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In the two-dimensional material hexagonal 
boron nitride (hBN), defects emitting in the 
visible spectral range were recently 
discovered. Even at room temperature, these 
defects have promising properties for 
applications in quantum technologies, such as 
short lifetimes and single-photon 
characteristics.
For applications at room temperature, lattice 
dynamics are crucial for these defects. Since 
phonons can influence and modify the optical 
properties, it is very important to understand 
the phonon-electron interaction of defects in 
hBN.

To measure the frequency of the optical 
phonons in multilayer hBN, we use FTIR on 
the 10 µm x 10 µm flake.
The reflectance around 1400 cm-1 shows a 
clear identification of the longitudinal and 
transversal optical phonons present in our hBN 
flake.
The longitudinal optical (LO) phonon is approx. 
at  1360 cm-1 and the transversal optical (TO) 
phonon at 1450 cm-1. This is in good 
agreement with the literature for thin hBN. 
Both, the LO and the TO phonon have similar 
wavenumbers due to the small thickness of 
the hBN flake.
The LO phonon wavenumber equals 180 meV 
and matches well to the mean distance of the 
observed PL peaks of 165 meV.

FTIR measurements

Optical photoluminescence
We use a state-of-the-art optical setup to identify 
defects in multilayer hBN with multiple phonon 
side bands. High quality hBN crystals from hq 
graphene are exfoliated on a doped Si/SiO2 
substrate with optical alignment markers. In a 40 
nm thick hBN flake, a defect is excited at room 
temperature by a continuous-wave laser at 523 
nm (equals 2.37 eV). At an optical power of 3.3 
mW, a localized photoluminescence (PL) at the 
defect is observed.
This PL shows a ZPL at 2.14 eV and two 
pronounced PSBs at 1.98 eV and 1.81 eV. These 
energies are in good agreement with the 
literature. The PL is background-corrected, 
however the  background is very small compared 
to the PL of the defect. The sharp cut-off at 2.2 
eV is due to a longpass filter that removes 
reflection at the laser wavelength.
The ZPL was fitted by a asymmetric Lorentzian to 
account for interactions with acoustic phonons. 
Both PSBs were fitted by symmetric Lorentzians. 
Even a third, less pronounced PSB is visible 
around photon energies of 1.6 eV.

General properties of hBN

Defects in hBN

In the wide range of two-dimensional 
materials such as graphene or transition metal 
dichalcogenides, hBN provides a large band 
gap of around 6 eV. Furthermore, it is a van 
der Waals crystal with a similar structure to 
graphene but the in-plane bonds are much 
stronger than the out-of-plane bonds. 

So far we demonstrated phonon-electron coupling in 
multilayer hBN by measuring the photoluminescence 
as well as the optical phonons via FTIR. Both results 
give a very good agreement on the phonon modes 
interacting with defects in hBN.

The next step is to study the optical properties of 
defects in hBN for different temperatures. Therefore, 
a cooling and heating stage will be used. Changing 
the temperature of our hBN flake influences the 
phonon density of states and therefore will modify the 
photoluminescence of defects.
Furthermore, studying lifetimes and photodynamics of 
defects will give further insight on the microscopic 
structure of defects in hBN.

To model our experimental results, the defect
is modelled as a two-level emitter coupled to
a single bosonic mode representing the
optical phonons. The optical properties of the
emitter are then calculated using the master
equation in conjunction with the quantum
regression theorem, where dissipation is
included phenomenologically as Lindblad
superoperators.
The calculated PL shows very good agreement
with our experimental results. It gives a ZPL
at 2.15 eV, and two PSBs at 1.98 eV and 1.82
eV. The splitting of the PSBs and the ZPL are
very similar to our experimental result in our
FTIR measurements.

Defects in hBN emitting in the visible spectral 
range have energy states within the bandgap. 
The zero phonon line (ZPL) of defects are in the 
range of 1.6 eV - 2.2 eV. It is still unclear 
where this range comes from and there is 
instead not a single ZPL, e.g. as for NV centers 
in diamond.
There are two kind of defects in hBN, one 
coupling to phonons and one not coupling to 
phonons. The microscopic origin of both, the 
spectral range of ZPLs and the (non) coupling 
to phonons, is still unclear. However, defects 
coupled to phonons give additional information 
via their optical accessible phonon side bands 
(PSBs).
In literature, a non-blinking defect is reported 
with a ZPL at 2.08 eV and PSBs at 1.92 eV and 
1.77 eV.

Caldwell J. D. et al. Nat. Commun. 5, 5221 (2014)

Phonons in hBN
Besides its unique large band gap, hBN is also 
hyperbolic which means that its dielectric 
tensor has positive and negative elements. 
These property leads to highly directional 
propagation of slow-light modes which can 
reach confinements of down to λ/86 at quality 
factors of up to 283.
In hBN, a (upper) Restrahlen band around 
1500 cm-1 is present which can be measured 
by Fourier transform infrared spectroscopy 
(FTIR) to ωLO = 1614 cm-1 and ωTO = 1370 
cm-1 (all tangential component). In particular, 
the high frequency edge is redshifted for 
thinner hBN layers.

Martinez, L. J. et al. Phys. Rev. B 94, 121405(R) (2016)
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