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“To stand still is to fall behind”; this classic motto is
as true as it ever was.

Driven by the ambition to understand our customers’
needs and wishes and to respond to them, we look
back on an eventful year 2012.

You can find the results of these efforts in the current
issue of our catalogue:
“Fiber Optics — worldwide and beyond”.

The fourth edition offers you more possibilities than
ever to apply products customized to your individual
requirements. With maximum influence at every
stage of the product manufacturing due to our high
vertical integration, we can consult and then act
according to our customer’s needs.

We are happy to welcome the j-fiber group, which is
now 100 % part of the Business Unit Fiber Optics, as
well as the recently integrated US American Richard
Losch Inc., which has gained worldwide reputation in
laser cable manufacturing with its unique production
technique. They now operate under our American
subsidiary, LEONI Fiber Optics Inc. Therefore the
current catalogue shows new entries in the areas of
preforms and raw materials, an expanded range of
standard and special optical fibers plus LEONI laser
cables featuring the proven quality of Losch high
power technology for industry and medicine. In addi-
tion, you can look forward to a widened portfolio in
medical products as well as in polymer optical fibers
and polymer cladded fibers (POF/PCF).

Dear research and business partners, dear customers,

A completely revised and extended edition of the
chapter on the principles of fiber optics provides
you with a deepened complementary insight into
the scientific context of fiber optic technology.

It would exceed the scope of this catalogue to
depict every available product. As before, this is
only supposed to give you a first impression of our
skills. We would be pleased if you contact us for
requests, so we can offer you professional consul-
ting as a provider or development partner.

Our products operate even under the toughest
environmental conditions such as harsh industrial
environments or in outer space. Convince yourself
of the variety of applications of fiber optic tech-
nology.

We wish you a pleasant time exploring our expan-
ded portfolio with

“Fiber Optics — worldwide and beyond”.

A fimd |

Dipl. Phys. Andreas Weinert Dipl. Ing. Torsten Sefzig
Managing Directors LEONI Fiber Optics GmbH



Learn about our product families

Fl be rcon nECt® Light Guide Fiber & Cable Solutions

We offer you fibers and cables in compliance with international industrial standards

(e.9.1TU-T G.651 — G.657, IEC 60793-2-10, IEC 60793-2-30, I[EC 60793-2-40, |EC 60793-2-50) with optical fibers:

= made from glass (singlemode and multimode)

= with polymer cladded glass (PCF = Polymer Cladded Fiber)

= with polymer core (POF = Polymer Optical Fiber).

Many fiber types are also available as radiation-hard versions. We manufacture different cable designs from central
core cables to breakout cables with all buffered fiber types and specific inner and outer jacketing materials as well as
customized versions according to your needs. We use all fiber types to produce hybrid cables with optical fibers and
electrical conductors, pneumatic lines etc. in almost any conceivable configuration. In addition we provide accessories

and peripheral equipment such as splice and patch boxes, tools and measuring devices.

. ®
F | b e rTe C h Special Optical Fiber Technologies

We produce singlemode and multimode optical fibers with different core sizes, shapes and profiles, numerical
apertures, coatings and claddings as well as fiber bundles and arrays for a wavelength range from 200 nm to
4 um. All fibers can be produced and assembled according to the customer’s specific needs for industrial and
medical applications, high-power laser transmission or optical metrology and sensor technology. We will be

pleased to develop individual solutions for your particular application fields in collaboration with you.

. L] ®
F | be rSWItC h Light Switching for Optical Systems

Our fiber optical switches are based on a patented micromechanical/micro-optical design. This guarantees excel-
lent properties, considerable flexibility and maximum long-term stability for many applications. The switches

are available for wide wavelength ranges from the ultraviolet to the infrared and for a wide variety of fiber types.
Our switches are designed for applications with the highest requirements in the telecommunications area, in meas-
urement and testing and in the biomedical area. Examples of these complex applications include spectroscopy,
laser scan microscopy, multi-channel optical performance monitoring, fiber bragg sensors, testing of fiber optical
cables and environmental trace analysis.

F | be rS pl it® Light Distribution for Optical Systems

Based on optical chip technology, the FiberSplit® product portfolio includes standard components such as 1xN or
2xN splitters as well as modules with integrated complex functionality for fiber optical singlemode and multimode
systems. FiberSplit® products guarantee expandability with wide optical bandwidth and maximum bit rates thanks
to extremely low PDL/PMD. Our products meet TELCORDIA standards and have been failure-free in the field for the
past 17 years. We also produce customer-specific chips, components and modules, for example optical waveguide
structures for wavelength ranges from 600 nm to 1700 nm for singlemode components and 450 nm to 2000 nm for

multimode components with various waveguide properties and functions including optical chips and fiber arrays.



Business Unit Fiber Optics —
Product solutions for every application

Our fields of competence

= Communications (wiring systems for buildings and industry)

= Energy (mining, wind, solar, nuclear, petroleum, utilities)

= Mechanical and Plant Engineering (drag chains and switches)

= Automation and Robotics (Industrial Ethernet, bus systems, high-performance lasers for materials processing)
= Transportation Engineering (air and space travel, transport)

= Defense (system components and tactical field cables)

= Laser Technology (active and passive fiber optic cables for laser welding/laser processing)

= Audio/Video / Multimedia

= Medicine & Life Sciences (laser probes, endoscopic equipment)

= Sensor Technology / Analytics (colour, opacity and gas sensor technology, environmental engineering)

= Lighting Technology

Naval & Maritime Engineering (steering control cables)

= Spectroscopy (chemical and food industries, astrophysics)

Scientific Institutions (universities, research centres)

Optical Engineering (synthetic fused silica)

Always worth a visit = LEONI’s media world

Fiber Optics Website Fiber Optics Smart
= News

-> Product range

-> Developments & research projects

-> Trade fairs & events

www.leoni-fiber-optics.com

www.leoni-fiber-optics.com



Fiber Optics - worldwide and beyond

Innovations
The LEONI Group page 2
01. Raw materials
Fused silica, preforms, tubes, rods etc.

page 6
02. Standard optical fibers
Multimode and singlemode fibers for LAN, data centers,
long distance network cabling and FTTX applications sage 20 -
03. Special optical fibers
Optical fibers with customer-specific design vage 34 -
04. Fiber optic bundles
Synthetic fused silica and optical glass page 82 -
05. Industrial lasers
Optical fibers and cables for industrial laser products page 92 -
06. Medical devices/laser probes
For pulsed and CW lasers in medicine vage 114
07. POF
Polymer Optical Fiber vage 136 -
08. PCF
Polymer Cladded Fiber vage 168 -
09. Fiber optic cables
With singlemode / multimode fibers vage 196 -
10. Optical components
Switches, splitters, arrays, probes page 208
11. Accessories
Protection tubes, loose tubes, tools and measurement devices 336

page

12. Principles
Of fiber optic technology vage 358
13. Service & index
Quality and environmental management, distribution network vage 436

www.leoni-fiber-optics.com LEONI



Fiber Optics —
worldwide and beyond

Your system partner throughout the entire value chain

The Business Unit Fiber Optics is one of the leading suppliers of highly pure
fused silica, preforms, tubes and rods as well as optical waveguides for spe-

cial applications.

But not only our portfolio is unique. As a system partner we can support
you along the entire value chain and offer you the capabilities to optimize
the product design at every stage of the production process according to

your requirements.

Worldwide and even beyond - into outer space. More than any other
European competitor can offer.

Development & design Fused silica, preform & fiber production
= Development of customer-specific overall solutions and = Production of fused silica

prototypes m Production of customer-specific graded-index
m Industrial research projects in materials science and and step-index preforms

technology development = Production of multimode fibers with core diameters

from 10 to 2700 um

LEONI www.leoni-fiber-optics.com



Special fiber & cable production

= |n-house production of standard and special fibers
(glass, silica, POF, PCF)
= Hybrid cables with electrical and optical conductors

www.leoni-fiber-optics.com

Fiber Optics - worldwide and beyond | 3

e product design can be influenced at every stage
the production process according to customer
ecifications.

0 other European competitor has these capabilities.

u

Special assembly & components

= Assembly of fiber optic systems for applications in industry,
medicine and science

= Production of planar waveguides as optical splitters

= Production of fiber optical switches

LEONI
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LEONI

Innovations

It all starts with the development of solutions.

LEONI develops and designs overall solutions and prototypes
with regard to the customer and the intended application.

In the course of product research we have been working on
industrial research projects in materials science and technology
development in close collaboration with scientific institutions
for years. Basic research and practical relevance are hardly ever

so closely linked.

The preform from ultrapure optical glass or fused silica with
different core and cladding material is the basis for the produc-
tion of glass and silica fibers for optical waveguides. We produce
customer-specific graded-index or step-index preforms for fiber

production.

Upto 520 glass chips are cut from
a 6-inch wafer with a special saw.

The splitter structure that can be seen
on the chip serves for the distribution
of an input signal into several output
channels

Singlemode fibers with core diameters from 3 pm to 10 ym and
multimode fibers (glass/silica) with core diameters from 10 um
to 2700 um with different numerical apertures, coatings and
jackets are produced by us. We manufacture customer-specific
cables and hybrid cables with electrical and optical conductors

from standard and special fibers (glass, silica, POF, PCF).

Fiber optic cables, laser probes and special optical components
for applications in industry, medicine and science are assembled
to fiber optic systems by LEONI. Cable assembly using different
fibers from glass, silica and polymers with different lengths,
bundles, connectors and special connector systems through to
optical switches and splitters

- this results in a unique portfolio of several ten thousand

products

www.leoni-fiber-optics.com



The LEONI Group

Cable competence for different industrial markets.

LEONI is a leading supplier of cable systems and related

services for the automotive industry and various other in-
dustrial sectors.

Our group of companies employs more than 59.000 people in
32 countries. Corporate vision, highest quality and innovative
power have made us one of the leading cable manufacturers in
Europe. LEONI develops and produces technically sophisticated
products ranging from wire and optical fibers to cables through
to complete cable systems and also offers the related services.
Moreover, the product portfolio comprises strands, standardised
cables, hybrid cables, glass fiber as well as special cables, cable
harnesses, wiring systems components and fully assembled
systems for applications in various industrial markets and
achieved a group turnover of EUR 3.81 bn in 2012.

Products and services portfolio at a glance

Your markets - our strength.

As diverse as our product and service range are the markets and
sectors LEONI is supplying. We focus our activities on customers in
the fields of Automotive & Commercial Vehicles, Industry & Health-
care, Communication & Infrastructure, Electrical Appliances and
Conductors & Copper Solutions.

We are among the leading European suppliers in the Industry

& Healthcare market to which at LEONI as a cable manufacturer
also belong activities in the fields of telecommunication
systems, fiber optics, industrial solutions and healthcare. Our
customers benefit worldwide from innovative as well as reliable
and long-lasting products of high quality.

LEONI - we create the best connection for your future.

For further information www.leoni.com

Service

Cable systems / Wiring systems

Cable harnesses
Copper cables

Wires & strands

Power distributors and Connector systems
Hybrid cables

Optical fibers

Optical cables

Development / Engineering

Connectors

LEONI’s core markets

\ \Z

LEONI
\

7 \

Automotive Industry
&

Commercial Vehicles Healthcare

Communication

Infrastructure

Electrical Conductors

Appliances Copper Solutions

www.leoni-fiber-optics.com

LEONI
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Raw materials

Fused silica, preforms, tubes, rods etc.

Ultrapure fused silica materials for high-demand
optical products and the manufacturing of high-
performance optical fibers.

The performance of optical components and optical fibers is
above all determined by the quality of the material used. You
benefit from a unique value chain and our experience in cus-
tomer oriented design implementation: in the production of
highly pure fused silica materials, the composition of the optical
waveguide preforms, the subsequent drawing of the fiber, its
cabling and assembly or in the manufacturing of optical com-

ponents.

By understanding the required performance properties of the
final product and with the possibility to influence the pro-
duction process at every stage, we manufacture the perfect
product to meet your individual requirements. Our fused silica
materials and fused silica products are the basis for innovative
technologies and products of highest quality and performance.
To achieve this we use three optimized, highly efficient manu-
facturing technologies: plasma based vapor deposition (PBVD),
modified chemical vapor deposition (MCVD) as well as flame
hydrolysis for synthetical fused silica. Ultrapure fused silica
materials with excellent optical and physical properties are the

result of combining these methods.

