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Abstract: In this paper a Two-tone setup for Radio over Fiber system is proposed which is used to compare a
single tone and Multitone system. Different performance parameters such as Eye diagram, dynamic range, and
Spurious free dynamic range (SFDR), are tested for single-tone and multi-tone RoF systems for obtaining
different results. The results obtained very well suggested that Multitone system provides a comparative
performance as compared to single tone system, so these can be utilized to obtain much better bandwidth and

transmission distance.
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1. INTRODUCTION
Radio over fiber (RoF) technology has emerged as a cost effective approach for reducing radio system costs
because it simplifies the remote antenna sites and enhances the sharing of expensive radio equipment located at
appropriately sited switching center (SC) or otherwise known as central sites/stations (CS). To improve the
wavelength-reuse multi-channel RoF system issue such as O-ACI (Optically generated adjacent channel
interference), double sideband carrier amplitude-phase-control modulation is used in which the amplitude and
phase of the optical carrier was controlled by tuning the dual parallel Mach—Zehnder modulator bias voltage [1].
A Multi-carrier system is a preferable system for growing high data rate and high speed demands because it can
efficiently utilize the fiber bandwidth capacity. A multitone RoF system employing a central station (CS) and a
remote antenna station (RAS) was tested for direct and external modulation schemes. A small power penalty was
reported between the two schemes [2]. A new multi-tone test signal generation method was suggested with
different frequency tones that employed OFDM (orthogonal frequency-division multiplexing) and spread
spectrum (SS) techniques for allowing signal parameters to users with a great flexibility [3]. A new scheme
based on orthogonal frequency-division multiplexing (OFDM) technique was developed for producing multiple
frequency tones with fine resolution and low design cost [4]. For evaluating the channel performance, the effect

of multi-tone jitter was evaluated by an analytical bit-error-rate method that was helpful in channel design and
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optimization [5]. A new approach of cyclic block filtered multi-tone modulation (CB-FMT) was proposed that
uses cyclic convolution for producing different frequency pulses. The scheme is advantageous to conventional
FMT that uses linear convolution for producing frequency pulses [6]. Large amplitude variations in multicarrier
can produce system nonlinearities. If a separation of inverse phase element is provided in multi-carriers then
OFDM signal is produced [7]. The impact of multi-path interference (MPI) is investigated in RoF network
implemented using directly modulated lasers (DMLs). Carrier to noise ratio (CNR) limited by MPI is investigated
in terms of signal-to-interference ratio (SIR) [7]. A low-complexity Tone injection (TI) scheme containing
distortion signals was suggested to improve PAPR and reduce system complexity [9]. Signal to noise and
distortion ratio (SNDR) has been investigated for radio over fiber (RoF) system based on Dual Drive Mach
Zehender modulator (DD-MZM) using high performance generation 120° phase shift method and optical
amplifier as erbium doped fiber amplifier (EDFA) in both noise and distortion generated conditions. Significant
SNDR improvement has been observed by EDFA in noise dominant condition while no significant improvement
is observed in distortion dominant condition [10]. Dual parallel Mach—Zehnder modulator (DPMZM) can also be
used with RoFs, which gives good results against intermodulation distortion (IMD) errors. In order to investigate
the receiver performance, positive-intrinsic-negative (PIN) and avalanche photodiode (APD) photodetectors are
utilized at the receiver end. The analytical analysis of DPMZM based RoF system is analyzed, and the simulation

model is implemented using OptSIM software, including PIN and APD photodetectors [11].

2. SIMULATION SETUP
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Figure 1: Conceptual diagram for system setup for Two-Tone Tester

The optical system design consists of modulating tones, VCSEL diode transmitter, single/multimode fiber, filter,

PIN diode receiver etc. Optsim optical simulation tool from Rsoft Design Group is used for the design. Figure 1
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shows the VCSEL optical system design. UWB RF signal is fed in to the optical system through a test data file
reader block. Electrical and optical spectrum analyzers are attached to the input and output electrical and optical
signals. Test data file writer collects electrical system after optical transmission for simulation in MATLAB

Simulink.

