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Rayleigh Backscattering Noise Modeling, Analysis and Mitigation
for DWDM Passive Optical Networks and Radio-over-Fiber
Networks

3 et 1 97-2221-E-009-038-MY3
HFHWL:I97ERY 1 P2 98FT7 % 31p
AR BAFUmEE A8 KT (47)

—. PXHE

AR FETHL DT R Ry g
PRFE-BARADT B B RRER
FREES 0 B EED T K kIR
E - AT o F Nt 8RR LT
S (FITID Faee % = f B < hF 7
PRA% > i B3R 2538 ﬁeﬁ*‘»?‘ MR E o M
V-2 a kg BAZERRLT HE
foo e B 37w s g RAL(HDTV) fr 2
LR B ETE R T, B
£ BRSNS LE - A KB T T RR
PERT LR A AR R 2
fefb b * 2 g Koo ofiiR & BB RRT
vid kg Bk (ROF) foid & 40 * AL 6 & e
B (WDM-PON) ks g E{fes Ko o

AFL L L= (1) BHF e
#7%+(Rayleigh backscattering) =+ 3§ wk
WL AR R § R RB R R T &
RN FI 72— o d Wz m g 1% ook
AL 2 e AP Ty -
BEFR TG EARTANA o NP
T BIIE e ATE AT A 4 T ek
3 EIR AT o A i Ao k2 g
FEHRRMPSD)ES > AL HH FME
Fatro (2)d %1 2444 * (OFDM) #
T S R R TR B
s A 7 OFDM 2 5L ek 11 4 » 47
F ek P S 470 = # K OFDM 13 5L
B A 5 {5 (Carrier-RB) % 1 5L {1

we 2 (Signal-RB)z T ehgF it o (3) WL
ARTENENAL P FEE T UFR
REE? - £ HR SRR R
Ao 14 OFDM 12 83 & 2 Bpd 4 nk 3 e
FoorEqir g E 2 kxS (dual-feeder
fiber) = # Ex - B % i;%’r;f,l;gb B R I
3 BB OFDM i £ & % £ IR L o
BRERE : 5 {14 o chbR s i b %
PRt o kTR

Abstract

A strong upgrade of existing access
network is required in order to cope with the
exponential increase of bandwidth demand.
These networks should and also provide
bi-directionality,  feasibility, ease of
installation, and lower cost per customer.
Today’s wired networks based on fiber to the
home (FTTH) access technologies provide
huge bandwidth to users but are not flexible
enough to allow roaming connections. On the
other hand, wireless networks offer mobility
to users, but do not possess abundant
bandwidth to meet the ultimate demand for
high  definition  television (HDTV)
distribution and interactive multimedia
applications. Therefore, integration of wired
and wireless services for future access
networks will lead to convergence of
ultimate high bandwidth for both fixed and



mobile users in a single, low cost platform.
This can be accomplished by using
radio-over-fiber  (ROF)  systems and
wavelength division multiplexed passive
optical network (WDM-PON) to provide
wireless and wired applications.

This report is divided into 3 sections: (1)
Rayleigh backscattering (RB) interferometric
beat noise is considered as one of the most
limiting factors for the cost -effective
carrier-distributed FTTH and ROF access
networks. Due to different limitations of
previous Rayleigh noise modeling, a novel
modeling approach that can be easily realized
and used efficiently to study the performance
of noise mitigation has been successfully
developed. The various noise contributions
are derived from the power spectral densities
(PSDs) of the optical signals and the
performance of the scheme is then modeled
analytically. (2) Since orthogonal frequency
division multiplexed (OFDM) signal has the
advantages of effectively mitigation of fiber
chromatic dispersion and high spectral
efficiency, we experimental analyze the RB
performance of OFDM signal. We have
characterized the Carrier-RB and Signal-RB
performances of the OFDM signal. (3)
Remodulation of downstream signal to
generate upstream signal in the colorless
ONU further reduces the cost by wavelength
reuse. Since OFDM signal can be affected by
the Signal-RB, we use dual-feeder fiber
architecture to successfully demonstrate a

signal remodulation OFDM long reach
(LR)-PON.
Keywords: Rayleigh noise mitigation,

