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The purpose of this paper is the design of an optoelec-
tronic circuit based on a-SiC technology, able to act si-
multaneously as a 4-bit binary encoder or a binary de-
coder in a 4-to-16 line configurations and show multi-
plexer-based logical functions. The device consists of a 
p-i'(a-SiC:H)-n/p-i(a-Si:H)-n multilayered structure pro-
duced by PECVD. To analyze it under information-
modulated wave (color channels) and uniform irradiation 
(background) four monochromatic pulsed lights (input 
channels): red, green, blue and violet shine on the device. 
Steady state optical bias was superimposed separately 
from the front and the back sides, and the generated 
photocurrent was measured.  

Results show that the devices, under appropriate optical 
bias, act as reconfigurable active filters that allow optical 
switching and optoelectronic logic functions develop-
ment providing the possibility for selective removal of 
useless wavelengths.The logic functions needed to con-
struct any other complex logic functions are the NOT, 
and both or either an AND or an OR. Any other complex 
logic function that might be found can also be used as 
building blocks to achieve the functions needed for the 
retrieval of channels within the WDM communication 
link.  

 

© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  

1 Introduction Multi-disciplinary technologies for 
telecommunication systems have evolved from material 
systems for LEDs and lasers sources to optical fiber tech-
nology and photo detection materials. Newly developed 
technologies, for infrared telecommunication systems, al-
lowed increase of capacity, distance and functionality. Far 
beyond traditional applications in optical interconnects at 
telecommunications wavelengths, the SiC nanophotonic 
integrated circuit platform has recently proven its merits 
for working with visible range optical signals [1, 2, 3]. 

In order to enhance the transmission capacity and the 
application flexibility of optical communication and sensor 
systems, associated efforts have to be considered, namely: 
Wavelength Division Multiplexing (WDM) based on 
amorphous technology [4, 5, 6, 7, 8, 9, 10] when different 
optical signals are encoded in the same optical transmis-
sion path; the IP-based multimedia services architecture to 
provide transparent communication over different net-
works [11, 12], switching and control with the design of 

new reconfigurable logic active filter gates by “bridging 
the gaps” and combining the optical filters properties [13, 
14].  

The SiC tuneable background filters are used to per-
form several filtering processes and then different signal 
processing functions: amplification, switching, and wave-
length conversion [15]. In this paper the SiC tunable back-
ground filters form the bridge between the infrared and 
visible windows. The device can be used as a bistable opti-
cal gate acting either as a short- or a long- pass band filter 
or as a band-stop filter, depending on the wavelength of the 
external background. In consequence it offers the opportu-
nity to provide alternative and additional low cost services 
to improve operative production processes in office, home 
and automotive networks. 

Recovery of individual channels transmitted in the 
visible spectrum in open space can be successful with op-
toelectronic devices that interface a signal processing sys-
tem. We propose the use of a multilayered structure based 
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on amorphous silicon technology which can be reconfig-
ured to perform WDM optoelectronic logic functions [16, 
17]. The multilayered structure will be a solution in WDM 
technique for information transmission and decoding in the 
visible range [18]. The operating principle exploits the 
physical properties of the nonlinear device to perform logic 
functions. The logic functions needed to construct any 
other complex logic functions are the NOT, and both or ei-
ther an AND or an OR [19, 20]. Any other complex logic 
function that might be found can also be used as building 
blocks to achieve the functions needed for the retrieval of 
channels within the WDM communication link. Here we 
present some logical functions that can be configured 
through this device. 

