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Arrayed waveguide gratings (AWGs) are extensively employed in fiber Bragg grating (FBG) interrogation systems 

due to their compact size, lightweight nature, and excellent interrogation performance. The resolution and total meas-

urement range of AWG-based FBG interrogation systems are constrained by the output properties of AWG. We pro-

posed an AWG-based large dynamic range interrogation system. The temperature dependence of AWG is exploited to 

achieve continuous interrogation. The test results show that the interrogation system has a dynamic range of 28.67 nm, 

an interrogation accuracy better than 25 pm, and a wavelength resolution of 6 pm. 
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In recent years, fiber Bragg grating interrogator (FBGI) 

has gained widespread adoption for structural health 

monitoring of infrastructure, encompassing applications 

like deformation and settlement monitoring of bridges 

and tunnels, load measurement of wind turbines, and 

icing measurement, among others[1-4]. The central wave-

length of the light reflected by the FBG undergoes a shift 

in response to changes in the surrounding environment. 

This subtle shift is detected by the data processing unit, 

which subsequently analyzes, processes, and interrogates 

the dynamic signal. The advancement of integrated opti-

cal technology has led to the emergence of numerous 

highly integrated and miniaturized FBGIs. Among these, 

the arrayed waveguide gratings (AWGs) based FBGI has 

garnered significant attention due to its superior interro-

gation performance[5-14]. 

The dynamic range of interrogation serves as a crucial 

performance indicator for FBGI. Nevertheless, con-

strained by the spectral characteristics of AWG, a large 

dynamic range tends to reduce the resolution of interro-

gation[15,16]. In Refs.[17] and [18], the dynamic range of 

the interrogation was expanded by adding a multimode 

interference (MMI) coupler at the input of the AWG to 

increase spectral overlap. The reported dynamic ranges 

were 10 nm and 28 nm, respectively. However, the MMI 

coupler increases the overall loss of the device, thereby 

placing higher demands on the capacity of the photode-

tector (PD). 

In this paper, we present an analysis of the tempera-

ture dependence of AWG and discuss the principles of an 

AWG-based interrogation system. We proposed an in-

terrogation system for large dynamic range FBG based 

on AWG. The system leverages the temperature proper-

ties of AWG to enhance its spectral overlap. By adopting 

this approach, the system can expand its interrogation 

range without compromising the wavelength resolution. 

AWG on silicon-based planar lightwave circuits 

(PLCs) has demonstrated excellent interrogation per-

formance[19]. However, the large size of the PLC-AWG 

devices hinders the integration of photonic-integrated 

devices.  Moreover,  the  high  thermal  stability of 

PLC-AWG renders it unsuitable for our proposed inter-

rogation system, which relies on modulating the chip 

temperature to achieve continuous interrogation. The 

significant refractive index difference in the sili-

con-on-insulator (SOI) material results in shorter de-

coupling distances between waveguides and smaller 

bending radius for curved waveguides, both of which 

significantly reduce the footprint of the AWG. Addition-

ally, the SOI waveguide-based modulators exhibit rapid 

response rates, with a thermal response time of better 

than 50 ms. This response time is ample for interrogation 

systems. We designed a 10-channel SOI-based AWG, 

and its structural diagram is illustrated in Fig.1. The 

AWG utilizes a 220-nm-thick rib waveguide with a rib 

width of 500 nm and a rib height of 150 nm. The arrayed 

waveguide spacing is d=1 μm, and the input/output 

waveguide spacing is Δx=1.5 μm. Detailed design 
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parameters can be found in Tab.1. 

 

 

Fig.1 Structure diagram of the SOI-based AWG 

Tab.1 Parameters of the AWG 

Parameter Value 

Number of channels 2 in, 10 out 

Number of arrayed waveguides 55 

Channel spacing (Δλ) 3.2 nm 

Diffraction order (m) 20 

Diameter of Rowland circle (R) 49.278 μm 

Path difference of arrayed waveguides (ΔL) 11.351 μm 

 

Neglecting the transmission loss, the output spectrum 

of the AWG can be represented by a transfer function as 

shown in  
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where M is half the number of arrayed waveguides, 

ρg(j, 0) is the Gaussian mode field distribution of the jth 

arrayed waveguide, ns is the effective refractive index of 

the slab waveguide, nc is the effective refractive index of 

the arrayed waveguide, θi=Δxi/R, θo=Δxo/R, and ϕ(j) is 

the random fluctuation of ncj∆Lj. We utilized the transfer 

function to simulate the output spectrum of the AWG, 

and the results are depicted in Fig.2. The AWG output 

spectrum spans from 1 523 nm to 1 556 nm. Each chan-

nel's output spectrum follows a Gaussian distribution, 

with a channel spacing of 3.2 nm and a 3 dB bandwidth 

of approximately 2 nm. 