Passive optical network, Radio-over-fiber
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Rayleigh backscattering (RB)
interferometric beat noise is considered as
one of the most limiting factors for the cost
effective carrier-distributed access networks.
Due to different limitations of previous
Rayleigh noise modeling, a novel modeling
approach is highly required. Recently,
OFDM signal has been extensively studied,
and is considered as a promising candidate
for future access network due to the high

fiber chromatic dispersion tolerance and high
spectral-efficiency. However, the research
and the characterization of the OFDM signal
when subjected to the RB interferometric
beat noise in carrier distributed access
network is missing. We quantify, for the first
time, the performance of the OFDM signal
when subjected to the noise generated by the
two different components of RB that are
present in the carrier distributed access
network. We also studied the possibility of
using OFDM for signal remodulation in the
LR-PON. We demonstrated, for the first time,
a carrier distributed OFDM LR-PON using
dual-feeder fiber architecture to mitigate RB
noise. Three different colorless optical
networking unit (ONU) architectures are
tested and compared. The overall research
project will also identify the requirements of
access networks for Taiwan in order to
provide cost-effective PON deployment.
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Recent achievement of LR-PON using
OFDM signal to mitigate fiber chromatic
dispersion and achieve high split-ratio has
been accepted in CLEO’08 post-deadline
paper in USA [1]. There are a total of 24
post-deadline  papers in this CLEO
conference, and we are the only Taiwan
research  team  among  them.  The
achievements of the project have generated
invited paper, invited talks and book chapter.
We are invited to present our research
achievements and impact of the FTTH for
Taiwan in the Special Issue of the IEEE
LEOS Newsletter about FTTx [2]. We has
also been invited to contribute a Book
Chapter in “Optical Access Networks and
Advanced Photonics: Technologies and
Deployment Strategies,” edited by 1. P.
Chochliouros and G. A. Heliotis, IGI Global
Publishing [3]. It presents a comprehensive
overview of emerging optical access network
solutions to efficiently meet the anticipated
growth in bandwidth demand. We are also
invited to present the FTTx of Taiwan in

international conferences, such as Photonic
West 2009 (USA) [4] and OECC 2009

(Hong Kongq) [5].




We have summarized our main
achievements in the first year of the project
by the following points:

(1) Rayleigh backscattering modeling using
power spectral density.

(2) Rayleigh backscattering
OFDM signal.

(3) OFDM signal remodulation LR-PON
using dual-feeder fiber architecture to
mitigate Rayleigh backscattering.

analysis of

We then present our detailed description
according to the above three main
achievements:

(1) Rayleigh backscattering modeling using
power spectral density
Carrier distributed WDM-PONs provide
many attractive features, however, when a
single drop fiber is used to reach the
customer, the carrier distributed from the
head-end office and the upstream signal must
share the same path, giving rise to
interferometric beat noise caused by RB. The
maximum split ratio achievable in the PON
is limited by the levels of RB and back
reflection present in the system. RB is
generated by the distributed reflections
caused by the random index fluctuation along
the silica optical fiber. The RB noise is
partially polarized in nature, with a colored
power spectral density (PSD) proportional to
the PSD of the generating input signal. This
is different from the ASE, which is typically
assumed to be a white noise. In the project,
we identified two main contributions to the
RB noise. Fig. 1 shows the two dominant
contributions to the RB in the -carrier
distributed PONs, which interfere with the
upstream signal at the receiver (Rx). The first
contribution, Carrier-RB, is generated by the
backscatter of the continuous wave (CW)
carrier being delivered to the reflective ONU
(RONU). The second  contribution,
Signal-RB, is generated by the modulated
upstream signal at the output of the RONU.
Backscattered light from this upstream signal
re-enters the RONU, where it is
re-modulated and reflected towards the Rx.
The RB noise is partially polarized in nature,
with a colored PSD proportional to the PSD
of the input signal. Hence, the spectra of

