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In recent years, the interest in the monitoring of large-scale structures has significantly 

increased. Brillouin Optical Time Domain Reflectometry (BOTDR) systems allow for 

distributed measurements of strain and temperature variation along optical fibers. 

However, the high cost has limited the use of these sensing systems.  We designed a 

potentially low-cost BOTDR readout unit whose optical functionalities have been 

integrated in a Multi Project Wafer Run (MPWR) circuit. Here we report the first 

measurement results concerning the integrated optical components. Performance of the 

passive circuit is good, whilst a second design has been made to improve laser power 

and switching voltage. 

Introduction 

When light travels along an optical fiber one of the effects that take place is the 

Brillouin scattering. The back-reflected signal has a downshifted frequency with respect 

to the input light frequency of about 11 GHz. Fiber strain and temperature variations 

shift the Brillouin frequency (493MHz/% and 1 MHz/ºC [1] respectively @ =1550), so 

a spectral analysis of the Brillouin signal combined with OTDR provides localized 

information of the fiber condition, which can be used for a distributed monitoring of 

large constructions.  

In this paper we present a BOTDR read-out unit whose optical components are 

integrated in a photonic circuit (PIC). The PIC has been fabricated by Oclaro Ldt and it 

has been realized within an MPWR, thus with the possibility of cost-sharing among the 

platform users. In the next section we show the circuit design and we describe the 

working principle, focusing on the optical components; then we report the measurement 

results for some of the optical test structures; in the last section, we give conclusions 

about our measurements and we explain how we can improve on the designs.  

BOTDR design and circuit working principle  

The BOTDR PIC is designed in a 6x6 mm cell (Figure 1(a)). The optical passive 

circuit is based on deeply etched 1.5 µm wide waveguides in an InP/InGaAsP/InP 

double heterostructure. The circuit (Figure 1(b)) allows for three distinct measuring 

methods of strain and temperature variations in an optical fiber. Two MZI switches 

(Switch_1 and Switch_2) enable the selection between these different methods. The 

MZI switches connect two tuneable DBR lasers (TL_1 and TL_2, separated by about 11 

GHz in frequency), a coherent receiver and a sensing fibre.  

Method 1: Switch_1 (cross state) selects TL_1 as operational laser. By shortly 

switching Switch_2 from the bar to the cross state, a pulse is created and injected into 

the fiber (side A).  Then Switch_2 (cross state) selects the light from TL_1 to enter the 

coherent receiver. The resulting beating is detected and the electronic signal with a 
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frequency of about 11 GHz is mixed with a local electronic oscillator to detect the 

Brillouin frequency shift.  

Method 2: TL_2 (up-shifted in frequency w.r.t. TL_1) is used to create the pulse 

(Switch_1 in bar state). To inject a pulse into the fibre, Switch_2 is shortly put in the 

cross state. TL_1 is used as well in a frequency locking configuration. The frequency 

spacing of the locked lasers is fixed by an electronic feedback loop. Light from the two 

lasers mixes and goes into two detectors. The phase difference of the two detected 

signals is minimal if the length difference of the two branches equals half the beatlength 

of the mixed light signals. To shift one signal by half beatlength we use a fixed spiral 

delay and a tuneable delay line (DL) which is used to tune the frequency of TL_2 by ±1 

GHz around the Brillouin frequency. During the measurements, both switches are set to 

the cross state. The light from TL_1 is mixed with the backscattered light and 

homodyne detection is performed. 

Method 3: The chip has an extra output available to connect the backside of the fibre 

(side B). This allows a third mode of operation: BOTDA (Brillouin Optical Time 

Domain Analysis). Light that matches the frequency of the Brillouin backscattered light 

enters from the back end of the fibre. This leads to an amplification of the Brillouin 

backscattering from the pulses [2]. 

Optical component 

characterization 

DBR grating: The DBR test 

structure (Figure 2 (a)) allows us 

for the DBR grating 

characterization in terms of 

reflectance (R) and transmittance 

(T), while correcting for the 

losses αi (i=1,2,3,4). T and R are 

calculated as follows: 

 2413142311 PPPPT   

and TR 1 . 

The measured R for the 500 µm 

long DBR is 93% at B = 1547 

nm (Figure 2(c)), whilst the 

designed one is 98% at B = 

1550 nm; the measured R for the 

 
Figure 2: DBR grating schematic (a); 100 µm (b) and 500 

µm (c) long DBR grating transmittance/ reflectance as a 

function of the wavelength; measured and simulated change 

in the reflectance/transmittance peak wavelength (Δ) as a 

function of the current per unit length (mA/µm) (d). 
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Figure 1: BOTDR PIC design (a); BOTDR scheme (b) 
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100 µm long DBR is 16% at B = 

1547 nm (Figure 2(b)), whilst the 

designed one is 20% at B = 1550 

nm. The ripples in R and T are 

caused by reflections from the 

MMIs; they are estimated to be 

around 0.7%. The linear change 

in B as a function of the 

temperature is 1nm/7ºC; the 

change in B as a function of the current is shown in Figure 2(d). 

