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Analysis of the reasons for limiting the dynaminga of
the signals in CATV systems
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Abstract: In this article are considered the principals of
building up a CATV System and is given a general characteristic
of the elements that build them up. It is defined the dynamic
range of the signalsin CATV systems and also are analyzed the
reasons for its limitation. It is discussed the different sour ces of
noises and nonlinear distortions in the optical and coaxial part
of the system.
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l. INTRODUCTION

Community antenna television (CATV) systems are

utilized for providing general-access and extra sesviof

enormous number of customers. General-accessible servi

include fairy and satellite radio and TV programsthis case

the signals are transmitted from one provider to mal
subscribers. The extra services include the high-spe

internet, the IP telephony, the video-on-demathé, home
automation and control etc. The extra services atiwigual

and the signals are transmitted from one provider to o

subscriber, which requires also the building up oferse
channel. [1]

In order to project a CATV system and optimize th%i

dynamic range of the RF signals in critical points,isit

necessary to analyze the reasons for the noise ancheanli

distortion appearance. Moreover, a very good knogéeaf

the architecture of the CATV system and the parameters

the components that build it up (lasers, photodiodeivecs,
optical fibres, optical and RF amplifiers) are reqdif]

II. HHERARCHICAL PRINCIPLE OF
BUILDING UP A CATV SYSTEM

The contemporary CATV system is a type of hybrid fibr

coaxial (HFC) system [3]. As a carrier area in thecapipart
are used single-mode optical fibres for two rangeshef
wavelength — 1310 nm and 1550 nm. [4] In the cogadat is
used standard coaxial cable with wave resistande. 75

The architecture of the HFC system is built in er&ichal
principle and is shown on figure 1. In the genei@decthe
system includes four hierarchical levels. [1]
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Fig. 1. Architecture of CATV system.

The first level in the hierarchy of the CATV systema
Superhighway system, which includes primary optidad,
Béignary and secondary headendgne primary headend
combines few small autonomous systems and provides
rvice to more than 200 000 subscribers, while thenskec

ry ones are local and serve usually to betweedD8Gand

0 000 subscribers. [5]

The second hierarchical

level is a highway system

I(%econdary optical ring), providing connection betwehe

distribution hubs and the optical rings [6]. One disttion
hub serve up to 16 distribution points or 40 000 subscsi

The third level in the hierarchy of the system is sub-
ghway network. It connects the distribution hukighvthe
fibre nodes, where the conversion of the light streato
electrical current occurs and vice versa. The filwdenhas
two or four inputs/outputs and is able to serve betv@®0
and 1 000 subscribers. [7]

The fourth hierarchical level is the subscriber system
which is a coaxial cable distribution network (CCDNY).
connects the optical nodes with the subscriber's home.

The tendency in building the CATV system is the tic
fibre to reach the customer’s home. Fibre to the éaom

dFTTH) is the ideal optical communication architeetur

FTTH meets the requirements for high-speed data

t transmission, high-fidelity sound, as well as higtelity

video signal. [8, 9]

[ll. GENERAL CHARACTERISTIC OF THE
CATV SYSTEM ELEMENTS

The main components which build up the optical clednn
of one CATV system when using direct (a) and exiefiog
modulation of the laser are shown on figure 2. In fifest
case, the modulating signal is added to the lasevgitage,
whilst in the second — goes to the input of the ester
modulator. [10]

In CATV System, as a light-source are preferred laser
diodes of the distributed feedback (DFB), distied Bragg
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reflector (DBR), vertically cavity surface emittingasker

The dynamic range of the signals in the optical okhis

(VCSEL). They emit in a very narrow frequency baartti defined by the minimum and maximal level of RF signals,

have low level of the

insertion noise and nonlineaentering into the input of the laser transmitter. Eheme three

distortions. [11, 12] The most frequently used opticalypes dynamic range — compression dynamic range (CDR),
modulators in these systems are: Mach-Zehnder madlulatspurious-free dynamic range (SFDR) and working dynami

electro-absorption modulator and phase modulator.J4J3,
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Fig. 2. Optical channel with direct a) and extetmamodulation.

The optical fibers used in the range of 1310 nm ha\
insertion loss about 0.35 dB/km, while in the range c
1550 nm — about 0.2 dB/km. It is typical for theioal fibres
is the phenomenon dispersion (chromatic and poliiga
which leads to transmission speed and optical line ten

range (WDR), which are defined on figure 3. [119]
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Fig. 3. Dynamic range of the signals in the optatennel.
The dynamic range of the signals of CCDN depends

%ainly on the parameters of the RF amplifier, the nunolbe

limitation. If 2 =1310 nm then the chromatic dispersion ife cascade connected amplifiers and the number of

single-mode fibre decreases to zero, whilé # 1550 nm it
has comparatively high values, which requires the use
fibres with displace dispersion. To compensate the toHsel
optical fibre and the passive components are maisidu
erbium-doped fiber amplifiers (EDFA) and Raman anglif
[15, 16]

The main element in the structure of the opticadinesr is
the photodiode (avalanche and PIN), whose way okingr
is based on the photoelectric effect. Moreover, thécal
receiver includes circuit for impedance coherences, F
amplifier and control and alarm system. [16]