Carrier-RB and the CW carrier are the same,
while the Signal-RB is modulated twice by
the RONU and has a broader spectrum. The
relative impact of the two components
depends on the exact network configuration
and hence, for a full understanding, separate
analysis of each effect is needed.
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Fig. 1. Schematic of WDM PON using centralized light source.
AWG: arrayed waveguide grating, OC: optical circulator, Rx:
receiver, Carrier-RB and Signal-RB: carrier and signal generated
Rayleigh backscattering.

A theoretical derivation of the RB
properties and of the interferometric noise
that it generates have been successfully
achieved [6]. The actual spectrum of the high
speed modulated signal needs to be
considered in order to obtain an accurate
prediction of the system performance. The
noise generated by the beating of signal and
RB:

o2y =R [ H (D K[S,()*S,(F)+8,(F)*S,(F)]df,

where S¢(f) and Sy(f) are the PSD of upstream
and backscattering signal respectively. They
may be reshaped by the optical filter inside

the Rx and the AWGs. * denotes
deterministic cross-correlation, R is the
photodetector responsivity, He(f) is the

photodetector normalized frequency response,
such that He(0) = 1. The noise generated by
the RB beating with itself
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Sy (F)*S, (f)df,

where k and p are the polarization
coefficients, with p=2k-1. The polarization
coefficient k equals to 1 for completely
polarized backscattering (p=1) aligned with



the signal polarization and k =0.5 for a
completely depolarized backscattered field
(p=0). In practice, roughly 1/3 of the RB
light is polarized, giving k=~0.667 and
k=~0.333, respectively for signal co- and
cross-polarized with respect to
backscattering. Results from the model are in
good agreement with the experiments [7, 8],
showing that we can use the RB model to
predict the network performance.

(2) Rayleigh backscattering analysis of

OFDM signal
Recently, PON using OFDM is a subject of
many research works [9]. Due to the high
spectral efficiency of the M-quadrature
amplitude modulation (QAM) used in the
OFDM  signal; low bandwidth optical
components can be used. Additionally, the
inherent advantage of OFDM frequency
diversity  transmission enables  simple
equalization of frequency response by
baseband digital signal processing. The
OFDM signal has a high tolerance to
chromatic dispersion. This high tolerance is
especially useful in PONs since distances
between the head-end office and different
ONUs cannot be fully dispersion
compensated. Furthermore, it offers the
prospect of integrating forward error
correction (FEC) to improve transmission.
However, previous works show that
carrier-distributed OFDM-PON suffers form
interferometric beat noise generated by RB.
In this project, we quantify, for the first time,
the performance of the OFDM-QAM signal
when subjected to the noise generated by the
two different components of RB that are
present in the carrier-distributed OFDM
PON.

We proposed two setups to analyze and
quantify the Carrier-RB and Signal-RB
tolerance of the OFDM-QAM upstream
signal, as shown in Fig. 2 (a) and (b)
respectively. They emulated the impairments
of a real PON by generating two interfering
signals in the upper and lower arms of the
interferometer.

Fig. 2. Experimental setup to emulate (a) Carrier-RB and (b)
Signal-RB. EAM: electro-absorption modulator, VOA: variable
optical attenuator, PC: polarization controller, PM: power meter.
Inset: Rx architecture, AWG: arrayed waveguide grating.
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Fig. 3. RB noise performance at OFDM-QAM when
compared with conventional NRZ formats.

