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Abstract—The scope of this paper is to analyze thdiber doped with Erbium. Erbium-doped fiber am@i§ have
performance of HG_EDFA (High Gain Erbium Doped Fibe attracted the most attention because they operat¢he

Amplifier) and LN_EYCDFA (Less ASE Noise erbiumwavelength

ytterbium co-doped fiber amplifier) using singlenuing with
the wavelength of 980nm by the various parametieesGain,
forward output signal power and forward and backd/&SE
(Amplified spontaneous Emission) noise power. Haper
describes the simulation models of HG_EDFA is cotate
with an input of (DMLaserl) direct modulateddasource
and the performance was analyzed with the pararsetere
measured and the values are tabulated and plottad a
compared with LN_EYCDFA. The simulation model issi
of input source 1mw with wavelength (1550nm), pam@w
Laser source with wavelength 980nm and Filter. fidsilting
models were accurately represents Gain and optionizegput
signal power.  Simulation results shows that bgpaoding
careful fiber length 20m and pump power 1mw in lging

region near 1.55um. The deployment of
HG_EDFA in WDM systems have revolutionized thedieff
optical fiber communications and led to light wasygstems
with capacities exceeding 1 Th/s.

A. Basic principle of HG_EDFA

Amplification in an Erbium —doped fiber amplifiercaurs
through the mechanism of stimulated emission. Wten
Erbium is illuminated with light energy at a suib
wavelength (either 980nm or1480nm) it is excitedattong
lifetime intermediate state level 2 following whighdecays
back to the ground state by emitting light withhe t1500-
1600 nm bands [2]. If light energy already existhivi the
1500-1600nm band, for example due to a signal aiann
passing through the EDF, then this stimulates tkeay

pumping gives ASE noise 0.0025mw in HG_EDFA angbrocess (so called stimulated emission), resultirgdditional

12X10"mw in LN_EYCDFA.
Keywords—
HG_EDFA, CW Laser, Optical Fiber Communications,
Single Pumping, wavelength and WDM.

l. INTRODUCTION

As the demand of high speed internet servicesdseasing,
an answer to long distance communication systerh igh
bit rate transmission is optical communication egs which
employ Optical fiber acts as amplifier that canused as a
medium for telecommunication and networking . Thghtl
propagates through the optical fiber with littleteatation
compared to electrical cables. An optical fiber &figp is a
device that amplifies an optical signal directlythwiut the
need to first convert it to an electrical signaloptical fiber
communications, HG_EDFA's are mostly used
preamplifiers with multi channel amplification witht cross
talk and also multi gigabit transmission rates dy bit errors

[1].

ASE noise power, Output signal power,

light energy. A pumping signals can co propagatth vain
information signal or it can counter propagate. S hii a
pump wavelength and a signal wavelength are simettasly
propagating through an EDF, energy transfer wiltuwcvia
the Erbium from the pump wavelength to the signal
wavelength, resulting in signal amplification. A wedength
far from the emission peak around 1530nm has todkgothe
amplification characteristics of the L-band and &b
HG_EDFA. An important issue is the selection of raper
pumping wavelength or a suitable pumping configaratThe
pumping wavelength dependence of the amplification
characteristics of the HG_EDFA has been reporteislypnan
800-, 980-, and 1480-nm bands and now the 980-148@-
nm bands, are mostly used for the L- band and @dba
HG_EDFA's

as

B. LN_EYCDFA:
This block models the operation of an erbium-yfigrb co-
doped fiber amplifier (LN_EYCDFA) shown in Fig 1.h&

Most important element of HG_EDFA technology is themodel supports component specifications at diffelevels of

Erbium Doped Fiber (EDF), which is a conventiondic&

WWW.ijaems.com

complexity, as well as a variety of pump and signal
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configurations.  PhysicalLN_EYCDFA model uses the
Forwardpropagating optical signals are launched into
LN_EYCDFA via the first input node, while backwe-
propagating signals enter via the second input nOptical
multiplexer components can be used to combine Isiggad
pumps at either input. ThHeN_EYCDFA output is available
at the output node, and includes angnals, pumps, and
amplified spontaneous emission (ASE) that are rexitihe
amplifier. The LN_EYCDFAmay also be used to simulz
bidirectional signal propagation, in which caseunpignals
are expected at both input nodes, and an additlmeckwarc
output appears at the backward output n

