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1. INTRODUCTION

They presented the RoF network model with the investigation of Q-factor, BER and eye-opening
with optic fiber length, operating signal wavelength, and bit rate. The radio frequency signal is 10 GHz with
a data rate of up to 3 Gb/s and is used in this model through fiber length up to 50 km. This study shows that
the RZ modulation code is better than the NRZ modulation code in the high power regime [1, 2, 3-9]. They
clarified the simulation modeling of RoF for home network applications using different line coding.
Performance parameters evaluation is summarized such as Q-factor, BER, eye height, and threshold value
with respect to transmission bit rate and fiber cable length under different line coding schemes [3, 10-15].

Different electrical encoding methods and different optical modulation schemes are analyzed.
Different wavelength division multiplexing, optical add/drop multiplexers are performed with the
optimization of fiber cable length. The signal spectrum for both base stations is measured with the testing of
the Q-factor and BER analyzer. As well as 8 channels are multiplexed and routed using wavelength selective
optical add/drop multiplexer which is used as fiber Bragg grating filter [4, 5, 16-20]. Refs. [5, 6, 21-24]
presented the filtration techniques that are employed for amplitude noise reduction based millimeter RoF
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communication [7, 8, 25-28]. The max quality factor and min data error rate are tested for different optical
receivers (PIN, and APD photodetectors) with different types of noise (shot noise, and thermal noise). RoF
systems is stimulated based on NRZ coding for a bit rate of 2.5 Gh/s [29-37].

2. MODEL DESCRIPTION AND RESEARCH METHOD

We have developed the previous work in Ref. [6] to enhance radio over fiber-based local area
communication network. By creating non return to zero duobinary signal code using a precoder and a
duobinary pulse generator, so the duobinary signal can be generated. Pseudo random bit sequence generator
to generate a random stream of bits. This stream is encoded in the configuration of return to zero code. The
encoded signal can be directed to distortion generator which treats the signal nonlinearity. The generator
derived the first LiINbO; Mach Zehnder modulator and then concatenates this modulator with the second
modulator driven by an electrical sinusoidal signal that has a clock frequency equal to the transmission data
rate of 100 GHz. For the high-speed data transmission system, the clock frequency defines the transmission
limit within the range of 10 GHz to 250 GHz. The duobinary used a dedicated precoder at the transmitter that
makes the receiver can use direct detection mechanism. The signal is directed from modulator to EDFA
amplifier for amplification then into the single-mode fiber which its length of 20 km. The routed signal from
single-mode fiber cable is traveled to APD photodetector to convert the light signal to an electrical signal.
The converted signal is treated from ripples through low pass Bessel filter and the Q factor and min BER are
tested by bit error rate analyzer.

Optical Time Domain Visualzer

Figure 1. Schematic view of duobinary radio over fiber simulation modeling

There are many measurements after modulator and single-mode fiber cable to measure the RoF system
operation performance. Dual-port WDM analyzer is used to measure the signal gain, noise figure, and optical
signal to noise ratio. The optical power meter measures optical power into the fiber cable. The optical
spectrum analyzer measures the modulated power on the vertical scale and the operating signal wavelength
on the horizontal scale. As well as optical time-domain visualizer measures the modulated power with a bit
time. Both BER analyzer and eye diagram analyzer to test the maxi. Q-factor and min. bit error rate at the
receiver side.

3. PERFORMANCE ANALYSIS WITH DISCUSSIONS

Stimulated the duo-binary modulation and predistortion techniques are analyzed for the
enhancement of radio over fiber communication systems for local area network applications with different
transmission bit rates. Switching bias voltage and switching RF voltage are changed to reach the optimum
value in order to achieve maximum quality factor enhancement and BER reduction in addition to the
enhancement of electrical received power. The deduced figures are assured the obtained results:
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Figures 2 and 3 show the relation between max Q-factor and min bit error rate in relation to different
NRZ/RZ rectangle shape. It is observed that the NRZ/RZ (ERS) configuration has presented maxi. Q-factor
and min. BER that NRZ/RZ (GRS) configuration at 10 Gb/s, while NRZ/RZ (GRS) configuration has
presented max. Q-factor and min. BER than NRZ/RZ (ERS) configuration at 40 Gb/s. The max. Q factor is
5.8 for the NRZ/RZ (ERS) configuration with 40 Gb/s, 6.5 for the NRZ/RZ (GRS) configuration with the
same bit rate. The max. Q factor is 8.654 for the NRZ/RZ (ERS) configuration with 10 Gb/s, 8.2435 for the
NRZ/RZ (GRS) configuration with the same bit rate. The min. BER is 1.5 x 10™ for NRZ/RZ (ERS)
configuration with 40 Gb/s, 0.9 x 10 for the NRZ/RZ (GRS) configuration with the same bit rate. The min.
BER is 13.5 x 10™* for the NRZ/RZ (ERS) configuration with 10 Gb/s, 6.5 x 10™* for the NRZ/RZ (GRS)
configuration with the same data rate.