The RB performance depends on the
interferometric beat noise falling within the
receiver bandwidth [10]. Fig. 3 shows the
measured RB  performances [11] by
comparing the power penalties at
bit-error-rate (BER) of 107, as a function of
optical signal to Rayleigh noise ratios
(OSRNRs), which is defined as the ratio of
total signal and total RB power at the input to
the head-end (point “A”). The result shows
that the Carrier-RB performance of
OFDM-QAM is better than its Signal-RB
performance. This is due to the fact that
Carrier-RB beat noise is low frequency in
nature, and the OFDM is frequency
up-converted, as can be seem in Fig. 4.
Hence, the beat noise mainly falls within the
Bgap. The signal-RB has a wider spectrum
than the OFDM signal due to the double
modulation, and locates at the same



frequency band as the OFDM signal; hence
this generates much higher beat noise due to
the complete spectral overlap. The RB
performance of NRZ signal was also
included. Results show that OFDM-QAM
has similar Carrier-RB performance to NRZ,

but poorer Signal-RB performance than NRZ.

Fig. 4 shows the schematic RF spectra of the
Carrier-RB and the Signal-RB of the
OFDM-QAM  signal, showing the low
frequency nature of the Carrier-RB and the
broad Signal-RB spectrum occupying the
same frequency band as the upstream signal.

Carrier-RB

OFDM signal Signal-RB

Fig. 4. Schematic RF spectra indicating the carrier-RB,
signal-RB of OFDM signal.

(3) OFDM signal remodulation LR-PON
using dual-feeder fiber architecture to
mitigate Rayleigh backscattering
Signal remodulation has attracted a lot of
researches for the past few years as one of
the promising candidate for next generation
PON [12-17]. Expensive transmitter (Tx)
inside the ONU with distinct and specific
wavelength  has  hindered the PON
deployment. Network architectures with
signal remodulation on the downstream
channel for the upstream channel can reduce
the cost of wavelength referencing, control
and stabilization at the cost-sensitive ONU.
A single wavelength is needed for both
downstream and upstream signals, since
wavelength is reused. Besides, the same
colorless ONU can be used for all the

customers.

In this project, we study, for the first
time, the possibility of using OFDM for
signal remodulation in the LR-PON.
According to the analysis described in
Section 2 of this mid-term report, RB noise
can degrade the performance of a
carrier-distributed PON using OFDM signal.
Hence dual-feeder fiber architecture has been
used to mitigate the RB noise in a
carrier-distributed PON. Three different

colorless ONU architectures: electro-
absorption modulator (EAM)-based,
reflective semiconductor optical amplifier
(RSOA)-based and injection-locked
Fabry-Perot laser diode (FP-LD)-based
ONUss, are tested and compared.

If we consider a carrier-distributed PON
with two stages of splitters such as the one in
Fig. 5, where for clarity the arrayed
waveguide grating (AWGs) are not shown,
we can see clearly that most of the
Carrier-RB power is generated by the optical
carrier in the fiber before the first splitter,
conventionally called feeder fiber. This is
mainly due to the loss introduced by the first
splitter and also because the feeder fiber
usually accounts for most of the access
length. The Carrier-RB generated before the
first splitter cannot reach the Rx and thus it
cannot interfere with the upstream signal.
Although the Carrier-RB generated in the
distribution and drop sections, and the
Signal-RB still propagates to the Rx, the
overall power is greatly reduced compared
with a system with a single feeder fiber [18].
This scheme maintains the benefit of a single
drop and distribution fiber in the path to each
ONU, which could reduce the cost of fiber
and fiber connections in the network. The
circulator, normally used to inject the carrier
in single-feeder schemes, is also not required,
since the optical splitter employed to
combine the two feeder fibers performs this
function.
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Fig. 5. Schematic of a carrier distributed PON using
dual-feeder fiber architecture.

