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Abstract
Subject of study. An ultra sensitive gas pressure sensor based on a cascaded Fabry–Perot 

interferometer is proposed. Purpose of the work. In the proposed sensor, we greatly improve the 

gas pressure sensitivity of the sensor by using the optical Vernier effect method. Method. During 

the fabrication of the sensor, one Fabry–Perot interferometer is used as the sensing interferometer 

and the other Fabry–Perot interferometer is used as the reference interferometer. Both Fabry–

Perot interferometers are fabricated by two sections of single-mode fibers spliced at both ends of 

a section of quartz capillary. Then, a micro hole is drilled in the capillary wall of the sensing Fabry–

Perot interferometer by using femtosecond laser micro-processing technology for gas pressure 

measurement. When the free spectral ranges of two Fabry–Perot interferometers are similar, the 

optical Vernier effect will be generated by cascading them. By precisely controlling the cavity length 

difference between two Fabry–Perot interferometers, a very high sensitivity magnification factor 

can be obtained. Main Results. The experimental results show that the sensitivity of the Vernier 

effect sensor is 133.2 nm/MPa in the pressure measurement range of 0–0.8 Mpa, which is 33.3 times 

higher than that of the single sensor Fabry–Perot interferometer. In addition, the temperature cross-

sensitivity of the sensor is relatively small, only 0.93 kPa/ C. The sensor is flexible in design, easy 

to manufacture and operate. Practical significance. The proposed sensor has extremely high gas 

pressure sensitivity, and it can be used in the fields of chemical production, pharmaceutical, oil and 

gas storage, environmental protection for high sensitivity gas pressure measurement.

Keywords: optical fiber sensor, Fabry–Perot interferometer, femtosecond laser micro-machining, 

quartz capillary, gas pressure
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Аннотация
Предмет исследования. Сенсор для измерения давления газа с увеличенной чувствительно-

стью на основе каскадного интерферометра Фабри–Перо. Цель работы. Значительное увеличение 
за счет использования метода на основе оптического эффекта Вернье (оптического нониуса) чув-
ствительности к давлению газа в предлагаемом сенсоре. Метод. В предложенной схеме сенсора 
один интерферометр Фабри–Перо используется в качестве измерительного интерферометра, в то 
время как второй интерферометр Фабри–Перо является эталонным. Используемые интерфероме-
тры изготовлены из двух секций одномодовых волокон, сращенных на обоих концах в виде единой 
секции кварцевого капилляра. При этом в стенке капилляра чувствительного интерферометра  
Фабри–Перо для измерения давления газа имеется микроотверстие, полученное с использовани-
ем фемтосекундного лазера. В полученном каскаде из двух интерферометров выполняются изме-
рения с использованием оптического эффекта Вернье. При точном априорном измерении разности 
длины резонаторов двух интерферометров Фабри–Перо практически реализуется значительное 
увеличение чувствительности измерения сенсора. Основные результаты. Экспериментальные ре-
зультаты показывают, что чувствительность сенсора с использованием эффекта Вернье составля-
ет не менее 133,2 нм/МПа в диапазоне измерения давления 0–0,8 МПа, что в 33,3 раза выше, чем 
у известного сенсора на основе одиночного интерферометра Фабри–Перо. Кроме того, паразитная 
перекрестная чувствительность сенсора к изменению температуры относительно невелика и не 
превышает 0,93 кПа/ C. Сенсор отличается гибкостью конструкции, имеет малую трудоемкость 
изготовления и прост в эксплуатации. Практическая значимость. Предлагаемый сенсор имеет 
высокую чувствительность при измерении давления газа и может быть использован для контро-
ля технологических процессов в химическом и фармацевтическом производствах, устройствах 
контроля емкостей хранения нефти и газа, системах мониторинга состояния окружающей среды.

