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Abstract

The spectral noise characteristic and relative intensity noise of an all-fibre Sag-
nac interferometer consisting of pump source, a WDM, a piece of Er-doped fibre,
a fibre Bragg grating (FBG), an optical circulator and a 50/50 coupler, were stu-
died over a 75C-degree range. At the probing end, a high-birefringence piece of
fibre and a Peltier were employed for temperature variation. Spectral and tem-
perature response of the noise reduction due to temperature variation was
performed remotely using an Arduino micro-controller and a DS18B20 digi-
tal sensor and fed into a local area network. Optical and thermal characteriza-
tion of the system has also been undertaken.

Keywords

Amplified Spontaneous Emission Noise, Sagnac Interferometer, Optical Fibre
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1. Introduction

Light propagation through optical fibers does not only have applications in opt-
ical communications for data transmission. It also has different applications
such in Medicine, Industry and other areas as pressure, temperature, stress and
torsion sensors [1] [2]. Therefore, remote control of optical characterization is
very important both at system and component levels.

Groups of fibres that connect to different optical components are called opti-

cal arrays. In this research work, two optical arrays were employed: An Erbium
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Doped Fibre Amplifier (EDFA) and a Sagnac interferometer (SI). The two opti-
cal arrays have different optical components and these arrays were characterized
optically as they are inserted into the system. Characterization results on ampli-
fied spontaneous emission (ASE) noise of the separate components were inves-
tigated. Due to harsh weather conditions in our labs, remote temperature cha-
racterization through a local area network (LAN), is very important as the user
could be located far from the experiment and in this way, the birefringent fibre
temperature can still be known. The proposed LAN works under a client-server
architecture in order to reduce the time employed for users during the compo-

nent and system characterization of temperature.

2. Experiments

2.1. Characterization of Optical Arrays

The first optical array (seen in Figure 1) was the main setup for temperature
characterization. It consists of an Erbium-doped fiber amplifier (EDFA), an opt-
ical circulator for measuring the reflected and transmitted power, and a Sagnac
interferometer (SI). A QFBGLD980-250 laser at 980 nm with 51 mA of thre-
shold, a WDM with <0.3 dB of insertion loss, 0.22 of numerical aperture (NA),
an Erbium doped fibre with a 980 and 1480 nm pump wavelength and 1530 -
1610 emission on C and L bands and a FBG at 1548.4 nm conform the EDFA.
The optical circulator was used to propagate the light on the clockwise direction.
Finally, the SI was built with a 50/50 coupler with 21.6 dB/0.4 dB of insertion
loss, +40 nm of bandwidth, a Hi-Bi SHB1500 optical fibre used for the thermal
sensor with a 0.13 - 0.16 NA, a Peltier board used to increase the temperature of
the Hi-Bi fibre.

The main purpose of this optical array is to study the operation of each com-
ponent with respect to their data sheets via spectral characterization with an

optical spectrum analyser (OSA). The main optical array is shown in Figure 1.
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Figure 1. Signal amplification at 980 nm in blue, optical circulator in black and ASE noise reduction with temperature in red.
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The EDFAs components are shown in Figure 2. First, a 980 nm laser pump
injects light into a standard fibre up to a Wavelength Division Multiplexer
(WDM). The light then enters into port number one and gets out through port
three towards the Erbium doped fibre, where it gets converted from 980 nm to
1550 nm [3] [4]. The amplified light propagates until it reaches the fibre Bragg
grating (FBG) where it reflects light at 1548.4 nm. One should note that his opt-
ical array does not use a transmitted laser signal [5] [6]. Finally, the reflection
signal reaches ports two and three of the WDM and then it reaches the SI.

The next spectral characterization will include the EDFA with an optical cir-
culator, as shown in Figure 3. The optical circulator is a component that propa-
gates the light only in one direction so it is used to avoid light reflection from the
optical fibre. Port number 2 is employed for measuring transmitted power, and

port number three for reflected power.

@ 980nm R @ 1550nm

Figure 2. Spectral ASE noise measurement of reflected power.
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Figure 3. EDFA components with an optical circulator.
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1550nm with a peak
at 1548.4nm

According to Figure 2, spectral characterization has been performed from
EDFA the reflected power, at different pump power values. Such EDFA system
consists on a 980 nm pump source, a WDM coupler, 10 m of Er-doped fibre and
a fibre Bragg grating at 1548.4 nm.

