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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING
DEVICES AND PASSIVE COMPONENTS -
CONNECTOR OPTICAL INTERFACES -

Part 3-2: Connector parameters of dispersion unshifted single-mode
physically contacting fibres — Angled 2,5 mm and 1,25 mm diameter
cylindrical full zirconia ferrules

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 61755-3-2 has been prepared by subcommittee 86B: Fibre optic interconnecting devices
and passive components, of IEC technical committee 86: Fibre optics. It is an International
Standard.

This second edition cancels and replaces the first edition published in 2006. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

a) normative references have been added;

b) The introduction of an additional optical interface with a different fibre core eccentricity
profile. The previous revision of optical interface standard is named "Variant 1: with fibre
core axis oriented towards the connector guide key". The additional optical interface is
named "Variant 2: with fibre core axis not oriented towards the connector guide key";

c) statements added related to interoperability, where both variants remain intermateable
within a given performance grade and are fully backwards compatible to
IEC 61755-3-2:2006;

d) The addition of Grade B and Grade C interface requirements for both variants;

e) The addition of a descriptive statistic for the mean fibre core eccentricity (mean value) to
describe the distribution of fibre core eccentricity to ensure interoperability;

f) A new informative Annex B to give guidance on the expected attenuation when mated to a
reference connector plug;

g) A new informative Annex C to give guidance related to the simulation of optical interface
attenuation;

h) A new informative Annex D to give guidance related to estimation of mean fibre eccentricity
limits for finite production batch sizes.

The text of this International Standard is based on the following documents:

Draft Report on voting

86B/4864/FDIS 86B/4890/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts of the IEC 61755 series, under the general title Fibre optic interconnecting
devices and passive components — Connector optical interfaces for single-mode fibres, can be
found on the IEC website.

Future documents in this series will carry the new general title as cited above. Titles of existing
documents in this series will be updated at the time of the next edition.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside"” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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FIBRE OPTIC INTERCONNECTING
DEVICES AND PASSIVE COMPONENTS -
CONNECTOR OPTICAL INTERFACES -

Part 3-2: Connector parameters of dispersion unshifted single-mode
physically contacting fibres — Angled 2,5 mm and 1,25 mm diameter
cylindrical full zirconia ferrules

1 Scope

This part of IEC 61755 defines the dimensional limits of the optical interface that are necessary
for single-mode fibre optic connectors with 2,5 mm or 1,25 mm diameter cylindrical zirconia
(ZrO,) ferrules polished at an 8° angle to meet the specific requirements for fibre-to-fibre
interconnection, as defined in IEC 61755-2-2.

Ferrules made from the material specified in this standard are suitable for use in all the
operating service environments defined in IEC 61753-1.

Ferrule dimensions and features are contained in the IEC 61754 series of fibre optic connector
interface standards.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61755-1, Fibre optic interconnecting devices and passive components — Connector optical
interfaces for single-mode fibres — Part 1: Optical interfaces for dispersion unshifted fibres —
General and guidance

3 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 61755-1 apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
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4 Description

The performance of an angled physical contact (APC) cylindrical ferrule optical interface is
determined by the alignment of the optical datum targets of two mating ferrules. There are three
conditions affecting the alignment of two optical datum targets: lateral offset, angular offset and
longitudinal offset.

Parameters influencing the lateral and angular offset of the optical fibre axes include the
following:

— ferrule outside diameter,

— ferrule bore concentricity relative to the ferrule outside diameter,

— ferrule bore angle relative to ferrule outside diameter axis,

— fibre cladding diameter relative to ferrule bore diameter,

— fibre core concentricity relative to the fibre cladding diameter,

— fibre core orientation relative to connector guide key,

— amount of angled PC polishing after tuning of the connector at PC condition,

— alighment sleeve inside diameter,

— force with which the alignment sleeve grips the ferrule.

Parameters influencing the connector plug endface deformation requirements necessary to
maintain the physical contact of the ferrules within a mated connection are as follows:

— endface spherical radius,

— endface spherical radius apex offset of ferrule or angle relative to the APC reference plane,
— fibre undercut,

— ferrule rotational clearance relative to keying,

— axial force on ferrule endface,

— ferrule and fibre material physical constants,

— alignment sleeve frictional force,

— connector keying accuracy.
5 Interface parameters

The endface dimensions of terminated connector plugs provided in Figure 1 and Figure 2 show
the geometrical position of the fibre core for two alternative variants. These core location
variants ensure full intermateability between Variant 1 and Variant 2 as defined in IEC 61755-1.
In addition, both variants produced per this document are fully backwards compatible with
Grade B in IEC 61755-3-2:2006.