Ключевые слова: волоконно-оптический датчик, интерферометр Фабри–Перо, фемтосекунд-
ная лазерная микрообработка, кварцевый капилляр, давление газа
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INTRODUCTION
In special fields such as oil and gas field explo-
ration, biomedical engineering, chemical pro-
duction and aerospace industry, the demand for 
gas pressure sensors with very high sensitivi-
ty and very low exploration limit has increased. 
Based on different sensing mechanisms, a va-
riety of optical fiber gas pressure sensors have 
been developed, such as fiber grating [1, 2], an-
ti-resonant reflection waveguide [3] and opti-
cal fiber interferometer [4–6]. As a common op-
tical fiber interferometer, the gas pressure sen-
sor based on Fabry–Perot interferometer (FPI) 
has attracted extensive attention in recent years. 
There are two main types of FPI gas pressure 
sensors. One is the diaphragm based FPI sensor,  
which can provide high sensitivity by reducing 
the diaphragm thickness [7–11]. However, the  
diaphragm is fragile and easy to be damaged un-
der high pressure, and the gas pressure mea-
surement range of the structure is small. Anoth-
er structure is an open cavity FPI using capil-
lary, hollow core fiber or hollow photonic crystal 
fiber [12–19]. Open cavity FPI usually requires 
a channel for gas circulation between the ex-
ternal environment and Fabry–Perot (F–P)  
cavity. These channels can be directly com-
posed of capillary or hollow core fibers [12–16], 
or drilled on them using laser micromachining 
technology [17–19]. Compared with diaphragm 
FPI sensor, open cavity FPI sensor has smaller 
temperature cross sensitivity, robustness and 
larger measurement range. However, its gas 
pressure sensitivity is low.

The Vernier effect is an effective method 
to improve gas pressure sensitivity. The opti-
cal Vernier effect gas pressure sensors can be 
generated by two FPI cascades with different 
free spectral ranges (FSR) [20–24]. The maxi-

mum pressure sensitivity obtained in Ref. [20] 
can reach 303.65 nm/MPa, while the minimum 
pressure sensitivity obtained in Ref. [22] can 
also reach –30.1 nm/MPa. These Vernier effect 
sensors greatly improve the measurement sen-
sitivity, but the structure is relatively complex 
and difficult to repeat. In addition, the cascaded 
FPI Vernier effect sensor has great uncertainty 
in the production process. Sometimes it is im-
possible to guarantee whether the Vernier effect 
can be generated and whether the sensitivity can 
be amplified.

In this paper, a simple FPI cascade structure 
for gas pressure measurement is reported. Both 
FPIs are extrinsic F–P cavities composed of cap-
illary and single-mode fiber. However, the length 
of capillary in the two FPIs is slightly different. 
Among them, FPI with micro-channel allows gas 
to enter and exit the F–P cavity and is sensitive 
to the change of gas pressure, which is used as 
a sensing cavity. The FPI without micro-channel 
is insensitive to the change of gas pressure and 
is used as a reference cavity. In our scheme, the 
two FPIs can be manufactured independently, so 
as to accurately control the cavity length of the 
two FPIs and ensure that they have close FSR 
to form Vernier effect, so as to improve the sen-
sitivity. The experimental results show that in 
the range of 0–0.8 MPa, the pressure sensitiv-
ity of our sensor reaches 133.2 nm/MPa, while 
the temperature cross-sensitivity of the sensor 
is very small, only 0.93 kPa/ C.

SENSOR DESIGN AND PRINCIPLE
Figure 1 shows the structure of the proposed 
cascade FPIs device, which consists of a sens-
ing FPI (namely FPI1) and a reference FPI (na- 
mely FPI2). Both FPI1 and FPI2 are formed by  

Fig.1. Schematic diagram of the sensor structure and optical path diagram. M1, M2, M3, and M4 are four 
reflecting surfaces

Рис. 1. Принципиальная схема структуры сенсора и схема оптического пути. M1, M2, M3 и M4 — четыре 
отражающие поверхности

Gas hole

Capillary Capillary
SMF SMF SMF

M1 M4M3M2

dL1 L2



ОПТИЧЕСКИЙ ЖУРНАЛ. 2023. Том 90. № 1. С. 84–95 87Научная статья

splicing capillary and single-mode fiber (SMF), 
but their capillary lengths are different. The cap-
illary of FPI1 has a small hole, which allows gas 
to enter and exit F–P cavity. Interferometer FPI1 
is sensitive to gas pressure, which is called sens-
ing unit. Interferometer FPI2 without micro-hole 
is insensitive to gas pressure and is called a refe- 
rence unit. Two FPIs are fused together, and 
the spacing must be greater than the coherence 
length of the light source to ensure that two FPIs 
work independently. The end face of the tail SMF 
is inclined to avoid possible parasitic reflection.

