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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of

Standardization Standardization as a guiding principle of IPC’s standardization efforts.
Standards Should: Standards Should Not:
« Show relationship to Design for Manufacturability « Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
e Minimize time to market » Keep people out
 Contain simple (simplified) language * Increase cycle time
* Just include spec information * Tell you how to make something
* Focus on end product performance  Contain anything that cannot
¢ Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for his particular need. Existence of such Standards and Publications
shall not in any respect preclude any member or nonmember of IPC from manufacturing or sell-
ing products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC ?;Position It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and

Statfement on implementation of IPC publications is voluntary and is part of a relationship entered into by
Specification customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
Revision Change lished, it is the opinion of the TAEC that the use of the new revision as part of an existing

- relationship is not automatic unless required by the contract. The TAEC recommends the use

of the latest revision. Adopted October 6. 1998

Why is there Your purchase of this document contributes to the ongoing development of new and updated
a charge for industry standards. Standards allow manufacturers, customers, and suppliers to understand one
this standard? another better. Standards allow manufacturers greater efficiencies when they can set up their

processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates in committee activities, typesets and circulates document drafts, and follows all
necessary procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to
participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
why not take advantage of this and the many other benefits of IPC membership as well? For
more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.
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Specification Hierarchy
This standard is a member of the family of IPC Standards and Guidelines for Optoelectronics.

IPC-0040 Optoelectronic Assembly and Packaging Technology
IPC-STD-8413-1Specification for Process Carriers Used to Handle Optical Fibers in Manufacturing

FORWARD

In May 2001, at a joint meeting of IPC and NEMI, a technical interest group in Photonics Manufacturing was created. This
group met twice in the summer of 2001 and identified several issues in photonics manufacturing that could be resolved by
the creation of standards. At the same time, IPC began working on an overview standard for Optoelectronics, IPC-0040. This
standard was largely educational in content and serves to provide an overarching framework for specific standards in opto-
electronics, particularly in fiber optics. Out of these efforts, fiber handling and carriers for containing and controlling fiber
in the component manufacturing process were identified as fundamental issues. The NEMI Technical Working Group was
formed in September 2001, to address these issues. This standard is the result of that effort.
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Figures

The fiber carrier origin, frame of reference,
and tooling holes. Note also the designation
of the carrier edges. (dimensions are in

mm [in])

The carrier envelope. All components and
fixtures attached to the carrier must be inside
this space. (dimensions are in mm [in])

Carrier fiducial mark. There may be one or
more fiducials, located anywhere on the
carrier. (dimensions are in mm [in])

Carrier labeling zone. (dimensions are
in mm [in])

Fixed Fiber Location Zone (dimensions
are in mm [in])
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Specification for Process Carriers Used to
Handle Optical Fibers in Manufacturing

1 SCOPE on printed circuits boards, where fiber routing is required,
The purpose of the specification is to define standard prac-was not considered as this is currently under consideration
tices for handling various kinds of optical fiber and to by another working group.
define the specifications and guidelines to be used in the
design of carriers for these fibers in component manufac- 1.4 Manufacturing Process Carriers The carrier fea-
turing. tures specified here are for fiber carriers only. It is recog-
nized that in component manufacturing, the fiber is one of
1.1 Objective of This Standard The objective of this several piece parts used. Often these other piece parts will
standard is not to define a particular carrier design, but to have their own carriers. Also, there may be carriers used to
define enough requirements and guidelines to facilitate thehold the final assembly of which the fiber is part. This
use of fiber carriers in fiber optic component manufactur- standard provides specifications and guidelines for fiber
ing, particularly in automated or semiautomated processes.carriers. It also provides specifications and guidelines for
It is the expectation of the authors of this standard that, features on other carriers that will facilitate the use of these
over time, a variety of carriers will be designed that meet other carriers with the fiber carrier. Features for piece part
this standard. The marketplace will determine the subset of carriers or product carriers, unrelated to the fiber or its car-
these designs that best satisfies the needs of the industrytier, are not considered or specified.
Additional requirements will also emerge. These factors
will lead to a small number of industry standard carriers. 1.5 Additional Process Requirements The requirements
defined in this standard are not intended to meet the needs
1.2 Specifications and Guidelines The fiber carrier of all possible fiber optic component assembly processes.
requirements contained in this standard have a wide rangeThere are processes that have additional requirements
of specificity. The authors were confronted with the chal- beyond those given in the standard. For example, the
lenge of creating a useful standard for optical fiber carriers requirements for temperature or chemical resistance given
when these carriers will be used in a wide range of pro- in this standard may be inadequate for certain processes. In
cesses and products where there are no standards. A prithese cases, it is expected that fiber carriers will be devel-
mary goal of this standard is to facilitate the development oped that meet the requirements given in this standard in
of standard automated equipment for manufacturing pro- most areas, but exceed them in others, to make that particu-
cesses where optical fiber is utilized. Thus, carrier require- lar carrier design useful for these more specialized require-
ments that bear directly on automation, such as the framements. The working group recognized that burdening all
of reference, fiducial marks, tooling holes, and clearances, carrier designs with the requirements for all possible pro-
are specified rather precisely. On the other hand, require-cesses would result in designs that are too expensive for
ments such as the carrier’s construction, how it is loaded many applications. The requirements picked here are those
with fiber, how the fiber is protected and contained, and that the working group felt would meet most process needs.
how the fiber ends are captured, are very product and pro-
cess dependent. Therefore, they are not exactly specified1.6 Optical Fibers The specifications and guidelines in
In these cases only guidelines, which should be consideredthis standard are applicable to handling and carriers for the
when these carrier features are being designed, are givenoptical fibers with the following characteristics.

