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Abstract: This paper presents the use of a selective device based on a-SiC:H/a-Si:H for the photodetection of 
visible signals emitted by red, green and blue emitters in a Visible Light Communication (VLC) system. The VLC 
system employs RGB white LEDs to provide both illumination and information transmission. The acquisition and 
processing of the measured photocurrent allows the identification of the induced optical excitation, which encodes 
the spatial position. The system is designed so that the detector’s s spatial location can be obtained based on the 
identification of the received optical signals. The methodology used for the photocurrent signal processing 
involves Fourier transform analysis for frequency identification and the use of a photodetector with spectral 
selective properties of wavelength identification. A full characterization of the photodetector is presented together 
with the physical operation that plays the key role in the detection of the output photocurrent. 
 
Keywords: Visible Light Communication, Indoor navigation, Bidirectional Communication, Optical sensors, 
Transmitter/receiver, White LEDs, Amorphous SiC.  
 
 
 
1. Introduction 

 

Visible Light Communication (VLC) technology 
constitutes a data communication tool based on the use 
of visible light that is used for illumination and data 
transmission [1-2]. These optical links use LEDs to 
encode and transmit the signals, and electronic devices 
generally containing photodiodes to detect the 
incoming signals from the light sources [3]. It is a free-
space, line of sight communication technology [4]. 
Main advantages when compared to radio technology 
are free licensed spectrum, immunity from 
electromagnetic interference and, less power and 
weight/volume requirements [5].  

Several applications are currently being 
developed, spanning from low data rate applications, 
such as indoor positioning and navigation to more 

demanding bandwidth applications [6-7]. Indoor 
navigation based on VLC [8] are useful solutions for 
Indoor Positioning Systems, as Global Positioning 
Systems (GPS) signals are attenuated by wall 
buildings. Thus, wireless solutions are commonly 
used. The main advantage of VLC over other wireless 
technologies ids related to the presence of visible light 
beacons in the buildings infra-structure, which  
provide a higher number of access points when 
compared to Wi-Fi. 

In this paper, we propose the use of a multilayered 
a-SiC:H device [9] to perform the photodetection task 
at the reception end of a VLC system designed for 
navigation purposes [10-11]. The emission optical 
system is based on RGB white LEDs with the internal 
red, green and blue emitting chips being modulated at 
specific frequencies through coding bit sequences 
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normally based on On-Off keying [12-13]. The 
photodetector works as an active optical filter 
operating in the visible part of the electromagnetic 
spectrum [14]. Its sensitivity can be adjusted through 
external optical bias supplied by a steady state optical 
source. This is the key for light wavelength 
discrimination [15-16]. 

The paper is structured as follows. In Section II, 
the design of the VLC system is described. Section III 
contains results and respective discussion. Section IV 
presents main conclusion and a few guidelines for 
future work. 

 
 

2. Architecture of the VLC System 
 
The proposed optical system [17] can be described 

using the block diagram shown in Fig. 1. It contains 
two main sub-systems, one related to the input optical 
signal and a second one to the output electrical signal.  

 
 

 
 

Fig. 1. Block diagram of the visible light  
communication system. 

 
 

2.1. Transmitter 
 
The input optical signal sub-system includes four 

white LEDs in which the internal emitting red, green 
and blue chips are modulated with specific frequencies 
and bit sequences inducing different optical 
excitations in the view angle of each LED. The output 
signal sub-system includes a large area a-Si based 
photodetector operating in the visible spectrum with a 
selective spectral photo response depending on 
external conditions (electrical and/or optical bias). The 
photocurrent signal produced by the photodetector is 
dependent on the input optical system. Signal 
processing at this stage includes demodulation of the 
electrical signal for demultiplex the different 
components assigned to each input wavelength, 
frequency analysis, and bit sequences decoding. The 
optical sources are commercial white LEDs with red, 
green and blue emitters (w-RGB LEDs). 
Specifications of the w-RGB LEDs are displayed  
in Table 1.  

The commercial tri-chromatic white LEDs are 
designed for general lighting, providing a wide 
divergence angle around 120ºC, which fits 
simultaneously the requirements for illumination and 

communication services as it provides a wide signal 
distribution. The luminous intensity of each emitter 
can be independently adjusted; however, it must be 
regulated to ensure a stable, white perception by the 
human eye.  

