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Leading Optical Innovations
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Fibras Especiais para Redes Opticas

Agenda

 Evolucao da capacidade de transmissao

* Fibras Especiais OFS para Redes Opticas

« Parametros tecnicos limitantes

* Fibras especiais para Redes Metropolitanas
» Fibras especiais para Redes Locais

« FTTP: Tecnologia de Redes Opticas Passivas (PON)
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Fibras Especiais para Redes Opticas

Generic Network Architecture

(Physical Layer)
Long Haul

Data
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Fibras Especiais para Redes Opticas

LitraWave™ SLA/IDF .I.-'"i.t'.m_‘.-r:-;
TrueWave® SRS/XL Fibers “

ofs

Leading Optical Innovations

Metro Edge

Al aye™ [Niber

Long Haul Regional
TrueWave® REACH Fiber TrueWave® RS Fiber
UlraWave™ Terrestrial Fiber

Metro Access

Metro Expres Premises
TrueWave® RS Fiber LaserWave™ Fibers

GigaGuide™ Fibers
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Fibras Especiais para Redes Opticas —

Leading Optical Innovations
HE EEEEEEEEEEEEEEEEEETRN
Taxa de 0a 0a 60 a 300 a 600 a Acima Acima de 4000km
Transmisséao 20km | 60km | 300km t 600km 1000km de
(Gb/s) 2000km

Atual Futurod ACESSO METRO Regional e Longas Distancias Ultra Longa Distancia

2,5 AllWave FibeF

2,5 |

TrueWave RS Fiber
10
TrueWave REACH Fiber
10
40 UltraWave Fiber
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Evolucao da capacidade de transmissao

TDM (Gbls)
407
351
Enablers
300 EDFA + Raman Amplifier 320 @OC-192

Dense WDM/Filter

Advanced Fiber

20t 8% @OC-48
4). @OC-192

Bandwidth

25+  High Speed Opto-electronics 161 @OC-192

All-Optical
Network
= Petabits)

Raman Amplifier

15¢
104 10 Gbls _,
2\ @1.2Gb/s 4), @OC-48
51 (1310 nm, 1550 nm)
2). @OC-48
565 Mb/s 1.2 Gb/s l— 2.4 Gbls
e e e
405Mb/s 810 Mb/s 1.8 Gb/s
AN <t (o] o0] o AN <t (o] o0 o (qV] <t O
(e0] [ee] o0 0 ()] ()] (e)) (e)) ()] o o o o
2 & e & & & @ © & g & & 8
—4— TDM —— DWDM
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Evolucao da capacidade de transmissao

Previsoes de Demanda de Largura de Banda (Residencial & Comercial)

Mb/
+ o0 3500
Fiber 0 Gaming
100 - S N —
T L1 Gaming
- 2500
Fiber 80 - 2000 B Internet
Deep g0 - H Internet B
HFC HD 1500 —
FTTC/N 40 O HD Video 1000 | o0 D Vigeo
4 streams
4_ 20 4 streams 7
500
0 |=| ‘ 0 O Telepresence
Copper 1 stream
COAX 2005 2010 2018
Fiber
Only

HD = Hi definition, requires 4X bandwidth of standard video
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Evolucao da capacidade de transmissao

Regiao de transparéncia para transmissao é aproximadamente 50 THz

1.2-
o £ s C L U Bands
= 0.9+ Standard singlemode fiber/
E nmnanzero dispersion fiber
= (.64
o
= 0.3 _
Low water peak fiber
u ] L] | ¥ | LI T r
1.250 1,300 1,350 1,400 1,450 1,500 1,550 1,600 1,650
Wavelength {nm)
Band Descriptor Range (nm)
O band Original 1260 to 1360
E band Extended 1360 to 1460
S band Short wavelength 1460 to 1530
C band Conventional 1530 to 1565
L band Long wavelength 1565 to 1625
U band Ultra Long wavelength 1625 to 1675
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Parametros técnicos limitantes

Amplificadores opticos Amplificadores operam

independentemente da
taxa, formato e
Pico da Agua comprimento de onda

Distributed Tulium Erpjum Long

E Raman Band Band  Erbium
& Pumps SOA Band
) SOA
=

‘E

=

=

=

3

2

1300 1400 1420~1520 1530~1560 1570~1620

Wavelength (nm)

Espectro de Ganho do

* Erbio -BandaC+ L Amplificador

 Talio - Banda S
* Pr’3 - Regidode 1.3 um (1285nm — 1625nm)
 Raman - Extensa banda de ganho — Bombeio ( S- C- L)
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Parametros técnicos limitantes

O desenvolvimento dos amplificadores opticos tornou viavel a
Tecnologia WDM — Wavelength Division Multiplex

« Sistemas WDM convertem sinais elétricos ( som, voz, video,
e-mail) em sinais opticos com taxas de repeticao bem definidas.

