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1. Vie"io Geral

 Ferramenta de projeto de sistemas a fibra 6ptica

» Aplicacoes: FTTH, projeto CATV, PON, anéis SONET/SDH,
amplificadores opticos, WDM ou TDM, SCM

« Biblioteca de componentes, todos como um unico package
- Componentes e visualizadores: Opticos e Elétricos
 Modelos: dinamicos e estacionarios

* Dominio da frequéncia (1) e do tempo

« Cosimulacao: MatLab, EDA (ex. Spice), software Optiwave
« Estimativa de custo relativo ao layout simulado

 Requer chave de hardware para funcionar

1 ano de assisténcia e acesso a versoes atualizadas



2. O Ambiente
de Simulacao

Filg Edit YView Layout Tools Report Sc

Blew Chrl+N
& Open... CtrHO
Close
& save Ctrl+5
Save As..,
&P Print... Chrl+p
Print Setup, ..
p Calculate. .. CEr+-FS
1] Caleulate Visualizers
Import »

Expart Selected Components, .

1 Direct Modulation,osd

2 Amplifier noise.osd

3 Booster Amplifier.osd

4 EDFA Basic Concepts,osd

Exit

Project Overview
Biblioteca de
Componentes

Project Browser
Parameter Groups
Janela Mostrando
Evolucao dos Calculos




Area de Tabalho

Multiplos layouts
Linguagem Script

Project Cwvardew

Component Library
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Selecionando omponentes
na Biblioteca

eoe ad [Eb




Default
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Tranzmiters Librany
WDk bAultiplesers Library
(phical Fibeiz Lbran
_ Amplfiers Librar
-] Filters Library
[#-[T] Pasaves Library
(2] Metwark Libeary
#-{T] Receivers Libray
&ﬁ Signal Piocessing Library
-39 Tool: Library
-El Optiwaye Software Tools
E Yizualizer Library
ﬁ W avegude Amplifier Librang
E El Cable Access Libray
El EDuA Cosirnulation Library
Cuztan
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Recently uzed
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Facilidades Adicionais Sobre os
Componentes
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Como Montar um Transmissor
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T1ipos de Sinais e Conexoes

Binary Signal Electrical
Signal

pul——\

Optical Signal \ Pseudo-Random B2t Sequence Genen

Trear—yrw
Bit rate = B rate Bitsls R Pulss Generator

s
e

LT WF T i -

* - - | | - ; Fork 1x2
CW Laser m—rl
Freausncy = 1831 THE Mach-Zelindes hodulaton
Power =0 dBm

An"_-,-" T‘_.,r'pE af
Signal
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Pratica 1

la. Montar um transmissor Optico
(1556 nm) e rodar!

1b. Visualizar resultados (OSA,
Osciloscopio, !
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Representacdo do Sinal Optico

Sinais Amostrados
Sinais Parametrizados
Noise Bins
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Sinais Parametrizados
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Noise Bins
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Report mostrando a evolugao
dos célculos
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Acompanhando a Evolu¢ao dos Céalculos

Direct Modulation.osd

@ Calculate the whole praject Optimizations... |  Schedulers... |

" Caloulate all sweep kerations in active layout ™ Run all optimizations
" Caloulate cumrent swesp itaration [ Stop on waming
Ready 00:00:00 X

B Cale. output [ Opivizaion | P Cole, schechiers |
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Acompanhando a Evolu¢ao dos Céalculos

