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Abstract—We fabricate a packaged microrod resonator with
ultrahigh quality factor of 9.0 x 10%. Based on the packaged
microrod resonator, we demonstrate the four-wave mixing wave-
length conversion with -4.81 dB conversion efficiency (CE) at
21 mW pump power and 3.43 uW signal power. To the best of
our knowledge, a CE enhancement of about 8 dB is obtained
compared with previous works realized in the WGM resonators.

Index Terms—WGM resonators, packaged microrod, wave-
length conversion, four-wave mixing, conversion efficiency

I. INTRODUCTION

In optical signal processing (OSP), wavelength conver-
sion based on four-wave mixing (FWM) process plays a
vital role in enhancing the flexibility of optical routing [1].
Microresonators, especially whispering-gallery-mode (WGM)
resonators, have been utilized for improving the FWM-based
conversion efficiency (CE), owing to the high optical con-
finement. Enhanced FWM-based wavelength conversion in
WGM ring resonators has been demonstrated before [2]-[4].
However, due to the limited quality factor (Q) in which causes
the low power intensity inside these resonators, the FWM-CE
is low and hard to improve.

In this work, we fabricate a packaged microrod resonator
with ultrahigh-Q of 9.0 x 102 to achieve efficient FWM-based
wavelength conversion. The FWM-CE is -4.81 dB at 21 mW
pump power and 3.43 uW signal power, which is enhanced
about 8 dB compared with previous works based on WGM
resonators [5]-[8]. In addition, we characterize the long-term
stability of the packaged microrod resonator and measure the
intrinsic noise based on Allan variance. This work presents the
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packaged microrod resonator as a potentially ideal platform for
applications in OSP.

II. RESULTS AND DISCUSSION

The experimental setup for wavelength conversion through
FWM process in the packaged microrod resonator is depicted
in Fig. 1(a). The pump light beam and the signal light beam
are generated from two individual continuous-wave tunable
lasers. The two lights are combined with 50:50 coupler and
coupled into the packaged microrod resonator by the fiber
taper. Both pump and signal waves pass through fiber po-
larization controllers, and each optical power is controlled by
the erbium doped fiber. The output light is detected by a low-
noise photodetector and an optical spectrum analyzer. A power
meter is utilized to measure the power of the input light.

The packaged microrod resonator consists of a silica mi-
crorod resonator with diameter of 3.0 mm, a coupling fiber
taper, a thermoelectric cooler (TEC) and a thermistor. Using
the automatic technique with the laser-machine reflow process,
the fabrication of the silica microrod resonator is fast, reliable
and cost-effective. Fig. 1(b) depicts the transmission spectra of
the packaged microrod resonator. The ultrahigh-Q ~ 9.0 x 108
is obtained via Lorentz fitting near 1560 nm. To demonstrate
the performance of the packaged microrod resonator showing
in the stability of resonant wavelength, we monitor the real-
time wavelength shift of the packaged microrod resonator as
illustrated in Fig. 1(c). The resonant wavelength shift is up to
about 0.452 pm, which shows the high stability of resonant
mode in the packaged microrod resonator. The inset in Fig.
1(c) depicts the intrinsic noise in the system measured by Allan
variance. The fluctuations at ~ 100 s may be due to the laser
self-shifting and environmental temperature fluctuations. The
long-term stability leads to the packaged microrod resonator a
reliable platform for optical processes. The FWM experiments
in the packaged microrod resonator are demonstrated in Fig. 2.
With the input signal wavelength of 1555.56 nm and the pump
wavelength of 1557.60 nm, an idler wave can be observed
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Fig. 1. (a) FWM-based wavelength conversion experimental setup. EDFA,
Erbium-doped fiber amplifier; PC, fiber polarization controller; PD, photode-
tector; OSA, optical spectrum analyzer; OSC, oscilloscope; PM, power meter.
(b) Transmission spectrum of the packaged microrod resonator. (c) Real time
stability of the packaged microrod resonator. Inset: Allan variance of the
system intrinsic noise.