 
 

Table 1. RGB LEDs Specifications. 
 

 Blue Green Red 
Central 
wavelength 
(nm) 

464 535 630 

Linewidth (nm) 22 48 13 
Optical 
intensity (mcd) 

180 - 505 560 - 1400 355 - 900 

Far field 
pattern, 2θ (º) 

180 - 505 560 - 1400 355 - 900 

 
 

The proposed optical sub-system for the VLC 
system (Fig. 2) includes several navigation cells with 
four white LEDs modulated with different bit 
sequences. Green emitters transmit the identification 
code of the navigation cell. Red emitters are used to 
transmit the western cardinal directions and the blue 
chips the eastern directions. North and South 
directions are ascribed to the modulation frequency. 
Frequency of the North positions is half of the one 
used for the emitters assigned to the South directions.  

 
 

 
 

Fig. 2. Configuration of the luminaires used 
for illumination and communication. 

 
 

The optical signal generated by the four LEDs and 
detected by the photodetector is spatially assigned its 
position, which provides a direct correlation of the 
measured induced photocurrent to the detector 
position [18]. 

 
 

2.2. Coder  
 
The coder converts data into a modulated optical 

message to be transmitted by each white-LED. The 
driving current of each emitter is controlled 
independently suppling the respective coding 
sequence and frequency. An on-off keying modulation 
scheme was used with a 32-bit codification (1: light on 
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and 0: light off). The 32 bit word used to modulate the 
emitters of the white LEDs was divided into three 
main blocks related to synchronization, position 
information and message.  

In every word 8 bits are allocated for 
synchronization of the transmitted frames: four bits at 
the beginning of the bit sequence with two idle bits and 
two start bits and four bits at the end of the sequence 
with two stop and two idle bits. Following the idle and 
start bits, 8 bits are reserved for positioning 
information. The green emitters carry the 
identification of the navigation unit cell, i.e., of the 
luminaire, and the modulated blue and red emitters the 
location inside the cell (north, south, west and east). 
The remaining 16 bits of the blue/red emitters are 
allocated for random message transmission, while the 
green emitters are set to the off state (this simplifies 
the decoding process and keeps free additional 
transmission channels for further enhancement of 
bandwidth if necessary). The 32 bits code word for the 
green emitters is: ´1100 0XX0 0YY0 00000000 
00000000 0011´. For the top red and blue emitters it 
is: ´1100 0000 111 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ 0011´ 
and for the bottom red and blue emitters: ´1100 0011 
0011 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ 0011´. 

The luminaires are sequentially numbered as if in 
a matrix. A code word 8 bits long is reserved to address 
the line and column position of the cell, using the 
format 0XX0 for the line and 0YY0 for the column. 

In Fig. 3 it is displayed the representation of 
adjacent navigation cells defined by the ceiling 
luminaire. Numbers 01, 02, … of the figure relate to 
the identification of each navigation unit cell. The 
zoom out corresponds to the configuration of the white 
LEDs inside the luminaire (Fig. 1). 

 
 

 
 

Fig. 3. Matrix of adjacent luminaires and zoom-out 
of a white LED luminaire. Modulated red/blue emitters are 

represented by a star. 
 
 

2.3. Device Configuration and 
Characterization 

 
Fig. 4 shows the semiconductor configuration used 

as integrated photodetector and tunable filter device. It 
is a monolithic heterojunction composed by two pin 
structures based on a-Si:H and a-SiC:H built on a glass 
substrate covered by two transparent electrical 

contacts. The device was fabricated by PECVD at 
13.56 MHz radio frequency. 

 
 

 
 

Fig. 4. Device configuration. 
 
 

The intrinsic absorber materials of the pin devices 
were designed to confer the ability to detect separately 
short and long visible wavelengths. This assumption 
led to the engineering design of both intrinsic layers in 
what concerns thickness and material optical 
absorption coefficients, resulting in the choice of a 
narrow (200 nm) high bandgap (2.1 eV, a:SiC:H) 
material for the front layer and a thicker (1000 nm) 
lower (1.8 eV, a-Si:H) bandgap semiconductor for the 
back structure. Thus, the front p-i-n structure (pin1) 
exhibits high absorption to the blue light (shorter 
wavelengths) and high transparency to the red 
wavelength while the back structure (pin2) high 
absorption of the red wavelength. In Fig. 5, it is 
displayed the photodetector transient photocurrent 
under light produced by the blue, green and red 
emitters. In this experiment, each emitter was 
electrically modulated by a rectangular impulse 
generating a rectangular optical impulse on the device 
front side. The photocurrent was measured using 
steady state background lights from the front and back 
sides and without optical bias. 
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Fig. 5. Photodetector photocurrent measured 
without optical bias and under front and back optical bias 

