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Manuela Vieira was born in Lisbon, Portugal. In 1986 she received the Master of Science in Solid State
Physics-Microelectronic and in 1993 the PhD in Semiconductor Materials both from the New University of
Lisbon. She is a full professor since 2011 in Electronics inside the Department of Electronics Telecommunication
and Computers (ISEL- Portugal) and the head of a Group in Applied Research in Microelectronic Optoelectronic
and Sensors-GIAMOS in ISEL and another in Microelectronic, Material and processes-(M2P) in CTS-UNINOVA.
She has several scientific papers and 30 years of experience in the field of thin films and devices, her research
activities have been mainly related to the development of optical sensors .

Other scientific activities:

Referee for international publications such as: Thin Solid Films, Material Research Society, Sensor Magazine,
Sensor and Actuators, Material Science Férum, Solid State Electronics, Vacuum, Applied Surface Science,
Sensors and Transducers, Ibersensors, Physica Status Solidi, Sensors, Journal of Nanoscience
Nanotechnology, Journal of Sensors, Journal of Signal and Imaging Systems Engineering) Journal of Optical
Engineering, Plasmonics, Journal of Luminiscence, etc.

Referee for several EU projects as part of the Programme Growth “Innovative Products, Processes and
Organisation®.

Supervision and co-supervision of Master and PhD students
Examiner for Master and Doctoral degrees.

Authored and co-authored more than 350 publications in international journals cited in “Science Citation Index”.
Presented more than 500 communications at conferences and seminars most of which with publication in
journals and proceedings.
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 Development, optimization and application of
semiconductor based devices: image and color
sensors, optoelectronic devices, solar cells, optical
amplifiers, biosensors, nanostructures and UV and IV
detectors, VLC devices.

» Design and modeling of optical devices.
» Electrical and numerical simulation of optical devices.

» Integration of different technologies, namely optical
sensors, wavelength-division multiplexing, X-ray
detectors and full digital medical imaging.
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» Applications of semiconductor devices

(e]

Wavelength Division Multiplexing (WDM)

(e]

Optical biosensors
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X-ray flat panel
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OLEDs

Nanodevices
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« Visible Light Communications

> Indoor positioning systems Q

o Vehicular Communications
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o Deposition facilities:

o Laboratories for support of Semiconductor Thin Film Development using the PECVD
(Plasma Enhanced Chemical Decomposition) techniques.

o Laboratories for support of Electronic, Optoelectronic and Microelectronic Device
Processing.

» Characterization facilities:
> UV-VIS-NIR and IR Spectrophotometers (Shimadzu),
o dark/photo conductivity as a function of temperature;

o spectral response;

> Flying Spot Technique-FST;

> Photothermal Deflection Spectroscopy-PDS;
> Space Charge Limited Current-SCLC;

o C(T)/C(V) measurements,

- Coatings uniformity test-bench,

o Characterization systems for devices (IV characteristics; annealing test chambers;
degradation tests; interface characterization; Electroluminescence) and Solar simulator
for small areas.

o Spectrometers (UV, VIR, NIR, IR) and
o Optical Characterization Systems (I-V, C-V),
> Electric Characterization Systems,

o Material Testing Bench.
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Univeraity of

Waterloo

Department of Electrical and Computer Eng., Waterloo, %S
Canada.

Giga to Nano Electronics Group, Univ. Waterloo, Canada.
University of Cagliari, Italy. @C |
IPE, Stuttgart University, Germany

Institute of Semiconductor Physics, Ukrainian Academy of
Science, Kiev, Ucraine.

Institute of Physics, Polish Academy of Sciences, Warszawa,
Poland.

Institute of Molecular Physics University, Polish Academy
of Sciences, Poland.