« Proof tested to >0.7 G Pa [100k psi]
e Primary buffer coat diameter >240 um [0.009449 in]
Overall jacket diameter <1.00 mm [0.03937 in]

1.3 Processes In determining the handling and carrier

requirements specified here, only the fiber optic component

and module manufacturing processes were considered. Pro:

cesses for fabricating the fiber, before component manufac-

turing, or for assembling the resulting component or mod- 2 APPLICABLE DOCUMENTS

ule onto a printed circuit board (after component or module The following documents are referred to in this standard.

assembly and test) were not considered. The processes

within the scope of this standard begin with the removal 2.1 IPC-0040 - Optoelectronic Assembly and Packaging

the fiber from its bulk spool, through component assembly Technology This is an overview standard, describing the

and test, and ending with optoelectronics module assemblystate of the art and the technologies used in optoelectronic
~ and test. Mounting of fiber optic components or modules manufacturing. ocuments
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2.2 IPC-SMEMA Interface Standard 1.2 - SMEMA
Mechanical Equipment Interface Standard Specifies

standards for conveyor transport, carrier edge clearance,

and tooling holes.

2.3 IPC-SMEMA 3.1 - SMEMA Fiducial Mark Standard
Specifies dimensions and tolerances for fiducial marks.

2.4 National Institute of Safety and Health (NIOSH) STD
94-110-b Specifies an equation for calculating Recom-
mended Weight Limit for manual lifting.

2.5 ANSI/ESDS20.20-1999 - ESD Association Standard
for Development of an Electrostatic Discharge Control

Program Specifies methods for measuring and controlling
electrostatic discharge in manufacturing environments.
Section 6.2 ESD - Control Program Technical Require-
ments, and Section 7 - Appendix A: Sensitivity Testing are
particularly useful.

2.6 SEMI S8-0701 - Safety Guidelines for Ergonomic
Engineering of Semiconductor Manufacturing Equip-

ment Specifies ergonomic requirements and guidelines
for material handling, carrier loading, and handle design.
Appendix A, Section 1 (Manual Material Handling), Sec-

tion 2 (Product loading), and Section 9 (Handle Design) are
particularly useful.

2.7 1SO-14644-1 - Classification of Air Cleanliness
Defines clean room classifications (Replaces FED-STD-
209E).

3 REQUIREMENTS

3.1 Definitions The following terms are used in the
specifications and guidelines given below. Other useful
terms are given in the glossary in the Appendix.

a) Buffer — A protective coating, usually plastic, applied
directly on the fiber. See Primary Coating.

b) Carrier — A device used to contain, position and orient

an assembly during in its manufacture, application, or

shipping. See Fiber Carrier, Primary Carrier, Subcarrier.

Fiber Carrier — A device used to contain, position and

orient optical fiber during in its manufacture, applica-

tion, or shipping. See Carrier, Primary Carrier, Subcar-
rier.

