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Abstract—Here we propose a bidirectional wavelength division multiplexing (WDM) access architecture 
employing cascaded cyclic arrayed waveguide gratings (AWGs) and reflective semiconductor optical amplifiers 
(RSOAs) for system applications mainly in wavelength routed fiber-to-the-home (FTTH) networks. These 
architectures can address multiple N2 customers using N wavelengths by employing multiple NxN AWGs at the 
central office (CO) and multiple 1×N AWGs at the distribution points (DPs). A 20 km range colorless WDM 
passive optical network (WDM-PON) was demonstrated for both 4 Gbit/s downstream and 2.5 Gbit/s upstream 
signals respectively. The BER performance of our scheme demonstrates that our scheme is a practical solution to 
meet the data rate and cost-efficient of the optical links simultaneously in future access networks. 

Index Terms—Wavelength-division-multiplexing passive optical networks (WDM/PONs), Fiber to the home 
(FTTH). Arrayed waveguide gratings (AWGs), Reflective semiconductor optical amplifiers (RSOAs).  

 

I INTRODUCTION

 
The rapid growth in Internet traffic and bandwidth inten-

sive applications is continuing to fuel the penetration of fiber 

networks into the access network segment [1]. Wavelength-

division-multiplexing passive optical networks 

(WDM/PONs) are an attractive option due to their high ca-

pacity, easy management, network security, protocol trans-

parency, and easy upgradability [2]. PON systems in fiber 

to-the-home (FTTH) networks have been widely deployed to 

fully support “triple-play” services including data, voice, 

and video services. Among various PON technologies, 

WDM/PONs, which offer point-to-point connectivity via a 

dedicated wavelength to each customer, are believed to 

eventually provide an optimal FTTH architecture [3].  

 

The rapid deployment of WDM into the core and metro-

politan networks has cut down WDM components costs, and 

pushed WDM technology closer to the end-user. The AWG 

is a key WDM technology, offering high wavelength selec-

tivity, low insertion loss, small size, high channel count and 

potentially low cost [4-6]. Several WDM/PON systems have 

been studied recently where a reflective semiconductor opti-

cal amplifier (RSOA) plays an important role [7–15]. The 

RSOA replaces the high cost WDM source at the ONU and 

can be used as a modulator and amplifier [16-18]. This gives 

additional gain enabling the possibility of avoiding the use 

of an Erbium Doped Fiber Amplifier (EDFA) in the system. 

In these systems, both the upstream and downstream chan-

nels use the same wavelength for improving the wavelength 

utilization efficiency.  

 

Cascaded Arrayed-Waveguide Gratings (AWGs) access 

architectures are discussed here [19-24]. These architectures 

can route to a large number of customers using a minimal set 

of wavelengths by employing AWGs [25], while offering 

scalability and improved crosstalk. In this work a cascaded 

AWG-based access architecture that consists of multiple 

N×N AWG’s at the CO and multiple 1×N AWG’s at the dis-

tribution points (DP) is investigated. N wavelengths are mul-

tiplexed and transmitted from the CO, offering unique opti-

cal path for each end user for both downstream and up-

stream transmission. Each AWG at the DP addresses N end 

users where the end users transmit in the same wavelength 

that they receive. A commercially available simulation tool 

was used for the calculations reported in this work [26].  

 

II PROPOSED ARCHITECTURE  

Space wavelength switching can be attained by utilizing the 

periodic spectral response of the AWG, and its Latin routing 

capability [4]. This is achieved by setting the AWG Free 

spectral range (FSR) to match the product of the number of 

output ports and the channel spacing. In addition, the num-

ber of wavelengths must equal the number of output ports. 

Consequently, for a symmetric NN AWG, the output port 

from which wavelengths appear will depend on the input 

port at which the wavelengths were launched. The minimum 

number of wavelength channels needed for N2 connections is 

N.  An example of the wavelength assignment is shown in 

Table 1, where the same wavelengths are used for different 

connections. For example, 4 is used for N connections such 

as 4 to 1 and 3 to 2 [4]. 
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TABLE 1 

An example of the wavelength assignment in an N×N AWG 

router. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The same functionality can be achieved by employing active 

AWG, an AWG with an array of phase modulators on its 

arrayed-waveguides section, where a programmable linear 

phase-profile or a phase hologram is applied across the ar-

rayed-waveguide section. Following the second free propa-

gation region, this results in a wavelength shift at the output 

section of the AWG. This effect can be used to tune the de-

vice, and also allows space-wavelength switching function-

ality [27,28]. Thus, just one input port of the NN AWG can 

be used for downstream transmission, whilst the remaining 

ports are used for upstream reception. Since active AWG’s 

cost is relatively higher than passive AWGs, A passive N×N 

AWG, circulators, and an opto-mechanical switch are used 

to achieve the desired wavelength routing in this work [19]. 

