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In this paper, we demonstrate the use of triboelectric nanogenerator (TENG) as a mean of mechanical light
triggering to control InGaN-based light-emitting diodes (LEDs). Light extraction from the LED is two successive
steps process. First, the voltage produced by the TENG is used to control the gate-to-source current of a MOSFET
transistor through adjusting the transistor channel width and length. The second step is forwarding the drain-
source current resulting from MOSFET transistor to the LED as its injection current to induce spontaneous
emission from the LED surface to the air. Three LED colors are considered: red, green and blue. Significant
emitted power from these InGaN-based LEDs in the RGB wavelength band is observed for both P-MOSFET and N-
MOSFET transistor configurations. The emitted optical spectrum is controlled by optimizing the combined TENG-
MOSFET-RGB LED geometry; dimensions and the bias voltage between the drain and source terminals of the
MOSFET transistor. With recent advances in TENGs as an energy harvesting technology, it is expected that this
study offers an approach to enhance the light extraction of various LED devices. With the enhancements in the
performance of optoelectronic devices, the field of tribo-phototronics has attracted more attention, and in this
work, we introduce the first theoretical framework, to the best of our knowledge, based on finite element
modeling. This study provides significant insights into the working principles of tribo-Phototronic devices as well
as guidelines for future device design.

1. Introduction

Triboelectric nanogenerator (TENG) based energy harvesting tech-
nology has been extensively employed in a variety of engineering ap-
plications to empower electronic components and devices [1]. Since the
first invented TENG has been introduced in 2012 [2-4], various appli-
cations based on this novel energy harvesting technology, have been
proposed in this newly emerging field [5-14]. Tribotronics is a new field
that uses the electrostatic potential created by mechanical energy as a

control voltage to control current transport in semiconductor devices
such as the gate voltage in metal oxide semiconductor field effect
transistors (MOSFETs) [15-19]. Numerous fundamental electronic
components, devices, and electronic circuits have been demonstrated.
A TENG, working in contact electrification (CE), has been utilized to
empower a metal oxide semiconductor field effect transistor (MOSFET)
by connecting the two output ports of a TENG to the gate-source ter-
minals of the MOSFET transistor. Different designs have been developed
for wearable applications [20-24]. The performance of the
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aforementioned devices and systems has been demonstrated experi-
mentally. Tribotronic-based devices have also been developed to
perform basic logic operations such as the binary logic inversion as well
as the OR, AND, NAND and NOR operations. Furthermore, new fields
have also emerged by coupling the tribotronic technology with other
existing fields. The radiative electron-hole recombination in light
emitting diodes (LEDs) is widely used in a broad category of customer
electronics such as TVs, screens, traffic lights ... etc. [25-27] TENG
empowered light emitting diodes (LEDs), and phototransistors are
promising examples of emerging phototronic devices [28].

Although several TENG-based electronic systems have already been
developed and experimentally demonstrated, accurate modeling of the
TENG performance as a circuit element coupled to empower
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conventional electronic components and devices is still an open research
niche that needs further investigations and explorations. A theoretical
model for the impact of parasitic capacitance on the performance of
TENGs has been presented. This paper provides some general guidelines
to modeling, analysis, design as well as the performance characteriza-
tion of TENG-based optoelectronic devices in order to maximize the
overall power conversion efficiency. In this context, a TENG working in
the contact-release mode is described and modeled.