Application areas:

m Fused silica in optical applications in laser and lithography
systems

= Tubes and rods as a basis for the production of OEM preforms
(as fused silica rods and tubes)

m Tubes and rods for the manufacturing of capillaries and fibers

= Preforms for OEM fiber production

www.leoni-fiber-optics.com



Product portfolio:

= Ready-to-order products in standard configurations

= Specified solutions — according to customer specifications

= Solutions depending on individual requirements for
performance parameters for the whole wavelength range
from UV to VIS, NIR and IR

Therefore LEONI offers the suitable product with special
material compositions, various doping options and doping
levels as well as individual shapes and geometries for next
to every type of requested data or power transmission.

= Thus, we assure that our materials and products meet the

demands concerning the functionality of the product
designed in collaboration with you.

www.leoni-fiber-optics.com

01. Raw materials page
SQ Fused Silica - ultrapure fused silica 8
Preforms 10
Multimode preform 50/125 and 62.5/125 "
Fluorine-doped step-index preforms (FSI) 12
Germanium-doped step-index preforms 13
Rods 14
Tubes 16
Fluorine-doped fused silica tubes (FST) 17
Light guiding rods / light guiding fiber rods 18
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SQ Fused Silica - ultrapure fused silica

In 5 quality grades

Description

Design/quality

SQ Fused Silica - Especially for the production of optical and
photonic devices in the fiber optic, semiconductor and display
technology markets, as well as for optical applications and laser
applications. The particularly inclusion- and bubble-free mate-
rial features excellent optical and physical properties:

m Laser durability

= Refractive index homogeneity

m Thermal stability and temperature shock resistance

m Low stress birefringence

= Small thermal expansion coefficients.

Due to the high OH and H, content our fused silica SQ shows
extremely low fluorescence and high stability under high-

energy UV and laser radiation.

Application

= Excimer laser optics and beam guiding systems

= DUV and UV optics components

= Standard optics (VIS and NIR)

= UV rods, preforms and optical fibers

= Laser fusion

= Technical applications = Fused silica vessels, windows

= Lithography and microlithography applications = stepper
lenses, photo mask blanks, wafers and lithography optics

LEONI offers SQ Fused Silica as ingot or semifinished

product (round disc, rod, plate, block etc.) in five quality grades
concerning homogeneity, absence of striae and application
type. The quality grades are adjusted to individual customer
needs in proven measuring and selection procedures. Thus, the
fused silica can be used in the optical application range from
DUV to NIR.

Quality grades *

m SQO:is a 3D material free of striae and striations in any fun-
cional direction. It is recommended for requirements in opti-
cal elements with several light directions such as prisms and
lenses.

m SQ1: With high homogeneity and free of striae and striations
in the functional direction. Typical applications are optical
elements such as lenses, discs, wafers and rods / fibers.

= SQT: not specified concerning homogeneity, striations and
striae. This quality level is recommended for technical appli-
cations.

Excimergrade Fused Silica — available as SQ1 or SQ0:
Excellent transmission at 193 nm / 248 nm. Lowest level of
laser-induced fluorescence (LIF).

m SQ0-E193 /SQ1-E193 (ArF excimer grade)

m SQ0-E248/SQ1-E248 (KrF excimer grade)

*acc. to customer-specific needs / applications

www.leoni-fiber-optics.com



SQ Fused Silica | 9

Transmission [%)]
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(typical transmission [T,] including Fresnel reflection losses)

Typical values
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Red fluorescence: sensitive criterion for NBOHC (Non Bridging Oxygen Hole
Center). Very low level is characteristic for a high Hydrogen content.

Blue fluorescence: sensitive criterion for ODC (Oxygen Deficiency Centers)

Fluorescence

The quality levels for excimer laser wavelengths (ArF, KrF) are selected by
measuring the LIF factor (laser induced fluorescence). The standardised
method with reference samples has been established at the IPHT in Jena for

over 10 years now.

Irradiation parameters per LIF standard:

-> laser wavelength 193 nm
> energy density 210 mJ / cm?
=> repetition rate 10 Hz

Optical properties

Bubbles and inclusions*

Homogeneity data

Stress birefringence

according to

local inhomogeneities

refractive index change An?3

Quality grade i fieii f 4
i 1SO 10110-3 max. diameter striations and striae' in functional directions Sl
as per SO 10110-4
[mm] [ppm = 1x10-°] [nm/cm]
SQO0 1/1%0.063 0.07 2/-;5in all directions <5
- - — standard: PV <40 ppm
SQ1 1/1x0.063 0.07 2/-;5in functional directions <5
sQT not defined 0.5 not specified on request <10
' Shadow method, polarizer and interferometer are used for striae and striation detection.
2 Homogeneity An is tested interferometrically (5% outer edge exclusion)
3 Lower values with respect to size and processing available on request.
4 Bubbles and inclusions < 0.05 mm in diameter are not considered in these cases.
i )
Internal transmlttarTce 1% OH content Other Contaminants

Quality grade for 10 mm sample thickness

A=193 nm A=248 nm A=300 nm [ppml] [ppml]
SQO >98.0 >99.5 approx. 1200 <0.05
SQ1 >98.0 >99.5 approx. 1200 <0.05
SQT — >95.0 >99.9 800 - 1400 <0.6
SQ-E193 >99.3 >99.8 approx. 1200 <0.05
SQ-E248 >99.0 >99.8 approx. 1200 <0.05

All grades show internal transmittance > 99,9 % in the wavelength range from 300 nm to 900 nm.

All grades show hydrogen content of 1+ 10 Mol./cm*approx.

www.leoni-fiber-optics.com
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Preforms

Designs for step-index and graded-index

Raw
materials

01

Description

Process technology

Using highly pure fused silica materials, the LEONI subsidiary
j-fiber develops and produces high-quality preforms according
to customer specifications. They are the basis for the manufac-
turing and application of high-performance special fibers and

standard fibers.

Whether your goal is the transmission of high data rates or high-
power laser transmission: We can adjust the required waveguide
design to your demands, from prototype to series production.

We thereby specify the preform design and configuration in
core profile (step or graded index) and dopant option
(Germanium, Fluorine, Boron, or Rare-earth elements) in order
to achieve the needed numerical aperture. In addition we can
provide the required geometry of the preform and determine
the shape of core and cladding for application-specific assembly

according to your needs.

Each preform is produced with the suited technology:

Step 1 -> choice of the appropriate core material, either from
our raw material production of undoped fused silica with high
or low OH content or by direct coating of doped fused silica.

Step 2 = Production of the final waveguide preform, either
our own MCVD process (inner coating) for graded-index and
step-index fibers or a PBVD process (outer coating) for large core

step-index fibers.

Quality

Every preform is subject to a strict quality monitoring that also
includes the testing of the goal parameters.

The result is a preform with best performance properties
during the drawing of fibers for demanding applications.

www.leoni-fiber-optics.com



Multimode preforms 50/125 and 62.5/125

Attenuation [dB/km]

3.5

3.0

2.5

2.0

Typical spectral attenuation of a multimode fiber

Typical values

800 [900

M TYPE 62.5/125/245

M TYPE 50/125/245

LEONI offers graded-index preforms for high-perfor-
mance multimode fibers in the 50/125 and 62.5/125

designs.

The innovative MCVD production technique for pre-
forms ensures that the specified fiber performance
properties are fulfilled. On request graded-index
preforms are delivered with a handle, which allows

[1100  [1200  [1300

the fixing of the preform in the drawing tower.

Bubble size s/mm

[1400

Wavelength [nm]

[1500 |1600

radius [-r]

Preforms | 11

Raw

=2
©
=
[}
2
o
£

A
refractive index [n]

radius [r]

Preform design

acceptable number per preform

in the core not allowed
in the cladding

$<0.3 no count
0.3<s5<0.8 5
0.8<s5<2.0 2
$>2.0 0

www.leoni-fiber-optics.com

Performance properties 50/125 62.5/125
Core composition Si0, / GeO, Si0, / GeO,
Refractive index profile nearly parabolic
Refractive index delta 13.7x 1073 259x% 103
Tolerance of Delta within a rod 2.0x 103 3.0x 107
Numerical aperture 0.200 £0.015 0.275 +0.015
Preform @ (0.D.) [mm] 39.0 26.0
0.D. tolerance from rod to rod [mm] +2.0
0.D. tolerance within a rod [mm] +0.5
Preform length [mm] 600 - 1200
Preform bow [mm/m] <0.7
Preform non-circularity [%] <1.0
Clad concentricity error of 0.D. [%] <12
Target fiber specifications 50/125 62.5/125
Core diameter [pum] (+2.5) 50 62.5
Core non-circularity [%] <50
Core/clad concentricity error [um] <15
Cladding @ [um] (+2.0) 125
Cladding non-circularity [%] <1.0
850 nm <24 <29

Attenuation* [dB/km] 1300 nm <0.6 <0.8

1383 nm <20 <20
sondwigi izl | O 230 =500

* Highly dependent on optimised drawing conditions.
** Min. 70% of the fiber output meets the specified target fiber values.
Further bandwidth combinations available on request.

LEONI
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Fluorine-doped step-index preforms (FSI)

Attenuation [dB/km]

LEONI

Spectral attenuation

Typical values

5]
4|
T3
2|
1200 600 1000 1400 1800 2200
M FSI-Uv Wavelength [nm]
M FSI-IR

FSI preforms are used for the manufacturing of special fibers
with undoped core and doped cladding. These fibers are
applied in diverse industrial and medical sectors as well as in

research and development.

FSI preforms can be fitted to the customer's demands concern-
ing UV or IR laser transmission, spectroscopy and high-power
laser transmission. In addition, LEONI offers individual solutions,
that can be specified regarding the characteristic parameters
such as the type of core and cladding material, cladding thick-
ness and composition (single or multiple cladding) and numeri-
cal aperture (NA).

Applications

Refractive index profile
example of CCDR 1.4

Typical values

A Brechnungsindex 103

-15

-25 |—‘20 [-15 [0 |5

Position [mm]

Standard properties

Specific values

Highly suitable as basic material for drawing high-performance
special fibers for:

= UV-VIS to IR laser transmission

= High-power lasers

m Spectroscopy

Core composition SiO,
Cladding composition SiO, /F
Refractive index profile step-index
Refractive index delta max. (17 £3) x 103
0.12£0.02
0.15+£0.02
N ical t NA)*
umerical aperture (NA) 0.22 +0.02
0.26 £0.02
Preform @ (0.D.) [mm] 20-70
0.D. tolerance 20-29mm +4.0
within the preform [%] 30-39mm +3.0
40-70 mm +2.0
Preform length [mm] 400 - 1200
Preform non-circularity [%] <20
0.D. concentricity error <10
Cladding to core diameter ratio (CCDR) 1.040 - 1.400
1.04-1.09 +0.010/-0.005
Tolerance of CCDR value**: 1.10-1.39 +0.015
>1.4%%% +25

*  Further NA values and tolerances available on request

** Further tolerances available on request
*** Multiple cladding

www.leoni-fiber-optics.com
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Germanium-doped step-index preforms

A,[107%]

0.8

0.6

0.4

0.2

Example of a highly photosensitive fiber
with high Germanium doping (irradiation wavelength 248 nm)

Typical values

o

B A, AVG Dose [mJ/cm?]

M A, MOD
Source: IPHT e.V. Jena, Germany

The j-fiber group offers preforms with Germanium-doped core
for the manufacturing of special step-index fibers. In order to
ensure the specified fiber transmission properties, the preforms
are produced using j-fiber's own MCVD technique.
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The highly photosensitive singlemode preforms were developed

for the efficient production of fibers for FBG inscribing.

On request, the step-index preforms are available with a handle
for fixing the preform during the drawing process.

