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Abstract—Miniaturization and integration of sensors on chip 

has become essential with advancements of artificial intelligence 

(AI) and the Internet of Thing (IoT). The size of existing 

microbend optical stress sensors is too large for integration on a 

chip, necessisating fundamental change of structural design to 

achieve micron-sized lithography. In this regard, we demonstrate 

the design and analysis of a multi-layer- microbend optical stress 

sensor using an advanced Multiphysics simulation model that 

could be potentially embedded on chips after the experimental 

tests of the basic microbend optical stress sensor units. The sensor 

architecture is optimized not just in size but also the materials in 

the layers. A well optimized structure of Glass/Ag/SU8/PDMS 

architecture delivers best comprehensive performance resulting in 

a sensitivity in one pitch of 110.42 m is 0.00935 N-1 with a linearity 

of R2=0.99868 at a detectable range of 1200 N - 2800 N. This work 

paves way for embedding microbend optical stress sensors on 

chips to further accelerate sensors for communication and 

information technologies. 

 
Index Terms—Linearity, microbend optical stress sensor, 

micro-scaled, sensitivity, simulation 

 

I. INTRODUCTION 

With the advent of artificial intelligence (AI) and Internet 

of Thing (IoT),[1-7] stress sensors have become increasingly 

important,[7-17] and require to be integrated[7, 18, 19] on-

chip[7], for example, the micro-electromechanical systems 

(MEMS)-based 3D stress/strain sensor[22]. On the other hand, 

with advancements in robotic science, stress sensors are 

required in wearable devices and healthcare systems.[14, 23-

28] An optical stress sensor[7] is based on detection of an 

optical signal rather than the resistance or capacitance in 

traditional stress sensors[7, 14, 32-39]. A microbend optical 

stress sensor utilises a toothlike microbend deformer for 

sensing.[7, 40] Since the materials of the microbend deformer 

and the optical fiber are non-ferromagnetic, with a low risk to 

electric sparking, they find suitability in extreme environments 

such as magnetic resonance imaging (MRI) and explosives 

respectively.[7, 41-44] In addition, due to advantages of 

flexibility, sensitivity, reliability, and low cost, microbend 
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optical stress sensors can be used to detect pressure in 2D fiber 

arrays[29], as anti-squeeze detectors of car windows[21], 

detection of respiration and heartbeat[31, 45], hydrophones, 

chemical sensing, etc.[7, 46, 47] However, the size of existing 

microbend optical stress sensors (see Table I) is in the 

millimeter (mm) or centimeter (cm) scale.[7] The size of the 

optical fiber is a limitation for the miniaturization of the 

microbend optical stress sensor, and it is too large for 

integration on a chip.  

In order to realize the miniaturization, a fundamental 

change to the structural design becomes necessary. Therefore, 

in this work, a multi-layer- microbend optical stress sensor was 

designed and analyzed using a Finite Element Method (FEM) 

simulation tool and benchmarked using an experiment verified 

model, to arrive at figures for the sensitivity and linearity of the 

model. On-chip Scaling was achieved using SU8 and Ag film 

to create multilayered fiber structures. A well optimized 

structure of Glass/Ag/SU8/PDMS architecture delivers best 

comprehensive performance in terms of sensitivity, linearity, 

and detectable range examined in this work, and it shows 

potential to be fabricated on chip. The materials with 

appropriate properties and parameters were selected, and the 

simulation results in this work were predictable and reasonable. 

In addition, the simulation results in this work were predicted 

and validated by the properties tests of the microbend optical 

stress sensor units with the standard graded index multimode 

fiber (GI MMF) and microbend deformers, and also validated 

by the existing simulation and experimental results of 

microbend sensors in the literature, which shown the design and 

performance of our device models were feasible and reliable. 

This work will promote the miniaturization and integration of 
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TABLE I 

SOME EXAMPLES OF THE SIZE SCALE OF CURRENT MICROBEND OPTICAL 

STRESS SENSORS 

Sensors Size scale  Ref. 