In this paper, a fundamental theoretical framework of the tribo-
phototronic devices is developed with the combination of contact-
electrification gated transistors and optoelectronic devices. An
enhanced equivalent circuit is introduced. The developed model quan-
tifies the performance, of LEDs coupled to the TENG via a MOSFET
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Fig. 1. (a) Device structure and geometry of the TENG controlled LED via a PTFE (polytetrafluoroethylene) layer-based MOSFET transistor that operating in the
external bias mode (b) Bandgap diagram for LED under 0 V and 3.3 V biasing, (c) Schematic illustration of the contact-electrification-gated light-emitting diode (CE-
LED). Structure of the CE-LED based on a light-emitting diode (LED), an organic thin film transistor (MOSFET), and a triboelectric nanogenerator (TENG) in vertical
contact-separation mode, the equivalent circuit of the CE-LED. (d) Schematic diagram of multi-field coupling effect among physical quantities of semiconductor,
photoexcitation, and triboelectricity including two coupling effects (optoelectronics, tribophototronics and Tribotronics) and three-way coupling effect Tribo-
Photonics. (e) Principle and characteristics of the CE-LED with Schematic working principle of the CE-LED, the brightness is increased when the gap distance

d is increased.
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transistor. A MOSFET transistor interfacing the TENG-LED system is also
studied through simulations. The critical operating parameters, that
influence performance characteristics, are identified and carefully
designed in order to improve the overall system performance. Moreover,
the three different modes of MOSFET operation [29,30], coupled to the
TENG and the LED, are analyzed in order to maximize the output optical
power. In this study, these components have been analyzed in detail, and
the best input combination for a specific output is presented. With this
methodology/simulation, we utilize COMSOL Multiphysics software to
analyze the performance of the proposed structure. The established
theoretical workbench provides a suitable model for the development of
tribo-phototronic-based effects and provides useful guidelines for future
device design.

2. Results and discussion

The input-output (I/0) characteristics of each system component are
individually analyzed by identifying its necessary and sufficient struc-
tural parameters as shown in Table S1 (see Supporting Information).
These structural parameters are then controlled in order to maximize the
output optical power. For the triboelectric part, the contact-separation
mode of TENG is used, in this design, to provide a high output voltage
at the TENG terminals. In TENG, we focused on the effect of the distance
between the two triboelectric layers. The proposed device depends on an
external biasing voltage source which provides a drain-source current
gain. The voltage potential is only built at the Gate electrode which
controls the amount of current flowing from one terminal to the other
one. The second property that we studied is the external efficiency of the
LED device to see in which region LED works most efficiently. Third
property that we studied is emission rate-current graph to analyze how
much current is needed to supply a specific amount of emission. The
emission spectral density versus the emitted wavelength is also inves-
tigated. Fig. 1(a) depicts the architectural design and the equivalent
schematic diagram of the TENG- MOSFET-LED configuration. The
triboelectric nanogenerator is built vertically aligned with the MOSFET
as depicted in Fig. 1(a). Fig. 1(b) provides schematic illustrations of the
energy band alignment between charge transport layers with different
band gaps and energy levels. The band edge positions are based on band
energies relative to the vacuum level.

As shown in Fig. S1, a detailed schematic with all dimensions and
structure layers is mentioned for the TENG-MOSFET-LED. Moreover, in
the contact-electrification CE-LED, the tribotronic transistor (TT) and
the LED are electrically connected in series with a voltage source. The
equivalent circuit of the CE-LED is described as shown in Fig. 1(c). For
the TT, the TENG provides a gate voltage to the MOSFET by applying a
physical force for controlling the drain current. Therefore, the light-
emission intensity of the CE-LED is modulated by the external force-
—induced contact electrification. Fig. 1(d) represents a map which de-
scribes the three-way interaction among physical quantities of the
MOSFET as a semiconductor device, photo-excitation as an optical de-
vice and triboelectricity effects offered by the TENG.