The setup that includes a Sagnac interferometer is shown in Figure 4. It con-
sists of a 50/50 coupler that has two input ports and two output ports. In port
number one the input power is produced by the EDFA and the 50/50 coupler
sends 50% to port three and 50% to port four. Signal from port three is propa-
gated in the clockwise direction and the signal from port four is propagated in
the anti-clockwise direction. The signal power is propagated into the 0.22 m
high birefringence fibre (HI-BI). Finally, the signal power arrives to the 50/50
coupler and reflected power can be measured at port number one. The EDFA
generates ASE noise that is measured at port number two, since it is an effect
that is always generated when a pump of 980 nm is applied to an Erbium doped
fibre [7] [8]. The photons that enter it are absorbed and create a transition from
ground level to the excited level. Moreover, since the lifetime of photons in the
excited level is around one ps and the metastable level of its lifetime is about 10
ms, there is a significant difference between the two lifetimes, and the electrons
return from excited level to metastable level after one s, but light is not emitted.
On the contrary, as the metastable level has a longer lifetime; if the pump signal
is constant, population inversion is produced, and energy is stored between the
metastable energy level and the ground level. When this energy relaxes, it pro-
duces both signal amplification at 1550 nm via stimulated emission and sponta-
neous emission [9] [10]. This ASE level is amplified, producing the ASE noise, as
sketched in Figure 2. Furthermore, in order to remove the ASE noise, the SI
optical array was setup as explained above.

Results on Figure 3 show that all wavelengths from 1500 to 1600 nm have
been propagated from port 1 to port 2. By comparison from Figure 9 to Figure
10, one can note that power levels at 1530 nm are very similar in both, but power
is slightly higher at 1548.4 nm, at the same current in the pump. One explana-
tion is that power at this wavelength is reflected a few times by the Bragg grating,

Hi-Bi Sagnac
interferometer

Optical circulator
50/50 coupler

Transmitted power

0.22 m
Hi-Bi optical fiber

Reflected power

Figure 4. Sagnac interferometer.
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so it obtains considerable amplification within the EDFA.

From the previous figure, spectral characterization of port 2 at the 50/50
coupler and port 3 of the optical circulator has been performed. Power trans-
mitted through the SI is obtained at port 2 of the coupler, while at port 3 of the
circulator, the reflected power from the interferometer is obtained. Such inter-
ferometer consists on a 50/50 coupler and 0.22 m of Hi-Bi fibre, both operating
at room temperature. As it could be seen in Figure 12, the transmitted power of
the SI shows 4 valleys due to the Hi-Bi fibre length. It can also be observed that
ASE noise level is relatively high at 1530 and that at 1548.4 nm the power is con-
siderably high too. The aforementioned figures were obtained at pump current
values ranging from 10 to 200 mA, in all cases.

ASE noise can be reduced through an SI, which at first indicates the need for
temperature characterization of the aforementioned SI. As shown in Figure 4, a
piece of Hi-Bi fiber spliced between port 3 and 4 of the SI for temperature mod-
ulation purposes using a Peltier.

2.2. Characterization with Respect to Temperature

The optical array presented in Figure 1 shows characteristics that affect the
transmission power via ASE noise. This generates relatively high losses. In order
to reduce most of the noise generated by the EDFA and in order to increase the
transmission power, the optimization of optical array was done first, this process
was also called “signal amplification at 1550 nm and ASE noise reduction” and
then a temperature study of Sagnac interferometer, was included. At the output
port of the coupler, the array was reduced to two splices and the Hi-Bi fibre was
reduced to 16cm to eliminate most ASE noise, this length of Hi-Bi fibre is calcu-

lated using the following equation [11] [12]:
12
L= aa) @) .
where:
L = Hi-Bi fibre length, in m.
A = Wavelength of transmitted power, in nm.
A = Period of valleys in the transmitted power curve, in nm.
An = Difference between the slow and fast axes in the Hi-Bi.
AL = (A =2 ) M (2)
where:
AX = Transmittance period, in nm.
A, = Wavelength of a transmitted power valley, in nm.
A, = Wavelength of an adjacent transmitted power valley, in nm.
n,, =number of peaksbetween 4 and 4,.
Equation (2) was used to calculate the transmitted power period, as shown in
Equation (3):
AZ = (1548.4 nm—1530.3 nm)*(2)
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7
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980nm

Figure 5. Optical array optimized.