The ferrule dimensions are defined in Figure 3. The parameter values are detailed in Table 1,
Table 2 and Table 3.
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Connector guide key

Fibre axis =

Ferrule axis

Spherical radius apex

APC
reference plane

IEC

NOTE B shows the polished spherical radius

Figure 1 — Connector plug endface dimensions

Connector guide key Connector guide key

IEC ! IEC
a) Variant 1 b) Variant 2

NOTE F, F’, G and H define the radial and angular polar coordinate limits of the optical fibre core axis relative to
the optical datum target of the ferrule.

Figure 2 — Geometric requirements for fibre core location after termination
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Table 1 — Optical interface parameter values for 2,5 mm diameter ferrule

Parameter values
Ref. | Grade A Grade B Grade C Grade D Unit Remarks
Min. | Max. Min. Max. Min. Max. Min. Max.
AP -100 a -100 a -100 a nm [Fibre undercut or protrusion
B 5 12 5 12 5 12 mm |Spherical radius
C 0 50 0 50 0 50 pm |[Apex offset
D 2,498 52,4995 |2,4985|2,4995 | 2,4985 | 2,4995 | mm |Outside diameter
E 0 0,2 0 0,3 0 0,6 ° |Angle of fibre axis
F 0 1,0 0 1,44 Not Applicable um |Radius, See Figure 2 a)
F’ 0 0,6¢ 0 1,1f 0 1,59 pum |Radius, See Figure 2 b)
G 0 0,3 0 0,3 Not Applicable um |Radius, See Figure 2 a)
H 0 50 0 50 Not Applicable ° See Figure 2 a)
1 8 8 8 ° Basic dimension

NOTE 1 The core location (F, F’, G, H) and tilt angle (E) values specified in this document have been calculated
to ensure that the attenuation values specified in IEC 61755-2-1 are met under all circumstances (See Annex C).
Guidance on expected attenuation values when mated to a reference connector plug can be found in Annex B.

NOTE 2 E, F, F’, G and H are measured in the PC state before polishing APC angle.

NOTE 3 Core eccentricity Variant 1 [Figure 2 a)] and Variant 2 [Figure 2 b)] are intended to be fully intermateable
for a given performance grade as defined in IEC 61755-1.

NOTE 4 Grade A is reserved for future application.
NOTE 5 Attenuation performance grades are defined in IEC 61755-1.

NOTE 6 See Annex D for information on estimation of average fibre core eccentricity limits as a function of batch
size. The batch size may be changed according to the guidance in Annex D. The batch size should be included in
the report.

NOTE 7 Refer to IEC 61300-3-47 for endface geometry measurement of PC spherically polished ferrules using
interferometry.

NOTE 8 To account for uncertainty in fibre core eccentricity measurements, the limits and mean values are
rounded to one significant digit after the comma.

@ Contact force 4,9 N nominal. Ferrule material: 3 mol % yttria stabilized zirconia, ZrO,. Nominal material physical
constant values: Young’s Modulus, 200 GPa = 20 GPa, Poisson’s Ratio, 0,30 to 0,31. See Annex A for details.

Amaximum =1 988 - B 07%) - p-10° +( 5%-10° _Cz)'103 -60

A as a negative value indicates fibre protrusion.

¢ Fibre core eccentricity distribution shall have a mean less than or equal to 0,4 um. See Note 6.
Fibre core eccentricity distribution shall have a mean less than or equal to 0,5 um. See Note 6.
¢ Fibre core eccentricity distribution shall have a mean less than or equal to 0,2 um. See Note 6.
Fibre core eccentricity distribution shall have a mean less than or equal to 0,4 um. See Note 6.