Furthermore, the combination of two or more effects mentioned
above can generate multi-field couplings as shown in Fig. 1(d). The
working principle of the TT is based on the coupling effects of the
MOSFET and the TENG with the vertical contact-separation mode,
which is schematically shown in Fig. 1(e). When the external force is
applied on the movable layer, the PTFE and electrode films are vertically
contacted with each other for electrification, leaving net positive
charges on the fixed electrode film and net negative charges on the PTFE
film for the triboelectrification. The produced triboelectric charges with
opposite polarities are fully balanced, and the gate voltage is zero at this
moment. When the external force is released, the movable layer is
separated from the fixed electrode film for a certain distance. The
negative charges on the PTFE film induce the electrons flow from the
movable electrode to the P-Si gate electrode to screen the electrostatic
field. Due to the source electrode is connected to the fixed electrode film
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with positive charges, a negative gate voltage is applied on the gate
electrode of the MOSFET, and the p-type conduction channel is widened,
which increases the drain current. When the external force is applied
and the movable layer contacts with the fixed electrode film again, the
balance of the triboelectric charges cause the electrons flow back from
the P-Si gate electrode to the movable electrode. The gate voltage turns
back to zero, and the conduction channel is narrowed, which decreases
the drain current to the initial state. Therefore, the drain current of the
TT can be gated by the external force-induced contact electrification, by
modulating the gap distance between the movable layer and the fixed
electrode film, which as the same effect as the traditional gate voltage.
Therefore, the gap distance is used as a controlling parameter in the
following discussions. Throughout this paper, the framework of the
proposed tribo-phototronic model is developed based on coupling the
theories of semiconductors, triboelectricity, and optoelectronics. Nu-
merical simulations, using the finite element method, confirm the val-
idity of the theoretically obtained results.

The principle of operation of the TENG-MOSFET-LED configuration
is described as follows. The TENG acts as a mechanical-to-electrical
power transducer to control the output optical power of the LED
through the MOSFET transistor. Here, the MOSFET transistor works as a
current regulating element whose role is to control the output optical
intensity via the Drain-Source current which can be controlled by the
channel length modulation. This current is the LED photo-excitation
current. The MOSFET structural parameters which influence its perfor-
mance are investigated. All the governing equations and MOSFET modes
of operations can be found at Supplementary Note 1 (see Supporting
Information).

The total list of inputs can be found in Table S1. Our study analyzes
the relationship of the distance between the contact materials to the
potential created at the gate-source terminals of the MOSFET transistor.
The gap distance between the contact materials is increased from 0.5 pm
to 3 pm and the corresponding potential difference at the TENG termi-
nals is observed. According to Fig. 2, the maximum gate voltage is
achieved at the maximum electrode separation of d = 3 pm as expected.
At this point, the gate voltage drives the Gate-Source terminals of the
MOSFET transistor. Currently, three types of LEDs are built in this study.
In order to analyze the material properties under the same circum-
stances and analyze the properties in 3 different aspects: Current vs.
Voltage, External Quantum Efficiency, and Total Emission Rate vs.
Current. The I-V characteristics of the LED is given by two types of
MOSFET transistors (PMOS and NMOS) are considered in order to
analyze the performance of the electrons and holes. Moreover, the
impact of the Drain-Source channel length between the source and the
drain terminals on the flow of Source-Drain current is investigated. The
impact of the D-S channel length is found to balance between the
amount of current flowing and the threshold voltage, which is the
required voltage to turn ON the MOSFET transistor. The second
parameter that we discuss is the doping concentrations effect on the
MOSFET output current, which is used to control the output optical
power of the LED component.

We build two simulations: In the first simulation, we kept the body
concentration constant and changed the drain/source concentrations. In
the second simulation, the drain/source concentrations are fixed, and
the body concentration is varied. The impact of doping concentrations
on the output current is also analyzed in these simulations. The third
parameter that we discuss is the metal-semiconductor contact type’s
effect on the output current. There are two types of contacts: Ohmic and
Schottky. Schottky type of contact builds a diode behavior at the con-
tact, whereas, Ohmic contact acts as a resistor. The fourth parameter is
the gate oxide thickness effects on the current output. Various thickness
parameters are simulated in NMOS and PMOS transistors, and the results
are observed. It affects the balance between the amount of current
flowing and the threshold voltage. The last parameter is the drain and
gate voltage effects on current output. This study contains different sets
of data for MOS types and TENG modes of operations since gate and
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Fig. 2. Spatial distribution of the potential across the gate layer under varying contact distance for (a) NMOS and (b) PMOS transistor types. Terminal drain-source
current versus the gate/TENG voltage Vg for both NMOS and PMOS transistor types at various (c) Drain-to-source channel lengths, (d) Source and drain concen-
trations, (e) Body concentrations, (f) Drain- and source widths, (g) Electron and hole mobility, (h) Gate-oxide layer thicknesses and (i) Metal-semiconductor contact
types at a constant V4 = 0.1 V, while (j) Demonstrates the drain-to-source terminal current versus the drain voltage at different contact distances and (k) The drain-

