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Introduction

Vertical cavity surface emitting lasers (VCSELs) are relatively recent type of

semiconductor laser (SL) devices, which are attractive for a number of application from
sensor to telecommunications systems

VCSEL properties

 VCSEL can operate at a higher data rate up to 57 Gbit/s, low manufacturing cost,
wavelength stability (from infrared to visible light ), high reliability, small beam
divergence, low threshold current, circular output beam, which allows for good
coupling efficiency with optical fibre, small diverging angle, single laser mode output,

High modulation bandwidth , Life time of the devices are several million hours under
normal operating condition.

VCSELSs present a number of shortcomings, including polarization instability also
known as polarization switching (PS) and resistance heating, nonlinearity behaviours

One of the major limiting factors of optical devices when used in analogue communication
systems Is that the nonlinearity behaviours, which can significantly limit the device
performances and ultimately the link performance

OCRG




Research Motivation oCcRG

'all Free space optical (FSO) communication
links need to provide:

. High-speed Free Space Optical Communications

‘ Reliable Wireless deViCe " Inter-satellite space optical cross-links
* Output-power stability N
* Cost-effectively

Security Issues in Communication Systems

A crucial 1ssues in VCSELSs are the need for ;
* 1- Improving the polarization modes properties such as
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polarization switching, relative intensity noise, etc. R b\ o '
UAV @Base statlon’l- 1:;1: UAS
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» 2- Control the output polarization instability and the nonlinearity A% - iy
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of the polarization modes | 7 _ o 5y ”
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Mobile aerial and maritime links

* Generated and controlled the chaotic dynamics through both
synchronization phenomena and the polarization-rotated OF

Heterogeneous Communications Networks and Imaging



Research Objectives

 VCSELs are sensitive to the optical feedback (OF) and optical injection due to their higher
mirror reflectivity inside the laser cavity

* OF can lead to a number interesting complex dynamic behaviors in VCSELSs including
chaotic, time-period pulsing dynamics and polarization switching.

» Variable Polarization Optical Feedback (VPOF) Is used to characterised the polarization
modes properties of VCSEL

* The VPOF is used with the modulation signal to investigate; L-1 characteristics, polarization
switching, RIN, bi-stability, hysteresis properties, nonlinearity behaviours and chaotic
dynamics
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'VCSEL concepts a.perating principles

® VCSELs usually consist of Distributed Bragg Reflectors
(DBRS)

® Active layer

® lasing activity in a VCSEL requires a DBR reflectivity
exceeding 99 %.

® VCSELs usually operate in a single longitudin
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VCSEL structure & comparison with
conventional lasers devices

 VCSEL offered many advantages compared with edge-
emitting laser (EEL)

1. Lower manufacturing costs

2. Higher reliability

3. The lasing wavelength is very stable Edge Emitting

LASER

4. The emission wavelength is ~5 times less sensitive to
temperature variations than in EEL Light Output

CORRUGATION

5. VCSEL devices can be operated without refrigeration

g

DFB LASER
6. VCSELs emit a circular beam

Princeton Optronics, Inc. Electronics Drive Mercerville, New Jersey 08619 DFB LASER STRUCTURE



Optical feec.mechanism

The reflected beam Is called the optical feedback

Optical feedback scheme
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Optical Feedback Setup
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Nonlinearity behaviour and relative intensity noise

Investigation of VCSEL with VPOF

E XP-Mode
% 204 X-0F(-22 dB)
s -4
§_ -60
E. -80 -
-
O _100-

-120-

o 1 2 3
(a)
0 Frequency (MHz)

E XP-Mode
% -20- X-OF(-19 dB)
5 404
§_ -60
E. -80 -
—
O _100-

-120-

{C} 0 | ‘i | .’é é

Frequency (MHz)

« The 2n, 31 4™ harmonics were completely
suppressed and reached the noise floor when using
the orthogonal optical feedback