Figure 4 indicates that the variations of electrical power after APD with different NRZ/RZ rectangle
shape at various bit rates. The NRZ/RZ (GRS) configuration has presented larger electrical power at the
receiver in compared with NRZ/RZ (ERS) configuration. The received power is 5.5 mW for the NRZ/RZ
(ERS) configuration with 40 Gb/s, 6.3 mW for the NRZ/RZ (GRS) configuration with the same bit rate. The
received power is 18.654 mW for the NRZ/RZ (ERS) configuration with 10 Gb/s, 19.2 mW for the NRZ/RZ
(GRS) configuration with the same bit rate. Figure 5 demonstrates that the maximum Q-factor in relation to
RF signal frequency with/without predistortion technique. It is inferred that the important role of
predistortion technique in upgrading signal quality factor. The max. Q Factor is 8 with predistortion, 2.2
without predistortion at 10 Gh/s. The max. Q Factor is 5.5 with predistortion, 2.8 without predistortion at 40
Gb/s. The max. Q Factor is 7.8 with predistortion, 2.1 without predistortion at 100 Gb/s. The max. Q Factor
is 8.354 with predistortion, 2.02 without predistortion at 160 Gb/s. The max. Q Factor is 7.354 with
predistortion, 2.01 without predistortion at 250 Gb/s. Figures 6 and 7 show max. Q-factor variations with
switching bias voltage and switching RF voltage. It is indicated that the optimum value of the maximum Q-
factor is achieved at 8 Volt for both switching cases of the modulator. As shown in Figure 6, the max. Q
factor is 2.1 at 4 V switching bias voltage. The max. Q factor is 14.8 at 8 V switching bias voltage. The max.
Q factor is 5 at 12 V switching bias voltage. The max. Q factor is 4 at 16 V switching bias voltage. the max.
Q factor is 3 at 20 V switching bias voltage. As shown in Figure 7, the max. Q factor is 2.225 at 4 V
switching RF voltage. The max. Q factor is 2.775 at 8 V switching RF voltage. The max. Q factor is 2.7 at 12
V switching RF voltage. The max. Q factor is 2.654 at 16 V switching RF voltage. the max. Q factor is 2.554
at 20 V switching RF voltage.
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Figure 2. Variations of max Q-factor with overall Figure 3. Min. data error rate variations versus overall
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Figure 4. Electrical power after APD with overall system bit-rate based on different NRZ/RZ rectangle shape
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100 GHz

Figures 8-11 indicate that the gain, noise figure, electrical power, and light signal/noise ratio with
the switching bias voltage and switching RF voltage. The oscillation values between increasing and
decreasing performance parameters under study. As shown in Figure 8, gain and noise figure are slightly
decrease with the increase of the switching bias voltage. Also in the same way as clarified in Figure 9, gain
and noise figure are slightly decrease with the increase of the switching RF voltage. As shown in Figure 10,
electrical power and light signal to noise ratio are slightly decrease with the increase of the switching bias
voltage. Also in the same way as clarified in Figure. 11, electrical power and light signal to noise ratio are
slightly decrease with the increase of the switching RF voltage.
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Figure 8. Gain, noise figure with switching bias voltage based LiNbO3; Mach Zehnder Modulator at
frequency of 100 GHz
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Figure 10. Variations of electrical power and light signal/noise ratio against variations of switching bias
voltage based LiNbO3; Mach Zehnder Modulator at RF signal frequency of 100 GHz
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Figure 11. Electrical power and light signal/noise ratio versus switching RF voltage based LiNbO; Mach

Zehnder Modulator at RF signal frequency of 100 GHz

Figures 12-15 show that eye diagram analyzer and BER analyzer for both NRZ/RZ (GRS)
configuration, NRZ/RZ (ERS) configuration at different transmission bit rates. These graphs show the max
Q-factor and min BER values exactly. The max. Q factor is 8.12, min. BER is 2.2 x 10™ for NRZ/RZ
(exponential rectangle shape) at 10 Gb/s as clarified in Figure 12. The max. Q factor is 5.53, min. BER is