to-source terminal current versus the drain voltage at different gate voltages.

source voltages are supplied by TENG or a voltage source. The effects of
gate and drain voltages are analyzed in simulations, and three working
modes of MOS are considered: Cut-off, Triode, and Saturation. The
detailed Finite Element Modeling and Modeling Assumptions can be
found at Supplementary Note 2.

The input-output (I/O) characteristics of each component are

individually analyzed by studying the impact of various structural pa-
rameters on the Drain-Source terminal current and voltage prior to
combined (TENG-MOS-LED) device simulations in order to ensure
maximum optical power emitted from the LED surface. For the tribo-
electric part, the gap distance between the triboelectric materials of the
TENG operating in the contact-separation mode is varied, and the
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corresponding output voltage at the TENG terminals is recorded. The
gap distance is varied from 0 up to 8 pm during the stand-alone mode of
the TENG operation. Secondly, the TENG terminals are coupled to the
Gate-Source terminals of either the PMOS or the NMOS transistor type
with the proper polarity. The effect of the gap distance between the
triboelectric materials on the potential distribution around the gate
substrate material is investigated for the NMOS and the PMOS transistor
types. The MOSFET Gate-Source terminals are coupled to the two
triboelectric materials via the Aluminum electrodes with the proper
polarity. The Drain terminal of the MOSFET transistor is coupled either
to one of the two triboelectric materials. In this mode, the voltage
required to enable the MOSFET transistor is obtained from the TENG. In
order to increase the sensitivity of the Drain-Source current, an inde-
pendent voltage source, in the form of an external battery, is employed
to contribute the control of the Drain-Source current by biasing the
MOSFET transistor, via the Drain-Source voltage, prior to applying the
Gate voltage via the TENG terminals. Two types of MOSFET transistor
(PMOS and NMOS) are considered in order to analyze the performance
of the electrons and holes. In order to investigate the transistor turn-on
conditions and how much current it can transport, the I-V characteris-
tics are plotted under a constant drain voltage of 0.1 V which is repre-
sented in Fig. 2. Firstly, the relationship between the gap distance
between the two triboelectric materials and the potential distribution
created around the gate layer for the two types of the MOSFET transistor
is studied. As shown in Fig. 2(a) and (b), the spatial distributions of
potential across the gate layer for NMOS and PMOS transistors are
studied respectively at different contact distances. By increasing the gap
distance between the triboeletric contacts, the potential distribution is
focused around the gate layer showing a proportional relationship for its
value with the increase in the gap distance.

