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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -
FIBRE OPTIC SPATIAL SWITCHES -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization
all national electrotechnical committees (IEC National Committees). The
international co-operation on all questions concerning standardization in the elg
this end and in addition to other activities, IEC publishes International 3ta
Technical Reports,

standardization comprising

2) The formal decisions or agreements of IEC on technical ma

3) IEC Publications have the form of recommepdati

4) In order to promote internagtional uni
transparently to the maX| \
between any IEC Publicgti
the latter.

5) IEC itself does ng pro'de any S
assessment ser
services carried ou de

of\confgrmity. Independent certification bodies provide conformity

6) All users should eng te’st edition of this publication.

7) No liability shall ‘atta its\directors, employees, servants or agents including individual experts and
members of j 2 es and IEC National Committees for any personal injury, property damage or
other damage o oever, whether direct or indirect, or for costs (including legal fees) and
expense e pubkcation, use of, or reliance upon, this IEC Publication or any other IEC
Publicatio

8) Attention™ W S mative references cited in this publication. Use of the referenced publications is
indispensablefor the correct application of this publication.

9) Attention is drawn e possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60876-1 has been prepared by subcommittee 86B: Fibre optic
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics.

This fourth edition cancels and replaces the third edition published in 2001. It constitutes a
technical revision. The changes with respect to the previous edition are to remove quality
assessment procedures and to reconsider definitions.

This bilingual version (2013-02) corresponds to the monolingual English version, published in
2012-07.

Documents

Document Sharing Hub

Full document details: IEC 60876-12012


http://avadocuments2026.com/doc/iec-60876-1-2012
http://avadocuments2026.com/doc/iec-60876-1-2012

60876-1 © IEC:2012 -5-

The text of this standard is based on the following documents:

CDV Report on voting
86B/3276/CDV 86B/3339/RVC

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

The French version of this standard has not been voted upon.

The committee has decided that the contents of this
stability date indicated on the IEC web site unde
the specific publication. At this date, the publicati

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
* amended.

IMPORTANT - Thg insidel lggo on the cover page of this publication
indicates that it ¥ ich are considered to be useful for the correct
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FIBRE OPTIC INTERCONNECTING DEVICES
AND PASSIVE COMPONENTS -
FIBRE OPTIC SPATIAL SWITCHES -

Part 1: Generic specification

1 Scope

applies.
IEC 60027 (all parts), Lette 6 trical technology

IEC 60050 (all ati Electrotechnical  Vocabulary (available at
<http://www.elec 2

IEC 60617 (all parts? 2 eotsfor diagrams (available at <http://std.iec.ch/iec60617>)

IEC 61300 (all parts ibre optic interconnecting devices and passive components — Basic test
and measurement procedures

IEC/TR 61930, Fibre optic graphical symbology

IEC 62047-1, Semiconductor devices — Micro-electromechanical devices — Part 1: Terms and
definitions

ISO 129-1, Technical drawings — Indication of dimensions and tolerances — Part 1. General
principles

ISO 286-1, Geometrical product specification (GPS) — ISO code system for tolerances on linear
sizes — Part 1: Basis of tolerances, deviations and fits

ISO 1101, Geometrical Product Specifications (GPS) — Geometrical tolerancing — Tolerances of
form, orientation, location and run-out
Documents

Document Sharing Hub

Full document details: IEC 60876-12012


http://std.iec.ch/iec60617
http://avadocuments2026.com/doc/iec-60876-1-2012
http://avadocuments2026.com/doc/iec-60876-1-2012

60876-1 © IEC:2012 -7-

ISO 8601, Data elements and interchange formats — Information interchange — Representation
of dates and times

3 Terms and definitions

For the purposes of this part of IEC 60876, the definitions given in IEC 60050-731 apply,
together with the following definitions.

3.1 Basic terms and definitions

3.11
port
optical fibre or fibre optic connector attached to a passive component fo
of optical power

v_and/or exit

3.1.2

transfer matrix
optical properties of a fibre optic switch can be defined in a
number of ports)

efficients (n is the

Note 1 to entry: The T matrix represents the on-state paths (wo
the off-state paths (worst-case isolation).

nd the T° matrix represents

3.1.3
transfer coefficient
element t; or t°; of the transfer matrix

\ m) fraction of power transferred from port i to
port j for any state with path { switched € effigi > is the worst-case (maximum) fraction of power

3.1.4

logarithmic tra@

Note 1 to entrys ha g off state, a"ij =-10 log toij

3.2 Componentdefinitions

3.21

optical switch

passive component processing one or more ports which selectively transmits, redirects or
blocks optical power in an optical fibre transmission line