AA=36.2nm 3)
Equation (1) was used to calculate the Hi-Bi fibre length, as shown in Equa-
tion (4):
(1548.4 nm)’

L= =0.1569
(36.2nm)(4.22x10™)

L=0.16m 4)

The second step relies on the controlled temperature for the SI, in order to
reduce most of the ASE noise, for this reason it is necessary to characterize the
temperature in the SI, when temperature control is added to Hi-Bi fibre it changes
its characteristics for contracting or dilating [13] [14]. A Peltier plate was em-
ployed for changing the fibre temperature characteristics. A variable voltage
source is inserted into the plate for applying hot and cold periods into the Hi-Bi
fibre. The ASE noise reduction occurs when the signal to be filtered is introduced
into the SI, which delivers precisely a filtered signal at a certain wavelength and
rejects other signals at different wavelengths. In Figure 5 the improved optical
array is shown, with the Peltier plate and the voltage source.

2.3. Temperature Measurement

The SI with a DS18B20 temperature sensor and an Arduino MEGA2560 plaque
inside a LAN is observed in Figure 6. In order to induce temperature cycles to
the Hi-Bi fibre, a Peltier plaque and a voltage source were employed. These
temperature changes are transmitted to the DS18B20 temperature sensor, which
was then connected to the Arduino MEGA2560 and a server. The temperature
data are displayed in the computer screen by the user. Then, these data are sent
to the computer, where the user does the measuring inside the LAN via remote
access. Therefore, it is not necessary for the user to be physically in the optical

array in order to characterize the temperature.
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In order to do perform the remote measurement of temperature in an SI via
LAN, the schematic shown in Figure 7 was employed.

First, the connectivity between the client and server inside the LAN of UNACAR
is verified. If there is not connectivity, then the characterization of temperature
from a remote form will not be done. In order to check the connection inside
of LAN, a set of data packets were sent via internet protocol (IP) inside the
LAN.

In order to secure the client-server connection and for taking the temperature
measurement, the following devices were used: two computers (the first working
as a client and the second as a server) the optical array called “signal amplifica-

tion at 1550 nm and ASE noise reduction”, an DS18B20 digital temperature

7 7 HiBisagnac |
interferometer |

50/50 coupler

Voltage source 0.16 m Hi-Bi
optical fiber

Figure 6. Schematic of remote LAN connection for temperature measurement.

Remote temperature measurement of a Sagnac
interferometer via local area network

Connection check
of LAN

| Software | | Building software Test

| Devices | Creating and circuit Server configuration and

connection installation

JAVA HTML, PHP

Y MysQL

Figure 7. Remote temperature measurement of a Sagnac interferometer via local area network.
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sensor and a temperature shield to connect the temperature sensor.

The next step is to use different applications to configure the communication
servers between client and server and the temperature characterization. The free
software used was the following: Team Viewer for the remote connection,
Xampp to up the database servers, a server of Protocol Transfer File (FTP) and
apache server to visualize web pages. NetBeans IDE 8.0.2 was used to pro-
gramme an app in Java. With this app the user can see the temperature characte-
rization in a friendly screen. Sublime text2 was also used to make or edit a web
page, this was used in order to make an advanced search engine, for temperature
characterization data. Arduino 1.6.5 was also employed as an interface to pro-
gramme the controlled board with the temperature sensor. In order to connect
the DS18B20 temperature sensor to the Arduino board, a PCB circuit had to be
built for the sensor to work. The Arduino sensor shown in Figure 8, and the
print circuit sensor design are explained.

In order to allow the user to characterize the temperature data, Java-based app
was created. The temperature data are saved in database created for this purpose.
An advanced search engine based on HTML5, PHP programming language, and
MySQL database server are employed for visualization of results. Finally, LAN-based
remote measurements within UNACAR campus were performed along with fi-

nal tests and verification procedures.