Wurzburg University, Germany.
Polish Academy of Sciences, Poland.

v" Production of semiconductor devices,
v" Characterization of materials and devices,
v Joint publications.
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TWO
REVOLUTIONARY
OPTICAL
TECHNOLOGIES

il
Charles K. Kao Willard S. Boyle

“The Nobel Prize in Physics 2009 honors three scientists, who have
played important roles in shaping the modern information technology,
with one half to Charles K. Kao and with Willard S. Boyle and George
E. Smith sharing the other half."
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Billion
Data traffic
27.1 829% of

Billion Traffic
CAGR - Compound

annual growth rate Source: Cisco VNI Global IP Traffic Forecast, 2016-2021

’
= By 2021, 63% of taefl' 1P

traffic will be w@ess ’
EMobile (46% CAGR) &Q
GO

W) H
100 mFixedWired ( 16% CAGR) \
50 e
T - mFixed Wi-Fi from Mobile Devices (48%; 1R)

2016 2017 2018 2019 2020 20.2Fxed/Wi-Fifrom Wi-Fi-Only Dgges (18% CAGR)
o
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* Wireless traffic includes Wi-Fi and mobile

300 Exabytes per
Month
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COMMUNICATION SPECTRUM

©§\’,
Radio Microwaves Infrared‘ Visible Ultra violet X rays
1 l T l 1 >
MHz GHz THz PHz EHz
Radio frequencies
2G mobile 4G mobile
phone phone

Radio navigation Walkie-talkie ~ FM Radio Radar

Yy e3¢

100 kHz | 1 MHz 10 M|Hz 100 MHz | 1 GHz | 10 GHz | 100 GHz  f (Hz)

L % o @
Shortwave Citizen band TV set 3G mobile TV Satellite

emission phone



OWC Optical Wireless Communications

INFRARED “ ULTRAVIOLET

1 mm 1I5pm 8um 3pum 1.4 pum 700 nm

Far Long Mid Short Near [N f/H
10 THz 100 THz 430 THz 750 THz 3 PHz

30 um 300 um 700 nm 400 nm A

850 nm
Optical wired communications
1310 nm
1550 nm

— Fiber optics communication
Optical fiber




VLC — Visible Light Communication

Wavelength
(metres)
Radio Microwave Infrared  Visible Ultraviolet X-Ray Gamma Ray oj1|1(1(ojo|1]0]1
1 | I 1 1 1 1 e
T T 1 1 1 Ll ' ® L.d.B. ® 9 5§ &
103 102 105 106 108 1010 1012

Frequency
(Hz)

1016 1018 1020

1015

* increased bandwidth

» free and non-regulated spectrum -

 line of sight technology (1 — 100 m) gt Comminicaion Maret

« negligible power ' ’

* inexpensive (use of already existing lighting infra-
structures)
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Visible Light Communication

Li-Fi is a Visible Light Communications (VLC) system .‘ ‘.
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Light Fidelity (Li-Fi) / Visible
Light Communication Market

Li-Fi and Wi-Fi are quite similar as both transmit data electromagnetically



INTEGRATION
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The term Li-Fi was coined by Professor Harald Haas in
2011. Haas envisioned light bulbs that could act as
wireless routers.
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Li-Fi signals cannot pass through walls, so in order to enjoy full connectivity,
capable LED bulbs will need to be placed throughout the home.
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Li-Fi and Wi-Fi are quite similar as both transmit data electromagnetically.
However, Wi-Fi uses radio waves, while Li-Fi runs on visible light waves.
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Amplification
and processing

Received app data e 3

——————————— Receiver Dongle

Data is fed into an LED light bulb (with signal processing technology), it
then sends data (embedded in its beam) at rapid speeds to the photo-

detector (photodiode).

The tiny changes in the rapid dimming of LED bulbs is then converted by
the 'receiver' into electrical signal.




Indoor scenario of infrastructure-to-device communication.

