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Abstract
Orthogonal Frequency Division Multiplexing (OFDM) belongs 
to broader class of multicarrier modulation in which the data 
information is carried over many lower rate subcarriers. OFDM 
is now used in most new and emerging broadband wired and 
wireless communication systems. Very recently a number of 
researchers have shown that OFDM is also a promising technology 
for high speed optical communication system. Optical OFDM 
(OOFDM) is a multicarrier modulation technique, it is used to 
overcome the problem of inter-symbol interference due to the 
chromatic dispersion and polarization mode dispersion of the 
fiber channel. 
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I. Introduction
Orthogonal frequency division multiplexing (OFDM) belongs 
to broader class of multicarrier modulation in which the data 
information is carried over many lower rate subcarriers [1]. In 
OFDM the subcarrier frequencies are chosen so that the signals 
are mathematically orthogonal over one OFDM symbol period 
[1,8]. Two of the fundamental advantages of the OFDM are 
its robustness against channel dispersion and its ease of phase 
and channel estimation in a time varying environment [1-2]. 
With the advancement in the digital signal processing (DSP) 
technology OFDM is used in broadband wired and wireless 
communication systems [6-7]. OFDM has been incorporated in 
wireless local area network (LAN; IEEE 802.11) known as Wi-Fi, 
wireless interoperability for microwave access ( WiMAX; IEEE 
802.16), long term evolution (LTE) the fourth-generation mobile 
communication technology  and digital audio or video broadcasting 
systems (DAB/DVB) adopted in most areas of the world [3-4]. 
We have witnessed a drastic increase of interest OFDM in optical 
fiber communication system recent years [8]. OFDM also has 
disadvantages, such as high peak-to-average power ratio (PAPR) 
and sensitivity to frequency and phase noise [4-5].

II. Block Diagram of OOFDM
Optical OFDM (OOFDM) system is more suitable for short distance 
and inexpensive application and it requires fewer components 
at the transmitter and receiver. The schematic diagram of the 
OOFDM system is shown in fig. 1. The input high-bit-rate serial 
data are converted to low-bit-rate parallel blocks of bits. These 
blocks of bits contain information symbols of N subcarriers. The 
information symbols are mapped by QAM on to N orthogonal 
carriers with equally spaced frequencies. To avoid aliasing due 
to the sampling process of the digital-to-analog converter (DAC), 
zero padding (ZP) is needed. This shifts the aliases away from 
the OFDM signal. By IFFT, one obtains the time-domain OFDM 
signal. The IFFT size determines the numbers of subcarriers and 
the numbers of zero padding (ZP). The ZP may be inserted in the 
middle of the IFFT sequence or at its edges. The IFFT size usually 
lies between 128 and 1024. To avoid inter-symbol interference 

(ISI) between OFDM symbols, a guard time, called cyclic prefix 
(CP), is inserted for each OFDM symbol after the IFFT. The CP 
is formed by copying the last samples of each OFDM symbol to 
the beginning of the same symbol. The information symbols at the 
output of IFFT are serialized and converted to analog electrical 
signal, using a digital to analog convertor (DAC).

Fig. 1: Block Diagram of Optical-OFDM System

QAM=Qudrature amplitude modulation, IFFT=Inverse Fast 
Fourier Transform, CP=Cyclic prefix, DAC=Digital to analog 
convertor, MZM=Mach-Zehender modulator, LD=Laser diode, 
OBPF=Optical band pass filter, SSMF=Standard single mode 
fiber, PD=Photo detector, ADC=Analog to digital convertor, and 
FFT=Fast Fourier Transform. 

The ZP may be inserted in the middle of the IFFT sequence or at its 
edges. The IFFT size usually lies between 128 and 1024. To avoid 
inter-symbol interference (ISI) between OFDM symbols, a guard 
time, called cyclic prefix (CP), is inserted for each OFDM symbol 
after the IFFT. The CP is formed by copying the last samples 
of each OFDM symbol to the beginning of the same symbol. 
The information symbols at the output of IFFT are serialized and 
converted to analog electrical signal, using a digital to analog 
convertor (DAC). Then RF OFDM signal is applied to the MZM 
with laser source to modulate into optical OFDM signal. After that 
the optical OFDM signal send through optical fiber channel and 
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get back at the receiver end. The optical OFDM signal converted 
back to the RF OFDM signal with the help of photodiode. The 
RF OFDM signal is digitized in analog to digital conversion. This 
digital serial signal is converted to complex parallel data blocks 
using a serial to parallel converter and the CP is removed. By 
FFT the OFDM signal is converted back to the frequency domain 
QAM symbols. After removal of zero padding each QAM symbol 
is demodulated by QAM de-mapping. This produces parallel data. 
This data can be converted to serial data by parallel to serial 
conversion.