Secondly, the study is continuing to include the both types of
MOSEFT, but this time for the resulting Drain-to-Source terminal cur-
rent. The investigation is performed while keeping the structural design
parameters, mentioned above, fixed. The impact of the channel length
between the source and the drain terminals on the flow of Source-Drain
current is investigated. It can be observed as in Fig. 2(c) that the D-S
channel length balances the current flowing and the threshold voltage,
which is the required voltage to turn the MOSFET transistor ON. Fig. 2
(d) shows the impact of the doping concentrations on the MOSFET
output current which is used to control the output optical power of the
LED component. The body concentration is then kept constant, and the
drain/source concentrations are changed. The same methodology is
followed in varying body concentration as shown in Fig. 2(e) while
maintaining the value of the drain/source concentration then fixed. The
impact of other parameters as the width of drain and source layers is also
studied, in which we proved that the small variations, within the
accepted design ranges, do not affect the values of terminal current as
shown in Fig. 2(f). Also, the effect of hole and electron mobility is
investigated in Fig. 2(g). The sixth parameter that we discuss is the gate
oxide thickness effects on the output current. Variety of the thickness
parameters are still ongoing for both NMOS and PMOS transistors, and
the results are observed. The impact of varying the gate-oxide layer
thickness, Fig. 2(h), is to balance the amount of current flowing and the
threshold voltage. The next parameter for investigation is the metal-
semiconductor contact type’s effect on the output current. There are
two types of contacts: Ohmic and Schottky, Fig. 2(i).

The Schottky type of contact yields diode behavior at the Gate-
Aluminum contact whereas the Ohmic contact model leads to a resis-
tive behavior. The impact of the drain voltage on the output current is
also investigated at different contact distances and different gate volt-
ages respectively as represented in Fig. 2(j) and (k). This study contains
different sets of data for MOS types and TENG modes of operations since
the drain and gate voltages are supplied either by TENG or by a voltage
source.

The resulting Drain-Source current is applied to each of the LED
terminal pairs individually. In order to analyze the material properties
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and quality, the same circumstances are applied to the three LED types.
It can be observed that the threshold voltage for getting output optical
power of the three LEDs types is about 3.5 V which corresponds to a
contact distance of 0.7 pm. For contact distances corresponding to gate
voltages between 0 and 2.4 V, the three LEDs are in their dead region
and no significant emission is observed. Beyond 2.4 V, the three LEDs
types show a piecewise linear relationship with the gate voltage. Fig. 3
(a), shows three different LEDs arrays powered using three TENGs.
Furthermore, the emission rate with respect to voltage and terminal
current is presented for the three LEDs as shown in Fig. 3(b)-(c). We
observe that green and red LEDs have almost the same emission rates
with different voltage and terminal current.

Although the three LED array in Fig. 3(a) appears to have a discon-
tinuous structure and individually separated, this discontinuity in the
geometrical configuration does not appear on the macroscopic scale.
This small-scale arrangement leads to desirable color interference
among the three emitted wavelengths such that new colors are gener-
ated when observed by a naked eye. Based on Fig. 3(b)-(c), it is noted
that optical emissions within the proposed structure are less sensitive to
the variations in the input TENG voltage than the drain-source current.
Optical emissions at TENG voltages from 0 V to about 2.4 V are nearly
negligible. This region can be viewed as the voltage dead region of the
TENG-MOSFET-LED structure.

However, the output optical intensity varies rapidly with TENG
voltages between 2.4 V up to 3.5 V. Meanwhile, a noticeable rapid in-
crease of the output optical intensity as the drain-source current is
increased from 0 to about 0.5 mA. The optical intensity shows a piece-
wise linear increase with the drain-source current beyond 0.5 mA. These
observations are true for the three LED types and emphasize the role of
the MOSFET transistor to interface the TENG-LED configuration. From a
macroscopic viewpoint, the potential difference between the TENG
electrodes due to their opposite triboelectric charges could be rapidly
discharged via the LED in the absence of the MOSFET transistor.
Nevertheless, the optical emission might cease upon the rapid transient
discharging time. From a microscopic viewpoint, optical emission pro-
cesses are strongly influenced by the drift mobility of the charge carriers
(i.e., electrons and holes) as forced radiative bandgap transitions by
these charge carriers are stimulated by their mutual collisions while
drifting across the heterojunction structure.