Embedded fibre optic microbend sensor mm [20] 

Plastic optical fiber microbend anti-squeeze sensor mm [21] 

Fiber optic microbend tactile sensor array mm [29] 

Fiber optic microbend sensor cm [30] 

Textile fiber optic microbend sensor cm [31] 
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microbend optical stress sensors and embed them on chips, 

which will make them have wider application fields in future. 

II. METHODOLOGY 

A. Simulation part 

1) Simulation software 

The simulations in this work were conducted using the 

COMSOL Multiphysics® software with the solid mechanics 

interface and the electromagnetic waves, frequency domain 

interface.[48] In the solid mechanics simulation, stress and 

strain follow Hooke’s law:[49, 50] 

m=Emm                                      (1) 

where m and m are the stress and strain of the models, 

respectively. Em is Young’s modulus of the materials. 
The relationship between strain and displacement is:[51] 𝜺 = ∇𝒖+(∇𝒖)𝑇2                                   (2) 

where  is the infinitesimal strain tensor, and u is the 

displacement variables. 

The von Mises stress which describes the maximum 

distortion energy of the model under load is used to present the 

simulation results of the solid mechanics:[52] σVM = 1√2 √(σ1 − σ2)2 + (σ2 − σ3)2 + (σ3 − σ1)2      (3) 

where VM is von Mises stress, and 1, 2, and 3 are the 

principal stresses. 

In the electromagnetic domain simulation, the wave 

equation is:[53] ∇ × (∇ × 𝑬) − 𝑘02𝑛2𝑬 = 0                      (4) 

where E is the distribution of the electric field of the light, k0 is 

wave number in free space, n is the refractive index. 

2) Geometric modeling 

A conventional structure [Fig. 1(a)] and two proposed 

structures [Fig. 1(b) and 1(c)] will be studied in this work. The 

proposed structures were developed based on the conventional 

structure to improve its performance. The conventional 

structure is shown in Fig. 1(a) (The inset of Fig. 1(a) shows a 

simple schematic diagram of the structure of the microbend 

optical stress sensor), which is the longitudinal section of a fiber 

with different layers along the long axis of the center. A force 

is applied to bend the entire structure to obtain the changes on 

the light intensity. The core layer is glass,[54-56] coated with a 

polydimethylsiloxane (PDMS) layer (Glass/PDMS model). The 

diameter of the core layer and the thickness of the PDMS layer 

are both 10 m. It is realizable to build the PDMS patterns at 

the dimension less than 10 m in the literature.[57] There are 

two ports (port 1 and port 2) set at the two ends of the core layer 

for light in and out, respectively.  

The sensitivity of the microbend optical stress sensor is 

related to the distance between the two adjacent teeth on one 

side of the microbend deformer which is called the pitch.[7, 40, 

58] The pitch is calculated as follows:[7, 58, 59] 

        Pitch = 2𝜋𝑅𝑛1N.A.                                      (5) 

where R is the radius of the core layer in the optical fiber, n1 is 

the refractive index of the core layer, N.A. is the numerical 

aperture of the optical fiber estimated as:[60-62] 

             N. A. = √𝑛12 − 𝑛22                                  (6) 

where n2 is the refractive index of the cladding layer. Thus, a 

suitable pitch can be calculated as: 

             Pitch = 2𝜋𝑅𝑛1√𝑛12−𝑛22                                    (7) 

