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Part | - Gain Flattening EDFA Simulations

Part Il — Designing L-Band Amplifiers in
WDM Applications

Part 111 — EDFAs with Optical Automatic Control
Simulations

Part IV- Gain-Clamped EDFAs Simulations



Lo
Roptivave By 1 )

Part | -
Gain Flattening EDFA Simulations



L

Pzeudo-Random BiNRZ Pulse Generator 1.0 “
Bit rate = Bit rate Bitsfs

I (% Optiwave i .

Qutline

 Why Gain Flattening

- Techniques to flatten the gain bandwidth
- Typical configurations

» Key points in designing Gain Flattening amplifiers
- Gain Flattening optimizations
- Gain Flattening filters

« Simulating Gain Flattening Amplifiers

» Evaluating Gain-Flattened EDFA in a WDM system
e Conclusions
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Why Gain Flattening

e Critical: gain bandwidth
» Enlarge and achieve a flat amplification bandwidth
* Increase the number of input channels / transmission
capacity
» Operating band: C- and L-band amplifiers
» Applications:
- WDM transmission systems

- All-optical self-routed wavelength addressable
networks
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Gain Bandwidth

Techniques to Flatten the

* Modifying the material composition in the EDF

- silica with different co-dopants
- fluoride

- telluride

» Using optical filters to compensate for the variations in the

gain spectrum — Gain equalizers
- fiber Bragg gratings
- fiber acousto-optic tunable filters
- Mach-Zehnder filters

» Series/cascade and parallel configuration
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e Multiple fiber stages

* Element mid-stage: filter or isolator

Series Configuration
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Typical Configurations

Parallel Configuration
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Key points in designing Gain
Flattening Amplifiers

« Gain spectrum of a conventional EDFA is not
constant over the bandwidth;

* Non-uniformity of gain in an EDFA is a critical
limitation with multiple channels;

e If there are more than 16 channels, the gain
spectra have to be flattened by external
methods;

 Filters are designated to approximate the
Inverse profile of the gain spectrum.
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Gain Flattening Optimizations

 Gain flattened filter allows the user to select two
points in the layout with a filter between them.

e The optimization routine will try to find the optimum
filter shape to obtain the gain flattening between these
two points.

 In one simulation the user can select multiple
optimizations; the user can also mix parameters

iterations and optimizations.
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Using Gain Flattening Filters

* Filters are designed to approximate the inverse
profile of the gain spectrum;

e The gain flattened filter is usually placed between
a multiple-stage amplifier (typically two-stages);
e Optimization is over at least 3 variables:
- stage 1 of EDF,;
- stage 2 of EDF,;
- filter shape;
« Different filter optimizations can be accomplished.
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Simulating Gain Flattening Amplifiers

Main considerations

e |dentifying the basic system parameters;
 Calculating fiber length and gain shape;

e Determining influence on system performance;
o Comparing amplifier’s performance with and

without the gain flattening filter.
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Detalls of the Project — Signal Input

Multiple Signal Laser Properties

------- Freq. [Thz] |Wavelength [nm]| Power [dBn Spec. Width [nm]

approx. 12 191 593 1562.253 0.00| 1.000000 01000 o -
approx. 10 192,097 1560 627 000| 1.000000 01000 -
approx. 8 192,297 1559004 000| 1.000000 0a000] o -
appros. 6 192 497 1557 354 000|  1.000000 01000| o .
apprax, 4 192 597 1555 765 100| 1258925 01000 |— 22 S|gnal
apprax. 2 182 595 1554154 100| 1258925 0.1000
approz. 0 183.097 1552 545 100 1253925 0.1000 | N p ut C h anne |S
approx. -2 193.295 1550 935 100| 1258925 0.1000
approx. -4 193493 1549 335 100| 1253925 A4 nnn
approx. -6 193 697 1547 736 100| 12589z 0
approx. -8 193897 1546.139 100] 12589z
omponent filenam -20

1528.79 nm to 1562.25 nm 80
spaced by 1.56 nm

b 1 111

1520 1530 1540 1550 1560 1570

Wavelength {(nm)

