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Abstract: This paper analyzes the analog CATV transmission systems to investigate the interfering distortions. Here, it is considered
distortions such as the composite second order, composite triple beat, and intermodulation distortion. In optical fiber-based analog
CATV transmission systems, there is usually one wavelength used for the signal transmission with multiple analog RF channels
modulated onto it. While BER is the most common performance metric in a digital transmission system, measurement of distortion is

the critical metrics in an analog transmission system. The results of this study contains the simulations of distortion for a two tones
direct modulated analog transmission system, a two tones externally modulated analog transmission system, three frequencies
directly modulated together and 20-channel analog CATV system. It is shown that the modulation distortion can be considerably
diminished at special frequencies if the overlap of frequencies is truly adjusted by the modulator characteristic parameters. Afterward,

the optical attenuators or optical filters can serve to remove the sidebands with low intensities.
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1. Introduction

Through the last two decades, cable television
(CATV) systems have been promoted from coax cable
based one-way broadcast of analog video transmission

to modern two-way hybrid fiber/coax (HFC) networks.

The traditional one-way broadcast suffered from
several cascaded RF amplifiers to overcome the high
losses of coaxial cables and splitters. These in turn,
affected the quality of received signal due to
significant levels of noise and intermodulation
distortion. Utilization of fiber optics technology in
CATV transmission systems has led to a significant
reduction of the number of cascaded RF amplifiers,
leading to the robust transmission of signals [1-7]. In a
broadband CATV transport system, the broadcast
amplitude modulated optical signal at 1550 nm or
1310 nm is amplified and then combined with the
broadband optical M-QAM (Quadrature Amplitude
Modulation) signal for forward transmission. The
broadband optical M-QAM signal carries the digital
video and data, which are transmitted over different

wavelengths A;, A2, ..., A, using a (DWDM) dense
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wavelength division multiplexer (MUX). This hybrid
optical signal is transmitted over a SMF to the
respective fiber nodes. Today, these systems carry
about eighty analog video channels and thirty 64/256
QAM channels. The MUX device located in the hub
multiplexes the received return signals for
transmission towards the head-end. At the end point,
the wavelength demultiplex device (DMUX) located
in the head-end demultiplexes the wavelength stream
into individual wavelengths for further processing.
CATV transport systems utilize the photonics devices
as mentioned below in order to attaining high system
performance [1-7].

Analog CATYV systems contain analog DFB lasers,
external modulators, optical amplifiers, analog optical
receivers, and digital return technology. The analog
CATV transmission must provide a high carrier to
noise ratio (CNR) to achieve a fair signal quality at the
receiver. Hence, requirements for DFB lasers are high
output power, low RIN, high linearity, and low
distortion.

The signal distortion in analog transmission
systems known as Intermodulation Distortion (IMD)
is determined by the nonlinearity of the power versus

characteristics of a DFB laser, fiber characteristics and
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external/internal modulator properties and measured
in terms of CSO and CTB levels. The CSO refers to
composite second order distortions due to 2nd order
nonlinearity, whereas CTB is the composite triple beat,
also known as composite third order distortion, which
occurs due to third order nonlinearity [8-16].

Utilization of directly modulated DFB lasers in the
1550 nm wavelength region causes severe signal
distortions due to fiber dispersion and hence limits the
transmission distance to a few kilometers. Thus,
external modulators such as Mach-Zehnder (MZ)
modulators are required to minimize these signal
distortions. The main design requirement for an
external modulator is that it should provide high
linearity for analog transmission. The MZ modulators
which were used for digital transmission cannot be
readily used for analog applications and hence require
some corrective design measures. Several linearization
techniques or pre-distortion circuitry have been
incorporated into the design of these external
modulators to minimize the signal distortions [16-18].
In addition, suppression of stimulated Brillouin
scattering (SBS) effects and interferometric noise
were also achieved in these modulators [16-18].

2. Measurement of IMD and CNR

As aforementioned, the signal in practice is
distorted because of a deviation from linearity which
is called Intermodulation distortion (IMD). Any
non-linearity in the response of the laser or in the
propagation characteristics of fibers generates new
f,+f j and

frequencies of  the form

f. +fj +f, some of which lie within the

transmission bandwidth and distort the analog signals.
The power level of the second and third order
distortion products known as composite second order
(CSO) and composite triple beat (CTB), for a specific
channel are normalized to the carrier power of the
channel and measured in dBc unit. The measurement
technique is to use a filter which is wide enough to
contain the entire range of significant products.