    The two proposed structures are Glass/SU8/PDMS model 

[Fig. 1(b)] and Glass/Ag/SU8/PDMS model [Fig. 1(c)]. For the 

Glass/SU8/PDMS model, the SU8 layer is added as a coating 

layer between the glass fiber core and the PDMS layer based on 

the Glass/PDMS model, and its thickness is also 10 m. The 

SU8 patterns can be built at the dimension about 10 m or less 

 
Fig. 1.  The structure and simulation conditions of the sensor models in this 

work: (a) the Glass/PDMS model, (b) the Glass/SU8/PDMS model, and (c) 

the Glass/Ag/SU8/PDMS model. 
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in the literature.[63, 64] For convenience of comparison, the 

pitch of the Glass/PDMS model continues to be used in the 

Glass/SU8/PDMS model. The structure of the 

Glass/Ag/SU8/PDMS model is similar as the Glass/SU8/PDMS 

model except the 10 nm-thickness Ag film is added at the upper 

and lower boundaries between the glass fiber core and the SU8 

layer and simulated by transition boundary condition (TBC) 

[Fig. 1(c)]. Other simulation conditions are same as the ones of 

the Glass/SU8/PDMS model [Fig. 1(b)]. 

3) Materials properties setup 

The refractive index of the core layer and the PDMS 

cladding layer are respectively set as nglass=1.476 and 

nPDMS=1.415.[65, 66] Therefore, the calculated pitch is 110.42 

m. The thin layer around the entire model is called the 

perfectly matched layer (PML), which is used to absorb the 

emergent light and simulate the infinite outside space. Other 

material parameters from built-in data from COMSOL 

Multiphysics® software are highlighted in Table Ⅱ. 

4) Physical fields setup 

a) Solid mechanics interface 

The left-bottom and right-bottom points of the core layer are 

fixed by the pitch. Force is applied at the midpoint of the upper 

border of the core layer in a downward direction along the y-

axis, as shown in Fig. 1. This simulates the deformation over 

one pitch of the optical fiber under pressure between the 

toothlike microbend deformers. 

b) Electromagnetic waves, frequency domain interface 

The wave excitation of port 1 is turned on, and the incident 

light set as =633 nm, with a power of 1 W enters into the fiber 

from port 1. The wave excitation of port 2 is turned off. The 

electric field of the incident light is set as: 𝐄 = [001] V/m                                  (8) 

The propagation constant of each port is set as:[62, 67]  

                     β = 2𝜋𝑛glassλ                                     (9) 

The thickness of the PML is set as 10 mesh layers of the 

electromagnetic waves, frequency domain interface to absorb 

the emergent light.[68-71] 

5) Results  

The normalized output power is calculated as: Pout (%) = P2|P1| × 100%                         (10) 

where P1 and P2 are the line integration values of power 

outflow, time average of port 1 and port 2, respectively. Since 

the value of P1 is negative, the absolute value of P1 is used. 

B. Experimental part 

The experimental platform used for the properties tests of 

the microbend optical stress sensor units in this work is shown 

in Fig. 2. The microbend deformers used in this work are 

fabricated by Al-7075 alloy which are shown in the inset of Fig. 

2. The pitches of the microbend deformers are 3.0 mm, 1.5 mm, 

and 1.0 mm. The 633 nm laser (THORLABS, 10 mW) was 

focused on one end of the standard GI MMF. The optical fiber 

was fixed so that it can traverse the microbend deformer 

between its two layers of the toothlike structure, and the light 

power was measured by a light power meter (Newport, 843-R) 

on the other end of GI MMF. The microbend deformer was 

fixed on the probe of the force detector (Force Gauge Model 

M5-5). When the probe of the force detector moves down, the 

GI MMF will be pressed by the microbend deformer, and then 

the force values can be read. For the repeatability tests, the 

cyclic force was applied to the microbend deformers, and the 

light power and the force values were measured. 

