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Diamond based p-i-n light-emitting diodes, developed to electrically drive single-photon sources in the
visible spectral region at room temperature, have the potential to play a key role in quantum based tech-
nologies. In order to gain more insight into the charge injection mechanism occurring in these diodes, we
carried out an experiment aimed to investigate the electrostatics and the charge carrier transport by the
Ion Beam Induced Charge (IBIC) technique, using 1 MeV He microbeam raster scanning of p-i-n structures
fabricated in a high purity diamond substrate, using lithographic masking and P and B ion implantation
doping.
Charge Collection Efficiency (CCE) maps obtained at low ion fluence, show that induced charge pulses

arise only from the P-implanted region, whereas no IBIC signals arise from the B-implanted region. This
result suggests the formation of a slightly p-type doped substrate, forming a n+-p-p+, rather than the
expected p-i-n, structure.
However, for high fluence scans of small areas covering the intrinsic gap, CCE maps are more uniform

and compatible with a p-i-n structure, suggesting the occurrence of a ‘‘priming effect”, which saturates
acceptor levels resulting in a decrease of the effective doping of the diamond substrate.
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1. Introduction

One of the most interesting features of diamond diodes is elec-
troluminescence induced by charge injection in recombination
centers and, remarkably, in individual single nitrogen-vacancy
(NV) centers located in the intrinsic region [1]. The possibility to
develop diamond optoelectronic devices with stable, room-
temperature, electrically driven single-photon sources is a key
technology with a broad range of application ranging from quan-
tum communication, computing and metrology [2]. The electrical
control of the charge state of NV centers in diamond requires the
control of the Fermi level in the diamond band-gap, which has
been successfully achieved by incorporating the luminescent cen-
ter in an intrinsic diamond layer sandwiched between graphitic/-
graphitic electrodes [3] or in p-i-n structures with graphitic
ohmic contacts [4–6]. However, for the optimization of these
devices and their standardization in the perspective of their large
scale production, an accurate and spatially resolved characteriza-
tion of their electrostatic features is essential.
This analysis can be effectively carried out by the Ion Beam
Induced Charge (IBIC) technique, which has been widely proven
to be suitable to provide valuable information on the electrostatic
and transport characteristics of semiconductor/insulator electronic
devices [7,8]. Besides, it is of high interest in the field of quantum
technology, for example, for its potential to accurately measure the
ion strike location for single atom deterministic doping [9,10] in
silicon and for the detection of single low energy ion (Si,
200 keV) in diamond for the optimization of the production yield
of single color centers [11].

However, to our best knowledge, IBIC technique has not been so
far applied to the electronic characterization of p-i-n diamond
structures, in order to extract electric field profiles, and carrier dif-
fusion/drift lengths as done for example in Si, GaAs, SiC junction or
Schottky diodes [7,12].

In order to explore the potential of IBIC in this field, in this
paper, we report on the first IBIC analysis of diamond-based p-i-
n light-emitting diodes capable of single-photon emission in the
visible spectral region at room temperature [4].