III. Simulation Result
OOFDM system simulation model is developed in the simulation 
tool RSOFT Design Group OptSim Version-5.2. A 40Gbps digital 
data stream is converted to parallel blocks of data then applied 
to 16-QAM to map the signal in complex constellation points. 
The output of QAM modulator gives in-phase and qudrature 
phase component with each bandwidth of 10GHz. After QAM 
modulation the signal is passed to IFFT block to generate the time 
domain RF OFDM signal. IFFT block having 256 subcarriers. The 
cyclic prefix is adding after the IFFT block with a  of OFDM 
symbol duration. In fig. 2. we are showing spectrum of RF OFDM 
signal with an OFDM bandwidth of 10GHz.

Fig. 2: Spectrum of the RF OFDM Signal

The RF OFDM signal is applied to MZM with continuous wave 
laser source having optical carrier signal at 1550nm wavelength.  
For MZM we have to apply bias voltage of 2V and we have to 
maintain MZM operation in linear region. We have to maintain 
continuous wave laser source with a full width half maximum 
value 1MHz, operating wavelength of 1550nm and optical power 
of 10dBm. The optical spectrum of the continuous wave laser 
source is shown in Fig. 3. The optical spectrum is maximum and 
very narrow at the frequency of 193.414THz.

Fig. 3: Optical Spectrum of the Wave Laser Source

After MZM intensity modulator we get the optical OFDM signal. 
The optical spectrum of the optical OFDM signal after the MZM 
is shown in fig. 4.

Fig. 4: Optical Spectrum of the Optical OFDM Signal After 
MZM. 

The optical OFDM signal is transmitted through 100km standard 
single mode fiber (SSMF) with attenuation loss of 0.2dB/km and 
dispersion constant of 16ps/nm-km. At the receiver end of the 
SSMF photo detector is used to convert optical OFDM signal 
to RF OFDM signal. We are using PIN diode has photo detector 
with a responsivity of 0.9A/W and dark current of 0.1nA. The 
RF spectrum of the RF OFDM signal after PIN diode is shown 
in fig. 5.

Fig. 5: Spectrum of the RF OFDM Signal After PIN Diode

Observe the fig. 5 the RF OFDM signal having bandwidth of 
10GHz. After getting the RF OFDM signal, the cyclic prefix is 
removed from each OFDM block and applied to FFT block with 
256 subcarriers. After FFT block we get the frequency domain 
QAM symbols from OFDM signal. After that each QAM symbol is 
demodulated using 16-QAM demodulator. The QAM demodulator 
produces the parallel blocks of data these data can be serialized 
with the help of parallel to serial convertor.

The performance of the 40Gbps Optical-OFDM system with 
100km and 50km length of Standard Single Mode Fiber Channel 
(SSMF) is shown in fig. 6.
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Fig. 6: Performance of 40Gbps O-OFDM System with 100km 
and 50km Length of SSMF Channel

We are plotting the graph of BER v/s OSNR for both 100km and 
50km length of the SSMF. In this simulation we are considering 
continuous wave laser source with full width half maximum 
(FWHM) value of 1MHz and optical power of 10dBm. From 
Fig. 6. we have to observe that for 100km length of SSMF, at 
received power level of -11dBm, the corresponding BER is 10-
10. Similarly for 50km length of SSMF, at received power level 
of -14dBm, the corresponding BER is 10-10. The length of fiber 
increases the power requirement to transmit the optical OFDM 
signal is also increases because of attenuation and dispersion of 
fiber. We can also conclude that attenuation is also effect to the 
BER of the system. The length of fiber increases we have to use 
good photo-detector and dispersion compensation fiber for better 
performance of the system [9-10].

IV. Conclusion
Optical OFDM is the best solution to overcome the problem of 
inter-symbol interference due to the dispersion of the optical fiber 
channel (chromatic dispersion and polarization mode dispersion). 
Simulation results show that 40Gbps optical OFDM system is 
effectively operated over 100km length of SSMF channel. For 
better performance of O-OFDM system, it is required to maintain 
laser source FWHM value less than 1MHz. For O-OFDM system 
with transmission distance beyond 100km SSMF, dispersion 
compensation fiber should be necessary.
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