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Abstract: This paper introduces the concept of designing all optical orthogonal frequency division multiplexing 

(AO-OFDM) techniques to increase data rates to obtain a greater range of transmission. Arrayed waveguide grating 

(AWG) was proposed in this work as inverse fast fourier transform / fast fourier transform (IFFT/FFT) circuits in all 

optical orthogonal frequency division multiplexing system for its structure is simplified and capacity in large 

subcarriers. AWG combining with dense wave division multiplexing (DWDM) technique with 20 GHz channel 

spacing. The proposed system is simpler than others, which can obtain AO-OFDM and have efficiency in the 

spectrum. The output investigated for the proposed system is evaluated by applying different input power and 

transmission lengths to assess the quality of the signal via the bit error rate (BER) parameter. The simulation results 

show the constellation diagram and BER of the received signal with 8 channels, using quadrature amplitude 

modulation (QAM) and quadrature phase shift keying (QPSK) at (240 Gb/s) per channel. 
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1. Introduction 

Since a great number of devices and 

technological advances, a huge jump in network 

traffic is observed [1]. Several different methods 

have been suggested to increase optical network 

spectral efficiency and the capacity of the channel to 

respond to the requirements of recently advanced 

applications requiring large bandwidth and high data 

rates [2]. Orthogonal frequency division 

multiplexing (OFDM) is a popular technique for fast 

speed wireless service, like third generation, 

wireless cellular networks of the fourth generation, 

and WiMAX [3]. This is because the OFDM 

techniques can minimize the impact of dispersive 

channels by moving them to multiple flat channels 

and have high spectral efficiency. OFDM techniques 

for the optical transmission systems have recently 

been proposed [4], as its more efficient in 

channeling dispersion compared to traditional 

strategies as time division multiplexing [5]. These 

are also more effective spectrum than wavelength 

division multiplexing (WDM) techniques since they 

employ subcarrier orthogonal property [6]. OFDM 

techniques, furthermore, have a high peak to 

average power ratios and are more sensitive to both 

phase noise and frequency offset from the carrier [7]. 

OFDM systems typically using both the Fast Fourier 

Transform (FFT) and Inverse FFT modules to 

process electronically. These two modules need high 

speed digital signal processing, a digital-to-analog 

transducer, and an analog-to-digital transducer. 

These above procedures limit the modulation speed 

of the OFDM symbol. In all-optical OFDM systems, 

optical FFT (OFFT) is used instead of FFT electric 

and therefore can reach a velocity higher [8]. Also, 

OFFT is more effective in terms of power 

consumption than electrical FFT thanks to using 

passive parts, except time gating and tuning circuitry 

[9]. Usually, both FFT and IFFT are performed in 

conventional optical OFDM systems in the 

electronic domain and thus restrict the bit rate for 

transmission. Electronic real time IFFT and FFT 
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signal processing for optical OFDM signals up to 

100 Gb/s were demonstrated [10]. This constraint 

looks too far-kicked to meet acceptable values for 

producing or receiving of multi terabit per second 

for the signals of OFDM. The OFDM subcarriers 

are created optically in the AO-OFDM system, and 

the IFFT / FFT processing is implemented optically 

using optical components [11]. As compared with 

conventional OFDM subcarriers, each sub-carrier is 

modulated with an external modulator and it carries 

a high data rate of information [12]. Hence, AO-

OFDM systems can achieve a large transmission 

capacity and a higher bit rate [13]. The (AO-OFDM) 

system uses an arrayed waveguide grating (AWG) 

based passive tool to perform optical fast fourier 

transformation to create sub-channels directly in the 

optical domain [14].  

In this research paper, a new system has been 

designed and developed to improve the performance 

of All optical OFDM systems with different 

modulation formats, using 20 GHz channel spacing 

AWG technology. By using the VPI transmission 

maker 9.5 program, multiple simulations will be 

performed at various transmission distances to 

examine the effect of the new system on OFDM 

signals, in a supposedly ideal transmitter-receiver 

network. Different simulations will be carried out 

adjusting input power and the form of modulation 

used. The advantage of the proposed AO-OFDM 

scheme is very simple and a proper AWG design 

form the pulse of the baseband accordingly, that 

increase total data rate and transmission distance. 

