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Abstract. This paper presents the study on the effect of filter variation on the coarse wavelength division 

multiplexing (CWDM) system. The filter curve will affect the performance of the CWDM system due to 

changes of received power lever and isolation of the signal. The significant impact on the received power 

level and isolation can be found when the required signal is isolated from unwanted signal by the steep 

curve of filter. As a result, BER of 1.0x 10-12 was obtained corresponding to receive power level of -24.27 

dBm with isolation of 23.22 dB. When the wavelength spacing is reduced to 1nm, the isolation is only 11.30 

dB and BER increased to 5.49x10-7 with a received power of -15.39 dBm.

1 Introduction 

Internet growth and expansion has becoming dense in 

access network [1, 7]. The migration of copper to optical 

network is already an obsolete solution. The access 

network is not for long haul transmission system, which 

loss in terms of power penalty will not contribute an 

impact to data quality during transmission. The main 

consideration is the cost of the system because the 

optical network is expensive [2, 8]. Utilizing previous 

installed network can save cost in optical system. The 

CWDM system gives opportunity for the existing 

network installed to be fully utilized. It is considered as a 

cost effective option which more network can be 

installed in one transmission system and the cost of the 

equipments i.e., multiplexer and filter is economical 

compare to other WDM system[3]. The filter used in the 

CWDM system is normally wide bandwidth where the 

price is less. The filter is not required to be narrow due 

to the wider wavelength spacing between channels. The 

wide filter shape also prevent lost due to the wavelength 

shifting occur during transmission. The isolation of the 

signal is determined by the filter shape. Filter with 

steeper shape produces higher isolation. The spacing of 

the channel also can reduce the isolation level if the 

spacing between the channels is small. 

For CWDM, spacing is larger and so is the filter 

bandwidth. Hence, inter-channel crosstalk is unlikely to 

happen in this system. Isolate the adjacent signal will 

also reduce the received power and the transmission 

distance as well. Therefore, it is important to study the 

filter effect on performance of the access network for 

CWDM system. In this paper, the received power level 

and isolation of the signal is investigated where the 

variation of these parameters contribute by the filter 

curve. The shape of the filter in the system setup (refer to 

Figure 1) is the main contributor to the isolation and the 

received power level of the system. These parameters 

will contribute on the performance of the system which 

BER of the system is investigated due to changes of 

isolation and received power level.  

In this paper, testing was done using standard SDH data 

rate at 2.5 Gbps. The parameters under study were 

received power and isolation with respect to filter’s 

curve 

2 Experiment Setup 

The experiment setup to analyze the performance of the 

new CWDM system is shown in Figure 1.  
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Fig. 1. Experiment setup 

This setup is a point to point transmission where the 

distance of the transmission is based on power budget 

calculation. The main blocks of the experiment are the 

transmitter, coupler, tuneable bandpass filter and the 

receiver. Coupler acts as the multiplexer while the 

tuneable bandpass filter acts as the de-multiplexer. The 

main signal is modulated by the external modulator, 

while the adjacent signal is modulated from the 2.5Gbps 

transmitter. The main signal has to be amplified since the 

external modulator attenuates the transmitted power by 

8.3dB. Both signals are then, multiplexed by coupler 

before being filtered by the tuneable bandpass filter to 

recover back the main signal. The performance of this 

setup is determined by the BER value detected by BER 

tester at the receiving side. The BER calculation is based 

on the 95% confidence level at 1e-12 error rates with 2 

minutes requirement for every data collected. 

3 Result and Discussion 

Figure 2 below shows the spectrum of the filter where 

the 3 dB bandwidth of the filter is approximately 1.5 nm. 

The curve of the filter is shown to be steeper at the upper 

side of spectrum and less steep at the leg of the 

spectrum. From the graph, the insertion loss of the filter 

can be determined by investigating the spectrum or the 

shape of filter. The changes of the receive power level is 

depending on the form of the filter shape. In order to 

isolate the adjacent signal, the filter will be adjusted to 

the minimum power level of adjacent signal 

 

Fig. 2. Broad filter curve 

To this extend, the character of the filter slope contribute 

most to the changes in the received power level. The 

isolation of signal is more effective when the isolation is 

done between the 3 dB points of the curve (at -35 dBm 

as shown in Figure 2) and at 31 dB point (at -60 dBm as 

shown in Figure 1) of the curve. This is the range where 

the curve of the filter is steeper and the isolation of 

adjacent signal will not reduce the power level of 

received signal, hence higher isolation value can be 

achieved. The system is tested using 2.5 Gbps data rate 

to check the system stability which introduces the broad 

filter. Normally the access networks support data rates 

up to 622 Mbps.  

 From the study, the new design provides up to 1.6 

nm wavelength spacing as compared to normal CWDM 

system with minimum spacing of 20 nm[4]. The effect of 

filter’s curve to the system is shown in Figure 3. The 

graph shows that when the wavelength spacing is 

reduced, the performance of the system is also reduced 

as shown by the increase of BER. 
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Fig. 3. Wavelength spacing effect on the performance of BER 

The receive power level and the isolation of the signal is 

considered as the main design parameters because these 

are the main performance indicators for any optical 

receiver. Figure 4 presents the performance of the 

CWDM system when the isolation of the signal is 

reduced. From the graph, the minimum isolation that can 

be detected by the receiver with the least acceptable 

BER (10-11) [5] any errors is 17.24 dB. However, this 

data should be verified with the total received power 

since both of these parameters are interrelated. The 

isolation of the signal can be smaller than 17.24 dB but 

the received power level should be increased in order to 

maintain the data quality. The reason is that, the receiver 

has minimum sensitivity level, if the received power is 

lower than the sensitivity value, the receiver cannot 

distinguish between the actual signal or noises, even if 

the isolation of the signal is still acceptable. 

 

Fig. 4. The performance of isolation adjacent signal with 

respect to BER 

 

On the other hand, the received power level can also be 

as small as -10.41 dBm as shown in Figure 5. In order to 

maintain the signal quality, the isolation of the signal 

should be bigger to ensure the receiver detects the signal 

correctly. These values are affected by the filter shape, 

where the steeper the shape of the filter curve, the better 

the quality of signal received [6]. Therefore, different 

type and characteristic of filter will give different value 

of isolation and receive power level and, it hence 

produced a different quality of performance. 

 

 

Fig. 5. The BER performance affected by the total received 

power. 

Figure 6 shows the distance that can be establish by this 

new design CWDM system. The new design can reach 

up to 40 km with acceptable BER performance of the 

system compared to the normal CWDM system which 

only support up to10 km; this is improvement of 400% 

distance covered. This is done based on power 

transmitted around -7 dBm with power margin of 13 dB. 

The other advantage of this new design it utilizes 

wavelength spacing of 1.6 nm as compared to the normal 

design at distance of 40 km. By implementing this new 

system, the cost for the each link can be reduced and the 

load of the link can be increased in order to support the 

high capacity access network. 

 

Fig. 6. Distance of transmission system due to BER 

performance 
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Conclusion 

The study demonstrates the effect of filter curve on the 

performance of the new CWDM system on the access 

network. The new system can achieved a distance of 40 

km at 1.6 nm spacing with data rate of 2.5 Gbps. 

Furthermore, the new design optimizes the channel 

spacing, and the filter curves until it gives a better 

performance signal to the existing WDM system. As a 

result BER of 1.0x 10
-12

 was obtained corresponding to 

receive power level of -24.27 dBm with isolation of 

23.22 dB. When the wavelength spacing is reduced to 1 

nm, the isolation is only 11.30 dB and BER increased to 

5.49x10-7 with a received power of -15.39 dBm.  
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