Properties Singlemode Singlemode (photosensitive) Multimode
Core composition SiOZ / GeOZ
Cladding composition Si0,
Refractive index profile step
Refractive index delta (3.5-7.8) %103 (8.8-31.0) *10°3 (3.5-20.0) 103
Numerical aperture (+0.02) 0.10-0.15 0.16 - 0.30 0.10-0.24
Core/ cladding diameter ratio 1:14 - 1:18* 1:18 — 1:26** 1:1.1-1.6
Preform outer @ [mm] 10-40 15-25 10-40
Tolerance from rod to rod [%] +10.0
Outer @
Tolerance within a rod [%] +4.0
Preform length [mm] 400 - 1200 400 - 1200 600 - 1200
Preform deflection [mm/m] <1
Preform ovality [%] <2.0
Core / cladding concentricity error <12

regarding outer @ [%]

* The preforms can be optimised for the desired operating wavelength or mode field.

** Cut-off wavelengths of 800 nm up to 1500 nm (£50 nm) and mode field diameters between 4 um and 12 um approx. are available.

www.leoni-fiber-optics.com
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Rods

Fused silica

Raw
materials

01

Description SQ > High OH fused silica rods from undoped glass
Rods made from fused silica for the manufacturing of special Undoped silica for application in the UV/VIS range. It is used for
fibers and optical components. efficient manufacuring of optical components such as lenses

mirrors and plates, as well as for the production of special pre-

A distinction is made between three types of fused silica forms. The higly pure material offers best optical and physical

® SQ - Fused silica rods made of udoped silica with properties and highest homogeneity in the refractive index. SQ
high OH content is being produced using a special melting technology, by which

= j-plasil = Fused silica rods made of undoped silica highest concentrations of OH and H, can be brought into the
with low OH content material.

m Special dopings e.g.
BDSR -> Boron-doped fused silica rods The result is a material with optimum transmission properties in
the UV / VIS range and highest laser durability.

Properties (for fiber optics)

= Absence of inclusions and bubbles
High OH / H, content
Excellent UV transmittance

Very low fluorescence

High laser durability
Low residual stress

Very low thermal expansion coefficient

High thermal stability

Application

m Design and production of preforms
® Process-controlled manufacturing of optical high-power fibers

LEONI www.leoni-fiber-optics.com
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Transmission [%]

Transmission SQ fused silica

Typical values

7100 |
T80 |
T 60 |
T 40 |

20

o

190 690 1190 1690 2190

M typ. total transmission of 10 mm path length Wavelength [nm]

M typ. total transmission of 40 mm path length

j-plasil = Fused silica rods from undoped glass
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Transmission j-plasil fused silica

Typical values
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M typ. total transmission of 10 mm path length Wavelength [nm]

Special dopings

For the VIS, NIR and IR range. The low OH high-performance
fused silica material was developed particularly for the transmis-
sion in the VIS to IR wavelength range and offers a further opti-
mizing for the application in the IR range. It is produced using a
plasma based deposition technique, which creates the chemical

coating conditions for fused silica with low OH content.

Undoped fused silica rods are the basis for the production of

preforms for the manufacturing of special fibers such as PCF.

Properties (for rods and optical elements)

In order to support your specific applications we offer various

doping materials such as Germanium, Fluorine and Boron.

BDSR - Boron-doped fused silica rods
are used for the production of polarization maintaining (PM)
fibers in the so-called Panda design.

cladding PM fiber

glass core (Panda)

stress elements

Properties

= Undoped fused silica with high homogeneity
= Low OH content

= Diameter 25 to 80 mm

= Rod length 200 to 800 mm

Cylinder faces: fire polished or lapped

Application

= Tight geometrical tolerances
= Customer-determined geometry stress elements

for easy insertion in Panda design preforms

High yield in PM fiber manufacturing
Core@3to 13 mm

= Boron content up to 20 wt. %

Length of rod 200 to 600 mm

Application

= Appilcation range covers UV, VIS, NIR and IR,
optimised for near infrared.

www.leoni-fiber-optics.com
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Fused silica tubes for the production of special fibers and optical preforms

Raw
materials

01

Description Designs
Tubes made of ultrapure fused silica for the Fused silica tubes are available with different sizes and dopings:
production of special fibers, preforms and optical components. ~ m Customer-specific undoped fused silica tubes with low OH

content in the material composition
Application = Fluorine-doped fused silica tubes with very high concentra-

A multitude of applications is possible: tion, optionally with uniform doping or with refractive index
= Drawn as capillary = for industrial and medical applications

profiles of two or more levels as required by customer

m Special doped versions support the manufacturing of
. L o m Asideal basis for individual preform designs and the
combiners in high-power laser transmission

= |deal tube material for manufacturing photonic crystal fibers manufacturing of innovative special fibers.

LEONI www.leoni-fiber-optics.com
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Fluorine-doped fused silica tubes (FST)
Example of a customer-specific tube design
o Composition:
E 1st layer doped
o 2nd layer undoped
§ 3rd layer doped
E 4th layer undoped
& 5th layer doped
S
&
M —" -~ »10x10°
——»15%1073
Description Properties
FST fused silica tubes were developed to provide special fiber = Concentration of Fluorine doping by customer request
manufacturers with a reliable source for Fluorine-doped high = Customer-specific combination of doped and undoped layers
performance tubes. = Optional inner or outer coatings of pure fused silica
= Customer-specific wall thickness dimensions
FST is the perfect basis for preform design, as it meets the par-
ticular requirements of special fiber manufacturers. FST tubes
contain highest Fluorine concentrations of 4wt. % and resulting
in a negative refraction index delta of (17 +£3) x 103. We offer
FST with numerical apertures (NA) of up to 0.22 (compared
to pure fused silica) and with low OH content (<20 ppm) as
uniformly doped tubes as well as customer-specific variations. Properties specific values
. o (uniform doping of tube)
These allow easy finishing and processing in preforms or Material composition $i0, /F
capillaries. Fluorine content [wt %] max. 4
Refractive index delta
. - up to (17 £3)x 1073
Customer-specific preforms can be produced with single-level (negative compared to undoped fused silica) pto( )
or multi-level refractive index profiles. Refractive index* at633nm 1.440
at 1064 nm 1.433
Thermal expansion coefficient
. . 2.5x10’K'
Application (20°-400°C)
= Developed for the production of special fiber designs Density [g/cm’] 2180
as substrate or jacketing tubes Inner tube @ (1.D.) [mm] 20-40
= As substrate materials in CVD processes Fluorine doped wall thickness [mm] 15-15
= For overcladding processes in preform production Tube length [mm] max. 1000
= As Fluorine-doped capillary for special fiber designs Non-circularity [%] <3
Deflection [mm/m] <15
*for a Fluorine content of 4 wt %
www.leoni-fiber-optics.com LEONI
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Light guiding rods / light guiding fiber rods

Fused silica, optical glass or plastic

Light guiding rods

Description

Light guiding fiber rods

Description

Optical waveguide made of fused silica, optical glass or plastic
with large cross-section featuring a core and a cladding.

Application

For applications with high transmission or if the optical guide
does not need to be flexible. Light guiding rods are often used
at the end of optical guides consisting of fiber bundles in order

to homogenise the emitted light.

Design

Diameter 0.1 mmto =10 mm

Versions

Customer specific: available as tapers if required

(tapered cross-section of certain sections of the rod).

Optical waveguides made of fused silica, optical glass or plastic
with large cross-section consisting of several hundred individual
fibers.

Application

For applications in which, next to the light itself, an image or
impression is to be transmitted and the waveguide / image
guide does not need to be flexible. The resolution is determined

by the number and diameter of the individual fibers.

Design

Diameter 0.1 mmto =10 mm

Versions

Customer specific: available as tapers if required
(tapered cross-section of certain sections of the fiber rod).
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Standard optical fibers

Multimode and singlemode fibers for LAN, data centers,

long distance network cabling and FTTX applications

We offer standard multimode and singlemode

high-performance fibers for the transmission of
high data rates in future proof networks as well as
a number of services for cable manufacturers and
network providers.

= With the j-fiber group as a leading provider of multimode
fibers we ensure that our fibers support the challenging
concepts of structured cabling in LAN and data centers — for
the demands of today's 10 Gb/s data transmission as well as
for parallel data transmission rates of up to 100 Gb/s. We offer
a complete portfolio of 50/125 OM4/0M3/OM2+ multimode
fibers as standard or as bend-insensitive fibers; plus our
62.5/125 OMT fibers in the standard version.

= All fibers meet toughest demands concerning losses and laser
bandwidth and are DMD characterized for the proof of perfor-
mance properties beyond today's application standards.

= QOur tried and tested singlemode fibers are cost-efficient,

reliable fiber solutions in local networks and for the covering
of larger distances as well as for FTTX applications and long
distance network cabling. They are compatible with the exist-
ing network basis and offer superior bending performance
for the robust, flexible application with lowest attenuation
and perfect fiber geometry with lowest diameter tolerances
at the same time.

As approved MIL STD 790 supplier for the U.S. Defense Logis-
tics Agency we also offer our single and multimode fibers as
per MIL PRF specification for use under radiation threatened

environmental conditions.

For the support of cables with high packing density and

a productivity-oriented cable manufacturing we offer
customer-specific FiberUnit bundles. Up to 12 multimode or
singlemode fibers of choice can be bundled to one unit and
configured as an outsourcing service for cable manufacturers.

www.leoni-fiber-optics.com
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Further basic information
on fiber types:

j-BendAble OMx fibers 22
OptiGrade 24
GigaGrade multimode fibers 50/125 and 62.5/125 25
Radiation-hard fibers

+ Multimode fiber G50/125, G62.5/125 28
- Singlemode fiber 09/125 29
Standard singlemode fiber 30
FiberUnit series 32

www.leoni-fiber-optics.com LEONI



Standard
optical fibers

02

22\

j-BendAble OMx fibers

(bend-insensitive 50/125 multimode fibers)

Primary coating

LEONI

10.000
1.000

Optical cladding 0.100

Increase in attenuation [dB]

0.010
Optical core

e

0.001

Superiour bending performance of the j-BendAble OMx fiber
(typical values)

Typical values

0.000

0

25 [30

M Standard

M j-BendAble

Description
With the j-BendAble OMx brand, we offer bend-insensitive

50 um multimode fibers, which have been optimized particu-

larly for 850 nm laser transmission.

They are in compliance with the valid OM2, OM3 and OM4
standards and are also available with OM2+-bandwidth. j-Bend-
able OMXx fibers support compact space management and high
fiber count cabling due to their excellent bending performance.
They allow frequent modification, addition and changes for
maximum flexibility in data center cabling.

Bending radius [nm]

With j-BendAble OMx fibers a serial transmission rate of 10 Gb/s
Ethernet over a link length of up to 550 m is achieved, the link
length for parallel data transmission of 40 Gb/s or 100 Gb/s is
150m.

j-BendAble OMx fibers provide maximum compatibility with
all currently commercially available bend-insensitive standard
multimode fiber brands and thereby contribute to high flex-
ibility, independence and cost-effectiveness in the design and
installation of complex cabling systems for LAN and data
centers.

|35

Optimized data rates for distances per j-BendAble fiber type at 850 nm

j-BendAble OM4 j-BendAble OM3 j-BendAble OM2+ j-BendAble OM2
40/100 Gb/s 170 m 140 m not defined by the standard | not defined by the standard
10 Gb/s 550 m 300 m 150 m not defined by the standard
1Gb/s 1100 m 1000 m 750 m 500 m

Bending properties

Specified value

Specified value

Mechanical properties

Macrobending loss / bend induced attenuation [dB] Proof test [kpsi] >200
100 turns 850 nm <0.05 Dynamic tensile strength [N] >17.6
Radius 37.5 mm 1300 nm <0.15
2 turns 850 nm <0.1
Radius 15 mm 1300 nm <03
2turns 850 nm <0.2
Radius 7.5 mm 1300 nm <0.5

www.leoni-fiber-optics.com
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Fiber characterization Coating option

Prior to delivery, every fiber is DMD characterized according The j-BendAble Robust fiber with a special 500 um coating for
to TIA/EIA 455 220 or IEC 60793-1-49 in order to guarantee the optimum protection against mechanical influences is available
specified effective modal bandwidth at 850 nm. The fiber is on request.

supposed to meet the requirements of both methods:

= the "use of templates according to the values of the differen-
tial mode delay (DMD)" and

= the "calculated effective modal bandwidth (EMBc)"

Standards compliance

Optical, geometrical and mechanical properties as well as
properties under certain environmental conditions can be
found on pages 26/27.

j-BendAble fiber

Bandwidth [MHzxkm] 850 nm >500 >750 >1500 >3500
(overfilled launch, LED light source) 1300 nm >500 >500 >500 >500
Effective modal bandwidth (EMB) [MHzxkm] 850 nm - >1000 >2000 >4700
- 850 nm - 150 300 550
Transmission link length at 10 Gb/s [m] (LX4) 1300 nm _ 300 300 300

www.leoni-fiber-optics.com LEONI
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OptiGrade

Graded-index 50/125 multimode fibers for 10 Gb/s applications

LEONI

Primary coating

Optical cladding

Optical core

e

Description

OptiGrade is an enhanced 50/125 multimode fiber series,
specially suited for high-speed network protocols and high
data transmission rates.