under blue, green and red light of the white LEDs. 
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Results show that under back violet background 
illumination the gain is high at short wavelengths (blue 
light) and decreases for longer wavelengths (green and 
red). The device behaves as a short-pass filter. Under 
front violet background light, the device works as a 
long-pass filter for wavelengths above 500 nm, 
blocking the shorter wavelengths. The shift of the 
irradiation device side (front/back) allows tuning the 
short- and long- spectral regions, while the medium 
region (475 nm - 530 nm) can only be tuned by using 
both active filters. Under front illumination the red 
part of the spectrum is enhanced while under back 
illumination the main enhancement occurs for the blue 
signal. The quantification of the signal amplification 
under front and back bias is determined by the optical 
gain (αF and αB for the front and back gains, 
respectively), defined at each wavelength (λ) as the 
ratio between the signal magnitudes measured with 
and without optical bias. 

For the red, green and blue light the front optical 
gain under violet background light is, respectively, 5, 
3.5 and 1.3, while for the back optical gains, the values 
are 0.6, 0.6 and 1.7. 

 
 

2.4. Decoding Algorithm 
 
The decoding procedure for correct assignment of 

the photocurrent signal to the correspondent optical 
excitation involves several tasks summarized in Fig. 6.  

 
 

 
 

Fig. 6. Decoding tasks. 
 
 

The start-idle bits allow easy synchronization and 
identification of each transmitted frame by the high 
peaks of the front photocurrent (represented by the 
magenta line), as in the idle bits all emitters are set to 
ON and this combination results in photocurrent 
amplification when the device is soaked by steady 
state illumination from the front side. By opposition, 
the same signal under back background light is 
decreased. After this identification, it is necessary to 
remove the contribution of the green signals from the 
photocurrent signal. 

The next step is the identification of the transmitted 
frequencies, which requires the computation of the 
modulus of the complex Fourier coefficients over the 
8 bits data sent next to the idle and start bits. When the 
calculated coefficient is above a certain threshold the 
signal is present at the respective frequency. In this 
step the front photocurrent is used to identify the red 
light and the back photocurrent for the blue light. This 
procedure enables the identification of the position 
within the navigation cell, which mixed with the cell 
identification by the green channel enables the 
absolute position recognition. The transmitted 
message is decoded using the adjacent 16 bits of the 
slow and fast emitters. If all the blue and red emitters 
transmit the same message as happens in data of 
Fig. 5, the decoding is based on the device filtering 
properties when optically soaked with front and back 
steady state light. The algorithm assumes that in the 
front photocurrent the highest levels correspond to the 
presence of the red light, while the lowest ones to its 
absence, which allows the immediate recognition of 
the ON-OFF states for the red channel. Regarding the 
back photocurrent signal, the same reason can be used. 
Here the highest levels are assigned to the presence of 
the blue input signal and the lowest levels to its 
nonexistence, which allows the immediate decoding 
of the blue channel. Thus, both red and blue channels 
can be immediately tuned by using adequate biasing 
light for the background and the bit sequence of the 
message can be decoded. However, for enlarging the 
channel capacity it is desirable that red and blue 
emitters transmit independent, different messages.  

 
 

3. Results  
 
Fig. 7 displays the output photocurrent signals, 

measured with and without front and back optical 
violet bias, in a specific position corresponding to the 
optical excitation from the red and blue emitters  
at the same frequency and a green signal for 
identification purposes.  

 
 

 
 

Fig. 7. Photocurrent signal measured without and under 
front and back optical bias. 
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The condition assigned when all optical signals are 
off corresponds to the reference level. The single 
optical signals are displayed at the top of the figure to 
help the reader with the different on-off optical states.  

In this specific spatial position, the device receives 
three different optical excitations from the red, blue 
and green emitters. Under front background light the 
photocurrent is enhanced compared to the signal 
measured without background light, as the presence of 
the red and green light signals induce large 
amplification. Under back background light, the 
photocurrent signal is like the one measured without 
background, as there is a balance between the 
amplification factor due to the blue signal and the 
attenuation (αF <1) from both red and green lights. 

