
HAL Id: hal-04171193
https://hal.science/hal-04171193v1

Submitted on 26 Jul 2023

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

Nanostructuring of 4H-SiC by high temperature
annealing

Enora Marion Vuillermet, Elise Usureau, Mihai Lazar, Regis Deturche

To cite this version:
Enora Marion Vuillermet, Elise Usureau, Mihai Lazar, Regis Deturche. Nanostructuring of 4H-SiC by
high temperature annealing. 19th International Conference on Silicon Carbide and Related Materials
(ICSCRM 2022), Sep 2022, Davos, Switzerland. . �hal-04171193�

https://hal.science/hal-04171193v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Nanostructuring of 4H-SiC by 
high temperature annealing
E. Vuillermet1,*, E. Usureau1, M. Lazar1,+, R. Deturche1

1Laboratory Light, Nanomaterials & Nanotechnologies, CNRS EMR 7004, University of Technology of Troyes, 12
rue Marie Curie, 10004 Troyes, France
*enora.vuillermet@utt.fr, +mihai.lazar@utt.fr

1 Introduction

SiC high refractive index (2.65 at 590 nm) compared to air causes

low extraction efficiency of light emission [1]. The objective of

the project is to improve the extraction of light in 4H-SiC by

changing the morphology of its surface. High temperature

annealing is used to nanostructure 4H-SiC by controlling the

sublimation of Si in surface. PiN diode structures are then

developed.

2 Nanostructuring the surface of 4H-SiC

• The surface morphology of 4H-SiC becomes needle-shaped, like 

black silicon [2], after high temperature annealing.

• Si sublimation during high temperature annealing leads to a slight 

etching of the surface.
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3 Fabrication of PiN diode structures 

 Electrically isolated PiN diode structures with a

nanostructured surface are developed.

4 Electroluminescence of the PiN diode structures
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 Ohmic contacts :

• C face : Ti / Ni  10 / 120nm

• Si face : Ni/Ti/Al/Ni  11/25/150/11nm

• RTA annealing: 800-900°C / 90s

5 Conclusion

The surface of 4H-SiC is nanostructured and present a needle-shape

surface morphology for annealing at higher temperatures (1700 and

1600°C).

Electrical measurements show an electro-luminescence of the PiN

diode structures under a forward bias of 8V. The off-axis sample has a

better luminescence than the on-axis one but we don’t observe any

difference of luminescence when the high temperature annealing

changes from 1500°C to 1700°C.

Further spectral analysis of this luminescence will be made to determine

if it varies depending on the annealing temperature of the diodes.
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AFM analysis of annealed 4H-SiC surface
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 Annealing of 4H-SiC in the AET furnace with high temperature 

(up to 1900°C) rapid (2°C/s) temperature process (RTP) in Ar.  

AET RTP graphite resistive furnace Temperature and Pressure profiles for 

30min 1700°C annealing

 Nanostructuring of the surface after high temperature annealing
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 The electro-luminescence of the PiN diode structures is blue.