To achieve this the standard compliant OM3 and OM4 as well

as the improved OM2+ fibers were optimized for a 10 Gb/s
ethernet data transmission with 850 nm VCSEL over link lengths
of 150 to 550 m. OptiGrade fibers offer highest performance
regarding the bandwidth for complete building complexes, LAN
and SAN systems for low system costs.

This series allows reliable transmission with data rates of 10 Gb/s
ethernet over scalable link lengths within the OM2 and OM3
classes. They support low-cost high-speed connections for short
distances in IT networks with a serial transmission rate of 10
Gb/s over distances of up to 200 m in the OM2 and up to 500 m
in the OM3 class. OptiGrade fibers of the OM4 class support the
standard-compliant link length of 550 m for serial transmission
of 10 Gb/s.

All OptiGrade fibers are also available as bend-insensitive
j-BendAble OMx versions (see page 22).

Fiber characterization

Prior to delivery, every fiber is DMD characterized according to

TIA/EIA 455 220 or IEC 60793-1-49 in order guarantee the speci-

fied effective modal bandwidth at 850 nm. The fiber is supposed

to meet the requirements of both methods:

= the "use of templates according to the values of the differen-
tial mode delay (DMD)" and

= the "calculated effective modal bandwidth (EMBc)"

Standards compliance

Optical, geometrical and mechanical properties as well as
properties under certain environmental conditions can be
found on pages 26/27.

Coating option

The OptiGrade Robust fiber with a special 500 um coating for

optimum protection against mechanical influences is available

on request.
OptiGrade class
Bandwidth [MHzxkm] 850 nm >750 >1000 >1500 >2000 >2500 >3500
(overfilled launch, LED light source) 1300 nm >500 >500 >500 >500 >500 >500
Effective modal bandwidth (EMB) [MHzxkm] 850 nm >1000 >1500 >2000 >2700 >4000 >4700
o 850 nm 150 200 300 400 500 550
Transmission link length at 10 Gb/s [m] (LX4) 1300 nm 300 300 300 300 300 300

www.leoni-fiber-optics.com
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GigaGrade multimode fibers 50/125 and 62.5/125
Laser optimized multimode fiber solutions
B
z2
Primary coating ?,f
Optical cladding §'
Optical core
Description Fiber design
GigaGrade laser optimized multimode fiber solutions with = Available in 50/125 or 62.5/125 fiber design
a broad performance range for the flexible transmission of m Optimized for 850 nm and 1300 nm applications with lowest
large amounts of data over short and medium distances in attenuation and large bandwidths
local area networks (LAN). ® Available with standard OM1 or OM2 performance or
with customer-specific combinations of bandwidths and
GigaGrade multimode fibers are specified for the application link lengths for special applications
in laser base high-speed network protocols. They support fiber m Guaranteed link lengths of up to 2000 m
optic network protocols such as Gigabit Ethernet, ATM, Fast for 1 Gb/s transmission
Ethernet as well as networks with lower bit rates in LAN, SAN = The fiber exceeds the current industrial standards
and parallel high-speed connections. They are equally ideal for for Gigabit Ethernet, FiberChannel, FDDI, ATM and more
the application in riser and horizontal cabling and in local access = Highly flexible and cost-efficient solution for migration of
networks. LED to laser as light source, such as VCSEL
m Excellent splicing performance and compatibility with the
installed fiber basis and photonic components
= Maximum product consistency and reliability due to patented
manufacturing procedure
50/125 \ 62.5/125
Core @ [um] (£2.5 um) 50 62.5
Core non-circularity [%] <5.0 <5.0
Core/cladding concentricity error [um] <1 <1
Cladding diameter [um] (1.0 um) 125 125
Cladding non-circularity [%] <1.0 <1.0
Coating @ [um] (+7) 242 242
Coating/cladding concentricity error [um] <10.0 <10.0
Standard length [km] 2.2/4.4/6.6/8.8/13.2/17.6 2.2/4.4/6.6/8.8/17.6
Attenuation coefficient* [dB/km] 850 nm <2.2to<24 <27t0o<29
(overfilled launch, LED light source) 1300 nm <0.6t0<0.7 <0.6t0<0.7
Bandwidth** [MHzxkm] 850 nm >400to =750 >160to =250
(LED, overfilled launch) 1300 nm >500to > 1200 >500to >800
Transmission link length** at 1 Gb/s [m] 850 nm >500to =750 >300to =500
Light source: laser, restricted mode launch 1300 nm >550to >2000 >550to =1000
* Special attenuation values on request.
** Available in special combinations and values for both bandwidth and link length.
www.leoni-fiber-optics.com LEONI
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26 | GigaGrade multimode fibers
Industrial standards
Multimod,
50/125 pm _ Multimode SN IEC SO/IEC TIA/EIA TIA/EIA TIA/EIA
j-BendAble/OptiGrade/GigaGrade fiber specifications ARSI T ITUG651.1 | 492AAD | 492AAAC-B | 492AAAB-A
om4 om3 om2
Performance properties l
2.4103.5(Ala.1) <35 <35
t 850 <22to<24 <25 <25 <3.0
assonm ° 2.5 (A1a.2) (cabled) (cabled)
. FOTP 78 0.7 to 1.5 (A1a.1) <15 <1
Att ti dB/KM t 1300 <0.6t00.7 0.8 0.8 1.0
enuation [dB/KM] | at1300 nm =06t0 IEC60793-1-40 |  0.8(A1a.2) (cabled) | (cabled) = = =
at 1385 nm
2. — — — . . X
(OH peak) <20 <30 <30 <30
at8s0nm FOTP 78 — — — 2
Di tinuity [dB!
iscontinuity [dB] 201300 mm B IEC 60793-1-40 _ _ — <0.2 <0.2 <
Bend-induced attenuation [dB] for OptiGrade/GigaGrade
100-turns at 850/ <05 FOTP 62 <05 _ _ _ _ _
Radius 37.5 mm 1300 nm IEC 60793-1-47
Bend-induced attenuation [dB] for j-Bendable
100 turns at850 nm <0.05 — — — — —
Radius 37.5 mm at 1300 nm <0.15 < — — — — —
2turns at 850 nm <0.1 FOTP 62 — — <1 _ _ _
Radius 15 mm at 1300 nm <0.3 IEC 60793-1-47 — — <1 — — —
2turns at850 nm <0.2 — — — — — —
Radius 7.5 mm at 1300 nm <0.5 — — — — — —
Modal bandwidth [MHzxkm] om2 [ om2+ | om3 [ om4
Giga- OptiGrade /
Grade j-Bendable
>200 (OM1)
>500 200 to 800 (ATa.1) | =500 (OM2)
OFL t 850 >750 [=>1500|=3500 =500 >3500 >1500 >500
assonm t0.600 FOTP 204 1500 (A1a.2) | 21500 (OM3)
IEC 60793-1-41 >3500 (OM4)
>500 =500
FL 1 > > > > > > >
[0] at 1300 nm t0 1200 2500 | 2500 | 2500 500 (OM1/2/3/4) 2500 2500 2500 2500
FOTP 220
EMB at850 nm - >1000 | >2000|=>4700 |EC 60793-1-49 >2000 (Ala.2) >2000 (OM3) >4700 >2000
o at 850 nm 550to |50 | 1000 | 1100 — — — — — — —
Tr link 750
length 1 Gb/s [m] 550 to
at 1300 nm 2000 550 550 550 — — — — — — —
Tr ission link at 850 nm n.a. 150 300 550 — — — — — — —
length 10 Gb/s [m] at 1300 nm n.a. 300 300 300 — — — — — — —
Chromaticdispersion
. N 12955 \o< 1340 1295< Ao< 1340 — 1295< \o< 134012955 Mo 1340/ 1295<Ao< 1340|1295<,< 1340
Slope atzero crossing of dispersion -\, [nm]
Slope at zero crossing of dispersion - S, FOTP 175
[ps/(nm2xkm)] 1EC 60793-1-32
from 1295 <\ <1310 <1.105 <1105 - <0.105
from 1310 <)\, <1340 <0.000375%(1590-Ao) <0.000375x(1590-\) <0.000375 X (1590-A, )
Geometrical properties
Core @ [pm] 50+2.5 50%2.5 50+2.5 50+3.0 50+2.5 5025 50+3.0
Cladding @ [pm] 12510 125 +2.0 125 +2.0 125 +2.0 125+2.0 125 +2.0 125 +2.0
FOTP 176
H -Cil i 0
Cladding non-circularity [%] <1.0 |EC 60793-1-20 <20 <2.0 <20 <20 <20 <20
Core non-circularity [%] <5 <6 <6 <6 <6 <6 <6
Core/cladding concentricity error [um] <15 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0
Coating @ [pum] 242 +7 FOTP 176 245 £10 245 %10 245 +10 245 %10 245 +10 245 +10
9o * IEC 60793-1-20 * * * * * *
. FOTP 177
Numerical aperture 0.200 +0.015 0.200 +0.015 0.200 £0.015 | 0.200 £0.015 | 0.200 +0.015 | 0.200 +0.015 | 0.200 +0.015
IEC 60793-1-43
j-BendAble/ Calibrated
. 1.1t08.8
Length [km] OptiGrade Winder — — — min. 1.1 min. 1.1 min. 1.1
GigaGrade 50/125 11t017.6 IEC 60793-1-22
j-BendAble =200 (kpsi)
>1.38 (GPa) FOTP 31
Proof test [GPal - >0.69 — >0.69 >0.69 >0.69 >0.69
OptiGrade/ >100 (kpsi) IEC 60793-1-30
GigaGrade >0.69 (GPa)
Coating peak value 1.0<x<89 FOTP 178 1.0<x< — — 1.0<x<9.0 | 1.0<x<9.0 | 1.0<x<9.0
strip force [N] average value 1.0<x<5.0 IEC 60793-1-32 1.0<x< — — — — —
LEONI www.leoni-fiber-optics.com
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i IE! 793-2-1
62.5/125 pm _ Multimode Test methods €60793-2-10 ISO/IEC 11801 TIA/EIA 492ARAA-A (OM1)
GigaGrade fiber specifications Alb
Performance properties I
at 850 nm <27t0<29 2.8t03.5 <3.5 (cabled) —
. at 1300 nm <0.6t00.7 FOTP 78 0.7to 1.5 <1.5(cabled) —
Attenuation [dB/KM] at1385nm 20 IEC 60793-1-40
<2 — — _
(OH peak)
[ at850 nm 1 | rotp7s | — — 2
Di: tinuity [dB
iscontinuity [dB] | at 1300 nm <0.1 | IEC 60793-1-40 | — — <0.2
Modal bandwidth [MHzxkm]
OFL [ at850 nm >2001t0 300 | rotp7s | 100 to 800 >200 (OM1) >200
OFL | at 1300 nm >500 to 1000 | IEC 60793-1-41 | 200 to 1000 >500 =500
Transmission link ‘ at850 nm 300 ‘ _ ‘ — — —
length 1Gb/s[m] | at1300nm 500 \ \ — — —
Chromatlc.dlsper?lon . 1320< A< 1365 1320< A< 1365 — 1320< \o< 1365
Zero crossing of dispersion -\, [nm]
Slope at zero crossing of dispersion — So FOTP 175
[ps/(nm2xkm)] 1EC 60793-1-32
from 1320 <), <1345 <0.11 <0.1 <0.11
from 1345 <\, <1365 <0.001x(1458-As) <0.001%(1458-As) <0.001x(1458-Ao)
Geometrical properties
Core @ [pm] 62.5+2.5 62.5+3.0 62.5£3.0 62.5 3.0
Cladding @ [um] 125+1.0 FOTP 176 125+2.0 125+2.0 125+2.0
Cladding nfm-circ'ularity [%] <10 EC 60793120 <20 <2.0 <2.0
Core non-circularity [%] <5 <6 <6 <6
Core/cladding concentricity error [um] <15 <3.0 <3.0 <3.0
. FOTP 177
+i +i + +
Numerical aperture 0.275 £0.015 IEC 60793-1-43 0.275 £0.015 0.275+0.015 0.275 £0.015
Calibrated
GigaGrad
Length [km] 6;92/1;, ¢ 1.1t017.6 Winder — — min. 1.1
) IEC 60793-1-22
GigaGrade >100 (kpsi) FOTP 31
Proof P =0. — =>0.
rooftest(GPal | 62,5125 20.69 (GPa) IEC 60793-1-30 2069 2069
Coating peak value 1.0<x<89 FOTP 178 9 — 1.0<x<9.0
strip force [N] average value 1.0<x<5.0 IEC60793-1-32 <x<5.0 — —
50/125 62 5/125 Industrial standards
- | o p'm Multimode Test methods IEC 1SO/IEC TIA/EIA TIA/EIA TIA/EIA TIA/EIA
j-BendAble/OptiGrade/ fiber specifications 492AAD | 492AAAC-B | 492AAAB-A | 492AAAA-A
GigaGrade 50/ GigaGrade 62.5 60793-2-10 11801 oM4 om3 omM3 om1
Change of attenuation in environmental test [dB/km] at 850 nm and 1300 nm I
Damp heat attenaution increase FOTP 72
30 days at 85 °C/85 % R.H. IEC 60793-1-50
Dry heat attenuation increase FOTP 72
° |E 793-1-51
30days at 85 °C — <0.10 [IEC607931-5T1 59 — <0.20 <0.20 <0.20 <0.20
Change of temperature attenuation increase FOTP 72
from -60 °C to +85 °C IEC 60793-1-52
Water immersion attenuation increase, FOTP 72
30 days, 23 °C IEC60793-1-53