 
2 Device deposition and operation The optoelec-

tronic device consists of a p-i'(a-SiC:H)-n/p-i(a-Si:H)-n 
hetero structure produced by PECVD as displayed in Fig. 1. 
The thickness (200 nm) and the optical gap (2.1 eV) of the 
a-SiC:H intrinsic layer (i’-) are optimized for blue collec-
tion and red transmittance and the thickness (1000 nm) of 
a-Si:H one (i-) adjusted to achieve full absorption in the 
green and high collection in the red spectral range. As a re-
sult, both front and back diodes act as optical filters confin-
ing, respectively, the blue and the red optical carriers, 
while the green ones are absorbed across both. The opto-
electronic characterization and device deposition is de-
scribed elsewhere [1, 2]. Separate monochromatic pulsed 
lights, (λR=626 nm; λG=526 nm, λB=470 nm, λV=400 nm) 
act as input channels. This polychromatic mixture (multi-
plexed signal) illuminates the device from its front side. 
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Figure 1 Device configuration and operation. 

 
Tuning of each channel is performed by steady state 

violet optical bias (φbias= 2800 μW/cm2) superimposed ei-
ther from the front or back side of the device. Input signals 
are synchronous square waves, in different bit sequences, 
which modulate the light of ultra-bright LEDs: red (R;  
28 μW/cm2), green (G; 22 μW/cm2), blue (B; 30 μW/cm2) 
and  violet (V; 78 μW/cm2). 

When an external optical bias is applied to a double pin 
structure, its main influence is in the field distribution 
within the less photo excited sub-cell [21].The front cell, 
under long wavelength irradiation; the back cell, under 
short wavelength light and both, under medium steady 
state illumination. In comparison with thermodynamic 
equilibrium conditions (dark), the electric field under illu-

mination is lowered in the most absorbing cell (self for-
ward bias effect) while the less absorbing reacts by assum-
ing a reverse bias configuration (self reverse bias effect). 

So, front violet optical bias enhances the spectral sensi-
tivity in the long wavelength ranges and quenches in the 
short wavelength range. The back bias has an opposite be-
havior; it reduces the collection in red/green wavelength 
ranges and amplifies the blue/violet one. The sensor is a 
bias wavelength current-controlled device that makes use 
of changes in the wavelength of the background to control 
the power delivered to the load, acting as an optical ampli-
fier. Its gain depends on the background wavelength and 
side that controls the electrical field profile across the de-
vice. If the electrical field increases locally (self optical 
amplification) the collection is enhanced and the gain is 
higher than one. If the field is reduced (self optical quench) 
the collection is reduced and the gain is lower than one. 
This optical nonlinearity makes the transducer attractive 
for optical communications and can be used to distinguish 
a wavelength, to read a color image, to amplify or to sup-
press a color channel or to multiplex or demultiplex an in-
formation-modulated wave. It provides a relatively flat 
partial gain spectrum which makes it possible to use multi-
ple wavelengths. It will be an indispensable element of 
next generation WDM systems in the visible range [17]. 

 
3 Optical bias controlled filters Illuminating the 

device with violet light and different intensities, either at  
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Figure 2 Normalized spectral photocurrent under front (a) and 
back (b) violet irradiations with different intensities. 
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front or at the back side, changes the spectral photocurrent 
changes as pictured in Fig. 2. 

For comparison, both graphics show the spectral 
photocurrent without applied optical bias (dark). When 
violet irradiation is applied from the front side (Fig. 2a) or 
from the back (Fig. 2b) the spectral response changes sig-
nificantly. A peak fit adjustment to the data was performed 
(lines) with peaks centered on 630 nm (solid), 520 nm 
(dashed) and 430 nm (dotted).  

Results show that under increased intensity and front 
violet irradiation the peak centered at 630 nm (red range) 
strongly increases whereas the blue part of the spectrum is 
negligible. Illuminating the back side of the device it 
quenches the 630 nm peak intensity and increases the blue 
range mainly at the three marked positions. So, front illu-
mination and high intensity enhances the reddish part of 
the spectrum while under back illumination the main en-
hancement occurs in the violet-blue region. A trade-off be-
tween the background intensity and the enhancement or 
quenching of the different spectral regions has to be taken 
into account. 