TABLE Ⅱ 

OTHER MAIN PROPERTIES OF THE MATERIALS IN THIS WORK (T=293.15 K) 

Materials Density (kg/m3) Young’s modulus 
(Pa) 

Poisson’s 
ratio 

 

Glass 2203 7.31×1010 0.17  

PDMS 970 7.50×105 0.49  

SU8 1392.771-

0.6426783T+1.575939

×10-4T2 

8.986054×109-

2.738131×
107T+26053.55T2 

0.33  

 

 
Fig. 2.  The experimental platform and microbend deformers used for the 

properties tests of the microbend optical stress sensor units in this work. 
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III. RESULTS AND DISCUSSION 

A. Properties tests of microbend optical stress sensor units 

The optical-force properties of the microbend optical stress 

sensor units with various pitches of microbend deformers are 

shown in Fig. 3(a). All the microbend optical stress sensor units 

in this work have the expected performance. The emergent light 

power decreases when the force increases, and it decreases to 

near 0 W when the force is large enough. The sensor unit with 

1.5 mm-pitch microbend deformer has the largest detectable 

range of force which can reach 13 N before broken. With the 

increasing of the pitch of the microbend deformer, the anti-

pressure performance will be better, for example, the sensor 

unit with 1.0-mm pitch microbend deformer had the higher slop 

of power/force, which suggests that it is more sensitive.  

To investigate the stabilization and the repeatability of the 

microbend optical stress sensor units, the cyclic force was 

applied to the sensor systems. The cyclic optical-force responds 

of the microbend optical stress sensor units with the microbend 

deformer pitches of 3.0 mm, 1.5 mm, and 1.0 mm are shown in 

Fig. 3(b), (c), and (d), respectively. After applying the force for 

one period, the output power of all the samples can recover upto 

near the initial state, which suggests that the sensors can be self-

recovered and ready for the new round test. Therefore, their 

repeatability of the mechanical and optical properties are 

satisfactory, and the sensor system is stable and reliable. 

Through the experiments and analysis of the properties 

test of the microbend optical stress sensor units with various 

pitches of microbend deformers, the simulation results in our 

work can be predicted. Indeed, after the simulation, the 

decreasing variation tendency of the normalized output power 

of our simulation models is similar as the results of the 

experiments in this work, which suggests that our simulation is 

valid and reliable. Our simulation results have also been 

validated by the existing simulation and experimental results of 

microbend sensors in the literature. The power loss due to the 

microbend in the fiber core in our results is also shown in the 

simulation results in the literature.[72] In addition, the variation 

tendency of the normalized output power in our simulation 

results of the Glass/PDMS model is similar as the experiment 

and simulation results in the literatures, which also suggests that 

our simulation method is valid and reliable.[40, 58, 73] For the 

simplification of the models and emphasizing the effect of the 

deformation due to the applied force to the normalized output 

power, the changes of refractive index due to stress-optic effect 

were not included in this work.[53, 73] 

B. The Glass/PDMS model – Conventional model 

The applied force range of the Glass/PDMS model is 0-2200 

N. The stress distribution of Glass/PDMS model at 2200 N is 

shown in Fig. 4(a). The stress is mainly distributed on the glass 

fiber around the point of applied force and its opposite side, and 

around the fixed points. The relationship between the 

normalized output power and applied force of Glass/PDMS 

model is shown in Fig. 4(d). With an increase of the applied 

force, from 0 N to 1200 N, the normalized output power has no 

obvious reduction. From 1200 N to 1600 N, the normalized 

output power decreases from 96.75% to 58.14% with an 

increase of the applied force. From 1600 N to 2200 N, the 

decreasing tendency of normalized output power becomes flat. 

The light power distributions of Glass/PDMS model at 0 N, 800 

N, 1400 N and 2200 N are shown in Fig. 5. The refractive index 

of glass is higher than that of PDMS. Thus, when the light 

propagates from glass to the PDMS layer, the total reflection 

will occur when the incident angle is larger than the critical 

angle. Increasing the applied force results in bending of the 

tooth comb. When the force is below 1200 N, the bending 

degree is low. Thus, the incident angle of light at the interface 

between the glass fiber core to the PDMS layer can be large 

enough for the total reflection at this stage, and mainly due to 

total internal reflection, the loss of light in the glass fiber core 

is low, and there is no obvious reduction of normalized output 

power in the applied force range from 0 N to 1200 N (e.g. 0 N 

and 800 N in Fig. 5). When the force is higher than 1200 N, 

refracted light from the glass fiber core to the PDMS layer 

begins to appear. Thus, the normalized output power decreases 

obviously, which agrees with the principle of power loss (e.g. 

