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Anaëlle Maho, Gaël Simon, Sophie Barbet, François Lelarge, Fabienne Saliou, Philippe Chanclou, Paola Parolari, 

Lucia Marazzi, Marco Brunero, Mario Martinelli, Fellow, OSA, Simon Arega Grebewold,
Juerg Leuthold, Fellow, OSA, and Romain Brenot

Abstract—The self-seeded cavity appeared in the last few years
as a colorless and low cost solution for wavelength division multi-
plexing access. Although the self-seeded source presents a simple
architecture, its behavior has been misunderstood for a long time.
In this paper, we explain its operating principles and why we can
define such a source as a laser. We evidence a laser threshold and
show cavity modes for various lengths. We describe the conditions
required by the reflective semiconductor optical amplifier to sus-
tain the self-seeded cavity, by evaluating the choice of its epitaxial
structure and the influence of its optical confinement factor. An
analysis of the cavity behavior is given, pointing out that the rela-
tive intensity noise results from the beating noise between the cavity
modes. An overview over the last performances in the C- as well as
in the O-band is then presented. Some practical applications are
reported. In particular, we detail the mobile front-haul as a possible
employment for the self-seeded cavity to achieve a self-organized
wavelength network.

Index Terms—Colorless, reflective semiconductor optical ampli-
fier (RSOA), self-seeded cavity, WDM PON.

I. INTRODUCTION

S INCE the principle of a self-seeded source has been pro-
posed [1] many questions have arisen concerning its proper-

ties, working principle, and possible use in wavelength division
multiplexing (WDM) networks. Even in the static regime, the
nature of the emitted light remains unclear. The dynamic regime
is even more unusual, since the round-trip time of photons in the
cavity is much longer than the bit duration. Still, many groups
have succeeded in modulating such a source at a few Gb/s. Most
demonstrations have been made at 1.25 Gb/s [2]–[5], while the
use of fast reflective semiconductor optical amplifiers (RSOA)
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Fig. 1. A typical self-seeded source [11].

has even led to 10 Gb/s demonstrations, both in the C-band [6]
and O-band [7]. A self-seeded source usually exploits a RSOA,
but it can also make use of Fabry–Perot lasers to reduce the
temperature sensitivity and the spectral linewidth [8]. It should
be mentioned that polarization sensitivity is no longer an issue
since the use of Faraday rotators and mirrors compensates for
the birefringence of the cavity elements [9]. We have recently
managed to model the cavity [10], and fast gain compression
in the gain medium has been identified as the key phenomenon
enabling fast modulation. Some practical implementations have
even been proposed for such a source, either for mobile front-
haul [11] or WDM overlay for access networks [4]. In this paper,
we will shortly describe the source, and explain why it can be
called a laser. We will then demonstrate how fast modulation
is achieved. Finally, after describing the main properties of the
built-in laser, we will summarize some practical use-cases in
WDM networks.

II. IS IT A LASER?

A. Principle of a Self-Seeded Cavity

A self-seeded cavity is simply composed of a RSOA, a drop
fiber, an arrayed waveguide grating (AWG) and a partial mirror.
As shown in Fig. 1, a wide band amplified spontaneous emission
(ASE) is emitted by the RSOA (point 1) and then filtered by the
AWG (point 2). Part of the light is sent to the mirror and returns
into the RSOA leading to a resonant cavity. This round trip
occurs a certain amount of times before reaching the steady
state. The other part of the light is hence sent to the network
through a feeder fiber (point 3).
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Fig. 2. Light-current curves with (a) and without (b) the mirror for various
optical losses between the AWG and the splitter.

The emission wavelength is only determined by the selected
AWG port so that every network terminal can be equipped with
the same RSOA. Thus, this solution is passive and colorless.

