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Abstract: The intrinsic characteristics of single photons became critical issues since the early development of quantum mechan-
ics. Nowadays, acting as flying qubits, single photons are shown to play important roles in the quantum key distribution and
quantum networks. Many different single photon sources (SPSs) have been developed. Point defects in silicon carbide (SiC) have
been shown to be promising SPS candidates in the telecom range. In this work, we demonstrate a stable SPS in an epitaxial 3C-
SiC with the wavelength in the near C-band range, which is very suitable for fiber communications. The observed SPSs show high
single photon purity and stable fluorescence at even above 400 K. The lifetimes of the SPSs are found to be almost linearly de-
creased with the increase of temperature. Since the epitaxial 3C-SiC can be conveniently nanofabricated, these stable near C-
band SPSs would find important applications in the integrated photonic devices.
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1.  Introduction

Single-photon  sources  (SPSs)  are  critical  in  quantum  in-
formation science. They can be used for quantum key distribu-
tion  (QKD)  of  secure  communications,  which  are  guaranteed
by  the  no  cloning  theorem[1].  Compared  with  the  QKD  pro-
tocol  using weak coherent  pulses  from attenuated lasers,  the
use of ideal single photons can lead to high data transfer rate
and long secure distance[2].  On the other hand, indistinguish-
able  single  photons  can  be  used  for  quantum  simulation[3]

and quantum computation[4]. Great interests have been attrac-
ted  to  the  race  of  demonstrating  quantum  supremacy[5],  in
which Boson sampling provides an attractive candidate[6]. It re-
quires a linear quantum network with SPSs and single-photon
detection.  An  abundance  of  theoretical  and  experimental  ef-
forts have been done in this field[7]. Moreover, SPSs also play im-
portant  roles  in  the  investigation  of  fundamental  quantum
problems.  The  intrinsic  correlations  clearly  emerges  with  the
use  of  single  photons,  especially  in  the  demonstration  of
quantum  contextual  correlations[8–10],  which  can  exist  in  a
single particle without the classical counterpart.

Many different kinds of SPSs have been investigated. Heral-
ded single photons prepared from the spontaneous paramet-
ric  down-conversion  with  lasers  pumping  a  birefringent  crys-
tal  are  commonly  used[11].  However,  they  are  probabilistic,
which  are  influenced  by  the  vacuum  and  high-order  terms.
The other  promising system is  the quantum dots in pillar  mi-
cro-cavities[12–14], which has shown high quality indistinguishab-
ility  and  has  been  used  to  demonstrate  multiphoton  boson
sampling[15, 16]. These quantum dot systems usually require cryo-
genic temperatures, which makes greater overheads in the prac-

tical applications. Point defects in semiconductor material are
also  considered  as  SPSs,  including  diamond[17],  zinc  oxide
(ZnO)[18] and silicon carbide (SiC)[19]. They are stable solid-state
SPSs  and can work  at  room temperature.  Moreover,  they  can
be conveniently integrated into nanophotonic devices.

Defects in SiC as single photon emitters are of particular in-
terests.  SiC  is  an  important  and  widely-used  material  in  ad-
vanced high power and high temperature electronics. Many dif-
ferent polytypes exist in SiC with the most commonly used poly-
types being 3C, 4H and 6H, which are of broad optical transpar-
ency.  Different  kinds of  point  defects  in  SiC are  characterized
as SPSs, including Si vacancies (VSi)[20–24], divacancies (VSiVC)[25–27]

and  carbon  antisite-vacancy  pair  (CSiVC)[28, 29].  Recently,  tele-
com  range  SPSs  are  also  reported  in  SiC[30].  However,  for  the
practical  use,  the  SPSs  with  the  wavelength  in  the  C-band
range would cause the lowest loss in optical fibers and would
be critical for QKD distribution and the connection between re-
mote quantum computation nodes with fibers. Moreover, the
practical application of SPSs is likely to work at elevated temper-
atures. The investigation of robust C-band range SPSs is there-
fore of practical importance.