3.2.2

switch state

particular optical configuration of a switch, whereby optical power is transmitted or blocked
between specific ports in a predetermined manner

3.2.3

actuation mechanism

physical means (mechanical, electrical, acoustic, optical, etc.) by which a switch is designed to
change between states
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3.24
actuation energy
input energy required to place a switch in a specific state

3.2.5

latching switch

switch that maintains its last state and specified performance level when the actuation energy
which initiated the change is removed

3.2.6

non-latching switch
switch that reverts to a home state or undefined state when the actuation e
a change is removed

which initiated

3.2.7

blocking
inability to establish a connection from a free input port to Ndue to the
existence of some other established connection

Note 1 to entry: Blocking and various degrees of non-blocking operation jonalities_afre of various types.
“Strict-sense non-blocking” refers to a switch matrix in which it is 2 3Si connection between
any free input port and any free output port irrespective of previgusly £s% .

“Wide-sense non-blocking” refers to a matrix in which it i 5 i teblish a desired connection
provided that some systematic procedure is followed j 4 nectiogs. Some multistage switching
architectures fall into this category.

“Rearrangeably non-blocking” refers to a switck { port can be connected to any free
output port provided that other established conng 3 d_and/then reconnected as part of making
the new connection.

3.2.8

magneto-optic effect switch

MO switch

optical switch which us effect (phenomenon of polarization state change
in transmitted li d agnetic field)

3.2.9

mechanical swi

optical switch he switching function by driving of the movable part

micro-efe system switch

optical switch u EMS technology, as defined in IEC 62047-1

3.2.1

thermo-optic effect switch

TO switch

optical switch which uses the thermo-optic effect (phenomenon of refractive index change
caused by temperature variation)

3.3 Performance parameter definitions

3.3.1
insertion loss
element ajj (where i # j) of the logarithmic transfer matrix

Note 1 to entry: It is the reduction in optical power between an input and output port of a passive component
expressed in decibels and is defined as follows:

a; = -10 log (P/P) Documents
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where
P, is the optical power launched into the input port, and
PJ. is the optical power received from the output port.

Note 2 to entry: The insertion loss values depend on the state of the switch.

3.3.2
return loss
element ajj (where i = j) of the logarithmic transfer matrix

Note 1 to entry: It is the fraction of input power that is returned from the input port of a passive component and is
defined as follows:

RL, =-10log (P,/P,)

where
P, is the optical power launched into the input port, and
Pesi is the optical power received back from the same port.

Note 2 to entry: The return loss values depend on the state of the switch.

3.3.3

operating wavelength

y

nominal wavelength at which a passive component j ate with the specified
performance

3.34

latency time

3.3.41

latency time

f

<switching from isolated =
specified output port rea
the actuation energy is

SEE: Figure 1

3.3.4.2
latency time
ty

SEE: Figure 1

3.3.5

rise time

elapsed time when the output power of the specified output port rises from 10 % of the steady-
state value to 90 % of the steady-state value

3.3.6

fall time

elapsed time when the output power of the specified output port falls from 90 % of the
steady-state value to 10 % of the steady-state value
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3.3.7
bounce time

3.3.71

bounce time

t

<bswitching from isolated state to conducting state> elapsed time when the output power of a
specified output port maintains between 90 % and 110 % of its steady-state value of the output
power from the first time the output power of a specified output port reaches to 90 % of its
steady-state value of the output power

SEE: Figure 1

3.3.7.2
bounce time
ty’

steady-state value of the output power

SEE: Figure 1

3.3.8
switching time
3.3.81
switching time
tS

<switching from isolated state to condugtin

ching time is defined as follows:

where
t, is latency tim@
t. is rise time;

.
ty, is bounce tim

3.3.8.2
syvitchi
t<stitching cting state to isolated state>the switching time is defined as follows:
tS =t + b+t

where

t/ is latency time;
t; is fall time;
ty’ is bounce time.
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Actuation energy supply
A Ou\tput port power

Power \ 110 % of steady-state

Steady-state
AN al

90 % of steady-state

10 % of steady-state

0t th ‘t_ll i
ts ts’

ts ts Swithing time
t & Latency time
t Rise time
t Fall time
t,, t,’ Bounce time

IEC 1321/12
Note 1 to entry: er of the isolated state is not zero, all
the power levels leading to the definitions of Ig ey fall time, bounce time, and thus of switching
time, should be normalized subtracting from th er of the isolated state, before applying such
definitions.
3.3.9

switching time matrix

matrix of coefficients in i 3 L Sij is the longest switching time to turn path ij on
or off from any ist

4 Requiremer

4.1 Class
411
Fibre optic spa hes shall be classified based on the following:

- type;

— style;

— variant;

— assessment level,

— normative reference extensions.

