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Fig. 1. Schematic diagram for generation of the frequency entangled source and its quantum characteristic

measurement. (Frame A denotes the spectrum measuring setup, frame B represents the HOM interferometer,

and frame C represents the filtering setup for removing the remaining pump).
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Fig. 2.

and power of 780 nm DBR semiconductor laser with

Curves of the output center wavelength

the change of the driving current and temperature:
(a) The measured center wavelength and output power
of laser as a function of the driving current when laser
diode temperature is controlled at 20 °C; (b) varia-
tion of the output center wavelength as a function of
the control temperature of the laser diode at driving

current of 170 mA.
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Fig. 3. The measured (a) single photon counting rate
and (b) coincidence counting rate as a function of the
pump light power coupled into the waveguide (the
black squares denote the experimental results, while
the red dashed lines represent the theoretical simula-

tions).
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Fig. 5. The measured joint spectrum distribution of
generated photon pairs (Different colors represent dif-

ferent coincidence counts).
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Abstract

The frequency entangled photon pairs generated by spontaneous parametric down-conversion (SPDC) possess wide
applications in quantum optics and relevant fields. To facilitate the practical quantum information technologies, particu-
larly in optical fiber links, a frequency entangled source at telecommunication wavelength with features of compactness,
portability, high efficiency and miniaturization is highly desired. In this paper, we report the experimental generation
of a miniaturized frequency entangled source in telecommunication band from a 10 mm-long type-II periodically poled
lithium niobate (PPLN) waveguide pumped by a 780 nm distributed Bragg reflector (DBR) laser diode. The frequency
entangled photon pairs generated by SPDC possess wide applications in quantum optics and relevant fields. When the
DBR laser diode is driven by a current of 170 mA at a temperature controlled to 20 °C, the output power is measured
to be 70.4 mW with a central wavelength of 780.585 nm. Under this pump, the orthogonally-polarized photon pairs are
generated and output from the PPLN waveguide. After filtering out the remaining pump by three high-performance
long-pass filters mounted on an adjustable U-type fiber bench, the photon-pair generation rate, spectral and temporal
properties of the generated frequency entangled source are measured. The results show that the generation rate of the

photon pairs, after being corrected for the detection efficiencies of the single photon detectors and the optical losses,
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is achieved to be 1.86 x 107 s~! at a pump power of 44.9 mW (coupled into the waveguide). Optimizing the working
temperature of the waveguide and fixing it at 46.5 °C, the frequency degeneracy of the SPDC generated photon pairs
is realized. Based on the coincidence measurement setup together with two infrared spectrometers, the spectra of the
signal and idler photons are obtained with their center wavelengths of 1561.43 nm and 1561.45 nm, and their 3-dB
bandwidths of 3.62 nm and 3.60 nm respectively. The joint spectrum of the photon pair is observed, showing a joint
spectrum bandwidth of 3.18 nm. The degree of frequency entanglement is quantified to be 1.13 according to the band-
width ratio between the single photon spectrum and the joint spectrum. Furthermore, based on the Hong-Ou-Mandel
(HOM) interferometric coincidence measurement setup, a visibility of about 96.1% is observed, which indicates the very
good frequency indistinguishibility of the down-converted biphotons. The measured 3-dB width of the HOM dip is 1.47
ps and shows good agreement with the measured single-photon spectral bandwidth. The experimental results lay a solid
foundation for developing portable, miniaturized frequency entangled sources at telecommunication band for the further

applications in quantum information areas, such as quantum time synchronization.

Keywords: miniaturized frequency entangled source, type-II periodically poled lithium niobate waveg-

uide, quantum characterization
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