www.leoni-fiber-optics.com
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Radiation-hard fibers

Multimode fiber G50/125, G62.5/125

LEONI

Description

Fiber quality assurance

Radiation-hard MIL-Spec multimode and singlemode fibers
were specially developed for applications in for example
aerospace industries in order to withstand the hazards in
radiation-threatened areas or under demanding environmental
conditions.

All listed radiation-hard MIL-Spec fibers were tested and
approved by the U.S. Defense Supply Center, Columbia (DSCC)
according to MIL-PRF 49291. In addition these fibers meet
and exceed the quality standards of the ITU G.651 and G.652
or IEC 60793-2-10 and IEC 60793-2-50.

= MIL-PRF-49291 U.S. Military Specification
= |TU Recommendation G.651 and G.652
m |EC 60793-2-10 and IEC 60793-2-50 (Optical Fiber Specifications)

Every fiber is subject to a 100 percent quality test according to
the IEC 60793 standard. In addition, their resistance to radiation
is tested according to TIA/EIA 455-64 (Procedure for Measuring
Radiation-Induced Attenuation in Optical Fibers).

MIL specifications radiation-resistant multimode fibers

50/125/245 pm 50/125/500 pm 62.5/125/245 pm 62.5/125/500 pm
MIL-PRF- MIL-PRF- MIL-PRF- MIL-PRF-
49291/1-01 49291/1-02 49291/6-03 49291/6-05
Y
Core @ (+3) [um] 50 50 62.5 62.5
Core ovality <6.0 <6.0 <6.0 <6.0
Core/cladding concentricity error <15 <15 <4 <4
Cladding @ (+1) [um] 125 125 125 125
Cladding ovality [um] <2.0 <2.0 <2.0 <4
Attenuation at 850 nm/1300 nm [dB/km] 35/1.0 3.5/1.0 35/1.0 3.5/1.0
Uniform attenuation at 1310 nm [dB] <0.2 <0.2 <0.2 0.2
Transient attenuation at 1310 nm [dB] <15 <15 - -
OFL bandwidth at 850 nm/1300 nm [MHzxkm] 500/500 500/500 300/600 300/600
RML bandwidth at 850 nm/1300 nm [MHzxkm] N.A. N.A. 385/700 385/700
Numerical aperture at 850 nm 0.200 +0.015 0.200 +0.015 0.275 +£0.015 0.275 +£0.015
Zero crossing of dispersion A, [nm] 1295 <\, <1340 1295 <\ <1340 1320 <Ao< 1365 1320 <A\, <1365
Macrobending loss at 1300nm* [dB] <0.5 <0.5 <0.5 <0.5
Coating - Acrylate temperature range -55 °C to +85 °C
Coating @ [um] 245 £10.0 500 £25 250+ 15 500 +25
Core/cladding concentricity error [um] <125 <15.0 <10.5 <15.0
Overall coating concentricity ratio (OCCR) >0.70 >0.84 >0.70 >0.84
Length** [km] >1.1 >1.1 >1.1 >1.1
Fiber weight [kg/km] <0.1 <0.25 <0.1 <0.25
Proof test [MPa] >690 >690 690 690
Dynamic tensile strength [GPa] unaged >3.2 >3.2 >3.2 >3.2
aged >1.75 >1.75 >1.75 >17
Operating temperature [°C] -55to +85 -55to +85 —-46 to +85 —-46 to +85
Storage temperature [°C] -62to +85 —-62 10 +85 -62to +85 -62to +85
Coating strip force [N] 1.8<F<13.2 1.8 <F<20.0 1.8<F<13.2 1.8 <F<20.0

* Radius 3.8 £0.05 cm, 100 turns
** Max. lengths of up to 17.6 km are available on request.

www.leoni-fiber-optics.com
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Radiation-hard fibers
Singlemode fiber 09/125
oy
s2
Primary coating s=
b
Optical cladding s
Optical core
MIL specifications for radiation-resistant singlemode fiber SMF
09/125/245pm 09/125/245um
MIIL-PRF-49291/7-01 MIIL-PRF-49291/7-02
Core/cladding concentricity error <1.0 <1.0
Cladding @ (+1) [um] 125 125
Cladding ovality [um] <2.0 <2.0
Attenuation at 1310 nm/1550 nm [dB/km] 0.4/0.3 0.4/0.3
Uniform attenuation at 1310 nm [dB] <0.1 <0.1
Mode field @ [um] 8.5 <MFD <10.0 8.5 <MFD <10.0
Chromatic dispersion at 1310 nm/1550 nm [ps/nm2xkm] <3.2/22 <3.2/22
Macrobending loss at 1300nm* [dB] <0.5 <0.5
Coating @ [um] 250 £15 500 £25
Coating/cladding concentricity error [um] <10.5 <15.0
Overall coating concentricity ratio (OCCR) >(0.70 >0.84
Length [km] >1.1 >1.1
Fiber weight [kg/km] <0.1 <0.25
Proof test [MPa] >690 >690
Dynamic tensile strength [GPa] unaged >3.2 >3.2
aged >1.75 >1.75
Operating temperature [°C] —46 to +85 -46 to +85
Storage temperature [°C] -55 to +85 -55to +85
Coating strip force [N] 1.8<F<13.2 1.8 <F<20.0
* Radius 3.8 £0.05 cm, 100 turns
www.leoni-fiber-optics.com LEONI
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Standard singlemode fiber

Reliable tried and tested singlemode fiber for LAN, FTTX and long distance applications

Coating

Silica cladding

Attenuation [dB/km]

Silica Core

-~

Description

For the bridging of larger distances in LAN
cabling as well as for FTTX applications we
offer reliable high-performance singlemode
fibers.

The G.657.A1 compliant fibers are compatible
with installed networks and offer optimized
bending properties. With lowest attenuation,
perfect fiber geometry and tight fiber diameter

tolerances, they are perfectly suited for the

Increase in attenuation [dB]

system demands in LAN networks.

In FTTX applications they meet the requirements
for robust and cost-efficient fiber solutions with

a future-proof perspective.

In long-distance applications our G.652.D
singlemode fibers guarantee cost advantages
and performance consistency as required for
the transmission of high data rates over long
distances.

Increase in attenuation per turn [dB]

LEONI

Typical spectral attenuation for LWP SMF*

Typical values

1.0
0.8
0.6
0.4
0.2
0 {1200 1300 1400 1500 1600
Wavelength [nm]
Comparison of bend-performance of the LBL singlemode
fiber to other G.652.D SMF (10 mm radius, 1 turn)
Typical values
35
3.0
2.5
2.0
1.5
1.0
0.5 /
0 {1300 1400 [1500 [1600 1700

M j - LWP SMF+ (G.652.D)
M j - LBL SMF+ (G.657.A1)

Wavelength [nm]

Typical bend-performance of ULBL SMF (G.657.B2)

Typical values

10.00

0.01 |5 6 7 8 9 10
® 1625nm — Limit 1625 nm Radius [nm]
M 1550 nm = Limit 1550 nm

www.leoni-fiber-optics.com
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LWP SMF* LBL SMF ULBL SMF '§§
(ITU-T G.652.D) (ITU-T G.657 A.1) (ITU-T G.657.B2) %g
2 _
Specific values
1310nm <0.33t0<0.35 <0.33t0<0.36 <0.38
. - 1383 nm? <0.31t0<0.35 <0.31t0<0.36 -
Attenuation coefficient " [dB/km]
1550 nm <0.19t0<0.21 <0.19t0<0.21 <0.25
1625 nm <0.20t0<0.23 <0.20t0<0.23 <0.25
1285-1330 nm <0.03 <0.03
Attenuation variance range ¥ [dB/km] 1530-1570 nm <0.02 <0.02 -
1460-1625 nm <0.04 <0.04
. 1310 nm 92+04 8,604 75+04
Mode field @ [pm]
1550 nm 104 £0.5 9.8+0.5
Discontinuity (tp = 1 ps) [dB] 1310nm <0.05 <0.05 -
1550 nm <0.05 <0.05 -
Attenuation uniformity [dB] <0.05 <0.05 -
Bend-induced attenuation [dB]
100 turns 1310 nm <0.05 - -
Radius 50 mm 1550 nm <0.05 - -
1turn - -
1550 nm <0.05
Radius 32 mm — _
10 turns 1550 nm - <0.03 <0.03
Radius 15 mm 1625 nm - <0.2 <0.1
1turn 1550 nm - <0.3 <0.1
Radius 10 mm 1625 nm - <1.0 <0.2
1turn 1550 nm - - <0.5
Radius 7.5 mm 1625 nm - - <1.0
Fiber cut-off wavelength A, [nm] 1200-1330 <1340 -
Cable cut-off wavelength A [nm] <1260 <1260 -
Zero crossing of dispersion A, [nm] 1300 <)\, <1324 1300 <\, <1324 -
Slope at zero crossing of dispersion S, [ps/nm?xkm] <0.092 <0.092 -
1270-1340 nm <5.00 <5.00 -
Chromatic dispersion [ps/nmxkm] 1285-1330 nm <3.00 <3.00 -
1550 nm <18.00 <18.00 -
1310 nm 1.467 1.467 -
Effective group index 1383 nm 1.467 1.467 -
1550 nm 1.467 1.467 -
Value of polarization mode dispersion link * [ps/vkm] <0.06 <0.06 -
Individual fiber ® [ps/vkm] <0.10 <0.10 -
[kpsil >100
Proof test [N] >8.8
[GPa] >0.7
Dynamic tensile strength in an Median tensile strength >3.8
unaged fiber (0.5 m) [GPa] Tensile strength 15 % >3.3
Dynamic tensile strength in an Median tensile strength >3.03
aged fiber (0.5 m) [GPa] Tensile strength 15 % >2.76
Dynamic fatigue Stress-corrosion parameter nq >20
Operating temperature [°C] -60to +85
Average coating strip force (typ.) [N] 1.9
 Special attenuation cells on request.
2 Attenuation values for 1383 nm represent values after hydrogen charging and are always lower or equal to the attenuation value for 1310 nm.
® Fiber attenuation in specified areas exceeds the nominal values at 1310/1550 nm no more than the declared value.
4 M=20,Q=0.01%
5 Individual values can change during the cabling.
www.leoni-fiber-optics.com LEONI
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FiberUnit series
Customer-specific MMF or SMF multi-fiber units

LEONI

Description

Services & advantages

The FiberUnit series is a new product line with unique advan-
tages - paricularly interesting concerning cost-optimized cable

manufacturing

Optical multimode and/or singlemode high performance

fibers are available packaged and bundled in units with optional
2,4, 6,8o0r 12 fibers. The FiberUnits are delivered with a protec-
tive acrylate coating which can be easily removed. Next to the
insertion of the individual fiber within the unit the finished
FiberUnits can receive a ring marking for better identification in

high-power cables.