Based on the measured photocurrent, we have 
implemented a computer algorithm to automatically 
decode the individual photocurrents assigned to the 
different input optical signals. We started by 
extracting the green signal from the photocurrents, 
which was achieved by sampling the photocurrent 
signal at the specific time slots where the green signal 
logic state is unknown and subtracting it to the 
contiguous time slots where green is known to be 
absent (Fig. 8).  

 
 

 
 

Fig. 8. Extraction of the signal encoded 
in the green channel. 

 
 

The second step of the proposed algorithm is to 
filter out the green signal by simply subtracting the 
extracted green signal from the photocurrents. The 
third step takes advantage of the color filtering 
properties of the sensor. We use front optical biasing 
to detect green and red wavelengths and back biasing 
for the blue light. The modulus of the complex Fourier 
coefficients is computed. Decision about the presence 
of the frequency in the signal is taken if the evaluated 
coefficient is higher than a specific threshold. A 
dedicated algorithm built with MatLab was developed 
to automatically decode the location position  
of the detector.  

In Fig. 9, it is displayed the Fourier coefficients 
obtained from the photocurrent signal measured under 

front and back optical bias. As the output signals can 
be described by square waves, they contain only 
components of odd-integer harmonic frequencies. The 
Fourier analysis shows that the detected frequency is 
around 750 Hz, which indicates that it is due to 
emitters located at the top of the unit cell (excited with 
R and B signals at this frequency). The observed low 
intensity signal at 1500 Hz is the resultant second 
harmonic caused by a non-perfect square wave. 
Results show that there is balance between both 
Fourier coefficients, which informs about the 
simultaneous presence of red and blue signals. This is 
clearly noticeable by the high peaks of the front 
photocurrent (represented in the graphs by the 
magenta line), as in the idle bits all emitters are set to 
ON and this combination results in photocurrent 
amplification when the device is soaked by steady 
state illumination from the front side. In contrast, the 
same signal under back background light is decreased. 
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Fig. 9. Fourier coefficients obtained from the photocurrent 
signal measured under front and back optical bias. 

 
 

4. Discussion 
 
This decoding strategy is robust enough for the 

identification of the transmitted frequencies by top and 
bottom emitters, as the design of this code block is 
known. However, it does not happen with the 
identification of the transmitted message by the two 
red and two blue emitters. In this block there is a 
random distribution of the on-off bits in each channel. 
Thus, a new approach is needed for the transmission 
of different messages using the same wavelength, to 
demultiplex the photocurrent signal. 

In Fig. 10 it is displayed the photocurrent signal 
measured without optical bias and under front optical 
bias using two red and two blue optical signals 
modulated with multiple frequencies, which ensures 
the presence of 16 different combinations of the 
optical signals, and consequently the existence of 16 
photocurrent levels. For this purpose, the driving 
currents of each LED emitter was adjusted to provide 
different levels of photo excitation. 
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Fig. 10. Photocurrent signal measured under front optical 
bias using two red and two blue optical signals modulated 

with multiple frequencies (on the top it is displayed the 
waveform of the emitters modulation state). 

 
 

Results show that when both red signals are off, the 
signals measured without and with front optical bias 
are quite similar, as the influence of the optical bias on 
this light wavelength is minimal. In the ranges labeled 
R2 and R1 only one red LED emitter is modulated 
together with the blue emitters of adjacent LEDs. The 
presence of the red light amplifies the photocurrent 
signal, and as the optical power delivered by each 
emitter has been deliberately adjusted at different 
levels, a clear separation of the photocurrent levels in 
both ranges is observed. Similar result is obtained 
when both red emitters (R1 and R2) are being 
simultaneously modulated, however, as the optical 
intensity is higher, the photocurrent levels of each 
optical excitation correspond also to higher levels. On 
the right side of the picture it is shown the label of the 
modulated emitters that correspond to each 
photocurrent levels. 

