
HAL Id: hal-04683270
https://hal.science/hal-04683270v1

Submitted on 1 Sep 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Blue Light Emission from Flexible InGaN/GaN
Nanowires LED Structures Down to 3 mm Radius of

Curvature
Jules Duraz, Julien Bosch, Nuño Amador-Méndez, Etienne Herth, Blandine

Alloing, Maria Tchernycheva, Sophie Bouchoule

To cite this version:
Jules Duraz, Julien Bosch, Nuño Amador-Méndez, Etienne Herth, Blandine Alloing, et al.. Blue
Light Emission from Flexible InGaN/GaN Nanowires LED Structures Down to 3 mm Radius of
Curvature. Semiconductor and Integrated OptoElectronics Conference (SIOE), Apr 2023, Cardiff,
United Kingdom. �hal-04683270�

https://hal.science/hal-04683270v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Blue Light Emission from Flexible InGaN/GaN Nanowires LED Structures Down 

to 3 mm Radius of Curvature 

J. Duraz1*, J. Bosch2, N. Amador-Mendez3, E. Herth1, B. Alloing2, M. Tchernycheva1, S. Bouchoule1 
1C2N, CNRS - Université Paris-Saclay, 91120 Palaiseau, France 

2Université Côte d’Azur, CNRS, CRHEA, Sophia Antipolis, Valbonne, France 
3ISOM-Dept. Ing. Electrónica, ETSIT, Univ. Politécnica, Madrid, Spain 

*jules.duraz@c2n.upsaclay.fr 

Keywords: Flexible; LED; nanowire; III-nitride; PDMS 

The interest in flexible light-emitting diodes (LEDs) is growing in industries with foldable smartphones or unconventional 
surfaces (glasses, windshields, or a new generation of e-paper), and some more specific applications can also be found in 
biomedical research. Compared to organic LEDs, devices based on inorganic semiconductor LEDs (ILEDs) present the 
advantage of high luminance and brightness. Additionally, these ILEDs are much more promising as far as downscaling is 
concerned, but the main issue is the difficulty of processing a flexible ILED. Recently, a fabrication method has been reported 
for elaborating flexible LEDs with self-organized GaN-based nanowires (NW) [1]. In this work, we extend this technique to 
the fabrication of flexible blue LEDs using a periodic array of core/shell semiconductor NW obtained by selective area growth 
(SAG) [2].  

 GaN/InGaN NWs with a typical diameter of ~1 µm and height of ~ 7 µm were grown on a GaN-on-sapphire template by 
MOVPE, using a dielectric selective mask, with a typical pitch of ~1.5µm.  CL spectra showed two different peaks, one 
centered around 400 nm and the other around 450 nm, related to the NW hexagonal shape with a pyramidal top, and 
corresponding respectively to the emission from the side facet (non-polar) and the top facet (semi-polar). 

The fabrication process roughly follows the proposal of [1]. First, PDMS is spin-coated on the NW to fully encapsulate 
them and peel them off the growth sapphire substrate. This membrane is flipped onto an arbitrary host substrate to metalize 
the bottom of the NW with the appropriate n-contact (Ti/Al/Ti/Au). The membrane is then transferred n-side down onto an 
adhesive metallic foil that acts as an extension of the n-contact with another flip. After that, the PDMS that covers the top of 
the NW is dry-etched to allow the deposition of a semi-transparent p-contact (Ni/Au). Finally, Ag NWs acting as a semi-
transparent electrically-conductive layer (typical resistance R□= 10 Ω/sq) are drop cast on the sample surface to promote the 
NW interconnection. After the localization of silver paint macro-pads on the top, electrical contacting was performed between 
a microprobe localized onto these pads and the n-side common backside contact. 

NW macro-LED properties (I-V curves, EL spectra, and surface emission imaging with a CMOS camera) were retrieved 
under CW current injection using a specific characterization bench that made it possible to operate the LED either flat or bent 
down to a radius of curvature (ROC) down to 3 mm. To achieve this, the LED device was fixed between an exchangeable 
cylinder with a given ROC at the bottom, and two smaller cylinders at the top. The two top cylinders are placed on both sides 
of the device to push it onto the bottom cylinder to bend it reproducibly according to its ROC. The whole is designed to 
maintain the LED surface at a fixed height when the ROC is varied.  The open area of ~ 50 mm2 between the two top cylinders 
allows for the optoelectrical characterization of the LED so that we can measure the EL spectra from the top of the device, 
between the two top cylinders.  

We were able to successfully measure the EL spectra for a flat LED and for ROC of 8, 5, and 3 mm. No significative 
changes were observed in the emission of the LEDs in terms of optical power and EL spectra peak wavelength. Emissions 
from the non-polar and the semi-polar planes were obtained, but mostly from the non-polar plane. Some emission 
inhomogeneities were evidenced from CCD camera imaging, showing that not all the NW were contacted simultaneously, 
leading to low brightness. In further processing, current injection could be drastically improved by modifying the p-contact, 
and by downscaling the process to isolate micro-LEDs.  

This work was partly supported by the project LEDFLEX in the frame of ANR LABEX GANEXT. C2N is a member of 
RENATECH, the national network of large micro-nanofabrication facilities. 
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