-20 dBm/channel
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Detalils of the Project — EDF
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densiy: | 1.4+025 (3]
Metastable ffetime: | 10 ms
Mumerical apeture; | 0.31 ©

ength: | 4 [m]

Quick View

5.0E-25 |

4,0E-25

3.0E-25 |

2.0E-25

Cross section (m

1.0E-25 |
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Detalls of the Project — Gain
Flattening Filter

1500 frm]

Minimurn inzertion logs;

Tolerance
Tolerance
Tolerance
Tolerance
Tolerance

jolerance specifies
~how flat the gain
will be

Sfaﬁihé.-ﬁ-p.l'ti.f;ﬁ-i.zatiun: Gaih.llelléﬁéning Optirmization (Defaulf)

(
(338132 dB ([ Targetwalue - 0.1 dB)
:1.314581 dB [ Targetwalue - 0.1 dB
(0484157 dB [ Targetwalue . 0.1 dB)
(0183246 dB [ Targetwalue 0.1 dB)
(0.0695749 dB [ Targetwalue : 0.1 dB )

“Finished optimization: Gain Flatiening Optirmization (Default

Calculations done
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Detalils of the Project — Receiver

Rl: 've Properties

“Independent
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Simulation Results
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Simulation Results
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Comparing Results —
With and Without Filter
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Evaluatmg Galn Flattened EDFA
In a WDM system

» Using a black-box model

« Evaluating a multi-span WDM system
« Using multiple signal input

 Gain flattening filter optimization

M lple Sigral Laser
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AIM - Black Box Component

Erbium Doped Fiber - Average Inversion Model Properties

= WIE Fiber Alkd

— lon density

300

& fppm] © [m(-3]]

{* Paower
i Gain

— Cantrol method

| 10 [dBm]
| 0 [dB]

™ Irwersion I 073

— Crasz zection filename

Ok,

Cancel

Help

Input lozg: |—1 [dE]
Otherloss: [ 1 [dB]
Lenigth: |—1EI [mn]
Totalisolation: | B0 [dB]

IE[E[DSSS echion. crs

Load... |

— Filker filename

|fiter_blank. fi

Load... |

— Component fileniame

|fi|:uer_aim.airn

Load... | Save bz,
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M lple Sigral Laser
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Conclusion

« Gain Flattened Amplifiers simulations

« Evaluation of the amplifier performance
along the system including gain flattening
filter optimization

 Flexibility to include different types of Er-
doped fibers, different configurations
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Part 11 -
Designing L-band Erbium Doped
Fiber Amplifiers in WDM Applications




L .

}
Pseudo-Random BiNRZ Pulse Generator 1.0
Bit rate = Bit rate Bits/iz

I (% Optiwave

OQutline

e Qverview of basic characteristics of L-band
EDFAs

« How to obtain long band amplification
« Simulating L-band amplifiers

* Fitting experimental results
 Facilities to split band selection

e Conclusions



£ e BB - b .
A . ;';EE. Random BLE;JEZ_P_ eeeeeeeeeeee i ’F“‘= u
4/ Optiwvave D %ﬁ}

Overview on Basic Characteristics
of L-Band EDFAs

* Increasing interest in L-band amplifiers comes
from the expanding demand for larger number
of WDM channels

e Designing L-band (1570 nm — 1610 nm) fiber
amplifiers is a simulation challenge

« Convergence of the numerical algorithms
used to solve rate and propagation equations is
slower and less stable than for C-band EDFAs
(1520 nm to 1570 nm).

» Configurations: single and multiple Er-doped
fiber stages
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How to Obtain Long Band
Amplification

I (% Optiwave

* Main reason to extend the amplification to longer signal
wavelengths: average inversion ~ 40 %

» Conventional band EDFASs: inversion > 70%
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Simulating L-Band Amplifiers

» Designing amplifier including elements to be
considered in a “possible” experimental evaluation

» Passive elements settings

» Choose to include wavelength dependence or not in the
passive components settings

One-stage Configuration

E’_'_l I H

I lple Sigral Laser

Eclakr

=] J“‘““ﬁ 1 -

Eodakr

Pump CGoopler

Er=

AECEILEr
Pump L=2=er



Inversion Alonq the EDF

Normalized population density

—L
)

0.8 |

0.6 |

0.4

0.2

0.0

High Pump
Absorption
/ ASE generated
in the first 10 m of

EDF is observed
in this region

0 20 40 fl g0

Distance (m)



Power (dBmM

20

(

-20 F
-40 [
-60

-0

40

Distance

bl

50



F"'.'

