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Abstract: The objective of this paper is to highlight the possibility 

of solving problems corresponding to "the concept of a flexible 

optical access network." The entire network architecture has been 

accomplished using the OPTISYSTEM development environment. 

The WDM-PON system architecture is based on two cascaded 

Array Waveguide grating (AWG). As compared with standard 

bidirectional WDM-PON, the system presented in this paper is low 

cost and more effective. Performance analysis of (NRZ, 0.6 RZ, and 

0.8 RZ) modulation formats for both downstream and upstream and 

the effect of fiber length in them has been investigated. Two 

different filtering types of AWGs (Gaussian and rectangular) have 

been evaluated and their effect on the performance of the signal has 

been compared. Downstream and upstream signals performance 

was evaluated and optimized with respect to the bandwidth of AWG 

and the extinction ratio of the downstream signal. 

Keywords: WDM-PON, Array Waveguide Grating, Optical Access 

Network. 
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1. Introduction  

The global internet explosive growth will access up to petabytes 

per minutes including video signals in the range of millions per 

minutes corresponding to CISCO forecast Project during 2011 to 

2016 years. This tendency makes the Next Generation Access 

networks (NGAs) in demand. High bandwidth provision, less 

maintenance requirements and the low cost of the Passive Optical 

Network (PON) make it the most promising candidate of the Next 

Generation Access networks (NGAs). Passive Optical Networks 

(PONs) are very appealing according to the cost term because of 

the non-active components in the transmission line [1]. 

Wavelength Division Multiplexing Passive Optical Networks 

(WDM-PONs) with Arrayed Waveguide Gratings (AWGs) have 

more beneficial than Time Division Multiplexing Passive Optical 

Networks (TDM-PONs), where the WDM-PONs with Arrayed 

Waveguide Gratings (AWGs) allocate different wavelength channel 

to each user therefore high bandwidth is introduced in addition to 

that they have more security and possibly less cost effective than 

TDM-PONs. On the other hand the TDM-PONs have limitations in 

transmission capacity as well as the number of users with splitters, 

however the TDM-PONs are small, easy installed and require no 

electricity [2] [3]. 

WDM-PON architecture that is shown in figure (1) below uses a 

separated wavelength channel from the Optical Line Terminal 

(OLT) to each Optical Network Units (ONU) for each downstream 

and upstream transmission. Each ONU in the WDM-PON system 

can be able to exploit the whole bit rate of the wavelength channel, 

and it can be divided with others ONUs, thus different services can 

be backed up over the same network[4]. In another meaning 

different wavelengths groups can be exploited to back up different 

independent Passive Optical Network (PON) sub networks, all this 

can be operated over the same optical fiber infrastructure [5]. 
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Figure (1) WDM-PON architecture 

In terms of the physical network topology, the WDM-PON 

networks are point to multipoint passive topology because the use 

of the passive AWG couplers. However, WDM-PON networks are 

point to point in terms of the logical network topology, since the 

dedicated transmission channel is used to each user and the 

bandwidth is not shared with others as in the case of the classical 

PON networks [6]. 

 In the downstream signal, the Arrayed Waveguide Grating 

(AWG) divides the coming signal to individual wavelengths, since 

each carrier propagates in separated channels to dedicated ONUs. 

The same principle is employed in the upstream signal, where the 

data is transmitted with dedicated wavelength at each ONU [7]. The 

advantages of the AWG are primarily the small loss insertion, high 

stability, less cost than the other conventional splitters, and the 

flexible selection of its channel number and channel spacing [8]. 

2. Modeling 

The system architecture presented in this paper is shown in 

Figure (2). It is designed and simulated using (OPTISYSTEM 

2013) as shown in appendix A. this network architecture consist  of 

two cascaded of AWGs. The first AWG is an 8x1 input/output that 

connects the optical sources to the bidirectional fiber and then to 

the second 1x8 AWG which is connected to 8 ONUs. Each ONU 
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has a receiver that contains simple photo detector and filter to select 

the chosen wavelength.  

 

 

Figure (2) bidirectional WDM-PON system architecture  

The upstream data can be modulated by any appropriate 

transmitter used for modulate the OLT carrier. Fixed laser stack is 

used as optical source of the OLT for downstream signals. It has 8 

fixed lasers each one has wavelength that is compatible with 

routing table of the AWG. Single modulator is used for modulating 

the coupled optical sources. The modulated signal is then split 

using 1x8 splitter and became the inputs for 8x1 AWG with 3 dB 

insertion loss and 100 channel spacing. Return to Zero (RZ) and 

Non Return to Zero (NRZ) data format with 2.5 Gbit/s are used for 

modulating the driving amplitude. After the modulation signal 

amplification is needed.  