The CCDN of the CATV System ensures the connectic
of its optical part with the subscribers. To compenshagée
insertion loss in the coaxial cable and the passive eglsn
are used RF amplifiers. [17]

IV. DETERMINATION OF THE DYNAMIC
RANGE OF THE SYGNAL IN CATV SYSTEMS

tcr)?nsmitted radio- and TV channels.
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Fig. 4. Dynamic range of the signals in CCDN.
The acceptable limits of variation of the RF sigrealels

in each RF amplifier outputs are shown on figuréie

The dynamic range is defined as the difference betwegfl est level (“A") is defined by the minimum CNR ineth

the largest and the smallest signal power, which coeltted
to the input of the communication channel. The meki

subscriber’s contact. The limitation of the RF sigmalximal
level (“B”) is related to the acceptable nonlinegtattions in

value of the input RF power is limited by the largesf e subscriber's contact. [20]

acceptable level of the nonlinear distortion prdgdua the
channel output. The minimum level of the input signal
limited by the minimal carrier to noise ratio (CNR)8]

V. ANALISIS OF THE REASONS FOR

The bigger area range of the CATV System leads to OCCURRENCE OF THE NOISES IN CATV

increased number of sequentially plugged into the owtw
sources of noises and nonlinear distortions whichaeslthe

dynamic range of the input RF signals. This is onehef tso
reasons for the limitation of the communication chann(ae

length.
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When transmitting signals through CATV System, noises
m different sources are added. It is very impurtahen
fining the total noise to know the kind, the tygbic

properties and the area of generating the ndike most



Analysis of the reasons for limiting the dynamic ran@ghe signals in CATV systems

significant influence when defining the total systeoise has Defining for the optical receiver are the shot anerinal
the thermal noise, the shot noise and the relativengitly noise. The shot noise has quantum nature and is gethéna
noise (RIN) of the laser. In the CATV System are alsthe receiver photodiode. The reason for its occegdsa the
generated many other noises, whose influence is not isgperfect conversion “photon-electron”.
essential. The polarized noise has a random nature and is reiated
The thermal noise is generated while electrical ctirrethe gain dependence on the polarization and theriped
passes through each electronic element and depenttee onmode dispersion of the fibre. It is characterized witlequal
working temperature, the frequency band and theevaluhe attenuation of each mode in the output signal aadsieéo
equivalent active resistance. The main sources of thernsrious losses as a result of the polarization and trerés
noise are circuits for impedance coherence in thecalpti reducing the CNR at the input of the optical reeeiv
transmitter and receiver and also the optical ané@iRplifier. The noises created in the optical part of the system a
CCDN which has a resistance @5is also considered as agiven on figure 5. When the level of the receivattiaal
source of thermal noise, whose level is about @B power is low, then the thermal noise of the photodiode
(T=17°C, B=5MHz). [21] receiver dominates, while in case of high level — datgs
When the light sources convert the electrical signtd i the laser RIN. [1]
light stream different noise components are addedhéo

useful signal. The most significant is the influent¢he laser VI. NONLINEAR DISTORTIONS
RIN, its phase noise and the refractive noise. IN CATV SYSTEM
RIN has a quantum nature and is caused by the
imperfection of the conversion process (electron -tgtjan The nonlinear distortions are reason for creating new

the laser material. In the active laser layer ocamdom frequency products in the spectrum of the useful sigisaa
emissions of a wide number of photons, causing randdi@sult of which the reliability of the received infisation
modulation og the generated light. RIN depends amking deteriorates. The main sources of the nonlinear tishsrare
temperature, laser exciting current and optical eek, the optical transmitter, the optical fibre and tHe&nplifiers.
created by the reflection of the optical fibre. [23] In the firm documentation of the optical transmiteare

The phase noise has random nature and is caused bygtven the optimal value of the parameters which gues
spontaneous photon emission in the emitting layethef the defined level of the nonlinear distortions. Tlulmear
laser. It leads to phase fluctuations of the outputadignd distortions in the optical fibre are due to few egewhich
extending of the spectral line, which for FP laseaages happen when the level of the transmitted signals arg v
between 1 — 10 nm, while for DFB is less than 100 Mp4] inadmissible high. They could be divided into two ups —

In the optical modulator except the considered nttaér nonlinearity, related to the scattering (stimulatedlli@in
noise is generated signal-spontaneous noise and spamanegcattering and stimulated Raman scattering) and naniipe
spontaneous noise. The former depends on the total lirelated to the Kerr effect (four-wave mixing, crossagh
power and the latter, which is dominating — on tredoiator  modulation, self-phase modulation) [27].
gain. Stimulated Brillouin scattering (SBS) is a nonlineaers

