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Abstract— This work proposes a new approach to powering 

PON extenders using the fiber powering technique, in order to 

make them virtually passives. In our demonstration, we show the 

feasibility of this technique applied to an SOA based extender for 

XG-PON/G-PON shared network reaching a distance of 50 km 

with a split ratio of 1:32. Results regarding the BER 

measurements and extender optical performance are discussed. 

This approach eliminates the batteries in the remote sites 

improving the reliability and the security of the system. 

Keywords— Optical access, fiber powering, optical fiber 

amplifiers, optical fiber communications. 

I.  INTRODUÇÃO 

Current passive optical networks (PON), such as gigabit 
passive optical network (G-PON) or gigabit Ethernet passive 
optical network (GE-PON), are recognized as market leaders in 
optical access deployments. The natural evolution of these 
networks converges for 10 gigabit passive optical network 
(XG-PON or 10G-PON), but coexisting in the same 
infrastructure with G-PON or GE-PON legacy. 

Extending the reach of a PON can provide several benefits 
such as covering wider areas and with large splitting, 
avoidance of the practice of installing remote optical line 
termination (OLT) and permission to the central office (CO) to 
consolidate which leads to a simplified network architecture, 
and a reduction in OPEX [1-2]. In order to maximize the XG-
PON/G-PON systems to longer reach and larger splitting ratio, 
semiconductor optical amplifiers (SOA) based on extenders 
were proposed [3-5]. As already stated the use of extended-
reach PON can provide several benefits but telecom operators 
greatly value the passive nature of the access network enabled 
by the PON architecture. Therefore, much effort has been 
devoted to develop passive PON extenders.  In this context two 
proposals have excelled: the erbium-doped fiber remote 
amplification [6-10] and the Raman amplification at central 
premises associated or not with SOAs [11-14]. The first 
proposal uses well-established technical and commercial 
characteristics of the erbium-doped fiber that is remotely 
pumped to promote the extension reach. Unfortunately this 
application concerns to the spectrum range of C band (1530 – 
1565 nm) or L band (1570 – 1600 nm) and therefore it isn’t 
appropriate for application in full spectrum range of G-PON 
and XG-PON systems (1270–1360 nm, 1480-1500 nm and 
1575-1580 nm). The Raman amplification proposal is a very 
interesting technique to promote the passive long reach PON, 
however the technology for the Raman pumps for spectrum 
range of G-PON and XG-PON systems wavelength is not 
reliable and its manufacturability has not been fully proven yet. 
Furthermore, there are also safety issues regarding the handling 
of high optical power in a transmission fiber. A new approach 
to become passive the extenders is the fiber powering 

technique (FP) (or power over fiber). FP consists of 
transmitting optical energy by fiber for a distance and to 
transform it in electrical energy in a remote site by using a 
photovoltaic converter. This technique eliminates the batteries 
in the remote sites improving the reliability and the security of 
the system.  Some research works on fiber powering techniques 
have been presented concerning PON applications. In [15] the 
constraints on optical powering in fiber-in-the-loop 
applications and issues such as safety and reliability were 
investigated. Finally, in [18] Raman pump was applied to the 
remaining optical power at the receiver to convert it to 
electrical power in the optical network terminal (ONT). This 
paper presents a new approach to powering PON extenders 
using the fiber powering in order to make them virtually 
passive. The limits and the perspectives for this approach are 
discussed. The performance of a fiber powered SOAs based 
extender is also demonstrated with an XG-PON/G-PON system 
set-up using a 1:32 splitter and 50 km reach. The conventional 
method to power the extender is presented for the sake of 
comparison with the proposed fiber powering technique. 