« Cada sinal é transmitido em um determinado A ou “canal”.

* Multicanais ou diferentes A podem ser transmitidos
simultaneamente usando uma unica fibra através de técnicas de

multiplexacao de varios canais
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Parametros técnicos limitantes

ComPARISON OF WDM TECHNOLOGIES BY APPLICATION

Application/paraneter .  CWDM metro access . DWDM neetro regional . DWDM kng haul

Channets per fibire 4-16 32-B0= BO-160

Spectium used-= 0.E,5,C, L bands= C, L bands= L, S bands
SChamelspacings  20nm (2500GHz)>  0.80m (100GHZY>  O.Anm (S0GHE) o
Wavoknghcapacly> | 26Gha/ss o d0GWyss 10406 S

Fibre capacily- 20-40 Gbin/s 100-1000 Gbit /5= >1 Thit /5

Lases lype- uncoobed DFB- cooled DFB - cooled DFB

Filter technology-» .liJIrl-l’.lrll !rl.er.—:r. thinilm fier, AWG, FBG= thim-film filker, AWG, FBG

Transmission dist ance- E up to 80 km= o hundreds of klometres= thousands of klometres

Costs “lows T medium= high

Oplical amplificaion>~ + nones s EDFAS EDFA, Raman

DFB = dhstributed feedback Gser, AWG =aimayed waveguide grating. FBG = five Brags graling. EDFA =erblum doped
fibre amplifier, Source: Sorrerlo, RHK
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Parametros técnicos limitantes

Diminuicao do . S
espacamento e Quais $40 08 fator.esllntrlnsecos
aumento da taxa da fibra que limitam a
de bit por canal capacidade de transmissao dos
induz efeitos sistemas oOpticos?

devastadores nos
sistemas opticos

Efeitos Lineares

Efeitos Nao-Lineares

Propriedades
intrinsecas
das fibras opticas
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Parametros técnicos limitantes

EFEITOS LINEARES

1. Atenuacao
Sensibilidade do receptor 6ptico - Minimo numero
de fétons por Bit para BER < 10-°

Compensado pelo uso de amplificadores opticos

2. Dispersao

* Intermodal —Dispersao Cromatica

 Dispersao do Material e Guia de Onda
Minimizado através do uso de fibras especiais

3. Dispersao do Modo de Polarizagao(PMD)

Optimizacao do processo de fabricacao (fibra e cabo 6ptico),
Uso de compensadores (777?)
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Parametros técnicos limitantes

N

\

Dispersao cromatica
de Fibra SM

»

—

1500 1525 1550 1575 1600
Wavelength (nm)

e A A MM

60KM SMF

A

4 KM SMF
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Parametros técnicos limitantes

Compensacao da Dispersao Cromatica:

* Fibras DCF (Dispersion-Compensating Fiber) com dispersdo negativa com
valor tipico entre -70 to -90 psec/nm-km
* A fibra retorna a dispersao para valor proximo de zero, revertendo o

espelhamento do pulso ocorrido durante propagacao do sinal

* Permite 10 Gb/s em fibras SM (+17 ps/nm/km) em centenas de km.

LTE site

#11(2.4 Ghits/sec) -]
32(2.4 Gbits/sec)

Upgrade Scenario

Wavelength
filger

May require DC fiber or very
namow linewidth source

EDFA

14(2.4 Gbils/sec) —

an24 Enum:}?J

Warrowband
filter or
coupler

EDFA

13(2.4 Gbits/sec) — [} SMF

Diep Ad
M M
Local ADM

ADM - Ad2 iS00 muRplxdr

DeCF - Diespersinn-compansating fier
EDFA - Ertmm-dopad fhér implbed
LTE - Livst \ecminding iquigrmon
SHIF - Singlemod 1ber