Calculated Gain and NF
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Fitting Experimental Results

» Adjustments performed to C-band amplifiers typically
show an error rate of 5% or less when simulated results
are compared with experimental data.

« If L-band amplifiers are considered, agreement between
simulated results and experimental data is high. However,
the error rate after comparing L-band simulated results
with experimental data can be 3% higher than that
observed for C-band amplifiers.

» Adjustments performed to L-band amplifiers that have
component settings including wavelength dependence are
critical to better match the experimental data.
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Critical Points in the Adjustments

1) Correct evaluation of the return loss of the
components in the front end of the erbium fiber
Is fundamental to attempt correct predictions
about the performance of the EDFA

2) Inherent uncertainties due to the method used
to measure cross sections can be prohibitive to
running simulations with precision better than
5%



F"'.'

Experimental Data Adjustments

L-Band Amplifier Setup in One-EDF Stage
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Setting Different Return LossS
In the Coupler at the Fiber Input*

35 T T T T T T T T T T T T T
30 |+ —
25 | *'L'c\ P _
~—~~ %‘ 'T:._' = .\.\ .\
m - /// L5 S Ty 1
S 20 — i
ey 5
S I -
M 15 20 dB ]
o | e 30dB
10 —=n—41dB .
i —=—55dB
S —@— Measured 7
O | 1 | 1 | 1 | 1 | 1 | 1 |

1560 1570 1580 1590 1600 1610 1620

Wavelength (nm)

% Nilsson et al., IEEE Photon. Techn. Lett. Vol. 10, No. 11, p. 1551, 1998.
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Gain versus Coupler Return Loss

| | | ! | | |
30 -
~~ 25 |- -
m 5
©
N—
c 20 -
qv]
@) —— 1560 nm
15 ——— 1590 nm -
— 1580 nm
10 | —— 1570 nm u
5 1 | 1 | 1 | 1 | 1 | 1 |

20 25 30 35 40 45 50 55

Coupler Return Loss (dB)
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Changing RL in the 2" Isolator

N
25 | / - B 30dB N
= * Return Loss W 40dB
) = - —m— 60 dB
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= 20 u
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Cross-Section Spectra
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Testing Small Variations in the
Cross-Section Values
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Fitting Experimental Data with
Modified Cross-Sections

measured
30 1 —m— 41 dB +5%
N —e— 41 dB
o
i RL 41 dB 55 dB + 3%

N
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H-\
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e
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Facilities to Simulate
L-Band Amplifiers

 Split band selection with optimization of the
amplifier performed in two different regions
separately in the same project (C-band and L-
Band for example),

« Design of component to simulate this particular
situation.
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Conclusions

e Long band EDFAs design with a WDM signal
source coupled to the amplifier is discussed,;

e Simulating amplifiers with different configurations,
considering L-band with clamped, automatic control,
L-band with gain-flattening;

* Including the losses in the simulated layout
IS critical to adjusting the simulated results with
experimental data;

e Cross-section input files;

 Temperature dependence;

« ESA effects.
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Part I11 -
EDFAs with Optical
Automatic Control Simulations
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* Overview of Automatic Control Techniques
» Automatic Gain Control (AGC)

« Automatic Power Control (APC)

» Automatic Peak Power Control (APPC)

e Conclusions
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Overview of Automatic Control
Techniques

e Functionalities added to the EDFAs in order to
achieve stable amplification for actual systems
applications;

 Dynamic compensation of low frequency gain or
output power fluctuations;

 Implementation: fully optical or electronic;

« Control fast power transients in optical
networks.
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Basic Conflguratlons for AGC
iIn EDFAS