On the other hand one can obtain CNR as [2-15]:
m? 1
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where M is the Optical Modulation Depth (OMD) per

channel. RIN is the relative intensity noise of the laser

CNR =

transmitter, F, is the noise figure of the in-line
amplifier, R is the receiver responsively, By is the
optical bandwidth of the received signal, Be is the

electrical bandwidth of each video channel, itﬁ is the

receiver spectral noise power density, P; is the
amplifier output power and P, is the optical power at
the receiver [2-15].

3. Results of Measuring the IMD in Fiber
Optic Based CATYV Systems

To investigate IMD in CATV
following simulations are implemented via Standard
Model of SMF in RSoft OptSim Simulating Software:

I)A  Two tone

transmission system

2)A Two

transmission system

systems, the

direct modulated analog

tone externally modulated analog

3) Three frequencies directly modulated together

4) And 20-channel analog CATV system

It is considered distortions of CSO, CTB, and
intermodulation distortion. In fiber-based analog
CATV transmission systems, there is usually one
wavelength used for the signal transmission with
multiple analog RF channels modulated onto it. While
BER is the most common performance metric in a
digital transmission system, measurements of
distortions are the critical metrics in an analog

transmission system.

31 A Two Tones
Transmission System

Direct Modulated Analog

In this case, there are two electrical sine-wave
frequencies generated and summed. These two
frequencies are at 500 MHz and 525 MHz. These are
then modulated onto a direct modulated DFB laser at a



Distortionin Multi-tone Modulation Fiber Systems 19

wavelength of 1550 nm. This is then propagated over
40 km of single-mode optical fiber to a PIN-based
optical receiver. The RF spectra can be viewed in the
spectrum analyzer to measure the distortions such as
composite second order (CSO) distortion, which are
due to new frequencies generated at f; + f, and f, — fy.
Figs. 1-2 show respectively the RF spectra with power
at frequencies 25 MHz and 1025 MHz as well as the
original frequencies of 500 MHz and 525 MHz. Also
Fig. 3 shows the modulation distortions at 2xf; and
2xf, at 1000 MHz and 1050 MHz respectively.

3.2 A Two Tones External
Transmission System

Modulated Analog

This time, two tones are externally modulated; Figs.
4 and 5 shows respectively the RF spectra with power
at frequencies 25 MHz and 1025 MHz. Sidebands
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Fig. 5 RF Spectra of two tone directly modulated; CSO
distortion at 1025 MHz, IMD at 1000 MHz &1050 MHz.

around in Fig. 5 shows again the modulation
distortions at 1000 MHz and 1050 MHz respectively;
the most striking difference between this and the
example are the additional

direct modulated

distortions at a number of additional frequencies.
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3.3 A Three Frequencies External Modulated

This case is a frequency combination of three
frequencies at 62.5 MHz, 125 MHz, and 187.5 MHz.
These three frequencies are then modulated together
onto a DFB laser with wavelength 1550 nm and
propagated over 40 km of standard single-mode fiber
(SMF-28) to a PIN-based receiver. The RF spectrum
at the receiver can be viewed to analyze the composite
second order, composite triple beat, and other
distortions in the system. As shown in Fig. 6, the CSO
= -36 dBc (at f =f; + f, =250 MHz and f = f, + f3 =
312.5 MHz), and the CTB =-41 dBc (atf=f, +f, + f3
=375 MHz).

As it is evident in Fig. 6, with increasing the

number of frequencies, IMD will increase.
3.4 20 Channel Analog CATV System

Now considering a 20-channel analog CATV
system and starting at 500 MHz with a frequency step
of 6 MHz and focusing on the distortions, one can
observe the distortions at many frequencies by

zooming the RF Spectra as shown in Fig. 7.
4. Discussion

Referred to Figs. 4 & 6, one can deduce that the
modulation distortion can be considerably diminished
at special frequencies if the overlap of frequencies is
characteristic

truly adjusted by the modulator

parameters. Afterward, the optical attenuators or
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Fig. 7 RF Spectra of to 20 channel directly modulated.

optical filters can serve to remove the sidebands with

low intensities.