 

Fig. 1 shows the proposed access architecture. Packets are 

modulated onto one of R wavelengths from a fast tunable 

laser depending on the destination Optical Network Unit 

(ONU) [22]. The cells reach the first stage S1, which con-

sists of a P-way passive optical splitter. The cells are routed 

into the appropriate arm and progress to the second stage S2, 

consisting of a Q-way power splitter, where each of the arms 

of the splitter are connected with one of the upstream ports, 

respectively, of the Pth N×N AWG. Space-wavelength 

switching is achieved by using an AWG in conjunction with 

a power splitter and an opto-mechanical switch. For the pro-

posed WDM access architecture shown in Fig. 1, there 

would be R = 24 wavelengths spaced by 100GHz (0.8nm), 

requiring a Q = 24 port AWG. The AWGs at the second and 

third stages (S2 and S3) are matched to have the same FSR 

(2400 GHz), passband width and number of input/output 

ports, so that Q = R. The packets are routed out of the CO 

and onto stage S3, located at the distribution points (DPs), 

consisting of AWGs with R = 24 ports. Each AWG acts as a 

fixed optical wavelength router directing the wavelength 

multiplexed cells to the destination ONU located in the cus-

tomer premises. At the ONU, using optical splitter/coupler, 

portion of the signal is fed to a receiver. For up-link, the 

other portion of the downstream signal from the split-

ter/coupler is re-modulated using 2.5 Gb/s NRZ upstream 

data by RSOA in the ONU. The re-modulated On-off keying 

(OOK) signals are sent back over the fiber to the CO where 

they are de-multiplexed by the AWG. The reflected optical 

signal is detected by a PIN-photodiode. Uplink optical side-

bands produce crosstalk when uplink data was detected at 

the CO. Crosstalk can be reduced by using Bessel filter. The 

total number of ONUs served is the product PQR. For P = 

12, Q = R = 24 this access network can provide service to 

6192 customers, thus allowing a graceful evolution from 

current passive optical networks (PON) infrastructures [29]. 

A factor P downstream bandwidth capacity can be achieved 

by replacing stage 1 consisting of a P -way splitter by a bank 

of P tunable lasers and modulators, so that the network con-

sists of P = 12 sub-networks, where each can serve 576 

ONUs [22]. 

III SIMULATION ISSUES AND RESULTS 

The laser source is externally modulated by a Mach-Zehnder 

modulator. The data stream, which modulates the continuous 

wave laser source, was generated using an NRZ shaped 

pulse train. The average output power of the source is 

20dBm while the linewidth of the laser is 10MHz.  A Gauss-

ian approximation of the modal field in the waveguides was 

used in the AWG model and the insertion loss is assumed to 

be 4dB, which is a typical value in standard AWGs. Polari-

zation dependent loss has been ignored. The waveguide is 

assumed to be symmetrical and only the fundamental mode 

was taken into account. These assumptions can be justified 

as they have minimal effect on the simulation results.  A 

polarization independent RSOAs that can handle signals 

with arbitrary polarization state were used. Limitations of 

the RSOA model used here include neglecting the gain dis-

persion. Neglecting the gain dispersion is acceptable as long 

as the bandwidth of the optical signal is significantly smaller 

than the amplification bandwidth, which is typically of the 

order of several tenth of nms. A 20 km of standard single-

mode fibre (SMF) with 0.2 dB/km loss was used for fibre 

transmission simulations. This module solves the nonlinear 

Schrödinger equation describing the propagation of linearly-

polarized optical waves in fibers using the split-step Fourier 

method. This model allows simulating nonlinear (SPM, 

FWM, XPM) and Raman effects in WDM systems. 

 

BER simulations were carried out with a Bit Rate of 4 Gb/s 

downstream and 2.5 Gb/s upstream for a 1.7 GHz bandwidth 

receiver respectively. The received eye diagrams of down-

stream and upstream signals were measured at ONU and CO 

respectively. The received eye diagrams of arbitrary down-

stream and upstream signals are shown in Fig. 2 and Fig. 3 

respectively. The eye-diagrams are widely open and prove 

that the system is stable and that crosstalk is negligible.  
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Figure 1 Cascaded AWGs based access architecture 

 

