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Abstract: We demonstrated a wavelength conversion experiment from 160Gb/s:OTDM 
signal to AX x 40Gb/s:WDM signals with multicasting function by using 
four-wave mixing in a highly-nonlinear fiber. This technique was based on 
the OTDMAVDM converter using FWM and the multicasting function is 
easily available by aligning mutual timing of WDM clock pulses. 

1. INTRODUCTION 

Multi-channel OTDM de-multiplexers are indispensable for a practical 
implementation of OTDM networks. The multi-channel de-multiplexers can be 
classified two categories. One is a combination of several optical gate switches and 
splitters, which needs a lot of components [1-2]. Another type utilizes a parametric 
process between OTDM signal and multi-color clock pulses by using single 
nonlinear medium. This type can be also considered as OTDMAVDM converter. 
Several investigations about such converter have been reported [3-5]. We 
demonstrated 160/4x40Gb/s: OTDMAVDM converter by using four-wave mixing 
(FWM) in response to the increase of channel rate up to 40Gb/s, either [6]. 

By the way, considering a border node between OTDM network and WDM 
network, conventional OTDMAVDM gateway offers an aggregation function of 
peer to peer data links. For example, a communication channel assigned to one of 
tributary channel within OTDM signal is assigned to a specific wavelength path 
uniquely, and only one WDM port can receive a specific tributary channels. On the 
other hand, multicasting function of node can deliver same information to several 
wavelength paths, simultaneously. In this report, we demonstrated the 
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160/40Gb/s:OTDMAVDM converter with WDM-multicasting ftmction, for the first 
time. It is able to supply higher fiinctionality to OTDMAVDM gateway. 

EXPERIMENT 

2.1 Basic concept 
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Figure 1. Proposed OTDMAVDM converter 

(a) OTDMAVDM converter, full-DEMUX 

(b) OTDMAVDM converter, multicasting 
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Figure 1 shows the principle of proposed OTDMAVDM converter. A 160Gb/s 
OTDM signal acts as pump light of FWM. 40GHz clock pulses on four 
wavelengths were wavelength-converted to four 40Gb/s data on different 
wavelength-channels as a result of FWM in highly-nonlinear fiber (HNLF). If four 
clock pulses are overlapped on each tributary channels of 160Gb/s:OTDM signal 
one-on-one, it can be said as full de-multiplexing or OTDMAVDM full-conversion 
(Fig. 1(a)). However, if some of clock pulses have same timing, the corresponding 
wavelength-channels share same information simultaneously (Fig. 1(b)). This 
multicasting configuration is easily changed simply by moving the clock pulse 
timing. That is to say, a wavelength channel can request to connect with a specific 
tributary channel ignoring the other wavelengths channels. This flexibility can be 
realized by using individual clock pulses in contrast with the configuration using 
single chirped pulse [3]. 

A pulse width of clock pulses have to be less than OTDM time slot 
(6.25ps@160Gb/s) to suppress an interchannel crosstalk come from neighbouring 
tributary channels, hence FWM between clock pulses on same time slot can 
interfere each other. Incidentally, the FWM interference between clock pulses was 
negligible for the full de-multiplexing condition (Fig. 1(a)) in previous experiment 
[6] because the each clock pulses on four wavelengths occupied time slots 
exclusively. Reducing the peak power of clock pulses is important issue to 
overcome the crosstalk. We demonstrated the worst case in following experiment. 
That is, all the clock pulses located at same time slot and one of tributary channel 
was distributed to four wavelengths. This condition can also be considered as 
broadcasting. Any channel number of multicasting, e.g. Fig. 1(b), can be easily 
obtained from following results and our previous work [6]. 

2.2 Setup and results 

Figure 2 shows an experimental setup. A mode-locked laser diode (MLLD) 
oscillating at lOGHz was launched into 2km of dispersion-flattened fibre (DFF) to 
generate SC light. The pulse width and the center wavelength were 1.5ps and 
1568nm, respectively. The average injected power was 20mW (estimated as 1.3W 
of peak power). Half of the SC light was quadrupled to generate 40GHz pulses 
using a PLC circuit and spectrum-slicing four wavelength channels at 1552.524 ~ 
1557.363nm using a 200GHz spaced arrayed-waveguide-grating (AWG-1). The 
pass band of this AWG was 0.88nm of Gaussian (FWHM). As a result of 
spectrum-slicing, the pulse width in every channel was 4.3ps with Gaussian fitting. 
These four lights were adjusted each timing and polarization as same. Another part 
of the SC light was filtered at 1546.12nm, modulated by lOGb/s PRBS: 2 -̂1 data, 
and multiplexed up to 160Gb/s using a PLC multiplexer that had 200ps offset 
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delays in each multiplexing segment to de-correlate the tributary channels. The 
bandwidth of this 160Gb/s light was adjusted by following cascaded 3nm band­
pass filters (BPFs) resulting in a pulse width of 2.8ps. The residual chirp was 
compensated by the single-mode fibre (SMF). 
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Figure 2. Experimental setup 

