&
‘@
020

-

ICEST 2009

25-27 JUNE, 2009, VELIKO TARNOVO, BULGARIA

EDFA Application in WDM CATV Systems
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Abstract —Resear ch of the influence of the erbium-doped fiber
length and optical input power on the gain spectrum and noise
figure of EDFA, working with milti-wavelength signals, is
conducted and the results are presented in this paper. The gain
spectrum in full C-band when EDFA is pumped with laser at
980 nm and 1480 nm, is analyzed. The EDF length optimum
value, when pumping at 980 nm, is defined so that maximum
optical output power and gain flatness are attained. The
influence of optical input power on the gain spectrum and noise
figureisinvestigated and its maximum variation is determined.

Keywords -WDM CATV system, EDFA, EDF lengh, Gain
flatness, noisefigure.

|.INTRODUCTION

Erbium-doped fiber amplifier (EDFA) is mostly applitab
for signal amplification in C-band (1525-1565 nmj)edto
high signal gain, wide waveband, low noise figure5(@8)
and low price.

EDFAs are made by doping the silica fiber with erbiun

ions. These ions can absorb light energy injected flasar
source and reemit it in the range of input signal elewgth,

due to stimulated light emission. The highest quantu

efficiency is attained when pumping at 980 nm or(QLA8.

The EDFA is designed to operate in saturation wherlesing

wavelength signal amplifies. This way, when the tngignals
level varies in wide range, the output power angedigure
remain stable. It is well-known that the averageersion
population is very low (< 0.69) in saturation regioperation,

which is precondition for maximum transformation from

pump to signal power.

One of the main issues when EDFA amplifies multi

wavelength signal is the gain flatness in the used leagth
range. Researches show that maximum gain flatness
achieved when the average inversion population ishe

characteristics.

Il. MATHEMATICAL DESCRIPTION OF THE

PROCESSES IN ANEDFA

EDFAs are designed to operate in three main pumping
schemes — forward, backward and bidirectional. Thedod
pumping provides lowest noise figure (NF), while the
backward — the highest saturated output power. As th
parameter noise figure is one of the most impor@nEDFA,
the researches are made using forward pumping only.

Fig. 1 shows simplified EDFA block scheme which cassis
of: pump laser, connected to EDF by wavelength idimis
multiplexor (WDM), optical isolators for separatiori the
amplifier input and output, an optical wavebandefilthat
decreases the pump and ASE noise power at the amplifie
output.
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Fig. 1. EDFA Scheme

_ The processes in EDFA can be described by two types of
mathematical equations — the rate equations, whifihedthe
trgnsitions between energy states, and the propagation
equations, which characterize signal){ pump Py) and ASE

range from 0.75 to 0.8 [1]. This means that EDFA, Whic(PASF) power evolution along the active fiber [2].

operates in saturation, is not suitable to work in MWD
systems. To ensure high gain flatness, it is necessaeyaio

high average value of inversion population. There &vo

ways to obtain that — by using higher pump poweshwrter

erbium-doped fiber. In the second case, this leadgaio

decrease.

The goal of the researches in this paper is to optimiz

EDFA parameters in order to obtain high gain flathand
low noise figure when it operates in C-band. Sinbis t
amplifier is used in WDM CATV system, we are interested
the influence of the total input power on the aniglif
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On the base of the rate equations, a formula thatileaés
the numberN, of the erbium ions in excited state can be
written as:
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wherer is the life time of electrons in exited statg,and &® —
emission and absorption cross sectidn; effective area of
erbium fiber,hv — photon energy]” — overlap factorN —
erbium ions concentration ands the signal light frequency.
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The indexes used in formula are refer to the siggapmp On the Fig. 2 absorptionaf) and emission ) cross
power ), the number of the signal) (and the ASE noise sections as a function of wavelength are presented:rdate
power {) spectrum terms. absorption cross section curve, experimental data s [33e
Since the EDF length usually does not exceed 20 &, tivhile the emission cross section is calculated by using
signal attenuation is neglectfully low and the pragimn McCumber equation [4]
equations can be described as follows:
« about signal and pump powers: [31.23}48'007]

o°=c% "M, (6)

dP(A) _

) = ) P() Nt (1)~ N ()], @

To define the pump laser power, the dependenceD&AE
parametersG, Pase andNF) on the pump power attained in
e about ASE noise power: [5], is used. On the base of made analysis, we olttainthe
gain is higher than 17 dB, when the value of inpghai is

deSE(/l) _ . . a approximately 1 mW, and the needed pump power a&baiit
B =21 (4) Pise(A) [ N,o* (4) - No? (4)] (3) 97 mW. For that reason, in researches conducted bBjoiw,
+af()l)NF(/1)P(/1) assumed to be equal to 100 mW.
+ ) 2 (1)
The parameters used in the formulas given above are IV. SIMULATION AND RESULTS

related to different wavelength The number of erbium ions
in ground stateN; and the part of ASE noise power tha

t .
propagates along with the signal, can be calculayed A. Gain Spectrum

N,=N-N,, In order to investigate the amplifier gain that isidaed on
P = 2MAv (4) the base of the described above erbium-doped fihalti-