Furthermore, it improving BER performance for the 

total system that increases the quality of the received 

signal. The paper is presented as follows: a literature 

survey related to this work is reviewed in section 2. 

Section 3 represented the problem formulation 

related to the AO-OFDM system. The principle of 

AO-OFDM based on AWG is presented in section 4, 

Section 5 detailed explanation about the proposed 

system. The simulation results and discussion 

detailed in section 6. Finally, the conclusion and 

suggestions for future work can be found in Section 

7. 

2. Literature survey 

The researchers established other methods in All 

optical topics of generation and transmission. A 

brief overview of some significant contributions 

literature is provided in this section. 

In [7] by using a robust detection system and an 

AWG, proposed a coherent AO-OFDM-based 

passive optical network (PON) for terabit multiples 

per second. This proposed solution allows the 

downstream data rate per device to be dramatically 

increased and the typical single-mode fiber scope to 

be expanded for future long-range applications. 

Five-user transmission with 25 Gb/s quadrature 

phase shift keying modulation per user was 

demonstrated over a distance of more than 40 km. 

In [8], Based on the synthesis of several 

truncated sink-shaped subcarriers for each sub-band, 

this work proposes a banded all-optical orthogonal 

multiplexing frequency division (B-AO-OFDM) 

transmission system.  In this way is to promote sub-

band reception, while the drawback is an increase in 

total spectral width that causes loss in spectral 

efficiency.  Simulation results for 800 km long-haul 

transmission distance have been shown that the B-

AO-OFDM scheme can increase the Q-factor of the 

network in a bandwidth-limited receiver network 

and achieve a total bit rate of to 1.8 Tb / s. 

The authors presented in [9] a functional scheme 

is implemented to perform a fast fourier transformer 

in the optical domain. At speeds well beyond the 

limits of modern electronic processing and 

negligible the consumption of energy, optical FFT 

signal processing is carried out. This scheme allows 

FFT processing by Tb/s due to is not subject to 

electronic speed limits. The downside of this design 

is that it reduces energy consumption by relying on 

passive optical filters which process at the cost of 

the transmission distance. 

In [10] Based on time-lenses and coherent optical 

sampling for high-speed complex orthogonal 

frequency-division multiplexing signal detection, 

proposed a novel AO-OFDM scheme. This research 

conducted a 16/10 Gbaud quadrature phase-shift 

keying (QPSK) all-optical OFDM detection proof-

of-concept experiment with all bit error levels far 

below the 7% hard-overhead error correction limit. 

This design did not research the effect on the 

transmitter signal of the input power to achieve the 

obtained data transfer rate of 1.5 Tb. 

In [11], this paper discusses the concepts of all 

optical OFDM transmission which could load data 

with reduced device complexity and good versatility 

Up to 100 Gb/s or more. The proposed system is 

used to deploy a PON network with various 

modulation schemes such as QAM, PAM, DPSK, 

and are compared about their performance 

characteristics to choose the best one among them. 

This study considers the use of AWG with QAM 

modulation to be better for all optical broadband 

networks without taking into account that there is an 

advanced modulation technique (such as QPSK) that 

allows more bandwidth than in this research. 

The author in [13] has been proposed all optical 

OFDM system with wavelet transform. An all-
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optical FFT algorithm is proposed with a cascade of 

delay interferometers that performs the simultaneous 

serial to parallel conversion and FFT counting. 

Subcarriers in the proposed framework are encoded 

using QAM signals. According to the researcher's 

study, QAM is superior in terms of power 

consumption over other subcarrier modulations. The 

researcher considered the inclusion of the signal 

using QAM modulation is the best without 

compared to another modulation format and using 

high input power that effects of the receiver signal. 

In [15]  implement time-domain packing 

techniques in orthogonal frequency division 

multiplexing (OFDM) systems all-optically pose the 

design for novel passive arrayed waveguide grating 

(AWG) applications. The spectral efficiency of the 

proposed system can be increased in long-haul fiber 

connections. The method proposed helps to make an 

integrated transceiver for high spectral performance 

transmissions. The result of the simulation shows 

that the bandwidth over 200 GHz can achieve a 

capacity of 1.4 Tb/s with a suitable design system. 