In order to describe the interaction of the erbiwnd
ytterbium ions with local signal, pump, and noisevers, the
model uses a set of rate equations for erbium ateatbyum
ion densities in each atomic leveh most LN_EYCDFA
applications, the dopants’ long metastable lifeinsct tc
eliminate any significant transient changes inatemic level

populations, thereby allowing us to set the tinte-of-change
Er

T o2
¢ 43 4l

1172

13/2

2]
F7/2 1

Fig.1: Erbium and ytterbium atomic manifo

C. Signal power in an HG_EDFA
The output signal power is calculated as

Pout=PinxG (1)
Where G is the HG_EDF@Amplifier) powergain and Pin is
the input signal powerThe most important feature of t
HG_EDFA is gain as it determines the amplification
individual channed when a WDM signal is amplifit [5]
The amplified output signapower is measured from tl
output line is taken after the filter in the blodiagram of Fic
1. And the input signal power iixed as 0.001lmv This
amplified output signal power is degraded due ® ASE
(Amplified Stimulated Emission) noise and the ottpignal
power increases due to the stimulated emissiorttaads due
to population inversion and population inversiondue to
pumping power.
The gain of the HG_EDF#s limited by the fact that there ¢
a limited number of Erbium ions in the cc. Increasing the
Pump power beyond the point where all the ionsexadted
cannot produce more gain and thus saturaoccurs. An
erbium doped amplifier can amplify light wavelengénging
from app 1500 nm to more than 1600 nm.
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Two such bands are in ustoday. One is the C-band
(Conventional band) which occupies the spectrumfidb30
nm to 1560 nm and the second i-band (Long wavelength
band) which occupies the spectrum ranging from 1&®0to
1610 nm.Most HG_EDFAwork in the (-band. Noise is the
secoml most important characteristic of an optical afigali

C. ASE Noise

The principle of HG_EDFAwithout any input an erbium ions
decay and gets amplified gives tASE noise shown in Fig.2.
ASE noise is dominant iHG_EDFA.
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Fig.2: HG_EDFA Structure
Optical noise of an amplifier is inherently due @orandorr
spontaneous emission amplified in a fiber mediurASE
spectrum is quite broadlotal ASE power over the ga
bandwidth is:

By =n (G-1}vlAv)

(2)
WhereG being the amplifier gain al

Ny

2 1 (3)

The n,denotesnversion factol The carrier density isly, and

N, is its value at transparen

This paper is orgdzed into si. sections. In section Il
Literature Reviewof this worl, while section Il presents the
methodology and thproposed wor. Section IV demonstrates
the model Simulatiordetails Section V presents the results
and discussions. Finally, ti@aper is concluded in section VI.

. LITERATURE REVIEW
This paper [1 presents a compositEDFA configuration
which incorporates an optical isolator and investigatedhllyi
efficient amplifier configurations with high totajain and
narrow ASE spectrumThis paper [] designed the broadband
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EDFA using dual forward pumping and results to éased
gain and gain bandwidth. This paper [6] proposedEBrA

B. Proposed Work
The Proposed work uses DMLaserl with an input ofvlm

pumped in the 660nm and 820nm bands wavelengtls givesource produced the coherence output follows theleto