1400 N in Fig. 5).[7, 74-76] Due to the width of the incident 

light beam, and the arcuate bending structure of the interface 

 
Fig. 3.  The results of the properties tests of the microbend optical stress sensor 

units with various pitches of microbend deformers: (a) the results of optical-

force property tests with various pitches of microbend deformers; (b), (c), and 

(d) the results of the repeatability tests with the microbend deformer pitches 

of 3.0 mm, 1.5 mm, and 1.0 mm, respectively. 

 
Fig. 4.  The stress distribution and the relationship between the normalized 

output power and applied force of the sensor models in this work: (a) the stress 

distribution of the Glass/PDMS model, (b) the stress distribution of the 

Glass/SU8/PDMS model, (c) the stress distribution of the 

Glass/Ag/SU8/PDMS model, and (d) the relationship between the normalized 

output power and applied force of the sensor models in this work. 

 
Fig. 5.  The light power distributions of Glass/PDMS model. 
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between the glass fiber core and PDMS layer, some fraction of 

the reflected light still follows total internal reflection. In 

addition, the relationship between the reflectivity and the 

incident angle will also affect the normalized output power. 

This explains the decreasing tendency of normalized output 

power to become flat from 1600 N to 2200 N (e.g. 2200 N in 

Fig. 5). 

In summary, the normalized output power in the 

Glass/PDMS model responds to the applied force. Because of 

the total internal reflection, however, the normalized output 

power has no obvious changes at a large force range (0-1200 

N), which results in the small detectable range and low 

sensitivity. Therefore, a type of material with the refractive 

index higher than glass is needed to weaken the total internal 

reflection and improve the sensitivity of the model. 

C. Glass/SU8/PDMS model – improving the sensitivity 

    SU8 is a type of UV photoresist that has wide application in 

MEMS, waveguides, superhydrophobic surface, etc.[63, 64, 

77-82] Also, it has relatively high refractive index 

nSU8=1.5912.[83] Thus, SU8 was selected to coat outside the 

glass fiber core of the Glass/PDMS model to weaken the total 

internal reflection in the proposed Glass/SU8/PDMS model 

[Fig. 1(b)]. Since the whole model is thicker, in order to keep a 

similar bending level as the Glass/PDMS model, the applied 

force range in Glass/SU8/PDMS model is extended to 0-4400 

N. Other structures and simulation conditions in the 

Glass/SU8/PDMS model remain the same. 

The stress distribution of Glass/SU8/PDMS model at 4400 

N is shown in Fig. 4(b). Similar as it was in Glass/PDMS model, 

the stress is also mainly distributed on the glass fiber around the 

point of applied force and its opposite side, and around the fixed 

points. The relationship between the normalized output power 

and applied force of Glass/SU8/PDMS model is shown in Fig. 

