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Abstract—Wavelength reuse in a symmetric ultra-wideband
(UWB) over wavelength-division-multiplexing passive optical net-
work based on injection locking of a Fabry–Pérot laser diode (FP-
LD) and polarization multiplexing is proposed and experimentally
demonstrated. In the proposed scheme, the downstream UWB sig-
nal and baseband signal are generated and polarization multi-
plexed in the central station and sent to a base station (BS) over an
optical fiber. At the BS, one of the downstream signals is selected
to injection lock the FP-LD. It is demonstrated theoretically and
experimentally that the upstream service performance is less sen-
sitive to the modulation depth of the downstream UWB signal than
the baseband signal, and the use of the downstream UWB signal as
the injection signal would contribute to a better transmission per-
formance for both the downstream and upstream services. Thus,
the downstream UWB signal is selected as the injection signal. An
experiment is performed. When the FP-LD is injection locked by
a downstream UWB signal, a clear optical carrier is generated
which is reused for upstream UWB and baseband transmission. A
bidirectional point-to-point transmission of 1.25 Gb/s UWB signal
and 10 Gb/s baseband signal over 25-km single-mode fiber using
a single wavelength is demonstrated. The bit error rate perfor-
mances and the eye diagrams for both downstream and upstream
transmissions are measured.

Index Terms—Fabry–Pérot laser diode (FP-LD), injection
locking, passive optical network (PON), polarization multiplex-
ing, ultra-wideband over fiber, wavelength-division-multiplexing
(WDM), wavelength reuse.

I. INTRODUCTION

U LTRA-WIDEBAND (UWB) was proposed to provide
low-complexity, low-cost, low-power consumption, and

high-data-rate wireless connectivity for wireless local-area net-
work and personal-area network applications [1]. Based on
the definition by the US Federal Communications Commission
(FCC), the frequency band assigned to UWB indoor communi-
cations systems extends from 3.1 to 10.6 GHz, with a bandwidth
of 7.5 GHz centered around 7 GHz. The power spectral density
(PSD) is limited to –41.3 dBm/MHz. Due to the low PSD, UWB
communications can co-exist with other conventional wireless
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communications with negligible interferences [1], but the trans-
mission distance is limited to a few to tens of meters. To extend
the area of coverage and integrate UWB services into fixed wired
or wireless communications networks, a solution is to distribute
UWB signals over optical fibers or UWB over fiber [2].

On the other hand, fixed fiber deployments for fiber to the
home (FTTH) services are increasing. Passive optical network
(PON) technology is the leading FTTH technology, including
Gigabit PON and Ethernet PON, both are based on time-division
multiple access, providing services to N users by use of passive
1:N power splitters with an aggregate bit rate. These techniques,
however, are regarded to not be able to keep up with the require-
ments for future access networks regarding aggregated band-
width, attainable reach, and allowable power budget [3]. These
problems can be mitigated by assigning an individual wave-
length to each optical network unit (ONU). The architecture,
referred to as a wavelength division multiplexing PON (WDM-
PON), is attractive due to the advantages, such as increased per
ONU bandwidth, reduced optical splitting loss, point-to-point
connectivity, protocol agnosticism, bit-rate transparency, large
scalability, and high flexibility [4]. In a WDM-PON, multiple
light sources and wavelength selective components with high
wavelength precision are needed, which may increase the sys-
tem complexity and cost [5]. To simplify the operation, ease the
maintenance and reduce the cost, wavelength reuse has been pro-
posed as an effective solution to realize a “colorless” ONU [4].
Among the various wavelength reuse schemes, injection locking
of a Fabry–Pérot laser diode (FP-LD) [6]–[9], gain-saturation
of a reflective semiconductor optical amplifier [10]–[13] and
the utilization of a separated optical carrier for uplink connec-
tion [14]–[17] have been considered the three major solutions
and have been widely investigated. However, it should be noted
that for the schemes using injection locking of an FP-LD, the
commonly utilized downstream injection optical signal is a base-
band signal. The limitation of such an injection locking method
is that the performance of the upstream signal is sensitive to the
modulation depth or extinction ratio (ER) of the downstream
signal. When the modulation depth of the downstream base-
band signal increases, the injection-locked optical carrier at the
output of the FP-LD is severely degraded, which is not suitable
for upstream data re-modulation. Therefore, there is an obvi-
ous tradeoff between the ER of the downstream signal and the
performance of the upstream signal.