The decoding of the transmitted optical signals 
through the evaluation of the threshold photocurrent 
demands the knowledge of the 16 possible levels, 
assigned to the 16 possible combinations. The absolute 
position of these levels is dependent on the optical 
intensity. However, the relative position among the 
levels is assumed to be constant, and this relation can 
be used to calibrate the assignment of the photocurrent 
levels to the optical signals. Despite, some adjacent 
photocurrent levels are very close and liable to wrong 
assignments, which results in mistakes on the content 
of the transmitted message. This apparent weakness of 
the decoding scheme is prone to generate bit error 
transmission and decreases the robustness of the 
transmission channel. Thus, bit error detection 
becomes a crucial tool to ensure a low bit error ratio. 
A smart strategy to enhance the robustness of 
transmission channel is using error detection codes, 
namely, parity or check bits. In this work, the parity 
bits (P1, P2, P3) assigned to the 4 transmission 
channels (Ch1, Ch2, Ch3, Ch4) are evaluated using a 
simple algorithm that sums up the bits transmitted by 
3 of the channels: 

P1 = Ch1+Ch2+Ch4 
P2 = Ch2+Ch3+Ch4 
P3 = Ch1 + Ch3 +Ch4 

(1) 

 
In Fig. 11 it is displayed the parity check bits 

evaluated by Eq. (1) for the transmission of the bit 
sequences plotted in Fig. 10. Channels Ch1, Ch2 and 
Ch3 are assigned, respectively, to the emitters R1, R2, 
B1 and B2. The parity bits P1, P2 and P3 sequences 
are transmitted, respectively, by the R1, R2 and  
B1 emitters. 
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Fig. 11. Error control signal. 
 
 

Results show that the error control signal can be 
used to help on the decode process when photocurrent 
level are very close. Levels L3 and L4, or levels L5 
and L6, or even L7 and L8, that differ between 
themselves by a very narrow photocurrent magnitude 
may turn the decode process delicate, especially if 
intensity variations occur. However, as the error 
control signals associated to these levels are very 
different, the correct assignment can be done correctly. 
This methodology is suitable for the detection and 
correction of errors. Thus, data corruption can be 
easily corrected, without the need to discard the 
transmitted data from the specific error bit and re-
transmit it again. 

Results show that the error control signal can be 
used to help on the decode process when photocurrent 
level are very close. Levels L3 and L4, or levels L5 
and L6, or even L7 and L8, that differ between 
themselves by a very narrow photocurrent magnitude 
may turn the decode process delicate, especially if 
intensity variations occur. However, as the error 
control signals associated to these levels are very 
different, the correct assignment can be done correctly. 
This methodology is suitable for the detection and 
correction of errors. Thus, data corruption can be 
easily corrected, without the need to discard the 
transmitted data from the specific error bit and re-
transmit it again. 

In Fig. 12 (a) it is displayed a random photocurrent 
signal measured under front optical bias using two red 
and two blue optical signals with different bit 
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sequences. As the bit sequences do not follow any 
specific pattern and correspond to independent 
messages, correct decoding, can be improved using the 
correspondent comparison with the error control 
signal obtained by parity check bits (Fig. 12(b). 

 
 

0 1 2
0

1

2

3

4

5R1
B1
R2
B2

L3: B1

L5: R2

L7: R2+B1
L9: R1

L11: R1+B1

L13: R1+R2
L15: R1+R2+B1

 

Ph
ot

oc
ur

re
nt

 (a
. u

.)

Time (ms)  
 

(a) 
 

0 1 2
0

1

2

3

4

5

R1
R2
B1

L3: B1

L5: R2

L7: R2+B1
L9: R1

L11: R1+B1

L13: R1+R2
L15: R1+R2+B1

 

Ph
ot

oc
ur

re
nt

 (a
. u

.)

Time (ms)  
 

(b) 
 

Fig. 12. a) Random photocurrent signal measured under 
front optical bias using two red and two blue optical signals 

with different bit sequences; b) Correspondent error  
control signal. 

 
 

5. Conclusions  
 
A spectral selective photodetector operating in the 

visible light spectrum was used to measure the output 
photocurrent supplied by red, green and blue emitters 
of RGB white LEDs in a visible light communication 
system. The device, designed specifically, to work as 
an active optical filter allowed the identification of the 
optical excitation of each of the emitters, and 
consequently the spatial position of the detector. 
Fourier analysis and device optical gains were used to 
perform the output signal decoding. A calibration 
curve was established to ensure signal decoding of 
random bits contained in the bits block of the message. 
Control bits strategy in the optical domain was 
implemented to reinforce the decoding procedure and 
improve system performance. 
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