enhanced gain. This paper [7] amplifier's gain guver
noise which appear in the signal to noise ratioesgion, are
computed in terms of the internal parameters fronuktions
and are shown to contribute to its improvement. Ppaper
[11] developed an analytic model for gain modulatim
EDFAs. The analytic model was then used to exptbee
effect of mean input signal power (EDFA gain saforg and
dependence on signal wavelength. It was foundpbatp to
signal modulation index increases with signal
(saturation), rising to a maximum and then decrgpsis
EDFA become deeply saturated. The reverse is tfuieo
signal to signal modulation index. The paper [1djpwsed a
average power analysis technique similar to thagd ufor
semiconductor optical amplifiers. In this pape8][analyzed
gain versus pump power for EDFAhis paper [15]allows
network designers to determine the tolerances bighwthe
signal power levels may deviate from their pre glesd
average valuesThis paper [17] Multi wavelength EDFA,
ASE noise is investigated by connecting conneadarssplice
techniques. This paper [16] with the introductidrtwo band
EDFA architecture provides high output power and fwise
figure. This paper[18] ASE broadband light sournd EDFA
gives the emission spectrum and ASE noise incseagth
pump power.

II. METHODOLOGY
In this work, gives the performance analysis HG_BDQ#nd

given in simulation model HG_EDFA is the dominaptical
fiber amplifier gives maximum gain and amplifiedgrsal
output compared with LN_EYCDFA.

Recently, lots of problems in bidirectional HG_EDs-#vere
investigated, and various structure schemes oHtBeEDFA
were reported to overcome the problems, such a& bac
reflections [3]. Anautomatic gain control (AGC) function for
bidirectional HG_EDFAs however, has been rarelyragal.

poweflThis method has the advantage of providing opfibar with

few Erbium clusters because the Erbium is uniforaped
into silica soot perform in a vapor phase atmosphler order
to attain highly efficient HG_EDFA's, the three kégctors
outlined below must be considered

The first is the Erbium concentration effect on iknb cluster
generation in silica-based glass [4]. Compared with
unidirectional transmission, bidirectional transsia® over a
single fiber has the advantage of reducing not dmynumber
of fiber link, but also the number of passive comgrats such
as splitters and WDM multiplexers. It has alreadger
confirmed that an increase in Erbium concentratenses
deterioration in amplification efficiency [6]. Fét here is to
remove the unwanted wavelengths.

V. MODEL SIMULATION
Simulation model consists of PRBS Pattern Generator
Electrical Signal Generator, optical combiner, tioear fiber,
HG_EDFA (HG_Erbium doped Fiber Amplifier) and ogatic

LN_EYCDFA with various parameters amplified forward filter.

signal output power, Gain, noise figure and forwamnod
backward ASE noise from the simulation model

PRBS Pattern Generator: Produces a maximal lersghdo-

ofrandom binary sequence and Electrical Signal Gémera

HG_EDFA connected with single pumping of 980nmconverts an input binary signal into an output tleal signal.

compared with LN_EYCDFA connected with single pungpi
of 980nm separately with length 20m have been sitadl
with DMLaserl block and a high performance approach
presented that has not been used in this mannerebsfich
design.

A. Applied Methodology

The output signal may be specified as either veltay
current. The user parameters are used to configoee
electrical signal output. An electrical signal auttenables the
DMLaserl to generate the optical signal and focustxthe
nonlinear fiber and gets amplified by the HG_EDFA o
LN_EYCDFA and again sends it to the nonlinear fiaed the
frequency restricted by an optical filter.

The applied methodology is based on single pumping@he simulation model, HG_EDFA connected with singl
approach in both HG_EDFA and LN_EYCDFA. Each blockbackward pumping (980nm) shown in Fig 3 and Fighdvws

in the architecture was added in the model, teatsdl later
those blocks were assembled and were added to centhe

the LN_ EYCDFA connected with single backward pimgp
The parameters Output amplified signal power, nficpare ,

complete system and then simulated and tabulated thGain and ASE noise has been measured with pump rpowe

parameter (Forward output signal power, Gain, arevdrd
and backward ASE noise) values.
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0.12W and HG_EDFA Length 10m from the simulation
model and that has been tabulated and analyzed.
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Fig.3: Simulated model of HG_EDFA using single
backward Pumping scheme
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Fig.4: Simulated model of LN_EYCDFA using single
backward Pumping scheme