Fig. 6 shows the demonstration of a signal
remodulation LR-PON. The downstream
OFDM signal was applied to the EAM. The
signal was then propagating through 90 km
and 10 km of feeder and distribution/drop
fibers respectively. At the ONU, 10% of



downstream power was tapped out and
detected by an optically pre-amplified Rx.
The remain of the downstream signal was
then launched into the colorless modulator at
the ONU. We analyzed three different kinds
of colorless modulators: EAM, RSOA and
FP-LD. In each <case, a 2.5 Gb/s
non-return-to-zero (NRZ) data, pseudo
random binary sequence (PRBS) pattern
length of 2°'-1, was used to directly
modulate the colorless modulator.

Head-end Downstream

Feeder fiber
90km SMF  Distribution/drop fiber
10km SMF

Wavelength

Upstream .
mux/demux .

Fig. 6. Experimental setup of signal remodulation DWDM-PON.
EAM: electro-absorption modulator, SMF: single mode fiber, EDFA:
erbium-doped fiber amplifier, RSOA: reflective semiconductor
optical amplifier, FP-LD: Fabry-Perot laser diode.

We studied the optimum extinction ratio
(ER) of the downstream OFDM-QAM signal
for both downstream and upstream links. As
shown in Fig. 7, by decreasing the ER of the
OFDM signal, higher residual background
light can be provided for the upstream
remodulation. When an EAM-based ONU is
used, the intercepting point is at the position
where the ER of OFDM is equal to ~3.7 dB,
and it means 4 dB of power penalty will be

introduced to both the upstream and
downstream signals. We can see that
RSOA-based and FP-LD-based ONUs
performed  better. By  wusing  the

gain-saturation property of the RSOA or the
injection locking property of the FP-LD, the
downstream  OFDM  signal can be
significantly suppressed, and these can
increase the intercepting point to ~4.7 dB.

This shows a power penalty improvement of

1 dB in the OFDM signal.

Since each modulator has its optimum
condition, in the comparison, we selected the
ER = 3.7 dB for the downstream OFDM
signal. Fig. 8 shows the BER measurements
of each signal at back-to-back (B2B) and
after the 100 km LR transmission [19]. Insets
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show the constellation diagrams of OFDM
signal at ER = 3.7 dB, output remodulated
NRZ eye diagrams of FP-LD and RSOA
when downstream OFDM at ER = 3.7 dB.
We can observe clear open eyes after 100 km
SMF  transmission  without dispersion
compensation in each case. Error-free BER
operation can be achieved for the proposed
remodulation LR system.
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Fig. 7. Power penalties of downstream OFDM and upstream NRZ
signals generated by different kinds of ONUs against different
extinction ratio (ER) of the downstream OFDM signal.
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Fig. 8. BER measurements of different signals. Insets: constellation
diagrams of OFDM signal at ER = 3.7 dB at (a) B2B, (b) 100km,
output remodulated NRZ eye diagrams of FP-LD at (c¢) B2B, (d)
100km; and RSOA at (e) B2B, (f) 100km, when downstream
OFDM at ER = 3.7 dB.
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The above researches have fruitful
achievements and results have been
published in several international journal and
conference papers, invited papers and talks.
The project mid-term report was divided into
three sections: (1) A novel RB modeling
derived from the PSDs of the optical signals
was successfully established. We also

0



identified two main contributions to the RB
noise: Carrier-RB and Signal-RB. There is a
good match between the experimental and
modeling results in the Carrier-RB and
Signal-RB analysis, showing the model is
accurate. (2) Previous researches show that
carrier-distributed OFDM-PON suffers form
interferometric beat noise generated by RB.
We quantified, for the first time, the
performance of OFDM signal when
subjected to the noise generated by the
Carrier-RB and Signal-RB that are present in
the carrier-distributed PON. The result shows
that the Carrier-RB  performance of
OFDM-QAM is better than its Signal-RB
performance. (3) We studied the possibility
of using OFDM for signal remodulation in
the LR-PON. We demonstrated a carrier
distributed OFDM  LR-PON  using
dual-feeder fiber architecture to mitigate RB
noise. Three different colorless ONU
architectures: EAM-based, RSOA-based and
FP-LD-based, were tested and compared,
showing that despite the polarization
controlling issue, FP-LD can provide a
greater downstream OFDM suppression and
produce a better upstream data.