Take advantage of the benefits of the FiberUnit series with
bundling service = with this product series you can outsource
a complicated production step and thus focus on the efficient
manufacturing of optical high-performance cables.

m Possibility for the manufacturer to outsource the FiberUnit
packaging manufacturing stage

= FiberUnits contain optical multimode and/or singlemode
high-performance fibers

= Customer-specific fiber design

= Delivery with protective, easily removable acrylate coating
on demand

= Various fiber designs in standard colour code or with
individualised colours

Number of fibers per unit

6 8 12

Specification FiberUnit

specified values

Fiber colours

@ red, ® green, ® blue,

according to IEC 60304
yellow, O white, © grey, ® brown, @ violet, ® turquoise,
@ black, ® orange, © pink
(ring marking of unit fibers available on request)

Coating unit material

UV-cured acrylate

Colour of unit material coating

transparent

Filling compound

easily removable gel

Operating temperature ['C] at MMF 50

-20to +80

at MMF 62.5 / SMF
(G.657.A1)

-40to +80

850 +50

Outer @ [um]

1000 50 1100 £50 1350 £50

www.leoni-fiber-optics.com
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Special optical fibers

Optical fibers with customer-specific design

Optical fibers as a transmission medium for light can be
fitted to every desired customer application. The fiber's
composition offers different parameters that can be indi-
vidually adjusted:

Core - Jacket - Coating - Cable design - Assembly

= For the transmission of high data rates singlemode fibers or
graded-index mulitmode fibers are used. With graded-index
multimode fibers, the profile must be manufactured as per-
fectly as possible in order to achieve the transmission of very

large bandwiths through low modal dispersion.

= For high-power transmission step-index multimode fibers are

used. For most of them, undoped fused silica is chosen as core

material, as it is suitable for high-power transmission such

as laser transmission due to its low attenuation level. Doped

fused silica is used if a particularly high numerical aperture for

improved launching of light into the fiber or
special fiber profiles are needed.

= Shape and size of the fiber core can be adjusted to the appli-
cation's demands.

= The use of an appropriate coating material and/or an
additional layer helps to protect the fiber under different
mechanical, thermal or chemical environmental conditions.

= All fibers can be customer-specifically assembled according

to your application fields.

Benefit from our competence in influencing the fiber prop-
erties and creating customer-specific fiber solutions. We can
rely on an entire value chain - from ultrapure fused silica to
the assembly of the finished fiber.

www.leoni-fiber-optics.com
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Further additional infor-

mation on fiber types:

Chapter 12| Principles

- page 365 ff

A . . Capillaries and tapers 68

03. Special optical fibers page - —

VIS-IR fiber specifications 69
Singlemode special fibers 36 Multimode 50/125 special fibers 70
Select-Cut-Off singlemode fibers 37
Polarization-maintaining fibers (PM) 38 LargeCore special assemblies 7
- Fiber specifications Connectors 72
Measurements on singlemode special fibers 40

Connectors for LargeCore assemblies
Cables with singlemode special fibers Standard SMA connector 73
I-V (ZN)H 42 High Power SMA connector LC 100 73
I-VZN)Y 42 High Power LC 1000 connector 73
AVEZNTY 42 Special high-power connector 73
I-VZN)Y 2x1 42 Advanced High Power connector 73
I-V(ZN)H 2x1 42
I-V(ZN)H2Y 44 Connectors with metal or ceramic ferrule
AT-V(ZN)YT1Y 44 DIN connector 74
ADQ(ZN)BH 44 ST connector (BFOC) 74
AT-VQ(ZN)HB2Y 44 FC-PC connector 74
I-VEZN)H1TY 44 FC-PC connector 74
Pre-assembled cables with singlemode special fibers 46 FC-APC connector 74

SMA connector knurl 74
Connector for singlemode special fibers
FCPC connector 47 Adapters
FCGAPC connector 47 Adapter for FCPC PCF 75
ST connector (BFOC) 47 Adapter for SC PCF 75
SMA connector 4 Adapter for FSMA PCF 75
SC-PC connector 47 Adapter for ST PCF 75
SC-APC connector 4 Adapter for LC PCF 75
LC-PC connector 47 DIN adapter 75
Adapters for singlemode special fibers 48

Data and control cables 76
Multimode special fibers 49 Design examples
UV-VIS fiber specifications silica/silica 50 I-VZN)H 1 76
ultrasol® fibers (solarisation-stable fibers) 52 1-V(ZN)Y 76
High Power Small Core HPSC fiber 53 A-VEZN)TTY 76
VIS-IR fiber specifications 54 I-V(ZN)Y 2x1 76
NCS fibers Non Circular Shape step-index fiber series s I-V(ZN)H 2x1 76
with non-circular geometry I-V(ZN)H 2Y 78
Active DoubleClad fibers for fiber lasers 58 AT-V(ZN)Y11Y 78

A-DQ(ZN)BH 78
HPCS and PCS fibers 60 AT-VQ(ZN)HB2Y 78
PSHC - fiber Pure Silica Hard Clad 61 I-V(ZN)H11Y 78
Passive DoubleClad fibers 62
HPCS fiber specifications 64 Assembly of LargeCore special fibers 80
PCS fiber specifications 65 Type designation 81
Graded-index polymer clad fiber 66 for pre-assembled LareCore fibers
MIR and FIR fibers 67
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FiberTech® singlemode special fibers

Bend-insensitive, Select-Cut-Off and polarization-maintaining fibers (PM)

Coating
Silica cladding

Silica core

We offer a wide portfolio of Select-Cut-Off and polarization-
maintaining singlemode fibers for a wide wavelength range
from UV to IR.

Singlemode special fibers are the correct choice for current and
future applications in data transmission, optical communica-
tions, sensorics and high-power laser transmission. They offer
excellent geometrical specifications, high stability and best
tolerances in fiber geometry.

Apart from our Singlemode standard fibers, we offer a variety

of options and possibilities for adjusting the fiber's design to the
customer's application. This covers specific cut-off wavelengths
from UV to IR as well as mode field diameters at the desired
operating wavelength. Customer-specific demands concerning
the numerical aperture can be met by the use of appropriate
doping concentrations or special refractive index profiles.
Reduced jacket-geometry or adjusted dispersion support the
challenging application fields of our customers.

Our singlemode fibers can be coated with acrylate or dual
acrylate, high-temperature acrylate or polyimide coatings.
Additional jacketing with Nylon or Tefzel buffer materials pro-
tects the fibers during the operation in different temperature

ranges or under chemical influences.

All fibers can be customer-specifically assembled according

to your respective application fields.

www.leoni-fiber-optics.com
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FiberTech’ Select-Cut-Off singlemode fibers

Mode field @ [um]

Jacket @ [um]

Transmision properties
Wavelength range [nm]

Cut-Off wavelength [nm]
Attenuation [dB/km]

Numerical aperture

Coating @ [um]

Order no.:

Mode field @ [um]

Jacket @ [pum]

Transmision properties
Wavelength range [nm]

Cut-Off wavelength [nm]
Attenuation [dB/km]

Numerical aperture

Coating @ [um]

Order no.:

Mode field @ [um]

Jacket @ [um]

Transmision properties
Wavelength range [nm]

Cut-Off wavelength [nm]
Attenuation [dB/km]

Numerical aperture

Coating @ [um]

Order no.:

Select-Cut-Off singlemode fibers: VIS-IR

35 33 35 44 4.0 5.0 5.6 4.2
at460 nm at 488 nm at 515 nm at 630 nm at 630 nm at 850 nm at 830 nm at 830 nm
125 125 125 125 125 125 125 80
400-550 450-515 450-580 600-700 600-760 760-980 800-920 800-840
370 400 430 550 570 730 730 700
35 12 12 15 12 35 5 5
at 460 nm at 630 nm at 630 nm at 630 nm at 630 nm at 850 nm at 830 nm at 830 nm

0.12 0.10-0.14 0.13 0.10-0.14 0.13 0.13 0.10-0.14 0.14-0.18
Coating - acrylate
245 245 245 245 245 245 245 165
84820001F | 84820002F | 84820003F | 84820004F | 84820005F | 84820006F | 84820007F | 84820008F
Further jacket diameters, cut-off wavelengths, coatings and assemblies on request.
Select-Cut-Off singlemode fibers: VIS-IR
2.6 5.8 4.2 59 33 2.6 9
at 1100 nm at 980 nm at 980 nm at 980 nm at 1100 nm at 1100 nm at 1310 nm
125 125 125 125 125 125 80
960-1600 970-1210 980-1600 980-1600 1100-1600 1100-1600 1250-1610
900 920 920 920 1000 1000 1200
20 3 35 2.1 20 20 2
at 1550 nm at 980 nm at 980 nm at 980 nm at 1550 nm at 1550 nm at 1310 nm
0.35 0.14 0.2 0.14 0.28 0.35 0.11-0.13
Coating - acrylate
245 245 245 245 245 245 165
84820009F 84820010F 84820011F 84820013F 84820014F 84820015F 84820016F
Further jacket diameters, cut-off wavelengths, coatings and assemblies on request
Select-Cut-Off singlemode fibers : VIS-IR
54 9.3 6.7 9.5 9.5 4.2 8.8 8.8
at 1310 nm | at1310nm | at 1310 nm | at 1550 nm | at 1550 nm | at 1550 nm | at 1550 nm | at 1550 nm
80 80 80 125 80 125 125 125
1250-1610 | 1310-1620 | 1310-1620 | 1460-1620 | 1460-1620 | 1460-1620 | 1330-1620 | 1330-1620
1200 1250 1250 1400 1400 1430 1200 1200
2 0.75 0.75 0.5 0.5 3 3 3
at 1310 nm | at1310nm | at 1310 nm | at 1550nm | at 1550 nm | at 1550 nm | at 1550 nm | at 1550 nm
0.19-0.21 0.1 0.16 0.13 0.13 0.29-0.31 0.14 0.14
Coating - acrylate
165 165 165 245 165 245 245 245
84820017F | 84820018F | 84820019F | 84820020F | 84820021F | 84820022F | 84820023F | 84820024F

Further jacket diameters, cut-off wavelengths, coatings and assemblies on request

www.leoni-fiber-optics.com
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FiberTech’ Polarization-maintaining fibers (PM)

Fiber specifications

Coating

.

Mode field @ [um]
Jacket @ [pum]

Transmision properties
Wavelength range [nm]
Cut-Off wavelength [nm]
Attenuation [dB/km]
Fiber type

Numerical aperture

Coating @ [um]

Order no.:

LEONI

Silica cladding

-

Silica core

E

Jacket
Glass core
Stress elements

Bow Tie

Jacket
Glass core
Stress elements

o T Panda

Polarization-maintaining fibers are special singlemode fibers

that maintain the polarization of the light in the fiber.

Stress elementsembedded in the cladding exert mechanical

stresses on the fiber core, which leads to birefringence in the

fiber core.

The stress elements embedded can have different designs.

These fibers are used in networks with optical fibers, for pump

lasers and for microscopic applications.

