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Abstract: We propose a technique for achieving equalized power in
upstream traffic in the gigabit passive optica network (G-PON). A simple
power equalizer based on a Fabry—Perot laser diode (FP-LD) is proposed
and demonstrated experimentally. By the proposed scheme, the different
upstream powers can be equalized. As a result, a 20 dB dynamic upstream
power range from -5 to -25 dBm, having a 1.7 dB maxima power
variation, is attained. Moreover, the performance of the proposed
configuration is also discussed.
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1. Introduction

Advantages of FTTx networks are their enormous capacity and high flexibility over the other
telecommunication networks in the fiber access domain. Time-division-multiplexed passive
optical networks (TDM-PONS) are emerging as a viable choice for the next generation FTTx
broadband access networks. PON is a point-to-multipoint fiber optical network with no active
elements in the signal’s path. Recently, products in agreement with the Broadband PON (B-
PON) standard have come into existence. Moreover, products for Gigabit PON (G-PON) as
well as for Ethernet PON (E-PON) are emerging. The point-to-multipoint connectivity
between the optical line terminal (OLT) and multiple optical network units (ONUs) is
obtained by employing a passive branching device at the remote node (RN). Data traffic from
an OLT to an ONU is called “downstream” (point-to-multipoint), and traffic from an ONU to
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the OLT iscalled “upstream” (multipoint-to-point). Two wavelengths are used: typically 1310
nm (Ayp) for the upstream transmission and 1490 nm (Aqown) fOr the downstream transmission.
Because the transmission lengths of each ONU to OLT are different, the upstream signals
arrive a the OLT with various power levels. In addition, the auto-gain control (AGC) and
clock and data recover (CDR) processes of upstream signals should be completed on constant
power level within 44 nsin a G-PON system. The signal processing time of G-PON is shorter
than that of E-PON (within 440 ns). In order to overcome the problem, the effective method is
to adjust each upstream power in equal level at the OLT. To obtain the equal upstream powers
in a G-PON, several variable optical attenuators (VOAS) [1-4] can be used in each optical
network unit (ONU) to adjust the power level. Moreover, each ONU with a VOA dso
increases the cost for the FTTx access networks. Besides, the output level of ONU, adjusting
the bias current of burst-mode laser, also can be controlled by the layer two (L2) of OLT [5].
But the response time of that technology was too slow because it needs to check each power
level one by one.

Recently, there have been very few research studies that discuss power equalization in G-
PON. In this study we propose and demonstrate, for the first time to our knowledge, a
technique for achieving equalized power for G-PON with the use of a Fabry—Perot laser diode
(FP-LD) to serve as a power equalizer. With this equalizer, a 1.7 dB maximal power variation
under a 20 dB dynamic upstream power range of —5 to —25 dBm is attained. In addition to the
above, we discuss performance of the proposed system.

2. Experiments and results

The proposed optical power equalizer is illustrated in Fig. 1. The equalizer consists of an
optical circulator (OC) and a FL-LD connecting the receiver in OLT. The upstream signals
from LD-2 will pass through the 1310/2490 nm WDM coupler and OC and into the proposed
equalizer (LD-1) to equalize the power level. For convenience, in our experiment of the
proposed architecture we used two 1.5 um band FP lasers for the power equalizer (LD-1) and
upstream signal source (LD-2) to replace the 1.3 um band FP-LDs. Due to in 1.3 pm band
without dispersion effects, thus we can directly adjust the power of 1.5 um band FP-LD to
simulate the different upstream power levels. Moreover, the mode spacing (AA) of the two FP-
LDs used is nearly 1.28 nm, and their operating temperature is set at 22 °C. The threshold
current (Iy) of LD-1 is~9.5 mA. In this experiment, an operating bias current (Ip) of LD-1is
set a 9 mA (I, < ly,). Due to the gain competition or rearrangement characteristic of FP-LD
[6], the LD-1 can be used to keep the upstream power at a constant level. Because of the rate
equation of semiconductor lasers [6], the LD-1 can operate below threshold current to lead to
the absorption or amplification of the injection lightwave under different power levels.

O L T OC : Optical Circulator
_____________ LD : Laser Diode
I Power -Equalized Amplifier!  PD: Photodiode

h | WDM : Wavelength Division Multiplexed Coupler
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Fig. 1. Proposed power equalizer in G-PONs to equalize the entire uplink power of each ONU.
The equalizer isintegrated inthe OLT.