The 160Gb/s light and four 40GHz lights were coupled and launched into 
400m of HNLF to cause FWM. The nonlinear coefficient was 11.8W"^km'\ the 
zero-dispersion wavelength was 1546.05nm, and the dispersion and dispersion 
slope at 1550nm were 0.209ps/nm/km and 0.038ps/nm^/km, respectively. The 
average power of 160Gb/s and 4x40GHz signals was +20 and +10dBm, 
respectively. The 4x40Gb/s idler signals generated at 1535.036 ~1539.766nm were 
filtered and spectrum-sliced using a 200GHz spaced AWG-2 (designated X\ - A,4). 
To eliminate WDM-interchannel crosstalk, a 0.6nm BPF was applied. We 
evaluated the bit error quality at a lOGb/s BERT set, hence we had to de-multiplex 
each 40Gb/s signal to lOGb/s using an electro-absorption (EA) modulator after 
OTDMAVDM conversion. 

¥ 0-1 

i 
1" - 2 0 -
1 • 

CU 

,1 Fig. 4 

1530 1540 1550 1560 1570 
Wai^eleiigtli [iitu] 

Figure 3. Spectral allocation 

Center: 160Gb/s OTDM signal, Right: 4 x 40GHz clock, Left: AX x 40Gb/s converted data 
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Figure 3 shows the spectral allocation. The center peak was 160Gb/s:OTDM 
signal. In spite that the injected 160Gb/s signal into HNLF had restricted 
bandwidth due to the cascaded BPFs, the output 160Gb/s spectrum broadened 
because of intraband FWM. Four 40GHz clock pulses were located at longer 
wavelength than 160Gb/s signal, and the converted 40Gb/s signals were located at 
shorter wavelength. The magnified spectra are shown in Fig. 4 and 5, respectively. 
In Fig.4 (a), the spectra of input clock pulses on four wavelengths are shown in two 
different colors to distinguish the neighbouring spectra. Fig.4 (b) shows the FWM 
components occurred when clock pulses were injected into HNLF without 
160Gb/s:OTDM signal. The spectral peak of FWM components caused by clock 
pulses were -30dB lower than the clocks itself due to the wider pulse width and 
lower average power than 160Gb/s pumping light. 

Figure 4. Spectra of clock pulses 

(a) Input into HNLF 

(b) Output from HNLF clock without 160Gb/s signal 

Figure 5 shows spectra and waveforms of the converted AX x 40Gb/s signals. 
The solid lines on spectra represented the location of 0.6nm BPF for every 
wavelength channels to eliminate the WDM interchannel crosstalk. The 40Gb/s 
waveforms were observed by optical sampling system. In spite of several causes of 
crosstalk, the eye opening was very clear. The variation of the pulse peak 
decreased when the timing of clock pulses were different (fiiU de-multiplexing 
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configuration), hence it must be caused by FWM interference between clock pulses. 
The clarification of this phenomenon is future issue. 
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Figure 5. Spectra and waveforms of converted 4X x 40Gb/s data 
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Figure 6. Measured bit error rates for the worst case 

Finally, we measured bit error rates (BERs) at lOGb/s as shown in Figure 6. 
We achieved the BER < 10'̂  for every channel, and the worst cases of each 
wavelength channels and the lOGb/s baseline were represented. The maximum 
MUX/DEMUX penalty was -5.8dB. 
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3. CONCLUSIONS 

We successfully demonstrated the 40Gb/s WDM-multicasting from 
160Gb/s:OTDM signal by using similar configuration with OTDMAVDM 
converter. The FWM interference between clock pulses surely affect the converted 
waveforms, however, the bit error rate were below 10'^ for every channel. In this 
experiment, we showed four wavelengths multicasting (broadcasting), and we have 
already shown the OTDMAVDM full-conversion [6]. Therefore, any combination 
of channel selection as like Figure 1(b) could be easily realized. 
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