The above results will provide a solid
foundation for the second and third year
research project.

B, BRUK

[1] C. W. Chow, et al., “Demonstration of
High Spectral Efficient Long Reach
Passive  Optical Networks  using
OFDM-QAM,” CLEO, Postdeadline
Paper, CPDB7, San Jose, USA, 2008

[2] C. H. Yeh, C. W. Chow, Y. M. Lin, D.
Z. Hsu, and S. Chi “Recent Research on
Fiber Access Systems for FTTH
Networks in Taiwan” Invited paper,
IEEE LEOS Newsletter, vol. 22, no. 2,
pp. 15-19, 2008

[3] C._ W. Chow, Chapter V: “Broadband
Optical Access using Centralized Carrier
Distribution,” Optical Access Networks
and Advanced Photonics: Technologies
and Deployment Strategies, edited by I.
P. Chochliouros and G. A. Heliotis, IGI
Global Publishing (ISBN:

978-1-60566-707-2).

[4] S. Chi, C. H. Yeh, C. W. Chow,
“Broadband access technology for
passive optical network,” Proc. of SPIE,
vol. 7234, 723408-1, 2009 (Invited
Paper)

[5] C._W. Chow, “Long Reach WDM-
PON,” Invited Workshop Speaker,
OptoElectronics and Communications
Conference (OECC’09), Hong Kong
(July 13, 2009)

[6] G. Talli, C. W. Chow, P. D. Townsend,
“Modeling of modulation formats for
interferometric ~ noise mitigation,”
Journal of Lightwave Technology, vol.
26, pp- 3190-3198, 2008 (SCI)

[71 C.W. Chow, G. Talli, A. D. Ellis, and P.
D. Townsend, “Rayleigh noise
mitigation in DWDM LR-PONs using
carrier suppressed subcarrier-amplitude
modulated phase shift keying,” Optics
Express, vol. 16, pp. 1860-1866, 2008
(SCI)

8] €. W. Chow, C. H. Yeh,
“Characterization of Phase Modulated
Non-return-to-zero (PM-NRZ) Format
for DWDM Long Reach PONs,” Optics
Communications, accepted, 2009 (SCI)

[9] C.W. Chow, C. H. Yeh, C. H. Wang, F.
Y. Shih, C. L. Pan, and S. Chi, “WDM
extended reach passive optical networks
using OFDM-QAM,” Optics Express,
vol. 16, pp. 12096-12101, 2008 (SCI)

[10]C._ W. Chow, G. Talli, and P. D.
Townsend, “Rayleigh Noise Reduction

in 10-Gb/s DWDM-PONSs by
Wavelength  Detuning and  Phase
Modulation Induced Spectral
Broadening,” IEEE Photonics

Technology Letters, vol. 19, no. 6, pp.
423, 2007 (SCI)

[11]C. W. Chow, C. H. Yeh, C. H. Wang, F.
Y. Shih, and S. Chi “Rayleigh
Backscattering Performance of
OFDM-QAM in Carrier Distributed
Passive  Optical Networks,” |IEEE
Photonics Technology Letters, vol. 20,
pp. 1848-1850, 2008 (SCI)

[12]C. W. Chow, “Wavelength
Remodulation Using DPSK
Down-and-Upstream With High
Extinction Ratio for 10-Gb/s



DWDM-Passive  Optical Networks,”
IEEE Photonics Technology Letters, vol.
20, pp.12-14, 2008 (SCI)

[13]C._W. Chow, C. H. Yeh, “Signal
remodulation without power sacrifice for
carrier distributed hybrid WDM-TDM
PONs using PolSK,” Optics
Communications,  vol. 282,  pp.
1294-1297, 2009 (SCI)