II. POWERING THE PON EXTENDERS 

A. Powering the extender by the conventional method 

In the conventional method, PON extenders are treated as 
remote terminals, such as, media gateways deployed in the last 
mile of the fiber-to-the-home (FTTH) networks. According to 
Fig. 1(a) (option A), the extender can be installed in an 
environmental controlled enclosure system placed in curbside 
ground mount, pole mount or in buried junction boxes. These 
enclosures include equipment rack mount place for the 
electro-optic devices, fiber management, power supply, 
standby batteries, sometimes solar panels, alternate current 
(AC) service entrance, AC power distribution, and surge 
protection constituting an uninterruptible power supply (UPS). 
Both ground and pole mount enclosure systems are required, 
with ground mount enclosures representing an increase of 
25% in cost due to the higher degree of planning, permitting, 
trenching, disruptive groundwork, and the concrete pad 
needed for mounting that enclosure. The enclosure is designed 
and qualified as a system with convection cooling airflow, 
component placement and ventilation and must avoid the 
entrance of water, snow, and dust. Passive thermal 
management must address the total thermal load of the optics 
and power supply under full load conditions and variation in 
battery temperatures. The temperature variation between 
batteries is critical and should be kept below 5°C to assure 
proper temperature charge compensation. Other considerations 
include power supply and status monitoring, regulatory 
compliance, grounding, surge protection and the materials 
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selected should support a long service life. 

 
  

Fig. 1 - Powering techniques to uses with PON Extender,  (a) standard 
wiring and local electrically powering, (b) fiber powering technique 
diagram and (c) extender powered by CO or by the remote note. 

Fig. 1(a) option B shows another way to power the remote 
nodes using the electrical method. It uses the existing copper 
wires to extend the CO power, where the OLT is installed, to 
the PON extender. This scheme is commonly referred as Line 
Power.  

This approach has been studied to powering optical network 
terminals (ONT). Typically, a reliable -48 Vdc power plant and 
battery backup system serve as the ultimate source for the line 
power. The line power system converts in the CO the -48 Vdc 
to ± 190 Vdc through the deployment of dc-dc converters, 
named converters. The ±190 V is carried over copper pairs to 
the destination, where this voltage is converted back to -48 Vdc 
or -12 Vdc. , which is named down converter. 
The type of cable, the distance from the CO, and power 

consumption are primary considerations in designing the line 
powered, once the voltage drops in the copper pairs are the 
main problem with this method. There may be safety concerns 
as well, due to the use of high voltage and the occurrence of 
lighting. 

B. Powering the extender by fiber  

Fig. 1(b) shows a simple configuration of a system to be 
applied to powering a PON extender. This system consists of 
the following components: an optical power source (OPS) 
with a laser driver circuit, a high power laser which converts 
the electrical power to optical power, the fiber that transports 
the optical power, an extender with a photovoltaic cell (PV), 
which converts the optical power back to electrical power, and 
the optical amplifiers to amplify downstream an upstream 
signals in the PON. Fig. 1(b) shows just one single way to 
powering, however it is possible to use in the OPS extra laser 
diodes (LDs) and fibers to increase the transmitted power. It is 
also possible to connect other PVs to increase the converted 
power in the extender.  Fig. 1(c) illustrates two possibilities to 
powering the extender, from the CO (option A) or from a 
remote node (option B). Option A is very similar to that one 
used in erbium-doped remote amplification, or by copper pairs 
showed Fig. 1(a). In option B, the OPS is installed in a point 
of presence of telecom companies, such as, shopping centers, 
gated communities, rent rooms, etc.. The amount of power that 
the fiber powering system can deliver is determined in great 
extent by its components: laser, fiber and photovoltaic cell. 

The following parameters can be used to evaluate the 
delivered power to an extender (PExtender): the supply optical 
power on the PV (PSup); the maximum transmitted optical 
power without causing damages in the optical fiber (PMaxFiber); 
the power of the laser diode (PLD); the total loss on the fiber 
(αFiber); the link distance (d) in km and the efficiency of the PV 
(ηPV). The power delivered to an extender can be expressed 
by: 

��������� =  ���. ������ . ���   [W],                 (1) 
where 

������ = 10��∙���,                             (2) 
and αdB is the fiber attenuation in dB/km. Notice that: 

���  ≤  � !������ .                              (3) 
Fig. 2 illustrates the simulation of PExtender values as a 

function of the link distance d. For single-mode fiber with core 
of 9 µm in 1480 nm applications the parameters used are PLD 
= 0.5 W, PMaxFiber = 1.0 W, αdB = 0.25 dB/km and ηPV = 0.2. 
For multimode fibers with core of 62.5, 105 and 200 µm in 
808 nm, the parameters used are PLD = 2, 4 and 7 W, PMaxFiber 
= 2, 4, 8 W, respectively, αdB = 3.0 dB/km and ηPV = 0.35.  

Although the fiber used in PONs is generally single-mode, 
multimode fibers of larger diameter are also suitable for 
optical power transmission. Multimode fibers can be utilized 
along with a single mode cable communications at small 
additional cost. 