@[}—m 2,23, 34 . an
DCF

Total “regenerator-less” System
distances could exceed 500 km
at 2.4 Ghits/sec

Dispersion compensation

©) FURUKAWA
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Parametros técnicos limitantes

PMD — Dispersao do Modo de Polarizacao

Fibra Perfeita

A/ N
NS

B\
Fast Fibra Real
A a\
VAN I
\VANS ~\( v
PMD = Time Delay
Slow - R

Cabos Furukawa com valores médio da ordem de 0,04 ps/km?'/?2
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Parametros técnicos limitantes

Taxa PMD Link
(Gb/s) (ps/sqrt km) (km)
0,5 400
10 0,2 3000
0,1 > 4000
0,5 2
40 0,2 80
0,1 400
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Parametros técnicos limitantes

- ~ . Causas basicas:
EfeltOS NaO LI neares — Altos Niveis de Potencia

— Pequena area efetiva da fibra
— Longos L fibras

1. Espalhamento Estimulado
Funcao do nivel de poténcia
SBS: Espalhamento Brilloin Estimulado
SRS: Espalhamento Ramam Estimulado

2. indice de refragio nao-linear
Intensidade oOptica induz variacdes do indice refracao
n=n,+ n,l (P(t) Aeff) n, = 2.3 x 102 m?/W

SPM: Self Phase-Modulation
XPM: Cross Phase-Modulation

FWM: Four Wave Mixin
SOLUCOES <« SERVICOS <« PRG © FURUKAWA
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Leading Optical Innova tions

Fibras Especiais para Redes Metropolitanas

ATRIBUTOS DA “FIBRA IDEAL” PARA REDE METRO

* Longo alcance sem amplificacao optica

* Longo alcance sem compensacao de DC

* Baixa DC em 1550nm

* Ampla janela de transmissao: bandas S + C + L

* Baixo custo de transmissao em 2.5, 10 e 40 Gb/s

* Compatibilidade com as fibras do link longa distancia
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Fibras Especiais para Redes Metropolitanas = 'ge

Leading Optical Innovations

AWave FOEr.,  ite e

Fibra tipo NZD

T[Uf__Wﬂ"h"‘E‘ H RS Fiber “Non-zero Dispersion”
- "'\._\_______
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Fibras Especiais para Redes Metropolitanas

—
A”%p%k ofs

» Aplicada em redes metropolitanas e de acesso

« ZWP - “Zero Water Peak’ : atenuacao zero em 1385nm

* Full Spectrum: 1280nm a 1625nm (50% maior capacidade que SMF)
« Janela E (1400nm) : ideal para 10 Gb/s sem compensacao DC

* Permite 6 canais em CWDM na banda E (1360 — 1460nm)

* Permite um acréscimo de no minimo minimo 33% em canais CWDM
em comparacao as fiboras SMF (convencionais)

« CWDM economiza mais de 35% sobre DWDM aplicado em SMF

* Permite maior rentabilidade da rede por metro

* Normatizada conforme ITU-T G.652.C e ABNT 13488

R T N © FURUKAWA



Fibras Especiais para Redes Metropolitanas

= AllWave ® Fiber the only Zero Water Peak Fiber

» Patented process locks out, keeps out, the water
1.2 PRI —
! a1 | 2 A :-\::. = .-

s | &

a0
o8 f
AllWave ® g i
Fiber Ideal for = | 10
FTTPand  §"° L i
Metro
Enables 33% a3l o
more
bandwidth at 0 -
lower cost - el TR
than std SMF

\egacy pW pM c\NDN\ D\NDN\ P
‘\3‘\°N “&h e\'“et’ over Bus Access, over \’b?za dc ast,
PO I CWDM ‘-\DTV cWDM na"‘, owcas
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Fibras Especiais para Redes Metropolitanas

Full Spectrum Wavelength grid

» [TU G.694.2 (1270 — 1610 nm)

CWDM
AllVWave” Fiber = 40% lower cost than DWDM
_ """"--...,____
"l-iq.._.________...-

= Multiple vendor support
Adds 6 additional

low cost optical
channels

= 20-nm spacing (2500 GHz)

» 4 up to 16 channels per fiber

= Each optical channel typically
at rates to 2.5 Gbit/s
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Fibras Especiais para Redes Metropolitanas