 

 

Fig.2 Simulated transmission spectra of AWG 

The AWG chip is fabricated with a 180 nm process 

line by United Micro-Electronics Center (CUMEC) Co., 

Ltd in China. The fabrication process is depicted in 

Fig.3. The first step involves cleaning the substrate sur-

face. Next, a uniform layer of photoresist is applied to 

the substrate, followed by exposure to the substrate using 

deep ultraviolet lithography (DUVL) to create the de-

sired pattern. The silicon waveguide is then etched using 

the inductively coupled plasma (ICP) technique. Subse-

quently, clean the photoresist. Finally, a protective silica 

layer is formed using plasma enhanced-chemical vapor 

deposition (PECVD). The footprint of the AWG is 

488 μm×583 μm.  
 

 

Fig.3 Fabrication process of the AWG 

We tested the spectrum of the AWG using the device 

in Fig.4. The AWG is placed on a temperature console, 

which is controlled by a temperature control system to 

maintain the temperature at 30 °C. A single-mode fiber 

(SMF), controlled by 6-axis adjustment platform, verti-

cally couples light from the amplified spontaneous emis-

sion (ASE) light source into the AWG. The output of the 

AWG is connected to an optical spectrum analyzer 

(OSA) and an optical power meter (OPM) through a 

splitter, respectively. The spectrum of AWG at 30 °C is 

shown in Fig.5. It can be seen that the insertion loss is 

about 2.5—6.5 dB, the crosstalk is about −20 dB, and the 

half-peak bandwidth is about 2.5 nm. 
Eq.(2) is the grating equation satisfied by the input and 

output light of AWG 
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Due to thermo-optical effects, temperature changes 

will cause a drift in the spectrum of the AWG. Eq.(2) 

takes the derivative of temperature to obtain the AWG 

dependence on the temperature equation, as shown in  
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The wavelength drift rate of the central wavelength 

with temperature is shown as 
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where αsub is the coefficient of thermal expansion (CTE) 

of the substrate material. The CTE of silicon substrates is 

approximately 2.63×10-6/℃. The temperature-dependent 

central wavelength shift (TD-CWS) can be expressed as
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where λ'0 and nc0 are the wavelength and the effective 

index of the arrayed waveguides at the temperature of T0, 

respectively.  

At 1 550 nm, the refractive index is 3.475 7 for Si and 

1.444 for SiO2. The thermal optical coefficient is 

1.8×10-4/℃ for Si and 1×10-5/℃ for SiO2. According to 

the above equations, the temperature drift of the central 

wavelength of the SOI-based AWG is calculated to be 

approximately 0.117 nm/℃. 

 

 

Fig.4 Testing system for the spectrum measurement 
of the AWG 

 

Fig.5 Spectra of the AWG at 30 °C 

We conducted spectrum testing of the AWG at various 

temperatures using the setup illustrated in Fig.4. The 

temperature control system regulated the temperature of 

the temperature console over the range from 25 °C to 

80 °C. Fig.6(a) illustrates the spectra of AWG's channel 

5 at different temperatures. The intensity of the center 

wavelength exhibits slight variation at different tem-

peratures, attributed to the mechanical vibrations of the 

test equipment. Fig.6(b) depicts the relationship between 

the central wavelength of AWG's channel 5 and tem-

perature. It can be concluded that the spectrum of AWG 

drifts about 0.077 nm/°C. The observed temperature drift 

in the test is lower than the calculated value due to the 

thermal convection of the air, causing the chip tempera-

ture to fall below the temperature set by the temperature 

console. 

Fig.7 shows the wavelength distribution of AWG and 

FBG. The extent of overlap between the FBG reflection 

spectrum and the AWG transmission spectrum governs 

the optical power magnitude of the two adjacent output 

channels of the AWG. The relationship between the log-

arithm of AWG’s adjacent output channel optical power 

ratio and the central wavelength of FBG can be calcu-

lated and expressed as 
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where Pi and Pi+1 are the output powers of the AWG’s 

channels i and i+1. ∆λ is the offset of the central wave-

length, λi, λi+1 and λFBG are the center wavelengths of 

AWG’s channel i, i+1 and FBG, respectively. ∆λi and 

∆λFBG are the half-peak bandwidths of AWG and FBG 

spectra. The central wavelength of the FBG can be suc-

cessfully interrogated using Eq.(6).  