4(d). With the increasing of the applied force, from 0 N to 2000 

N, the normalized output power decreasing from 93.99% to 

18.79%. From 2000 N to 4400 N, the normalized output power 

increases slightly first and then decreases again. The light 

power distributions of Glass/SU8/PDMS model at 0 N, 1600 N, 

2800 N and 4400 N are shown in Fig. 6. Due to the refractive 

index of glass is lower than the one of SU8, the total reflection 

effect at the interface from glass to SU8 does not exist. Thus, 

when the whole fiber start bending, even though the bending is 

in a relatively low degree, the light in the glass fiber core can 

transmit to SU8 layer in a relatively high power, which causes 

the power loss of light in glass core, and results in the 

decreasing of the normalized output power in the applied force 

range from 0 N to 2000 N. (e.g. 0 N and 1600 N in Fig. 6). With 

the increasing of the applied force, the bending degree 

increases. Due to the refractive index of SU8 is higher than the 

one of PDMS, the total reflection effect at the interface from 

SU8 to PDMS will make the light in the SU8 layer reflect back 

to the glass fiber core, which makes the slight increasing of the 

normalized output power from 2000 N to 2800 N (e.g. 2800 N 

in Fig. 6). When the applied force continues increasing, the 

bending level also continues increasing, and the light power 

reflected back from the cladding layers becomes lower. Thus, 

the normalized output power decreases again from 2800 N to 

4400 N (e.g. 4400 N in Fig. 6). 

In summary, the responding range of the normalized 

output power is larger when the SU8 layer is added. However, 

due to the weak limitation of the light transmitted out from and 

reflected back to the glass fiber core, the linearity between the 

normalized output power and the applied force is poor. 

Therefore, one type of material which can mitigate the 

transmission of light at the interface between glass fiber core 

and SU8 layer is needed to further improve the linearity of the 

model. 

D. Glass/Ag/SU8/PDMS model – for improved linearity 

    A beam splitter is a component which can separate one light 

beam into two parts: the reflected and the transmitted.[84, 85] 

It has wide application in Michelson-type spectrometers and 

solar cell.[86, 87] In addition, a Ag film can be used in the beam 

splitter between, for example, two tin-doped indium oxide 

(ITO) films or two glass layers.[84, 86] If the Ag film is 

sufficiently thick, it could act like a mirror to reflect the light. 

If the power of the reflected and the transmitted light separated 

by the beam splitter at a certain incident angle are adjusted by 

changing the thickness of the Ag film, then the Ag film can be 

introduced into our model to adjust the transmission of light at 

the interface between the glass fiber core and SU8 layer.[86] 

Therefore, referenced the “beam_splitter” case in the 
application libraries of the COMSOL Multiphysics® software 

and under the inspiration of the beam splitter, the reflectivity of 

different thickness of Ag film and incident angles in beam 

splitter was investigated, and the Ag film was introduced into 

the Glass/SU8/PDMS model to build the Glass/Ag/SU8/PDMS 

model.[48, 84-87]  

The model for the investigation of the reflectivity of different 

thickness of Ag film and incident angles from glass layer to 

SU8 layer is shown in Fig. 7(a), which referenced the 

“beam_splitter” case in the application libraries of the 
COMSOL Multiphysics® software.[48] The entire model was 

built based on a circle with the radius of 25 m, divided into 

two parts by an upper right-left bottom diameter line. The 

material of upper left part is glass, and the one of bottom right 

part is SU8. The width of the port is 10 m. The scattering 

boundary condition (SBC) was used at the circle boundary 

except the port to absorb the emergent light and simulate the 

infinite outside space only in this model [Fig. 7(a)]. The main 

simulation parameters of the port and light in this model is 

 
Fig. 6.  The light power distributions of Glass/SU8/PDMS model. 
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similar as the ones of other models in this work. The Ag layer 

is set on the diameter line, and it can rotate around the center of 

the circle to change the incident angle, and the range of incident 

angle is 0.3-1.3 rad. The Ag layer is simulated by TBC, its 

relative permittivity, relative permeability, and electrical 

conductivity are set as r=-16.72+1.66i,[88] r=1, and =0 S/m, 

respectively. The thickness range of Ag film is 0-25 nm. The 

reflectivity of the Ag film can be calculated as: 

                  Reflectivity (%) = PR|P1| × 100%               (11) 

where PR is the power of reflected light which refers to line 

integration value of power outflow, time average of the upper 

arc between the top point of port 1 and the upper right point of 

the diameter line in Fig. 7(a). P1 here is the line integration value 

of power outflow, time average of port 1 in Fig. 7(a). 