B. Static Behavior

By definition, a laser is a device emitting light from a cav-
ity where stimulated emission generates an optical gain which
compensates the cavity losses. Based on this statement, we in-
serted a variable optical attenuator (VOA) between the AWG
and the mirror (see Fig. 2(a) inset). Fig. 2(a) presents the out-
put power versus the current injected into the RSOA for several
optical attenuations. At 0 dB, the threshold is well defined and
becomes smoother when the attenuation increases. If we remove
one mirror, opening the cavity, we eliminate the resonance and
no threshold can be seen (see Fig. 2(b)).

More precisely, we measured the output power of these con-
figurations at lower and higher bias currents than the threshold
current (see Fig. 3). At low currents there is mainly spontaneous
emission inside the RSOA, its gain is very low and cannot com-
pensate the losses inside the cavity. In Fig. 3, the self-seeded
source behaves like the open cavity. At higher currents, the
stimulated emission dominates in the RSOA. Its output power
is higher and increases the output power of the cavity. In partic-
ular, at 0 dB, the power of the closed cavity is much higher than
the power of the open one. For attenuations above 12 dB, the gain
is not sufficient to overcome the cavity losses. The self-seeded
source presents a trend similar to the one of the open cavity.
This behavior evidences the presence of a laser threshold.

Besides, we observed the output spectra for different cavity
lengths (see Fig. 4). The measurements evidence the presence

Fig. 3. Output power versus optical attenuation before (20 mA, squares) and
after (80 mA, triangles) the threshold current of a resonant (green) and an open
(blue) cavity.

Fig. 4. Electrical spectra for optical cavities from 12 m to 25 km.

of cavity modes whose spacing ranges from 8.36 MHz to 4 kHz
for lengths from 12 m to 25 km. These values match with the
free spectral range (FSR) calculated with the length and the
refractive index of the drop fiber length (see Fig. 5). As expected,
the number of longitudinal modes in the cavity increases with
its length.

Based on these considerations, we can consider the self-
seeded source as a highly multimode laser with a low degree of
coherence.

III. HOW DOES IT WORK?

A. RSOA Requirements

The RSOA is the key element of the self-seeded architecture.
It has to provide enough gain to overcome the cavity losses
and also to present a wide electro-optical bandwidth in order



Fig. 5. Measured FSR versus the inverse of the cavity length.

Fig. 6. Signal cancellation effect for optical confinement (Γ) of 1%, 20% and
80%. In the insets, erased eye diagrams at 5 Gb/s.

to be directly modulated. Nevertheless, these conditions are not
sufficient to ensure a proper functioning.

Contrary to standard lasers, the round trip time in a self-
seeded cavity frequently exceeds several tens of microseconds.
Yet, at 10 Gb/s the bit duration is 100 ps. Hence, at a given
time the optical signals returning and outgoing from the cavity
are not directly related to the injected current. To avoid inter-
ference with the new modulated signal, it is necessary to erase
the returning data. This is obtained through gain compression
[12]. Because of the saturation effect, the gain remains constant
over a certain range of the input power. As shown in Fig. 6, for
input power higher than −10 dBm, the output power is approx-
imately the same and the cancellation occurs. At high optical
confinement (Γ), there is a higher amount of ASE which satu-
rates more the RSOA. Thus, the component is able to erase the
returning signal more effectively and with a higher frequency
response. However, high-optical confinement devices present a
slower electro-optical response (see Fig. 7). We found that mul-
tiquantum wells (MQW) structures can be more appropriate as
they can be directly modulated up to 10 Gb/s, while efficiently
erasing returning signals.

Taking into account all of these considerations, we designed
RSOAs in a compressively strained InGaAsP MQW material
both in C- and O-band.

Fig. 7. Measured electro-optical bandwidths and eye diagrams at 5 Gb/s for
various RSOAs (direct ASE small-signal modulation at 100 mA).