BER InputPowerSweep.osd =

I= Eafi|ehe e wlide pafast [ phimzatnts | Sizhediler | il
7 alou2te 2l sween feratiane i ackive | agoul ¥ | Fusall apdinizations £ |
| Calealation progres: [ Slop on e
Calculating ProjectBER InputPomeSweep osd, LayoutWersion 1, Sweep 1 Df. 0 000022 b4
Parameter; Rezulk:
Farameter | Yale :I Fieult | Yalue :I
Cwf Lager 1.0-Bandom seedin.. 0O BER analyzer 1.0 ax Eye Openin... 100
e Lazer 1.0-Generate random... 0 BER analyzer 1.0-Bit Rate [Bizs] Te+010
e Lazer 1.0-Frequetcy 1921 EER Amnalpzer 1.0-Min. BER 1
MAZ Pulz= Generator 1.0-4mpli., 1 BER &ralyzer 1.0-Min. BER &fterF. 1
Optical Akenuatar 1.0-4kenuatl.. 303 BER &nalyzer 1.0-Min. lag of BER ]
Dzcillozoope Vizsualizer 1.0-Gen .. 0 BER Analyzer 1.0-Haise Fawer [dBrm] 136505
Dacillozcope Visualizer 1.0-Ran.. 0 BER Analyzer 1.0-Max Eye Height ... 0
Optical Time DomainViswalzer ... 0 BER Analpzer 1.0-Max Eye Openin... 100
Optical Time Domain Wisualzer .. 0 BER Analyzer 1.0-Bit Bate [Bizts] Te+d 0
v Lazer 1.0-Random zeedin.. 0O BER Analyzer 1.0-Min. BER 1
v Lazer 1.0-Generate random... 0 BER Analyzer 1.0-Min. BER afterF... 1
v Lazer 1.0-Freguency 1921 BER Analyzer 1.0-Min. log of BER ]
MAZ Pulss Generatar 1.0-ampli.. 1 BER Analyzer 1.0-Hoize Fower [dEm] -136.50%
Optical Akenuatar 1.0-Ateruat., 20 EER Analyzer 1.0-Max Eye Height .. 0O
Deillozzope Visualizer 1.0-Gen .. 0 BER Analwzer 1.0-Max Eve Openin. 100
Dzcillozcope Vizualizer 1.0-Ran.. 0 = | | BER &nalyzer 1.0-Bit Rate [Bisds] le+O0
4| | 1+ 4| |

Cal. ot <5 Optimization B Cale. sehedlers I
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2.1 Conceito de Sub-Sistema

Permite montar o seu proprio componente
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TR o e il Bl onim e ™ H &

A

OTD “dsualizer

%
e —e B = m =
Tx

VTN Transmitter Subsystem Subsystem 1

Frequency = 1550 nm
Frequency =spacing = 100 GHz
Power = 0 dBm

Bit rate = Bit mte  Bitsis
hdadulation type = R

Stage Humber = 1

StageMumber = 2

Al

OTD *dzualizer 1

Criando um
Sub-Sistema

in
1
L
—
" .i— i
IS : = =
\ Subsystemn 2 E Subsystem 3 |
I StageMumber = 3 ! StageMumber = 4 i
L JUAJE LA LA
OTOM “zualizer 2 OTD ‘dsualizer 3 070 *dzualizer 4
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Entrando ¢ Saindo do Sub-Sistema

. Look Inside
_
'= ~_-He--n d | B— -

B eiEr

Bil.a
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fh cut

E2 Copy

B2 e
Duplicaba

. Deleke
Delete all Links
Select oll

5 -
& >
L

Trabalhando com Su—

Sistemas

[77] Create Subsystem

8 Lotk Tneids

i Clbse SUbsysten:

Faps Frepethies, .
Component Properties...

E Lawout Propertiss..
Bill of Materials. ..

E B ]
[ Forward one
g 1o dack

u To Eronk

Subsystemn
[ w |
"
-
[ ] B [ |
| i | a
SuoEyELem

Optical Time Domain Wd=ualizer

*?H" =

o L3ser
Frequenzy = 1931 THz
Powsr=0 dBm

Agrupar componentes
e simplificar o layout
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AlteracOes no Sub-Sistema

e

Subsystem 1 Properties ﬂ
Label |Sub3_l..lstam'| Costh: 0.0
inaoe | Cancel | x
Di=p Home YValue | Unit= I Mode =uaister Mame: |°~'.1b3y;,le.'n R epresentation oK
i : : ST \_....._I
[ |Subsystern Representatio | Flass8ox fhgge : : Wormal s e | r
[ |image Filename it £ hicrrnal -
|_ Stretch Image r . ; Elr.,l',.'_rn-;;l' Add Faram... I Categon: I|I‘nage ;I Help
Add Parameter x| FemaveFar | Mirimum value: |
- b aimLem value; |
EditFaran.. |
Hoe |Pafam1 Add Current value: I £}
Load.. .
Type: IIIDaIing-pDint ;I Cancel _I Unltcrl
Gave Aal | e [GlassBo | Userl
Categary: ||I'I'IEIEIE ;I Help Chaica lis: Iu azsBox Inage User Image.
JEcuriby, . |
finirnLrn wvalue: I a
Masimum value 100 Dptisystem 30 S
Ll y "lllr! Remove parameker 'Param 1
[ piks:
: Yes | i
Choice fist:
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Pratica 2