Indonesian J Elec Eng & Comp Sci, Vol. 21, No. 2, February 2021 : 978 - 986



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 983

1.504 x 10°® for NRZ/RZ (exponential rectangle shape) at 40 Gb/s as clarified in Figure 13. The max. Q
factor is 7.97, min. BER is 7.64 x 10™° for NRZ/RZ (Gaussian rectangle shape) at 10 Gb/s as clarified in
Figure 14. The max. Q factor is 5.92, min. BER is 1.445 x 10 for NRZ/RZ (Gaussian rectangle shape) at 40
Gb/s as clarified in Figure 15. Figures 16, and 17 demonstrate that the variations of maximum modulated
power after LiNbO; Mach Zehender modulator without/with predistortion technique at 40 Gb/s. The
enhancement of modulated signal peak power after predistortion technique. The max. signal power is 1.312
dBm, noise power is -104.824 dBm without predistortion technique at 40 Gh/s as clarified in Figure 16. The
max. signal power is 1.15548 dBm, noise power is -104.824 dBm with predistortion technique at 40 Gb/s as
clarified in Figure 17.

Figure 18 shows that Q-factor enhancement ratio, electrical power enhancement ratio and BER
reduction ratio in relation to RF signal frequency. The Q-factor enhancement ratio, BER reduction ratio is
achieved at 250 GHz, while the electrical power enhancement ratio is achieved at 160 GHz. The Q-factor
enhancement ratio is 71.26% at 10 GHz, 47.90% at 40 GHz, 71.28% at 100 GHz, 72.43% at 160 GHz,
72.69% at 250 GHz. Besides, the BER reduction ratio is 28.74% at 10 GHz, 52.10% at 40 GHz, 28.72% at
100 GHz, 27.57% at 160 GHz, 27.31% at 250 GHz. Moreover, the electrical power enhancement ratio is
2.2% at 10 GHz, 8.10% at 40 GHz, 58.41% at 100 GHz, 65.60% at 160 GHz, and 60.88% at 250 GHz.

The complete comparison between maximum Q-factor, minimum BER, and electrical power after
APD photodiode in the presence and absence of predistortion technique is summarized in Table 1 at different
RF signal frequencies. As well as the performance parameters enhancement ratio are summarized in Table 2
at different RF signal frequencies.
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Table 1. System performance parameters with/without predistortion technique

RF signal Without Predistortion technique With Predistortion technique
frequency Max. Q- Min. BER Electrical power Max. Q-factor Min. BER Electrical power
factor after receiver (mW) after receiver
(mW)
10 GHz 2.367 0.00889 13.016 8.238 8.71x 107 13.31
40 GHz 2.881 0.0018844 9.098 5.53 1.5x10% 9.9
100 GHz 2.258 0.0118947 7.682 7.864 1.673x10™ 18.472
160 GHz 2.267 0.011156 6.34 8.223 9.07 x 10 18.432
250 GHz 2.128 0.0164218 7.324 7.794 2.9x10™ 18.725

Table 2. System performance parameters enhancement ratio with predistortion technique
RF signal frequency  Q-factor enhancement ratio (%) BER reduction ratio (%) Electrical power enhancement ratio (%)

10 GHz 71.26 28.74 2.20
40 GHz 47.90 52.10 8.10
100 GHz 71.28 28.72 58.41
160 GHz 72.43 27.57 65.60
250 GHz 72.69 27.31 60.88

4. CONCLUSION

In summary, we have simulated the radio over fiber communication based local area optical
networks using duo-binary modulation and predistortion techniques. It is denied inferred that the
enhancement of both signal quality and its power, in addition to the reduction in bit error rate in the presence
of predistortion technique. It is observed that the NRZ/RZ in GRS configuration has presented max. Q-factor
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and min. BER at high data rates. It is efficient for electrical power saving. The optimum Q-factor is achieved
at a value of 8 Volt for both switching bias voltage and switching RF voltage based Mach Zehnder
modulator. In addition to the optical signal to noise ratio is slightly changed with the variations of both
switching RF, switching bias voltages which belong to the modulator. It is indicated that the enhancement of
modulated signal peak power to 1.15548 dBm with predistortion technique, while its value is degraded to
1.31241 dBm without predistortion technique. Finally, it is inferred that the maximum Q-factor enhancement
ratio is reached to 72.69 %, the minimum BER reduction ratio is reached to 27.31 at 250 GHz, while
maximum electrical power enhancement ratio is reached to 65. 60 % at 160 GHz.
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