Fixed Fiber End —The end of a fiber that stays in a
fixed location on the carrier during processing (not
including carrier loading and unloading). This end may
be a prepared bare fiber, a fiber in a ferrule, a fiber in
a connector, or some other termination. If optical con-
nections are made to it for testing, the launch or receiv-
ing element is brought into position with the fiber end.
The fiber end’s position relative to the carrier’s frame
of reference is unchanged. See Movable Fiber End.

<)

d)

e) Minimum Bend Radius —The minimum radius that a
fiber can be bent without causing undesirable effects.
The minimum mechanical bend radius is that radius
below which the fiber can become damaged due to the
mechanical deformation. The minimum optical bend
radius is that radius below which optical attenuation in
the fiber due to bending becomes measurable.

Movable Fiber End —A movable fiber end is a fiber
end that is moved relative to its carrier’s frame of ref-
erence for processing (not including carrier loading and
unloading). This end may be a bare fiber, a fiber in a
ferrule, a fiber in a connector, or some other termina-
tion. At some point in the process it is picked up by a
gripper and moved to another location for processing. It
may remain in that new location, be placed back in its
original position, or placed in some other location when
processing is finished. See Fixed Fiber End.

Primary Carrier — A device used to contain, position,
and orient a subassembly during manufacturing, when
it has a subcarrier mounted on it. A carrier becomes a
primary carrier when one or more subcarriers are
mounted on it. See Carrier, Fiber Carrier, Subcarrier.

h) Primary Coating —The plastic coating, usually acry-
late, immediately covering the silica fiber. See Buffer.

g)

i) Subcarrier —A device used to contain, position, and
orient a subassembly during manufacturing, when it is
mounted on a carrier. A carrier becomes a subcarrier
when it is mounted on another carrier. A carrier may
have multiple subcarriers on it. See Carrier, Fiber Car-
rier, Primary Carrier.

3.2 Requirements for Handling Optical Fiber Below are
listed the requirements for handling optical fiber, either
manually or with tools or equipment, in fiber optic compo-
nent manufacturing. These requirements also apply to fiber
contained in a carrier, and therefore are requirements for
the any carrier that comes into contact with the fiber.

3.2.1 Buffer Jacket Damage In handling fiber, care
must be taken to not damage the primary buffer coating. If
the fiber is not protected by a carrier, caution must be exer-
cised to avoid hitting it with tools or bringing the fiber into
contact with a sharp edge. If the fiber is contained in a car-
rier, the carrier should not have any sharp edges that can
come in contact with the fiber. It should also contain the
fiber to protect it from possible damage to the primary
coating. Also, any device used to grip the fiber, such as a
clamp or a robotic gripper must not damage the primary
buffer coat. Processes where optical fibers are handled and
carriers that hold optical fibers should not produce any
defects (nicks, cuts, deformation, etc.) in the primary fiber
coating that are visible at 10x magnification or less.

3.2.2 Bend Radius Two optical fiber bend radii are
important in component assemkbly .and Bottinents
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mechanical bend radius. A bend of tighter radius than this 3.3 Requirements for Optical Fiber Carriers Fiber car-
limit for longer than the prescribed time can cause perma- riers can be used to contain and control optical fiber as a
nent damage to the fiber, which affects its long-term reli- stand-alone device, or used as a subcarrier with a larger
ability. The second bend radius is the optical bend radius. primary carrier. When the fiber carrier is a subcarrier
Bends with radii smaller than this limit produce measurable mounted on a larger primary carrier, the primary carrier
optical attenuation in the fiber. This can affect test results. usually contains other parts required for the component

Since mechanical damage to optical fiber is a function of assembly. The ends of the fiber may be captured in features

the stress applied to the fiber, the minimum mechanical on the fiber carrier, or captured by features on the primary

. : . . ._carrier. This standard specifies the requirements of the fiber
bend radius that the fiber can experience without damage is__ . e . .
carrier. It also specifies those features of a primary carrier

a function of the time the fiber undergoes the resulting : . ) ) .
. . . . -~ that make the primary carrier compatible with the fiber
bending stress. A fiber bent with a relatively small radius . ) . .
carrier as a subcarrier. The requirements for fiber end cap-

can remain undamaged for a short time. If held at that same - . . . .
. . . . ture, position, and orientation apply to any carrier on which
radius for a longer time, the resulting stress will eventually , .
the fiber end is located.

permanently damage the silica. The minimum mechanical
bend radius varies for different fibers, but for the fibers 3.3.1 Form Factor
defined in Scope above, the minimum mechanical bend ,
radius is 25 mm [0.984 in] for a duration of up to three
months.

