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Broadcast Transmission in WDM-PON using a Broadband Light Source Jinwoo Cho, Jaedon Kim, David Gutierrez, and Leonid G. Kazovsky Photonics and Networking Research Laboratory, Stanford University, 058 Packard Building, Stanford, California 94305, USA [email protected]



Abstract: A novel method to broadcast a video stream to all subscribers in WDM-PON is proposed and experimentally implemented. Using a broadband light source, we have achieved successful transmission performance with our proposed method. ©2006 Optical Society of America



OCIS codes: (060.2330) Fiber optics communications, (060.2360) Fiber optics links and subsystems, (060.4510) Optical communications



1. Introduction Current PON systems are generally based on Time Division Multiplexing (TDM-PON). The key issues in these systems are how to increase their transmission capacity and how to diversify their transmission data. Since video streams are used in the access network, broadcast is a very important issue in PON systems. In TDMPON, there are several ways to broadcast data to the Optical Network Units (ONUs): sub-carrier multiplexing technique, frequency division multiplexing (FDM) technique which multiplexes digital base-band and RF video signals in frequency domain and modulates the mixed signal onto single wavelength [1], and a CWDM-based approach which uses a separate wavelength for video [2]. Meanwhile, new demands from subscribers require more capacity than that of TDM-PONs can provide so that Wavelength Division Multiplexing (WDM) PONs have been proposed [3, 4]. However, it is difficult in WDM-PON architectures to be able to broadcast a data or video stream to all subscribes at once because the output ports of the wavelength selective devices of the Optical Distribution Network (ODN) only passes a specific wavelength channel on each specific port. Therefore, many researchers are now proposing novel solutions for this problem. One way to broadcast data over WDM-PON is to use N×N arrayed waveguide grating (AWG) [5]. In this structure, each optical network unit (ONU) receives the main signal along with the broadcast signal, but an extra WDM filter is needed at the ODN to separate the broadcast wavelength. Another way is to use a broadcast and selection method [6]. This system is a simple network architecture, but the ONUs of this configuration have a much more complex structure than conventional ONUs. Also, it has been suggested to use the free spectral range (FSR) property of AWG with additional complexity [7]. In this paper, we present a more simple method for broadcast transmissin over WDM-PON. Broadband Light Source (BLS) such as a light-emitting diode (LED), semiconductor optical amplifier (SOA), and erbium-doped fiber amplifier (EDFA) have been proposed as one of the candidates for the transmitter in the access network because we can transmit data on several WDM channels with only one BLS. By modulating the amplified spontaneous emission (ASE) of an EDFA with broadcasting data, we can achieve high transmission performance in WDM-PON systems despite the intensity noise of the incoherent light source. 2. Experiment, results and discussion Figure 1 shows the proposed network architecture. This architecture is especially useful in shared-resources WDM-PON systems such as SUCCESS-HPON and SUCCESS-DWA [8, 9]. In these, the number of shared transmitters is less than the number of users in the PON, so a novel way to do broadcast transmissions is needed. The proposed architecture is very similar to the flexible WDM-PON system, except for the BLS Tx and the optical switch. A BLS Tx consists of a broadband light source and an external modulator. A BLS Tx is connected to the optical fiber through an 1×2 fast optical switch located at optical line terminal (OLT). After passing through the optical fiber, the broadband signal is sliced to specific channels whose center wavelengths are determined by the optical demultiplexer at the ODN. All the sliced channels have the same data because the output of BLS is modulated with a single Mach-Zehnder (MZ) external modulator. The conventional optical receiver (Rx) at the ONU
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can convert the optical broadcast signal to an electrical signal. A fast 1×2 fast optical switch allows the network to change from the WDM-PON unicast transmissions to broadcast transmission in a TDM fashion. In Figure 1, the receiving system at the OLT has been omitted because there are no differences than those of a conventional WDMPON OLT. ONU2 CO = OLT
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Fig. 1. Proposed broadcast WDM-PON system architecture



