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Elastic light-emitting diode based on InGaN/GaN microwires

and SWCNT/PDMS matrix electrode
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Presents the fabrication process of elastic light-emitting diode based on InGaN/GaN mircowires with
”
core-shell“

structure encapsulated into commercial polydimethylsiloxane
”
Sylgard 184“. In order to improve electrical and

mechanical properties the matrix pixel electrodes — the addressing top and the general bottom — was established.

Electro-optical perfomances was measured along to axis, and fabricated ligh-emitting diode demonstrates a blue

light emission observed by human eyes and an able to stable work.
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1. Introduction

Elastic optoelectronic devices are of interest to science

and technology due to their wide application in wearable

electronics [1,2], biomedical electronics [3–5] and in the

clothing industry [6,7]. However, the organic light-emitting

diode technology is the dominant technology in the market

today. Organic materials are simple and inexpensive to

produce, but they are not resistant to mechanical defor-

mation, are susceptible to recrystallization and degradation

of electrically conductive layers. In addition, organic light-

emitting diodes emitting in the blue spectral range have

low external quantum efficiency (∼ 20%, [8]) and a rather

short service life (5000 h compared to inorganic LEDs [9]),
therefore, this technology is not suitable for devices where

long-term operation at high brightness is required. The

existing technology for the production of
”
micro-LED“

displays, based on nitride semiconductor compounds, is

superior in brightness and service life, but the technology

requires careful post-processing, which affects the cost of

the final device. At the same time, filamentous microcrystals

of AIIIBV exhibit high quantum efficiency, and a high aspect

ratio of length to diameter provides excellent mechanical

characteristics [10–12]. Filamentous microcrystals (FM) can
be encapsulated in various silicone materials to give elastic-

ity to a light-emitting device. Since such devices are capable

of stretching, they require stretchable electrodes. Single-

walled carbon nanotubes (SWCNT) obtained by aerosol

chemical vapor deposition [13–15] with a transparency

of 80% (at a wavelength of 550 nm) have proven themselves

as stretchable electrodes. It was shown in Ref. [16] that

SWCNT deposited on polydimethylsiloxane films (PDMS),
retain their performance characteristics under tension and

have a stable electrical contact to the filamentous microcrys-

tal. In addition, a pattern is applied using optical lithography

to preserve electrical conductivity and optical transparency

during stretching [16].

This study is devoted to the creation and research of

a blue stretchable LED based on a stretchable SWCNT

electrode/PDMS produced by projection optical lithography,

the electrophysical, optical and radiometric characteristics of

the resulting LED were measured. The LED demonstrates

stable operation when stretched by 10% along two axes.

2. Experimental part

2.1. The growth of self-organized InGaN/GaN

filamentous microcrystals

The self-organized InGaN/GaN filamentous microcrys-

tal structures
”
core-shell“ were grown by deposition of

organometallic reagents from the gas phase on a sap-

phire substrate [17]. Growth consists of several stages.

At the first stage, filamentous GaN nanocrystals with a

height of ∼ 10µm were grown at a low ratio of flows

of N to Ga and In (∼ 50) and at high flow rate of

silane ∼ 200 nmol/min, temperature of ∼ 1050 ◦C and at

a pressure of 800mbar. A passivating layer SiNx formed

around the core leg. Further, growth was continued

without a silane flow, and unalloyed GaN was grown

(height ∼ 15 µm, growth time ∼ 300 s). Seven InGaN

quantum wells (the scheme of the grown filamentous

microcrystal is shown in Figure 1, a) were grown by

lowering the growth temperature from 1050 to 750 ◦C. The

growth was suppressed in the lower part of the filamentous

microcrystal due to the presence of a passivating layer. The

quantum wells were separated by GaN layers, and further

growth was carried out at a temperature of 885 ◦C at a
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Figure 1. a — scheme of single filamentous microcrystal with InGaN/GaN quantum wells; b — an encapsulated array of filamentous

microcrystals in the PDMS.
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Figure 2. Schematic diagram of an elastic LED based on InGaN/GaN filamentous microcrystals and an SWCNT/PDMS elastic electrode.

pressure of 400mbar. The growth was completed by the

formation of p-GaN shell with a thickness of ∼ 70 nm at a

temperature of 720 ◦C, followed by annealing for 20min of

the alloying impurity.

2.2. Manufacturing of the filamentous
microcrystal/PDMS light-emitting membrane

To establish ohmic contact between the deposited layers

of SWCNT and the p-GaN shell, layers of Ni/Au metal

with a thickness of 5 nm were deposited on the upper

parts of InGaN/GaN filamentous microcrystals by vacuum

thermal evaporation. After metallization, the InGaN/GaN

array was annealed in an atmosphere at a temperature of

500 ◦C for 15min. The array was then encapsulated in

a commercial silicone polymer PDMS
”
Sylgard 184“ by

gravity winding (Figure 1, b) [18–20]. After encapsulation,

the sample was kept in a drying cabinet at 80 ◦C for 1 h.

The sample was etched in plasma O2 to remove the wetting

layer from the upper parts of the filamentous microcrystal.