1. Feedforward with Pump Control

- Signal Out
1 iple Sgral Lase 5‘ 5‘ —'—'_-_-._-

Er Flber A

RecEluer Pump Laser

— Signal Out
"_| ,,,,,, L = e —
Ped Iple =igral Lﬁlzr Er Flber A MY

S = b

H ] b Auxiliary

. <] Signal

i1 =irgle Sgral Laser




£

Pzeudo-Random BiNRZ Pulse Generator 1.0

Bit rate = Bit rate Bitsls

! (% Optiwave

P 4
Basic Configurations for
AGC In EDFAs

3. Feedback with Pump Control
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4. Feedback with Auxiliary Signal Control
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Basic Methods for Implémentation
of APC In EDFASs

1. Pump Feedback Loop
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Basic Methods for Implementatlon
of APC In EDFASs

3. Saturable Feedback

Signal Out
[=)— 1 = =

1 iple Sigral Laser 5‘ [ Er Flber
Pump Copler T=p
Tm

Pump Laser

i
I

FFFFF

4. Ring Laser
Slgn;aLOut
ot | B RS
& I ,,,,,,,,
AL




s

If ’ Pzeudo- Random B'rHIRZI Pulse Generator 1.0
* Bit rate = Bit rate Bitsfs
I ¥ Optiwave u. EZ
Al ! L
i —

Automatic Gain Control (AGC)

How to accomplish: Pump power varies to maintain the

“approximately” constant gain

How to simulate AGC with steady-state solution:

» Select a parameter and a result in user-defined optimizations;
» The parameter is changed through a number of iterations

to hit the target value of the result — the target gain or
output power.
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Amplifier with Automatic Gain Control

« Keep the total gain constant thereby controlling
the pump power.

 The probe calculates the gain and an optimization to
determine the pump power necessary to achieve this
gain.

« Changing the pump power and controlling the gain
between the two isolators.
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What Is important to specify
when starting calculations
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-k Purnp Lazer -k Pump Lazer
----- B Power an -k lzolator
----- B wavelength - |zolatar
----- B Spectral width - Pump Coupler
""" B Drive ~i Er Fiber — Optimization settings
----- B Powver ¥ Receiver
..... B Curent % Prabe 1 taw rr. of paszes:
----- B Treshald (O ;B < ional [ Total | - Gain B
----- B Slope = [F APC ;
----- B Back facet tracking - APPC Mairnurn parameter value:

[ |solator

-4k |solator &+ Target Value

- Pump Coupler L = Minimize

[+ Er Fiber " Maximize

-4 Receiver

‘I o M _anc ILIL‘ Tolerance: IU-5

x|
Cancel |
Help |
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Optimized Pump Power

-3 Dptidmp_Design - [Automatic_Control.oad]

@Eile Edit W¥ew Draw Calculation Sweep Iterations Tools Window Help

NEES 4B oo |?||e

PRERPRRAO|BrvEEIl FPrR
==l

B Total signal input power : —13.98 dBm

el |

-0 Automatic_Cantrol.oad Results list . .
P Gain : 24.84 dB

-ob Multiple Signal Lazer

o Pump power : 31.875 mW

~olp |solator

-k Pump Coupler
+k ErFiber

4k Receiver

=
=
5
%
5
® - [
L | ﬁ Eniabile
2 =-[ 4PPC Disable
F Shiovs
& Hide
L Delete 5'
é Setup Results. .. b
E Analysis Table Setup... ~{(clBm By B clBm [clB)
- IMF 328675 -35.0278 23.26874
i - IMF 3.7Es 436271 23018
e - IMF 5.1455 -37.5499 26149
3 - IMF 2.54214 -39.7452 255423
2 HiA 3788 -43.6271 23.018
= HiA 6.1458 -35.0278 26,1149
— Hil 3.13093 8.59931 34302 A
E HiA 10.5256 -31.9426 248136 [\ -
£ | *A
= {R—
E (] Au C [=|
] = =]

:):II Press 'ESC' to Cancel Calculation. O ‘t . d
Calculating Froject: Automatic_Control.oad, Design Yersion: AGC, C Imize um ower
Starting optimization: Optimize Powerw.rt Signal [ Total ] - Gain p p p p

First bracket......Signal [ Total ] - Gain: 2004418
Second bracket......Signal [ Total ] - Gain: 31.8555
Current pass 3/10......Signal [ Total ] - Gain: 29.3315