Polarization maintaining fibers: VIS-IR

3.2at405nm 3.3at515nm 4.0at515 nm 3.6at488 nm 4.0at515nm 3.2at630 nm
125 125 125 125 125 125
400-500 460-630 480-540 480-540 480-540 600-675
365 410 435 410 435 550
50 at 405 nm 30at 460 nm 30 at 480 nm 100 at 488 nm 30at480 nm 15at 630 nm
Panda Panda Panda Bow tie Panda Bow tie
0.12 0.12 0.1 0.1 0.1 0.16
245 245 245 245 400 245
84821045G 84821001G 84821003H 84821004E 84821005H 84821006E

Jacketings and assemblies available on request.

www.leoni-fiber-optics.com
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Mode field @ [um]
Jacket @ [um]

Transmision properties
Wavelength range [nm]
Cut-Off wavelength [nm]
Attenuation [dB/km]
Fiber type

Numerical aperture

Coating @ [pm]

Order no.:

Mode field @ [um]

Jacket @ [um]

Transmision properties
Wavelength range [nm]

Cut-Off wavelength [nm]
Attenuation [dB/km]

Fiber type

Numerical aperture

Coating @ [pum]

Order no.:

Mode field @ [pm]
Jacket @ [pm]
Transmision properties

Wavelength range [nm]

Cut-Off wavelength [nm]
Attenuation [dB/km]

Fiber type

Numerical aperture

Coating @ [pm]

Order no.:

Polarization maintaining fibers: VIS-IR

4.0at630nm | 40at630nm | 4.0at850nm | 5.3at780nm | 5.5at850nm | 4.2at830nm | 5.5at850 nm
125 125 125 125 125 125 125
620-675 630-780 750-820 780-980 800-880 800-880 800-880
560 560 680 710 725 700 725
12at630 nm | 12at630 nm 8at780 nm 4 at780 nm 3at850 nm 5at830nm 3at850 nm
Panda Panda Bow tie Panda Panda Bow tie Panda
0.13 0.13 0.16 0.12 0.1 0.16 0.1
Coating - acrylate
165 245 245 245 245 245 400
84821008H 84821009G 84821010E 84821011G 84821012H 84821013E 84821014H
Jacketings and assemblies available on request.
Polarization maintaining fibers: VIS-IR
6.6 6.6 6.0 54 6.6
at 980 nm at 980 nm at 980 nm at 980 nm at 1300 nm
125 125 125 125 125
950-1080 950-1080 970-1170 1020-1130 1270-1390
875 875 920 930 1150
2.5 2.5 3 3 2
at 980 nm at 980 nm at 980 nm at 1064 nm at 1300 nm
Panda Panda Bow tie Bow tie Bow tie
0.12 0.12 0.14 0.16 0.16
Coating - acrylate
245 400 245 245 245
84821016H 84821017H 84821018E 84821019E 84821020E
Jacketings and assemblies available on request.
Polarization maintaining fibers: VIS-IR
9.5 9.5 9.8 9.8 10.5 10.5
at 1300 nm at 1300 nm at 1400 nm at 1400 nm at 1550 nm at 1550 nm
125 125 125 125 125 125
1290-1485 1290-1485 1380-1560 1380-1560 1450-1620 1450-1620
1195 1195 1290 1290 1370 1370
1 1 1 1 0.5 0.5
at 1300 nm at 1300 nm at 1400 nm at 1400 nm at 1550 nm at 1550 nm
Panda Panda Panda Panda Panda Panda
0.1 0.1 0.1 0.1 0.12 0.12
Coating - acrylate
245 400 245 400 245 400
84821023H 84821024H 84821025H 84821026H 84821027H 84821028H

Jacketings and assemblies available on request.

www.leoni-fiber-optics.com
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Measurements on singlemode special fibers

LEONI

Insertion loss

The measurement is carried out in accordance with IEC 61300-3-4
method C, alternatively DIN EN. This attenuation is determined
by the wavelength and depends greatly on the launch condi-
tions. Typical attenuation values for standard singlemode fibers
9/125 pm are 0.36 dB/km at 1310 nm and 0.21 dB/km at 1550 nm.

Return loss

The return loss enables characterisation of individual connectors.
The return loss describes the ratio of launched light energy to
reflected light energy and is dependent on the wavelength. The
minimum return loss for singlemode is —35 dB. The measurement
is carried out in accordance with IEC 61300-3-6, method 1.

Interferometric measurement

In addition to the usual parameters and checks such as insertion
loss, optical checking of the end face for scratches or imperfec-
tions, the following measurements are important, although not
prescribed, to ensure on the one hand that the assembly process
is working correctly and on the other that optimum connector
geometries are achieved:

Ferrule radius

Too small > Ferrule and fiber end face pointed
Too large =-> Ferrule and fiber end face flat
Possible

consequence => Glass-air-glass transitions in individual areas
= Incomplete contact between the end faces
and fibers and thereby possibly mechanical
overload of the fibers when connecting them
(they could then be deformed too much)
Result - Increase of insertion loss, reduction of return

loss, polarization shift or damage

Highest point of the ferrule to center point of the fiber

- eccentricity of the polish

The eccentricity of the polish is the distance between the highest
point of the ferrule and the center of the fiber. This offset is also
called the apex offset and is measured from the fiber axis to the
center. A perfectly polished connector has an apex offset of only
a few pm — maximum permitted is 50 um.

Consequence when apex is too large:

= Fiber cores have no physical contact

= Increase of insertion loss and decrease of return loss

www.leoni-fiber-optics.com
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Further basic information
on signal transmission in
optical fibers

Chapter 12 | Principles
Fiber cavity - fiber sitting above or below the ferrule = PELRE/
Fiber sitting above ferrule:
-> Damage to the fiber end faces

- Stress on the fiber — impairment of the long-term behaviour

Fiber sitting below ferrule:
- No physical contact (PC) between the fibers
- Glass-air-glass transition

ER (extinction ratio) measurement
Measuring the quality of the polarized light beam is only
important for polarization-maintaining fibers (PM). This value

S

Slow Axis & é’b
A 7

describes the ratio of the attenuation in the fiber axis into which AEA

is specified in the form of the extinction ratio (ER). The ER-value

the energy is launched (usually slow axis), to the attenuation in
the other axis (fast axis). The coupling into the fiber is always C
done in one of the both axes, and ideally there should be no

crosstalk between polarization directions. The more crosstalk

P Fast Axis

A

into the other axis occurs, the lower is the ER-value. This crosstalk
can result from inexact alignment of the fiber to the light source )

or from mechanical or thermal stress.

www.leoni-fiber-optics.com LEONI
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Cables with singlemode special fibers

for indoor installation

I-V(ZN)H

orderno.  depending on fiber, on request

Application  for indoor installation

Length 500 m and above

I-V(ZN)Y

orderno.  depending on fiber, on request

Application  for indoor installation

Length 500 m and above

A-V(ZN)11Y

orderno.  depending on fiber, on request

Application  for outdoor installation

Length 500 m and above

I-V(ZN)Y 2x1

orderno.  depending on fiber, on request

Application  for indoor installation

Length 500 m and above

I-V(ZN)H 2x1

orderno.  depending on fiber, on request

Application  for indoor installation

Length 500 m and above

www.leoni-fiber-optics.com
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Fiber specifications s
. L I-V(ZN)H I-V(ZN)Y A-V(ZN)11Y I-V(ZN)Y 2x1 I-V(ZN)H 2x1 ga_
singlemode special fibers a
Order no. depending on fiber, on request
Outer jacket material FRNC PVC PUR PVC FRNC
Buffer tube material - - - - -
Composition
No. of fibers 1 1 1 2 1
Outer @ [mm] 2.2 2.2 3.0 2.2x4.5 2.2x4.5
Mechanical ~ Min. bending radius [mm] depending on fiber, on request
properties Max. pull force [N] depending on fiber, on request
Thermal . . . X
properties Operating temperature [°C] depending on fiber, on request
Fiber Strain relief Outer jacket

www.leoni-fiber-optics.com LEONI



Special optical fibers

03

|

Cables with singlemode special fibers

for indoor and outdoor installation

LEONI

I-V(ZN)H2Y

orderno.  depending on fiber, on request

Application  for outdoor installation

Length 500 m and above

AT-V(ZN)Y11Y

orderno.  depending on fiber, on request

forindoor and outdoor
Application i
installation

Length 500 m and above

ADQ(ZN)BH

orderno.  depending on fiber, on request

Application  for outdoor installation

Length 500 m and above

AT-VQ(ZN)HB2Y

orderno.  depending on fiber, on request

Application  for outdoor installation

Length 500 m and above

I-V(ZN)H11Y

orderno.  depending on fiber, on request

Application  for indoor installation

Length 500 m and above

www.leoni-fiber-optics.com
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Fiber specifications s
. L I-V(ZN)H2Y AT-V(ZN)Y11Y ADQ(ZN)BH  AT-VQ(ZN)HB2Y I-V(ZN)H11Y ?g_
singlemode special fibers a
Order no. depending on fiber, on request
Outer jacket material PE PUR PBT(P) PE PUR
Buffer tube material FRNC PVC FRNC PBT(P) FRNC
Composition
No. of fibers 2 2 2 2 2
Outer @ [mm] 7.0 7.0 7.0 7.0 7.5
Mechanical ~ Min. bending radius [mm] depending on fiber, on request
properties Max. pull force [N] depending on fiber, on request
Therma! Operating temperature [°C] depending on fiber, on request
properties

Central strength
member Buffer tube

Strain relief Filler

Fiber Fleece wrapping Outer jacket

www.leoni-fiber-optics.com LEONI
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Pre-assembled cables with singlemode special fibers

Description of the composition of pre-assembled singlemode fibers

LEONI

= Standard whip lengths 20 +4 cm

= Qverall length tolerances £2%

m Different variants are available as protective tubes,
for example metal corrugated tube with and without
additional cladding, silicone tubes, PVC tubes

= With simplex cables, the protective tube can also be joined
directly to the connector body

m Requests deviating from the above specification require a

detailed analysis.

Contact us — we will find the proper solution for you.

side A

connector

whip length

overall cable length

boot cable or protective tube side B

The production of fibers and cables in LEONI's own facilities
and their careful assembly under laboratory conditions ensure

superior properties and maximum reliability.

In addition to standard products, we offer a range of special

product functionalities and customer-specific assembly.

Service features

All fiber and cable types (including hybrid cables)
All connector types

Every attenuation grade for different customer
requirements

Every length, even for single unit order sizes
Customer-specific assembly

Customer-specific cable printing

Additional selective printing of the cable jacket

during the process of cutting to length

Quality assurance

The optical attenuation is defined according to the
IEC61300-3-4 C standard for singlemode fibers.
The result is shown on the label.

www.leoni-fiber-optics.com
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with ceramic ferrule
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FCPC connector

FC-APC connector

ST connector (BFOCQ)

SMA connector

n
2
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Order no. SFER-SK0-47-0050 SFER-SK0-47-0060 SFER-SK0-47-0010 SFER-SK0-04-0160

Hole 125 pm - 126 ym 125 pm - 126 um 125 pm - 126 ym 125 pm - 126 ym

Assembly crimping/gluing/polishing  crimping/gluing/polishing  crimping/gluing/polishing crimping/gluing/polishing

Ferrule ceramic ceramic ceramic ceramic

Features incl. blue or yellow boot incl. green boot incl. yellow boot incl. black boot
and dust cap and dust cap and dust cap and dust cap
SC-PC connector SC-APC connector LC-PC connector

Order no. SFER-SK0-47-0020 SFER-SK0-47-0070 SFER-SK0-56-0020

Hole 125 pm - 126 ym 125 pm - 126 pm 125 pm - 126 pm

Assembly crimping/gluing/polishing crimping/gluing/polishing crimping/gluing/polishing

Ferrule ceramic ceramic ceramic

eatures incl. blue boot incl. green boot incl. blue boot

and dust cap

and dust cap

and dust cap

Different connector types and colours on request.

www.leoni-fiber-optics.com
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Adapters for singlemode special fibers

LEONI

Special adapters are available on request.
Pre-assembled cables with singlemode special fibers

Due to our in-house production of fibers and cables through
to assembly and development, excellent properties and high

reliability can be achieved.

In addition to standard products, we offer a range of special

product functionalities as well as customer-specific assembly.