According to the research conclusions in Ref. 
[25, 26], when the sensor selects a smaller inner 
diameter capillary, the light beam may trans-
mits to the capillary wall, increasing the com-
plexity of the sensor. When the sensor adopts 
quartz capillary with large inner diameter and 
short length, it can ensure that most of the light 
beam is transmitted in the capillary cavity, and 
there is no light beam transmission in the capil-
lary wall, which is relatively simple to analyze 
and the light beam is well controlled. Moreover, 
when the light is transmitted in free space, 
the light produces the diffusion phenomenon. 
Therefore, to simplify the difficulty of the sen-
sor design, we chose the quartz capillary with a 
larger inner diameter and minimize the length 
of the quartz capillary for reducing the loss and 
increasing the intensity of the reflected light to 
obtain a reflection spectrum with greater con-
trast. In Fig. 1, the SMF used is SMF-28, and its 
core/coating diameter is 8/125 μm. The inner 
diameter of the quartz capillary used is 50 μm 
produced by Polymicro technology, the model 
is TSP050150. In the optical path diagram of 
Fig. 1, the sensor structure forms four reflect-
ing surfaces: M1, M2, M3, and M4. Among them, 
M1 and M2 form FPI1, and M3 and M4 form FPI2. 
The FSR of two FPIs reflection spectra and the 
capillary length in two FPIs are expressed by 
the following formula:

 

,=  .=
 

(1)

Here, L1 and L2 are the cavity lengths of FPI1 and 
FPI2 respectively, n is the refractive index of the 
air in FPI1 and FPI2,  is the light wavelength in 
free space.

Since two FPIs are greatly separated and 
avoided mutual effect, the output spectrum of 

the cascade FPIs normalized ac signal intensity 
Iac can be expressed as [20]

( ) ( )( , ) cos cos .+ −
=

  
(2)

It can be found that the output interference 
fringe pattern of the sensor is a product of a 
fast varying oscillation (сos2 n(L1 + L2)/ ) and 
a slowly changing envelope (сos2 n(L1 – L2)/ ). 
The FSR of the slowly varying envelope can be 
expressed as [20, 21]

.= =
− −

   (3)

Therefore, a small shift of FPI1 wavelength 
caused by the change of ambient gas pressure 
will lead to a large shift of sensor envelope wave-
length, and the magnification factor is [22, 23]

 .= =
−

 (4)

Equation (4) shows that when the FSR of the 
envelope is given, the smaller the FSR of FPI1, 
the larger the magnification factor. However, 
when the FSR of FPI1 is small, the corres- 
ponding cavity length is large, which will reduce 
the fringe contrast of FPI1 reflection spectrum.  
In fact, when the capillary is too long (e.g. more 
than 500 μm), a large amount of light will  
enter the capillary wall and transmit, forming 
anti-resonant reflection waveguide interference  
[25, 26]. Therefore, in order to avoid anti-reso-
nant reflection waveguide interference, we need 
to control the length of the capillary to ensure 
that the light is completely transmitted in the 
hollow-core of capillary. From Eq. (4), it is also 
observed that the M depends on the cavity length 
of two FPIs. Thus, in device manufacturing, 
precise control of the F–P cavity length ensures 
that the magnification factor reaches the design 
value. However, if the cavity length difference 
of two FPIs is too small, the envelope FSR be-
comes very large, which may lead to an envelope 
drift beyond the BBS1 wavelength range, mak-
ing the measurement difficult to achieve.