Current pass 4/10.....Signal [ Total ] - Gain: 264270
Optimization completed. Optimal pararmeter val
Finished optimization: Optimize Power w.r.t. SignaN-Total< Gain

Calculations done
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Automatic Power Control (APC)

I (9 Optiwave

Function: Maintains the EDFA output power at a fixed
level during signal perturbation

How to accomplish: Pump power varies to maintain “approximately”
constant output power

How to simulate APC with steady-state solution:
Insert a probe in the layout which calculates the signal output

power, and set an optimization to calculate the pump power
to achieve the target signal output power
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Specifying APC Simulation

- Parameter to adjust: Power from Pump Laser;

2=

IELay

[@ Paran...

[ B Resu..

(=] vieua Iﬁ“PrD... IEGra.._

l(lj Optimi...

- aGC

EE Automatic_Control edp O plimizations lizt

- D o

[ ApPPC

Delete
Rename
Duplicate

2ain Flattening Filker, ..

User Dptimization

e Tolerance: 0.5 mW.

Dphirnization narme: IDptimize Power w.rt. Signal [ Total ] - Dutput Power

Select parameter;

Select result;

Generate |

B[ AGC

= [{ 4PC

ﬂ Multiple Signal Lazer
-4 Pump Laser

----- B Poweron

H-F |zolator
H--oF |zolator
H- Pump Coupler
H--{ Er Fiber

I P o WS A,

o 1O oy IO o IO o |

E@ Autornatic_Control oad Parameter « |

ol

E@ Automatic_Control.oad Results list
B[ AGC
=B &PC

----- 4 Multiple Signal Laser

----- Ik Pump Lazer
----- ok |zolator

----- o |solator

----- ok Pump Coupler
----- +{F ErFiber
-4k Feceiver
EI% Prabe 1

H- [ APPC

Signal [ Total ] - Output

* Result to optimize: Total signal power from Probe;

» Target value (desired output power): 10 mW,

QK
Cancel

Help

Pl

— Optimization seftings

Maw rr. of pazses:

b aximum parameter value:
% Target Yalue

" Minimize

" Mauimize

Tolerance:

I'IEI
Minimum parameter value: I'I 5 -
: |15|J -

o

|
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2 Jotidmp Pesign - [Automatic_Control.oad]

mﬁila Edit Yiew Draw Calculation Sweep Iterations Tools Window Help

DEHS |/ 20 oo ?

e U4

PERD®H | BVIATI I FRS<KED Total Input Power: -13.98 dBm

Jx

Fress 'ESC' to Cancel Calculation.
7 |Calculating Project: Automatic_Control.oad, Design Version: APC. Current Sweep lte
Starting optimization: Optimize Power w.rt. Signal [ Total ] - Output Power

First bracket...... Signal [ Total ]- Output Power: 441179

o pace 10 Sanel [ Teel]- Ouut Pover. 3128 / Optimized pump power

Current pass 3/10......Signal [ Total
Current pass 4/10.......Signal [ Total
Current pass 5/10......Signal [ Total

I
1- Output Power: 19.6732
1- Output Power: 12.0937

Current pass 6/10......Signal [ Total ] - Output Power: 8.2678

Calculations done

=ix
T Total Output Power: 10.08 dBm
=ix
EE Automatic_Control nad Fesults list |
= O aGC
& &0 arc
@ b Multiple Signal Laser
== - Pump Laser 5
3 Ak Isola?or Anah’s's EI
g Ak |solator _G -
£ X Purnp Coupler o e
8 o B (Bm) B lBmy o (dBm () —
: ;gr 15 220 - INF 2.07207 37 5646 220725
8| op aret Enatle 15 .20 - INF 221617 45 6721 22 2162
- D:E‘“'E 158 20 - INF 5 45193 -39.3901 25 4621
5 ) 15k .20 - IMF 529186 41 2533 25202
Dekete M 20 HiA 2.07207 45,6721 22.0725
3 Setup Resls.. M 20 HiA 5.46198 -37.8846 25.4621
£ EREYEE TR - i 0 HiA 3.38901 7.78752 3.38961
s “[13.9794 HiA 10.076 -34.2038 24.0654 -
g | oy
g
= = =
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Calculated Total Output Power
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e mEe =
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Signal [ Total ] - Output Power
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Automatic Peak Power Control

How to simulate APPC:

Monitor the output power of one signal at a particular
wavelength.