Table 1 is an example of a switch classification.
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Table 1 — Example of a typical switch classification

Type: 1x2 mechanical switch
Style: — Configuration B

— |EC type A1 a fibre
— F-SMA connector

Variants: Means of mounting

Assessment level: A

Normative reference extensions: | ... <\ \

4.1.2 Type

41.21 General

Switches are divided into types by their actuatign
switching function).

and topology (optical

There are multiple actuation mechanisms wing is a non-exhaustive list of

examples of current technologies used

magneto-optic effect (

mechanical;

micro-electromechani

therm o—optic@ct
Switches are divid

The following device_topologies include only those which are in common use within the industry
at present. The schematic diagrams which follow do not necessarily correspond to the physical
layout of the switch and its ports.

The examples given in 4.1.2.2 to 4.1.2.4 apply to unidirectional switches only, where t,# t,. For
bi-directional switches, t; = t; in each transfer matrix below.

v tj

4.1.2.2 Single-pole, single-throw switch

Figure 2 shows a single-pole, single-throw switch.
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Off

IEC 1322/12
Figure 2 — Single-pole, single-throw switch

This switch has one input port and one output port. Figure 3 shows the transfer matrix
describing the device.
t; t
T :{ 11 21}
o In

IEC 1323/12

Figure 3 — Transfer matrix for one input port and on¢

Ideally, t12 is 1 and the other coefficients are 0 when the switct
all coefficients are 0.

4.1.2.3 Single-pole, N-throw switch

Figure 4 shows a single-pole, N-throw switch. G
__ 2
oo
N+ 1

IEC 1324/12

N+

YT ENAN

IEC 1325/12
Figure 5 — Transfer matrix for one input port and N output ports

Ideally, in the first position of the switch, t12 is 1 and the other coefficients are 0. In the generic
i-th position of the switch, the t4 j+1 transfer coefficient is 1 and the others are 0.

4.1.2.4 N-port matrix switch

Figure 6 shows an N-port matrix switch.

Documents

Document Sharing Hub

Full document details: IEC 60876-12012


http://avadocuments2026.com/doc/iec-60876-1-2012
http://avadocuments2026.com/doc/iec-60876-1-2012

- 14 - 60876-1 © IEC:2012

12 3 N
IEC 1326/12

Figure 6 — N-port matrix switch

This switch has N ports. Figure 7 shows the transfer matrix describing the device.

Ltn11

Figure 7 — Transfer mat

ansfer coefficients t14 and ty3 always
2. Figure 8 shows a four-port switch
without crossover.

Tal&{@@ﬂg magi\\x{a our-port switch without crossover
\I‘r\arf(s oeffi% \ State
N N e
1 0 1 0
\\\ZX\ 1 1 0 0
N

In one type, it is possible to have four
zero while t13 and ty4 hav

~
~
— State 1
2 < 4 -—— State 4
~
1 = 3 —— State 2
2 < 4 -—— State 3

IEC 1328/12

Figure 8 — Four-port switch without crossover

In another type, a four-port crossover switch or by-pass switch is described. This switch has
two input and two output ports. The transfer coefficients are indicated in Table 3. Figure 9

shows a four-port switch with crossover. Documents
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Full document details: IEC 60876-12012


http://avadocuments2026.com/doc/iec-60876-1-2012
http://avadocuments2026.com/doc/iec-60876-1-2012

60876-1 © IEC:2012 - 15 -

Table 3 — Transfer matrix of a four-port switch with crossover

Transfer coefficient State
1 2
ti3 1 0
toa 1 0
tia 0 1
trs 0 1

413 Style

connectors.

IEC 1330/12

a device containing integral fibre optic pigtails
without connectors

Figure configuration B, a device containing integral fibre optic pigtails, with a

Switch

IEC 1331/12

Figure 11 — Configuration B, a device containing integral fibre optic pigtails,
with a connector on each pigtail

Figure 12 shows the configuration C, a device containing a fibre optic connector as an integral
part of the device housing.
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e

IEC 1332/12

Figure 12 — Configuration C, a device containing a fibre optic connector
as an integral part of the device housing

Configuration D is a device containing some combination of the interfacing features of the
preceding configurations.

414 Variant

The switch variant identifies those features which encompass structurally

Examples of features which define a variant include, but are not limit

— orientation of ports on housing;
— means for mounting.