0 ) wavelength signal is launched in the amplifier inpUhis
signal consists of 41 single-wavelength signals withnclel
spacing of 1 nm, placed on the wavelength range 625 to
1565 nm and each of them has6-dBm power (or total input
power is equal to 1.025 mW). The numerical simufetiare

— _ made with pump laser source having 100 mW output pawe
Pase =N G-1)A v ®) two cases: whef, = 980 nm and,, = 1480 nm.

The EDF length varies at about its optimum value tbat
attained in [5] in case the amplifier operates wifb@nm
single-wavelength signal. The main goal of this itigadion
is to define the optimum value of EDF length so thatgain
[1l. FIBER PARAMETERS AND PUMP POWER is higher than 17 dB and the gain flatness is maximal

SELECTION largest possible wavelength range.
The amplifier gain can be calculated by the follogvi

The simulation researches are conducted by using erbiuf¥Pression:
doped fiber, which has the following parameterseffitype —

When we calculat®,sg, we take into consideration just the
part of power that propagates to the signal diracBbage,
which can be defined with the following expression:

where nsp=N, /(N, —N;) inversion population factordv —
waveband of optical filtew G — amplifier gain.

Al-Ge-Er-Si0; erbium ions concentration N = 0,7.1bcm; G =R (Leor)/ R(0), )
life time of electrons in exited state= 10 ms; overlap factor . . .
I'(1535-1565) = 0.40;(1480) = 0.43 and(980) = 0 62 whereP¢0) andPgLgpr) are input and output signal optical
o ' o power calculated by using formula (2).
45 s ‘ U The results given on Figs 3a) and 3b) show that EDFA

4 1 appliance in the range of 1525 to 1540 nm is not@pjate,

/ because the gain flatness in not sufficient (abous)8 lsh the
range from 1540 to 1560 nm, the gain spectrum igivelg
flat, which is the reason for applying this amplifia WDM
systems. Furthermore, the shorterLise, the higher is the
gain flatness. At the same time the gain value dsesetoo
much.

From Fig. 3a) we can easily define that whieghe is
approximately equal to 10.5m, a gain at about 17islB
obtained so that the gain flatness is lower than 1rdEhé

Al bs()rpt{()l1
e

Emission

o0 1450 1500 1530 1600 1650 range from 1540 to 1560 nm. If the pump laser opserait
Wavelength (nm) 1480 nm the required gain value of 17 dB can béeael at
Fig. 2.CrieKTpastiy XapaKTepHCTHKH Ha O° it O° Lepr = 14 m. In this case the gain flatness is too low ¢BR

Therefore such amplifier is not appropriate for multi
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wavelength signal amplification and further reseasclare
conducted just in casg = 980 nm.

Gain (dB)

1340 1545 1550 1555 1560 1565
Wavelength (nm)

Fig. 4. Gain Spectrum when pump 100 mW with 980 nm
and Lgpeis from 8 mto 12 m

1 | I R R
{25 1530 1535 1540 1545 1550 1555 1560 1565 1570 1575
Wavelength (nm)

a) B. Influence of the optical input power

The results till now show that when a chosen erbiupedo
fiber is used, then EDFA in the range from 1540 t6QL6m
can be designed. When the pump laser operates ain®add
its output power is equal to 100 mW and the totaliimgower
is 0 dBm, the gain flatness remains lower than 0.4 dB.

When the amplifier operates in real WDM CATV system,
the optical input power usually differs from the aoptied
value. To clarify the EDFA behavior, when the totaput
power changes, a research with multi-wavelength kigna
containing 21 single-wavelength signals within tipdirized
range, is conducted. The power of each single-veagth
changes by step of 3dB in the range df9-10 —7 dBm,
01530 1535 1540 1545 1550 1555 1360 1565 1570 175 therefore the total input power of the amplifieraspectively:

Wavelength (nm) -6,-3,0,3 and 6 dBm.
The obtained results of the simulation are presented on

b) Fig. 5. It can be seen that any deviation of thecapinput

Fig. 3. Gain Spectrum, when multi-wavelength sigaa@mplified ~ power from the optimum R, =-13 dBm, respectively.
and 100 mw with 980 nm a) and 1480 nm b) is pumped Pin» = 0 dBm), leads to decrease of the gain flatness ddm
be explained by the deviation of the average le¥@iversion

. ; population from its optimum valueN§ = 0.75), that can be
B. Defining of leor and G optimal values calculated by formula (1). Nevertheless, even iftttal level

