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Abstract— This work studies the behavior of 

polydimethylsiloxane (PDMS) as a transducer for optical vacuum 

pressure measurements. The optical structure chosen for this 

device is a modal interferometer achieved by splicing a coreless 

multimode optical fiber between two single mode fibers. Then, an 

etching process is applied to the obtained device, in order to 

decrease the diameter of the fiber and increase the sensitivity. 

Finally, the fiber is coated by dip-coating with a layer of PDMS, 

which changes its volume with pressure changes. The device has 

been studied in the 1x10-3 mbar to 10 mbar range with a 

wavelength shift of 4 nm. A maximum sensitivity of 35 nm/mbar 

was obtained. The simple fabrication process, which can be 

applied to other structures more sensitive to strain, suggest that 

PDMS can be a good choice for the development of optical fiber 

vacuum sensors. 
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I. INTRODUCTION 

Vacuum measurement is important in several application 
fields, such as industry, medical care, energy production, 
physical experiments and others [1], and many types of sensors 
have been developed. For vacuum measurement, one of the most 
extended technology is Pirani gauge, which is based on the heat 
transfer between a heated wire and the vacuum environment [2].  
Pirani gauges allows to measure pressure up to 1x10-4 mbar. 
Smaller pressures require other kind of gauges, such as cold 
cathode or hot cathode gauges, which allows to measure 
pressures up to 1x10-9 and 1x10-12 mbar, respectively [3]. 

However, this kind of sensors might have a limited usage in 
some applications, such as heavy industrial environments. Then, 
the advantages of optical fiber sensors, specially their 
electromagnetic immunity and their size, can help in these 
hazardous environments. Among optical fiber structures utilized 
for vacuum pressure sensing, different configurations and 
working principles can be found. Fabry-Pèrot interferometers 
have been fabricated using a vacuum-sealed cavity whose length 
varies as a function of the pressure [4]. There, the diaphragm is 
fabricated following a process that includes several steps, such 
as photoresist patterning and reactive ion etching (RIE). Another 
optical structure appropriate for vacuum sensing is fiber Bragg 
gratings (FBGs) [3] [5], which shows high sensitivity to strain 
and temperature. Here, the working principle is similar to that 
one of the Pirani gauge, since the authors heat the metal-coated 

FBG by launching a laser light inside the FBG [5] and measure 
the difference of the transferred heat. 

In this paper, we propose a novel method to develop optical 
fiber vacuum sensors based on the strain applied to a single 
mode – multimode – single mode (SMS) fiber interferometer. 
This structure has been chosen for its simplicity of fabrication. 
The SMS structure generates a modal interferometer, which is 
sensitive to several parameters, such as temperature [6], strain  
[7]–[10] or refractive index [11]. Besides, it has been previously 
demonstrated that reducing the diameter of the fiber, generally 
by chemical etching, leads to an increase of the sensitivity [12]. 
In addition, for this particular structure, decreasing the diameter 
increases the strain produced by the coating and leads to an 
increase of the sensitivity. The coating is made of 
polydimethylsiloxane (PDMS), coated by dip-coating and cured 
at atmospheric pressure. Due to its elastic properties, vacuum 
pressure makes PDMS to expand and, consequently, it transmits 
this deformation to the fiber.  

The paper is structured as follows: firstly, in section II the 
fabrication details and the experimental set-up are described. 
Section III shows the experimental results related to device 
fabrication and vacuum pressure measurements. Finally, in 
section IV some conclusions remarks are commented. 

II. FABRICATION PROCESS 

The length and diameter of the MMF segment are the critical 
parameters for the design of the device. The first step to fabricate 
this device is to cut a 15 mm length piece of multimode coreless 
optical fiber (POFC, Inc.) at 90º in both sides. Its length was of 
15 mm, because it permits to obtain a good interference pattern 
when decreasing the diameter [11]. Then, this segment was 
spliced to two standard SMF from Telnet, Inc. The diameter of 
all fibers is 125 µm. Then, this structure was etched using 
hydrofluoric acid (HF) until the diameter of the fiber was 
reduced to 30 μm. Then, the etched SMS was washed with water 
to remove all the HF. This process was monitored to stop it when 
the transmitted optical spectrum reaches the desired 
characteristics: a quasi- sinusoidal spectrum. This behavior 
facilitates the shift-phase study. 

Finally, the resultant device was glued to a U-holder and then 
it is coated with PDMS Sylgard 184 [13]. PDMS was prepared 
by mixing the elastomer base with the curing agent in 10:1 
proportion. After that, the mix was solved in toluene (1:1), to 
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obtain a lower viscosity solution, which will later provide 
greater control on the thickness and shape of the coating, made 
by dip-coating. Just after coating, the device is heated to 100°C 
to dry the layer at atmospheric pressure. The final thickness 
obtained was 1.5 µm. 