Plotting the ratio between the spectral responses with 
and without optical bias (2300 µWcm-2) either from the 
front or back gives the spectral gain (αV) presented in 
Fig. 3. As expected from Fig. 2, under back bias the gain is 
high at short wavelengths and lowers strongly at wave-
lengths higher than 500 nm, acting as a short-pass filter. 
Under violet front light the device works as a long-pass fil-
ter for wavelengths higher than 550 nm, blocking shorter 
wavelengths.  
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Figure 3 Normalized spectral photocurrent under front and back  
violet irradiations. 

 
Results show that by combining the irradiation sides 

the short-, and long- spectral region can be sequentially 
tuned. The medium region can only be tuned by using both 
active filters. 

Four monochromatic pulsed lights, separately (R, G, B 
and V input channels) illuminated the device at 12000 bps. 
Steady state violet optical bias was superimposed sepa-
rately from the front (Fig. 4a) and the back (Fig. 4b) sides 
and without it and the photocurrent measured at -8 V. The 

signals were normalized to their values without applied 
background. The optical gain (amplification factor) for the 
four individual channels (αV R ,G,B,V) under front and back 
irradiation are also displayed. 

Results show that, even under transient conditions and 
using commercial LEDs as pulsed light sources, the back-
ground side affects the signal magnitude of the color chan-
nels. As shown in Fig. 2 and Fig. 3, under front irradiation, 
it enhances mainly the spectral sensitivity in the medium-
long wavelength ranges (αV

R=4.7, αV
G=2.4). Violet radia-

tion is absorbed at the top of the front diode, increasing the 
electric field at the back diode [22] where the red and part 
of the green incoming photons are absorbed (see Fig. 1). 
Under back irradiation the electric field increases mainly 
near the front p-i’ interface where the violet and part of the 
blue incoming channels generate most of the photocarriers 
(αV

V=11, αV
B=1.5). So, by switching between front to back 

irradiation the photonic function is modified from a long- 
to a short-pass filter allowing, alternately selecting the red 
or the violet channels. 

0,0 0,5 1,0 1,5 2,0 2,5
0

1

2

3

4

5

6

V

V

B

G

αV
R=4.7

αV
G =2.4

αV
B =1.3

αV
V =1.0

R Front background

α
V R

,G
,B

,V

Time (ms) a) 

0,0 0,5 1,0 1,5 2,0 2,5
0

2

4

6

8

10

12 Back backgroundV

B GR

αV
R =0.5

αV
G =0.6

αV
B =1.5

αV
V =11

α
V R

,G
,B

,V

Time (ms) b) 

Figure 4 Red (R), green (G), blue (B) and violet (V) input chan-
nels, under violet optical bias applied from the front (a) and from 
the back (b) sides and normalized to their values without back-
ground.  

 
4 Encoder/decoder Four combined monochromatic 

pulsed lights (multiplexed signal, Fig. 5) illuminated the 
device at 12000 bps. Steady state violet optical bias was 
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superimposed separately from the front and the back sides 
and the photocurrent was measured.  

Results show that, even under transient conditions and 
in the presence of several channels  simultaneouly, the side 
of the background affects the form and the magnitude of 
the MUX signal in opposite ways [23]. Under front and 
back irradiation, sixteen levels (24) are detected and 
grouped into different subgroups due to the different gains 
of the same color channel under front and back irradiations 
(see arrow in Fig. 3 and Fig. 4). The dash-dot line is the 
threshold for both. Under front irradiation the eight upper 
levels are ascribed to the presence of the red channel ON 
and the lowers to its absence, while under back irradiation 
the higher eight correspond to the presence of the violet 
channel ON and the lower to its lack. This allows, respec-
tively, the decoding of the red and violet channels (8-to-1 
multiplexer; long- and short-pass filter functions). As un-
der front irradiation the green channel is amplified (αV

G>1), 
the blue channel stays in its value, and the violet is almost 
suppressed. Under back illumination the blue channel is 
enhanced and the green and red are reduced (αV

B >1 and 
αV

R and αV
G<1). It is then possible to ascribe a specific 

weight assigned to each bit position [24]. Due to the differ-
ent optical gains (Fig. 4), the selection index for those or-
dered 16-element is a 4-bit binary [RGBV] code under 
front irradiation or a 4-bit binary [VBGR] under violet il-
lumination. The multiplexer select code represents an ad-
dress or index, into the sixteen ordered inputs. 
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Figure 5 Multiplexed signal under front and back violet irradia-
tion. On the top the signals used to drive the input channels are 
shown to guide the eyes into the ON/OFF channel states. 