at the wavelength of 1559.66 nm, as depicted in Fig. 2(a).
For the packaged microrod resonator, the FWM-CE is defined
by the power ratio between converted idler to output signal.
We measure the power-dependent FWM-CE in the packaged
microrod resonator, as shown in Fig. 2(b). It can be observed
that the CE via FWM process rises linearly as the increment
of the pump power, which demonstrates that nonlinear loss is
negligible in the packaged microrod resonator. We obtain the
FWM-CE of -4.81 dB when the pump power is up to 21.0
mW (13.2 dBm).
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Fig. 2. (a) The measured FWM spectra in the packaged microrod resonator.
(b) FWM-CE of the packaged microrod resonator. Horizontal axis is pump
power while vertical axis is the CE.

III. CONCLUSION

In conclusion, we achieve the highly efficient FWM-based
wavelength conversion in the ultrahigh-Q packaged microrod
resonator. The CE of -4.81 dB is obtained when the pump
power is 21 mW. Compared with the previous FWM-CE
achieved in WGM resonators, we obtain 8 dB enhancement
in CE with a pump of 21 mW, owing to the ultrahigh-Q of
the packaged microrod resonator for tight light confinement. It
is expected that the ultrahigh-Q packaged microrod resonator
has broad application prospects in optical signal processing
functions and quantum photonics.

ACKNOWLEDGMENT

The authors would like to thank Wen Chen and Bing Duan
from Beijing University of Posts and Telecommunications for
helpful discussions.

REFERENCES

[1] J. Leuthold, C. Koos, and W. Freude, “Nonlinear silicon photonics,”
Nature Photonics, vol. 4, no. 8, pp. 535-544, 2010.

[2] G. Marty, S. Combrié, F. Raineri, and A. De Rossi, “Photonic crystal
optical parametric oscillator,” Nature Photonics, vol. 15, no. 1, pp.
53-58, 2021.

[3]1 F. Morichetti, A. Canciamilla, C. Ferrari, A. Samarelli, M. Sorel, and
A. Melloni, “Travelling-wave resonant four-wave mixing breaks the
limits of cavity-enhanced all-optical wavelength conversion,” Nature
Communication, vol. 2, no. 1, pp. 1-8, 2011.

2138

Authorized licensed use limited to: BEIJING UNIVERSITY OF POST AND TELECOM. Downloaded on April 13,2023 at 02:18:55 UTC from IEEE Xplore. Restrictions apply.



[4] W. C. Jiang, K. Li, X. Gai, D. A. Nolan, and P. Dainese, “Ultra-low
power four-wave mixing wavelength conversion in high-Q chalcogenide
microring resonators,” Optics Letters., vol. 46, no. 12, pp. 2912-2915,
2021.

[5] M. Fu, Y. Zheng, G. Li, H. Hu, M. Pu, L. K. Oxenlgwe, L. H. Frandsen,
X. Li, and X. Guan. “High-Q titanium dioxide micro-ring resonators for
integrated nonlinear photonics,” Optics Express, vol. 28, no. 26, pp. 39
084-39 092, 2020.

[6] P. Xing, D. Ma, L. C. Kimerling, A. M. Agarwal, and D. T. Tan, “High
efficiency four wave mixing and optical bistability in amorphous silicon
carbide ring resonators,” APL Photonics, vol. 5, no. 7, p. 076110, 2020.

[7] M. Pu, H. Hu, L. Ottaviano, E. Semenova, D. Vukovic, L. K. Oxenlgwe,
and K. Yvind, “Ultra-efficient and broadband nonlinear AlGaAs-on-
insulator chip for low-power optical signal processing,” Laser Photonics
Reviews, vol. 12, no. 12, p. 1800111, 2018.

[8] X. Hu, Y. Long, M. Ji, A. Wang, L. Zhu, Z. Ruan, Y. Wang, and J.
Wang, “Graphene-silicon microring resonator enhanced all-optical up
and down wavelength conversion of QPSK signal,” Optics Express, vol.
24, no. 7, pp. 7168-71717, 2016.

2139

Authorized licensed use limited to: BEIJING UNIVERSITY OF POST AND TELECOM. Downloaded on April 13,2023 at 02:18:55 UTC from IEEE Xplore. Restrictions apply.