The main drawbacks of the aforementioned 

literature in this section are not obtaining a high data 

transfer rate for long distance simply and 

inexpensively using a low bandwidth to benefit from 

it in increasing the number of channels. Therefore, 

in this study, the above obstacles were overcome by 

merging AWG and DWDM with advanced 

modulation format depending on the AO-OFDM 

system. 

3. Problem formulation 

New technologies such as virtual reality, high-

definition three-dimensional television, and cloud 

storage, demand high data levels. However, these 

optical high-capacity channels are fed from the 

lower-bit rate signals. The main problem is whether 

the lower-bitrate information can send up to 1000 

km or longer to get a high data rate of more than 

1Tb/s. This proposed work aims to get an optical 

Fast Fourier transformer (OFFT) based on AO-

OFDM technology. Most communication systems 

have embraced this technique because of robustness 

against inter-symbol interference, high spectral 

performance, and its successful implementation. In 

this paper, we designed a transmitter and receiver 

module with two multiplexing techniques AWG and 

DWDM, and with a separate QAM and QPSK 

modulation source modulates each subcarrier on an 

independent optical path to boost the BER output of 

the received signal. In addition to that, the AWG 

system can be combined with transmitter IQ 

modulators and 90 hybrids with receiver 

photodetectors for achieving Tb/s capacities with 

substantial signal efficiency improvements. 

4. Principle of AO-OFDM based on AWG 

geometry conversion 

An Arrayed Waveguide Grating (AWG) MUX / 

DeMUX is a planar system which has imaging and 

dispersion properties. It consists of I / O waveguides, 

the number of which usually equal to the number of 

transmitted channels [16]. A typical (AWG) consists 

of two free-space planar star couples, and a set of 

arrayed planar waveguides with lengths gradually 

increase, connected as illustrated in Fig. 1. In 

practice however, AWG design is generally 

complicated by adding other functional elements to 

compensate for polarization and temperature 

dependencies, and to maximize the flatness of the 

channel passband or minimize insertion losses and 

inter channel crosstalk [17]. 

AWG is used as the IFFT / FFT Orthogonal 

Frequency Division Multiplexing transmission 

circuits. The number of channels in a free spectral 

range 𝑁𝑐ℎ [18] as follow: 

 

𝑁𝑐ℎ =
𝜆𝑜𝑅

𝑛𝑠𝑑𝐷
  , 𝜏 =

𝑁𝑐∆𝐿

𝑐
                            (1) 

 

where 𝜆𝑜  is the center wavelength, 𝑅  slab region 

radius, 𝑛𝑠  is an effective index in slab region, 𝜏 is 

the time difference between adjacent channels, and 

𝑁𝑐  is the group index of effective index 𝑛𝑐 . Next, 

IFFT can be accomplished by AWG circuits. The 

Optical IFFT circuits are paired with optical phase 

shifters and time delays. It can conclude that the 

expression of 𝑖  th subcarrier after IFFT in one 

OFDM symbol time: 

 

𝐴𝑖(𝑡) = ∑ exp(−𝑗𝜃𝑛) . 𝑎𝑖(𝑡 − 𝑛𝜏)

𝑁−1

𝑛=0

      (2) 

 

where 𝐴𝑖(𝑡) is 𝑖 th port optical carrier in the input 

slab region and 𝜃𝑛 is the phase shift. In AWG, the 

increase ∆𝐿  of the arrayed waveguide, cause time 

 

 
Figure. 1 Schematic view of the simplest AWG design 
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delay, and the region of the input/output slab causes 

phase shift. For AWG, the response expresses 

between 𝑖 input and 𝑝 output as a filter is: 

 

    ℎ𝑖𝑝(𝑡) 

= ∑ exp (−𝑗2𝜋𝑚
𝑛𝑠𝑑

𝜆𝑜

(sin 𝜃𝑖 + sin 𝜃𝑜)) 𝛿(𝑡 − 𝑚𝜏) 

𝑁−1

𝑚=0

 

(3) 

 

where 𝜃𝑖  and 𝜃𝑜  is input and output slab region of 

the phase delay, and 𝛿(𝑡) is the Dirac delta [15]. 