In this paper, a wavelength reuse scheme for symmetric
UWB over WDM-PON based on injection locking of an FP-LD
and polarization multiplexing is proposed and experimentally
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Fig. 1. The proposed UWB over WDM-PON architecture with wavelength reuse based on injection locking of an FP-LD and polarization multiplexing. BB:
baseband.

demonstrated. It is different from the previous injection locking
schemes where the injection signal is a downstream baseband
signal; here, the injection signal is a downstream UWB signal.
It is demonstrated here that the injection locking of an FP-LD
using a UWB signal would make the upstream service perfor-
mance less sensitive to the ER of the downstream UWB signal
than the baseband signal, and the use of the downstream UWB
signal as an injection signal would contribute to better trans-
mission performance for both the downstream and upstream
services.

In the proposed system, a pseudorandom bit sequence (PRBS)
UWB signal and a PRBS baseband signal are modulated on an
optical carrier at two Mach–Zehnder modulators (MZMs) in a
transceiver at the optical line terminal (OLT), and are polar-
ization multiplexed. The output signals from the transceivers
are wavelength multiplexed and sent to the remote access node
(RAN) through an optical fiber. After being distributed to the
corresponding ONU, the downstream baseband signal and a
portion of the UWB signal are converted to electrical signals.
Another portion of the UWB signal is taped and directed to
the FP-LD to perform injection locking of the FP-LD to gener-
ate a clear optical carrier for upstream data transmission. The
upstream UWB and baseband signals are also polarization mul-
tiplexed. Therefore, a symmetric UWB over WDM-PON is im-
plemented.

To evaluate the performance of injection locking of the FP-
LD, a comparative study is performed in which the injection
locking using a baseband and a UWB downstream signal is con-
sidered. For both signals having an identical optical injection
power and an identical electrical modulation power, injection
locking using a UWB signal would provide better performance
over the use of a baseband signal. The proposed wavelength
reuse scheme for the UWB over WDM-PON system has the
following advantages. When the UWB signal and the baseband
signal have an identical injected optical power, the downstream
UWB signal can have a higher electrical modulation power than
that of the baseband signal, without obvious negative impact
on the performance of the upstream signal. This, in turn, con-
tributes to a better receiver sensitivity for the downstream UWB
service. It is true that there is a tradeoff between the ERs of the

downstream and upstream signals for the cases of using either
a UWB or a baseband injection signal; however, the utilization
of a UWB signal as the injection signal would make the system
have a higher tolerance against the power penalty introduced
by a relatively higher ER of the downstream signal. Therefore,
better performances for both downstream and upstream services
of the proposed UWB over WDM-PON can be obtained thanks
to this property.

A bidirectional point-to-point transmission of 1.25 Gb/s
UWB signal and 10 Gb/s baseband signal over a 25-km single-
mode fiber (SMF) is experimentally demonstrated. The perfor-
mance including the eye diagrams, the bit-error rate (BER),
and the power budget is evaluated. An error-free transmission
of both downstream and upstream services over a 25-km SMF
is achieved. The power penalties due to the wavelength reuse
and the polarization multiplexing are measured to be as low as
0.2 dB and 0.3 dB, respectively.