[14]C. H. Yeh, C. W. Chow and S. Chi,
“Using 10 Gb/s remodulation DPSK
signal in  self-restored  colorless
WDM-PON system,” Optical Fiber
Technology, in press, 2009 (SCI)

[15]C. H. Yeh, C. W. Chow, C. H. Wang, F.
Y. Shih, C. H. Chien, and S. Chi, “A
self-protected colorless WDM-PON with
2.5 Gb/s upstream signal based on
RSOA,” Optics Express, vol. 16, pp.
12296-12301, 2008 (SCI)

[16]C. H. Wang, F. Y. Shih, C. H. Yeh, C.
W. Chow and S. Chi, “10 Gb/s TDM
passive optical networks using four
wavelengths multiplexed channels,”
Optics Communications, vol. 282, pp.
2476-2479, 2009 (SCI)

[17]C. H. Yeh and C. W. Chow, “Utilization
of Four WDM Channels with Signal
Remodulation of OFDM-QAM for
10-Gb/s  Uplink  Passive  Optical
Networks,” Optics Communications,
accepted, 2009 (SCI)

[18]G. Talli, C. W. Chow, E. K. MacHale,
and P. D. Townsend, “Rayleigh noise
mitigation in  long-reach  hybrid
DWDM-TDM PONs,” OSA Journal of
Optical Networking, vol. 6, no. 6, pp.
765-776, June, 2007 (SCI)

[19]C. W. Chow, C. H. Yeh, C. H. Wang, F.
Y. Shih and S. Chi, “Signal
remodulation of OFDM-QAM for long
reach carrier distributed passive optical
networks,” IEEE Photonics Technology
Letters, vol. 21, pp. 715-717, 2009 (SCI)




RN S HE SN C 2

IR O] & Hoiss i P98 &S5 " 300
R e TR
BRI PEOR AN &
X #l € 2 pb 2L 2
FAEHETE | g s A a4 5 0 NSC 97-2221-E-009-038-MY3
BmATR kT
P/ p® L4 | R T 1% Fabry-Perot etalon 2 5 it £ 3248 5k KR § 5f

FEARTEA

C. W. Chow, C. H. Yeh, C. H. Wang, F. Y. Shih, Y. F. Wu and S. Chi

P

Lo ==t ;j P A A 2 gRAE N 1 * — i Fabry-Perot etalon A
FETRERY -BRERTIRLS AR A A C-band iEF # 2]
Feerk R EJRIE-FH L N A - BEE P RS A
1% 47 & 4 (erbium-doped fiber, EDF)& %] 5 &% o ¢ ]‘ﬁ;]»wﬁ»-ﬁhmﬂ o

-\

=
=

SE T A B3R A 1541.02 ~ 1551.32 4- 1562.03 nm * 0 @ & Wi
Kﬁ%%@&%&%nmofﬂ#j&ﬁd%&’%%?%ﬁﬁﬂ
Ak -

In this investigation, we propose and demonstrate a simple and
cost-effective erbium-doped fiber (EDF) ring laser using a Fabry-Perot
etalon inside a linear cavity and employing the accurate fiber cavity
length to satisfy the least common multiple number for generating
multiwavelength in C-band at room temperature. Furthermore, the
centre wavelength of the lasing wavelength bands can be adjusted to
1541.02, 1551.32 and 1562.03 nm, respectively. The wavelength
separation in each wavelength band is 0.34 nm. Moreover, the output
stability of the multiwavelength laser has also been discussed and
analyzed.

GRS &

X
TREFZLAR

B
o

H

AR i % A X 3R Y20 Fabry-Perot etalon 27 — Ef i Sk K
B A i- BHESBamELRTH IV UATET AL C-
ﬁ%ﬁ%%%ﬁmo

R ZiE

7L
=

* hff

UL S R RN S S L L

e E

S P

2R - MR L EHAE - i FH

} —

FakfaR Er (IrEBEY o)

X O2RMEFESEEF A
K 3R R T E

B s BT FEAIZAENGE -
F TR