In order to produce the Vernier effect, the 
sensor parameters are calculated and designed: 

1 BBS — broadband source.
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the cavity length of FPI1 is 465 μm, the cavity 
length of FPI2 is 450 μm; the spacing between 
two FPIs is near 1 mm, the length of the tail 
SMF is 250 μm, and the total length of the sen-
sor head less than 2.5 mm. The magnification 
factor (M) of the sensor design is about 31. 
Figure 2 shows the micrograph of the prepared 
sensor structure. From Fig. 2, it can be seen that 
the cavity length of FPI1 is 465.3 μm, the cavity 
length of FPI2 is 451.2 μm, the spacing between 
two cavities is 1156.7 μm, the diameter of the 
micro-hole is 23.6 μm, and the length of the tail 
SMF is about 256.5 μm.

Figure 3 shows the reflection spectrum of the 
cascaded FPIs (curve 1), which has a periodicity. 
From Fig. 3, it can be found that these are many 
high frequency resonant peaks in the reflection 
spectrum, and these small resonant peaks again 
form a relatively larger envelope, and the upper 
envelope (line 2) is obtained by connecting the 
extreme points of the high-frequency resonance 
peak. The envelope peak near 1478 nm is used 
as the tracing wavelength in the subsequent 
sensing tests. The spatial frequency spectrum 
obtained by using fast Fourier transform is dis-
played in Fig. 4, where the dominant frequency 
peaks are located at 0.3731 and 0.4064 nm–1

respectively. Since the spatial frequency is the 
reciprocal of the FSR, for the FPI1 with the 
cavity length of 465.3 μm, the FSR can be cal-
culated as 2.582 nm, and the corresponding 
frequency is 0.3868 nm–1, which is close to the 
frequency peak at 0.4064 nm–1, and the small 
deviation is due to a micro-error in the cavity 
length measurements. Similarly, the FPI2 with 
the cavity length of 451.2 μm has a FSR value 
of 2.662 nm, corresponding to the spatial fre-
quency of 0.3756 nm–1, which is close to the 
peak at 0.3731 nm–1. There are also some high-
order harmonics in the spatial spectrum, but 
their contribution to the spectrum of the sensor 

is small and can be ignored. The spatial spec-
trum shows that the sensor output spectrum 
is mainly composed of the superposition of the 
output spectra of two FPIs. The FSR of the sen-
sor spectral envelope corresponding frequency 
is 0.0345 nm–1, which is close to the peak at 
0.0399 nm–1 of Fig. 4.
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Fig. 2. Micrograph of two FPIs cascaded for the sensor

Рис. 2. Микрофотография двух каскадных интерферометров Фабри–Перо в сенсоре
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Рис. 3. Спектр отражения предлагаемого сенсора 
(1) и его верхняя огибающая (2)

Fig. 4. Spatial frequency spectrum of the proposed 
sensor, obtained using the fast Fourier transform

Рис. 4. Пространственно-частотный спектр 
предлагаемого сенсора, полученный с 
использованием быстрого преобразования Фурье
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EXPERIMENTAL RESULTS 
AND DISCUSSION

Sensor fabrication
The manufacturing processes of FPI1 and FPI2

are schematically presented in Fig. 5. The manu-
facturing process of FPI1 and FPI2 includes 
five basic steps, with the aid of precision 
displacement platforms and optical microscopy. 
The femtosecond laser used in the manufacturing 
process (Coherent Corp. Libra HE USP) was 
operated at a central wavelength of 800 nm with 
a pulse width of 35 fs and a repetition frequency 
of 1 kHz.

Finally, the end face of tail SMF was cut into 
a slope by femtosecond laser micromachining, 
which the effects of the end-surface reflections 
were excluded. In the fabrication processes, the 
fiber cleaver used is FC-6S (Sumitomo, Japan), 
and the fiber fusion splicer used is FSM-100+ 
(Fujikura, Japan). Once the desired interference 
fringes with Vernier effect is gotten by optical 
spectrum analyzer, indicating that the sensor 
structure was successfully fabricated.