In this work, we demonstrate SPSs in a high-purity layer of
epitaxial 3C-SiC (100) on a silicon substrate. The emission cen-
ter  wavelength  around  1400  nm  locates  in  the  near  C-band
range, which is characterized by a set of long pass filters. The op-
tical properties of these SPSs are demonstrated, which are sho-
wn to be of high qualities. We then increase the environment-
al  temperature of the SPSs and find that they are stable even
above 400 K. The lifetime of the SPSs are found to almost lin-
early  decrease  with  the  increase  of  temperature.  Our  work
provides  high-temperature  stable  SPSs,  which  can  be  further
used for practical quantum information processing.

2.  Experimental setup

In our experiment, we use a 3C-SiC membrane with thick-
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ness of 4.1 μm epitaxial grown on a silicon substrate, which is
purchased from NOVASIC Savoie Technolac. The 3C-SiC layers
are grown in a chemical vapor deposition (CVD) system. The as
received samples are immediately used in our sequential meas-
urements after some cleaning processes without any implanta-
tion  and  annealing  process. Fig.  1(a) shows  our  experimental
setup. To locate the single point defect in the epitaxial 3C-SiC,
we  construct  a  home-built  confocal  microscopy.  The  pump
laser is first filtered by a band pass filter. According to the pur-
pose  of  the  study,  either  a  continuous  wave  (CW)  laser  with
the center wavelength of 1064 nm or a pulse wave laser with
the center wavelength at 1064 nm and a repetition rate of 76
MHz  is  used.  After  reflected  by  a  dichroic  mirror,  the  pump
laser  is  focused  by  an  oil  objective  (NA  =  1.35)  to  excite  the
sample, which is mounted on a three-dimension nanoposition-
er stage. For the high temperature experiment, we use an ob-
jective with NA = 0.65 and the sample is mounted on a heater
which  is  controlled  by  a  temperature  controller.  The  emitted
fluorescence  is  filtered  by  a  long  pass  filter.  The  photons  are
split  by  a  beam splitter  into two paths  and collected by fiber
couplers,  which  are  then  directed  to  superconducting  single
photon  detectors  (SSPD).  The  detected  signals  are  sent  to  a
time correlated single photon module (no shown in Fig. 1). By
changing the time delay (τ) between these two paths, we can
check the single-photon property of the fluorescence through
the  Hanbury-Brown  and  Twiss  (HBT)  interferometer  and  ob-
tain the corresponding second-order photon correlation func-
tion g2(τ).

3.  Results and discussion

g2 (τ) =
[
g2

raw (τ)−
(
1−α2

)]
/α2

Fig. 1(b) shows a typical 10 × 10 μm2 scanning image with
the confocal  microscopy system under 0.5 mW CW pumping.
There is  a  bright emitter  in  the image,  which is  denoted by a
red circle. To check the center wavelength of the fluorescence,
we  use  a  tomographic  method  to  reconstruct  the  spectrum.
Fig.  1(c) shows  the  corresponding  intensities  measured  with
the use of different long pass filters. Assuming the Gaussian dis-
tribution, the spectrum is reconstructed and shown in Fig. 1(d).
The  center  wavelength  of  the  fluorescence  is  deduced  to  be
1420 nm with a full  width at half  maximum (FWHM) of about
220 nm. The wavelength is closed to the C-band communica-
tion wavelength and would reduce the fiber loss. The fluores-
cence is then sent to the HBT interferometry. By changing the
relative delay time τ, we obtain the second-order time correla-
tion  function g2(τ).  In  order  to  reduce  the  influence  of  back-
ground signal and noise, we correct the raw g2

raw(τ) using the
function of , where α = s/(s +
b) with s being the signal counts and b being the background
counts[22, 27, 30].  The corresponding g2(τ)  can then be fitted by
the equation
 

g2 (τ) = 1− (1+ε)e−
|τ|
γ1 +ae−

|τ|
γ2 , (1)

