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Summary- Wavelength-division-multiplexed (WDM) based optical networks are indispensable for current 
and future high-capacity networking infrastructure. As the growth on the demand of information capacity, tri-directional 
transmission will be another useful solution for network design, signals interchange and cross connect purpose. 
Conventional systems use different wavelengths for counter-propagating WDM signals to avoid overlapping the spectra. 
Though the Rayleigh backscattering (RB) can be reduced, it will restrict the maximum spectral efficiency. 

Fig. 1 (a) shows the proposed triangle box as a tri-directional transmission module (TTM). It at least consists of 
three pieces of OCs. Fig. 1 (b) shows the TTM in a tri-directional system with h. travels from point a to point b, h b  

travels from point b to point c and L travels from point c to point a. Fig. 2 depicts the experimental setup to study a 
polarization-controlled wavelength-reused tri-directional transmission. Except one dummy port, the other three signals 
are imitated as three partly counter-propagating signals with 0 dBm power level at points a, b and c. Note that h., b, and 
h, are the same wavelength of equal power. Figure 3 simulates the possible impact of RB signals A b  and h. induces 
homodyne crosstalk to h. under random polarization. As A. travels from TMM to point b (i.e., in SMFZ), the crosstalk 
level of RB signal (Ab) to h. is as large as -20 dB (i.e.,-50 to -20 dB). Such crosstalk level may induce 1.5 dB power 
penalty to Fig. 4 shows the measured BER of h. as a function of received optical power after pass through SMFI and 
SMF2. Compared to back-to-back measurement, the power penalty is 0.4, 2.0, and 4.0 dB for the best BER with PCs, 
random polarized without PCs (or shorten as normal PC), and the worst BER with PCs, respectively. 

In a tri-directional wavelength-reused system of 50 km SMF runs 10.0 Gb/s bit rate, launching 
counter-propagating signals with orthogonal polarization using polarization controllers can reduce the impact of 
Rayleigh backscattering. The results show that power penalty is greatly reduced. The proposed technique may find vast 
applications in WDM ring networks and tri-directional system where signals add-drop, interchange, as well as 
cross-connect functions are necessary. 
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Fig. I (a) The proposed tri-directional transmission module 
(TTM), @) TTM in a tr-directional transmission system. 
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Fig. 2 Experimental setup 

1.WE-ll 

I.WE.12 
IWE.13 

b 
( T W  -21 -20 -19 -18 -17 .I6 -IS .I4 .I3 

Receivcd Poarer (am) 
Fig. 4 The measured BER results as a hnction of received 

optical power after 50 (25+25) km SMF with or without 

the oolarization controllers. 

Fig. 3 Simulation result of RB signals & induces homodyne 
crosstalk to h, in SMFI; and the RB signals b induces 
homodyne crosstalk to h. in SMFZ. 
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