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Nitride semiconductors (GaN, AlN, InN) are known for their exceptional light emitting properties. 
Nitrides are daily employed for lighting (blue/white LEDs) thanks to embedded InGaN quantum 
wells, which emit intense blue light with excellent efficiencies (>80%). Our laboratory is known for 
the pioneer work on novel LED based on nanowires with core-shell InGaN quantum wells. Indeed, 
we achieved the fabrication of flexible LEDs using such nanowires able to emit blue, green and 
white light [1-3]. We aims to go further in flexible LEDs by developing the growth of defect-free 
ordered (In)GaN microdomains on amorphous SiO2 substrates thanks to the Van-der Waal epitaxy 
on graphene in order to improve efficiency and get red emission.   
The project aims to grow organized and transferable GaN or InGaN micro-templates by apply Van 
Der Waals epitaxy on graphene and to use these templates for the fabrication of micro-LEDs 
transferable on flexible substrates. The initial substrate consists of nanoscale graphene patterns 
on an amorphous SiO2 support. Growth proceeds in three steps, combining MBE and MOCVD 
methods to benefit from their respective specificities: (1) selective growth of GaN seeds on the 
graphene patches; (2) lateral growth around these seeds to form defect-free GaN domains of a few 
tens of μm; (3) growth of the active structure of the LED on the top facet of these micro-domains. 
Processing the LEDs includes their separation from the original substrate and their collective 
transfer onto a flexible support. This technology opens a path to all-nitride flexible displays with 
high brightness, high resolution and long-term stability. 
The work is essentially experimental (epitaxy, advanced structural and optical characterization). It 
will be carried out in close collaboration with the C2N of Paris-Saclay for the ordered MBE seed 
nucleation on graphene and for flexible LED fabrication in the framework of the FLAGG project. 

 
Figure: Schematic of the different fabrication steps of the flexible LEDs. 
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Fig. 2: Defect-free GaN micro-domain obtained by 
MOVPE lateral overgrowth on an initial GaN 
nanowire of 30 nm diameter. Chemical markers 
(bright contrast) were introduced to follow the 
lateral growth kinetics. Oblique sidewall facets 
present at the beginning of overgrowth are 
progressively replaced by vertical facets. Scale bar 
100 nm. 

 
 
internal hollow cavities and regions of inverted polarity. The cavities may result from coalescence of 
several domains (the graphene was not patterned and nucleation occurred randomly) and the polarity 
inversions are possibly related to surface contaminants. The FLAGG project aims at solving these 
issues by using patterned graphene substrate together with improved preparation, cleaning and 
transfer procedures.  
The other important challenge is to control the kinetics of the lateral overgrowth and to optimize the 
resulting morphology of the domains. In this respect, the interaction of the micro-domains with the 
substrate during growth plays an important role. Indeed, the vertical facets of a growing domain can 
be pinned by a singularity at the substrate surface, triggering the development of tilted facets. Contrary 
to the approach developed at Lund University10, we can use N-polar GaN seeds (MBE-grown 
nanowires) to favour the formation of micro-domains terminated by a large and flat ሺ0001തሻ facet on 
which the 3rd growth step will proceed.  
 
- Fabrication of micro-LED arrays on a flexible substrate 
After obtaining the micro-domains by lateral growth, we will proceed to the vertical growth of a LED 
structure (3rd growth step) consisting of a p-i-n diode including InGaN quantum wells. Next, we will 
transfer the micro-LEDs to a flexible support in a flip-chip configuration bonded by their p-type top 
contact. This type of transfer, from an initial graphene/SiO2 substrate, has never been demonstrated 
so far and will represent an original technological outcome of FLAGG. We will investigate two strategies 
for the micro-LED transfer: a one-step collective transfer and a two-step sequential transfer, we will 
select the best one for the final demonstrator. The delamination of the LEDs will be achieved by 
mechanical peeling enabled by the weak vdW interaction between III-N/graphene and SiO2.The growth 
and fabrication process of flexible micro-LEDs is schematized in Fig. 3. 
 

  

 
Fig. 3: Schematic representation of the different fabrication steps of the flexible LEDs. Selective area growth 
on patterned graphene transferred on SiO2, lateral overgrowth to form micro-domains followed by vertical 
growth of the LED quantum well heterostructure, top metallization and flip transfer on a flexible support. 
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