TRANSMITTER i RECEIVER

Optical source Line of Sight |
(white RGB LEDS) Coder Modulator channj i Photodetector » Demodulator
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I F ITS POTENTIAL BENEFITS ARE
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Freeing up spectrum:
Audio, video, live-streaming
makes heavy demand on
radio spectrum. If that traffic
is diverted to Li-Fi (wherever
available), already clogged
cellular networks will be
relieved of their burden.

Smart lighting:
Street lamps can be
used to provide Li-Fi
hotspots.

Transportation: Headlights

A

.
Mobile connectivity:

Electronic devices such as
laptops, smartphones,

Hospitals: Li-Fi and tod lights in venicles are tablets and others mobile
does not result in moving to LED and so are devices can interconnect
any electromagnetic street lights. Li-Fi can be used directly using Li-Fi
interference and will for vehicle-to-vehicle and '

not interfere with
medical equipment.

DISADVANTAGES

vehicle-to-roadside communi-
cations for road safety and
traffic management.

Li-Fi cannot be
achieved without a
light source.

Light cannot pass through
(] walls so mobility is an
issue.
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The integration of 10T devices
and Li-Fi will provide a wealth
of opportunities. For example,

shop owners could transmit
data to multiple customers'
phones quickly, securely and
NP remotely.
e ’ -_Entertainment
ro(\* ‘\0 p Ny 4 ¥ ' Apps beyond imagination
d\\(\q (\6\0 B2 ‘~ ‘f eHealth |

priority @
% Domotics

Water quality Connected
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Car-to-car ﬁ
communication house _
Security &
- Surveillance
Utility management
Speed P
Latency |

Capacity



1981 1992 2001 2010 2020(?)

2 Kbps 64 Kbps 2 Mbps 100 Mbps 10 Gbps
Basic voice service  Designed primarily  First mobile True mobile ‘Tactile Internet’
4 ] using analog for voice usingthe  broadband utilizing  broadbandon a with service-aware
protocols digital standards IP protocols unified standard devices and fiber-
(GSM/CDMA) (WCDMA/ (LTE) like speeds
CDMA2000)

?

: j B

5@ will drive the future networked society

5G is expected to use various technologies such as LTE (Long Term
Evolution), WiFi, Ultra Wide Band (UWB) and VLC to ensure permanent
coverage of the communication network without any interruption of service.

ﬁ x 1,000 284 7 Billion {37 Trillion / ¥, 0 Latency
BN
increasing wireless capacity connectin connecting saving 90% energy perceiving zero downtime

Y
5 e 1,000 times 7 billion pec )pr 7 trillion “things”



VLC - Visible Light Communication 5
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Indoors environments * Internet service distribution
« Light atmospheric absorption
« shadows * Navigation techniques
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* light dispersion
 influence of other light sources



@ Visible Light Communication

& Technology for Fine-grained
Indoor Localization
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s from GPS
and calculotes
ﬂ'-e phone's location

% ﬁ/ The voice call and
9 location data are
received at the antenna,
-.... and forwarded to the
\ carrier's switch

handset or vehicle places
911 call, transmitting both a
voice signal .:?urf:: the location
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VLC: Visible Light Communication

gt

Dual operation: light + comm  Line of sight technology (L0S)
Infrastructure advantage * Distance: 1 - 100 m
Increased bandwidth  Obstructions

Free and non-regulated spectrumé « Atmospheric absorption
Negligible power « Shadows

Inexpensive  Light dispersion

Security « Influence of other light

Harmless to human health
No EM interference

sources

INDOOR USE



v MOTIVATION s
« VLC - Transmission of data using light Sl
 Multilayered a-SiC:H heterostructures as optical %7
filters !
v SYSTEM DESIGN
« The cellular topologies
 The emitters
« The OOK modulation scheme
« The VLC receiver

v RESULTS AND DISCUSSION m i

- Coding/decoding techniques |||WN MI ||| Ill
« Cellular VLC System evaluation 0 06 14141 00041 8