3. RESULTS & DISCUSSION

In this section Single-tone & Multi-tone RoF systems are compared for obtaining different results using different

parameters.
3.1 EYE DIAGRAM

Figure 2 shows the eye diagram for single-tone RoF system. Different performance matrices for single-tone RoF
system are derived from this eye diagram. Similarly, Figure 3 provides eye diagram for multi-tone RoF system.
Different performance matrices of multi-tone RoF system are derived from this eye diagram.
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Figure 2: Eye diagram for Single-tone System
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Figure 3: Eye diagram for Multi-tone System

The comparative analysis of Single-Tone and Multi-Tone RoF (as depicted from Figures 2 and 3) is summarized

in table 1. By verifying this table, it is clear that single-tone and multi-tone RoF system provide similar
performance and single-tone system can be replaced by multi-tone systems.

Table 1: Comparative analysis of Single-Tone and Multi-Tone RoF

Performance Single-Tone RoF Multi-Tone RoF
parameters Value 1 Value 1 Value 2

Q-value (dB) 36.1 36.2 35.7

Eye Closure (dB) 0.14 0.14 0.151
Eye Opening [a.u.] 5e-025 5e-025 5e-024
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3.2 DYNAMIC RANGE

Second order harmonic distortion for single and multimode VCSEL at different bias currents are simulated.
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Figure 4: Single mode VCSEL second order harmonic distortion
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Figure 5: Multi-mode VCSEL second order harmonic distortion
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Figure 4 shows single mode VCSEL with second order harmonic distortion. Figure 5 shows multi-mode VCSEL
with second order harmonic distortion. At lower frequencies (< 1.5 GHz for single mode, < 2.0 GHz for multi-
mode), spatial-burning-induced distortion dominates. At intermediate frequencies, the two effects from relaxation
oscillation and spatial burning cancel each other, resulting in a significantly lower distortion. Spectral hole
burning effect, which is accounted for by the gain compression factor were found to have a small effect on the

relative distortion levels.
3.3 SPURIOUS FREE DYNAMIC RANGE (SFDR)

SFDR s calculated from two-tone inter-modulation distortion (IMD) simulation. Two-tone signal separated in
frequency by 1 MHz was fed to VCSEL with different bias currents. The simulation results are shown in Fig. 6
from single mode and Fig. 7 for multimode VCSEL. The SFDR of the multimode VCSEL at 6 mA bias current
is 84-95 dB. And the SFDR of the single mode VCSEL at 2 mA bias current is 82—85 dB. The SFDR of single
mode VCSEL is about 10 dB lower than multimode VCSEL. This is because of lower modulation response of
the single mode VCSEL. It is analyzed that RF transfer efficiency of multimode is greater than single mode
VCSEL.
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Figure 6: SFDR (dB) for 2 mm single mode VCSEL
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Figure 7: SFDR (dB) for 10 mm multi-mode VCSEL
4. CONCLUSIONS

A two tone setup for RoF systems is utilized to investigate the performance of single mode and multi-mode
systems. Various performance parameters are investigated in order to compare the performance of two systems.
Eye diagrams suggested a comparative performance of these two systems. Dynamic range of VCSEL is tested
for both systems with second order harmonic distortion. Although results of single mode systems are somewhat
better than multi-mode systems, yet multimode system provided good results. From simulation under different
bias currents, it is found that for single mode VCSEL, the bias of 2 mA has the low SFDR. For multimode VCSEL,
the bias of 6 mA has somewhat high SFDR. It is concluded that since single mode VCSEL is more favorable in
analogue signal transmission, but multi-mode VCSEL can provide a good performance as these provide

additional benefits like bandwidth utilization and large data transmission.