B. Cavity Analysis

Each element of the cavity impacts the performance. For in-
stance, the birefringence of the drop fiber induces polarization
variations inside the self-seeded cavity. Therefore the polariza-
tion control represents a key issue. In the early architectures [1]
a fiber mirror associated with a low polarization dependent gain
(PDG) RSOA was used to maximize the seeding efficiency, but
the cavity was still sensitive to the polarization fluctuations over
the time [2]. By replacing the fiber mirror by a Faraday rotator
mirror and adding a Faraday rotator just after the RSOA, Mar-
tinelli et al. [9] obtained a polarization retracing circuit, which
allowed the use of a high PDG RSOA.

Another important matter is the choice of the coupling ratio
of the optical coupler which influences both the source output
power and the transmitted signal quality. Increasing the optical
power reflected back to the RSOA reduces the transmitted power
and thus the optical budget [18]. On the other hand it enhances
data modulation (see Fig. 6) and improves the receiver sensitiv-
ity. Depending on the configuration of the cavity, a tradeoff has
to be found [14], [24].

As already evidenced the AWG determines the source emis-
sion wavelength. It also influences the quality of the transmitted
signal. A narrow full width at half maximum (FHWM) increases
the relative intensity noise (RIN) of the source, whereas a wider
filter results in a larger output spectrum, which is more sensi-
tive to chromatic dispersion impairments during the propagation
[13], [17]. Moreover the bandwidth of the signal is not only de-
termined by the AWG FHWM but also by its shape. The signal
from a Gaussian filter is indeed wider than a signal from a flat-top
filter [14] and will be more affected by the chromatic dispersion



for the same FWHM. In both cases the laser wavelength is red 
shifted compared to the central wavelength of the AWG channel 
due to the Bogatov effect. For a flat-top shape the peak wave-
length is close to the cut-off wavelength of the pass band [14]. 
Thus the AWG at the receiver side, the demultiplexer, filters 
useful data [16] which affects the transmission performance. 
To avoid such impairments the Faraday rotator mirror could be 
placed at the receiver end, after the demultiplexer, so that the 
signal shape is built by the cascade of the two AWGs. This 
implies to put the mirror at the optical line termination side, 
extending the cavity length which is then given by the drop and 
the feeder fibers. This choice increases the cavity losses, the 
roundtrip time and thus the time to reach the steady state [18]. 
The cavity build-up is relatively long: in reference [15], for a 
420 m long cavity the output power reaches its steady state after 
six roundtrips whereas the optical spectrum and the bit error rate 
reach their steady state after more than 100 roundtrips. In this 
case, it takes almost 1 ms to complete the steady state in terms 
of power, bit error rate, and spectrum.

Due to the high number of longitudinal modes present in 
the long self-seeded sources, the measured RIN is quite large 
[19], [25]. A short cavity (a few meters) comprises hundreds of 
longitudinal modes and this number increases with the length, 
up to hundreds of thousands for km-long cavities. Fig. 8 presents 
the RIN measured for a 12-m long cavity: the beating noise peaks 
are spaced of the cavity FSR. As demonstrated by simulations 
from an accurate model [10], the competition between all the 
modes determines the RIN.

IV. HOW TO USE IT?

Since the first publication in 2007 [1] many self-seeded ar-
chitectures have been demonstrated. In Fig. 9 we present a com-
parison among some of the literature results. We focus on the 
achieved bit rate and the total distance between the RSOA and 
the receiver. Most of the realizations were performed in the C-
band at 1.25 Gb/s on transmission distances around 20 km. In 
particular, a prototype [20] and a field trial with standard frames 
[11] reached these values. The coexistence of time division mul-
tiplexing and WDM PON supporting 512 users was studied in 
[4]. Although the burst mode is still limited by the build-up time 
of the long-laser, the rise time is compatible with a sleep mode 
for energy saving [18]. Performances in the C-band reach up 
to 5 Gb/s over 25 km [19]. The main limitation factor is the 
chromatic dispersion [6], [15]. That is why O-band has been 
investigated [7], [16]. Long distances, over 70 km, and high 
bit-rates, as 10 Gb/s, were obtained [7], [24]. In the absence of 
chromatic dispersion, the transmission is mainly limited by the 
cavity losses and the RIN.