 
Fig. 2 - Simulation of the power converted in the Extender as a function of 

the link distance d. 

A crucial parameter of the extender is power consumption. 
The power source needs to have protection against failures of 
the primary power source, typically using batteries as a 
backup. Therefore, power consumption should be reduced as 
much as possible. Moreover, the reach extender must support 
full management of its configuration, performance monitoring 
and fault reporting. Thus, for the mid-span extender, a simple 
way to overcome these requirements is to supply the extender 
equipment with the functions of an ONT.  

However, such functions require more electronic circuits 
that increase power consumption. Typical power consumption 
in the extenders ranges from 5 to 8 W. From Fig. 2 it is 
possible to conclude that the converted power will be available 
only for short distances from the OPS. This eliminates the 
approach presented in Fig. 1(c) (Option A) because the typical 
distances used for extended applications is above 20 km from 
the CO. Option B in Fig. 1(c) seems to be a reasonable choice 
for extenders that use low power-consumption optoelectronic 
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devices [16]. The next section presents a new approach for an 
extender configuration using SOAs with low power 
consumption and powered by the fiber.  

III. FIBER POWERED XG-PON/G-PON EXTENDER 

The proposed fiber powered PON extender is shown in Fig. 3. 
The proposed extender circuit provides gain for XG-PON and 
G-PON applications using minimum power consumption. In 
the extender circuit the two commercial SOAs (for 1310 nm 
and 1550 nm) and the cooler devices packaged in butterfly 
capsules are electrically connected in cascade. The SOAs have 
similar electrical characteristics.  

 
Fig. 3 - The proposed fiber powered extender. 

This cascade circuit is electrically powered by just one 
single PV. Two 1310/1550 nm wavelength division 
multiplexers (WDM) are used at the input and output of the 
extender to couple light in SOAs to amplify simultaneously 
both XG-PON/G-PON downstream signals in the 1550 nm 
SOA. The upstream signals are amplified in the 1310 nm 
amplifier. 

This proposed circuit allows the power consumption to be 
minimized by the extender. The current I is supplied by PV 
and feeds the coolers of both SOAs. It is possible to monitor 
and control the extender using the technique described in [17]. 

The circuit showed in Fig. 3 is electrically characterized. 
Fig. 4 shows the voltage V and current I generated by the PV 
cell as function of the supply optical power PSup on PV 
provided by one 830 nm laser coupled in a 62.5/125 µm fiber. 
The maximum output power of the laser is 2 W.  

 
Fig. 4 – The electrical characterization of the extender. 

 
Moreover, Fig. 4 shows PV cell parameters like efficiency 

ηPV in % and the associated load L of the circuit. The PV cell 
efficiency and the associated load are given by: 

��� =  
"##∙�∙$

�%&'
  %                           (4) 

) =  * +⁄                                         (5) 
When the incident power in the PV cell is 1 W which 

corresponds a link distance of 1 km, the associated parameters 
are: V = 3.14 V, I = 125 mA, ηPV = 39.25 % and load 
L = 25.12 Ω. 

PROOF-OF-CONCEPT OF FIBER POWERED XG-PON AND G-PON 

EXTENDER 

A. Virtually extender optical gain characteristics 

In order to investigate the feasibility of the proposed extended 
XG-PON/G-PON network, a set of proof-of-concept 
measurements employing the fiber powered extender were 
carried out (see Fig. 3) as a bidirectional in-line amplifier at 
the remote node (Fig. 1c, option B). The extender was 
characterized (Fig. 5) in terms of gain in the operational bands 
of XG-PON and G-PON systems versus the supply optical 
power for some levels of input power (Pin). The results 
presented in Fig. 5 were obtained from the experimental setup 
shown in Fig. 6. The typical values of the downstream and 
upstream input power (Pin) were adjusted in the extender input 
and the supply optical power (PSup) in the PV was changed 
remotely. These results show the gains for each wavelength in 
different values of Psup. Fig. 5 shows the extender gain for (a) 
Pin = -12 dBm, (b) Pin = -15 dBm, (c) Pin = -18 dBm and 
(d) Pin = -21 dBm. 

