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ABSTRACT 

An increase in the demand of broadband service has encouraged research and study to find a solution to offer an ade-
quate amount of service. Living in this digital world with downloading video, voice or data leads us occasionally to 
have a shortage of bandwidth in the provided data. One of the solutions to cover the huge expected demand in the future 
is improving the communication systems by adding optical passive components to the Radio over Fiber (RoF) system. 
This work is mainly to increase the bandwidth that allows the small and single consumer at the last mile. We have 
shown that by adding the 40-GHz mm-wave to the system, Bit-Error-Rate (BER) has increased while Q-factor has de-
creased. 
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1. Introduction 

In the modern communication systems, optical fiber is 
used to promote the efficiency in the transmitting and the 
receiving signals. This development in the communica-
tion system will help to supply enough broadband service 
to the last point of each individual consumer. Providing 
broadband service to each single end would not be an 
easy task to the service providers. Not only does optical 
fiber have immunity to the electromagnetic field, it also 
offers a high bandwidth that might be needed at the end 
of a single terminal. Distributing services to each single 
end will be costly. However, by using the wavelength 
division multiplexer (WDM), which works to transmit 
one signal with many wavelengths, one fiber, is needed 
to connect the wavelength division multiplexing to the 
demultiplexing at the end of the transmitter side and the 
beginning of the receiver side. Fiber to terminal x tech-
nology (FTTx) has shown its ability to increase the 
bandwidth at the last mile terminals such as small busi-
nesses and housing customers. The passive optical net-
work (PON), which consists of, the optical line terminal 
(OLN), the single mode fiber optic (SM), and the optical 
network terminal (ONT), is simply a (FTTx) technology. 
WDM PON systems can also offer symmetric wave-
lengths, both downstream (from OLN to ONT) and up-
stream (from ONT to OLN) [1]. Moreover, for the wire-
less broadband technology mm-wave radio shows its 
efficiency in supporting the wireless connections. In this 
paper, we have found the function of WDM-PON sys-
tems which requires having all passive optical compo-
nents and studying the system after adding the optical  

fiber to the last mile terminal [2]. We also have added 
mm-wave to the carrier signal in order to take the advan-
tage of mm-wave. 

The demand for a high-speed data rate has increased 
over the last few years. The traditional networks that use 
coaxial cable and wireless communication have become 
insufficient to provide high data and large bandwidth. To 
overcome this problem, an optical fiber must be used 
because it can provide large bandwidth and a high data 
transfer rate. The use of the passive optical network 
(PON) is the most efficient and economic way to solve 
this problem because of its characteristics. The passive 
optical network has many advantages. For instance, it 
does not use active devices such as optical amplifiers, 
repeaters and active splitters especially between the cen-
tral offices and the base stations. Therefore it consumes 
less power, less space, and less complexity. Because of 
this it can be expanded cheaply as compared to the active 
network [3]. 

2. System Design 

The most dominant use of the passive optical network is 
to provide high speed, large bandwidth, and a high data 
rate to the end user at the last mile. The demand for using 
the Internet service for gaming, video calling, and high- 
definition television has been increased by the end users 
[1]. Therefore, this will require large bandwidth and a 
high data rate. The main goal of this project is to provide 
high-speed Internet services to the last mile by using fi-
ber to the home, which is known as FTTH. In this study 
we used the broadband passive optical network, which is  
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known as BPON to implement the FTTH network and 
adding mm-wave to the carrier and finding the effects 
that mm-wave apply to the output signal. 

In this paper we design and analysis a broadband pas-
sive optical network (BPON-RoF) to achieve a high- 
speed data rate and large bandwidth. We have built our 
system in two different designs one is without a mm- 
wave and the second one is with a mm-wave. OptiSys-
tem software version 10 was used to simulate those two 
designs. Figure 1 shows the basic Architecture of 
WDM-PON network. Figure 2 represents our whole 

model after adding the 40-GHz mm-wave. We use two 
transmitters that have been used to generate two different 
wavelengths of 1510 and 1530 nm, respectively. The two 
wavelengths have been combined using a WDM multi-
plexer. After that the signal has been inserted in the bidi-
rectional single mode optical fiber. After using the bidi-
rectional SM optical fiber a splitter was used as in Fig-
ure 3. The splitter block contains the WDM demulti-
plexer to separate the two wavelengths in the down- 
stream. For the upstream the splitter block contains 
WDM in order to combine the wavelengths that will be 

 

 

Figure 1. Basic architecture of WDM-PON network. 
 

 

Figure 2. System model. 
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sent by the end users. For the downstream the two wave-
lengths that were demultiplexed will be transmitted to the 
two optical network terminals (ONTs). Each ONT con-
tains an optical splitter and to optical network units 
(ONUs). The signal that comes from the splitter block 
will be inserted into the splitter through 3 Km bidirec-
tional optical fiber, after dividing the signal each output 
port from the splitter will deliver a signal to an ONU 
through 50 m bidirectional optical as shown in Figure 4. 
Each ONU consists of a photodetector with a low pass 
filter for the downstream and a transmitter for the up- 
stream signals as shown in Figure 5. At each of the  
 

 

Figure 3. Splitter Circuit with WDM Mux and Dmux. 