OFS Corning Corning
AllWave® Fiber | Conventional SMF-28e
Fiber Attribute SMF

Attenuation (dB/km) Uncabled Prem Std Prem Std Std

at 1310 nm <032 | 034 | (034 | .0.35 <0.35 Manufactured for lower

a: 1228 nm < 8-?3 <0.31 g02-210 g02-212 < 8-22 loss throughout for

a nm < V. <021 < L. < V. < L. _ HFH

ot 1625 nm 023 | Soos 5 5 024 full-spectrum capability
Hydrogen aging performance:

Attenuation at 1383 nm after <0.29 | <0.31 ? ? <0.35 LOVYGS’[ & most Stat.)le I.OSS

aging in H, (dB/km) — will not change with time
Mode Field Diameter (um) i

at 1310 nm 9.2,04 9.2,04 92,04 AllWave fiber allows for

at 1550 nm 10.4 0.5 10.4,.0.8 104 .05 better connections
Fiber PMD (ps/./km)

Link Design Value <0.08 > <0.08 Lowest cabled fiber PMD

Maximum individual fiber <0.20 <0.20 for high speed upgrades

(even 40 Gb/s)

Fiber Curl (m) > 4 >4 >4 .
Cladding Diameter (,,m) 125.0 . 0.7 125.0 , 0.7 125.0 . 0.7 AgW?\./e fllbel’ a”OIYV.S for
Core/Clad Concentricity (,m) _05 _05 _05 est-in-class splicing

. Perand OFS and Corning® SMF-28° and SMF-28e® datasheet: Individual fiber PMD values may change when

cabled.”

. Corning’s fiber specification supports network design requirements for a 0.5 ps/sqrt(km) maximum PMD.”
. OFS cable supports 0.08 ps/sqrt(km) maximum PMD LDV with a Maximum Individual Fiber of 0.20 ps/sqrt(km),
OFS will work with individual cablers to develop cabled fiber specifications.

SOLUCGES 4 SERVICOS 4PRODUTOS
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Fibras Especiais para Redes Metropolitanas

Fibras SM ALLWAVE Fibras MM LASERWAVE
850 nm <«— 850 n
AllWave ® Fiber FS-CWDM: 16 A . €%
= Double capacity of standard SMF | Ethernet :_aserW?\Il_e T“"r'iirb‘:r ?:_?tb'f |
< SWltCh OWwW Ccost Lase ansmitters.
e ———— o
1490 nm < 1490 nm
Ve
SSMF__CWDM only 8 ) pen—® —
= More expensive DWDM upgrades 1310 nm 1310 nm
OR 100 Mb/s = 1 Gb/s

= Pulling new fiber

* AllWave ® Fibra 50% reducao fibras e custo, ou maior capacidade
- LaserWave ™ Fibra reducao custo link distribuicao em até 40%

SOLUCGES 4 sERvIcos 4 PRobuTos  ROMA LG
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Fibras Especiais para Redes Metropolitanas

CWDM - Fabricantes de Equipamentos

PadTec + Transmode: 16 canais Coarse WDM em
enlace de 60km de fibra AllWave ®

PRatn Finisar

Luminent @ MOTOROLA

LuxN

enlighten your network
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Fibras Especiais para Redes Metropolitanas

ofs

. . —

TrueWave H’S Fiber
--\"\-______ S R Leading Optical Innovations

* Fibra tipo NZD (NonZero Dispersion)
 Primeira fibra otimizada para “Long Haul” e redes metropolitanas
* Permite DWDM em banda C (1530 — 1565nm) e L (1565 — 1625nm)
* NZDF : evita custos de compensacdo DC em 2,5 ou 10 Gb/s
« RS — “Reduced Slope” : <= 0,05 ps/nm?.km
 Atinge 10 Gb/s em sistemas 1310nm
* Permite up-grade para 40 Gb/s
* Normatizada conforme ITU-T G.655 e ABNT 14604

soLugoEs 4 sewvicos amooutos  JOXILTe



Fibras Especiais para Redes Metropolitanas

I,r_uﬂj{af RS Fiber

W
o

O conceito de fibra “non-zero
dispersion-shifted” €& simples:

N
o

O comprimento de onda de

EDFA gain (dB)
=

dispersao zero € movido para 01
fora dos limites de operacao de 10
banda de ganho do EDFA, 1520 1530 1540 1550 1560 1570

efetivamente re-introduzindo
uma quantidade controlada de
dispersao no sistema (minimiza
efeito nao-linear FWM)

wavelength (nm)