2a. Carregar exemplo “Lessonl.osd”

2b. Converter o TX em um sub-
sistema
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3. Biblioteca de Componentes

Component Librany

2| =l

Defalt)

[0 Transmitters Library

.: WM Multiplexers Library
# Optical Fibers Library
[ Amplifiers Library

#-{7] Fiters Library

[+ Passives Libran

B E Metwork Library

[0 Receivers Library

= Sianal Processing Libran
E Tools Library

(] Optiwave Software Tools
-] Visualizer Library

; \Waveouide Amplifier Libray
# Cable Access Library

" [[] EDA Cosimulation Library

8 Custom
Ll Favorites

'l Recently used

Criando pastas na biblioteca de
componentes de interesse

I — W
-
e
e




Parametros Globais

Bit rate = 2,5 Gb/s
Sequence Length = 128 bits

Time Window = 5,12e—08

=
Label |"-.-"Elsiﬂh1 14 I
o Cancel |
Simulation |Signals | Noise | Signaltiacing |
Hame | Value Units Mode

Simulation deuw lE‘ef bt rate :I : Marmal
Reference bit rate Cab bt rake i i Norma!
Bitrate Set time window - Bits's - Narmar Add Param...
Time window - - 5 I Narmal :
Sample rate [ 1280000000000} 7z  Narmat Remoye Pa
Sequence length | 256 Bits - Normal o
Samples per bit | 1281 | Narmal Sl
Humber of samples ' 32768 :J‘m.*maf
terations | 11 : Marmal
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Amplitude (a.u.)

Relacao Entre Parametros Globais

: Sample rate .
_I" |
1.0 p—-
0.5 - /
0.5 /
_-Frequenr:}r
.2 spacing
1 b=
n.opy—e—e— — = = =
T T T I T
-4 02 0. 0.z 0.4
Frequency (Hz)

Amplitude (a1}

5 Time windoww =
: Bit period -
Time spacing
ER
1.0 [ . = | -—
0.8 -
0.5 -
0.1
0.2 7
0l4—s—a —a—a
01 2 3 4 65 6 7 & 3 10 1 12 13 14 15 16

Time ()

Time spacing = 1 / Sample rate = Time window / Humber of samples
Fregquency spacing = 1 / Time window = Sample rate / Humber of samples

Time window = Sequence length * Bit period = Sequency length / Hit rate
Humhber of samples = Sequence length * Samples per hit = Time window “ Sample rate
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- X

e

erenciamento da Bibliotea e

Componentes

Library Managenent

Hegaterd tbrane:

% Optica Componeste Liorary 3.0.0
Ophca Fibers Libeay 200
Oplivawe 5 ofwae Libray 3.0.0

F P=azives Librany 3.0.0

Em Raman &mplfers Lbra 300

Recaivers Libiay 300
W[ S04 Componer: Libeaw 300
% Taak: Lbrarp 3.0.0
Trarsmtiers Librare 3.0.0
o Wisudizers Libray 200
Wiayvegude Amplher Library 200
Ik Mulbplesers Lhrsep 3.0.0
t WS petereComponsi_ibean 2.0
' BED Sionel Liorevies
0 Dietzuk Sigrnal Lbrarp 3.0.0
= FET Schedulers
- E% ODFSchedde
= FIET Opfimizations
= MUt pimization

lubmoce Fibers Litvayy 200 &
Hebgork, Licray 300

ELC'F O priamic

EDF Dypramc Andybcal
EDFA

ELiFa Black Boy

EDFA Idesl

EDFA Meazasd
Ekeclrical Srplilier
Eibiern Doped Fher

| | ¥

Er-b Codoped Fher ﬂ

| S T IO b oy

Author lIII plivarve Coparstion

Capwight: lIII plimare Lommarstaon
Harre: IﬁEE fimilifier

Verzan: I--’”:I

Folder; |¢.rrpu=im LibsarpElectiica.