Adjustable Parameter:

The output power will be maintained constant thereby
controlling the pump power.

Focusing the Peak Power:

The probe tool must export the results to be used by the
optimization. In this case we are interested in one signal
power.
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@ = D APC User Optimization ll
o ¢ L. Optimize Power vt Sigral [ Total ] - Output Paver
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Signal Input Power:

Output Power:

1

=[press 'ESC to Cancel Calculation.

- Calculating Project: Automatic_Control.oad, Design Version: APPC. Cu

Starting optimization: Optimize Power w.ri. Signal 3 - Output Power

Optirization completed. Optimal parameter vane:-&e:
Finished optimization: Optimize Powerw.rt. Signal 3 - Output Power

Calculations done

Optimized pump power

=
5 APC
o
3 APPC .
-k Multiple Signal Laser P u m p POWe r . 82 " 5 mW
" -k Pump Laser
T - |zolator
% ~«k |zolatar
o o P Coupl
il mhmee B
-k Receiver -
2 - TR 2 | Gai -
E Disable ] (dam 4 EdEm -l;dE
o - 10,2101 -17.9965 30,2167
Tal Edu A - INF 75874 A -31.5723 27 5879
= [=[=4=3
g o Rote [\ - IMF 10,0635 -26 8032 30.0644
—— - INF 5.97563 -30.995 25.9791
Analysis Table Setup...
[ A bi... H/A 7.56874 -31.5723 27.5679
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] —) L HiA 262272 | 13.5758 2.62876
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/
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| Multiple Signal

| Multiple Signal

~{Pump Laser a0

o | Lo | P | -

- Signal input power from —20 dBm to —
10 dBm;

- Trying to maintain 10 dBm of signal
output power;

- Output power to channels 1, 2, 3 and 4.

Signal 4 - Output Power Signal 3 - Ouwtput Power | Signal 2 - Owutput Power | Signal 1 - Owtput Power
1 F A0 285643504 10 147 38068542 S FIFFIITIA0ST 10 LA57 291 2496
2 11 19304698055 1318966719571 6. A5G TA3045 A 7961653193554
3 14 004950 FANSE2 15 FFFO2830562 Foaarianiiaioz A ALGAELTF 7RS4
4 16 50829060363 18.03706340323 S.204225716221 100023112756
5 18. 31510025416 1a 276016021 93556 IET0S07A A E0SEILTFIT
G 20 53065142584 21 1922586703 10 1GASGLEE ] 48 992580886947
7 22 GASAET FESES 2336039537301 10, 96687 730646 1027889724293
g 2360580499557 2373034654751 1092584671 76S 9541285215874
9 2O GTETE402974 2860720573471 170202630547 9963610560851
10 EF TEITGELT 405 27 45351832151 12 7395435 1039688715443
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Conclusions

» Simulating EDFAs with optical automatic control;

» User-defined optimizations allow you to select a

parameter and a result;

 Vary the pump power to maintain the gain or output power
at “approximately” constant values;

« Different parameter selection is possible.
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Qutline

e Introduction

e Gain Clamped Function

 How to Simulate a Gain-Clamped Function

e Simulating a Gain-Clamped L-Band Amplifier

e Conclusions
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Introduction

e The gain spectrum of optical amplifiers
depends on the input power.

* In WDM networks, the gain of the EDFA must
be the same at any input power over a desired
range.

 The EDFA gain-clamped function can be
carried out using optical or electrical control.