Gas pressure measurement
The experimental setup of gas pressure 
measurement is illustrated in Fig. 6. The sensing 
head was put in the gas chamber and the other 
end was connected to a broadband source (BBS, 
FL-ASE, Beijing China) and an optical spectrum 
analyzer (OSA, AQ6370D, Yokogawa, Japan) 

Capillary

SMF

CapillaryCapillary

CapillaryCapillary

CapillaryCapillary

SMFSMFSMFSMF

SMF SMFSMFSMF
Gas hole

Gas holeGas hole

Gas hole

fs laserStep 1 Step 2 Step 3

Step 5Step 4

Fig. 5. Schematic diagram of the fabrication process of the sensor. Step 1, an end-cleaved SMF and capillary 
were spliced together to form an unclosed cavity structure. Step 2, a micro-hole on top of the capillary is 
processing using femtosecond laser. The micro-hole was cleaned with an ultrasonic washer. Step 3, the 
capillary with micro-hole was cleaved into the appropriate length, which was spliced with another section of 
end-cleaved SMF. Step 4, the SMF was cleaved into the appropriate length, which was spliced with another 
section of capillary. Step 5, the capillary was cleaved into the appropriate length, which was spliced with 

a section of tail SMF

Рис. 5. Принципиальная схема процесса изготовления сенсора. Шаг 1, одномодовое волокно 
с разделенным концом и капилляр соединяются вместе для формирования структуры с незамкнутой 
полостью. Шаг 2, микроотверстие в верхней части капилляра обрабатывается излучением фемтосекундного 
лазера и очищается посредством ультразвуковой мойки. Шаг 3, капилляр с микроотверстием расделяется 
на соответствующую длину, конец которого соединяется с другим участком одномодового волокна 
с разделенным концом. Шаг 4, одномодовое волокно разделяется на соответствующую длину, конец 
которого соединяется с другим участком капилляра. Шаг 5, капилляр разделяется на соответствующую 

длину, конец которого соединяется с участком конца одномодового волокна

BBS

OSA

Circulator

Gas pump

Gas in

Gas out

Gas chamber

Senser head

Gas-pressure meter

Fig. 6. Experimental setup of gas pressure 
measurement

Рис. 6. Экспериментальная установка для 
измерения давления газа
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through a circulator. The lightwave length 
range of emitted from BBS is 1250–1650 nm, 
and the OSA has a resolution of 0.05 nm and a 
scan range of 600–1700 nm. The signal light 
emitted from BBS was sent into the sensor, 
then reflected back and received by OSA. Gas 
pressure is generated by the gas pump (Y-039, 
Xi’an China). A high-precision pressure meter 
(YB-150B, Xi’an China) was used to record 
the gas pressure. The gas pump can produce  

a maximum pressure of 1.6 MPa, and the 
precision of the pressure meter is of 0.001 MPa.

To research the gas pressure response of the 
proposed sensor, the sensor was sealed in the gas 
chamber. The pressure of gas chamber was va- 
ried from 0 to 0.8 MPa with a step of 0.2 MPa, 
and maintained for 10 min at each step. Figu- 
re 7a shows the drifts of the upper envelope of 
the sensor reflection spectrum with the gas 
pressure increasing, and Fig. 7b presents the 
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Approximation results are (а) у = 133.2х + 1478, R2 = 0.9999 and (b) у = 133.3х + 1478, R2 = 0.9999

Рис. 8. Линейная аппроксимация провала верхней огибающей (1478 нм) при увеличении (а) и снижении (b) 
давления газа. Результаты аппроксимации у = 133,2х + 1478, R2 = 0,9999 (а) и у = 133,3х + 1478,  

R2 = 0,9999 (b)
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Рис. 7. Дрейфы провала верхней огибающей (1478 нм) спектра отражения сенсора при увеличении (а)  
и уменьшении (b) давления газа. На графиках давление указано в мегапаскалях (МПа)
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drifts of the upper envelope with the gas pres-
sure decreasing. It can be found that the enve-
lope dip (1478 nm) has a large shift towards lon-
ger wavelengths (about 107 nm) as the gas pres-
sure increases, and a large shift towards short 
wavelengths (about 107.4 nm) as the gas pres-
sure decreases. Figure 8 shows the fitting be-
tween the upper envelope dip wavelength drifts 
and gas pressure variation. It can be seen that 
when the gas pressure increases or decreases, 
their linearity is particularly good of 99.99% 
and the gas pressure sensitivity is 133.2 and 
133.3 nm/MPa respectively. The gas pressure 
sensitivity is basically the same when the gas 
pressure increases or decreases, which indicates 
that the sensor has a good repeatability and 