Figure 2 shows the output spectrum of LD-1 at 9 mA without any upstream injection. LD-
1 is operated slightly below the threshold current and stays at the lower output level to avoid
affecting and processing the upstream signals. Moreover, Fig. 3 also shows the output spectra
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of LD-1 when the different output powers from LD-2 are —8.5, —11.5, —13.5, and —15.5 dBm,
respectively. In Fig. 4, the received output power (average power) versus different injection
powers is shown for when the upstream signal injects into LD-1 at different power levels of
—-1.5 to —25 dBm. Therefore, the received different output powers are distributed at —11 to
—15.3 dBm. From the results we observed that the larger injection power into the equalizer
will be absorbed and the smaller injection will be amplified slightly. According to the G-PON
standards, the maximum power variation from each ONU is nearly 20 dB. Furthermore, Fig. 4

also shows the maximum power variation of 1.7 dB at the injection power range of —5 to —25
dBm.
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Fig. 2. Output wavelength spectrum of 1.5 um FP-LD at 9 mA bias current.
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Fig. 3. Output spectra of the LD-1 when the different average output powers from LD-2 are (a)
—-8.5, (b) —11.5, (c) —13.5, and (d) —15.5 dBm, respectively.
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Fig. 4. Received average output power versus different upstream injection powers from —-1.5 to
—25 dBm when the upstream signal passes through the equalizer.
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Fig. 5. Observed eye diagrams at the upstream powers of (a) —8.5, (b) —11.5, (c) —13.5, and (d)
—15.5 dBm, respectively, modulated at 2.5 Ghit/s before passing through the proposed power
equalizer.

In order to simulate each upstream signal with different power in the PON, a 1.5 pm
upstream signal FP-LD (LD-2) is modulated by a 2.5 Gbit/s non-return-to-zero pseudo
random binary sequence with a pattern length of 2-1 on a LiNbO; electro-optical modulator.
Four different upstream powers, which represent —-8.5, —11.5, -13.5 and -15.5 dBm,
respectively, are used to pass through the proposed equalizer. Figures 5(a) to 5(d) illustrate
received eye diagrams of the given upstream powers before they have passed through the
equalizer. The extinction ratios (ERS) of the four signals in total are larger than 8.5 dB. The
different input signals, having passed through the equalizer, are again depicted with eye
diagrams [see Figs. 6(a) to 6(d)]. The received powers also become -14.1, -14.5, —14.7, and
—14.9 dBm, respectively. The dimensions of eye opening in Figs. 6(a) to 6(d) are very similar
and the four eye diagrams a so have dlight distortions. After passing through the equalizer, the
four extinction ratios are measured to be larger than 7.1 dB, and in total they drop only ~1.4
dB. According to the report in [7], the response time of FP-LD was less than 1 ns. In other
words, upstream signal processing is unaffected after the signal has gone through the
proposed equalizer. Although the equalizer leads out the lower power level, the observed
results indicate that this does not affect the data traffic in the PON. In addition, when the
temperature or bias current is increasing, the central wavelength of FP-LD also shifts to a
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slightly longer wavelength. In the experiments, the output multimode of the two FP-LDs used
must correspond to each other. When the injection wavelength shifts over 0.08 nm, then the
eye diagram upstream signal will become seriously distorted.

© (d)
Fig. 6. Observed eye diagrams at the upstream powers of (a) —8.5, (b) —11.5, (c) —13.5, and (d)
—15.5 dBm, respectively, modulated at 2.5 Ghit/s after passing through the proposed power
equalizer. The four powers become —14.1, —14.5, —-14.7, and —14.9 dBm, respectively.

3. Conclusion

We have first proposed and demonstrated experimentally the optical power equalizer for
upstream traffic in a gigabit passive optical network based on a FP-LD. By the proposed
equalizer, the dynamic upstream power range of 20 dB from -5 to —25 dBm with a 1.7 dB
maximal power variation is guaranteed. Under a 2.5 Gbit/s modulation upstream traffic test, it
was noted that al the upstream signals could be equalized without any effect on signa
processing. Moreover, the performance of the proposed equalizer also has been discussed.
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