ONUs the transmitter’s wavelength is 1310 nm. Since we 
have four transmitters with the same wavelength that 
may transmit their information at the same time, we take 
the advantage of time division multiplexing access 
(TDMA) to design the upstream system. TDMA has been 
designed by using two dynamic y select that will pass the 
signal upstream in a determined period of time and will 
set the rest of the signals to zero Figure 5. The receiver 
end of the upstream link consists of a buffer selector to 
select the desired signal. A photodetector with low pass 
filter is connected to the buffer selector. By using dual- 
arm MZM in the input side, we have inserted 40-GHz 
mm-wave signal based on optical carrier suppression 
(OCS) to the input signal 1510 and 1530 nm for the 
downstream link; however, for the upstream link out of 
MZM was connected to the input of the selectors [3-5]. 

Design Studying Parameters 

After designing the system, three parameters were tested 
to study the performance of the network and the quality 
of the signal. These parameters are the Q-factor, the bit 
error rate and the eye diagram. The Q-factor is the qual- 
ity factor; a higher Q-factor indicates a higher signal 
quality. On the other hand, the bit error rate (BER) is the 
ratio between the number of the bits with errors and the 
total number of bits received and it helps to identify the 
qua- lity of the optical connection. The eye diagram is 
one of the important methods to study the system. The 
eye opening can indicate the noise in the signal and how 
it differentiates the logic 0 from logic 1. The eye width 
can indicate the jitter effect and the rising or falling edge 
can indicate the distortion of the signal path [6,7].  

3. Results 

After designing this PON, a number of parameters have 
to be considered such as bit rate, sequence length, sam-
ples per bit and the total samples. In the case we have 
studied this system is at 2.5 G/s as a bit rate, the se-
quence length is 128 bits, samples per bit are 64 and the 
total number of samples is 8192. 

 

 

Figure 4. Passive optical network for one block. 
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Figure 5. Optical network unit (ONU). 
 

 
(a) 
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(b) 

Figure 6. Q-factor vs. time for downstream signal with (b) and without (a) 40-GHz mm-wave. 
 
3.1. Downstream Design Analysis Table 1. Downstream signal details with and without 40- 

GHz mm-wave. 
For the downstream signal with and without adding 
mm-wave to the system, Table 1 shows the important 
output of BER, Q-factor and eye diagram which are at 
one single user. Because of having almost identical out-
puts for each one of the four users, we have analyzed the 
quality of the signals at only one single user. From Fig-
ure 6(a), the maximum Q-factor is equal to 133.819; 
however, after adding 40-GHz mm-wave to the system 
has the Q-factor is equal to 67.909 as shown in Figure 
6(b). These two values of Q-factor are high enough for 
having a good quality of the output signal and have 
achieved the desired value of the Q-factor. BER for the 
downstream signal is zero which means the Q-factor has 
reached its maximum. Figure 7 portrays the eye diagram 
of the downstream signals. From this figure, it can be 
clearly seen that the opening eye is large and clear which 
means this signal is very good with little noise and dis-
tortion and it is easy to distinguish between logic 0 and 
logic 1 [8,9]. 

 
Without 40-GHz  

mm-wave 
With 40-GHz  

mm-wave 

Max. Q-factor 133.819 67.909 

Min. BER 0 0 

Eye height 0.008254238 0.00765657 

Threshold 0.00200062 0.00347784 

Decision inst 0.5 0.5 

 
individual user will go through seven time delays before 
reaching the upstream receiver. Table 2 shows the most 
important details of the upstream signal with and without 
the mm-wave. From this table, the BER values are larger 
than the BER values of the downstream signals; however, 
the Q-factor values are smaller than those of the down-
stream design as shown as in Figure 8. 

This decrease in Q-factor and the increase in BER values 
lead us to have a signal with lower quality than the quality 
of the downstream signals. Even thought the upstream sig-
nal is a good signal, it is not as good as the downstream 
signal. The eye diagram of the upstream signals shows in 
Figure 9, that this signal has noise and distortion which 
are larger than those of the downstream signal. 

3.2. Upstream Design Analysis 

Before running the upstream design, seven iterations 
have to be set in order to operate the design. Seven itera- 
tions are needed because each upstream signal from any  
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(a) 

 
(b) 

Figure 7. Eye diagram of the downstream signal with (b) and without (a) inserting 40-GHz mm-wave. 
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Table 2. Upstream signal details with and without Rf generator. 

 Without Rf generator With Rf generator 

Max. Q-factor 8.09842 3.90774 

Min. BER 1.6922e−016 1.50805e−005 

Eye height 0.000345197 5.84756e−005 

Threshold 0.000318945 0.000103043 

Decision inst 0.375 0.359375 
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Figure 8. Q-factor vs. time for upstream signal with (b) and without (a) inserting 40-GHz mm-wave. 
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Figure 9. Eye diagram of the upstream signal with (b) and without (a) inserting 40-GHz mm-wave. 
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4. Conclusion 

The results showed that the BER of the signal was very 
low and the eye diagram showed the quality of the signal 
for the downstream was very high before adding the 
40-GHz mm-wave; however, after adding the mm-wave 
to the system BER has increased and Q-factor has de-
creased as a result the quality of the signal was affected 
by mm-wave. But for the upstream signals, as the eye 
diagram showed, the quality was good but not as high as 
the downstream signal because in the downstream a lot 
of equipment was used including amplifiers and filters. 
The qualities of the signals were decreased after adding 
the mm-wave; however, there are still acceptable. Build-
ing BPON system in general has showed high reliability. 
In general using PON has a lot of advantages which in-
clude allow costs, very low power consumption and flexi- 
bility in extending the network. 
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