Further basic information on
connector losses and types

Chapter 12| Principles
-> page 370 ff

Order numbers for pre-assembled cables are fiber-dependent

and are generated according to the customer's request. For the

assembly of PM cables or PM pigtaills, addtional information is

needed:

Alignment of the fiber axis relative to the connector key;

a differentiation is made here between

— orientation parallel to the slow axis (slow axis alignment)
as standard orientation and

— orientation relative to the fast axis

The extinction rate should also be specified
(see chapter "Measurements on special singlemode fibers")

The required angular tolerance relative to the axis
alignment must also be specified if necessary angle
missalignment + 2.5°

(= this value is guaranteed by LEONI as standard feature)

Key, standard orientation

Cross-Section

Key

Slow

Axis

Fast

Axis

www.leoni-fiber-optics.com
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FiberTech® Multimode special fibers
Silica/silica, sapphire, non-oxidic glasses
Multimode special fibers are used in various applications in Our silica/silica fibers can be coated with acrylate, high-tem-
the industrial sector, in medicine, spectroscopy, sensor tech-  perature acrylate, silicone, polyimide and ORMOCER® coatings.
nologies and high power laser applications. Additional jacketings with Nylon®- oder Tefzel®-Buffermaterials

protect the fibers during the operation in different temperature
Due to their versatility and their advantages, multimode fibers ranges and under different environmental influences.
allow the development of demanding, innovative technologies
in all areas of data and power transmission with maximum per- In addition to multimode special fibers we also manufacture
formance and tolerance to mechanical stress, radioactivity and capillaries and tapers.
UV radiation.

All our special fiber products can be adjusted to customer spe-
As a global provider of fibers with long-term experience in the cific requirements. Our production capacities allow us to control
development and manufacturing of multimode special fibers, production quantities according to demand starting from the
we offer a large portfolio of fibers that cover the complete prototype up to the certified production of large fiber quanti-
wavelength range from ultraviolet to far infrared. Concerning ties. Thereby we support you in the development of innovative
the fibers geometry you can choose core diameters ranging technologies, in the hitting of ambitious growth targets, indi-
from 10 pm to 2.7 mm as well as a variety of circular and non- vidual strategies of product diversification and in the adherence
circular core/cladding fiber designs. to time requirements.
We fulfil requirements concerning the numerical aperture from
0.1 to 0.36. For the refractive index profile we offer step-index, All fibers can be specifically assembled according to your
graded-index or customer-specific profile options. application fields.
www.leoni-fiber-optics.com LEONI
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FiberTech” UV-VIS fiber specifications

Silica/silica

Jacket Coating

With these step-index fibers, the core and cladding consist of

Special optical fibers

Silica cladding

pure fused silica glass with high OH content. The fibers are
Silica core

o

used in a wavelength range from 190 nm to 1100 nm (UV-VIS).
The fibers themselves are covered with a coating either consist-
ing of acrylate, silicone or polyimide.

These multimode fibers are not only used in optical data trans-
mission, but also in sensor technology, spectroscopy, medical

) technology and laser applications.
® coa“ng
us use at 200°C

ORMOCER

\able for continuo!

avail

LEONI

Core @ [pum] (£2 %)
Clad @ [pm] (2 %)

Coating @ [um] (+3 %)
Order no.:
Fiber code no.:

Coating @ [pm] (£3 %)
Order no.:
Fiber code no.:

Coating @ [um] (+3 %)
Order no.:
Fiber code no.:

Jacket @ [pum] (£5 %)
Order no.:
Fiber code no.:

Jacket @ [um] (£5 %)
Order no.:

Fiber code no.:

Step-index multimode: UV-VIS

50

50

100

105

115

200

300

55

125

110

125

125

220

330

o

Fibers with coating

Coating - single acrylate

Numerical aperture 0.22 (0.1 to 0.28 on request)

Temperature range —40 °C to 85 °C (optionally 150 °C)

100 200 200 200 200 345 450
84800002N 84800003N 84800004N 84800005N 84800006N 84800007N 84800009N
NOO NO1 NO02 NO3 NO4 F72 NO5
Coating - dual acrylate Numerical aperture 0.22 (0.1 to 0.28 on request)
Temperature range —40 °C to 85 °C (optionally 150 °C)
— 245 230 245 245 400 —
— 84800032N 84800033N 84800034N 84800035N 84800036N —
— N13 N14 N15 N16 N17 —
Coating - polyimide Numerical aperture 0.22 (0.1 to 0.28 on request)
Temperature range —190 °C to 385 °C (briefly up to 400 °C)
60 140 125 140 140 245 355
84800039N 84800191N 84800192N 84800193N 84800040N 84800194N 84800196N
N18 N19 Al6 N20 N21 B52 N22

Fibers with coating and jacket

Coating - acrylate / jacket — Nylon®

Numerical aperture 0.22 (0.1 to 0.28 on request)

Temperature range —40 °C to 85 °C

— 500 500 500 500 600 700
— 84800102N 84800103N 84800104N 84800105N 84800106N 84800108N
— N26 N27 N28 N29 N30 N31
Coating - silicone / jacket — Tefzel®  Numerical aperture 0.22 (0.1 to 0.28 on request)
Temperature range —40 °C to 150 °C
— 500 500 500 — 600 700
— 84800161N 84800162N 84800163N — 84800105N 84800166N
— N40 N41 N42 — N43 N44

Short-term bending radius: 100 x clad radius | long-term bending radius: 600 X clad radius
Fibers with jacket are offered in different colours | Tefzel®: black, blue, transparent | Nylon®: black, blue, transparent, yellow, red, white
Note: fiber code applies to black jackets, other colours on request

www.leoni-fiber-optics.com
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Core @ [pm] (£2 %)
Clad @ [pm] (+2 %)

Coating @ [pum] (£3 %)
Order no.:
Fiber code no.:

Coating @ [pm] (£3 %)
Order no.:
Fiber code no.:

Jacket @ [pm] (£5 %)
Order no.:
Fiber code no.:

Jacket @ [um] (5 %)
Order no.:
Fiber code no.:

www.leoni-fiber-optics.com

E 710000 &
= Typical values =
= =
5 s
= b
3 1000 g
S @
b
100
10
1o 200 400 600 800 1000
Wavelength [nm]
Step-index multimode: UV-VIS
365 400 500 600 800 910 1000 1500
400 440 550 660 880 1000 1100 1650

Fibers with coating

Coating - single acrylate

Numerical aperture 0.22 (0.1 to 0.28 on request)
Temperature range —40 °C to 85 °C (optionally 150 °C)

550 550 770 840 1000 1250 1350 1850
84800011N | 84800012N | 84800014N | 84800015N | 84800016N | 84800017N | 84800018N | 84800019N
N06 D19 NO7 NO8 N09 N10 NT1 N12

Coating — polyimide Numerical aperture 0.22 (0.1 to 0.28 on request)
Temperature range —190 °C to 385 °C (briefly up to 400 °C)
425 465 575 685 — — — —
84800197N | 84800198N | 84800200N | 84800201N — — — —
N23 N24 N25 E24 — — — —

Fibers with coating and jacket

Coating — acrylate / jacket - Nylon®

Numerical aperture 0.22 (0.1 to 0.28 on request)
Temperature range —40 °C to 85 °C

800 800 1000 1000 1300 1400 1500 2000
84800110N | 84800111N | 84800113N | 84800114N | 84800115N | 84800116N | 84800117N | 84800118N
N32 N33 N34 N35 N36 N37 N38 N39

Coating —silicone /jacket - Tefzel® Numerical aperture 0.22 (0.1 to 0.28 on request)
Temperature range —40 °Cto 150 °C
800 800 1000 1000 1300 1400 1500 2100
84800167N | 84800168N | 84800170N | 84800171N | 84800172N | 84800202N | 84800173N | 84800203N
N45 N46 N47 E31 N48 N49 N50 A59

Short-term bending radius: 100 x clad radius | long-term bending radius: 600 x clad radius

Fibers with jacket are offered in different colours | Tefzel®: black, blue, transparent | Nylon®: black, blue, transparent, yellow, red, white
Note: fiber code applies to black jackets, other colours on request

LEONI
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ultrasol’ fibers

(solarization-stable fibers)

Typical values
Coating g 00— / /
§ N\
Fused silica 2
Jacket E
cladding 2 80
Fused silica glass §
core high OH g 60
’7 Example:
s core/jacket 200/220
215nm
229 NM
20 m— 265 NM
//
0002 Jo4a Jos Jos  [10/7 |2 [300  [e00 [ooo  [1200 |
Irradiation time with deuterium lamp [h]
Progressive absorption of the fibers to the point of complete These newly developed fibers with high OH content are charac-
failure occurs when using UV-VIS fibers < 240 nm. Our solari- terised by very good transmission in the 190-250 nm range.
sation-stable fibers can be used for applications in this critical A deuterium light source was used for the measurement.
range.
Solarisation-stable fibers are also available as fiber bundles with
a single-fiber core from 30 um.
Step-index multimode: UV-VIS
Core @ +2 % [pum] 100 200 300 400 500 600
Clad @ +2 % [um] 110 220 330 440 550 660
N 4
Coating @ +3 % [um] 160 270 400 520 630 740
Order no.: 84808011F 84808012F 84808013F 84808014F 84808016F 84808017F
Fiber code no.: uoo uo1 uo02 uo3 uo5 uo6
Coating @ +3 % [um] 135 245 355 465 575 685
Order no.: 84808003F 84808004F 84808005F 84808006F 84808008F 84808009F
Fiber code no.: u20 U21 u22 uU23 U25 uz26

Nylon® oder Tefzel® optionally available.
Further specifications (including CCDR) are possible.

LEONI www.leoni-fiber-optics.com
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FiberTech® High Power Small Core

HPSC fiber
Attenuation curve of a high-power transmission fiber ‘g
Coating (Ultra-Version) g
. [
Silica cladding LRkal= &
E 0.10
-}
=
s
Silica core = 008
b 0.06
0.04
0.02
0.00 |200 400 600 800 1000 1200 1400
Wavelength [nm]
The HPSC fiber is a step-index multimode fiber that consists of It is the ideal solution for laser transmission and applications in
an undoped silica core and a fluorine-doped silica cladding. sensorics, which require absolute stability in the transmission of
high-power signals. HPSC fibers guarantee high-power trans-
mission in both, UV-near and visible range (from 280 nm up to
750 nm) with highest stability and reliability.
High Power Small Core
Core @ £3.0 [um] 10 15 20 25
Clad @ £2.0 [pum] 125 125 125 125
Transmission properties
Numerical aperture 0.100 £0.015 0.100 £0.015 0.100 £0.015 0.100 £0.015
Attenuation at 600 nm [dB/km] <20 <20 <20 <20
Operating wavelength [nm] 280...750 280...750 280...750 280...750
acrylate coating Temperature range —60 °C to 85 °C
Coating @ +10 [um] 245 245 245 245
Transmissit?rfs stability standard Ultra
(specifies values)
Time until transmission
decrease to 90 % [h] >5 >40
(1.0W, 446 nm)

www.leoni-fiber-optics.com LEONI



M\

FiberTech’ VIS-IR fiber specifications

Jacket Coating

Silica cladding
Silica core

The core of glass fibers for IR consists of pure fused silica glass
with low OH content and uniform refractive index across the

Special optical fibers

entire diameter. The fibers are used in a wavelength range from
400 nm to 2400 nm (VIS-IR). The fibers themselves are covered

with a coating either consisting of acrylate, silicone or polyimide.

The multimode fibers are not only used in optical data transmis-
sion, but also in sensor technology, spectroscopy, medical tech-
nology and laser applications.

® coa"..\ng
us use at 200°C

ORMOCER

\able for continuo!

avail

Step-index multimode: VIS-IR

Core @ [pm] (+2 %)
Clad @ [pm] (2 %)

40 50
125 125

60
125

90
125

100
110

Fibers with coating

Coating - single acrylate

100
120

100
140

105
125

200
220

Numerical aperture 0.22 (0.1 to 0.4 on request)
Temperature range —40 °C to 85 °C

Coating @ [um] (3 %) 200 200 200 200 200 200 220 200 345
Orderno.. 84810001N | 84810003N | 84810004 | 84810005N | 84810006N | 84810007N | 84810008N | 84810009N | 848100010N
Fiber code no.: N51 N52 N53 N54 N55 N56 N57 A73 N58
Coating — dual acrylate Numerical aperture 0.22 (0.1 to 0.4 on request)
Temperature range —40 °C to 85 °C (optional =60 °C to 150 °C)
Coating @ [um] (3 %) 245 245 245 245 230 240 260 245 400
Orderno.. 84810041N | 84810043N | 84810044N | 84810045N | 84810046N | 84810047 | 84810048N | 84810049N | 84810050N
Fiber code no.: N67 N68 N69 N70 N71 N72 N73 A75 N74
Coating — polyimide Numerical aperture 0.22 (0.1 to 0.4 on request)
Temperature range 190 °C to 385