II. PRINCIPLE

A. System Architecture

The schematic of the proposed UWB over WDM-PON based
on injection locking of an FP-LD and polarization multiplexing
is shown in Fig. 1. At a transceiver in the OLT, a linearly polar-
ized continuous-wave (CW) light wave emitted from a tunable
laser source (TLS) is equally divided into two portions through
a 50/50 coupler (C1). Each portion of the CW light wave is sent
to an MZM through a polarization controller (PC). As illustrated
in Fig. 1, the upper portion of the CW light wave is intensity
modulated by a baseband signal coded in a PRBS pattern at
the MZM (MZM1), while the lower portion is modulated by
a PRBS UWB signal at MZM2. The two intensity modulated
signals are then polarization multiplexed at a polarization beam
combiner (PBC1) through another two PCs. The optical down-
stream signals from the transceivers are wavelength multiplexed
at a WDM multiplexer (MUX) and then transmitted to the RAN
through a length of SMF where they are de-multiplexed by a
WDM de-multiplexer (DEMUX). The downstream optical sig-
nals are then distributed to the corresponding ONUs.
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At each ONU, the downstream baseband signal and the UWB
signal are polarization de-multiplexed at a polarization beam
splitter (PBS1), as shown again in Fig. 1. The baseband signal
is then converted into an electrical signal at PD1 and received
by the wireline end user. The downstream wireline service is
thus implemented. The UWB signal is divided into two parts
through a coupler (C2). The lower part is converted into an
electrical signal at PD2 and radiated to the free space through a
UWB antenna. The wireless UWB signal can be received by the
wireless end user through another UWB antenna. The upper part
of the optical UWB signal is applied to an FP-LD through an
optical circulator and a PC for injection locking. A clear optical
carrier is generated at the output of the FP-LD and is used for
upstream signal modulation. Similar to the downstream signal,
the upstream signal also consists of a baseband signal and a
UWB signal. The clear optical carrier is equally divided into
two portions through a coupler (C3) and sent to two MZMs
(MZM3 and MZM4), at which the optical carriers are modu-
lated by the upstream baseband and UWB signals, as shown
again in Fig. 1. The upstream baseband signal and UWB signal
are polarization multiplexed at PBC2, wavelength multiplexed
at a MUX, amplified by an erbium-doped fiber amplifier (EDFA)
at the RAN, and sent to the OLT through a length of SMF. At
the OLT, a DEMUX is utilized to de-multiplex the upstream
optical signals and send them to the corresponding transceivers.
At each transceiver, the optical upstream signal is polarization
de-multiplexed through a PC (PC11) and a PBS (PBS2). The po-
larization de-multiplexed baseband signal and UWB signal are
then converted into electrical signals and detected by the corre-
sponding receivers. Consequently, the simultaneous provision
of the upstream wireline and wireless services is realized.

B. Injection Locking of an FP-LD

The downstream signal consists of two polarization multi-
plexed signals, the baseband and the UWB signals. To evaluate
the injection locking performance, we first set the optical powers
of the UWB and baseband signals identical. The electrical mod-
ulation powers of both signals are also kept identical, but can
be tuned at different power levels during the injection locking
process.

Mathematically, an amplitude modulated optical signal can
be expressed as

E1 (t) = A [1 + βs (t)] sin (ωst) , (1)

where A is the amplitude of the optical carrier, βis the amplitude
modulation index, s (t) is the normalized electrical UWB or
baseband modulation signal, and ωs is the angular frequency of
the optical carrier.

The optical signal is injected into the FP-LD and would expe-
rience the FP etalon effect in the FP cavity. When the wavelength
of the optical carrier is located at one of the transmission peaks
of the FP cavity, the FP cavity works as a low-pass filter. The
high frequency components of the injected signal are filtered
out. By considering the FP etalon effect, the optical signal at the
output of the cavity can be rewritten as

E2(t) = F−1 {F [E1(t)] · H(f)} , (2)

Fig. 2. Illustration of the impact of the FP etalon effect on the injected optical
UWB and baseband signals.

where F and F−1 denote the Fourier transform and the inverse
Fourier transform, respectively, H(f) is the transfer function of
the FP cavity.

Fig. 2 illustrates the impact of the FP etalon effect on the
injected optical UWB and baseband signals. The powers of the
electrical modulation signals are varied to show the results cor-
responding to different modulation depths or ERs. The red solid
line shows the transmission peak of the target mode in the cavity.
From Fig. 2(a) and (b), we can see that the UWB signal has most
of its power filtered out since most of the frequency components
are located at higher frequencies. After filtering, only some low
frequency components with very low power remain and the
temporal waveform is converted into a quasi-baseband signal
with the peak-to-peak amplitude value greatly reduced. When
the modulation power increases, the waveform of the filtered
signal has small changes, since most of the UWB frequency
components are blocked. Therefore, the peak-to-peak ampli-
tude of the filtered UWB signal is not significantly increased
when increasing the electrical modulation power.

