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Abstract— orthogonal frequency division multiplexing 

(OFDM) is used in most new and emerging broadband wired 

and wireless communication systems. It is an effective 

solution to inter-symbol interference caused by a dispersive 

channel. OFDM is also a promising technology for optical 

communications. It became the basis of many 

communications standards for wireless and wired 

applications. The bulky receivers can be replaced by OFDM 

technique. For better speed we can construct it using SOI 

technology. For faster operation and better stability we can 

combine both techniques. The performances of various 

systems are explained in this paper. 
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I. INTRODUCTION 

An optical fiber cable are light weight cable containing one 

or more optical fibers that are used to carry light for long 

distance as well as short distance applications. The optical 

fiber generally has three layers. They are typically coated 

with plastic layers and contained in a protective tube 

suitable for the nature. Different types of cables are used for 

various applications. OFDM based on offset QAM has 

attracted and provides attention in optical communications. 

It can be applied in both coherent and direct detection 

optical communication systems. The significant property of 

OFDM/OQAM brings benefits mainly in two ways: i) it 

could be used to multiplex the multiple OFDM bands to 

construct a super channel without any guard band. While 

comparing with orthogonal-band-multiplexed OFDM 

system, timing and frequency synchronization is not 

required in the transmitter. ii) The FFT size, signal 

bandwidth, electrical low pass filter and cyclic prefix highly 

influence the signal quality, especially with the high order 

modulations. The OFDM/OQAM inherits the advantages of 

OFDM such as excellent spectral efficiency and receiver 

sensitivity. The significant high side lobe suppression, 

OFDM/OQAM could potentially be modulated with high 

order PSK or QAM modulation formats without introducing 

any side lobe enhancement. Thus OFDM can be combined 

with SOI technology for faster operation and better stability. 

The optical orthogonal frequency division multiplexing 

(OFDM) technique has been widely investigated in many 

applications because of its high spectral efficiency and large 

tolerance for fiber impairments induced by chromatic 

dispersion (CD) and polarization mode dispersion.  

II. ADAPTIVELY MODULATED OPTICAL OFDM 

In all-optical OFDM, the subcarrier multiplexing and de-

multiplexing is performed in the optical domain, allowing 

the generation of OFDM super-channels with T bit/s 

capacity. De-multiplexing of the subcarriers can be achieved 

by discrete optical FFT. The DFT may be performed by 

passive filtering, using delay interferometers. However, the 

DFT requires phase-stabilization of the optical paths in the 

delay-interferometers and each subcarrier subsequently 

requires a sampling gate to avoid detrimental inter-carrier-

interference. Hence, the complexity and power consumption 

of the O-DFT based OFDM de-multiplexer will increase 

with the number of subcarriers. This is in stark contrast to 

the well-known standard DWDM receivers, mainly 

consisting of passive filters. One of the OFDM de-

multiplexer structure is shown below. 

 
Fig. 1: OFDM de-multiplexer structure 

The DML-based IMDD WDM AMOOFDM [1] 

transmission system considered in this paper is illustrated in 

Fig. 2, where both in-line optical amplification and 

chromatic dispersion compensation are not incorporated. In 

the transmitter, procedures presented in are adopted to 

simulate the generation of a real-valued baseband OFDM 

signal in the electrical domain. Combined with a proper DC 

bias current, the electrical signal having a positive sign is 

employed to directly drive a DML, from which an 

AMOOFDM signal is produced at a specific optical 

wavelength. After the DML, a VOA is employed to adjust 

the optical signal power at a required level. Making use of 

different incoming random data sequences, the 

aforementioned procedures are repeated to generate new 

WDM [2] channels of different optical wavelengths spaced 

at a desired frequency interval. All the WDM signals are 

then aggregated using a multiplexer (MUX), and the 

combined WDM AMOOFDM signals are finally launched 

into a simple IMDD SSMF transmission system.  

 
Fig. 2: DML-based IMDD WDM AMOOFDM transmission 

After transmitting through the SSMF, in the 

receiver, the received WDM signals are separated by a de-

multiplexer (DEMUX) with a spectral bandwidth being half 

of the channel spacing. Each separated WDM channel is 
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detected using a square-law photon detector, in which both 

shot noise and thermal noise are computed. The down-

converted electrical signal is processed using an inverse 

procedure compared with that adopted in the corresponding 

transmitter. The data is finally recovered for each WDM 

channel.  

