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We demonstrate resonant excitation of quantum emitters in gallium nitride (GaN). The emitters are stable under non-resonant
excitation and exhibit nearly Fourier-transform-limited lines of
∼250 MHz under coherent excitation, the narrowest reported
to date for GaN. © 2018 Optical Society of America under the
terms of the OSA Open Access Publishing Agreement
https://doi.org/10.1364/OPTICA.5.000932

Advance quantum nanophotonics technologies rely on the ability
to resonantly excite quantum emitters to achieve Fourier transform (FT)-limited linewidths [1–3]. Among various solid-state
quantum systems, point defects in diamond [4,5], SiC [6,7],
and hexagonal boron nitride [8,9], as well as carbon nanotubes
[10], have attracted the most attention due to their exceptional
brightness and photostability. Recently, quantum emitters in
gallium nitride (GaN) have emerged as promising candidates
for integrated quantum photonics, due to the presence of quantum emitters in the ultraviolet [11], visible [12], and the telecom
[13] spectral ranges, and the availability of mature growth and
fabrication protocols for this material.
Despite progress in room temperature characterization of
defects in GaN, coherent (or resonant) excitation properties of
the emitters in GaN have not been reported to date. Coherent
excitation provides essential information about the emission linewidths and photophysical properties of the emitters. It is the most
crucial step toward the generation of indistinguishable photons,
entanglement, and realization of coherent control of the emitters’
quantum states.
Here we study the optical properties of quantum emitters in
GaN at cryogenic temperatures under both coherent and incoherent excitation. The emissions have a full width at half-maximum
(FWHM) of ∼2 nm under non-resonant excitation and exhibit
stable emission. Resonant excitation yields nearly FT-limited lines
with a FWHM of ∼250 MHz.
In our experiments, we used a 4.2 μm thick low-defect-density
layer of hetero-epitaxial GaN grown with no intentional doping
by metal-organic vapor phase epitaxy on a c-plane sapphire
substrate using the method described in [14], as shown in the
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inset in Fig. 1(a). Here we focus on emitters in the visible spectral
range. The emitters were excited using a 707 nm titanium sapphire (Ti:SAP) laser. In the detection path, the laser was rejected
with a 715 nm long-pass filter and emissions in the spectral range
of 720–900 nm were collected. All measurements in this work
were performed at 10 K. A high-resolution photoluminescence
(PL) spectrum of an emitter in GaN is shown in Fig. 1(a). It
exhibits a sharp zero phonon line (ZPL) at 746 nm with a
FWHM of 2 nm.
To check the emitter’s stability under the same excitation conditions, we measured successive PL spectra over 90 s using a 1 s
acquisition time. As shown in Fig. 1(b), spectral diffusion is very
subtle, and the PL is stable within the time resolution of the measurement. This is highly advantageous for scalable applications of
quantum emitters, where photostability is considered a prime factor for practical devices.
Next, we performed coherent excitation of the emitter to gain
insights into the natural linewidth and broadening mechanisms of
the ZPL. The average lifetime of emitters in GaN has been reported to be 2.5 ns [12], yielding an FT-limited linewidth of
∼65 MHz. For this particular emitter, we measured a lifetime
of ∼1.1 ns, which corresponds to ∼150 MHz.
The same continuous-wave Ti:SAP laser (50 kHz linewidth;
MSquare) was swept over 5 GHz using a step size of 20 MHz to
coherently excite the emitter shown in Fig. 1. The excitation laser
was filtered with a 750 nm long-pass filter and the PL emission in
the phonon sideband was collected. A resonant excitation spectrum recorded at 5 μW is shown in Fig. 2(a). Experimental data
(red dots) were fitted with both Lorentzian (violet) and Gaussian
(orange) functions with linewidths of 219 and 310 MHz, respectively. The Gaussian function yields the better fit, with χ 2 of 230,
versus 305 for the Lorentzian fit. This indicates that broadening
of the ZPL is likely caused by spectral diffusion rather than homogeneous broadening mechanisms such as interaction with lattice
phonons [15]. Note that the room temperature spectrum is
broadened due to thermally activated phonons.
The effect of spectral diffusion on emission under coherent
excitation is shown in Fig. 2(b). For this measurement, the laser
was tuned to the optical transition energy of the emitter, and the
PL was acquired for 10 min. Note that in Fig. 2(b), the PL
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Fig. 1. PL of emitters under non-resonant excitation. (a) A high-resolution spectrum of an emitter excited using a 300 μW, 707 nm laser.
The inset shows the structure of the GaN sample: 4.2 μm of c-plane GaN
grown on a sapphire substrate. (b) Successive PL spectra of the same emitter collected every second, demonstrating stable emission with negligible
spectral diffusion.
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Over 10 min, the emitter was excited coherently for ∼80 s
(τon ), and the rest of the time the emitter was off resonance
due to spectral diffusion. The τon ∕τoff ratio of 0.13 shows that
the emitter is on resonance 13% of the time. Note that we
did not observe a power dependence of the spectral diffusion,
and blinking dynamics was recorded using a much lower excitation power of ∼500 nW. The spectral diffusion may occur due to
charge fluctuations induced by the laser field, and can be mitigated dynamically using Stark shift tuning [16]. However, even
under these conditions, given the high brightness and the high
Debye–Waller factor of these emitters, one would expect more
than 1 × 105 photons∕s on resonance from the ZPL, which is
suitable for practical devices.
In conclusion, we demonstrated that a novel quantum
system—single emitters in GaN—can be excited coherently.
Near FT-limited linewidths of ∼250 MHz were observed and
spectral diffusion was quantified. Our results pave the way for
integrated quantum photonic circuitry based on GaN and provide
important information on emerging quantum emitters in this
material.
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Fig. 2. PL under coherent excitation. (a) Resonant PL excitation measurement of the emitter in Fig. 1. The experimental data have been fitted
with Gaussian (orange) and Lorentzian (violet) functions with FWHMs
of 310 and 219 MHz, respectively. (b) PL emission of the emitter under
fixed coherent excitation. The dashed line is the threshold used for
calculating the on–off ratio of 0.13.

intensity trace is shown for 5 min to clearly illustrate the intermittency (blinking) of the emission. We quantified the spectral
diffusion by analyzing the time-resolved PL intensity under resonant excitation. The blue dashed line shows the threshold of
400 cps used to define on and off times under resonant excitation.
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