 

 
 

 

Fig.6 (a) Spectra of AWG's channel 5 at different 
temperatures; (b) Relationship between the central 
wavelength of AWG's channel 5 and temperature 

Fig.8 shows a schematic diagram of the interrogation 

principle. At a given temperature T, the dynamic range of 

the interrogation is λR. Upon a temperature change to T ', 
the spectral drift becomes Δλ, and the new interrogation 

dynamic range is λ'R. However, when the FBG's reflec-

tance spectrum falls within λ'R, the interrogation range at 

T is exceeded, rendering the FBG wavelength cannot be 

interrogated at this point. By changing the temperature of 

the AWG to T ', the interrogation range shifts to λ'R, 

thereby successfully interrogating the reflected wave-

length of the FBG. It can be seen that the dynamic range 
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of the interrogation is extended from λR to λ''R (λ''R=λR 

+λ'R) by temperature change. 

 

 

Fig.7 Schematic diagram of the relative strength in-
terrogation 

 

Fig.8 Schematic diagram of the interrogation system 
principle 

Based on the above principle, we designed an interro-

gation system, as shown in Fig.9. ASE provides a 

broad-spectrum light source for the system. Multiple 

FBGs are connected in series to access the system. The 

total number of FBGs in the system is denoted by n, 

where n≤N/2 (N is the number of AWG output channels). 

The narrowband light reflected from the FBG passes 

through the circulator into the AWG. The optical signal 

from the AWG is converted into an electrical signal by 

the PD and fed into the subsequent data processing cir-

cuit. The temperature control circuit modulates the AWG 

chip temperature, inducing a wavelength drift in the 

output. Within a single cycle, the temperature control 

circuit maintains the chip temperature at 30 °C, 40 °C, 

50 °C, 60 °C, and 70 °C, while the microcomputer col-

lects data from each channel of the AWG at different 

temperatures. After one cycle of scanning, the channels 

that have responded and their corresponding temperature 

are identified. Using this information, the interrogation 

can be completed. 

We conducted interrogation tests using the SOI-based 

10-channel AWG chip mentioned above to evaluate the 

performance of the interrogation system. We employed 

the same experimental setup as shown in Fig.4 but sub-

stituted a tunable laser for the ASE. The reflected light 

from the FBG sensor is replaced by a single narrow-band 

light output from the tunable laser. The OPM is used to 

continuously track the optical power of the two adjacent 

AWG’s output channels. The temperature console was 

used to regulate the AWG's temperature at 30 °C, 40 °C, 

50 °C, 60 °C, and 70 °C, allowing us to test the interro-

gation performance at each of these five temperatures. 
 

 

Fig.9 AWG-based large dynamic range FBG interro-
gation system 

Fig.10 shows the results of the interrogation experi-

ments. The interrogation ranges for CH1 & CH2 at the 

five temperatures are continuous, and this range also 

connects seamlessly with the interrogation range for CH2 

& CH3 at 30 °C. Thus, the system allows for continuous 

interrogation. The interrogation range of CH10 & CH11 

at 70 °C spans from 1 557.60 nm to 1 558.40 nm. Con-

sequently, the total interrogation range of the system is 

from 1 529.73 nm to 1 558.40 nm, achieving continuous 

interrogation over a range of 28.67 nm. The interrogation 

function is obtained through linear fitting of the experi-

mental data. The central wavelength of FBG interrogated 

using CH1 & CH2 is given by  
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Fig.10 (a) Interrogation results for CH1 & CH2 and 
CH2 & CH3 at different temperatures; (b) Interrogation 
results for CH9 & CH10 at 70 °C 

 

The root mean square error (RMSE) between the ac-

tual test data and the fitted function is the interrogation 

accuracy. The accuracy for each data set is presented in 

Tab.2. This interrogation system has a wavelength inter-

rogation accuracy of better than 25 pm. 