The input/output port of the phase factor can 

express:  

 

sin 𝜃𝑖 = 𝑖
𝐷

𝑅
               sin 𝜃𝑜 = 𝑝

𝐷1

𝑅
            (4) 

 

Therefore, Eq. (3) can be express from Eqs. (4) and 

(1) 

 

ℎ𝑖𝑝(𝑡) = ∑ exp (−
𝑗2𝜋𝑚

𝑁𝑐ℎ

(𝑖 + 𝑝)) . 𝛿(𝑡 − 𝑚𝑡)

𝑁−1

𝑚=0

 

(5) 

 

Then converting Eq. (5) by Fourier transformer, in 

spectral domain we can get the AWG transfer 

function:  

 

𝐻𝑖𝑝(𝑓) = ∑ exp (−
𝑗2𝜋𝑚

𝑁𝑐ℎ

(𝑖 + 𝑝)) . 𝛿(−2𝜋𝑓𝑚∆𝜏)

𝑁−1

𝑚=0

 

(6) 

 

Then we can use the AWG as IFFT / FFT circuits. 

As signals pass through the AWG as IFFT to 

achieve modulation of OFDM, the express is: 

 

 𝐴𝑝(𝑡) = ∑ exp (−𝑗
2𝜋𝑚

𝑁𝑐ℎ

(𝑖 + 𝑝)) . 𝑎𝑖(𝑡 − 𝑚𝜏) 

𝑁−1

𝑚=0

 

(7) 

 

The output slab area contains only one port, since 

the signal after IFFT is the N subcarrier overlay. 

Therefore, it can select the output port where the 

phase shifts in the output area are equal. So the 

impact of 𝜃𝑜 in optical IFFT can be neglect. 

 

𝐴𝑝(𝑡) = ∑ exp (−
𝑗2𝜋𝑖𝑚

𝑁𝑐ℎ
) . 𝑎𝑖(𝑡 − 𝑚𝜏)     (8)

𝑁−1

𝑚=0

 

 

Also, the optical FFT is similar in form, so, the 

OFDM signal can be expressed after 𝑝  th OFFT 

module. 

 

𝑆𝑖(𝑡) = ∑ ∑ exp (−𝑗2𝜋𝑖
(𝑚 + 𝑛)

𝑁𝑐ℎ
) . 𝑎𝑖(𝑡

𝑁−1

𝑛=0

𝑁−1

𝑚=0

− (𝑚 + 𝑛). 𝜏) 

(9) 

 

The authentic signal forms OFDM after the OFFT 

module. 

5. Description of the proposed system 

The concept of all optical OFDM systems is 

illustrated in Fig. 2. The efficiency of the scheme 

depends on the modulation of the subcarrier, optical 

gate stability and the accuracy of the passive system 

performing the optical FFT. The simulation 

parameter of the proposed system is given in Table 

1. The system is consists of two parts: 

5.1 Transmission demonstration of all optical 

OFDM 

The transmitter subsystem consists of an optical 

comb, AWG, optical modulator, and an optical 

multiplexer. Comb generation is necessary for AO-

OFDM systems, due to different subcarriers must be 

produced from the same laser source to maintain the 

orthogonal between the OFDM subcarriers. The 

signal passed through the AWG performing the 

IFFT is modulated by quadrature modulator to 

OFDM signals. An IQ modulator consists of two 

Mach Zehnder modulator (MZM) with two 

orthogonal components produces an optical (QAM, 

QPSK) modulation signal. In the upper arm, the 

intricate envelope's in-phase component modulates 

the optical carrier, while in the lower arm; the 

quadrature-phase component modulates an optical 

carrier shifted by 90o. Following the modulation of 

the optical OFDM subcarriers, it will be aggregated 

to form the optical OFDM signal by an optical 

multiplexer. To keep the OFDM signals orthogonal, 

OFDM symbol duration is set to 𝑇𝑠 = 1/∆𝑓𝑠, where 

∆𝑓𝑠 is the frequency spacing of the comb. After that, 

all signals are multiplexed by DWDM with 20 GHz 

channel spacing. 

5.2 Receiver demonstration of all optical OFDM 

The receiver side consists of optical FFT, 

DWDM demultiplexer, and optical demodulator. All 
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Figure. 2 Schematic of all optical OFDM 

 

 
Table 1. Parameter of the proposed system 

Parameter Values 

Data rate 240 Gb/s 

The operating system 

for centre frequency 
193.1 THz 

Link range (100-1300) km 

Channel spacing 20 GHz 

Modulation technique QAM, QPSK 

Laser type Cw laser 

Bits per symbol 3 for QAM 

2 for QPSK 

AWG channels 8 

 

the transmitted operation should be reversed in the 

receiver side to recover the data from the source. 