 
5 Digital light signals There are three basic logical 

functions or operations: AND (conjunction), OR (disjunc-
tion) and NOT (inverse). It is clear from Fig. 5 that by us-
ing only two long and short wavelengths channels (the red 
and blue or the green and violet) an inverter can be built 
and controlled by the violet irradiation either at the front or 
back side of the device. Here, the true (T) or false (F) out-
come is correlated to the relationship between the differ-
ence of both red and blue or green and violet components 
of the input signals Using visible light to mimic the logic 

values that input the operations and their result, implies 
that the value T is the presence of light and the value F its 
absence. The inverse function must block the presence of 
light (T -> F) and when there is no light it has to emit it  
(F -> T).  

This in the pi’npin device implies another approach. 
The sensor works as tuneable background filter (see Fig. 3 
and Fig. 4). By defining the presence of a signal in one 
bandwidth as the T value and as F on the other it is possi-
ble to define the inverse function of an input signal if that 
signal is composed by those two wavelengths. Here, the 
presence of a signal in the long-pass bandwidth was con-
sidered as a T logical value. 
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Figure 6 Two examples of digital light signals and its MUX sig-
nals under front and back irradiation. On the top the signals used 
to drive the input channels are shown to guide the eyes into the 
ON/OFF channel states. 

 
So, a visible digital light signal, D, is then the multi-

plex signal of two different wavelength channels, in the 
long and in the short wavelength ranges, under front and 
back violet irradiation, henceforth represented as D[L, S] 
where L and S represent the channel color.  

As an application of Fig. 5, in Fig. 6 there are exam-
ples of two possible digital light signals: D[R, B] (a) and 
P[G, V] (b). Results show that by changing the background 
side at an appropriate intensity and wavelengths the digital 
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light signal can be obtained allowing describing, in the 
visible range, the basic logic functions. 

Some examples of different logic gates will be present 
in the following text as one of the the device possible ap-
plications.  

 
5.1 NOT gate It is clear from Fig. 6 that by using only 
two long and short wavelengths channels (the red and blue 
or the green and violet) an inverter can be built and con-
trolled by the violet irradiation either at the front or back 
side of the device. Here, the true or false outcome is corre-
lated to the relationship between the difference of both red 
and blue or green and violet components of the input sig-
nals. Figure 7 shows a NOT function built with the use of a 
multiplexer, in a) the output signal is the inverse of A and 
in b) invert selects either B or ~B as the output, where ~B 
is the inverse of B. In the following examples 1 is the value 
T and 0 the value F.  
 

 
a)                                                b) 

Figure 7 Two circuits using a multiplexer as a NOT logical 
function. 
 

Equations (1) and (2) show, respectively, for the circuit 
in Fig. 7a and Fig. 7b the corresponding transformations: 

1 0 ,output A A A= ◊ + ◊ =∼ ∼  (1) 

.output B Invert B Invert B Invert= ◊ + ◊ = ≈∼ ∼  (2) 

Equation (2) can be simplified as the XOR (exclusive 
OR) relation between B and invert. If Invert is 0 then the 
output is B otherwise the output is ~B.  

Here, the digital light signal components are synchro-
nized and differential; when one is on the other is off and 
vice-versa. This can be visualized in Fig. 7. Taking into 
account the Fig. 7b and signal D (Fig. 6a) as an example, 
the B input is the red (R) channel and the ~B input is the 
blue (B) one. The Invert input value 0 is the multiplexed 
signal under front illumination and the Invert value 1 is 
MUX signal under back illumination. The Invert selected 
as 0 results in the output of the sensor under front back-
ground, which is identical in a logic (on/off) point of view 
with the red signal in Fig. 6a and with the Green signal in 
Fig. 6b. The back line, which is the output when Invert is 1, 
is identical to the blue signal in Fig. 6a and the violet signal 
in Fig. 6b. This is the NOT function. 