The BER versus input optical power Pin curves for the 

downlink and uplink are shown in Fig. 4. It is clear from the 

results that both downlink and uplink do provide good BER 

performances. It is noted from the figure that the BER for 

the downlink and uplink goes down with increasing Pin from 

10 dBm to 20 dBm. For the downlink, when Pin = 10 dBm, 

the BER = 1.3×10-9 and quality factor Q= 5.9. When Pin = 

20 dBm, the BER = 3.2×10-32 and Q = 11.8. For the uplink, 

the BER goes down slowly with increasing Pin from 10 dBm 

to less than 15 dBm. When Pin = 10 dBm, the BER = 2.3× 

10-9 and Q = 5.9. For Pin ≥ 15 dBm, the BER is nearly con-

stant. When Pin =20 dBm, the BER = 1.4×10-39 and Q = 

13.1. This can be explained by the fact that the RSOA is 

operating in the gain saturation region.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Eye diagram of downlink 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The variation of the gain of RSOA with the optical input 

power Pin is shown in Fig. 5. It is clear that the maximum 

gain appears at Pin = 10 dBm, then goes down to reach the 

lowest gain at Pin= 20 dBm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Eye diagram of uplink 

 

V  CONCLUSION 

This paper has presented novel simulation results to eval-

uate AWGs and RSOAs for system applications mainly in 

new bidirectional access architectures employing cascaded 

arrayed-waveguide grating technology. Space wavelength 
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switching was achieved in these networks using a passive 

AWG in conjunction with an optical mechanical switch. 

These architectures can address up to 6912 customers em-

ploying only 24 wavelengths, separated by 0.8 nm. RSOA is 

used as low cost colorless transmitters for high-speed optical 

access exploiting WDM technology. The results obtained 

demonstrate that cascaded AWGs access architectures have 

a great potential in future FTTH networks.  

 

 
Figure 4 BER versus input power 

 

Figure 5 The variation of RSOA gain with input power 

REFERENCES 

[1] Elaine Wong, “Next-Generation Broadband Access 

Networks and Technologies”, J. Lightwave Technol., 

vol. 30, no. 4, pp. 597-608, 2012. 

[2] F.T. An, D. Gutierrez, K.S. Kim, J.W. Lee, L.G. Kazov-

sky, “SUCCESS-HPON: a next generation optical ac-

cess architecture for smooth migration from TDM–PON 

to WDM–PON”, IEEE Commun. Mag. vol. 43, no. 11, 

pp 540-547, 2005. 

[3] S.-J. Park, C.-H. Lee, K.-T. Jeong, H.-J. Park, J.-G. 

Ahn, K.-H. Song, “Fiber-to the- home services based on 

wavelength-division-multiplexing passive optical net-

work”, J. Lightwave Technol. Vol. 22, pp. 2582–2591, 

2004. 

[4] M.K. Smit, C. vanDam, “PHASAR-based WDM-

devices: Principles, design and applications”, IEEE J. 

Select. Top. Quant. 2 (2) (1996) 236–250. 

[5] M.K. Smit, “New focusing and dispersive planar com-

ponent based on an optical phased array”, Electron. 

Lett. 7 (24) (1988) 385–386. 

[6] G.R. Hill, “A wavelength routing approach to optical 

communication networks”, Brit. Telecom. Technol. J. 3 

(6) (1988) 24–31. 

[7] S. Y. Kim, S. B. Jun, Y. Takushima, E. S. Son and Y. C. 

Chung, “Enhanced performance of RSOA-based WDM-

PON by using Manchester coding,” J. Optical Network-

ing, vol. 6, pp. 624-630, 2007. 

[8] Y. C. Chung, “Recent Advancement in WDM PON 

Technology”, Tech. Dig. ECOC 2011, Geneva, Paper 

Th.11.C.4. 

[9] J. Prat, C. Arellano, V. Polo, C. Bock, “Optical network 

unit based on a bidirectional reflective semiconductor 

optical amplifier for fiber-to-the home networks”, IEEE 

Photon. Technol. Lett., vol. 17, no. 1, pp. 250-252, 

2005.  

[10]  M.D. Feuer, J.M. Wiesenfeld, J.S. Perino, C.A. Burrus, 

G. Raybon, S.C. Shunk, N.K. Dutta, “Single-port laser-

amplifier modulators for local access”, IEEE Photon. 

Technol. Lett. vol. 8, no. 9, pp. 1175–1177, 1996. 

[11]  N. Buldawoo, S. Mottet, F. Le Gall, D. Sigonge, D. 

Meichenin, S. Chelles, “A semiconductor laser amplifi-

er-reflector for the future FTTH applications”, in: Proc. 

Eur. Conf. Opt. Commun. (ECOC 1997), Edinburgh, 

UK, 1997, pp. 196–199.  