9 Fibre core eccentricity distribution shall have a mean less than or equal to 0,6 um. See Note 6.
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Table 2 — Optical interface parameter values for 1,25 mm diameter ferrule

Parameter values
Ref. | Grade A Grade B Grade C Grade D Unit Remarks
Min. | Max. Min. Max. Min. Max. Min. Max.
AP -100 a -100 a -100 a nm |[Fibre undercut or protrusion
B 5 12 5 12 5 12 mm |Spherical radius
C 0 50 0 50 0 50 um [Apex offset
D 1,248 51,2495 | 1,2485 (1,2495 | 1,248 5 | 1,2495 | mm |Outside diameter
E 0 0,2 0 0,3 0 0,6 ° Angle of fibre axis
F 0 1,0 0 1,44 Not Applicable um |Radius, See Figure 2 a)
F’ 0 0,6¢ 0 1,1f 0 1,59 um |Radius, See Figure 2 b)
G 0 0,3 0 0,3 Not Applicable pum [Radius, See Figure 2 a)
H 0 50 0 50 Not Applicable ° |See Figure 2 a)
1 8 8 8 ° Basic dimension

NOTE 1 The core location (F, F’, G, H) and tilt angle (E) values specified in this document have been calculated
to ensure that the attenuation values specified in IEC 61755-2-1 are met under all circumstances (See Annex C).
Guidance on expected attenuation values when mated to a reference connector plug can be found in Annex B.

NOTE 2 E, F, F’, G and H are measured in the PC state before polishing APC angle.

NOTE 3 Core eccentricity Variant 1 [Figure 2 a)] and Variant 2 [Figure 2 b)] are intended to be fully intermateable
for a given performance grade as defined in IEC 61755-1.

NOTE 4 Grade A is reserved for future application.
NOTE 5 Attenuation performance grades are defined in IEC 61755-1.

NOTE 6 See Annex D for information on estimation of average fibre core eccentricity limits as a function of batch
size. The batch size may be changed according to the guidance in Annex D. The batch size should be included in
the report.

NOTE 7 Refer to IEC 61300-3-47 for endface geometry measurement of PC spherically polished ferrules using
interferometry.

NOTE 8 To account for uncertainty in fibre core eccentricity measurements, the limits and mean values are
rounded to one significant digit after the comma.

@ Contact force 2,9 N nominal. Ferrule material: 3 mol % yttria stabilized zirconia, ZrO,. Nominal material physical
constant values: Young’s Modulus, 200 GPa + 20 GPa, Poisson’s Ratio, 0,30 to 0,31. See Annex A for details.

Amaximum =1 798 B079%) _ p.10b +(VBZ 108 —C2j~103 -60

A as a negative value indicates fibre protrusion.

¢ Fibre core eccentricity distribution shall have a mean less than or equal to 0,4 um. See Note 6.
Fibre core eccentricity distribution shall have a mean less than or equal to 0,5 pm. See Note 6.
€ Fibre core eccentricity distribution shall have a mean less than or equal to 0,2 um. See Note 6.
Fibre core eccentricity distribution shall have a mean less than or equal to 0,4 ym. See Note 6.

9 Fibre core eccentricity distribution shall have a mean less than or equal to 0,6 um. See Note 6.
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J J
:<“ No sharp edge A
\i X No sharp edge
v [/
IEC IEC
a) Conical type b) Step type
Figure 3 — Ferrule dimensions
Table 3 — Optical interface parameter values for APC ferrules
2,5 mm diameter ferrule 1,25 mm diameter ferrule
parameter values parameter values
Ref. Min. Max. Min. Max. Remarks
mm mm mm mm
J 0,8 1,7 0,6 0,85 Diameter
- 1,8 - 1,0
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Annex A
(informative)

Maximum allowed spherical fibre undercut

The maximum allowed spherical fibre undercut 4, ,imum (s€€ Figure A.1 and Figure A.2) is

determined by the interaction of the parameters influencing the longitudinal offset of the optical
fibre axes as defined by Formula (A.1)

where

A

maximum

Dpte

Dprw

Amaximum = k1 - B2 —B-10° +(V32 10° —Cz)'103 ~ Dot ~ Dprw (A1)

is the maximum spherical undercut for physical contact (nm),
is the coefficient based on ferrule contact force and material properties,
is the exponent based on ferrule contact force and material properties,

is the endface spherical radius (mm),

is the apex offset from fibre axis (um),

is the differential thermal expansion between the ferrule material and the silica fibre
at maximum operating temperature (nm),

is the permanent fibre withdrawal that exceeds the transient fibore movement
predicted by the first three terms in Formula (A.1) (nm).

Endface deformation term as a function of contact force, endface radius and material properties
is shown in Formula (A.2):

Ky .gke (A.2)

Geometric compensation term for the offset of the ferrule apex from the fibre axis is shown in
Formula (A.3):

3-106+(\/32.106-czj.103 (A.3)
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