Tab.2 Interrogation performance 

Channel T Dynamic range Accuracy 

1 & 2 30 ℃ 1 529.73—1 530.53 nm 20.12 pm 

1 & 2 40 ℃ 1 530.50—1 531.31 nm 22.56 pm 

1 & 2 50 ℃ 1 531.22—1 532.02 nm 20.79 pm 

1 & 2 60 ℃ 1 531.97—1 532.77 nm 24.07 pm 

1 & 2 70 ℃ 1 532.74—1 533.54 nm 19.32 pm 

2 & 3 30 ℃ 1 532.94—1 533.74 nm 19.51 pm 

9 & 10 70 ℃ 1 557.60—1 558.40 nm 23.23 pm 

We also tested the wavelength resolution of the sys-

tem. The wavelength scan range of the tunable laser was 

set from 1 530.1 nm to 1 530.2 nm, with a scan step of 

1 pm. At each step, the optical power was recorded using 

an OPM. The results are shown in Fig.11, where 

ln(P2/P1) changes significantly when the wavelength 

changes by 6 pm. Consequently, the resolution of the 

interrogation system is determined to be 6 pm. 

 

 

Fig.11 Resolution test result of the interrogation sys-
tem 

Based on the above test results, we compared the in-

terrogation performance of our designed AWG chip in 

two interrogation systems. System A represents the in-

terrogation system at a single temperature (30 °C), and 

the corresponding interrogation results have been pre-

sented in Tab.2. System B is the large dynamic range 

interrogation system designed in this paper. The results 

are shown in Tab.3. As observed, our designed interro-

gation system exhibits a broader dynamic range and en-

ables continuous interrogation. 

 

Tab.3 Comparison of interrogation performance 

 
Dynamic 

range 
Accuracy Resolution 

Continuous 

interrogation 

A 0.8 nm < 21 pm 6 pm No 

B 28.67 nm < 25 pm 6 pm Yes 

 

We ran numerous sets of repeated tests to confirm the 

stability of the system since the optical waveguide cou-

pling process is easily impacted by the disruption of the 

external environment. The outcomes of the experiment 

are displayed in Fig.12. The findings demonstrate that 

the interrogation system has good stability because the 

accuracy of the interrogation system is consistently in the 

range from 20 pm to 25 pm and the resolution is consis-

tently in the range from 4 pm to 6 pm. 

 

 
 

Fig.12 Stability test results of the interrogation system 
  

The AWG designed in this paper has a large channel 

spacing, which results in a lower spectral slope. Accord-

ing to Eq.(6), the slope of the interrogation function is 

constrained by the spectrum, which in turn affects the 

resolution of the interrogation system. And the design of 

the AWG has a small free spectral range (FSR), which 

constrains the interrogation range. In subsequent studies, 

we can achieve better interrogation performance by re-

ducing the channel spacing of the AWG and increasing 

the FSR of the AWG. To mitigate the mutual thermal 

influence between the AWG and the FBG, the AWG 

thermal conditioning module can be encapsulated with 

an insulating material. This encapsulation effectively 

isolates the AWG from external temperature variations, 

thus minimizing their impact on the FBG. Additionally, 
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optimizing the system layout by increasing the spatial 

separation between the AWG and FBG modules can fur-

ther reduce thermal conduction between them, achieving 

better decoupling of their temperature responses. 

In summary, we proposed an AWG-based large dy-

namic range FBG interrogation system. Unlike the con-

ventional FBG interrogation technique, this study utilizes 

the AWG as the core device of the interrogation system. 

There are no mechanical moving parts inside the AWG, 

which results in a faster interrogation rate. We also crea-

tively utilized the thermo-optic effect of SOI materials to 

make the wavelength of AWG tunable, thus increasing 

the spectral overlap of the device. This broad spectral 

overlap greatly enhances the system's interrogation range 

while maintaining high interrogation accuracy and 

wavelength resolution, resulting in high-performance, 

wide-range, continuous interrogation. The wavelength 

interrogation results are also improved by our interroga-

tion method, which employs signals from two channels 

to interrogate an FBG. We tested the performance of this 

interrogation system using an SOI-based 10-channel 

AWG. The results show that the system has a large dy-

namic range of 28.67 nm, an interrogation accuracy of 

better than 25 pm, and a wavelength resolution of 6 pm. 

This study introduces a novel interrogation solution for a 

miniaturized FBG continuous interrogation system. The 

system exhibits remarkable versatility and can effec-

tively interrogate signals, such as pressure, strain, and 

vibration. 
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