In the previous simulation more than 70 % of the pum f input _5|gnals Chaﬂges twice, iBy, =+ 3 dBm, the gain
power is used for amplification of the input signatsabout CcNanges in the examined range not more than 1 dB.
1530 nm. Therefore, the optimum values oflthg- andG in 24 \ ‘
the range of 1540 to 1560 nm cannot be determiRedthat
reason it is necessary a second simulation to be pexfoamd 22”/_—\1“1:4%%3
the input signal spectrum is limited to the rangat tis 20/—N :_16d3m§
interesting for us. inl |

The results shown on Fig. 4 are attained by launchir
EDFA input with 21 single-wavelength signals with chean |
spacing of 1 nm, placed on the wavelength range 640 to =-10dBm |

1560 nm and each of them ha$3-dBm power (or total input 14//"”"_—_\ml

power is equal to 0 dBm). P =-7dBm |

It can be clearly seen that the maximum gain flatigss 12///'—\«
obtained whenlLgpe is equal to 10 m. Then the gain 1

Gain (dB)

- 13dBm |

Gain (dB)

is 17.2 + 0.4 dB and the quantum efficiency of tptimized 1340 1545 1550 1555 1560 1565
amplifier is approximately 59 %, which is a typicalwe for Wavelength (nm)
EDFA applied for single-wavelength amplification. Fig. 5. Gain Spectrum when pump 100 mW with 980 nm

andP;, 1 is from—-19 dBm to-7 dBm
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The analysis of the obtained results show that thd tota V. CONCLUSION
output power remains almost constant. This guarantee

stable output level (+0.5dB), which allows easier The performed simulations show that the researchedAEDF

calculations of the optical channel budget. scheme can ensure flat gain of the optical signals at
wavelengths from 1540 nm to 1560 nm. When an EDFA is

C. Noise Figure launched with 21 single-wavelength signals with clehn
spacing of 1 nm, placed on the wavelength range 540 to

On Fig. 5 are given results of the simulation whittow 1560 nm and each of them has3-dBm power (or total input
how changes in the input power and its wavelendgicathe Power is equal to 0 dBm), then the obtained amplgain is
noise figure (NF). The value of this parameter can bk/-2+0.4dB. In the same time the gain flatnesnares

determined by the following formula: approximately + 0.5 dB, even if the total input mwhanges
twice. This ensures stable output level (+ 0.5 dB) aaide
2P, (A figure lower than 3.8 dB.
NF (1) = 2Pecld) : (7 g
G(A)hvav
18 ‘ REFERENCES
P =-19dBm
37 \\\\ 1 [1] P.Becker, N.Olsson and J. Simpson, “Erbium-Doéber
~36 T~ , Amplifier — Fundamental and Technologies”, AcaderRiess.
g8 ~—_ 1997.
o3 R ] [2] N. Suong and Ph. Hop, “Simulation of the Gain Chtnastics
5)34*’.“\:"“3"‘ T~ of EDFA”, ISEEE 2005, Conference Proceeding, pp43/
2ol T HCM City, Vietnam, 2005.
233 T [3] E. Desurvire, C. Giles, J. Zyskind and all of N.ZErbium-
5 | Py =" 13dBm \\\ Doped Fiber Amplifier”, US Patent 5027079, 1991.
232, - l0dBm T [4] N.Mohan, “Erbium-Doped Fiber Amplifier: Modelingnd
31 o —_ S B— Simulation Using VHDL-AMS”, Course Project ReporCE-
b 7B B — 770, Ontario.
s 1510 1515 155 1555 1560 [6] L. Jor_cjanova anc_i V. Topchi_ev, “Optimizing the Paetens of
Wavelength (nm) Amplifiers used in the Optical Channel of CATV Ssrsis”,
Telecom 2008, Conference Proceedings, pp. 206-24atna,
Fig. 6. Noise Figure Spectrum when pump 100 mW with Bulgaria, 2008.
980 nm andPyy; is from—19 dBm to - dBm, [6] “Optical Amplifier: EDFA”, EECS 290Q, CCH Lecture, 3

September 25, 2001.
It is obvious that the investigated parameter slightlfr] St. Pinter, J.Jiang and X.Fernando, “A Dynamic ItMu

exceeds the quantum level of 3 dB and its value irstawer Wavelength  Simulink  Model for EDFA", Conference
than 3.8 dB even in the most unfavorable case. Ttleeh Proceedings, CCECE 2004 - CCGEI 2004, Niagara ey
level of noise in the short wavelengths of the exeairange 2004.

tﬁ] Li Qian, “Experiment on Erbium-Doped Fiber Amplif,
Advanced Labs for Special Topics in Photonics (EBEOH),
University of Toronto, April, 1998.

is due to the higher values of gain cross section aad
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