It is well known from the image processing theory that more colors,
which do not exist in the visible band of the spectrum but still visible to
the human eye, can be obtained by linearly combining the optical
powers of the three basic colors, namely, red, green and blue. The

resulting effective color is determined by the set of the powers (PE,R) P

PP) emitted wavelengths (AR, 4@ 1(B)). Based on the value of I},
there exists an infinite continuous set of colors, usually known as the
color space. Since the output optical power set (Pf,R),Pf,G),Pf,m) is a
continuous variable of the input gate voltage (or equivalently the TENG
contact distance). However, a quantized finite color subset can be ob-

tained by quantization of the input gate voltage. In this context, each of
the color intensities (PE,R),PE,G),P((,m) is mapped to the corresponding
quantized finite set (L®), 1O L®)), 1 e {1¥ 1", .. 1Y}, where LY =
10, (Voo — Vos)iq = Yo b2, q € {0,1,...M} M = 2™1and n is the
order of the encoder, measured in binary digits (bits), see Table S3.
Accordingly, the quantized set (L&) L(©) L)) results in 8 x 8 x 8 =
512 color combinations. Fig. 3(d)-(h) depicts the relationship between
Lg,Lg,Lp and the TENG voltage. These voltages correspond to eight
values of contact distances. This set is generated and verified through
simulations by applying the three sets, each of 3-bits to the input of
binary encoders with the output of each encoder is then forwarded to the
input of the corresponding LED. The emitted optical intensity of each
LED is, therefore, a quantized set of eight values and corresponds to an
input TENG voltage from 0 to 3.5 V through steps of 0.5 V. This is to be
consistent to the digital levels of the MOSFET technology. These discrete
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Fig. 3. (a) Principle of operation of the TENG controlled monochromatic pixel through the MOSFET transistor with three LED with different colors. The drain-source
terminal current of the (b) Red LED, Green LED, and Blue LED at different values of the gate voltage supplied by the triboelectric generator. The normalized
spontaneous emission spectrum of the (¢) RED LED, Green LED, and Blue LED at different values of the drain-source terminal current which is controlled by the gate
voltage supplied by the triboelectric generator. (d) Schematic configuration of the 3-bits binary encoders and the output optical intensity versus the TENG drive
voltage at the gate-source terminal along with the binary equivalent code for (e) Red LED (f) Green LED and (g) Blue LED. (h) Normalized output optical power

spectral density at the three emitted basic colors.

voltage values of the input gate voltage are the output of a 3-bit binary
encoder as depicted in Fig. 3(d). Table S4 illustrates eight selected
colors, among 512 available, along with their combinations (L® L,
L®) and encoding bits.

Fig. 4 represents the optical characterization for Blue LED under
forwarding bias conditions. The emission spectra of the InGaN/GaN LED
are observed at different values of the electrical forward bias conditions

in Fig. 4(a). The forward bias voltage varies from 0 V to 3.5 V. Fig. 4(b)
depicts the energy band diagrams for the conduction band energy level
(Eo), the electron-quasi-Fermi energy level (Ez,), the hole-quasi-Fermi
energy level (Ep) and valence band energy level (E,) versus the heter-
ojunction length, denoted by Z and measured in pm at the same forward
bias conditions in Fig. 4(a). Fig. 4(c) presents the carrier concentration
for electron and hole across the junction length Z. The spatial
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distribution of the emission rate around the hetero-structure junction is
presented in Fig. 4(d).

As conduction band electrons in n-GaN and valence band holes in p-
GaN are injected into InGaN/GaN region, both charge carrier types fall
into the vacancy positions resulting in blue energy photons due to
radiative recombinations. The peak radiated power spectral density in-
creases as the TENG voltage increased from 0 V to 3.5 V indicating an
electro-optic conversion process. In addition, a blue-shift of lumines-
cence peak is observed with the increase of the applied TENG voltage.
Fig. 4(b) illustrates the energy band diagrams corresponding to the
extreme bias voltages of 0 V and 3.5 V.