Besides the noises, generated in the exciting laker, which happens when optical power, larger than anddfi
optical amplifier creates also noises by signal-spamas threshold value, is feed to the fibre. SBS thredtdepends
beating, spontaneous-spontaneous beating, multip&gh- in on the width of the laser spectrum line and its oupmter.
ference, double-Rayleigh backscatter and amplifipdns SBS leads to scattering of large part of the optpaker
taneous emission (ASE) [25]. ASE is due to the nhturiransmitted through the optical fibre and this is is@son for
redistribution in the different power levels anchgmated shot reducing SNR at the input of the optical transmittin
noise in the receiver. The level of the caused by ASEe is general when using the sources with narrow spectland
much lower than that of the generated by the mquitad external modulation, the SBS threshold varies fronto5
power of the signal noise and for this reason could Hé& mW. If using lasers with direct modulation thers thower
neglected. [26] varies between 20 — 30 mW. [28, 29]

The event stimulated Raman scattering (SRS) is sitailar
SBS. SRS threshold power is much bigger than SBSande
A reaches values about 1W. The final effect of SRS i

ST I A S S S D | - THERMAL NOISE transferring signal power from the channels with low

N 7  SHOTNOISE wavelength to channels with large wavelength. Thawey

B I v transfer in some cases has a positive effect, for eleamp
SN e Raman amplifier. [28, 29]
L L 4~ TOTAL NOISE Self-phase modulation (SPM) is an event that happens
L — when digital signals are transmitted through the apfibre.
e It is a result of changing the reflect coefficienttbé optical
19 S fibre depending on the power feed to it. SPM le&als
-0 550 5 10 1520 parasite phase modulation of pulse fronts (chirp). piise
widen, interference between the symbols increasediraitd
the transmission speed. SPM is one of the reasons for
Fig. 5. Noise in CATV system. decreasing the step between each channel. [29, 30]

o e
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Cross-phase modulation (XPM) mainly happens iff] http://iec.org,Fiber to the homeThe International Engineering
systems with WDM and DWDM. It is similar to the SPM and _Consortium _ _ _ o
dues to the signal interaction from two neighbouricapt [10] Powers J.An introduction to fiber optic communication system
channels. When the signals transmit through one ofiiizel The McGraw-Hill, 1986

- _ . [11] Yelen K.,Design method for ultimate efficiency in linear-itav
each of them changes its reflect coefficient keefliegaw of continuous-wave laser using distributed-feedbdekD Thesis,

changing of the optical power. Investigations showt tine University of Southampton, 2004
effective fibre surface is necessary to be increaseudder to  [12] Rajeev J., Ch. Cox IIl, E. Goobar, M. Abraham, kel S.
decrease the XPM. [29, 30] Patterson, F. Ran&emiconductor Lasers: Device Physics and

In WDM and DWDM systems is also typical the event Applications Part |, RLE Progress Report Number 141
four wave mixing (FWM). It is the reason for creati [13] Agrawal G.,Fiber-optic communications systend®hn Wiley
products with new frequencies, some of which may ifab & Sons, Inc., 2002
the used channels. There are two main factors whieletafs [14] Sackinger ~ E., Broadband circuits for — optical fiber
the level of FWM products, therefore the mixing @fhcy — communicationJohn Wiley & Sons, Inc., 2005

. . - o [15] Gallion Ph.,V. Dallot, E. BridouxStudy of noise properties in
Flhazng;]]el spacing and the dispersion of the chosecabfire. optical distributed Raman amplifiers using a seassical model

. . . Ecole Nationale Superieure des Telecommunications
As mentioned above, the main source of nonlinege] Bass M., E. Strylandsiber optic handbook — fiber, devices and
distortions in the coaxial part of the CATV System te RF system for optical communicatiofihe McGraw-Hill, 2002
amplifiers. To escape these distortions it is necessay 7] Hudec P.,Noise in CATV NetworksApplied Microwave &
maximal output level of the RF signal not to excebd t  Wireless, September/October 1997
defined by half-line “B” level on the diagram on tdig 4. [18|]__httpa/f/www.deetc.iseI.ipI.pt/sistemastele/STl/aqumplif_n
in.p
[20] [19] doGper M., JI. I7IOpL[aHOBa, Paouoxomynuxayuu — 2uacmu,
C.,Cuena, 2000
VIl. CONCLUSION [20] JoGper A., JI. ﬂopnaHOBa, Ilpuemane na paouo- u mene-

In this article it is performed an architecture 0CATV E’ji”KOT*I‘)”’O’;HH’Z’eZZTP”i"géG upes  cmomuuyu  u no  kaber, C.,
System, bu.llt. ona hlerarcha[ principle. There |$glmr|ter|a [21] Randa J.,Thermal noise measurement|ST/ARFTG Short
for determining the dynamic range of the signals hie t Course, Boulder, December 2003

optical as well as the coaxial part of the systene f@asons [22] Jeremie F., Jean-Luc Vey, Ph. Gallid@ptical corpuscular

for creating noise and nonlinear distortions in thairm  theory of semiconductor laser intensity noise amterisity sque-
elements of the system — laser, photodiode receivéicabp ezed-light generatign). Opt. Soc. Am. B Vol. 14, No. 2 1997

fibre, optical and RF amplifiers are also analyzed. [23] http://www.physics.montana.edu/students/meng/pbysiise/
RIN.htm
. [24] http://www.ece.drexel.edu/courses/ECE-T603/lasér.pd
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