41.5 Assessment level

one or more assessment levels, each ©
The following are the preferred levels.

Assessment level A

— group A inspection:

— group B inspf:%n:
— group C inspe

— group D inspe

ction level II, AQL =1 %
— group-B inspection: spection level Il, AQL =1 %

— groupA_ingpectionx insp

— group C inspection 18-month periods

— group D inspectioh: 36-month periods
Assessment level C

— group A inspection: inspection level Il, AQL = 0,4 %
— group B inspection: inspection level II, AQL = 0,4 %
— group C inspection: 12-month periods

— group D inspection: 24-month periods

One additional assessment level may be added in the detail specification. When this is done,
the capital letter X shall be used.

4.1.6 Normative reference extension

Normative reference extensions are used to identify integrated independent standards
specifications or other reference documents into blank detail specifications. Documents
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Unless specified exception is noted, additional requirements imposed by an extension are
mandatory. Usage is primarily intended to merge associated components to form hybrid
devices, or integrated functional application requirements that are dependent on technical
expertise other than fibre optics.

Published reference documents produced by the ITU, consistent with the scope statements of
the relevant IEC specification series may be used as extensions. Published documents
produced by other regional standardization bodies such as ANSI, CENELEC, JIS, etc., may be
referenced in a bibliography attached to the generic specification.

Some spatial switch configurations require special qualification provisions which shall not be
imposed universally. This accommodates individual component design configurations,
specialized field tooling or specific application processes. In this cas¢, reguirements are
necessary to assure repeatable performance or adequate safety a additional
guidance for complete product specification and they shall be de relevant
specification. These extensions are mandatory whenever they are semble
or install a spatial switch either for field application usage or pye

define a future IEC 60874 specification for
al mechanical splices.

prevent po - ial ignition of combustible gases.
4.2 Documentation
4.2.1 Symbols

Graphical and letter symbols shall, whenever possible, be taken from IEC 60027, IEC 60617
and IEC/TR 61930.

4.2.2 Specification system
4.2.21 General
This specification is part of the IEC specification system. Subsidiary specifications shall consist

of blank detail specifications and detail specifications. This system is shown in Table 4. There
are no sectional specifications for switches.
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Table 4 — The IEC specification structure

Specification level Examples of information to be included Applicable to

Assessment system rules
Inspection rules

Optical measurement methods
Environmental test methods

Sampling plans

Identification rules Two or more component families

Basics -
or sub-families

Marking standards
Dimensional standards
Terminology

Symbol standards
Preferred number series

Sl units

Specific terminology &\\>

Specific symbols
C Component family

Specific units
Preferred values

Generic Marking

Quality assessment

Selection of tests

Quahkfication appr
Capabil W

Groups of types having a
common test schedule

Blank deta{>

Individual type

Blank detail specifications are not, by themselves, a specification level. They are associated
with the generic specification.

Each blank detail specification shall contain:

— the minimum mandatory test schedules and performance requirements;

— one or more assessment levels;

— the preferred format for stating the required information in the detail specification;

— in case of hybrid components, including connectors, add appropriate entry fields to show
the reference normative document, document title and issue date.

4.2.2.3 Detail specification

A specific switch is described by a corresponding detail specification, which is prepared by
filling in the blanks of the blank detail specification. Within the constraints imposed by this
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generic specification, the blank detail specification may be filled in by any national committee
of the IEC, thereby defining a particular switch design as an official IEC standard.

Detail specifications shall specify the following, as applicable:

—  type (see 4.1.2);

— style (see 4.1.3);

— variant(s) (see 4.1.4);

— assessment level (see 4.1.5);

— part identification number for each variant (see 4.7.2);
— drawings and dimensions required (see 4.2.3);

— quality assessment test schedules (see 4.1.5);

— performance requirements (see 4.6).

4.2.3 Drawings

4.2.3.1 General

4.2.3.2 Projection system

by this specification. All drawings withi
the drawings shall state whigh system is

4.2.4 easuUrement

4241 Test and’measurement procedures

The test and measurement procedures for optical, mechanical and environmental
characteristics of switches to be used shall be defined and selected preferably from the
IEC 61300 series.

The size measurement method to be used shall be specified in the detail specification for
dimensions which are specified within a total tolerance zone of 0,01 mm or less.

4.2.4.2 Reference components

Reference components for measurement purposes, if required, shall be specified in the detail
specification.

4.2.4.3 Gauges

Gauges, if required, shall be specified in the detail specification. Documents
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