2.4. Print Circuit Sensor Design

In order to perform the temperature measurement in the Hi-Bi fibre within de
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Figure 8. Arduino sensor connection.
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SL, a print circuit was made. The circuit is connected to an Arduino MEGA2560
and a DS18B20 sensor. The circuit can be connected to up to six temperature
sensors, the circuit sensor connection is presented in Figure 9. Afterwards, the
circuit was designed into the Printed Circuit Board (PCB). This PCB is shown in
Figure 10 and Figure 11. This circuit plaque is called “Temperature Shield”.

As it can be seen in Figure 9, up to 6 temperature sensors could be connected,
although only 2 were employed in this experiment. The driver works as an in-

termediate connection between the Arduino controller and the temperature

A= v, data and grownd connectors L1l

... ...SN=Sensorconnections .. ... 0 0 0

&

sy R
& ... 75K L.
Data - - - | -

Ground | - - - .

Figure 9. Electronic circuit for connect the DS18B20 temperature sensor to Arduino
MEGA2560.

& Température sensor shield
Thesis UNACAR-UQROO
. Sensore:

"""" N 5V

et TR Data
e T {°}Ground

Sensor2 Sensor3 Sensor4 Sensor5.::

Figure 10. Template for the circuit electronic in PCB.
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sensors. The PCB is shown in Figure 10 below, on which the sensors are con-
nected under the labels “sensor 1” and “sensor 2”.
An example of the temperature measurement in the Arduino display using the

temperature shield and sensors are shown in the result section.

3. Results

In brief, our results include: 1) EDFA ASE noise at the reflected power mea-
surement, 2) Optical circulator spectral characterization via ASE noise mea-
surement at the reflected power, 3) Sagnac interferometer + optical circulator
spectral characterization (with 0.22 m of Hi-Bi fibre at 27°C) at both reflected
and transmitted power, 4) Sagnac interferometer + optical circulator spectral
characterization (with Hi-Bi fibre at 27°C, 30°C, 47°C, 87°C, 103°C and 104°C)
at both reflected and transmitted power, 5) General programming and electron-
ics design for the sensors and Arduino microcontroller and finally, 6) Local area
network characterization.

Figure 13 and Figure 14 show the ASE noise and power spectrum characte-
rization with and optical circulator added to the EDFA. It should be noted that it
is possible to obtain higher power transmission from 10 mA to 200 mA at port
number 2. Also, the power reflection was lower, thus reducing the loss of power
due to reflection in the optical array.

The general optical array is shown in Figure 15 and Figure 16. Figure 15
shows the characterization of the optical array with the transmitted signal at a
minimum power of —35.62 dBm, a minimum power of 27.4 pW and a pump
power of 30 mA, also at a maximum power of 1.93 dBm, a maximum power of
1.56 mW and a pump power of 200 mA.

As it can be seen in Figure 14, very low power is reflected from port 2 of the

Temperature sensor shield
Thesis UNACAR-UQROO
Sensor6

Figure 11. PCB of the temperature shield.
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Figure 12. Characterization of ASE noise.
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Figure 13. Characterization of ASE noise with an optical circulator in the port number 2.

circulator. Furthermore, an attenuation of approximately 27 dB is found at both
1530 and 1548.4 nm when comparing Figure 13 and Figure 14.

Figure 16 shows the characterized reflection power of the general optical ar-
ray with a minimum power of —30.61 dBm, a minimum power of 86.89 yW and

a pump power of 30 mA, also a maximum power of 6.14 dBm, a maximum
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Figure 14. Characterization of ASE noise with an optical circulator in the port number 3.
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Figure 16. Spectrum of reflected power.

power of 4.11149 mW and a pump power of 200 mA. A comparison of Figure
15 and Figure 16 are compared, the reflection power is higher than the trans-
mitted power.

We will now show the results of the optical array after it was characterized
and after the temperature was applied. Such characterization was made in the
output port two of the transmitted power of SI at room temperature, with power
ranges from 70 mA to 100 mA and with a voltage from 1 V to 10 V. Also, the
characterization is made at the output port three of the optical circulator for
characterizing the reflected power at room temperature and with same power
and voltage ranges.