Generally the RSOA based architectures present better per-
formances than the alternative solutions employing Fabry–Perot 
lasers [8].

Depending on the application, there is a tradeoff to be chosen 
between the cavity length and the transmission distance. Cavity 
losses increase indeed with the distance, reducing the output 
power and thus the optical budget available for transmission. 
On the other hand, increasing the distance between the optical

Fig. 8. Measured RIN of the 12-m long cavity.

Fig. 9. Overview of bit rates and total distance (cavity length and transmission
distance) presented in the literature for C- and O- band. Full square: standard
self-seeded cavity, blank square: self-seeded cavity with Fabry–Perot, circle:
face to face configuration. The receiver sensitivity is given for a BER of 10−3.



Fig. 10. Example of a mobile front-haul [21].

network unit (ONU) and the shared point enables to aggregate
more users at the same node.

The self-seeded architecture appears to be suitable for the
mobile front-haul. The upstream radio signal is first received by
the antenna, processed by the remote radio head (RRH) close to
the antenna and then sent to a base band unit (BBU) located in a
base station which centralizes the data and communicates with
the central office (CO). The usual distance between the RRH
and the BBU is 15 km with a maximum of 40 km. There are
typically three RRHs per antenna per mobile radio technology
and radio frequency carriers. Three radio technologies (GSM,
LTE, LTEa) and radio carriers coexist thus meaning a minimum
of 15 ONUs per antenna site.

In this scenario, the RSOA could be placed in the RRH opto-
electronic transceivers, the Faraday rotator mirror and the AWG
in the antenna cabinet (including power supply, fiber manage-
ment, local alarm management, etc.), shared by all the ONUs
[21]. The cavity length is quite short allowing for longer trans-
mission distances. The great advantage is that instead of using
point to point connections for each RRH-BBU link, the self-
seeded cavity allows to use only one shared fiber (see Fig. 10)
with an automatic and passive wavelength assignment for each
ONU.

Recently, a new kind of architecture was demonstrated. The
mirror was placed after the demultiplexer, at the receiver side,
removing the shared point. To overcome the added losses and
improve the data cancellation, a saturated RSOA replaced the
Faraday rotator mirror [11], [22]–[24] in a so called “face to
face” configuration. Thus, a distance of 70 km at 2.5 Gb/s in
the O band was achieved [24]. With the addition of two SOAs,
a 125 km long cavity was accomplished [11]. By increasing
considerably the cavity length, this configuration opens new
perspectives. The BBU could be moved directly to the CO fur-
ther reducing the infrastructure cost.

V. CONCLUSION

By measuring both the light-current curve and the output
spectrum of a self-seeded cavity, we have highlighted its lasing
behavior: first the threshold occurs when the gain compensates

the losses and then, the FSR observed for different cavity lengths
matches with the external cavity laser model. Yet, this low co-
herence laser has to fulfill several conditions to work properly.
First, the RSOA should present a sufficient electro-optical re-
sponse to work at high bit rates; it should erase the returning
signal and present a high gain to ensure a satisfying optical
budget. Then, a Faraday rotator mirror is mandatory to manage
the polarization inside the cavity. A remaining limitation is the
noise induced by the longitudinal modes.

The self-seeded cavity architecture is both colorless and pas-
sive which fits well for WDM access networks such as the
mobile front-haul or enterprise networks. Depending on the ap-
plication we could either choose the C band to avoid large fiber
losses or the O band to avoid large chromatic dispersion penal-
ties. Up to now, the possible implementations have shown good
performances: the standard architecture reached data rates up
to 10 Gb/s whereas the “face to face” configuration achieved a
transmission distance of 125 km. Both these architectures could
be implemented in future standards for self-organized wave-
length networks.
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