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Abstract: A dual fiber spherical lens structure is proposed, 

which coatings calcium alginate gel mixed with nano 

diamond particles on the surface of the spherical lens and 

solidifies into a film. The design of the probe structure not 

only combines the advantages of nano and block diamond, 

but also further increases the fluorescence collection 

intensity and reduces the required optical components 

while ensuring the functionality of the probe structure, 

improving the integration of the entire system. The 

environmental temperature and humidity were measured, 

and the humidity sensitivity of the experiment was reduced 

by 175 photon counting units for every 1% increase in RH. 

In temperature measurement, we found that the unique 

ZPL redshift and broadening phenomena of temperature 

changes can be utilized to self-calibrate the sensor without 

the need for cascaded fiber Bragg gratings, achieving dual 

parameter measurement of humidity and temperature. 
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1. Introduction 

Humidity is one of the important physical quantities in 

human life, and the detection and measurement of 

environmental humidity are particularly important in 

various fields, such as agriculture, industry, meteorology, 

medical treatment, cultural relic protection, and military 

[1-3]. In the past decade, the development of fiber optic 

humidity sensors using optical fibers as carriers has been 

rapid. The two most common types are: fiber optic sensing 

humidity sensors and fiber optic transmission humidity 

sensors. 

For fiber optic humidity sensors, fiber optic is the 

essence of humidity sensing. When the optical signal is 

transmitted through the fiber optic, water vapor gradually 

accumulates on the fiber optic as the humidity increases, 

causing a change in the refractive index near the sensing 

area and achieving humidity sensing. Typical structures 

include microsphere resonant cavity type [4], based on 

Mach Zehnder fiber type structure, F-P structure, FBG 

structure, etc. [5-11]. Fiber optic humidity sensors usually 

refer to humidity measurement based on humidity 

sensitive thin film materials. Generally, humidity sensitive 

materials are coated on the fiber structure. When the 

environmental humidity changes, the volume and 

refractive index of the thin film will change, thereby 

affecting the transmission parameters of light in the fiber, 

such as wavelength, phase, and light intensity. The use of 

materials such as humidity sensitive films can greatly 

improve the humidity sensitivity of fiber optic humidity 

sensors. However, it should be noted that humidity 

sensitive films should be minimized from interference 

from other physical quantities in the environment, with 

temperature crosstalk being the most significant. 

In order to reduce the impact of temperature changes on 

sensors, a fiber optic grating is usually cascaded with a 

humidity sensor for calibration. However, cascaded fiber 

Bragg gratings not only reduce the integration and 

mechanical strength of sensors, but also cause new 

physical crosstalk. Due to the sensitivity of fiber Bragg 

gratings to physical quantities such as stress, new cross 

sensitivity may also be added during the measurement 

process, which can have a significant impact on the 

accurate measurement of sensors. In order to solve the 

above problems, it is necessary to propose a fiber optic 

humidity sensor with high integration, strong mechanical 

stability, no introduction of new crosstalk, and temperature 

calibration capability. 

In this paper, an optical fiber humidity sensor is 

proposed, which integrates CaAlg hydrogel film 

containing nano diamond particles with a dual fiber probe 

and realizes the all-optical measurement of humidity. The 

humidity sensitivity reaches a decrease of 175 photon 

count units in peak fluorescence intensity for every 1% 

increase in RH. And further solves the problem of 

temperature crosstalk, allowing for self-calibration 

without the need to cascade other temperature sensors, 

achieving dual parameter measurement of humidity and 

temperature. For sensing probes, this greatly enhances 

their integration and mechanical stability, further 

expanding the application range of diamond NV color 

center measurement. 

2. Sensor Fabrication and Principle 

As shown in Figure 1, the microscopic image of the dual 

fiber spherical lens probe is presented. The production 
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process first aligns two MMFs (MMF1 and MMF2) and 

fixes them in the detachable fixture of the fiber fusion 

splicer (Fujikura FSM-100P+). Then, the fiber optic 

fixture is placed in the fusion splicer. It should be noted 

that after adjusting the welding machine to motor drive, the 

two optical fibers are moved to the edge position of the 

screen image, and then arc discharge is performed. After 

multiple attempts, it was found that by adjusting the arc 

discharge power and discharge time appropriately, the 

curvature radius of the lens can be further changed. 

By utilizing humidity sensitive thin film materials, the 

sensitivity of sensors can be greatly improved. Therefore, 

combining dual fiber probes with humidity sensitive thin 

films mixed with nano diamond particles is expected to 

produce high sensitivity fiber optic humidity sensors. 

Based on this, the selection of humidity sensitive materials 

is crucial. At present, common humidity sensitive 

materials include semiconductor materials, porous metal 

oxides, electrolytes, ceramic substrates, and polymer 

materials. Among them, hydrogel is one of the polymer 

materials, which has the characteristics of polymer 

electrolyte and three-dimensional structure. There are a 

large number of hydrophobic groups and hydrophilic 

residues in the cross-linked network structure. The 

hydrophilic residues combine with water molecules, and 

the hydrophobic groups expand, which can absorb a large 

amount of moisture particles and expand themselves [12]. 

Calcium alginate (CaAlg) hydrogel has excellent 

biocompatibility, adhesion and water retention. Its three-

dimensional network structure can absorb and release 

water molecules, so it becomes an excellent humidity 

sensitive film material. Calcium alginate needs to be made 

from sodium alginate (NaAlg) and calcium chloride. The 

naturally occurring sodium alginate will undergo cross-

linking reaction when encountering calcium chloride, 

generating sodium chloride and calcium alginate. 