The OFFT circuit is composed of a cascaded Mach-

Zehnder interferometer (MZI). Each MZI's lower 

arm includes a phase shifter and optical time delayer. 

The first time delay for the MZI is changed to 𝑇𝑠/2, 

while the time delay for two more parallel MZI is 

set to 𝑇𝑠/4, later the parallel four is set to 𝑇2/8. The 

phase shift is set to 𝜋/2 rad. The output of 8 MZM 

is selected by a selector collected all IQ signals. 

DWDM demultiplexer is used directly to spill the 

subcarriers. The output from each De DWDM is 

subsequently filtered by the optical band-pass filter 

and then detected using an optical demodulator 

(QAM or QPSK). 

6. Simulation results and discussion 

The results and discussion of high bit rate AWG-

AO-OFDM will be discussed here, the system 

investigated to test its performance using QAM and 

QPSK modulation formats under different input 

power and transmission lengths. A simulation 

program called VPI Transmission maker software 

package was adopted to achieve this. This program 

offers a precise physical approach to the simulated 

network and speeds up the design for a high bit rate, 

long-haul transmission links using various 

simulation techniques, having large components on 

the transmitter and receiver side. To explore the 

scenario for the optical OFDM signal created and 

detected in the AO-OFDM system, the transmitter-

side signal generation and the receiver-side signal 

detection are plotted in Figs. 3 and 4, respectively. 

The optical frequency comb source on the 

transmitter side optically provided 8 comb lines with 

a frequency spacing of 20 GHz, as shown in Fig. 3 

(a). The use an optical demultiplexer after splitting 

the comb spectrum into single comb lines called 

subcarriers, as shown in Fig. 3 (b). These subcarriers 

were carry over to AWG that feeds a single 

wavelength into each modulator to modulated 

independently using optical QAM or QPSK 

modulator, as illustrated in Fig. 3 (c). Each 

separated comb line was modulated at a symbol rate 

equal to 240 Gb/s. At this point, the total data rate is 

equal to 2×8×240=3.8 Tb/s. Two independent 

pseudo-random binary sequence (PRBS) signals 

were produced for the modulation symbols for each 

separate comb line, each having a length of (211-1) 

bits using a QAM and QPSK encoder, that both 

generates the components in-phase and quadrature. 

Every one of the separate comb lines is divided by a 

3dB coupler and inserted into two parallel MZM. 

On the receiver side, the optical OFDM signal 
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(a) 

 
(b) 

 

 
(c) 

Figure. 3 Optical scope spectrum for the received signals 

at the transmitter: (a) 8 comb line, (b) after separate comb 

line, and (c) signal of QAM and QPSK 

 

received is processed using an optical FFT circuit as 

shown in Fig. 4. 

When the orthogonally, transmitting and 

received signal has been achieved, studying the 

effect of both input power and transmitting distance 

into the performance of this system and 

demonstrating the difference between the two 

advance modulations used. 

The constellation diagram defines the digitally 

modulated signal, which is described as a dispersion 

diagram in two dimensions. Fig. 5 depicts the signal 

constellation diagram of the 8 QAM system after 

using the different input power. Fig. 5 (a) shown 

amplitude of the constellation OFDM signal using -

2 dBm input power. The maximum and minimum 

amplitude value is 4.34 (a.u) and -4.18 (a.u). While 

when using 0 dBm input power, the amplitude value 

is 4.43 (a.u) and -4.08 (a.u) in Fig. 5 (b). That’s 

means, when increases the input power, the 

 

 
Figure. 4 Optical spectrum analyzer after using an optical 

FFT 

 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure. 5 Received constellation diagrams for 8 QAM for 

channel 4 with: (a) -2 dBm, (b) 0 dBm, and (c) 2 dBm 

 

amplitude value of the OFDM signal is increased 

and reached the best value in 2 dBm input power in 

Fig. 5 (c) with 6.87 (a.u) and -7.02 (a.u) maximum 

and minimum amplitude value. Based on the 

measurement of the constellation OFDM signal, if 

low input power values are set, signal distortion is 
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high. Furthermore, according to the nonlinear effect 

of self-phase modulation (SPM), setting a higher 

input power would result in a greater distortion of 

nonlinearity. Transmission tests were obtained for a 

central channel as this has the highest rate of 

nonlinearity. 