B. System performance evaluation 

Fig. 6 depicts the test-bed employed for proof-of-concept 
measurements. The aim is to analyze the maximum available 
optical power budget provided by the extender in order to 
indentify the upper-reach limit. A 50 km single mode 
bidirectional feeder optical fiber connected the OLT to the 
remote node, where the virtually passive extender is placed for 
both upstream and downstream in-line amplification. A set of 
small form pluggable (SFP) transceivers were used for G-PON 
transmission and for the XG-PON upstream channel.  

On the other hand, a 10G Small Form Pluggable (XFP) was 
required to generate the XG-PON downstream signal. Due to 
unavailability of transmitters centered at XG-PON grid, the 
following wavelength plan were chosen for this analysis: 1566 
nm (XG-PON downstream); 1490 nm (G-PON downstream); 
1290 nm (XG-PON upstream); and 1310 nm (G-PON 
upstream). Both G-PON and XG-PON signals were modulated 
using pseudo-random bit sequences of length 223-1 and 231-1, 
respectively. The transmitters output power levels were set at 
ONT and OLT transmitters, i.e., 1290 nm, 1310 nm, 1490 nm, 
1566 nm, to 2 dBm, 2 dBm, 2dBm and 0.5 dBm, respectively. 

In the OLT site, the G-PON and XG-PON downstream 
signals were combined using optical filters (see OLT inset on 
Fig. 6) and were sent over the 50 km single-mode fiber to the 
remote node for in-line amplification. The downstream signals 
were guided to the ONTs after amplification by the 1550 nm 
SOA passing through a power splitter in a 1:32 ratio. A set of 
optical filters (see ONT inset on Fig. 6) diverts the XG-
PON/G-PON signals to each downstream receiver (XFP/SFP).  
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Fig. 5 - G-PON & XG-PON signal gain as function of the PSup, (a) Pin = -

12 dBm, (b) Pin = -15 dBm, (c) Pin = -18 dBm and (d) Pin = -21 dB. 

For upstream transmission, the G-PON and XG-PON 
signals were combined by the optical filters set at ONT side 
(see ONT inset on Fig. 6) and transmitted to the PON network 
by an optical splitter. They were amplified at remote node by a 
1300 nm SOA. Finally, the upstream output signals from 
virtually passive extender were sent over the 50 km single-
mode fiber and demultiplexed for detection at OLT receivers 
(XG-PON and G-PON). In the optical fiber powering path, a 
62.5/125 µm multimode fiber with length of 1 km was used to 

emulate an optical link between the OPS (located close to a 
user termination) and the remote node, by passing the optical 
splitter. Both wavelength and launch power of the pump laser 
were set to 830 nm and 2 W, respectively. 

 
 

Fig. 6 - Setup proposed for systemic evaluation. 

To estimate the transmission system performance we 
measured the bit error rate (BER) at the receivers. Although 
burst mode transmission was not used for the upstream signals 
analysis there is no impact in the SOA performance due to the 
transient effects [3] - [7]. The performance evaluation was 
conducted in terms of PSup variation. PSup was adjusted initially 
in a value that set the BER at 10-12 and then it was 
progressively reduced while the BER and the input optical 
power in the receivers in ONT and OLT for each wavelength 
were monitored. Fig. 7(a) and (b) shows the performance 
evaluation for XG-PON in upstream and downstream 
direction, respectively, and Fig. 7(c) and (d) shows the 
performance evaluation for G-PON in upstream and 
downstream direction. Notice that from Fig. 7(a) to (d) there is 
a tolerance around 10% in the major value of PSup (around 0.9 
W) in which the BER is lower than 10-10 in the receivers 
(except for upstream XG-PON) which is acceptable for XG-
PON and G-PON systems. 
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Fig. 7 - Performance evaluation of the proposed system for (a) XG-PON 
upstream, (b) XG-PON downstream, (c) G-PON upstream and (d) G-PON 

downstream. 

IV. CONCLUSION 

This work has described a new approach to powering PON 
extenders using the fiber powering technique, in a way to 
make them virtually passives. The conventional method to 
power the extensors has been described to compare with the 
presented fiber powering technique. The limits and the 
perspectives for this approach have also been discussed. The 
performance of fiber powered SOAs based extender has been 
presented with a XG-PON/G-PON system set-up using a 1:32 
splitter and 50 km reach. The proposed technique can improve 
the reliability and the confidence of the PON systems by 
eliminating the batteries in remote sides. 
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