      After passing through the AWG and the two circulators the 

signal power endure -7 dBm losses before sending into the system 

fiber that have 0.5 dB/km loss and 16 ps/nm/km dispersion. Self 

phase Modulation (SPM), Rayleigh scattering and Cross Phase 
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Modulation (CPM) as Nonlinearity effects were also counted in the 

system fiber. The same AWG as in the OLT is used for 

demultiplexing the transmitted signals in order to deliver each one 

to the corresponding ONU with -14 dBm power.  Receiving/ 

transmitting module are composed in each ONU. In the ONU a 3dB 

coupler is used for splitting the input signal.  Finally at the PIN 

photodiode the received signal is about -17 dBm then it passed 

through a Bessel filter with (0.6×data bitrate) bandwidth. Bit error 

rate tester (BERT) is used for measuring the bit error rate of the 

converted electrical signal. "The whole quality of the 

communication system is valued by the bit error rate "(defined as 

the ratio of incorrectly received bits to the total number of bits 

received over time)"[9]. BER measuring is presented in equation 

(1) as a function of the Q factor [10]: 
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)  
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 √  
                                                        (1) 

The Q factor provides an analog quality for the digital signal 

as shown in equation (2): 

  
     

     
                                                                                       (2) 

" where:    - logic level '1',    - logic level '0',    – standard 

deviation of the logic level '1',    - standard deviation of the logic 

level '0' "[10].  

       In each ONU an optical transmitter as the same as in the OLT 

is used for feeding the upstream signal. In order to get the same 

output power and modulation type of the downstream bias current 

and driving amplitude can be controlled. The power of the upstream 

signal about -2 dBm prior to passing through the system fiber. After 

passing through the fiber it is then demultiplexed using the AWG 

and fed in to the photodiode with -17 dBm power. As clarified, 22 

dB is the power budget for both downstream and upstream signals. 
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3. Results and Discussion 

In this section the designed system performance have been 

analyzed by the Q factor as a function of a fiber length, The BER to 

investigate the effects of the two different AWG filters (Gaussian 

and Rectangular types) and BER according to the extinction ratio 

for downstream and upstream signals as shown below. 

     

3.1 Q factor for individual distances 

  From theoretical assumptions the quality of the optical 

communication system will reduce as the fiber distance increased. 

At the ONU side the power value have to be up -21 dBm which is 

the maximum sensitivity of the ONUs. Various factors can limit 

this value like dispersion, length of the fiber and purity of 

connectors. Q factor "(The Q-factor gives us an analog quality of 

the digital signal with respect to the signal-to-noise ratio)" has been 

chosen to find this quality simply. Bit error rate will be in lower 

level when the Q factor in higher level. , the results has no signs of 

degradation for distances up to 15 km so longer distances has been 

chosen in the simulation. As the distances increased up to 40 km 

there is a noticeable change where the Q value became 17 and the 

BER became 1.4*10
-19

. This results for downstream NRZ and RZ 

of duty cycle = 0.6 and 0.8. As the results shows RZ for this optical 

network is the better option. 
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Figure (3) Q factor for number of fiber length of downstream 

(NRZ, 0.6 RZ and 0.8 RZ) signals 

Figure (4) shows upstream signal of the NRZ and RZ of (0.6 

and 0.8 duty cycle). For distance 40 km the Q values are 8, 11 and 

12 of NRZ, 0.6 RZ and 0.8 RZ respectively. The BER is 4.7x10
-6

 

and the Q factor value decreased to 5 when the distance is 60 km. 

although this BER value is very high the network still working. But 

with distance 65 km and upper such a network is not working as the 

effect of chromatic dispersion (CD) began to appear. Maximum 

chromatic dispersion value is 1000 ps/nm with 10 Gbps bit rate. 