 
5.2 AND gate Several combinations are possible, the 

red-blue pair and the green-violet in Fig. 6 were chosen 
because the distance in wavelength within each pair is 
similar. We define these pairs as the input logical signals 

D[R, B] (Fig. 6a) and P[G, V] (Fig. 6b). In Fig. 8 the mul-
tiplexed signal due to the combination of P and D digital 
signals is depicted. On the top the input signals guide the 
eyes into the ON/OFF states.  

Under front and back irradiation, the D digital signal 
composed by the red and blue channels obeys to Eq. (3) 
where αV

R;B, Front  and αV
R;B, Back  are respectively the optical 

gains under front and back violet background. 
For the digital signal P with green and violet combina-

tion P[G, V] a similar equation results [LG(t) SV(t)].  
V V
R,Front R,Back
V V
B,Front B,Back

[ ( ) 8( )] [ ( ) ( )]R BD R t t L t S t
a a
a a
È ˘

= ¥ =Í ˙
Î ˚

 (3) 

The L and S represent the signals in the long and short-
wavelength range, respectively. 
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Figure 8 Multiplexed signal due to the combination of P and D 
digital signals. On the top the signals used to drive the input 
channels are shown to guide the eyes.  

The AND logical function (D AND P) is defined as 
having T as output if and only if both inputs D, P have val-
ue T. In Figure 8a under front irradiation it corresponds to 
both Red and Green channels on their ON state (the higher 
level under front illumination). So, it is possible to define a 
threshold line above which any result represents the D 
AND P output function. In our experimental conditions 
(Fig. 8b) this threshold could be around 0.8 cutting the 
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multiplexed signal under front irradiation and yielding the 
and line which represents the AND output function to 
guide the eyes. 

 
5.3 OR gate Another basic logic function is the OR. 

The OR logical function is defined (D OR P) with output T 
if either or both D, P are T or equivalently the output is F if 
and only if both D, P are F. Taking into account the Fig. 6 
and Fig. 8 it corresponds to the presence under front irra-
diation of the red, green or both channels in its ON state. 
This defines a threshold line above which any result is the 
D OR P function. In Fig 8b this threshold could be around 
0.2 cutting the front line and yielding the or line which 
represents the OR output function to guide the eyes. 

 
5.4 XOR gate The OR function between two vari-

ables is true whenever either one or both are true. The logi-
cal function that only allows one of the variables to be true 
excludes the case of both being true. This is the exclusive 
or function also known as XOR. Figure 8b shows the out-
put function with the two threshold lines at 0.2 and 0.7 
(a.u.). The OR function is identical to the signal being 
above the 0.2 line whilst the AND function is the signal 
being above the 0.7 line. To extract the XOR function the 
output signal must be between the two threshold lines 
yielding true as a result and false if the signal is outside 
those boundaries. 

 
6 Conclusions A photonic pi´n/pin multilayered filter 
based on a-SiC:H technology is analyzed. Tailoring the 
wavelength was achieved by changing the violet back-
ground side. Results show that the structure becomes re-
configurable under front and back violet irradiation, acting 
either as data selector or data distributer. It performs WDM 
optoelectronic logic functions providing photonic functions 
such as signal amplification, filtering and switching. 

A multiplexed signal, composed by four channels 
grouped into two inverted wavelength digital signals was 
analysed. The NOT function was shown and it imposed the 
base line of the digital signals. Other logical functions like 
the OR, AND, XOR were also identified using the same 
signals. More work has still to be done in order to execute 
optical logic and arithmetic operations entirely within the 
optical domain, based on SiC technology. 
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