The flow O2 was 250ml/s, the etching time was 60 seconds,

and the gas discharge power was 500watts. The blue In-

GaN/GaN filamentous microcrystal/PDMS LED membrane

was then mechanically separated from the rigid sapphire

substrate by a microtomic blade.

2.3. Manufacture of an SWCNT/PDMS
elastic electrode

SWCNT/PDMS elastic electrode was produced using

projection lithography using a sacrificial layer [16]. The

electrode consists of an address electrode in the form of

a meander and 8 squares with dimensions of 1× 1mm2

(Figure 2). The SWCNT used in the study were synthesized

by aerosol chemical deposition from the gas phase [14]. The
SWCNT film was deposited on a nitrocellulose filter at the

outlet of the reactor. The transparency of the SWCNT used

in this study is 80% at a wavelength of 550 nm and it has a

layer resistance of 20Ohm/sq. [15].
SWCNT/PDMS elastic electrodes were mechanically

transferred to the upper and lower sides of the InGaN/GaN

filamentous microcrystal/light-emitting membrane PDMS.

For the convenience of assembling and aligning the elec-

trodes on the membrane surface, the electrodes were

placed on a glass substrate, the alignment accuracy is

±100µm. The substrate was removed after assembly.

For the convenience of measurements, drops of silver

varnish were applied to the output pads of the elec-

trodes, in which the copper wiring was placed. The

manufacturing scheme of the device is shown in Fi-

gure 2.
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Figure 3. a — current-voltage curve of an elastic LED when stretched along the axes X and Y at 10% and after it; b —
electroluminescence spectra of an elastic LED when stretched along the axes X and Y at 10% and after it. The inserts show how

the device works when stretched.

3. Results and discussion

3.1. Measurement of electrophysical and

optical characteristics of an LED

The current-voltage curve of the LED were measured

before and after stretching along two axes to prove the

electrical stability of elastic electrodes with a light-emitting

membrane (Figure 3, a). To do this, an elastic LED was

mounted on a caliper using neodymium magnets (the
accuracy of the caliper is ∼ 0.05mm). The measured

current-voltage curve are shown in Figure 3, a. The opening

voltage of the LED is 5V. The LED current is ∼ 0.35mA at

15V. The current decreased slightly to ∼ 0.33mA (< 5%)
during the first stretching along the X axis. However, it is

worth noting that the subsequent relaxation along the Y
axis did not lead to a further deterioration in electrical

characteristics. The current density at an applied voltage

of 15V was ∼ 3A/cm2 for the studied LED. The opening

voltage did not change during stretching, which indicates

stable contact between the elastic electrodes and the

InGaN/GaN filamentous microcrystal-based membrane. The

current drop during the first stretching may be due to the

mechanical stabilization of the electrical contact between the

SWCNT and InGaN/GaN filamentous microcrystal during

the initial stretching. In addition, drops of silver varnish

could lead to local mechanical instability of the contacts

during stretching.

Then the electroluminescence spectra were measured

when stretched along two axes by 10% and after it. The

electroluminescence spectra were measured at a voltage

of 15V (Figure 3, b). Stable electroluminescence can be

observed from the spectra at a wavelength of 482 nm,

which corresponds to the blue spectral range. It is worth

noting that the primary stretching/relaxation cycles along

the axes X and Y did not cause significant changes in the

intensity of electroluminescence. A slight increase in the

intensity of electroluminescence can be explained by an

improvement in the electrical contact between the SWCNT

and the InGaN/GaN filamentous microcrystal membrane.

Also, stretching had no effect on the position of the peaks

and the shape of the spectrum, which indicates the stable

operation of the elastic LED.

In addition, the radiometric characteristics of the device

were measured (Figure 4) before stretching by 10% along

one of the axes and after. Radiometric measurements also

confirm the presence of stable contact between the SWCNT

and the InGaN/GaN filamentous microcrystal membrane,

since it does not change significantly over time. The increase

in power during the initial stretching of the device also

Semiconductors, 2025, Vol. 59, No. 3



XXIX Symposium
”
Nanophysics and Nanoelectronics“ 133

Times, s

1008060 120 140 160 180 200 220
0

1.0

0.4

0.8

1.2

0.2

–
6

2
R

ad
io

m
et

ry
, 
1
0

 W
/c

m

0.6

Stretched
Initial

Figure 4. Radiometric characteristics of the InGaN/GaN filamen-

tous microcrystal/SWCNT/PDMS elastic LED.

indicates an improvement in the electrical contact between

the SWCNT and the InGaN/GaN filamentous microcrystal.

4. Conclusion

An elastic LED was produced in the course of the study

based on stretchable electrodes PDMS/SWCNT obtained

by projection optical lithography and a light-emitting mem-

brane based on InGaN/GaN filamentous microcrystals and

PDMS. During the measurements, the electrical stability of

the LED was demonstrated when stretched by 10% along

two axes and when further relaxed. This stability indicates

the resistance of the electrodes to cyclic loads, which is of

great importance when creating various flexible electronics.
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