a small hysteresis error. In addition, based on 
the wavelength resolution (0.05 nm) of OSA and 
the gas pressure sensitivity (133.2 nm/MPa), the 
gas pressure measurement limit ( P) of the sen-
sor is approximately estimated to be 0.38 kPa 
(0.05/133.2 = 0.00038 MPa = 0.38 kPa).

Figure 9 shows the drifts of the interference 
fringe dip (1525 nm) of the sensor reflection 
spectrum with gas pressure increasing or de-
creasing. It can be found that the dip in the re-
flectance spectrum of the sensor (1525 nm) has 
a slight shift towards the long wavelength re-
gion (about 3.2 nm) with increasing gas pressure 
and a small shift towards the short wavelength 
region (about 3.2 nm) with decreasing gas pres-
sure.
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Fig. 9. Drifts of high frequency interference fringe dip (1525 nm) with gas pressure (a) increasing and 
(b) decreasing. The pressure is indicated in megapascals (MPa) on the graphs

Рис. 9. Дрейф провала высокочастотной интерференционной полосы (1525 нм) при увеличении (а) и 
уменьшении давления газа (b). На графиках давление указано в мегапаскалях (МПа)
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Figure 10 shows the fitting between the dip 
wavelength drifts and gas pressure variation.  
It can be seen that when the gas pressure in-
creases or decreases, their linearity is particu-
larly good of 100% and their gas pressure sensi-
tivities are 4 nm/MPa. The results show that the 
sensor has good reversibility.

The gas pressure sensitivity measured using 
the spectral envelope dip is 133.2 nm/MPa, and 
the gas pressure sensitivity measured using the 
interference fringe is 4 nm/MPa. Therefore, the 
sensitivity of using spectral envelope to measure 
gas pressure is 33.3 (133.2/4 = 33.3) times higher 
than that of using interference fringe measure-
ment. Since FPI2 is insensitive to gas pressure, 
the gas pressure sensitivity obtained using the 
interference fringe of the sensor should be the 
same as the gas pressure sensitivity obtained 
using FPI1 alone. Therefore, the magnifica-
tion factor of gas pressure sensitivity measured 
in the experiment can be compared with the 
magnification factor calculated theoretically  
(M = L1/(|L1 – L2|) = 33). It is found that they 
are very similar, which verifies the correctness 
of the theoretical analysis.

Table shows the comparison results of simi-
lar Vernier effect gas pressure sensors formed 
by two FPIs cascading. It can be seen from Table 
that the sensitivity of our sensor is higher than 
that in Ref. [21–24], only lower than that in Ref. 
[20]. If we further optimize the length diffe- 
rence between two capillaries, our sensor sensi-
tivity can continue to improve. In addition, the 

gas pressure measurement range of our sensor  
is the highest, and the temperature cross-
sensitivity is lower than that in Ref. [21–24], 
only a little higher than that in literature [20]. 
Moreover, compared with these sensors, our 
sensor structure and manufacturing process are 
relatively simple, which is easier to manufacture 
and form Vernier effect.

Temperature cross-sensitivity
Figure 11 shows the temperature experimental 
setup of the sensor. The sensor is placed in the 
high temperature furnace with temperature 
accuracy of ±1 C. The temperature response 
of the sensor was tested when the temperature 
increased from 30 to 120 C with a step  
of 10 C. FPI1 and FPI2 are the air cavity with  

Comparison of gas pressure sensors based on the Vernier effect and two cascade FPIs
Сравнение датчиков давления газа на основе эффекта Вернье  

и двух каскадных интерферометров Фабри–Перо 

Sensor structure Detection rang, 
MPa

Gas pressure sensitivity, 
pm/kPa

Temperature  
cross-sensitivity, kPa/ C Ref.