For the baseband signal, shown in Fig. 2(c) and (d), since most
of the power of the baseband signal is located at the low fre-
quency region, a large proportion of the baseband signal power
remains after filtering. When the electrical modulation power
increases, the peak-to-peak amplitude of the filtered signal also
increases. Therefore, the power of the filtered baseband sig-
nal increases significantly with the increase of the modulation
depth. It should be noted that an FP cavity with high reflectivity
at both the front and rear facets has stronger filtering effect than
that of an anti-reflection FP cavity whose front facet reflectivity
can be as low as 1%. With a high reflectivity at both facets,
the 3-dB bandwidth of the transfer function of the FP cavity is
much narrower. This, in turn, improves the filtering effect of the
cavity. Both the filtered UWB and baseband signals will be less
sensitive to the electrical modulation power.

For a semiconductor laser with a given output power, injection
locking of the laser is determined by the injection power and the
wavelength separation, Δf = fs − fi , where fs is the injection
wavelength and fi is the free running wavelength. However, a
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Fig. 3. Injection locking of a semiconductor laser [18]. The output optical
power of the semiconductor laser is assumed to be 0 dBm.

strong injection power may lead to relaxation oscillation, thus
the injection power should not be too large. To ensure stable
injection locking, the injection power must be confined in a
region determined by the smallest injection power required to
ensure stable injection locking (static power limit) and the max-
imum injection power limited due to the relaxation oscillation
(dynamic power limit) [18]. The static and dynamic power lim-
its can be obtained through finding the stationary solutions of
the rate equations of the injection locking system [19], [20].
Fig. 3 shows the relationship between the injection power and
the wavelength separation [18]. The solid line gives the region
defined by the static power limit. The dashed line defines the
border of the relaxation oscillation. Stable operation is ensured
if the injection power and the injection wavelength are within
the shadowed region.

As can be seen in Fig. 3, the locking wavelength is shifted
toward a longer wavelength when the injected power increases
(the area formed by the two solid lines is not symmetrical). This
is due to the dependence of the refractive index on the carrier
density in the cavity active region [21]. For a given wavelength
separation, there exists an interval of the injection power. This
interval sets the limit for the minimum and maximum pow-
ers of the injection signal, corresponding to the peak-to-peak
amplitude or the ER of the injection light. For a different fre-
quency separation, a different ER is required. Point a in Fig. 3
marks the average optical power of the injected signal for a given
wavelength separation. Mathematically, the power of the filtered
signal is given by P2(t) = |E2(t)|2 . To achieve stable injec-
tion locking, P2(t) should satisfy Pdynamic > P2(t) > Pstatic ,
where Pstatic and Pdynamic are the power limits set by the static
and dynamic limits at a given frequency separation Δf, respec-
tively. This condition also indicates that the input optical signal
sent to the FP cavity should have a relatively low ER, i.e., the
modulation depth of the downstream signal should not be too
high.

Based on the above analysis, the connection between the
acceptable maximum electrical modulation power and the stable
injection locking can be established. As is shown in Fig. 2, the
red dotted line marks the acceptable ER of the injected light.
For a UWB signal with different electrical modulation power,
the maximum and minimum power of the injected light into the
target mode of the FP-LD does not change significantly due to

the filtering, as shown in Fig. 2(a). For the baseband signal, as
the modulation power increases, the ER of the filtered signal
increases more rapidly than that of the UWB signal, and would
exceed the ER limit, as shown in Fig. 2(c). Therefore, when the
UWB and baseband signal have an identical modulation power,
the UWB signal can achieve more stable injection locking as
the electrical modulation power increases. The utilization of the
UWB signal for injection locking enables the downstream signal
to have a higher modulation depth without a severely negative
impact on the performance of the upstream service, thus would
significantly improve the downstream service performance as
well. Through the analysis and comparison, the conclusion is
notable: with the same electrical modulation power, the UWB
signal is much more suitable for injection locking to generate a
clear optical carrier for upstream data transmission. To achieve
the same result as the UWB signal, the modulation power of the
baseband signal has to be largely reduced. This would in turn
lead to worse receiver sensitivities for the downstream service.