« Example: A simple all-optical gain control
system in which reflective filters are placed at
both ends of the doped fiber.
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i
Gain-Clamped Function

Objective: Make the gain less dependent on the input signal power
Application:

Useful in WDM networks, where the gain of EDFA must be

the same at any input power, over a desired range
How it works:

* Reflective filters are placed at both ends of the doped fiber

» The created cavity generates a laser oscillation at the reflection
wavelength of the filters

» The stimulated emission clamps the average population inversion of Er
atoms

» The saturation fixed by the lasing effect clamps the gain at any other

wavelength
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How to Simulate a Gain-Clamped Function

Pump Coupler

Pump Laser

MMMMM

Subramaniam et al. IEEE Photon. Techn. Lett. Vol.13, No. 8, 785, 2001
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Gain-Clamped Including
Two Reflective Filters

Pump Coupler

Pump Laser
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Components Settings

Signal Input

In most studies of C-band GC-EDFA based on single-channel
operation [Kobayashi, Electron. Lett. 27, p.486, 1999; Inoue,
I[EEE Photon. Techn. Lett. 11, p.1108, 1999].

Or saturation operation [Takushima et al. IEEE Photon. Techn.
Lett. 9, p. 271, 1999; Luo et al. IEEE Photon. Techn. Lett. 9,
p.1346, 1997].

L-band GC-EDFA single and multiple channel operation [Hsu
et al. Opt. Commun., Jul 2001].
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Components Settings

Erbium Doped Fiber

Silica erbium doped fiber

Typical fiber length ~ meters in multiples of ten

Single and Multiple fiber stage
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Reflective Filter Properties

Label |Reflective Filter -
obel [Refctve Fi 2K Center Wavelength defines
Filter model IF!En::tanguIar j Cance Ia.Slng frequency Of the CaVIty
Hel
File name I =
Inzertion lozs 0.5 [dE]

Center wavelzngth

El
C 1520 frm] /Bandwidth defines linewidth

|

|
Bandwidth | C
Depth | 1007 (48]
Order I 4
Slope | 0.5
Inzertion loss at 330 nm I 20 [dE]
Inzertion lozz at 1480 fm I 4 [dE]
Reflection at 980 rm | 100, [d8]
Reflection at 1430 am I 100 [dB]

Component filename
|7|F!eflec:tiveFiIter1 1l Load.. Save A
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Gain Results

View 1

10.40 —
% 10,20
g 9.94 dB (- 4.95 dBm)
th
T 000 _y7 dB (- 34.95 dBm) /
e /
5
& 980 AG = 0.07 dB

PR IS T RN ST SN AN TN SN NN S ET SR SR T
0.0 0.1 0.2 0.3 0.4

Power — Signal Input [mW]
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Laser Oscillation Generated

at 1520 nm
15 —
ﬁl[]_—
% |
o
=
L
L
D|.||I.|.|||.|.|.|.|
1500 1520 1540 1560 1580

Wavelength (nm)
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Repeating Simulations without
Reflective Filters/Clamping

Pump Laser
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Gain Results with No Clamping

View 2
16.0 —
1/15.11 dB (- 34.95 dBm)
% 15.[])
i I
I I
| 13.49 dB (- 4.95 dBm)
40
T'g i
o [ AG = 1.62 dB
“ o130 F
oy
0.0 0.1 0,2 0.3 0.4

Power — Signal Input [mMW]
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Simulating a Gain-Clamped
L-Band Amplifier

e Basic principles:

- Develop optimum design of GC L-Band
EDFA to achieve constant gain variation
under input power variation

- Use Single and Multiple-channel schemes

- Determine best selection of wavelength
lasing which offers large gain-clamping
dynamic ranges and low NF characteristics



s

I (q Optiwave

Configuration of OptlcallymGC
L-Band EDFA*

o I o
= @ ja FFFFF
MAd Iple Sigral Laser ‘ jcln:uahr :___;_,.-/_l

e f | Loop ()\L) — @ RecEiuEr
1 48 I_lm < 1 48 um ——————————irodakr
0

*S. Hsu et al., Opt. Commun. Issue 5-6, Vol. 19S, Sept. 2001



I Opt'wave L‘. i:;tianm‘ ar::.r:. e . 4

Non-Clamped Optical Gain and NF

N I ) I ) I l I ) 10
35 | Single Channel Ps'” =-15dBm |
Operation:
1588 nm -1 8
30
)
c | | <
c 25 - Maximum GainatL =50 m 46
= o
© )
(D 20 . N’
-+ 4
15
Gain at 50 m: 34.88 dB
10 Noise Figure at 50 m: 4.17 dB -2
1 | 1 | 1 | 1 |
0 20 40 60 80

