Optical frequency multiplication using fibre ring resonator
Citation for published version (APA):
Shi, Y., Yang, H., Okonkwo, C. M., Koonen, A. M. J., & Tangdiongga, E. (2010). Optical frequency multiplication
using fibre ring resonator. Electronics Letters, 46(11), 781-783. https://doi.org/10.1049/el.2010.0213

DOI:
10.1049/el.2010.0213
Document status and date:
Published: 01/01/2010
Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 07. Dec. 2021

20

High-order microwave harmonics are generated using a ﬁbre ring resonator based on optical frequency multiplication using low frequency
electronics of 1 GHz, thereby allowing transmissions of 20MS/s 64QAM signals over singlemode, multimode and plastic optical ﬁbres.
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Experimental setup: An experimental setup to test the system performance of the proposed scheme is shown in Fig. 1. The optical signal
generated from the tunable laser at 1310 nm was frequency modulated
by a sweep signal of frequency fsw of 1 GHz using a phase modulator.
A 64 QAM data signal generated at a subcarrier frequency fsc of
300 MHz was mixed with fsw to drive the phase modulator. After the
ﬁbre ring resonator and transmission through the ﬁbre link, radio frequency (RF) components at every harmonic of the sweep frequency
fsw were obtained at the photodetector. In addition to the harmonics,
the data signal was upconverted to fRF = n × fsw + fsc (where n indicates the nth harmonic of the sweep signal). The photodetector
output was then analysed using a vector signal analyser.
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Introduction: Microwave signal generation has been a topic of interest
in recent years owing to numerous applications [1]. One of the main
challenges is the generation of high-order harmonics with low frequency
electronics, while maintaining system simplicity. In this Letter, a microwave generation scheme based on a ﬁbre ring resonator employing the
optical frequency multiplication (OFM) technique [2] is demonstrated.
A ﬁbre ring resonator is employed for the frequency modulation to intensity modulation (FM-IM) conversion. The scheme exploits the tunable
free spectral range (FSR) of the ﬁlter to achieve signiﬁcant improvement
of harmonics conversion efﬁciency. Compared to the conventional OFM
approach based on two-beam interference devices such as a MachZehnder [2] and a polarisation interferometer (PI) [3], this scheme
utilises multi-beam interference and hence provides a signiﬁcant
carrier-to-noise ratio (CNR) improvement of up to 10 dB. The improved
CNR is mainly attributed to the larger contrast ratio and the steeper slope
of the ﬁbre ring resonator frequency response when compared to [2, 3].
Moreover, we believe that the complexity of the system is largely
reduced because only one optical modulator is employed in this
scheme. The scheme is successfully tested for various transmission
media, lengths, and bit rates that are typical for in-building access
networks.
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resonator) which indicates that the most suitable FSR value can be
achieved by proper adjustment of the ﬁbre ring diameter [4]. In this
Letter, a 50/50 ﬁbre coupler was used to construct the resonator with
a ring length of 40 cm. Fig. 2 shows the measured transmission spectrum
for this resonator.
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Fig. 2 Measured transmission spectrum for 40 cm ﬁbre ring resonator

The FM-IM conversion was realised by the ﬁbre ring resonator, which
was constructed by connecting one output port of an optical coupler to
c0
one of its input ports. The FSR of the resonator is nL
(c0: light speed in
vacuum; n: effective refractive index of ﬁbre; L: length of the ﬁbre ring
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Fig. 5 EVM measurement in back-to-back system and transmission over
SMF, MMF and GI-POF link

Results and discussion: First, we show in Fig. 3 that high-order harmonics are generated by setting fsw to 1 GHz. The CNR of more than
40 dB is obtained until the sixth harmonic, proving that the setup can
support multi-wireless standards such as WiFi (2.4 GHz), UWB (3.1 –
4.7 GHz) and WiMax (5.8 GHz). To demonstrate further the beneﬁts
of this OFM scheme, we focus on the performance of the data at the
third harmonic (3 × fsw) with a corresponding CNR of 45 dB. Fig. 4
shows the spectrum with the data placed at fsc of 300 MHz on both
sides of the third harmonic. The signal-to-noise ratio (SNR) of the
data signal at 3.3 GHz is more than 38 dB, which is sufﬁcient for transmission. This high SNR value is due to the excellent performance of the
resonator (see Fig. 2): high extinction ratio (. 23 dB), the narrow FSR
( 500 MHz), the uniform spectral shape (, 1 dB ﬂatness) and the
steep response (. 0.55 dB/MHz). The above results can be attributed
to the resonator employed for FM-IM conversion. In the ﬁbre ring resonator, the light beam experiences interference with an inﬁnite
number of its delayed and attenuated copies. This unequal amplitude
of interfering waves causes a deep notch (notch depth ≃ 23 dB) in the
passband where destructive interference occurs and a ﬂat top response.
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In contrast, two-beam interference produces a sinusoidal ﬁlter response
(notch depth ≃ 7 dB), meaning that the top of the passband is curved or
Gaussian-like and the slope of the passband is shallow, which results
in a much smaller FM-IM conversion efﬁciency. In Fig. 4, the signal
beatings due to the sweep signal and the subcarrier signal are shown
at 2.6, 2.9 and 3.4 GHz. This occurrence is highly related to the nonlinearity of the electrical ampliﬁer. The error vector magnitude (EVM)
of the data signals at fRF of 3.3 GHz are shown in Fig. 5 for the backto-back and the transmission over 10 km glass singlemode ﬁbre
(SMF), 400 m glass multimode ﬁbre (MMF) and 100 m perﬂuorinated
graded-index plastic optical ﬁbre (GI-POF). It is observed in Fig. 5
that EVM values increase for higher symbol rates when transmitted
over the three different transmission media. Regarding the transmission
distance, SMF performs much better than MMF and POF. Notice that
performance of the 100 m POF transmission rapidly deteriorates after
15 MS/s symbol rate primarily due to the impact of multimodal
effects and ﬁbre losses in reducing the received data signal power.
Taking the back-to-back EVM as the reference, the EVM penalties for
SMF, MMF and POF are nearly constant as a function of the symbol
rates. For example, if we consider the POF performance at 5 and
20 MS/s, the penalties with respect to the back-to-back case amount
to be 7 and 8 dB, respectively. This small difference of around 1 dB
can also be seen for SMF and MMF, showing that the OFM concept
is generally scalable to the symbol rates of a radio-over-ﬁbre system.
Conclusion: In this Letter, a cost-effective and high-performance OFM
system employing a ﬁbre-ring resonator has been proposed and demonstrated. We have presented an efﬁcient high-order microwave harmonic
generation and transmission over SMF, MMF and POF using relatively
low frequency sweep signals. After upconversion to 3.3 GHz and transmission, the EVM performance of 20 MS/s 64 QAM signal is shown to

be acceptable. A single ﬁbre ring resonator for the FM-IM conversion
allows us to have high quality frequency upconverted signals at low
costs owing to its favourable transmission proﬁle and ease of alignment
to the optical carrier. Exploiting this scheme, a robust, ﬂexible and lowcost radio-over-ﬁbre system for in-building networks is feasible.
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