2

v APPLICATION

« Navigation data bits
|2V Vehicular communication

v CONCLUSIONS/FUTURE WORK




T == 62hnm) 3500HzZ ' ' '
—624nm, 250Hz

e Coder/decoder device
|./RGBV/UV channels;
30kbps

—®—526nm, 3500Hz

Gain (&.",0°,0%)

_" i
9100 450 500 550 600 650 700
Wavelength (nm)

» Light-to-dark sensitivity
depends on the carbon

p-1-n pP-I-n concentration

« Color recognition
depends on the applied

bias = .
 TLight filtering depends on
the bias wavelength and
side
! « WDM device
- RGB channels; 6000bps

VLC receiver ‘
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« The system is a self-positioning system in which the measuring
unit is mobile.
« This unit receives the signals from several transmitters in known

locations, and has the capability to compute its location based on
the measured signals.

1.0
0.8
Transmitter s ,
=l
i“ £ o4l . Red, Green and Blue
_ - 7 _
‘ E E e white LED
] — 0.2+
00 i e \ & (e
Wavelength (nm) = i
: il .
Receiver / |
‘H-L‘ L L ‘Rl.Z
0,0 0,5 1,0 1,5 2,0 2,5
Input Front diode Back diode Time (ms)
channels
SV . p-i'(a-SiC:H)-n/p-i(a-Si:H)-

n heterostructure
produced by PECVD.




Footprint region

..U)
AN

Four-code assignment for the LEDs

Square Diamond

* Four modulated LEDs (RGBV) * Four modulated LEDs (RGBV)
located at the corners of a located at the corners of a
square grid. diamond grid.

Unit cell fine-grained lighting topology .
=l N N T R R N
RGBV RGB RB RBV BV GBV GV RGV RG

Po'g‘lgd RGV RBV RGBV RGBV RGBV RGBV RGBV GBV
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Clusters of cell in an

2 2SN ' orthogonal topology
(square).

« Each node, X, carries its own color, X, (RGBV) as well as its ID position

Ij?

In the network.
Gl,l

Cluster of cells in no-
orthogonal topology
(diamond).
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Y Cluster of cells in 60°
Cartesian coordinates

AVAVAVARE ¥
O

|

(

regions
RBV

Hexagon RGV GBV RGB,V RG,BV  R,GBV RGBV RG'BV RGBV
iypelegy RGV RBYV GBV RGB,Y RGBV R,GBV RGBV RGBV RGBV

HEXAGONAL TOPOLOGY>
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LIJ Sync. ID payload data
[10101][r r r c ¢c] [data transmission] |
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Sync. ID payload data
[10101] [xxxx yxés [data transmission]
Loooﬁoooo' J Vi,
—~ : ! -
> ] ' 1 1T 1717
8 (U1 bolood A
3 __!OO 1§OOO! R 1,0
AIHRURIERERIEE
g , 4 I N I I O O O G—l,—l
(] . i !
3k o
Q i
5 | osatbor 11 L] UL} Ul
A
A H T 1 A 1 A 1
0.0 0.5 1.0 15 2.0 2.5

Time (ms)

R,.1 [10101 0000 1001.. ]
G, ,[10101 1001 1001...]
B, [10101 0001 0000...]
Voo [10101 0000 0000...]

;

Sign and magnitude representation:
4 BITS
1stBIT : O for positive and 1 for negative
Next 3 BITS : magnitude



Transmitter / Receiver of VLC

! LED

ID data transmit with fast
blinking

Coder/decoder device Bit decode

Front diode
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k1011101 = PS
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. 08¢ ' : © e
® e
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Applied Voltage

Wavelength WavelengthﬂN“A
Division Division
Multiplexing

 The device acts as an active filter, under irradiation.

« The gain is higher than the unity for wavelengths above 500 nm and lower
for wavelengths below, resulting in an amplification of the green and red
spectral ranges and quenching of the violet/blue ones.