SOLUGOES 4 SERvIcos 4 pRobutos  Roddu il



Fibras Especiais para Redes Metropolitanas

S-band | Cband | L-band

As Slope

Fiber L High High

Fiber T Medium Medium

Fiber P Medium Medium

Different NZDF
bers |

Dispersion (ps/nm/km)

I | \ \ ' I
1400 1450 1500 1550 1600

Wavelength (nm)
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Fibras Especiais para Redes Locais (LAN)

LAN: 1G to Desk = 10G in Backbone

LAN
Switch

1995 2000 2005
O FURUKAMA



Fibras Especiais para Redes Locais (LAN)

10 Gigabit Ethernet (IEEE 802.3)

= Extends low cost Ethernet Technology to 10 Gb/s

= LAN Fhy (FPhysical Layer) supports LAN connections — R suffix

= WAN Phy supports 10 GbE interface to OC-192/5TM-64 — W suffix

Short Reach — MMF

CO/WAN LAN  4ocBasE-srisw 300 m
CWDM 10GBASE-LX4 00 m
Long Haul
10GBASE-LRM 220m
_ ik (early draft, under study)
= 2k y

i
wul  OC-192~_ |
L i

s Ethemet—o«m—

Long Reach—ITU G.652D SM

gerver FEarm  VOGBASE-LR/ILW 10 KM
10GBASE-LX4 10 KM
10GBASE-ER/EW 40 KM
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Fibras Especiais para Redes Locais (LAN)  ~— o=

ofs
Leading Optical Innovations
Product Application | Standards Support
Examples

62.5 10 Mb/s, IEEE 802.3
50 100 Mb/s (100BASE-FX, 10BASEFL)
100/140 TIA (100BASE-SX)
Laser Optimized 50 1 Gb/s & IEEE 802.3
Laser Optimized 62.5/62.5XL |Legacy (1000BASE-SX, -LX)

Fibre Channel

Laser\Wave™ &% Fib
v ibers (FCPI 850, 1310 nm)

L 10 Gb/s & | IEEE 802.3 (10GBASE-S)
LaserWave™ <227 Fibers | Legacy Fibre Channel (10GFC)
OIF (VSR-4-04, VSR-5)

SOLUGOES 4 SERVICOS S PROOUTOS o RO




Fibras Especiais para Redes Locais (LAN)

R JANELA A
DIAMETRO ~ DISTANCIA
Ethernet NOME COMERCIAL TRANSMISSAO MAXIMA (m)

(microns) (nm)

S
GigaGuide 50 %

S 80 | 600
e e

imi 850
Laser Optimized 62,5 290

1300
-
Laser Optimized 62,5 XL - 1300 1000
750 (1 Gb/s)
LaserWave G+ 150 (10 Gb/s)
1300 600 (1 Gb/s)

10 Gb/s |LaserWave 300 = .
LaserWave 550
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Fibras Especiais para Redes Locais (LAN)

2000 Mortheast Expressway John Keegee
Sule # BCOO Senior Product Marketing Manager, Optical Fiber Cable
Morgross, G 30071
TTO-TO0-4282 tel
TTO-FEE-2633 fax
keesee i ofsoptos.com
Leaviing Oplcal inaovetions

September 27, 2004

To Whom |t May Concern:

OFS, formerly Lucent Technology's Opfical Fiber Solutions division, developed the Laser
Optimized 50um (also known as OM3 fiber). Lucent/OFS was involved in the standardization of
this product in IEEE, TIA and IEC. OFS’s LaserWave™ 300 fiber meets T|A-482-AAAChH and
|EC-60793-2-10 fiber specifications to support 10Gb/s operation at 850nm Serial up to 300
meters. Infact it exceeds these specifications on many parameters and is assured a 100%
Functional Systerm Reliability.

OFS has manufactured and sold outside plant and premises, or indoor, cable containing
LaserWave 300 fiber to over 15 customers, including Systimax Solutions (formally known as
Avaya), CommScope, Major Custom Cable, and Naorth American Interconnect. These tight-
buffered fiber pramises cable products include our 1.6 mm MiniCord® and 3 mm interconnect
cordage, our AccuMax® distribution cable, and our AccuDry™ indeor/outdoor cable.

Far further information please feel free to contact me at the above address and phone number.