The experimental setup is shown in Figure 2. We used an EDFA as a BLS which covers the C-band region. Our EDFA has two pump lasers and its output power is set to +12 dBm. The ASE of this EDFA is modulated at 1.25 Gbit/s (pseudo random bit sequence 215-1 bits long) with a MZ modulator. The maximum input power of the MZ modulator is about +17 dBm, Vπ is 3 Vpp, and VB is about 1.2 Vdc. This means that we used the first negative slope in the transfer function curve of our modulator. The extinction ration is very low due to intensity noise at the ‘1’ level. Intensity noise is generally increased as the line-width of spectrum is wider. Modulated broadband signal is transmitted through 15 km SMF whose loss is about 4 dB. The transmitted signal spectrum is sliced by a Gaussian type band pass filter (1.7 nm@3 dB). The peak power of ASE depends on the wavelengths and the output power of an EDFA, and this limits the ASE region to be able to use. In our case, we could use wavelengths from 1525.13 nm to 1551.04 nm. The sliced light source is converted to an electrical signal with an optical receiver which is composed of a PIN photodiode and limiting amplifier. The inverted output of the limiting amplifier is terminated with 50 ohms terminator because the data input of the BERT is single-ended. A polarization controller is not needed before the MZ modulator because the input of MZ modulator is an incoherent signal. We also used a variable attenuator between optical band pass filter and the optical receiver for BER measurements. SMF 15km EDFA
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Fig. 2. Experimental set-up for broadband light source transmission and sliced spectrum



We performed BER measurements for a Back-To-Back (BTB) configuration and with 15 km of SMF over four channels (1528.8 nm, 1530.8 nm, 1540.8 nm, and 1547.8 nm). As stated above, the bit-rate is 1.25 Gb/s with PRBS 215-1. As shown in Figure 3 (a), the minimum sensitivity is -25 dBm at BER 10-12 for BTB and -22.6 dBm for the 15 km SMF. Thus, the power penalty is about 2 dB, which is higher than that of conventional transmission. This is because the BTB signal is a broadband signal and the received signal is a sliced light. The power budget can be
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classified into 2 categories, fixed and variable. Fixed budget comes out of the optical fiber, modulator, and optical switch and variable budget is from the wavelength dependent power of ASE. The error-free transmission can be achieved with the worst case power budget. Typical transmission length in PON system is 20 km, but we used 15 km because our SMF has a big loss compared with the latest SMF. Thus, the loss in transmission line is almost same as 20 km SMF, ~4.0 dB. Figures 3 (b) and (c) show the Tx optical eye diagram and the output eye diagram of the Rx, respectively. The optical signal has significant intensity noise that is almost same thickness as the eye opening, but the electrical signal has a clear eye diagram except some timing jitter. This is because large intensity noise is clamped by limiting amplifier. Although the intensity noise is reduced by limiting amplifier, the intensity noise still causes the timing jitter at the receiver. We could not measure the eye diagram of sliced light source after the optical band pass filter with our digital communication analyzer (DCA) due to its very low signal power.
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Fig. 3. BER curves and eye diagrams : (a) BER curves (b) Tx eye diagram (ch. 4) (c) Output eye diagram of Rx (ch. 4)



3. Conclusion In this paper, we have proposed a novel method for broadcasting transmission in WDM-PON system, which uses a BLS at the OLT. The line-width of our optical band pass filter is 1.7 nm, so we can now use 18 channels in the Cband (~35 nm). If we can reduce the line-width to 1 nm, then the channels can increase up to 32. In order to improve our system performance, we can use some extra devices such as equalizers and forward error correction encoder/decoder to reduce the intensity noise and to increase the transmission length. This proposed system makes broadcast services in the WDM-PON system realizable with a simplified methodology. 4. Reference [1] [2] [3] [4] [5] [6] [7] [8] [9]
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