* As the wavelength increases, the signal strongly increases. This
nonlinearity is the main idea for the decoding of the MUX signal at the
receiver.
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Sync ID Payload data

- 3

g 71T
o4 QU U

00 05 10 15 20 25
Time (ms)

« 2%ordered levels pondered by their optical gains are detected and
correspond to all the possible combinations of the on/off states.

« By assigning each output level to a 4-digit binary code (weighted by
the optical gain of the each channel), [Xs, X, X5, X,], with X=1 if the
channel is on and X=0 if it is off, the signal can be decoded.

« Comparing the calibrated levels with the different generation levels
in the same frame of time, a simple algorithm was used to perform
1-t0-32 demultiplexer function and to decode the multiplex signals.
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» For each transition between an initial location and a final one, two code words are
generated, the initial (i) and the final (f). If the receiver stays under the same region
they should be the same, if it moves away they are different.
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« The device’s position (ID position) during the receiving process will be given by
the highest detected level, the level where all the n (n=1, 2, 3, 4) channels are
simultaneously on.
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» As the receiver moves between generated point regions, the received information

pattern changes. The transition actions are correlated by calculating the ID position
codes in successive instants.
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» A coupled data transmission and indoor positioning was
presented. To transmit the data, an On-Off Keying code was
used. Two cellular topologies, for the ceiling plans, were used:.the
square and the hexagon. Yy A

developed

» A detailed analysis of the characteristics of varlous components
within the VLC system were discusse S | me e

» Results showed that is possible not only to determine the
position of a mobile target inside the unit cell but also in the
network and concomitantly to infer the travel direction along the
time. «y “i@ S

» For future work, by using multiple emitters and receivers, thc
transmission data rate through parallelized spatial multiplexing
can be improved.




VEHICULAR VLC: ROAD-TO-VEHICLE

Z ()

SATELLITE
COMMUNICATIONS

%
=

TERRESTRIAL

BROADCAST

Intermodal
MOBILE Communications

(@)
Navigation g

”

MAN & 5 N
rr i i ¢ nge Travel
Vehicle-to=Vehicle Safety Systems Do informat ¥l

Assistance

4
il WLAN

Traffic Signs
4
\\‘\/f

v,

S bIEetiManagement Toll Collection

Adaptive

Trip
Cruise Control

Planning

APPLICATION




Transmitters ——>

Receivers

(1)

[ —Cell 3-
T —j—-—jr—JQSitim-—————r——- RGBV
4 . F [ - /(RGBV)
< 3 ‘
\>_<3; 3 Pogitio
(GVv)
D ! : 1
2 2 L & — ¢ = I\- - I-GV
| it
| \4 Position 3 \J AV
: : ) . - (RB) ) 0 LY X 1 . A
00 05 10 15 20 25 00 05 10 15 20 25
Time (ms) Time (ms)

R,,[...001 010. Ra,[...011 100

Ry, [...001 010...] mupC23[---010 011. G,3[...010 011...]mump Go3[...010 011

N ]

] ]

B,,[...001010...]  Ba[...001 010...] V,s[...010011...]  Bay[...011100...]
V,5[...010 011...] V,s[...010 011...]

Z
O
I_
<
O
Z
>
=
=
O
O
>
b

« Each decoded message carries the node address of the transmitter



Generic model for
Receiver@

cooperative vehicular S
communications

hl

7

Until recently...

* (V2V) communication
limited to brake lights,
signals;

« (V2I) was restricted to
detection (loop detectt

100110040

Vehicles lllustration of the proposed
12V2V2] communication
Street Iamp/gz>~;rrafﬁc light scenario:
@ ":____1‘_ V2l Connected vehicles
\@ LT communication in a crossroad.
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*Four modulated LEDs (RGBV) located at

the corners of a square grid.