EDF Length (m)
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Best Selection of Loop Attenuation
A, =1565 nm

Single Channel Operation

20

| T | T | T | ' | ' I ' I
i A, =1565 nm Attenuation 4 100dB _ 18
5 - ~¥—10dB

i | -

35 |- —Hl— 100 dB .\. —+t—5dB 16
I ~@®-10dB T~ —K-0dB |

30 5dB - L -
. 0dB \ ]

® ® V/ ® ®

|—\
N

'\.

9
(ap) AN

Gain (dB)

i 48
| /A
broy v v v{—v v— %
10 - \. ] 6
N, A A A \_ A A 44
| 1 | 1 | 1 | 1 | 1 | 1 | ] 2
-35 -30 -25 -20 -15 -10 -5

Input Signal Power (dB)
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Best Selection of Loop Attenuatlon

A,=1610 nm

| |
40 |
A, =1610 nm
T 3 \ _
©
~— fA 100 dB
C 30 ——20dB
G 19 dB —%— 100 dB
O o5 | —+—18dB 20 dB *
—@—19dB
X A— % —v—18dB
of ¢—0— (o e
—_—
15 ] ] ] ] 1 ] 1 ] 1 ]
-35 -30 -25 -20 -15 -10 -5

Input Signal Power (dBm)

10

8 =
<
~—~
(@

6 W

4
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Multiple Channel Based Design

The Characteristics of Spectral Gain in the L-Band EDFA

| ! | ! | ! | ! | ! | ! |
30 - -
- Flatter gain between .
T L=35mandL=40m i
S b oty :
= 2t u!.“wilXXXX"' Vy -
© I 4ttt Hgeeee AAAAA VVVvVVy |
O 20} A+ l---\.\:_.o.-..._, orhanaas, ]
L ++ \.N... .\". ‘.‘.". -
18+ + —HE—20m—@®—25m ‘|-
Fiber Hpy
- ber . som-v_3m it
16 - Length 40m —+45m ]
14 50 m -
| ) | ) | ) | ) | ) | ) |

1570 1575 1580 1585 1590 1595 1600

Wavelength (nm)
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Selecting the Flatter Gain

BetweenL=35mandL =40 m

AAAAA

—m=—35m-—e—36m EEgeRS
Fiber A 37m—wv—375m
388m-—+—39m
40 m

25 I L) I L) L)
Flatter gain at L=37.5 m
N n
S 's.
- 0RO .,
IC_U / \ / \v’;*¥;¥
(D 22 |- +/+'+
21 - Length
20 | 1 | 1 |

1570 1575 1580

Wavelength (nm)

1585 1590

1595

1605
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Spectral Gain Observed Con3|der|ng
Different Attenuations

24 AG<1dB 32 Chanels
| @3 ABEERER:
. 22 AA ! l’lllll’l"l‘l R l§.l EniEg
m -
T 20-
S s 0600°% %0 000000
‘@ 18- R aad
MO - oot —m— 100 dB
16 - *e*? —e - 20dB
2 g
| o/’ Attenuation — 4 —15dB
ol e 4 10 dB
1 & —e—5dB
12 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1
1570 1575 1580 1585 1590 1595 1600

Wavelength (nm)
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Considering 16 Channels

28 L) l L) l L) l L) l L) l L) l
27 ™ . —=—100dB
. = Attenuation ¢ 20 dB -
~ 6re B —A—15dB ]
% I - .\I———I ]
C ot .—/Jl\\.///\\\.//AD—-CF—~. -
T e
(D 23 _' 16 Channels AG =17 dB ®
22 - A,.—A/\ .
L /A /\A/ A\A/ \A -
L A
20 1 | 1 | 1 | 1 | 1 | 1 |

1570 1575 1580 1585 1590 1595 1600

Wavelength (nm)
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Conclusions

« Gain-clamped amplifiers simulations
considering different configurations;

e Multiple signal analysis;

 Important applications in DWDM broadband

systems.