 
Figure 1. Optical microscopy of dual fiber probe. 

A novel dual fiber humidity sensor is proposed by 

combining a dual fiber probe with CaAlg hydrogel mixed 

with nano diamond particles. The thickness of CaAlg 

mixed adhesive is approximately 20 μ m, and the 

concentration is still 20 mg/ml. Figure 2 shows the 

fluorescence spectrum obtained under the excitation power 

of 20 mW after the CaAlg mixed gel is coated on the 

surface of the dual fiber probe. The ZPL and fluorescence 

characteristic peaks can be clearly seen from Figure 2, 

which indicates that the fluorescence signal can still be 

stably excited and collected after the CaAlg hydrogel and 

nano diamond particles are mixed. 

3. Experimental Results and Discussion 

 
Figure 2. Fluorescence spectra collected by coupling dual optical 

fibers with CaAlg mixed adhesive. 

We recorded the fluorescence spectra corresponding to 

four humidity values of the probe within the range of 30% 

to 60% humidity, with a constant ambient temperature of 

20 ℃ during testing. The experimental results are shown 

in Figure 3(a). We can see that as the humidity in the 

environment increases, the intensity of the fluorescence 

characteristic peak will decrease. This is because as the 

humidity increases, the CaAlg mixed gel absorbs moisture 

and expands, leading to a decrease in refractive index. 

More fluorescence is leaked out of the mixed gel, resulting 

in a decrease in coupling efficiency and a decrease in the 

collected fluorescence intensity. There is a slight decrease 

in fluorescence intensity at the ZPL position, which is 

caused by the overall decrease in fluorescence intensity, 

and the ambient temperature is constant during humidity 

testing, so there is no redshift or broadening phenomenon 

in the ZPL. Figure 3(b) shows the fitting curve of 

fluorescence peak intensity with humidity variation. It can 

be seen that for every 1% increase in humidity, the 

corresponding peak fluorescence intensity decreases by 

175 photon count units. 

 

 
Figure 3. (a) Fluorescence spectra corresponding to different 

humidity environments; (b) fluorescence peak intensity fitting. 

In order to test the stability of the humidity probe, under 

the same temperature conditions, the humidity of the 

humidity chamber was maintained at around 50% RH, and 
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fluorescence spectra were taken every 10 minutes from 0 

to 40 minutes, as shown in Figure 4 (a). It can be seen that 

their spectra almost overlap with very small fluctuations. 

Figure 4 (b) shows the variation of fluorescence peak 

intensity with time at five time points, indicating that the 

performance of the dual fiber probe humidity sensor is 

very stable. 

 

 
Figure 4. (a) Fluorescence spectrum of the sensing probe at 50% 

rh within 40 minutes; (b) changes in fluorescence peak intensity 

at different time points. 

Finally, we measured the temperature cross sensitivity 

of the sensing probe, keeping the relative humidity 

constant. The temperature was changed from 20 ℃ to 

60 ℃, and recorded every 10 ℃. The experimental results 

are shown in Figure 5 (a). When the temperature increases 

from 20 ℃ to 60 ℃, a significant decrease in fluorescence 

intensity can still be observed. This indicates that the 

CaAlg mixed adhesive film has a very obvious 

temperature response. When the temperature increases, the 

CaAlg mixed adhesive film expands due to heat, and the 

refractive index decreases, leading to fluorescence leakage. 

When the temperature rises from 20 ℃ to 60 ℃, the 

change in fluorescence intensity is 3743 photon counting 

units. As shown in Figure 5 (b), a fitting curve of the 

fluorescence peak intensity with temperature variation is 

presented. It can be seen that for every 1 ℃ increase in 

temperature, the corresponding peak fluorescence 

intensity decreases by 97 photon counting units. Therefore, 

the sensor is sensitive to both humidity and temperature, 

and an increase in temperature and humidity will cause a 

decrease in the refractive index of CaAlg mixed adhesive 

film, resulting in fluorescence leakage and a decrease in 

fluorescence collection intensity. We found that the 

redshift of the wavelength of ZPL in temperature 

measurement is about 1.8 nm, as shown in Figure 5(c), 

with a sensitivity of 0.0465 nm/℃ and accompanied by 

significant broadening. This phenomenon only occurs 

when the temperature changes, as shown in Figure 3(a), 

where changes in humidity do not cause redshift and 

broadening of ZPL. Therefore, by utilizing this, 

temperature self-calibration of the sensor can be achieved 

without cascaded fiber Bragg gratings, achieving dual 

parameter measurement of humidity and temperature. 

 

 

 
Figure 5. (a) Temperature fluorescence spectrum of the sensing 

probe; (b) fluorescence peak intensity fitting; (c) zpl wavelength 

drift fitting. 

4. Conclusion 

We proposed and fabricated an optical fiber humidity 

sensor based on the integration of CaAlg hydrogel film 

containing nano diamond particles and dual fiber probes. 

The change in humidity in the surrounding environment 

can indirectly affect the fluorescence collection efficiency 

excited by the NV color center, thereby achieving high 

sensitivity measurement of humidity. The humidity 

sensitivity of this experiment is that for every 1% increase 

in RH, the corresponding peak fluorescence intensity 

decreases by 175 photon counting units. In temperature 

measurement, we found that the unique ZPL redshift and 

broadening phenomena of temperature changes can be 

utilized to self calibrate the sensor without the need for 

cascaded fiber Bragg gratings, achieving dual parameter 

measurement of humidity and temperature. 
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