The gain spectrum of HG_EDFAs can vary from argalifo

amplifier even when core composition is the sanmeabse it
also depends on the fiber length. The main diffeedmetween
forward and backward pumping technique is thathim later
one pump power and the signal beam propagate insipp
directions as compared to the forward pumping sehem

V. RESULTS & DISCUSSIONS
The output of HG_EDFA has been taken and showrcttijre
the signal output, ASE noise, and forward signaksmum and
eye pattern of HG_EDFA in Fig 5, Fig.6 and Fig.heT
average atomic level densities of two levelsaNd N, shown
with respect to distance of 20m in Fig 8.
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Fig.5: Forward Signal and ASE noise characteristifs

HG_EDFA using single backward Pumping scheme
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Fig.6: Eye diagram of HG_EDFA using single backward

Pumping scheme
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Fig.7: Forward Signal spectrum characteristics of
HG_EDFA using single backward Pumping scheme
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Average Atomic level densities of HG_EDFMgs

single backward Pumping scheme
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Fig.10: Forward Signal and ASE noise characterisiid
LN_EYCDFA using single backward Pumping scheme
Fig.10 shows the ASE noise and signal power clariatics

of LN_EYCDFA
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The simulation result shows forward output ampdif@gnal
power in milli watts Simulation results indicateaththe
amplified signal power from the transmitter outjntreases
when pump power increases but amplified signal powe
decreases when HG_EDFA length increases in Duapmgn
technique with 980nm shows in table I.

TABLE |
RESULTS: PERFORMANCE ANALYSIS OF HG_EDFA &
LN_EYCDFA WITH DMLASER1 POWER 1mW, HG_EDFA
LENGTH 20M AND PUMP POWER =1mW

Pump power=1mw HG_EDFA length=
Parameters 20m
HG_EDF | LN_EYCD Remarks
A FA
Gain .
(DB) -2.05 -2.22 High
Forward
Signal 9 9 Maintained
power(mw)
Backward Decr eases
signal 0 1 in
power(mw) HG_EDFA
ASE noise Dec:r?ases
-17
(Forv&lard)m 0.0025 27X10 LN_EYCD
FA
ASE noise Decreases
(Backward) 0 9x10"
mw
Eye LessISlin
i 0.0025 0.3 LN_EYCD
Opening FA

Table | shows the simulated values are Gain, areglidutput
signal power, ASE noise at fiber ends comparedngusingle
pumping technique tabulated, for HG_EDFAs lengtm,
pump power=1mw and signal input power=1mw compared
with LN_EYCDFA.

Fig 6 shows the Eye diagram characteristics of HOFA
and Fig. 7 shows the Signal power Vs ASE Noise
Characteristics of HG_EDFA. Fig. 8 shows the rage
atomic level density of HG_EDFA and Fig. 9 shdthe Eye
diagram of LN_ EYCDFA.

VI. CONCLUSION AND FUTURE ASPECTS
In summarize, simulated the HG_EDFA and LN_EYCDFA
separately using single backward pumping schen@80ohim.
The results Gain and ASE noise were compared aalyzed
with single (1550nm). Advancements in HG_EDFA
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regenerators. To reduce the cost of regeneratifortefare Applications (0975 — 888) Volume 47— No.4, June201
ongoing to improve amplifier performance. Thus, heve [13]Schiopu, P.“The HG_EDFA performance with gain
shown that the proposed model of an HG_EDFA utifzi versus pump power”, |IEEHternational

single pumping technique was successfully simulated Conference: 4-6 Oct. 2004
HG_EDFA gives maximum gain compared to LN_EYCDFA [14]Hodgkinson, T.G. “ Average power analysis techaiqu
but LN_EYCDFA gives less ASE noise than HG_EDFA. for erbium doped fiber amplifiers” Photonics

HG_EDFA is the best for communication with broachdba Technology Letters, IEEE Dec. 1991.
services with long haul applications. The analymeatel is [15]Araci, Ismail Emre , Kahraman, GPerformance failure
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networks and also addition of new services and leagghs. packet-switched networks” Lightwave Technology,
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