By comparing Figure 15 and Figure 16, one can note that the IS reflected
power in Figure 16, does not show the noticeable valleys of Figure 15.

In Figures 17-19 the characterization shows the transmitted power in the
output port number two of the SI.

Figure 17 shows that for a shorter Hi-Bi fiber a wider separation in between
valleys is obtained from the spectral characterization (see Equation (1)). There-
fore, there are fewer valleys in the range between 1500 and 1600 nm, in compar-
ison with Figure 15. It can also be observed that the maximum transmitted
power is reached around 1548.4 nm with an observed minimum power value at
1530 nm, where the ASE noise level is maximum.

The highest power in the system was obtained with a pump power of 100 mA
and 8 V at 87.4°C, as it is shown in Figure 20.
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Figures 18-20 show a fine tuning process of the main optical array via heating
of the Hi-Bi fibre. After heating the fibre, the valleys shift towards shorter wave-
lengths, by which one could tune maximum and minimum transmitted power
levels, in order to lower the ASE noise level in the whole set up.

In Figures 21-23 the characterization was made in the output port number
three of the reflection power of optical circulator with a temperature of 27°C and
adding current from 70 mA to 100 mA and with a voltage of 1 Vto 10 V.

0 L

] —J70mA
o ——80mA
! —— 90 mA
: —— 100 mA
-20 )

§, N\

| v
-80§. ™

1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
Wavelength (nm)

Figure 17. Spectrum of transmitted power at 27°C temperature.
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Figure 18. Spectrum of transmitted power with 0.16 m of Hi-Bi fiber.
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Figure 19. Spectrum of transmitted power with 0.16 m of Hi-Bi fiber.
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Figure 20. Spectrum of the maximum transmitted power with 0.16 m of Hi-Bi fiber.

Figures 21-23 show the reflected SI power measured at port 3 of the optical
circulator. Such figures are similar to Figure 13 although a higher (by 10 dB) at-
tenuation is observed, particularly for wavelengths around 1550 as shown in
Figure 20.

The highest power when the Hi-Bi fibre is at its highest temperature was
measured after 100 mA of pump power at 47.4°C, as shown in Figure 24.
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Figure 21. Spectrum of reflected power of the circulator in the port output three with a
room temperature at 27°C.
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Figure 22. Spectrum of reflection power of the circulator in the port output three for 1 V
and 30°C.

In this section the temperature shield is shown. It was connected to the Ar-
duino MEGA2560 and the DS18B20 temperature sensor. Afterwards, the Ar-
duino MEGA2560 microcontroller was programmed to characterize the temper-
ature in the Hi-Bi fibre. Figure 25 shows an example of the temperature mea-

surement in the Arduino display.
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Figure 23. Spectrum of reflected power of the circulator at output port three.
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Figure 24. Spectrum of the maximum reflected power at output port three for —47.4°C.
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Figure 25. DS18B20 sensor data programmed in Arduino.

Arduino code for 2 sensors

#include <OneWire.h>

#include <DallasTemperature.h>

#define Pin 40
OneWire ourWire(Pin);

DallasTemperature sensors(&ourWire);

boolean key = false;
int mensaje = 0;
float gcl;

float gc2;

void setup() {
delay(1000);
Serial.begin(9600);
sensors.begin();

}

void loop() {

sensors.requestTemperatures();

if(Serial.available()>0){

mensaje = Serial.read();

/] OneWire library is imported
//DallasTemperature library is imported for using the DS18B20
//Pin 40 is defined
//Se establece el pin declarado como bus para la comunicacién OneWire

//Se instancia la libreria DallasTemperature

//Se crean variables

//Se espera un tiempo de un segundo
//Se inicializa la comunicacion serial con 9600 baudios

//Se inician los sensores

//Prepara el sensor para la lectura

//Se crean sentencias para que se haga la toma de datos,

/Icuando mensaje es = a uno se hace la toma de datos,
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if(mensaje=="1"){ //cuando mensaje es = 0 se detiene y no se hace la toma de datos
key = true;
}
else{
key = false;
}
}
if(key == true){ /1Si se hace la toma de datos y la llave es verdadera, entonces,
gcl = sensors.getTempCBylIndex(0); /Mlos datos se almacenan en una variable y se imrime en pantalla
Serial.println(gcl, 1); //Se lee e imprime la temperatura en grados Celsius

gc2 = sensors.getTempCByIndex(1);