.3.1.1 Carrier Size/Dimensions The upper limits on
size for fiber carriers is 150 mm [5.906 in] wide by 325
mm [12.79 in] long. These limits are chosen to be consis-
As with the mechanical radius, there is some variation in tent with many commonly used carriers and transport
the optical bend radius with different fiber types and with equipment and to provide adequate size for virtually all
different operating wavelengths. For the fibers defined in fiber optic components.

Scope above, the minimum optical bend radius is 30 mm

[1.18 in] for 20 t | 3.3.1.2 Origin and Frame of Reference The origin and
. In] Tor urns or less.

frame of reference for a fiber carrier are shown in Figure
3.2.3 Fiber Ends In oreparation for splicing or testin 3-1. These are based in part on the requirements given for
<2 TIDer Enas prep plicing 9. printed circuit board assembly equipment specified in IPC-

the ends of qpucal fibers are cIeaveq to form good opiical SMEMA 2. The carrier frame of reference is determined by
and mechanical surfaces. The optical performance of a . ) S

viewing the carrier from the top as in Figure 3-1. The edge
cleaved surface can be severely degraded by subsequent

. . 2~ of the carrier deck that is closest to the front of the process
mechanical damage or from particles or other contamina- ) .
. T . ell (or closest to the operator, or next to the fixed rail of
tion. In most cases, these degrading influences are avoide

L . . . he conveyor), is the reference edge. With this reference
by minimizing the time between cleaving the fiber end and . A
L L . : edge at the bottom of the top view as in Figure 3-1, the
splicing it or mating it with optical measurement equip-

ment. However, even if this time can be minimized, the edge of the carrier at the right is the leading edge of the

. .carrier. The origin of the carrier frame of reference is near
cleaved surface must be kept as clean as possible. Glass i : ! . .
e lower right corner of the carrier deck. This corner is

ggood generator and carrier of static electric charge WhICh’formed by the reference edge and the leading edge. The
in turn, attracts dust. Cleaving should be performed in a . - .
exact location of the origin of the frame of reference is

dust-free environment. If the optical connection cannot be . . . .
. . , defined as the center of the primary tooling hole. The pri-

made immediately, the fiber end should be covered to pro- . . . : .
mary tooling hole is located in the region that is between

tect it from possible contamination. Fllber'ca'rner's and the.ll’ 7.36 mm [0.2898 in] and 12.95 mm [0.50984 in] from the

components should be made of static dissipative material . . .

that does not produce dust or debris from use leading edge, and is 7.62 mm [0.3000 in] + 0.25 mm
P ' [0.00984 in] from the reference edge. The primary tooling

hole is 3.99 mm [0.1571 in] £ 0.25 mm [0.00984 in] in

3.2.4 Fiber Load and Stress Limits The load placed on )
diameter.

an optical fiber when it is being loaded onto a carrier,
removed from the carrier, or otherwise handled must not The x-axis of the frame of reference runs parallel to the
exceed 0.4 kg-force [0.88 Ibf]. This is equivalent to a ten- carrier’s leading edget x is across the carrier deck from
sile stress of 0.32 G Pa [46.4k psi], or approximately 50% the origin, away from the reference edge. The y-axis runs
of the proof test limit. parallel to the reference edgey is across the carrier deck
from the origin, away from the leading edge z is given

In winding, unwinding, handling or processing optical ) .
fiber, care must be taken to avoid applying torsional loads. b,y the right-hand rule (x by y) and is upward from the car-

Torsion in the fiber causes the fiber to wrap around itself rier deck.

creating tangles. Also, fiber under torsion can compromise If a second tooling hole is required, the preferred location

the integrity of splices with other fiber or seals that are is on the y-axis at a distance from the origin that is a mul-
~ formed around the fiber. tiple of 12.7 mm [0.5000in] 2nd L I@CAMIENGRNES by
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