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This paper addresses the scalability (in terms of the number of nodes) of a packet-
switched WDM all-optical bi-directional ring for metropolitan area networks. The 
nodes enable adding/dropping packets to/from all WDM channels on the ring. The 
nodes are optically transparent to data packets that bypass them. At a linespeed of 2.5 
Gbps using directly modulated DFB lasers separated by 400 GHz, EDFAs to 
compensate for optical power loss and Phasars for wavelength 
multiplexing/demultiplexing it has been experimentally observed that a single ring can 
support upto 8 transparent nodes. 

1. Introduction 
Metropolitan area networks (MANs) have come to the limelight towards the end of the 
last century. These networks bridge the gap between the access and the wide area 
networks, and it is here that the bandwidth bottleneck at present lies.  
 
The concept of using slotted rings to build a MAN have been presented in [1] and [2]. 
In this paper we present the experimental results of scaling such a ring in terms of the 
number of optically transparent nodes it supports. In the following section we present a 
brief overview of the network and node architectures. In the subsequent sections the 
experimental setup and the results are presented.  

2. Network and Node Architectures 
The network architecture comprises of dual counter-rotating WDM rings transporting 
time slots in clockwise and counter-clockwise directions. For details on the slotted ring 
network architecture refer to [1]. Nodes on the rings enable access to slots on all WDM 
channels within both counter-rotating rings. The nodes enable optical packet switching, 
support optical multicasting and are optically transparent to data packets. Spatial reuse 
of bandwidth on the ring is enabled by allowing slots to be re-used at destination nodes. 
For details on the node design refer to [2].  
 
There is a limit to the scalability of the ring in terms of the number of nodes it can 
potentially support. From simulation results it has been shown in [3] that a single ring is 
able to support a maximum of 5 transparent nodes. The limit to the scalability is 
primarily imposed by the SNR degradation of the signal as a result of the EDFA 
cascade. In the following section the experimental setup for understanding the 
scalability of the ring is presented.  

3. Experimental Setup 
The aim of the experiment is to estimate the increase of power penalty when the number 
of intermediate nodes for a connection from its source node to its destination node is 
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increased by one. The initial setup (shown in figure 1) comprised of 4 wavelength 
channels separated by 400 GHz. The source node, the intermediate nodes and the 
destination node are emulated as shown in the figure. The source and destination node 
make use of a thin-film multiplexer/demultiplexer whereas the intermediate nodes 
(forming a cascade) used Phasars. The EDFA compensates for power loss as shown in 
the figure. In a second setup all Phasars were removed from the cascade and a series of 
EDFAs in cascade was tested for their BER performance. The number of EDFAs in the 
cascade in both the setups was varied between 1 and 6. The channels at the end of the 
cascade were demultiplexed and subsequently detected by receivers. One of the 
wavelength channels was then subjected to BER measurements. 

 
Fig. 1: Experimental Setup 

 
Care was taken to ensure that the power of the optical signal entering the EDFAs in 
both the setups was held constant and that the EDFA was made to pump at the small 
signal gain region. This is to ensure a high gain and therefore a lower signal-to-noise 
ratio performance of the EDFA so as to obtain worst-case results. The setups above 

 
Fig. 2: EDFA Characteristic 
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were also repeated with a single channel only. The setup comprised of the following key 
components: 

 Fig. 3: Phasar Characteristic 

Transmitters: The transmitters modules comprised of directly modulated DFB lasers. 
All the transmitters had an extinction ratio of roughly 8.2 dB. Wavelength deviation of 
the transmitters over temperature was less than 100 pm in the total experiment. The 
transmitters had a spectral width of roughly 0.4 nm at -20 dB under modulation. 
Transmitter B (see figure 1) was modulated with a 2.5 Gbps 231-1 PRBS data stream. 
The transmitters were all on the ITU grid and spaced by 400 GHz with Transmitter B at 
1552.52 nm. 
Receivers: The receiver used for BER measurements comprised of an APD detector 
with a sensitivity of -31 dBm at a BER of 10-9.  
EDFAs: The EDFAs had a maximum noise figure of 7.5 - 8 dB. They were always 
operated in the small-signal gain region. The EDFA characteristic is shown in figure 2. 
Phasars: The Phasar characteristic is shown in figure 3. They had a temperature shift of 
maximum 0.1 nm/◦C and had a crosstalk of -30 dB.  
Multiplexer/Demultiplexer: The multiplexer and demultiplexer in the source and 
destination nodes respectively comprised of thin film filters and had an adjacent channel 
isolation of at least 35 dB.  
 
4. Simulation Results  
The results of the experiment are shown in figure 4. The figure shows the power penalty 
with an increasing number of EDFAs or EDFA/Phasar concatenations when comparing 
case (a) with case (b) and case (c) with case (d). It is important to realize that it is not 
correct to compare case (a) or case (b) with case (c) or case (d). This is because in the 
situation when there is only 1 EDFA, case (a) is the same as case (b) and case (c) is the 
same as case (d). All values of power penalty in the figure are obtained at a BER of 10-9 
and are based on using 1 EDFA. Thus in the figure power penalty at 5 EDFAs, for 
instance, is equal to the difference in received power when using 5 EDFAs and when 
using 1 EDFA at a BER of 10-9. 
 

When comparing cases (a) and (b), it was expected that the use of filters would 
reduce the ASE and thereby improve the SNR leading to a lower BER. Thus case (b) 
leads to a power penalty when compared with case (a). However the two curves 
crossover beyond a particular point. This can be explained by the fact that the Phasar 
passbands are temperature controlled and thus drift to a certain extent. This leads to 
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passband narrowing of the main signal. Beyond a certain number of Phasars it affects 
the signal itself and increases the BER. Cases (c) and (d) depict a similar behavior when 
using a single channel.  

 
Fig. 4: Power Penalty at BER = 10-9: cascading (a) EDFAs and (b) 
Intermediate nodes with 4 channels; cascading (c) EDFAs and (d) Intermediate 
nodes with a single wavelength channel 

 
5. Conclusion 

The effect of cascading EDFAs and Phasars has been experimentally 
demonstrated. The Phasars limit the SNR degradation due to the EDFA cascade to a 
certain extent, but beyond that the narrowing of the passband of the complete system 
plays a significant role in degrading the system itself. Thus a single unidirectional ring 
can support upto 5 nodes.    
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