Fig. 6 illustrated the signal constellation of 8 

QAM after different transmission distance with 

optical fiber length 100 km, 700 km, and 1300 km. 

The transmission checks for a central DWDM 

channel were achieved. Fig. 6 (a) shown the 

maximum and minimum amplitude of the 

constellation OFDM signal is 3.61 (a.u) and -3.81 

(a.u), while is 3.88 (a.u) and -4.13 (a.u) in Fig. 6 (b). 

That means the maximum amplitude increases after 

increased transmission distance and this amplitude is 

reached the maximum value in Fig. 6 (c) which is 

4.83 (a.u) and -4.91 (a.u) at (1300 km) for 0 dBm 

input power. 
 

 
(a) 

 
(b) 

 
(c) 

Figure. 6 Received constellation diagrams for 8 QAM for 

channel 4 at: (a) 100 km, (b) 700 km, and (c) 1300 km 

 
Figure. 7 Input power versus BER for 8 QAM channels 

 

 
Figure. 8 Length of fiber versus BER for 8 QAM 

channels 

 

The performance of AO-OFDM based AWG is 

achieved by measuring BER as a function of the 

input power and the transmission length for two 

modulation formats. 

Fig. 7 demonstrated the relationship between the 

input power versus BER for 8 QAM modulation 

format where the input power ranges from -6 dBm 

to 6 dBm. As can be seen, the BER decreases as the 

input power increase. However, as the input power 

decreases beyond 1 dBm to -1 dBm, the BER 

increase dramatically achieved at the threshold BER 

=10-3. 

Fig. 8 depicts the BER as a function of fiber 

length. Similarly, if the fiber length increases from 

100 km to 1300 km, the BER decrease, until the 

fiber length reached 750 km, the minimum BER is 

obtained to 10-3 at an input power of -1 dBm to 1 

dBm. 

In the QPSK system, Fig. 9 displays the 

constellation diagrams as indicated in the QAM 

system at different input power at (-4, 0, 4) dBm for 

a specific DWDM channel (channel four). Fig. 9 (a) 

shown the maximum and minimum amplitude of 

output constellation diagram of the OFDM signal 

that is 1.46 (a.u) and -1.58 (a.u) at -4 dBm input 

power. This amplitude value is increased to 1.49 

(a.u) maximum value and -1.46 (a.u) minimum 

value in 0 dBm input power in Fig. 9 (b), while it 
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becomes the largest value in 4 dBm input value as 

shown in Fig. 9 (c).   

The QPSK designed method supported for long 

haul transmission. The QPSK system obtained 

constellation diagrams with different length as 

shown in Fig. 10. Fig. 10 (a) illustrated of 

constellation OFDM signal at 100 km transmission 

length. The amplitude value at maximum and 

minimum is 1.35 (a.u) and -1.48 (a.u), while at 700 

km is 1.61 (a.u) and -1.64 (a.u). That is meaning the 

transmission length can be increased without effect 

on the output signal of OFDM at 0 dBm input power. 

For this, we can increase the transmission length to 

1300 km to get maximum  and minimum amplitude 

value 1.99 (a.u) and -2.13 (a.u) as shown in Fig. 10 

(c). 

 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure. 9 Received constellation diagrams for QPSK of 

channel 4 with: (a) -4 dBm, (b) 0 dBm, and (c) 4 dBm 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure. 10 Received constellation diagrams for QPSK for 

channel 4 at: (a) 100 km, (b) 700 km, and (c) 1300 km 

 

Regarding the QPSK system, the performance is 

also evaluated by calculating BER as a function of 

input power and length of the fiber. Fig. 11 

illustrated the BER as a function of input power. 

The input power is varied from 6 dBm to -6 dBm. 

As is obvious, as the input power increases, the BER 

decreases until the input power reaches 3 dBm and -

3 dBm to achieved 10-3. 