Note that the polarization variations during the optical trans-
mission will have impact on the performance of the system. A
solution is to use a polarization stabilizer at the receiver. The
use of a polarization stabilizer to compensate for the polarization
fluctuations has been proposed and employed in polarization-
multiplexed transmission systems [22]. In our proposed system,
polarization stabilizers should be placed at the base station (BS)
and the central station (CS) right after the fiber transmission
link.

III. EXPERIMENT

The proposed wavelength reuse scheme in a UWB over
WDM-PON system is experimentally demonstrated. The ex-
perimental setup is shown in Fig. 4. At the CS, a CW light wave
at 1553.079 nm from a TLS is equally divided into two parts,
and intensity modulated at MZM1 and MZM2 by a baseband
signal and a UWB signal, respectively. The baseband signal is
a 10 Gb/s PRBS non-return-to-zero (NRZ) signal, generated
by a BER tester (BERT, Agilent 4901B); the UWB signal is a
1.25 Gb/s PRBS bi-phase modulation (BPM) UWB signal, gen-
erated by an arbitrary waveform generator (AWG, Tektronix
AWG 7102). The polarization states of the two intensity modu-
lated signals are adjusted by two PCs to make them orthogonally
polarized and aligned with the principal axes of a polarization
beam combiner (PBC1). The polarization multiplexed down-
stream signal is then transmitted through a 25-km SMF (Corn-
ing SM28) to the BS. At the BS, the downstream optical signal
is sent to a polarization beam splitter (PBS1) via a PC (PC5),
to have the signal polarization de-multiplexed. The baseband
signal is sent to the upper channel, which is detected by a PD
(PD1) (Model 1414, 25 GHz IR Photodetector, New Focus) with
the BER measured by a BERT. In the lower channel, the polar-
ization de-multiplexed UWB signal is equally divided into two
parts. The lower part is detected by a PD (PD2) (Model 1414, 25
GHz IR Photodetector, New Focus) with the BER performance
evaluated also by a BERT. The upper part of the optical UWB
signal is sent to the FP-LD (Thorlabs S1FC1550) through the
OC and PC6 to injection lock one of the longitudinal modes. The
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Fig. 4. Experimental setup of the proposed wavelength reused UWB over WDM-PON system.

Fig. 5. (a) Measured eye diagram of the received downstream baseband signal
and (b) measured electrical spectrum and eye diagram of the received down-
stream UWB signal.

FP-LD has a threshold current of about 40 mA and is biased at
60 mA to work at the lasing mode. At the output of the FP-LD,
a clear optical carrier is generated. An EDFA is then used to
amplify the generated optical carrier. The EDFA can be elimi-
nated if an FP-LD with a higher output power is utilized. The
generated optical carrier is then used for upstream data modula-
tion and transmission. The upstream signals are a 10 Gb/s NRZ
baseband signal and a 1.25 Gb/s on–off keying (OOK) UWB
signal, generated by a BERT and an AWG, respectively. Similar
to the situation for the downstream service, the optical carrier is
equally divided into two parts and each is intensity modulated
by an upstream signal at an MZM. The two intensity modulated
signals are polarization multiplexed at PBC2. The upstream op-
tical signal is sent to a MUX and then transmitted back to the
CS through a 25-km SMF. After being distributed to the CS
by the DEMUX, the upstream optical signal is polarization de-
multiplexed at PBS2. The baseband signal and the UWB signal
are then detected by two PDs (Model 1414, 25 GHz IR Pho-
todetector, New Focus) and evaluated by the BERTs to measure
the BER performances. Therefore, the symmetric wavelength
reused UWB over WDM-PON system is implemented.

The eye diagrams of the received downstream baseband signal
and UWB signal are measured and shown in Fig. 5. As can be
seen the eyes of the received downstream baseband signal and
the UWB signal are widely open. The electrical spectrum of the
received downstream UWB signal is also measured; the PSD
of the UWB signal meets the FCC spectrum mask for indoor
wireless communication.

