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Abstract: In Visible Light Communication (VLC) Systems, data are transmitted by modulating
light from an illumination source, that could be an ordinary lamp or light-emitting diodes (LEDs).
Photovoltaic cells based on massive heterojunctions of semiconductor polymers have focused the
attention of researchers due to several potential advantages over their inorganic counterparts, such
as simplicity, low cost and the ability to process large area devices even on flexible substrates. In
this paper, we use commercial LEDs in transmission and organic photodetectors (OPD) based on
poly(3-hexylthiophene) (P3HT) and a phenyl-C61-butyric acid methyl ester (PCBM) blend used as
active layer in reception. We have fabricated and characterized the I-V curve and the Bit Error Rate
(BER) response of the OPD using low cost processing techniques and we have used an Atmel 8-bit
microcontroller in order to control the electronics to transmit and modulate the signal. Finally, in
this work, we have developed and characterized organic photodetectors in a low cost visible light
communications system capable of transmitting an image file in real-time, as a proof of concept that
is cost effective, since the whole system was implemented using low cost components. You can find
more information in the supplementary materials.
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Supplementary Materials: The poster presentation and video are available online at https:/ /www.
mdpi.com/article/10.3390/1352021Dresden-10116/s1.

Author Contributions: Conceptualization, P.C.; software, P.C.; formal analysis, P.C.; investigation,
P.C., ER.-M. and J.L.A.; data curation, P.C. and ER.-M.; writing—review and editing, P.C., ER.-M.,
J.L.A., J.C.E. and S.Ed.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Conselleria d’Educaci6, Investigacié, Cultura i Esport
from Generalitat Valenciana under the project GV/2017/012 and AICO/2017/148.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not aplicable.

Acknowledgments: The authors thanks David Valiente and Abraham Ruiz for providing compre-
hensive training on the various measurement techniques.

Conflicts of Interest: The authors declare no conflict of interest.

Eng. Proc. 2021, 6, 85. https:/ /doi.org/10.3390/1352021Dresden-10116

https://www.mdpi.com/journal /engproc


https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0000-0003-2698-969X
https://orcid.org/0000-0001-7294-1158
https://doi.org/10.3390/I3S2021Dresden-10116
https://doi.org/10.3390/I3S2021Dresden-10116
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://i3s2021dresden.sciforum.net/
https://i3s2021dresden.sciforum.net/
https://www.mdpi.com/article/10.3390/I3S2021Dresden-10116/s1
https://www.mdpi.com/article/10.3390/I3S2021Dresden-10116/s1
https://doi.org/10.3390/I3S2021Dresden-10116
https://www.mdpi.com/journal/engproc
https://www.mdpi.com/article/10.3390/I3S2021Dresden-10116?type=check_update&version=2

A Low-cost Visible Light
Communications System Based on
Organic Photodetection For Transmitting
Images

Pablo Corral Gonzalez*, Fernando Rodriguez-Mas, Jose Luis
Alonso, Juan Carlos Ferrer, Susana Férnandez de Avila

Communications Engineering Department,
Universidad Miguel Hernandez de Elche, 03202, Elche (Spain)



A Low-cost Visible Light Communications
System Based on Organic Photodetection For
Transmitting Images

Abstract
Introduction

Materials and methods
Description of the system
Polymer devices fabrication method

Results
Conclusions



Abstract

Visible light communications (VLC) Is an Interesting technology for future
communication systems (accepted to 5G) In the visible range of the
electromagnetic spectrum using light-emitting diodes (LEDs) and can be

considered an alternative to traditional communication systems to be
iIncluded in the Internet of Things (loT).

However, a drawback of these systems remains at the receiver side, due to
the lack of photovoltaic devices for this specific use.

Organic photodetectors have great potential to be applied in VLC systems
because of the simplicity and low cost of these devices.



Introduction

In this article, we used commercial light-emitting diodes (LEDs) In
transmission and two different kinds of organic photodetectors based on
poé/é?;-hexylthlophen_e) SPBHT) and a phenyl-C61-butyric acid methyl ester
(PCBM) blend as active layer in reception.

Compared to the article: “A Low-Cost |IEEE 802.15.7 Communication
System Based on Organic Photodetection for Device-to-Device
Connections” (https://dol.org/10.3390/s20030714), the authors have
Improved some parts of the previous paper in order to transmit images:

- Using another microcontroller with a greater clock frequency and CRC.

: Uti(ljization of Instructions of assembly code in order to optimize the source
code.

- Increasing the concentration of P3HTdissolved in chlorobenzene.


https://doi.org/10.3390/s20030714

Materials and methods: Description
of the system

We have changed from an ATMega328 microcontroller (with a clock
frequency of 16 MHz) to a Cortex-M3 (with a clock frequency of 84 MHz).

We have maintained the same electronic prototyping platform (Arduino),
only modifying the version (from Arduino UNO to Due).

Finally, we have programmed the software using Instructions of assembly
code In order to optimize the source code.



Materials and methods: Polymer
devices fabrication method

In our system, photodetectors were based on organic electronics, also
known as organic photodetectors (OPD). The OPD manufacturing technique
used was spin-coating.

For the active layer manufacture, a [P3HT:PCBM] solution with a weight ratio
of [1:1] was prepared. In this solution, polymers were well dissolved In
chlorobenzene at 20 mg/ml.

The active layer was deposited at 800 rpm for two minutes and annealed at
80 °C for 1 hour. Finally, using a vacuum chamber and the Joule effect, the
last layer of aluminum was deposited.



Materials and methods: Polymer
devices fabrication method


https://drive.google.com/file/d/1wGAhbjOx34SYUUbHh4uDEQKbcrvQFa4I/view?usp=sharing

Results

Connections of transmitter and Results obtained at 125 kHz
recelver with Arduino DUE without CRC code



Results

Results obtained at 500 kHz Results obtained at 3,33 MHz
with CRC code adding port register



Conclusions

This paper shows the feasibility of a low-cost visible light communication

system based on self-powered organic photodetectors in order to transmit
iImages.

The article has improved previous systems using another microcontroller
with a greater clock frequency and CRC, with the utilization of instructions of
assembly code In order to optimize the source code and increasing the
concentration of P3HTdissolved in chlorobenzene.

Additionally, properties of organic photodetectors could be Improved by
developing new materials with high charge mobility and through
enhancements In manufacturing. Consequently, the response speed of
organic devices may be increased.
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