Sincerely,

{
/ ':'I?”?ﬂ Jm
John Keesee

soLgdes < servigos 4 pmobutos  JOLTTT



FTTP: Tecnologia de Redes Opticas Passivas (PON)

Passive Optical Network (PON) OP?‘;‘ZSrgz ea;: q_’f'_”_ltft”’ a
35 It'gﬁr(;z) ‘No remote actives
Low life cycle cost
*Ethernet or ATM
up to_ 32 1 or 2 fibers *Voice over TDM or IP
subscribers -Data over IP or ATM
up to 20 km > *Video over Analog and/or IP

Shared bandwidth

Point to Point (P2P) Switched Ethernet
Ethernet end to end

ONT  <Low cost ports

Ethernet . .
Switch(s *Voice, video, and data over IP
1 -10 fibers : ‘Dedicated bandwidth if non-
A blocking architecture used
up to 1000 1 or 2 fibers
subscribers

| 10100 KM >0 KM»(

soLugoEs 4 sewvicos amooutos  JOXILTe



FTTP: Tecnologia de Redes Opticas Passivas (PON)

Principios Basicos

1 fiber per subscriber 39

Voice, Data, IP Video

TO subscriber - 1490 nm BPON, EPON, GPON

FROM subscriber — 1310 nm Same wavelength plan as
VERY LOW POWER described here

©) FURUKAWA

CONSTRUINDO AS REDES DO FUTUROQ
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FTTP: Tecnologia de Redes Opticas Passivas (PON)

GPON - Gigabit capable Passive Optical Network — ITU G.984.2

Voice,Data, IP Video

1.2 or 2.4 Gb/s downstream Reach and Split Ratio
155 MB/s — 2.4 Gb/s upstream 20 KM reach with low loss system

Bandwidth shared 60 KM possible without analog video
ATM or Ethernet Protocol 1:32 typical, 1:64 possible

Broadcast Video Option (not in std) Fiber Type Included
ITU G.652D

soLugoes 4 sewvicos amooutos  JOXILTe




FTTP: Tecnologia de Redes Opticas Passivas (PON)

Allvvave”™ Fiber

Peak
Data/Voice Data/Voice  Analog Isolation
Upstream Dovﬁ‘l‘%stream Video Bands
I (ITU - Upgrade Band) *
1250 1300 1350 1400 1450 1500 1550 1600

SEAL R

1370 1390 1410 1430 1450 1470

— o

» HDTYV digital video: upgrade em rede PON 1 Gbps ja existente
Adicional de até 6 canais CWDM em 1 — 2.5 Gbps cada
Opera em BPON, EPON ou APON.
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FTTP: Tecnologia de Redes Opticas Passivas (PON)

- . (M, A3, A5),
TDMA Data Egtl\: )Lideo CWDM —>>
‘ _ Upgrade Band) [l N 1360-1480 <
1250 1300 1350 1400 1450 1500 1550 1600 (A2, A4, 16)
Wavelength (nm) CWDM-PON
: 1 Fiber / End User
\ i i T T e

G.983.3 (DS)
Basic +
Enhancement
Bands

SR —

Central Office

1480 - 1500 nm &
1539 - 1565 nm

Power Splitter

 CWDM: custo 40% inferior a DWDM

Up to 20 K for PS-PON
- E-Band B E-Band subscribers PS-PON
E -
Add/Drop Add/Drop G.983 (US) 1 Fiber / End User
1260 - 1360 nm
e

« CWDM-PON: 1360 — 1480nm para A indivuduais (“Premium services”)

SOLUCGES 4 sERvIcos 4 PRobuTos  ROMA LG
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Sociedade Produtora de Fibras Opticas S.4.

-

Sao Paulo, 01 de Fevereiro de 2005 - A Pirelli Telecomunicacdes Cabos e Sistemas do
Brasil S.A. e a Furukawa Industrial S.A. Produtos Elétricos formaram uma joint venture

para a fabricacao de fibras opticas.

A SPF ira oferecer o estado da arte em tecnologia de fibra 6ptica, com custo/beneficio que
assegurara precos competitivos. Fabricados com tecnologia nacional, os produtos atendem
todos os requisitos do PPB (Processo Produtivo Basico), conforme Portaria
Interministerial MICT/MCT/MC n° 135, de 03.08.1994.
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RENATO FLAVIO CRUZ

DTC

Telefone: 41-341-4052

Fax : 41-341-4141

E-mail : rfcruz@furukawa.com.br
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