where ε,  γ1  and γ2  are  laser  power-dependent parameters.
g2(τ) under the CW pumping is shown in Fig. 1(e) with the dip
fitting to be 0.06 ± 0.03, which shows the high quality of the
room temperature SPS. We further investigate the g2(τ) under
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Fig. 1. (Color online) The experimental setup and the scanning image of the single photon emitter. (a) The experimental setup. The pump laser is
focused by an objective to excite the sample mounted on a three-dimension nanopositioner stage. The temperature of the sample is controlled
by a heater which is connected to a temperature controller. The emitted photons are filtered and then separated by a beam splitter, which are
collected by fiber couplers and detected by superconducting single photon detectors (SSPD). (b) A 10 × 10μm2 confocal scan image on the sur-
face of the sample under 0.5 mW laser excitation. A representative single photon emitter is denoted by the red circle. The scale bar is 1 μm. (c)
The photon counts with the use of different long pass filters. (d) The reconstructed spectrum with the assumption of Gaussian distribution. (e)
The second-order autocorrelation function of the corresponding SPS measured by the CW laser excitation. The black line is the corrected experi-
mental result and the red line is the theoretical fitting using Eq. (1) with g2(0) = 0.06 ± 0.03. (f) The second-order autocorrelation function of the
corresponding SPS under 50 μW pulsed laser excitation with a 76 MHz repetition rate.
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the excitation of  a  pulse laser  with 76 MHz repetition rate,
which is shown in Fig. 1(f).  The value of the dip at the zero
delay time is well below 0.5 with the value of g2(0) = 0.229 ±
0.004,  which further confirms the high quality of  the room
temperature SPS.

We  then  investigate  the  optical  properties  of  this  SPS.  A
set of power-dependent g2(τ) functions are measured. The rep-
resentative experimental results with 0.1, 0.5 and 1 mW pump-
ing are shown in Fig. 2(a). The red solid lines are the fittings us-
ing Eq. (1). The obvious photon-bunching effect in the second-
order time correlation function with high power pumping im-
plies  the  existence  of  a  metastable  state.  Therefore,  a  three-
level  system  model  can  be  used  to  describe  the  observed
single  photon  emitter[28–31].  We  further  investigate  the  life-
time  of  the  SPS  using  the  pulse  laser  which  is  separated  into
two  parts.  One  of  them  is  used  as  a  trigger  and  the  other  is
used to excite  the SPS.  The detected normalized intensity I(t)
(black line) is shown in Fig. 2(b) with the red line showing the
single-exponential fitting I(t)exp(–t/τ). The life time is then de-
duced to be 0.942 ± 0.001 ns.  By increasing the power of the
pump  laser,  the  counting  rate  increases  accordingly. Fig.  2(c)
shows  the  counting  rates  as  a  function  of  the  pump  power.
Black dots are experimental  results  and the red line is  the fit-
ting  using  the  power  dependence  model I(P)  = Is/(1  + P0/P).
The maximal emission counts (Is) is deduced to be 484 kcps at
the saturation power of about 0.78 mW. Stable SPSs are import-
ant  in  practical  applications.  We  then  test  the  stability  of  the
SPS  under  different  pump  powers.  The  experimental  results
are shown in Fig.  2(d). The sampling time is  0.1  s.  No photon
bleaching  or  photon  blinking  is  observed  at  the  excitation
power  of  0.1,  0.5  and  1  mW,  in  which  the  counting  rates  re-
main almost the same in 5 min.

We further investigate the temperature influences. In this
case, the objective is changed to the one with NA = 0.65. A typic-

al 20 × 20 μm2 scan image is shown in Fig. 3(a) with the single
photon  emitter  denoted  by  the  red  circle.  The  emitted  pho-
tons  are  detected  with  different  long  pass  filters.  The  corres-
ponding photon counts are shown in Fig. 3(b). The spectrum is
then deduced to be at a central wavelength of 1385 nm with a
FWHM of 155 nm. The sample is heated by a heater, in which
the temperature is controlled by a temperature controller. The
counting rates are stable and keep almost the same when the
temperature increases above 400 K. Several typical experiment-
al results are shown in Fig. 3(c). The sampling time is set to be
0.1 s. We do not find any photon bleaching and photon blink-
ing.  The g2(τ)  at  the  corresponding  temperature  are  further
measured. Three representative results are shown in Fig. 3(d).
The values of g2(0) fitting from the data of 296, 346 and 406 K
are 0.06 ± 0.04, 0.06 ± 0.05 and 0.20 ± 0.03, respectively. All the
dips are well lower than 0.5, which confirm the single photon
emission.  The  stability  of  the  SPSs  even  at  high  temperature
would found important practical applications.