Fig. 12 shows the relation between fiber length 

versus BER where the length of the transmission 

ranges from 100 km to 1300 km. The BER, as 

demonstrated, gets threshold value 10-3 when 

reaching to 1100 km at an input power of -3 dBm to 

3 dBm.  
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Table 2. Comparison of proposed work with previously published work 

Parameters In [7]  In [8]  In [9]  In [10]  In [11]  In [13]  In [15]  
Proposed 

work 

Data rate (Gb/s) 25  120  400  160  100  100 

458 per 

single 

polarize 

240  

Transmission 

distance (km) 
40 800 -------- -------- 25 900 -------- 1100 

Modulation format QPSK QPSK 
QAM, 

QPSK 
QPSK 

DPSK, 

PAM, 

QAM 

QAM QPSK 
QAM, 

QPSK 

Channel spacing 

(GHz) 
-------- 40 50 50 50 -------- 200 20 

Multiplexing type AWG DWDM WDM DWDM AWG -------- AWG 
AWG + 

DWDM 

Channel input 

power (dBm) 
2  4 5 -------- 5  10 -------- -3 to 3  

No. of channels 64 15 4 16 8 -------- 16 8 

BER 10-3 -------- -------- 3.8×10-3 10-3 7.3×10-3 -------- 3.8×10-3 

Total bit rate (Tb/s) 1.6  1.8  1.6  1.5  0.8 1  1.4  3.8  

 

 

 
Figure. 11 Input power versus BER for 8 QPSK channels 

 

 
Figure. 12 Length of fiber versus BER for 8 QPSK 

channels 

 

Generally, the AO-OFDM system with QPSK 

has a better BER and transmission length than the 

QAM modulation format with a total data rate equal 

to 3.8 Tb/s. 

Table 2 provides a comparison of the current 

study with previously published work of all optical 

OFDM systems. After the evaluation and validation 

of the proposed system, it is compared with related 

works presented by [7-11, 13, 15] as shown in Table 

2. The FFT and IFFT function achieved using the 

AWG device. The AWG has less systemic 

complexity compared to other methods, in particular 

for a large N subcarrier. Furthermore, the combined 

AWG device with the DWDM technique could be 

covered to solve the problem of nonlinearity 

distortion using all optical transmission. Reference 

[7] designed an optical circuit based on multiplexing 

and coherent detection, for passive optical networks 

multi terabit per second achieving higher-order fast 

fourier transform functions by arranging multiple 

fast fourier transform circuits in a smaller order. Yet 

the complexity of the circuit is increasing rapidly, as 

N increases. By comparison, the AWG-based IFFT / 

FFT circuit in the current study needs only the 

arrayed waveguide and the two slab regions to be 

built for any size of N. We observed that the best 

transmission distance is 900 km in [13], while in the 

current study reached to 1100 km. The best capacity 

rate is 1.8 Tb/s in [8] using 15 channels, while in 

this study reached 3.8 Tb/s using 8 channels only. 

Any previous study could not overcome the channel 

spacing and reduce it by more than 40 GHz due to 

nonlinearity effects, whereas in this study is reduced 

to 20 GHz without affecting the quality of the 

received signal. 

7. Conclusion 

In this study, we successfully designed a new 

method to generate all optical OFDM simulation 

systems using arrayed waveguide gratings. This 
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method comprises new technology intended to break 

the barrier of data limits. The system was analyzed 

under various input powers, lengths and modulation 

formats. The use of the AWG and DWDM 

technique with 20 GHz channel spacing, has 

resulted in a total bit rate of up to 3.8 Tb/s with two 

modulation formats. The constellation diagrams and 

BER performance of the received signals are 

measured at the receiver for the central channel, as 

the norm of the highest nonlinearity quality. The 

maximum distance in QAM format is 750 km with 

an input power range from -1 dBm to 1 dBm, while 

in QPSK format, it is 1100 km with an appropriate 

input range of -3 dBm to 3 dBm. The results show 

that QPSK-AO-OFDM gave the best performance 

with a high data rate and long transmission distance. 

 It is suggested that future work looks to develop 

ultra-high capacity transmission systems using 

DWDM-SDM techniques with different modulation 

formats. Another line of investigation would be to 

increase the number of DWDM channels to study 

the effect of nonlinearity. 
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