Cloze

Lbrers r=gizhston
sl |

Dezciptan: (HEC Arpliisr

—lzamn

Urinztal. . |

Urirstals hrares
seteched in the bes
Wiy 3z well 3z
rskalls nea liorries.

 Leasnd
Bl Irstaled componen s
Iretalled sgna litraies

-b Irtaled caculsbion schedulers
o Iretaled optimizstions

fi} Licraries that could nat be loaded |Thiz iz Leualy due

I miz=ng or demaged [Eray fl=)

Para otimizar
espaco de
memoria:

Abilita e desabilita
bibliotecas
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[’ optisystem - [Lessond.asd]

8 Fle Edt Vew | Layout Tocks Report Script Addlns Window Help
D= E S 0o ut 1
= [Z] Dyplicate Layout

[ Delete Lot ]

b e Permite modificar um conjunto

i R i de valores de um parametro

Sl Page Dowr .

fre g a partir de um comando

CWI Lager
Friquenay = 14
Power = 0 dBim

Parameter group: | Frequency ;I Liruts: I THz j
Eil rate ]
C Paramieter | walue Mode
CWiaser 1 [ioabens e quency (THz) [ reazinermal
CWLaser.2 Ipower quency (THz) 193.3] Mormay
CWLaser 3 |Sample tate quency (THz) 193 Normal
CW Laser_4 Frequency (THz) 193.5 Novmal
CW Laser_5 Frequency {THz) | 193.6 | Normat
CW Laser_6 Frequency {THz) | 183, F" MNovmal
CWLaser_7 Frequency (THz) | 193.5: Normal
CW Laser |Frequency (THz) 193.1: Normal




Pratica 3

Verificar modificacao nos resultados
devido a modificagdes nos parametros
globais

32



4. Modelos Implementados

o Lasers:
CW,
Pulsado,
Medido,

etc

Ii‘l*,; !
- | I

Laser Measzired T Tl

Freguency = 193.1 TH:
Calculate cument = YES

Power =0 dBm

Pouser at bias current = -30 dBm
Bias current = 23 mA

hiodulstion peak cument = 28 mA

Labet |i_asE:l Measured

Evaluaate

Script

C“‘f_ﬂl‘ Il'u'leasure \ Physical | Iritial esti... \ Simulation ] Maise | Randam n... 3

Bisp]

¥ 5Frequem:y - 193?ETH2 i Normal
[~ |Calculate current 2 : Normal
¥ Power OieBm i Marmal
B ‘Power at bias current Ei“u’orma.f
[T |Bias current { Marmal
T :i'il'b&'ula'tmn peak current | i ai

Load...

Save bz

i

Security

x|
]
o |
e |




Diferentes Modelos para um Mesmo
Dispositivo

Optical
Raman

Raman Amplifier.. :
Raman Amplifi er—mrerage power madei

Raman Ampliie—Dynamicmodel ... ..

EDFA

EDFA Black Box... :
EDF Dynamic — Fuil mndel

EDF Dynamic — Analytical mode]
BRI .. i st i s o S S S A A SRS
EDFA Measured

Erbium doped fiber ..
Er-¥b codoped fi ber

Er-Yb codoped wavegu:de ampllﬂer

SOA

Semiconductor Optical Amplifier

i DD
....291
..261

2 1

...283
.289
. 295
.--303
...309
ey L

...-353
..363

.381
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e » " E

Inserir Modelo Proprio

NRZ Pulse Generator Properties

Labak IMHE Pulse Generator Costt: | 0.00

Script Mo Siewiation |
Disp Hame Value | units | Mode
[ |Enabled [~ : Normal
[ |sample rate Sampie rate j_l Hz SSMJH ;I

DefauttMATLAB Likbrarys

Electrical Cpkical

Co-Simulacdo

MATLAE

Carmponent

Mormal
Swee
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Usando a Func¢ao Script

'GeC Layout Manager. -
Dirn Lin
SELC L = DOCUmEnNt.TETLayoutiogr

'SCRIPT for Version 1

'Gec Current Layout.
I'irn Layoutl
Set Layoutl = Lm. Getlurrentlavout
Loayvoutl.Nawe = "Version 17