0
E YP-Mode
% -20 X-0F(-22 dB)
5 -40 -
§_ -60
E. -80
-
© 1001

-120

0 *'1 > 3 4
(b) 0 Frequency (MHz)
E YP-Mode
% -20 1 X-0OF(-19 dB)
s -40 4
§_ -60
E. -80
-
© 1001

-120 -
(d) 0 ‘Il é | BI | 4

Frequency (MHz)

* The modulation bandwidth Is enhanced by
~140 MHz compared with that of the free

running VCSEL

Output power (dBm)

Output power (dBm)

-100-
-120-
-140-

YP-Mode
Free running

-100-

0.0

-40

02 04 06 08 1.0 0.0
(a)

_60.
-80.
1008
-120-
-140-

YP-Mode
OOF -32.6 dB

1-100:

0.0

0.2
Frequancy (GHz)
(c)

OC ﬁ G
-40- YP-Mode
0 POF -8.8 dB
-80

-120-
-140

02 04 06 08 1.0

-90-

-110
-120

""""

04 06 08 1.0 00

0.5
Frequency (GHz)

1.0 1.5

(d)

bias current of 3.6 mA with OOF.

Based on the results of published papers in PTL /IEEE & applied physics Journals 2015, 2016

2.0

The frequency spectrum of the YP mode of VCSEL for:
(a) free running, (b) POF of -8.8 dB, and (c) OOF of -
32.6 dB. (d) The frequency response of the YP mode at a




Chaos communication system
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Chaos synchronization

Optical Optical
feedback feedback
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Using the PROF setup the emission of the laser is split into its two linearly polarized
components but only one is fed back into the laser after being rotated in the orthogonal
polarization direction.



Experimental results/ chaotic
Synchronization

® The anti-phase chaotic
synchronization gradually increased
with 0,

® The anti-phase correlation is increased
beyond 45° , which increase modes
fluctuation and fast polarization switching
between the polarization modes of the
VCSEL

e Similar finding of the experimental
measurements were demonstrated
numerically

A - &= % | Trajectory attractor of
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Correlation plot of the
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Based on the results of published paper in Chaos /AIP Journal 2016
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Simulink configuration
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Contributions of the work OCRG

» Suppressed the nonlinearity of the VCSEL that associated with the modulation signal by employing
orthogonal polarization optical feedback.

» (Generate high-quality chaotic synchronization dynamics between the polarization modes, where
obtain correlation coefficient value of -0.99 with a zero time delay between the polarization modes.

* Provide a new tools, modulation signal parameters, to improve and control the polarization
switching properties of the VCSEL with the modulation signal.

* Demonstrating a hysteresis loop (HL) with the determining the dependency conditions in the
polarization mode properties with VPOF.

* Reduced the threshold current of VCSEL and determining the optimal condition to achieve a
minimum values of the relative intensity noise (RIN).
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Conclusion L

A novel way was proposed to suppress the nonlinear behaviours of the polarization modes of
VCSEL, where the irregular dynamics of the VCSEL with modulation signal was drastically modified using
the selective-optical feedback, which improve the dynamic range of the laser for communication
system

- Generate chaotic signals and identified the optimal operating conditions for the chaotic
synchronization between the orthogonal polarization modes of VCSEL with VPOF, which offers an
improvement in terms of the synchronization dynamics for secure communication

*The thesis works devoted to study and expand understanding of the polarization modes properties
of VCSEL with the VPOF effects to give more insight and potential practical applications of such devices
to use In FSO system

‘Improving the polarization modes properties of VCSEL under VPOF for instance; reduce the
threshold current and suppresses the output power polarization instability



OCRG
Future work

» Expanded the nonlinearity investigation to several GHz of the modulation signal

» Extended the chaos synchronization investigations of the VCSELS’ polarization modes to include some
factors such as frequency detuning and optical feedback phase effect

* Applied the chaotic oscillation with the high dynamic synchronization in the transmitter and receiver
sides for FSO systems
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