Total chromatic dispersion will be 1020ps/nm if 60 km length and 

17 ps/(nm·km) CD coefficient. Chromatic dispersion compensation 

is necessary for such a long distance. The goal of this paper is to 

obtain "the maximum transmission parameters without any 

compensation. 
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       Figure (4) Q factor for number of fiber length of upstream 

(NRZ, 0.6 RZ and 0.8 RZ) signals 

3.2 Performance of AWG 

Two different transfer functions (Gaussian and Rectangular 

types) of AWG are investigated in the presented WDM PON 

system. The optical spectra of the two filters output signal is 

presented in figure (5) with 1 GHz resolution. The losses of two 

filters were normalized to the smallest value. A 3 dB bandwidth of 

50 GHz is chosen for the Gaussian filter. 50 GHz flat pass 

bandwidth, stop bandwidth with 40 dB attenuation out of this 

bandwidth and least loss region are chosen for the rectangular filter. 

In order to analyze the effects of this two AWG filters BER is 

measured as shown in figure (6). The results present worst curve for 

the Gaussian type which is higher than 10
-8 

BER at −20 dBm 

received power. A saturation is appear at much higher received 

powers. Best curve is shown for the rectangular type where at −20 

dBm received power the BER is 10
−10

. Much better performance is 

achieved by the rectangular AWG because of relative intensity noise 
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(RIN) suppression so for practical consideration the rectangular 

AWG is the best.  

 

Figure (5) Optical output spectra of two AWG filters 

 

Figure (6) BER curves measurement of AWG filtering effect 

using Gaussian and rectangular transfer functions. 
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BER as a function of pass bandwidth for rectangular AWG is 

presented in figure (7) for the downstream and the upstream signals. 

The AWG pass bandwidth is varied from [10 -70] GHz with 20 

GHz wider stop bandwidth. From the results as the bandwidth 

increased the BER is reduced because of relative intensity noise 

decline with bandwidth increasing. However increasing bandwidth 

not always guarantees better performance. For a bandwidth wider 

than 50 GHz the performance are not further improved for 

downstream and upstream signal that is because of cross phase 

modulation effect. For upstream signal, the intensity noise effect 

caused by the demodulation at lower AWG bandwidth reduces the 

intensity noise rise by AWG bandwidth decreasing this make 

upstream signal performance less make worse than that of 

downstream signal. As a result 50 GHz pass bandwidth of AWG is 

demanded for demodulation for both WDM signals. 

 

Figure (7) BER comparison at−17 dBm of downstream and 

upstream signals as a function of AWG pass bandwidth.  

3.3 Extinction Ratio (ER) 

The downstream and upstream signals performances are  

examined in order to show how an Extinction Ratio (ER) "(ER is 

the ratio of two optical power levels of a digital signal generated by 

https://en.wikipedia.org/wiki/Ratio
https://en.wikipedia.org/wiki/Power_(physics)
https://en.wikipedia.org/wiki/Digital_signal_(electronics)
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an optical source)" for downstream signal effects the signal 

demodulation at each ONU. Figure (8) shows the result of BERs as 

a function of ER varies between [4-8] dB. The output power was 

fixed at 5 dBm. The BERs were about 10
−8

 and 10
−18

 for the 

downstream signal and upstream signal respectively when a 

downstream signal ER is 4 dB. The BERs were opposite when the 

ER become 8 dB. Therefore as ER of the downstream signal 

increase BER of the downstream signal decrease but that of 

upstream signal increase. That is because of ER increasing means 

increasing in power change between 0 and 1 levels for the 

downstream signal.  

 

Figure (8) BER variations for downstream and upstream signals 

as a function of the extinction ratio. 

The network will be limited to the downstream transmission 

if low values of ER is used so the Extinction Ratio must be 

optimized. Owing to the existence of downstream signal in the 

demodulated upstream signal there is a tradeoff between the 

maximum ER and the maximum BW provided by the WDM 

Transmitter in order to achieve best performance.  

https://en.wikipedia.org/w/index.php?title=Optical_source&action=edit&redlink=1
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3.4 BER for downstream and upstream signals with received 

power  

Figure (9) present BER curve to evaluate the performance of the 

upstream signal. The results show that power penalty to receive 

optical signal is 3.8 for 8 channel after 30 km transmission with 

desired BER < 10
-12

.this power penalty due to dispersion and cross 

talk effects.  