In addition, spontaneous emission recombination rate Rgp versus the
hetero-junction length Z at different current bias is calculated as shown
in Fig. 4(b) inset. The Ry increases as the current bias is increased. We
observe that the emission rate increases as the contact distance between
the tribo layers is increased. The increase in the optical emission rate is
attributed to the forward bias voltage whose role is to lower the energy
barrier between the corresponding energy levels at the two sides of the
heterostructure junction. This reduction in the energy band difference
allows more kinetically energized charge carriers to easily cross the
junction. Moreover, it can be observed from Fig. 4(b) that remarkable
emissions take place over only 5 nm of the junction width.

10

Electroluminescence results are strongly influenced by the geometrical
design of the active region.

Fig. 5 presents the relative intensity and energy band level of the
other two LEDs (green and red). As shown in Fig. 5(a), the maximum
relative intensity occurs at a maximum voltage of 3.5 V and equals
approximately 0.4, and this happens at a wavelength of 680 nm for the
Red LED. Meanwhile, this relative peak intensity happens for the Green
LED at a wavelength of 525 nm and the intensity peak reaches 0.8 at a
voltage of 3.5 V. Furthermore, the energy band level for green and red
LEDs are illustrated in Fig. 5(c), (d). Fig. 5(e) demonstrates the variation
of the photo-excitation current with the gap distance between the two
triboelectric materials at different values of the drain voltage. The cor-
responding spontaneous emission rate resulting from the radiative
recombination of the injected carriers is illustrated in Fig. 5(f). The drain
voltage is increased from 0 V to 5 V in small increments. The gate voltage
is increased from 2 V to 5 V through 1 V step increments.

It can be observed that the spontaneous emission rate for the Green
and Red LEDs is less than that produced by a Blue LED. This difference in
the relative optical intensity could affect the resulting color map if not
correctly adjusted. The surface in Fig. 5(e) indicates both the output
optical intensity as well as the resulting color as seen by a human eye.

At low contact distances and drain voltage, optical emission of the
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Fig. 5. Relative intensity of emission versus the
emission wavelength for the (a) RED LED and (b)
Green LED, each at different values of the gate voltage
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Blue LED dominates the resulting optical power. Green and Red LEDs
emissions seem to be less sensitive to the variation of these two control
parameters. However, as the drain voltage and the TENG gap distance
are increased towards their maximum values emission from the Green
LED begins to dominate the resulting color. As these two control pa-
rameters reach their peak values, Red LED emission dominates the
resulting color. This simultaneous variation of the three colors practi-
cally covers the whole visible spectrum.

The external electrical-to-optical efficiency #; of the RGB LED device
is investigated in order to assess its optical emission performance. The
spontaneous emission rate-wavelength relationships are also evaluated.
Fig. 5(f) shows the normalized spontaneous emission spectrum of the
RGB LED device at different values of the drain-source current. This
current is controlled by the gate voltage supplied by the triboelectric
generator. It should be observed in Fig. S2 that around a zero-current
density, the external quantum efficiency approaches to around 26%
and then decreases drastically with the photo-excitation current density.

3. Conclusion
In summary, we have proposed a tribo-phototronic-based device by

coupling a microstructure TENG to a LED via a MOSFET transistor. A
comprehensive analysis is introduced and applied to the proposed

device on the microstructure level and verified by simulations. This
analysis can be generalized to many of phototronic-based devices.
Simulation results further provide a deep understanding of the influence
of the geometrical microstructural parameters on the carrier trans-
portation processes in semiconductor devices. Following this method-
ology, we also study the effect of these structural parameters on the
optical emission processes. Furthermore, we have shown that sponta-
neously emitted light can be extracted from an InGaN -based LED and
can be mechanically controlled by interfacing a MOSFET transistor to
the LED-TENG configuration whose role is to regulate photoexcitation
current and the radiative processes of the LED. The impact of the
structural and terminal parameters on the emitted optical power levels
and color is investigated. It can be correctly included that, integrating
arrays of the proposed device can offer a flexible, low-cost approach for
potential applications of LEDs as used for displays, imaging, sensing, and
communication.
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