Serial.println(gc2, 1); //Se lee e imprime la temperatura en grados Celsius

delay(5000); //Se provoca un lapso de 5 segundos antes de la proxima lectura
}

}

In the previous image the temperature data is shown. This data is not user
friendly, for this reason, an app was developed in Java so that the user can do the
characterization on a friendly environment. The app can save data in. XML for-
mat and the automatic form to a database, it is shown in the Figure 25, in this
way the user can see the data in a web interface and its graphics, this web inter-
face is called advanced research engine and its web interface can save the data in
Portable Document Format (PDF), this results are visualised in the Figure 26, all
result of the measurement are saved in the server. If the user requires these re-

sults in a computer, an FTP server can be employed as shown in Figures 27-28.

Browse: ‘E Documents v |@| |5 |3 [B&|a=

=] Arduino
[ NetBeansProjects

Hour Temperaturel (°C) | Temperature2 (°C)

([ Piantillas personalizadas de Office

|[15:07:00 276 319
[15:07:22 2756 319 (3 Software
|15:07:27 127.6 [31.9 [T Temperatura
15.07:33 2756 319

= - T t Ard
[15:07:39 276 319 ‘j ompeiBiilic A CHNO
15:07.45 275 320 [} sensor.pch

15.07:51 275 [32.0

File name: |

Save as type: tgllfilesi - - ':

save || cancel

Figure 26. Application for temperature measurement characterization and its excel backup.
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@ Report temperatures
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Contact [ pate [ Hour ! Temperaturel®C 1 [ Temperature2°C |
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2015-09-02 19:40-56 28.7 285
2015-09-02 194102 287 28 s
20150902 194108 287 25
2015.09-02 194114 33 284
20150902 194120 32.1 284
2015.09-02 1941:26 319 28 s
2015-09-02 19-41:31 31.7 28 %
2015-09-02 194137 31.5 28 %
20150902 194143 313 307
2015-09-02 194145 311 319
20150902 194155 31 318
2015-09-02 193201 309 316
2015-09-02 19°42:06 307 318
2015-09-02 194212 306 312
Graphic
2015-09-02 a 2015-09-02 =
Temoerature 1
- Temperature 2
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Figure 27. Advanced research motor made how web page.
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Figure 28. File transfers from the FTP server to client computer inside local area network.

DOI: 10.4236/0japps.2018.812045 573 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2018.812045

A. Sierra-Calderon et al.

4. Conclusions

The optical array used in this investigation is operated with a pump laser diode
of 980 nm, optical array EDFA with a Bragg grating of 1548.4 nm, circulator and
SI with a Hi-Bi fibre.

The results of the ASE noise characterization were made to learn about the
power of the general optical array, with the graphs the user can do comparisons
as needed.

When optimizing the splices of the optical array and reducing the length of
Hi-Bi fibre to 0.16 m, most of the ASE noise is removed, but if it is compared
when the Hi-Bi fibre had 0.22 m, the power transmitted in 0.16 m is less, so the
ASE peak noise is at 1531.8 nm. Furthermore, when the Hi-Bi fibre was reduced
to 0.16 m and then only signal at 1548.4 nm was let through by the SI.

Also, in this investigation the hardware and software of a system was imple-
mented to work with detection, measurement, storage and remote acquisition of
the variable temperature in a Hi-Bi fibre of an SI into the optical array. In order
to make the detection and measurement of the variable temperature into the SI,
it was needed to use different approaches and platform for its programming.

This investigation can be continued by removing most of the ASE noise in the
EDFA, which is possible by changing the length of erbium doped fibre and pa-
rameters used in the SI. Also changing the temperature heating or cooling in the
SI to find the taller valley in order to have more power and less ASE noise in the
transmission, is desirable. The measurement of the system is possible by adding
more sensors and editing the code. This system can work in different applica-

tions because it can be used on different surfaces.
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