Generated joint footprints

fooprnt | -y |y | w3 | w4 | #5 | #6 | #7 | #8 | #o
Ieglons
Overlap | RGBV | RGB | RB | RBV | BV [ GBV | GV | RGV | RG
. Gi3 Ria
Unit cell Crossroad
v" Promising benefits
expected from safetyand @ gp—< g ¢ &
mobility improvements at
the road network —>
G35




12V: the street lamp (transmitter) sends a
message to the SiC receiver, located at the
rooftop.

Transmitters

Driving distance

KL
\

V2V: the information is resent to a leader
vehicle, using the headlights as transmitters

Sync. ID payidad data
101011 P P

s P A reeem—
[F T ©CT _gpudia UaiiSimiSSioi]
T

= V2‘3

WULH—EI_I—IWBMThe structure of the frame is a classical one

The message begins with 5 synchronization bits

Codeword (RGBV)

The rest of the frame consists of 6 ID’s bits,
The payload data bits and a stop bit.
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Generalized view of the architecture
Operational procedure:

Each vehicle receives two different
messages:

"""""""""" 12V and V2V coming from the
streetlight and from the follow
vehicle;

Compare them and infers the drive

Vehicle to Infrastructure

Scenario2 12V 2I

Scenario3 12V2V 2l In _or_der to verify the system operability qnd
efficiency we have conducted an extensive set
of measurements

SI distance and the relative speed.
b Send the information to a next car
> _ . (V2V2V) or to an infrastructure
e Three different scenarios: (V2V2l). .

(U : t

) Scenariol 12V2V2I @

b

=¥

o

O

System Evaluation
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y Sync ID Payload data
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= Vehicle 1 sends the
request message to
the infrastructure (V2I)
and informs the signal
controller that this
vehicle desires service
(often called “demang
for service).

V2| #5 (S, 1)

RGBV

ﬂ ffffffffff -|[Lo10]

o011

= Data collected from connected vehicles providg,-osf W |
a much more complete picture of the traffic 00 05 10 15
states near an intersection Time (ms)
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Scenario 2

RGBV
[1111]

----[1100]

L H[0011]

05 10
Time (Mms)

|12V MUX signal received by a rooftop
receiver moving in the S direction when the
vehicle 2 is located #5

Request time: t,

At=....
AV=...

» Vehicle 2 sends the request
message to the infrastructure (V2I) )
and informs the signal controller
that this vehicle desires service.

Sync ID Payload data
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B,, Lo N#3 (W, t)
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RGBV
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*\/2] communication from vehicle 2

to the infrastructure



o2 sync ID Payload data
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» Vehicle 3 sends the request I I
message to the infrastructure

(V21) and to the Iew&s\
® . Request time
¢ Request time: t;

Gl | At=

Vehicle to Infrastructure "AV=. L. < West flow

From a capacity point of view is more  Southflow

C\l:le length
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efficient, if Vehicle 3 is given access before Access time
. 01 ph h 03 ph
Veh|C|e 2 durgti?)s: rzti?:: : durztizs:
[ |
Vehicle’s intersection access time is defined as I | .
. . . | |
the time at which the head of the vehicle enters V V

the intersection area Phasing of traffic flows



Information flow towards the traffic light:

Traffic Light Improvement of control by precise information
. ” about traffic
Phase Assistant 13 R,

.‘ NETWORK 9
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Light-activated pi'n/pin a-SiC:H devices combines the
demultiplexing operation with the simultaneous
photodetection and self amplification.

Vehicles

Connected vehicles information from the netw sy .W,‘)@Jmﬁc ight

vehicular interaction (V2V) and infrastructure (V @ (YAl va (B

»  _ analyzed. 2V \@

A generic model of cooperative transmissions for
vehicular communications services is established.

The experimental results,
confirmed that the proposed
cooperative VLC architecture is
appropriate for the controland ,__ >
management of a traffic light
controlled crossroad network.

Two-level optimization:

phase sequence and duration. //\
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