As shown in Fig. 3(d), The width of g2(τ) becomes smaller
when the temperature increases. It implies the decrease of the
corresponding  lifetime.  This  observation  is  further  confirmed
by the detailed results of the dependence of the lifetime on tem-
perature, which is shown in Fig. 4(a). The lifetime at room tem-
perature is measured to be about 3.35 ns and the lifetime is re-
duced to be about 1.31 ns at  403 K.  A representative lifetime
measurement  is  shown  in Fig.  4(b).  This  property  is  different
from  that  observed  in  the  two-dimensional  hBN[32],  in  which
the lifetimes of defect single photon emitters were found to rem-
ain the same when the temperature increases. Further investig-
ations are needed to completely understand this phenomenon.

4.  Conclusion

In conclusion, we have demonstrated SPSs in near C-band
wavelengths in a high-purity epitaxial 3C-SiC layer grown on a
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Fig. 2. (Color online) Optical properties of the SPS at room temperature. (a) The second-order correlation function g2(τ) at different pump powers.
(b) The life-time measurement. The black line is the experimental result and the red line is the single-exponential fitting. (c) The saturation beha-
vior. Black dots are the experimental results and the red line is the theoretical fitting. (d) The stability of the counting rates at different pump
power. The sampling time is 0.1 s. No photon bleaching or photon blinking is observed.
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Si substrate. The wavelength matches the requirement of optic-
al  fiber transmission and would found important applications
in  future  QKD  and  remote  quantum  network.  The  SPSs  are
shown  to  be  stable  from  room  temperature  to  above  400  K,
which are suitable for practical applications with elevated tem-
perature.  However,  this  type  of  the  single  photon  source  de-
scribed  in  the  paper  is  different  from  the  previously  dis-
covered intrinsic defects in 3C-SiC[26, 33], and the origin is still un-
known. Further researches and confirmations for the origin of
the SPSs  are  proposed to be of  great  importance for  control-
lably preparing the SPSs and improving the qualities of them.
Moreover,  the  lifetime  of  SPSs  is  found  to  almost  linearly  de-
crease  with  the  increase  of  the  surrounding  temperature,
which  can  be  used  for  full-optical  temperature  sensing.  Fur-
ther investigations are needed to completely understand this
phenomenon.  By  using  a  vacuum  chamber[32],  the  properties
of SPSs can be investigated at higher temperatures. Moreover,
the  epitaxial  3C-SiC  is  suitable  for  nanophotonic  fabrications.
Different  kinds  of  photonic  structures,  such  as  photonic  crys-

tals[34, 35] and bullseye gratings[36–38] can be conveniently fabric-
ated,  which can be further used to increase the brightness of
the  SPSs.  Recently,  the  electrically  driven  visible  SPSs  have
been found in SiC[39, 40], which greatly enhances the feasibility
to integrate SPSs into complex architectures. Further investiga-
tions  on  electrically  driven  C-band  SPSs  in  thin  3C-SiC  mem-
branes are of particular importance, which would find practic-
al applications in quantum information processing.
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Fig. 3. (Color online) The optical properties at elevated temperatures. (a) A 20 × 20 μm2 confocal scan image on the surface of the sample under
0.5 mW laser excitation with an objective NA = 0.65. A representative single photon emitter is denoted by the red circle. (b) The photon counts
with the use of different long pass filters. (c) The stability of the counting rates at different temperature. The sampling time is 0.1 s. No photon
bleaching or photon blinking is observed at even 406 K. (d) The corresponding g2(τ) at the corresponding temperature.
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Fig. 4. (Color online) The dependence of lifetime on temperature. (a) The lifetime of the single photon emitter as a function of temperature. With
the increase of the temperature, the lifetime almost linearly decreases. (b) The representative lifetime measurements at temperature 343 K.
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