A comparison experiment using the baseband signal and the
UWB signal for injection locking is conducted. As analyzed
in Section II-B, the modulation powers of the both signals are
set identical. The injection locking results are given in Fig. 6.
Fig. 6(a) shows the injection locking using a clear optical car-
rier, which is used as a reference for comparison. Fig. 6(b)
and (c) shows the injection locking using a baseband signal at
two different electrical modulation powers. It is clearly seen
that when the input modulation power increases, the injection
locking performance becomes poorer. The side mode suppres-
sion ratio reduces from 35 to 19 dB. Fig. 6(d) and (e) shows
the injection locking using a UWB signal at again two different
electrical modulation powers. It is clearly seen that the FP-LD is
well injection locked for the UWB signal at two different modu-
lation powers. The side mode suppression ratio is kept at 35 dB
when the modulation power is increased. The experimental re-
sult confirms that the UWB signal is more suitable for injection
locking to generate a clear optical carrier. For a baseband sig-
nal, injection locking can only be achieved when the electrical
modulation power is low; when the electrical modulation power
increases, the injection locking is severely deteriorated.

The performance including the BER and the eye diagrams
of a 10 Gb/s upstream baseband signal carried by the reused
optical carrier from the FP-LD is evaluated when the injection
signal is an optical baseband signal or an optical UWB signal
at different electrical modulation power levels. Fig. 7 shows the
experimental results. As can be seen, the BER performance is
superior when the injection signal is a UWB signal. When the
electrical modulation power is 19 dBm, the upstream signal can
maintain error-free transmission when the injection signal is a
UWB signal with a BER of 10−9 , but when the injection signal is
a baseband signal, the BER is 10−3 . Error-free transmission here
is defined as the transmission of a signal with a BER no more
than 10−9 . The eye diagrams for the cases of the two different
injection signals are also shown. It is clearly seen that the eye di-
agrams are kept widely open when the input injection signal is a
UWB signal at different power levels. The eye diagram is closed
when the input injection signal is a baseband signal, especially
at high electrical modulation power levels. This result again
confirms that the use of a UWB signal as an injection signal
provides better performance for upstream signal transmission.
When a baseband signal is utilized for injection locking, the up-
stream service is sensitive to the downstream modulation depth.
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Fig. 6. Measured optical spectrums of the output optical carrier of the FP-LD when the following optical signals are injected: (a) clear optical carrier; (b) 5 Gb/s
baseband signal with Pmax; (c) 5 Gb/s baseband signal with Pmin; (d) 1.25 Gb/s UWB signal with Pmax; (e) 1.25 Gb/s UWB signal with Pmin; Pmax: maximum
modulation power; Pmin: minimum modulation power.

Fig. 7. Measured BER and the eye diagrams of a 10 Gb/s upstream baseband
signal for an optical carrier from the FP-LD when the injection signal is an optical
baseband signal or an optical UWB signal at different electrical modulation
power levels.

Fig. 8. Measured BERs of the received downstream and upstream baseband
signals. Inset: eye diagrams of the received upstream baseband signals.

Through the comparison, the superior performance of using a
downstream UWB signal for injection locking over the use of a
downstream baseband signal is verified.

Since the use of a downstream UWB signal for injection
locking will provide better performance, the system employs the
downstream UWB signal as an injection signal for wavelength
reuse. The performance of the entire system is then evaluated.

First, the BERs of the downstream and upstream baseband
signals are measured. The results are shown in Fig. 8. The eye
diagrams of the received upstream baseband signals are also
shown in Fig. 8.

Fig. 9. Measured BERs of the received downstream and upstream UWB
signals. Inset: eye diagrams of the received upstream UWB signals.

The BER of the downstream baseband signal is measured
without and with a polarization multiplexed UWB downstream
signal to study the performance of the polarization multiplex-
ing of the baseband and UWB signals. As can be seen the
co-transmission of a downstream baseband and a downstream
UWB signal will introduce a small power penalty of 0.3 dB.
The effectiveness of the polarization multiplexing is confirmed.