'Set: Total Sweepn Iterations
Layoutl.detTotaliveseplterations | 10)

'Set. Current. Sweep Icerabion
LayourLl.devcurrentiweeplIceracion (10)

'Cer Current Canvas.
Dim Canvasl
et Canwvasl = Layoutl.fetlurrsntCanvas

'SCURIPT IZor Layout globhsl parsmeters.
Lavountl. SetParstmeterMode "Simulation window'™, 0O
Layoutl. JetParastnetervalue "Simalatlion window®™, T3et hit cate™
Layvoutl.SetParsmeterMode "Reference kit rate®, 0O
Layoutl.SetParasmeterValuse "Heference bit race®™, TRUE
Layoutl.SetParcm=terMode "Bit rate™, 0O
Levoutl. SetParamsterValue "Hit rate™, 1e+010
Layvoutl.SetParcam=terMode "Tim= window'™, 0
Leyoutl,. SetParameterValue "Time window™, 2.56e-008
Layoutl.detFParsm=terlode "lample cate', 0
Layoutl. SetParameterValue "Sample rate®™,. 1.28e=4012
LayouLl. JecFarstm=eterliode "Sequence lengrh™, 0O
Layoutl. fetParasmsteralue "Secquence lengthf, 254
Layoutl.SetParam=terMode "Samples per Dit™, 0O =

H

a1
script

Permite modificar:

- parametros globais

- layout

- parametros de
componentes
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Pratica 4

4a. Localizar a biblioteca de lasers

4b. Caracterizar 3 diferentes tipos de
lasers existentes na biblioteca de
lasers
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5. Variando Parametros
Automaticamente (Sweep)

Levout Toos Repork  Script Adc-Ins  Window Help
A Lavauk
Cuplicate Lavot |
Celete La
i e Tatal ilerations: @ ] 8
El Sab Current Sweep Tkerakion. . -
El Szt Tokal Sweep Ikerations,. ., ChH + Home: Current iteration; 20 Cancel
0 Fresyious Sweep Iberation Cirl + Fage Up
e fext Sween Theration Ghrl =Page Do
¥ Laser Properties
[E Parameter sweeps...
Parameter Groups. ., Label: FI:W sl Lasty: 30
E Laswolk Size.. .
FH Paramotors... Mamn |F'|:|Iarizatinr'| l Sirmlabon l Moize l Random numnbers ]
"R PrOpErries. .. Disp Hame ,r"":_ Value Units Mode "
Bl of Materials... ¥ |Frequen 1576, 3157594741 n Marmal
¥ |Power l& -“.‘E'LESHWEE'ESEM B : Bweep
——Linewidih e _1gTMAHz : homna)
[T |Initial phase Tr—— £ ey : Maowrnal

B8

Cancel

Exalyate
gt
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Selecionando o Intervalo de Variacao

-1oix|

Gl Laser o x|
SWeeDS Power [dBm] ~Input _’DK
i v} Lancel ' lse sweeps iteration nurmber a3 input
2 1052631578947 Hok % Gt input from range _ Cared |
3 -2 105263157895 N | Heln
q ~3 1578347 I6842 _
5 -4 24052655749 Assion s |
E 5 265157894747 Walues...
= G R4S TR 1SR Ad Type “lnpot™ for the input palameter name. E.g. “nput + 2,
2 S TLAERLI105 2232 Scriph: I
g s 421052631570 | opread Tools—
- - Gaussian sweep iteration EI
10 -4 L FAGHL2{O52G Linear...
11 -1 DG 575694 T
12 11,5789 TIGHLE EL R andom seedindsx: |EI
13 -1Z.B3197 594757 Log., Cancel |
14 -13.68421092632 S Foma: forStd. Dev:  absolte & X
15 14 FABELE 10506 aldbieia
1E -5 FA947 368421 G auzsan.. Marminal W akie: |1
17 -6 B2 10526516
LogHamal..;
18 —1.?..%4?.3634..211‘ Std Davw. I-I
19 S1BSTIBE2105 | nifom.
20 - e ——
Llzcrete. .. 39