two FPIs cascading 0.02–0.2 303.65 0.124 [20]

two FPIs cascading 0.0–0.03 80.3 –1.33 [21]

two FPIs cascading 0.01–0.1 –30.1 3.25 [22]

two FPIs cascading 0.001–0.1 80.8 2.22 [23]

two FPIs cascading 0–0.6 86.64 5.18 [24]

two FPIs cascading 0–0.8 133.2 0.92 this study

Fig. 11. Experimental setup of temperature 
measurement

Рис. 11. Экспериментальная установка для 
измерения температуры

BBS

OSA

Circulator

Sinsing head

High temperature
furnace
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a silicon glass wall, thus with a same tempera- 
ture sensitivity. When the temperature changes, 
the temperature sensitivity of FPI1 or FPI2 is as 
follows:

 ( ).∂
= = = +

∂
 (5)

Here, 1 is the thermal expansion coefficient of 
silica glass (5.5 10–7/ C), 1 is the thermos-opti-
cal coefficient of the air medium in FPI1 or FPI2 
(–5.6 10–7/ C). 

Assuming m = 1550 nm, the temperature 
sensitivity is estimated 0.0155 pm/ C, which is 
rather small. Since both FPI1 and FP2 change 
with temperature variation, the theoretical 
equation for the envelope sensitivity magnifi-
cation factor no longer applies to temperature. 
Here the temperature sensitivity of the sen-
sor is tested by tracking the drifts of interfer-
ence fringes in the sensor reflection spectrum, 
and Fig. 12 shows the temperature-induced 
wavelength drifts. By the linear fitting, the 
temperature sensitivity is 3.7 pm/ C with a 
linearity of 98.6%. Furthermore, the gas pres-
sure sensitivity of the interference fringes is  
4 nm/MPa, thus the temperature cross-sensi-
tivity of the sensor is calculated as 0.93 kPa/ C 
(0.0037/4 = 0.00093 MPa/ C = 0.93 kPa/ C), 
which is smaller than that of in these Ref.  
[21–24].

Fig. 12. Temperature drift of the wavelength (a), symbols show temperature in degrees Celsius, (b) shifts of 
the interference fringe dip (1550 nm) under different temperature  fitting of the dependence of the wavelength 
shift versus temperature, dots is experimental data, line is linear fitting, y = 0.003742x + 1550, R2 = 0.9860

Рис. 12. Температурный дрейф длины волны (а), на условных обозначениях — температура в градусах 
Цельсия, сдвиг провала интерференционной полосы (1550 нм) при различных температурах,   
аппроксимация зависимости сдвига длины волны от температуры, точки — экспериментальные данные, 

линия — линейная аппроксимация, y = 0,003742x + 1550, R2 = 0,9860 (б)

CONCLUSIONS
An ultra-high sensitivity gas pressure sensor 
based on the cascaded FPIs and the Vernier effect 
was designed and demonstrated. The two cascaded 
FPIs have similar structures with different 
capillary lengths. By accurately controlling the 
length difference of capillary between two FPIs, 
a large controllable magnification factor can 
be obtained by using the Vernier effect, which 
greatly improves the measurement sensitivity of 
the sensor. The experimental results show that 
the gas pressure sensitivity of the Vernier effect 
sensor is 133.2 nm/MPa, and the corresponding 
sensitivity magnification factor is 33.3. Mo- 
reover, the sensor temperature experiment shows 
that the temperature cross-sensitivity is low as 
0.93 kPa/ C. Compared with other sensors with 
similar structures, the main advantages of our 
proposed sensor are as follows: 

(1) the sensor is composed of capillary and 
single-mode optical fiber, which is simple in 
structure and easy to be manufactured, and 
the total length of the sensor head is less than  
2.5 mm, so the structure is particularly compact; 

(2) the temperature sensitivity of our sensor 
is low, and the temperature cross-sensitivity is 
small when measuring gas pressure; 

(3) the gas pressure sensitivity of our sensor 
is very high, which is especially suitable for the 
measurement of small pressure changes.
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