The experimental set-up used for the characterization of this 
device, shown in Fig. 1, is the typical transmission set-up, 
consisting of a light source (Agilent 83437A) and an optical 
spectrum analyzer (HP 86142A). The device was placed inside 
a vacuum chamber, which has an optical feedthrough, where the 
vacuum is achieved thanks to a rotary vacuum pump and a turbo-
molecular pump. The vacuum pressure was acquired using a 
data-logger (Agilent 34972A) and a vacuum pressure sensor 
(Pfeiffer PKR251), which consists of a Pirani gauge and a cold-
cathode gauge. 

 

Fig.1. Experimental set-up. 

III. EXPERIMENTAL RESULTS 

As it is well known, the SMS interferometers can be tuned to 

work in two modes of operation. One of this is the self-image 

effect [14], [15], which produces a maximum in the transmission 

spectrum that is distinguished from other maxima obtained by a 

fractional constructive interference. To obtain the location of 

said maximum wavelength [16], the following expression (1) 

was used:  

 𝜆 =
4𝐷2𝑛

𝑍
 

where λ is the operational wavelength, D is the diameter of the 
MMF section, n is the refractive index of silica and Z is the 
MMF segment length. The second mode of operation of the 
SMS structure permits to use it as both a wavelength and a phase 
sensitive device.  

 The spectrum evolves as follows: the attenuation bands 
blueshift and more bands start to appear from greater 
wavelengths, which will also suffer a blueshift. Then, those 
attenuation bands trend to separate and, finally, they start to lose 
amplitude, but they get a quasi-sinusoidal shape. Adding the 
PDMS layer redshifts the spectrum. 

 

A. Pressure measurement 

For pressure measurements, the procedure followed is the 
next: the rotary vacuum pump was started first and the pressure 
drops up to 3x10-1 mbar; then the turbo-molecular was turned on 
until vacuum pressure reaches values near 1x10-3 mbar. For 
going back to the atmospheric pressure, vacuum pumps were 
turned off in the reverse order and then a gas flow was used to 
final recovering.  

For faster optical measurements, the span of the optical 
spectrum has been reduced and the measurements were 
performed around 1310 nm. Fig. 3 shows the dynamic response 
of the optical fiber vacuum sensor as the pressure changes. The 
left axis corresponds to the wavelength of a peak, whereas the 
right axis represents the decimal logarithm of the pressure in 
mbar. 

 

 Analyzing previous figure, Fig. 3, it can be observed that the 
sensor has good reversibility as well as a high stability. It is also 
possible to see that there is a peak when the rotary pump is 
started, which is also present on the commercial sensor. Finally, 
it is quite clear that the range of this sensor is lower than that one 
of the commercial sensor. All these aspects can be seen more 
clearly in the following figure, Fig. 4, where it is represented the 
wavelength shift as a function of the vacuum pressure. 

 
Fig.2. Transmitted optical spectrum at the different steps of the fabrication 

process. 

 
Fig.3. Dynamic response of the optical fiber vacuum sensor for pressure 

ranging from 16 mbar to 1.1x10-3 mbar  



 

In Fig. 4, it is possible to observe how the resonance 
wavelength blueshifted as the pressure decreases. The greater 
sensitivity is obtained in the 0.01 to 0.3 mbar range, where the 
device shows a linear behavior. For greater or smaller pressures, 
the PDMS layer does not cause the same stress to the fiber and, 
therefore, the sensitivity decreases. 

IV. CONCLUSION 

A novel optical fiber vacuum sensor has been developed 
using a strain sensitive modal interferometer known as SMS. 
This sensor is different from other optical sensors dedicated to 
pressure, which are generally based on membranes and Fabry-
Pèrot interferometers or they are based on thermal effects. 

This sensor has demonstrated a good behavior on the 1x10-3 
to 1 mbar range. It shows a dynamic range of 4 nm, although the 
greater change occurs at the 0.01 to 0.3 mbar range. The 
maximum sensitivity is 35 nm/mbar. This structure has been 
chosen for its simplicity of fabrication and for its sensitivity to 
strain. However, there are optical structure with greater 
sensitivities, which might offer the possibility to work in other 
pressure ranges. 

It is quite clear that there are other alternatives to modify the 
sensitivity and range of this kind of sensors. For example, the 
most immediate option is to study the different base/curing agent 
ratios, which will affect to the cross-linking degree and, 
consequently, to the PDMS stiffness. 
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Fig. 4.  Wavelength shift of an attenuation band as a function of the vacuum 
pressure.  

 