DBR lasers: They consist of a 500 µm long rear DBR grating, a 500 µm long gain 

section and a 100 µm long front DBR grating. The L-I curve at 18°C (Figure 3(a)) 

shows an output power of about 2.3 mW for 190 mA injected on the SOA; the threshold 

current is 16 mA. The 

wavelength changes linearly 

with temperature (1nm/7ºC); 

the change in wavelength as a 

function of the current injected 

on the rear grating is shown in 

Figure 3(b).  

MZI switches: The BOTDR 

switching network consists of 

two MZI switches with a 500 

µm long phase section (Figure 

4(a)). We first analyze the 

switching curve of MZI_1. 

The connected DBR laser is 

used as a light source. As 

shown in Figure 4(b), by 

reverse-biasing the upper 

branch and lower branch 

respectively we obtain different switching curves at Port_1; this means that there is 

some asymmetry in the device. The value of the voltage needed to set MZI_1 to the bar 

state is about 6.1 V. Using this setting for MZI_1, we characterize MZI_2. The 

switching curves of MZ_2 at Port_2 and Port_3 are shown in Figure 4(c) and (d). Since 

there are 2 splitters between MZI_2 and Port_2, the power level at Port_2 is 6 dB lower 

than the one at Port_3. Also in this case, the curves show a V around 6 V. A phase 

shifter absorption has been measured as well. Figure 5 shows that if a voltage of about 6 

V is applied to obtain a π-shift, then half of the 

power is absorbed. To avoid this problem, the next 

design of the BOTDR read-out unit has 1 mm long 

phase shifters. 
Spiral delay: Since one laser is shifted in 

frequency of about 11 GHz with respect to the 

other laser, the beating signals in the delay line 

have a frequency of 11 GHz. The period of a signal 

at 11 GHz is 90 ps; in order to keep the two signals 

at the same phase, we need to delay one of them by 

 
Figure 3: DBR lasers L_I curve (a); change in wavelength 

Δ as a function of the current (b). 

 
Figure 4: MZI_switches schematic (a); MZI_1 switching 

curves at Port_1 (b); MZI_2 switching curves at Port_2 (c) and 

Port_3 (d). 

 
Figure 5: Phase shifter absorption as a 

function of the applied voltage. 
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a half beat. This is achieved by using a spiral waveguide; 

the designed spiral gives a delay of 45 ps. The spiral 

delay has been characterized using a test structure 

(Figure 6(a)) which consists of a waveguide that splits in 

two paths, a straight one and a spiral one; then the two 

paths recombine. In this way, we can detect the relative 

delay between a signal travelling along the straight path 

and a signal travelling along the spiral path. The spiral 

test structure is longer than the spiral of the actual 

BOTDR circuit, which gives a delay of 45.5 ps. The 

spiral test structure gives a delay of 54 ps (Figure 6 (b)). 

The measured delay is in good agreement with the 

calculated one which is 55.07 ps. 

Polarization conversion in curved waveguides: The tuneable delay-line of the 

BOTDR unit contains bends with 100 µm bending radii in order to fit into the 6x6 mm 

cell, whilst the foundry advices to have a bending radius ≥ 150 µm. The design choice 

could lead to polarization conversion in the bends. For 

this reason we provide the design with test structures 

to investigate whether the polarization changes in the 

bends. We characterized three series of waveguide 

structures, with a varying number of concatenated 

90°-bends: 8, 16 and 32.  

For 32 bends (the number used in the BOTDR delay-

line) the total polarization conversion is below 0.5% 

(Figure 7). 

Conclusions 

A BOTDR read-out unit to detect strain and temperature distribution in an optical fiber 

has been designed. The InP PIC has been fabricated and the test structures have been 

characterized. The DBR lasers show a relatively low output power for the application, 

thus in a new design we changed the length of the DBR grating and the gain section to 

improve the power level. It is not needed to correct for the laser wavelength since 

operation only depends on the frequency difference between the two lasers. The new 

design will also include longer phase shifters (1 mm) to reduce the electro-absorption. 
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Figure 6: Spiral delay (a); time 

delay given by the spiral (b).  

 
Figure 7: Polarization conversion 

versus the number of bends. 
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