Figure (9) BER performance of upstream signals in B2B 

configuration and after 30 km transmission  

For downstream signal in order to get BER < 10
-12

 minimal 

received power for B2B configuration have to be above -18.9 dBm 

and for 30 km SMF transmission above -17.6 dBm. The Power 

penalty for this downstream signal is 1.3 dB and this can be 

explained by the effect of chromatic dispersion. Figure (11) 

presents BER measurement as a function of received power using 

optimum ER value and rectangular AWG for balance the 

performance of both downstream and upstream signals. Under these 

conditions at 10
−12

 BER the upstream signal has 3dB better 
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sensitivity and that is because there is no ER limitation where 15 

dB ER value was used. 

 

Figure (10) BER performance of downstream signals in B2B 

configuration and after 30 km transmission 

 

Figure (11) BER performance as a function of received power for 

both downstream and upstream signals. 
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4. Conclusion 

The architecture of bidirectional WDM-PON system for data 

transmitting using two cascaded AWGs and low cost optical sources 

was investigated by computer simulation. The two AWGs used for 

increasing the ONU number, multiplexing, demultiplexing channels 

and supporting more security. For both downstream and upstream 

NRZ, 0.6 RZ and 0.8 RZ are used as the modulation format in this 

system. The RZ data modulation as concluded is superior to NRZ 

data modulation and that is because it's better immunity to fiber 

nonlinearities.  

This paper focuses on the importance of AWG band shape in the 

WDM-PON system by framing the filtering effect which removes 

the upstream signal tails and decline the received signal. The 

simulation of the system with experimental analysis indicate that 

AWGs Gaussian type must not be used in such a system due to 

pattern dependent effects where a BER floor is not achievable." the 

performance of the network got better As the form of the filter 

became rectangular. For WDM-PON system it is essential to use 

flat band AWGs for reducing the filtering effects and extend 

acceptable BER. 

An extinction ratio (ER) of 5.5 dB has been chosen as optimal 

value for the downstream signal in order to balance the performance 

between demodulated upstream and downstream signals. Pass 

bandwidth of a rectangular AWG effects on the signal performance 

is also investigated. While AWG pass bandwidth changed from [10-

70] GHz with [20 GHz] stop bandwidth," the narrowest bandwidth 

that is keeping good performance was 50 GHz.  
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Appendix-A 
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تحهيم الاداء نشبكة يزج الارسال بتقسيى انطول انًوجي انضوئية 

 (AWGانثنائية الاتجاه انخايهة رات يرشحات )

 
 و.و. يهنذ يوسف يحسن

muhannad.yousif@yahoo.com 

 قسى انهُذست انكهزببئٍت -انجبيؼت انتكُىنىجٍت 

 
 انًستخهص

انهذف يٍ هذا انبحث هى الاشبرة انى ايكبٍَت حم انًشبكم انًتؼهقت بًفهىو شبكبث 

انىصىل انضىئٍت انًزَت. تى تحقٍق انبُبء انكبيم انًصًى ببستخذاو بٍئت انتطىٌز 

OPTISYSTEM)) ٌىضح هذا انؼًم بٍُت انُظبو.WDM-PON) ٍٍُانًستُذ ػهى اث )

انًتتبنٍت . يٍ انًتىقغ اٌ ٌكىٌ هذا   Array Waveguide grating (AWG)يٍ 

ثُبئً الاتجبِ انؼبدي.   PON-WDMانبُبء فؼبلا ويٍ حٍث انكهفت اقم يقبرَت يغ َظبو 

كلا  (NRZ, 0.6 RZ, and 0.8 RZ)تى تحقٍق تحهٍم الاداء نتُسٍق انبٍبَبث يٍ َىع 

وتأثٍز طىل انهٍف انضىئً ػهٍهًب. وتى  upstream و  downstreamالاشبرتٍٍ 

ػهى انشبكت ػٍ طزٌق استخذاو َىػٍٍ يٍ  AWGتحقٍق تبثٍز انتزشٍح ببستخذاو 

AWG  ًوه Gaussian و rectangular وتى يقبرَت الاشبراث انخبصت بهى يغ

نكلا الاتجبهٍٍ يٍ َقم انزابظ نُقم نبٍبَبث. تى تحهٍم وانحصىل ػهى الايثم نتأثٍز الاداء 

وفقب نُسبت الاخًبد انتببؼت لاشبرة   upstream وdownstream انبٍبَبث 

downstream وكذنك انحزيت انتزددٌت نم AWG . 

 PON-WDM, AWGنظاو  ,شبكات انوصول انضوئية:  نرئيسيةاانكهًات 
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