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Section 1-Temperature Measurement 

To study the temperature cross interference of the sensor for a general biomedical environment, the 

effect of temperature was investigated. The sensor was placed into an oven in air and we gradually 

increased the temperature from 25℃ to 55℃ with a step of 5℃. The temperature was maintained for 

15 min at each step. The evolution of the reflection spectrum as the temperature increases is shown in 

Fig. S1a. The dip wavelength at ~1437 nm was observed to be a red shift with increasing temperatures. 

The dip wavelength shift of the FPI spectrum with temperature can be expressed by the following 

equation,  
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Where    and k  are the dip wavelength and an integer representing the order of the interference 

spectrum, respectively. 
dn

dT
 and 

dL

dT
 are the thermo-optic coefficient of the medium in the cavity 

and the thermo-expansion coefficient of the polymer, respectively. Both thermo-optical effect and 

thermal expansion effect contribute to the shift of interference spectrum when the ambient temperature 

rises. However, since the medium in the air cavity formed by the fiber end face and the lower surface of 

the clamped-beam is air, the refractive index of air barely changes as the temperature increases within 

the range of 25℃ to 55℃1
. Therefore, we believe the dominant reason is that the thermal expansion of 

the polymer bases of the clamped-beam probe changes, leading to an increment of the cavity length. 

Figure S1(b) illustrates the linear fit of the dip wavelength versus temperature, achieving a sensitivity 

of ~47.36 pm/℃, which is consistent with the temperature sensitive characteristics of the previously 

reported photonic crystal fiber force sensor (45 pm/℃)
2
. The R

2
 of the linear fit is calculated to be 

0.997 with a standard error of 1.08 pm. Thus, this polymer clamped-beam probe has achieved a 

temperature cross-sensitivity of ~ -0.031 μN/℃. Moreover, our microforce sensing experiments are 

carried out in an ultra-clean room with a constant temperature and humidity, and the temperature 

fluctuation is less than ±0.1 ℃ in the force measurement period, so the effects of the temperature 

fluctuation to the sensor can be ignored in this work.  

 

Fig. S1. Temperature response of the polymer clamped-beam probe. a Reflection spectrum evolution of the 

polymer clamped-beam probe while the temperature increases from 25 to 55℃. b Data and a linear fit of the dip 

wavelength versus temperature.  

 

Section 2-Humidity Measurement 

In order to study the influence of humidity on the sensor in atmospheric environment, the humidity 

response of the sensor was measured in a constant humidity chamber within the range of 30% ~ 90%. A 

15-minute stabilization is performed at each measurement step to ensure that the sensor is fully 

responded. Figure S2(a) shows the reflection spectrum evolution of the sensor as the humidity 

increases from 30% to 90% with a step of 10%. Obviously, the spectrum has a significant red shift as 



the ambient humidity increases. The dip wavelength shift with humidity can be expressed by this 

equation 
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where   is the dip wavelength, k  is an integer representing the order of the interference spectrum, 

dn

d
 is the change of refractive index with humidity in FP cavity and 

dL

d
 is the 

hygroscopic-expansion coefficient of the polymer. The red shift of reflection spectrum can be attributed 

to both the increase of FP cavity length caused by the hygroscopic expansion
3
 of polymer support bases 

and hygroscopic deformation of clamped beam and the refractive index of air changes with humidity
4
. 

The humidity sensitivity is calculated to be 118 pm/% with a standard error of 4.45 pm by a linear fit to 

the dip wavelength measured, as shown in Fig. S2(b). A humidity cross- sensitivity of -0.078 μN/% for 

the sensor is obtained, which is of great significance to minimize the influence of humidity on the 

performance of sensors in biosensor applications. 

 

Fig. S2. Humidity response of the polymer clamped-beam probe, indicates a linear relationship between the 

dip wavelength and the relative humidity. (a) Reflection spectrum red shift as the relative humidity increased 

from 30% to 90%. (b) Data and a linear fit of the dip wavelength versus relative humidity 

 

Section 3- Tilting force Measurement 

As shown in Fig. S3, when the force applied to the probe is not perpendicular to the surface of the 

clamped-beam, and assuming the angle between the force F and the surface of the clamped-beam is  , 

the force F applied can be decomposed into the force F1 perpendicular to the surface of the 

clamped-beam through F1 Fsin( )  and the force F2 parallel to the surface of the clamped-beam 

by F2 Fcos( )  . The force F2 is a lateral force, which makes the probe bend laterally, and the lateral 

force will be transferred to the bases of the clamped-beam probe, thus affecting the firmness of the 

adhesion between the bases and the surface of the optical fiber. If F2 is enough, the probe will break 

and/or the polymer structure will fall from the surface of the optical fiber. The force F1 will cause 

bending deformation of the clamped-beam, resulting in an FPI cavity length change, that is, F1 is the 

actual force detected by the sensor. Therefore, there will be a certain deviation between the actual 

applied force F and the detected force F1. In the experiment, in order to deal with the situation that the 

external force is not perpendicular in the practical application, we can measure the angle   between 

the applied force F and the surface of the clamped-beam, combine the force F1 detected by the sensor, 

and obtain the applied force F through the equation F F1/ sin( )  . Thus, the force of the 

non-perpendicular probe can be obtained without reducing the measurement accuracy of the sensor. 



 

Fig. S3. Simulation result of bending deformation of clamped-beam probe under non perpendicular force 

 

Section 4- Finesse Improvement 

The polymer material employed has a refractive index of ~1.53, which is the same as that in our 

previous work in Ref. 5. Then, the reflectivity R=~4.439% of the polymer material is obtained by 

calculating through 
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, where n1 and n2 are the refractive indices of the air and the 

polymer material, respectively. Yes, it is possible to deposit reflection coatings, for example, Au, on the 

surfaces of the fiber tip and the polymer material after the clamped-beam is made to increase the 

Finesse of the FPI. Theoretically, the finesse
6
 F of FPIs is calculated through 

1/4

1 2 1 2
( ) / (1 )F R R R R  , where R1 and R2 are the reflectivity of the surface of the fiber tip and the 

lower surface of the clamped beam, thus an increase of the reflectivity R leads to a larger finesse F. 

Depositing reflection coatings on the surfaces of the fiber tip and the polymer material after the 

clamped-beam can increase the reflectivity of these two surfaces, thus increasing the finesse of the FPI. 

The corresponding reflection spectrum before and after depositing Au are shown in the attached figure 

below (Fig. S4). Yes, a high Finesse can improve the performance of the sensor. An FPI with a high 

finesse will have a reflection spectrum with sharp dips. Sharp dips can help measure the resonance dip 

wavelength movement more accurately, thus improving the measurement accuracy of the sensor. 

Besides, higher finesse helps improve the detecting limit of the sensor. Taking high finesse into account 

is a very good suggestion, which will be performed in the next work. 

 

Fig. S4. The corresponding reflection spectrum before and after depositing Au 
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