The AMOOFDM compensate for the DML-

induced frequency chirp effect. The DML induced 

frequency chirp effect degrades dramatically the 

transmission performance. The AMOOFDM is capable of 

providing high transmission performance across the entire 

optical launch power range, especially for optical launch 

powers of greater than 0dBm. Such behaviors can be 

explained by considering the fact that the DML frequency 

chirp distorts considerably the optical signal spectrum via 

lifting up the high-frequency spectral region by 

approximately 10 dB after transmitting through 40-km 

SSMFs. AMOOFDM can fully utilize all parts of the 

spectrum by taking low-signal-modulation formats on the 

most distorted spectral regions. AMOOFDM can also 

reduce the signal PAPR, resulting in a small electrical signal 

current variation and, thus, a low DML frequency chirp. 

Such an effect is more significant for high optical launch 

powers. The DML-induced frequency chirp increases the 

walk-off effect between different wavelength channels.  The 

FWM effect negligible, as the AMOOFDM signals have 

noise-like time-domain waveforms with approximated 

Gaussian probability density functions.  

III. PROPOSED SYSTEM 

The schematic diagram of Optical OFDM system is shown 

below. The system consists of optical frequency generation, 

wave shaper along with NRZ modulator and three stage 

cascaded MZI fabricated using SOI technology. 

 
Fig. 3: Schematic diagram of the optical OFDM system 

The input is taken from a continuous wave laser 

and is fed to Phase Modulator (PM) to generate a frequency 

comb, which is modulated by a strong local oscillator (LO). 

Then, it is sent into an intensity modulator (AM) to smooth 

the frequency comb to make the amplitude variation 

between different subcarriers less than 3 dB. The LO 

frequency is 8 GHz, and therefore, the frequency interval 

between adjacent subcarriers is 8 GHz. 

The frequency comb, shown in Fig. 4(a) is then 

amplified by an Erbium doped fiber amplifier (EDFA) and 

divided into odd and even frequency combs to be modulated 

by different PRBS data. That means the signals are divided 

as 1,3,5,7 and 2,4,6,8. Then the odd and even signals are 

given to NRZ modulators. After that the two parts are 

combined together to generate all-optical OFDM signals, as 

shown in Fig. 4(b). The optical OFDM signal passes through 

a standard single mode fiber (SSMF) and is then sent into an 

EDFA to obtain the appropriate power for de-multiplexing 

[3]. A PC is set before the signal is coupled onto the SOI de-

multiplexer to maintain the transverse electric (TE) mode 

for a better coupling loss of the grating couplers. Because of 

the well-controlled spectral response, the processor can 

precisely de-multiplex the corresponding subcarrier. Then, 

the de-multiplexed subcarriers are detected by a photo 

detector (PD) with a trans-impedance amplifier (TIA) to 

restore the PRBS signal [4]. 

 
Fig. 4(a): Optical spectra of frequency comb 

 
Fig. 4(b): Optical spectra of optical OFDM signal 

IV. FABRICATION TECHNIQUES 

The proposed all-optical OFDM de-multiplexer is fabricated 

by the SOI waveguide technology provided by LETI by 

considering the current-fabrication tolerance, phase-

matching requirement and insertion loss. The SOI platform 

applied is based on a 220-nm-thick silicon layer on top of a 

2µm buried-oxide layer using 193nm DUV lithography. The 

width and height of the etched silicon strip waveguide are 

450 nm and 220 nm, respectively. The gap between the two 

waveguides of the directional coupler is 200 nm, and 

coupling length is approximately 10 µm. The loss of the 

waveguide is 3dB/cm. The heaters and electrical contact 

pads consist of Ti/TiN. The heaters are deposited on a 

buried channel waveguides by means of 600 nm thick silica 

layer. The width and height of the device are 3.5 mm and 1 

mm, respectively. The phase shifters are realized by the 

micro heaters covered on the upper arms of the MZIs. 

Because of process errors, phase mismatching and insertion 

loss, numerous micro-heaters covered on the isolation oxide 

layer are designed to optimize the spectral response. 

V. APPLICATIONS 

The unique properties of Si and SiO2, coupled with the 

broad range of achievable SiO2 film thicknesses, allow 

tuning of existing devices and the design of new devices 

targeting RF, high-speed [6] wire line, and photonic 

communication applications. By using high resistivity Si 

substrates, it becomes possible to realize inductors with Q as 
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high as 50 as well as high-power RF switches. Thus the 

bulky receivers can be replaced by combing SOI technique 

with OFDM. While combining OFDM with SOI technique 

we can achieve high result at very high speed. It can be used 

for high speed operations, for high spectral efficiency, long 

distance etc. 

 
Fig. 6: MZI modulator 

VI. CONCLUSION 

OFDM has several interesting properties that suit its use 

over Wireless channels and hence many Wireless standards 

have started to use OFDM for modulation and multiple 

access. OFDM along with SOI technique can make 

tremendous changes. So by combining these two 

technologies we can achieve high speed, high accuracy and 

improved spectral efficiency. 
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