we performed theoretical simulated for high-order Vernier
spectrum for the cases from j=1 to j=4. Then, four parallel structure of the Fabry-Perot
interferometers were experimentally fabricated and the corresponding Vernier spectrum
were explored. After that, we investigated the effect of the difference in light intensity
between the sensing chamber and the reference cavity on the Vernier spectrum by
changing the light intensity difference between the two chambers. In addition, we
analyzed various parameters that affect the Vernier magnification factor and designed a
highly sensitive fiber-based gas pressure sensor.

Results and Discussions Based on a parallel structure Fabry-Perot interferometer, the
article compared theoretical simulation (Fig.2) and the experimental results (Fig.3) of
Vernier spectra for cases from j=1 to j=4. We found they are consistent, which indicated
Vernier effect valid in the experiment. After that, we simulated spectrum corresponding
to the different light intensity of the sensing cavity and the reference cavity. We found
that as the increase of the light intensity difference between the two cavities, On the one
hand, the contrast of the external envelope decreases; On the other hand, the internal
envelope also disappears (Fig.5). Then, we fundamentally explained the deterioration of
the Vernier spectrum when the higher-order harmonic Vernier effect is applied in the



experiment (Fig.6). In addition, the factors affecting the Vernier magnification was
discussed from the aspects of increasing the value of j and decreasing the detuning ratio.
And we put forward reasonable suggestions for obtaining higher magnification when
applying the Vernier effect in gas pressure sensing. Then, a samples corresponding to
the first-order harmonic Vernier effect was produced for gas pressure test. And at room
temperature, its gas pressure sensitivity is 152 pm/kPa in the range of 10 kPa to 190 kPa,
corresponding magnification is 35.3 times, linearity of 99% (Fig.4).

Conclusions We study the high order harmonic Vernier effect and proposed a method of
improving interference fringe contrast for the external Vernier envelope and verified it
experimentally. We found the reason for the reduction in the contrast for the Vernier
spectrum is because of the reduction in the imbalance of light intensity between the
sensing and the reference cavity. In the application, as the increase of the difference in
light intensity of two chambers, the Vernier spectrum will be more susceptible to the
quality or noise of the light source, resulting in the reduction in the visibility of envelope
for higher harmonic orders. In addition, we analyzed various experimental parameters
for obtaining high sensitivity and demonstrated a parallel structure Fabry-Perot sensor
with gas pressure sensitivity of 152 pm/kPa with a linearity of 99% in the range of 10
kPa to 190kPa. A magnification factor of 35.3 is reported.

Key words Optical fiber sensing; Gas pressure sensing; Optical vernier effect; Vernier
spectrum
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