The BER of the upstream baseband signal is then measured.
Three different situations are considered: first, the injection sig-
nal is a pure optical carrier; second, the injection signal is a UWB
downstream signal with no upstream UWB signal (UWB IL, no
UWB); third, the injection signal is UWB downstream signal
with a polarization multiplexed upstream UWB signal (UWB
IL, with UWB). As can be seen that the power penalties caused
by the wavelength reuse and polarization multiplexing are as
low as 0.2 and 0.3 dB, respectively. The eyes of the upstream
signals are also widely open with no obvious deterioration. The
good performance of transmissions of both the downstream and
upstream baseband signals of the proposed system is verified.

Then, the BERs of the downstream and upstream UWB sig-
nals are measured. The results are shown in Fig. 9. The eye
diagrams of the received upstream UWB signals are also shown
in Fig. 9.

Similar to the measurements for the transmission of the base-
band signal given in Fig. 8, the BER of the downstream UWB
signal is measured without and with a polarization multiplexed
downstream baseband signal to study the performance of the
polarization multiplexing. As can be seen, the co-transmission
of a downstream baseband and a downstream UWB signal will
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TABLE I
POWER BUDGET OF THE PROPOSED UWB OVER WDM-PON

introduce a small power penalty of 0.3 dB. The effectiveness of
the polarization modulation is again confirmed.

The BER of the upstream UWB signal is then measured.
Again, three different situations are considered: first, the injec-
tion signal is a pure optical carrier (carrier IL, no baseband);
second, the injection signal is a downstream UWB with no
upstream baseband signal (UWB IL, no baseband); third, the
injection signal is a downstream UWB with a polarization mul-
tiplexed upstream baseband signal (UWB IL, with baseband).
As can be seen, the power penalties caused by the wavelength
reuse and polarization multiplexing are both as low as 0.2 dB.
The eyes of the upstream UWB signals are also shown in Fig. 9,
which are widely open. The good performance of transmissions
of both the downstream and upstream UWB signals of the pro-
posed system is verified.

The receiver sensitivities are also measured. For the down-
stream BPM UWB signal, the downstream baseband signal, the
upstream OOK UWB signal and the upstream baseband signal,
the receiver sensitivities are measured to be –14.8 dBm, –13.9
dBm, –8.9 dBm, and –10.4 dBm, respectively. The receiver
sensitivity here is defined as the optical power to the receiver re-
quired to obtain a BER of 10−9 for both the UWB signal and the
baseband signal. Note that the receiver sensitivities for the up-
stream baseband and UWB signals are poorer than those for the
downstream signals. This is because the half-wave voltages of
the upstream modulators are not high enough, which limits the
ERs of the upstream signals. Once the modulators with higher
half-wave voltages are utilized, better receiver sensitivities for
upstream signals will be attainable.

The power budget of the proposed UWB over WDM-PON is
analyzed, which is summarized in Table I. The output powers
of the FP-LD and the EDFA are also provided. Due to the low
output power of the FP-LD, an EDFA is employed at the BS.
However, if an FP-LD with a higher output power is used to
replace the current FP-LD for the experiment, the EDFA can be
eliminated.

IV. CONCLUSION

A wavelength reuse scheme based on injection locking of an
FP-LD and polarization multiplexing for a symmetric UWB

over WDM-PON was proposed and experimentally demon-
strated. The key contribution of the work was the comparative
investigation of the injection locking performance of an FP-LD
using a downstream baseband and a UWB signal. It was proved
theoretically and experimentally that the use of a UWB signal
for injection locking would provide better performance than the
use of a baseband signal. Thus, the utilization of a downstream
UWB signal for wavelength reuse would enable the downstream
signals to have a higher modulation depth without obviously de-
teriorating the transmission performance of the upstream signals
compared with the conventional schemes of injection locking
using a baseband signal. Therefore, the proposed UWB over
WDM-PON could provide excellent performance for both the
downstream and upstream services.

A bidirectional point-to-point transmission of 1.25 Gb/s
UWB signal and 10 Gb/s baseband signal over a 25-km SMF
was experimentally investigated. The performance including
the eye diagrams, the BERs, and the power budget was eval-
uated. An error-free transmission of both the downstream and
upstream services over a 25-km SMF was demonstrated. The
power penalties due to the wavelength reuse and the polariza-
tion multiplexing were measured to be as low as 0.2 and 0.3 dB,
respectively.
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