Acta Materialia 103 (2016) 665—671

Contents lists available at ScienceDirect

Acta Materialia

journal homepage: www.elsevier.com/locate/actamat

Full length article

Effects of high-power laser irradiation on sub-superficial graphitic
layers in single-crystal diamond

@ CrossMark

F. Picollo ™%, s, Rubanov dc. Tomba © be A Battiato b.2.¢ E. Enrico ",
A. Perrat-Mabilon "/, C. Peaucelle "/, T.N. Tran Thi ¢ ¥, L. Boarino ", E. Gheeraert ¢,
P. Olivero > ¢h

@ National Institute of Nuclear Physics (INFN), Section of Torino, Italy

b physics Department and “NIS” Inter-departmental Centre, University of Torino, Torino, Italy

€ National Interuniversity Consortium for the Physical Sciences of Matter (CNISM), Torino Unit, Italy
d Bio21 Institute, University of Melbourne, Australia

€ University of Grenoble Alpes, F-38000 Grenoble, France

f Laboratoire des Technologies de la Microelectronique, Minatec Campus, F-38054 Grenoble, France
& CNRS, Institute NEEL, F-38042 Grenoble, France

" National Institute of Metrologic Research (INRiM), Torino, Italy

i University of Lyon 1, CNRS, Inst Phys Nucl Lyon, F-69622 Villeurbanne, France

IN2P3, F-69622 Villeurbanne, France

K European Synchrotron Radiation Facility (ESRF), Grenoble, France

ARTICLE INFO ABSTRACT

Article history:

Received 23 September 2015
Received in revised form

29 October 2015

Accepted 30 October 2015
Available online xxx

We report on the structural modifications induced by a A = 532 nm ns-pulsed high-power laser on sub-
superficial graphitic layers in single-crystal diamond realized by means of MeV ion implantation. A
systematic characterization of the structures obtained under different laser irradiation conditions (power
density, number of pulses) and subsequent thermal annealing was performed by different electron
microscopy techniques. The main feature observed after laser irradiation is the thickening of the pre-
existing graphitic layer. Cross-sectional SEM imaging was performed to directly measure the thickness
of the modified layers, and subsequent selective etching of the buried layers was employed to both assess
their graphitic nature and enhance the SEM imaging contrast. In particular, it was found that for optimal
irradiation parameters the laser processing induces a six-fold increase the thickness of sub-superficial
graphitic layers without inducing mechanical failures in the surrounding crystal. TEM microscopy and
EELS spectroscopy allowed a detailed analysis of the internal structure of the laser-irradiated layers,
highlighting the presence of different nano-graphitic and amorphous layers. The obtained results
demonstrate the effectiveness and versatility of high-power laser irradiation for an accurate tuning of the
geometrical and structural features of graphitic structures embedded in single-crystal diamond, and
open new opportunities in diamond fabrication.
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1. Introduction

Diamond is well known for its range of extreme mechanical,
thermal and optical properties, which make it an attractive material
for a variety of applications [1]. Nevertheless, diamond is a meta-
stable allotropic form of carbon at standard pressure and temper-
ature, and can be converted into graphite if an energy barrier is

* Corresponding author. via Pietro Giuria 1, 10125 Torino, Italy.
E-mail address: picollo@to.infn.it (E. Picollo).

http://dx.doi.org/10.1016/j.actamat.2015.10.046
1359-6454/© 2015 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

overcome [2]. Several approaches have been developed to induce
this phase transition, among which ion-beam-induced graphitiza-
tion [3—9] and laser-induced graphitization [10,11] play a promi-
nent role. The former approach takes advantage of the ion-induced
defect creation caused by nuclear collisions to amorphize the ma-
terial and the subsequent thermal annealing to convert amorph-
ized regions into a graphitic phase [3]. The latter approach is based
on complex non-equilibrium dynamics induced by high-power
light absorption, which were modelled with different theoretical
approaches based on the non-radiative recombination of electro-
n—hole pairs [11] or on a non-thermal ultrafast non-equilibrium
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