The reflectivity of the Ag film under different incident angles 

and Ag film thickness from glass layer to SU8 layer is shown 

in Fig. 7(b). With the increasing of the incident angle, the 

reflectivity of the Ag film of each Ag film thickness is 

increasing. For a certain incident angle, with the increasing of 

the thickness of Ag film, the reflectivity is also increasing. For 

a 10 nm thickness of Ag film, the increasing tendency of 

reflectivity is relatively near the linear tendency, and at the 

same time, the increasing range of reflectivity from 0.3 rad to 

1.3 rad is the largest, which improves the linearity and 

sensitivity of the model, respectively. Therefore, the 10 nm-

thickness Ag film was selected to be added into the 

Glass/SU8/PDMS model. A benefit of the Ag film between the 

glass fiber core and the coating layer in the fiber, is that it 

reduces the likelihood of sparks when light propagates in the 

fiber. Also, Ag almost has no magnetic activities under the 

external magnetic fields confirming its suitability in extreme 

environments such as the explosive or the MRI environment, 

respectively. 

The stress distribution of Glass/Ag/SU8/PDMS model at 

4400 N is shown in Fig. 4(c), which is similar as it was in the 

Glass/SU8/PDMS model. The relationship between the 

normalized output power and applied force of 

Glass/Ag/SU8/PDMS model is shown in Fig. 4(d). With the 

increasing of the applied force, the normalized output power 

decreases monotonically. From 1200 N to 2800 N, the linearity 

between the normalized output power and the applied force is 

good, the equation is y=-0.00935x+105.76475, and the 

R2=0.99868. Thus, its sensitivity from 1200 N to 2800 N can be 

0.00935 N-1. The detectable range is larger, although its 

sensitivity is relatively lower than the other two models in this 

work. From 0 N to 1200 N and from 2800 N to 4400 N, the 

decreasing rate of normalized output power is almost slight. 

The light power distributions of Glass/Ag/SU8/PDMS model at 

0 N, 1600 N, 2800 N and 4400 N are shown in Fig. 8. With an 

increase of the applied force, the entire structure bends, but the 

light power transmitted from the glass fiber core to the SU8 

layer is much lower than that in the Glass/SU8/PDMS model, 

which benefits from the mitigation effect for the transmission 

of light of the Ag film at the interface between the glass fiber 

core and SU8 layer, and it makes the light power lost slowly. 

At the same time, the Ag film also reduces the light power 

reflected back from the SU8 layer to the glass fiber core (e.g. 

4400 N in Fig. 8). When the applied force is in the large range 

[e.g. the red arrow position in Fig. 4(d)], due to the bending of 

the entire structure, some parts of the light in the glass fiber core 

will transmit into the cladding layer through the upper 

boundary, which may result in a relatively high loss of the 

normalized output power. However, it is not in the linearity 

range of detection, and may make little effect for sensing. 

Therefore, the adding of the Ag film can improve the linearity 

 
Fig. 7.  The model for the investigation of the reflectivity of different thickness 

of Ag film and incident angles from glass layer to SU8 layer (a), and the 

reflectivity of the Ag film under different incident angles and Ag film 

thickness from glass layer to SU8 layer (b). 

 
Fig. 8.  The light power distributions of Glass/Ag/SU8/PDMS model. 
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and detectable range effectively, and the comprehensive 

performance of the Glass/Ag/SU8/PDMS is better than the 

Glass/PDMS model and the Glass/SU8/PDMS model although 

there is a decreasing of its sensitivity. 

IV. CONCLUSIONS 

In this work, the design and performance of a novel micro-

scaled microbend optical stress sensor is modeled and 

simulated after the experimental tests of the basic microbend 

optical stress sensor units. To improve the comprehensive 

performance of the micro-scaled sensor, the SU8 layer and Ag 

film are introduced into the initial Glass/PDMS core-cladding 

design successively to develop proposed Glass/SU8/PDMS and 

Glass/Ag/SU8/PDMS multi-layered architectures, respectively. 

It is found that the Glass/Ag/SU8/PDMS architecture shows 

good comprehensive performance among the three designs in 

this work in a working range from 1200 N to 2800 N. This work 

will promote the development of the microbend optical stress 

sensor on the micro-scaled and miniaturization direction, and 

extend the application fields in the future. 
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