6. Rotinas de Otimizagcao [y,

- Um unico parametro
- Multi-parametros

. Parametros

. Resultados

| oject Browser :IL"
[ [Defau zl
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Como Realizar a Otimizacao

— Layout O ptirizations

Yerson 1 iisii
[#l 2 MPO Optirizaton
Eroperties Delete | B | - |
- Calcutation
2 [ T s

—Inztalled D ptimizations

[nzert

O plimizaticn BLthor

) |4F 0 O ptirmization

J |

[ escriptin:un:

Optivave Compo...

b uiltrP ararmeter- b ub-Fezut Optmizaton

—

Canceal
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Otimizacao Multiparametro

Minimiza
Maximiza
Busca valor alvo

Results

Fararmeters

OptimEation Procedure

Adjust the selected
= Parameters
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Nonlinear Fitting

M eszuring

Device 1
: | ﬁ
Farameters

M eszuring
SYSIEM | ' Device?2
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Otimizagao para Obter Ganho Plano
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Iniciando Otimizacao
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Selecionando Parametros

x
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Resultados Desejados

Sl
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Adicionando Restricoes
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Parametros e Resultados Selecionados

Selected Farameters Canstrant

Farameter Component | Farameter | Component |
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7. Visualizadores: Elétricos e Opticos

» Opticos » Elétricos
— OSA:; — Osciloscopio;
— Visualizador no _ Analisador de
Dominio do Tempo; Espectro;
— Medidor de Poténcia _ Analisador de
Optica; Diagrama de Olho;
— Analisador WDM de

Duas Portas;
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Analisador WDM de Duas Portas

Subsystem: Subsystem_1

[ Sweep teration: 141

______ L,

Dual Port 'WyDhd Analbyzer
Lower frequency limit = 1825 THz
Upper frequency limit = 200 THz

Ir

e

il

*’j"'k

Pump Laser
Frequency = 220 nm
Power = Power! mind

Pump Coupler Co-Propagating

B
—
—

e

Ground

Erbium Ooped Fiber
Length = Length m

\—ER\*

Pump Laser 1
Freguency = 920 nm
Power = Power? muf

Tabela com Resultados Calculados

Dual Port WDM Analyzer

Fregquency (THZ) |Gain [dB)

| Moise Figure (dB) | Input Signal (dBm)

Output Signal (dBm) | Gutput Moise (dBm) | Output SR (dE)

1931 2976227

1933 307335
1933 30192535
193.7 30416544

4.21943
41464
430219
4.35854

-30.3337
-30.5583
-31.095
-31 6104

-0.57345
-0.5404

-0.902136

-1.19383

-23.9305
-23.7929
-23.438
-2317H

23.4071
232925
225359
2197393

P.nalj.raisﬁ Detailz ('
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Analisador de Espectro

Optico e Elétrico

Optical Spectrum Analyzer 1.0
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Diagrama de
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Lﬁbm = (0 km

=

Dl Click On Objects to open properties, Move Objects with Mouwse Dy

BER Analyzer 1.0

Time (bit period)
0
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300p
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0.5
Time (bit period}
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Amglitude (a.u.)

1000 n

0s
Time (bit period)
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Exportar Curvas Calculadas
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Salva resultados

57
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Graficos 3D
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Construindo Graficos no Report Window

% ﬂnbnnrpﬂnn‘paramﬂnrl

Dl Cicle Om Obiecle o open properbes. Move Cmectis with Mouss Drag
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Plotando Parametros com Resultados
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Controle de Graticos
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Pratica 5

Usando a janela “Report” construir o grafico da
BER em fun¢ao da poténcia de sinal de entrada no
receptor para um sistema ponto-a-ponto
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3. Exemplos:
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Sistemas OTDM
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Sistemas
SCM

Cable Access Library

=

SU? m

200m

1 8 Lppmacy Desemy
o

Electrical Constellation Visualizer
Dbl Click On Ohjects to open properties. Move Objects with Mouse Drag
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Eleckrical Cptical

MATLAG
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9. Comentarios Finais

* Documentacao Disponivel

(Getting Started, Tutorial, User Reference, Biblioteca de
Componentes, Visual Basic Reference)

* Tempo de Processamento

» Exemplos com diferentes aplicagdes
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