[12]  J.M. Kang, S.K. Han, “A novel hybrid WDM/SCM-

PON sharing wavelength for upand down-link using re-

flective semiconductor optical amplifier”, IEEE Photon. 

Technol. Lett. vol.18, no. 3, pp. 502-504, 2006.  

[13]  G.C. Kassar, N. Calabretta, I.T. Monroy, “Simultaneous 

optical carrier and radio frequency re-modulation in ra-

dio-over-fiber systems employing reflective SOA 

modulators”, in: Lasers and Electro-Optics Society 

(LEOS 2007), October, 2007, pp. 798–799.   

[14]  A. Kaszubowska, L. Hu, L.P. Barry, “Remote down-

conversion with wavelength reuse for the radio/fiber up-

link connection”, IEEE Photon. Technol. Lett. vol. 18, 

no. 4, pp.562–564, 2006. 

[15]  T. Kuri, K. Kitayama, Y. Takahashi, “A single light-

source configuration for full-duplex 60-GHz-band ra-

dio-on-fiber system”, IEEE Trans. Microw. Theory 

Tech. vo. 51, no. 2, pp. 431–439, 2003. 

[16] T. Kim, K. Jeung-Mo, and H. Sang-Kook,  "perfor-

mance analysis of bidirectional hybrid WDM/SCM 

PON link based on reflective semiconductor optical 

amplifier" Microwave and optical technology letters, 



 F. I. El-Nahal / Bidirectional WDM Access Architecture Employing Cascaded AWGs and RSOAs. (2014) 

 

  

160  

ISSN 0895-2477, Vol. 48, April, 2006.  

[17] Zhansheng Liu et al., "Experimental Validation of a 

Reflective Semiconductor Optical Amplifier Model 

Used as a Modulator in Radio Over Fiber Systems", 

IEEE Photon. Technol. Lett., vol. 23, no. 9, pp. 576–

578, 2011. 

[18]  M.C.R. Medeiros, R. Avó, P. Laurêncio, N.S. Correia, 

A. Barradas, H.J.A. da Silva, I. Darwazeh, J.E. Mitch-

ell, P.M.N. Monteiro, “Radio over fiber access network 

architecture employing reflective semiconductor optical 

amplifiers”, in: Proc. ICTON-MW’07, Sousse, Tunisia, 

2007, pp. 1–5. 

[19]  I. Tsalamanis, M. Toycan, S.D. Walker, “Study of hy-

brid cascaded AWG-based access network topology”, 

in: Proc. ICTON, Nottingham, UK, 2006. 

[20]  F. El-Nahal, R.J. Mears, “Multistage WDM access ar-

chitecture employing cascaded AWGs”, Optical Fiber 

Technology, vol. 15, no. 2, pp. 181–186, 2009. 

[21]  M.C. Parker, F. Farjady, S.D. Walker, 

“Space/wavelength-routed ATM access architecture 

based on cascaded programmable arrayed-waveguide 

gratings”, in: Proc. CLEO’98, San Francisco, CA, 1998. 

[22]  F. Farjady, M.C. Parker, S.D. Walker, “An evolutionary 

access network upgrade path based on a multi-

dimensional-time-space-wavelength architecture”, in: 

Proc. NOC’98, Manchester, UK, 1998. 

[23]  F. Farjady, M.C. Parker, S.D. Walker, “Evolutionary 

multidimensional access architecture featuring cost-

reduced components”, in: Proc. ICAPT’98, Ottawa, 

ON, Canada, 1998. 

[24]  M.C. Parker, F. Farjady, S.D. Walker, “Wavelength-

tolerant optical access architectures featuring N-

dimensional addressing and cascade arrayed waveguide 

gratings”, J. Lightwave Technol. 16 (12) (1998) 2296–

2302. 

[25]  M.C. Parker, F. Farjady, S.D. Walker, “Application of 

synthetic aperture techniques to AWG passband con-

trol”, in: Proc. IPR’98, Victoria, BC, Canada, 1998. 

[26] Optisystem from optiwave. 

[27] M.C. Parker, S.D. Walker, A. Yiptong, R.J. Mears, “Ap-

plication of active arrayedwaveguide gratings in dynam-

ic WDM networking and routing”, J. Lightwave Tech-

nol. 18 (12) (2000) 1749–1756. 

[28] F. I. El-Nahal, R.J. Mears, “Applications of active 

AWGS in future WDM networks”, Opt. Eng. 42 (3) 

(2003) 867–874. 

[29] D. Hopper, Fujitsu Telecommunications Europe, Ltd., 

private communication. 