© 2022, [JSREM | www.ijsrem.com | Page 7



http://www.ijsrem.com/

w7 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 06 Issue: 08 | August - 2022 Impact Factor: 7.185 ISSN: 2582-3930
REFERENCES

[1] Keiser, G. “Coherent optical fiber communications’, Optical Fiber Communications, McGraw-Hill, New York
(1991).

[2] V. Kamra and M. Kumar, “Power penalty in multitone radio-over-fibre system employing direct and
external modulation with optical amplifiers,” in Optik - International Journal for Light and Electron Optics,
vol. 122, no. 1, pp. 44-48, Jan. 2011.

[8] T. Xia, R. Shetty, T. Platt and M. Slamani, “Low Cost Time Efficient Multi-tone Test Signal Generation
Using OFDM Technique,” in Journal of Electronic Testing, vol. 29, no. 6, pp. 893-901, Dec. 2013.

[4] N. L'Esperance, T. Platt, M. Slamani and T. Xia, “OFDM Multitone Signal Generation Technique for
Analog Circuitry Test Characterization,” in IEEE Transactions on Circuits and Systems I1: Express Briefs,
vol. 63, no. 6, pp. 583-587, June 2016.

[5] Y. Chu, R. Chakraborty, R. Friar and Z. Yang, “Analytical bit-error-rate analysis for multi-tone sinusoidal
jitter from power supply noise,” in proceeding IEEE International Symposium on Electromagnetic
Compatibility (EMC), Ottawa, ON, pp. 267-270, 2017.

[6] M. Girotto and A. M. Tonello, “Orthogonal Design of Cyclic Block Filtered Multitone Modulation,”
in IEEE Transactions on Communications, vol. 64, no. 11, pp. 4667-4679, Nov. 2018.

[71 V.I. Muchandiand C. G. Raghavendra, “Analysis of multi-tone signal for radar application,” in proceeding
IEEE International Conference on Communication and Signal Processing (ICCSP), Melmaruvathur, pp.
2038-2041, 2018.

[8] B.G.Kim, H. Kim and Y. C. Chung, “Impact of Multipath Interference on the Performance of RoF-Based
Mobile Fronthaul Network Implemented by Using DML,” in Journal of Lightwave Technology, vol. 35, no.
2, pp. 145-151, Jan. 2019.

[9] W. Wang, M. Hu, Y. Li and H. Zhang, “A Low-Complexity Tone Injection Scheme Based on Distortion
Signals for PAPR Reduction in OFDM Systems,” in IEEE Transactions on Broadcasting, vol. 62, no. 4,
pp. 948-956, Dec. 2020.

[10] Plazas, Caio LMP, Adelcio M. de Souza, Daniel R. Celino, and Murilo A. Romero. "Optimization of
arrayed waveguide grating-filtering response for efficient analog radio-over-fiber fronthaul over a
wavelength-division ~ multiplexing  passive  optical  network." Transactions on  Emerging

Telecommunications Technologies 32, no. 1 (2021): e4113.

© 2022, [JSREM | www.ijsrem.com | Page 8



http://www.ijsrem.com/
http://www.sciencedirect.com/science/article/pii/S0030402610000276
http://www.sciencedirect.com/science/article/pii/S0030402610000276
http://www.sciencedirect.com/science/journal/00304026
https://link.springer.com/journal/10836

7 \3
IJSREM i . . i i i
TR Internatlonal Journal of Scientific Research in Engineering and Management (IJSREM)
Volume: 06 Issue: 08 | August - 2022 Impact Factor: 7.185 ISSN: 2582-3930

[11] Kaur, Harminder, Manjit Singh Bhamrah, and Baljeet Kaur. "A comprehensive study on radio over fiber
systems: present evaluations and future challenges.” Journal of Optical Communications (2022).

© 2022, [JSREM | www.ijsrem.com | Page 9



http://www.ijsrem.com/