5. Conclusions

IMD in fiber optic based CATV multichannel
system is recognized by second and third harmonics
sidebands of power spectra. Increasing the channel
numbers leads to increase the number of sidebands
and also IMD. This is because of the configuration
specifications of external modulator which carries the
signal of data, optical fiber non-linearity and laser
instability which arises from the sensitivity to laser
beam and modulation voltage in the case of utilizing
external modulator. IMD is inevitable in optical fiber
based analog CATV systems; however distortion is
much less than coaxial cable based CATV systems. In
order to decrease IMD in optical fiber based CATV
systems, tuning the characteristic parameters of the

modulator can be effective.

References

[1] Brillant, Avigdor (2008). Digital and Analog Fiber Optic
Communications for CATV and FTTx Applications. Vol.
174, SPIE Press.

[2] Papannareddy, Rajappa and George Bodeep (2006).
“HFC/CATV Transmission Systems.” In: International
Photonics Conference, Hyderabad, India, 2006.

[3] Dua, Puneit et al. (2002). “Analog and Digital
Transmission Using High-Power Fiber Amplifiers.”
WDM and Photonic Switching Devices for Network
Applications III, Vol. 4653, International Society for
Optics and Photonics.



(8]

[10]

(1]

[12]

[13]

Distortionin Multi-tone Modulation Fiber Systems 21

Gupta, S. C. (2014). Optoelectronic Devices and Systems.
PHI Learning Pvt. Ltd., 2014.

Lachs, Gerard (1998). Fiber Optics Communications.
Information Gatekeepers Inc, 1998.

Mathur, K. S. (2018). Fundamentals of Fiber Optics
Communications. Zorba Books, 2018.

Bhatnagar, Kavita (2016). “Latest Trends in Fiber Optics
Communication.” International research Journal of
Engineering and Technology 3 (11) 45-54.

Bhatia, Prabhpreet Kaur et al. (2014). “Analysis and
Intensification of Imd in Multitone Analog Catv
Transmission Systems.” International Journal of
Electronics,  Communication &  Instrumentation
Engineering Research and Development 4-5: 1-8.

Kaur, Amandeep et al. (2013). “Simulation Analysis of
IMD in Multitone Analog CATV Transmission Systems.”
Optik 124 (22) 5747-5750.

Daly, J. (1982). “Fiber Optic Intermodulation Distortion.”
IEEE Transactions on Communications 30 (8):
1954-1958.

Schaffner, James H. and William B. Bridges (1993).
“Intermodulation Distortion in High Dynamic Range
Microwave  Fiber-Optic  Links With  Linearized
Modulators.” Journal of Lightwave Technology 11 (1)
3-6.

Singh, Sandeep et al. (2015). “Analysis of Different
Harmonic and Intermodulation Distortions for CATV
Systems.” Journal of Optical Communications 36 (2)
175-180.

Keehr, Edward A. and Ali Hajimiri. (2009). “Digitally

[14]

[15]

[19]

Assisted Equalization of Third-Order Intermodulation
Products in Wideband Direct Conversion Receivers.”
International Journal of Microwave and Wireless
Technologies 1 (4) 377.

Kaur, Amandeep et al. (2013). “CATV Transmission in
Optical Communication System.” Journal of Optical
Communications 34 (3) 209-214.

Sharif, Morteza Abdollahi (2011). “Modulation
Instability of Optical Nonlinear Media: A Route to
Chaos.” In: 2011 Asia Communications and Photonics
Conference and Exhibition (ACP), IEEE.

Islam, M. Shahidul (2010). “Suppression of
Intermodulation Distortion in CATV System Using Dual
Parallel Mach-Zehnder Modulator.” In: 7th International
Conference on Electrical Engineering ICEENG 2010,
Military Technical College.

Lucchi, F. et al. (2007). “Very Low Voltage Single Drive
Domain Inverted LiNbO 3 Integrated Electro-Optic
Modulator.” Optics Express 15 (17) 10739-10743.

Liu, Wen, Jianxin Ma and Junyi Zhang (2018). “A Novel
Scheme to Suppress the Third-Order Intermodulation
Distortion Based on Dual-Parallel Mach-Zehnder
Modulator.” Photonic Network Communications 36 (1)
140-151.

Wang, Ruigiong et al.
Third-Order in Analog
Photonic Link Based on an Integrated Polarization
Division Multiplexing Mach-Zehnder Modulator.” Optics
Communications 475: 126253.

(2020).
Intermodulation  Distortion

“Suppression of



