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STANDARD FOR N TIMES 64
KILOBIT PER SECOND OPTICAL FIBER

INTERFACES BETWEEN TELEPROTECTION
AND MULTIPLEXER EQUIPMENT

FOREWORD

1) 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. 
IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees
of the IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a
consensus development process, which brings together volunteers representing varied viewpoints and
interests to achieve the final product. Volunteers are not necessarily members of IEEE and serve without
compensation. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any
of the information contained in its standards. Use of IEEE Standards documents is wholly voluntary. IEEE
documents are made available for use subject to important notices and legal disclaimers (see http://
standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the
two organizations. 

2) The formal decisions 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. The formal decisions of IEEE on technical matters, once consensus
within IEEE Societies and Standards Coordinating Committees has been reached, is determined by a
balanced ballot of materially interested parties who indicate interest in reviewing the proposed standard.
Final approval of the IEEE standards document is given by the IEEE Standards Association (IEEE-SA)
Standards Board.

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

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

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide
conformity assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are
not responsible for any services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE
Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board, 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/IEEE Publication or any other IEC or IEEE Publications. 
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8) 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.

9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible
for identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the
legal validity or scope of Patent Claims or determining whether any licensing terms or conditions provided
in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

International Standard IEC 62843/IEEE Std C37.94-2002 has been processed through IEC
technical committee 57: Power systems management and associated information
exchange, under the IEC/IEEE Dual Logo Agreement.

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

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 IEC Technical Committee and IEEE Technical Committee have decided that the
contents of this publication will remain unchanged until the stability date indicated on the
IEC web site under "http://webstore.iec.ch" in the data related to the specific publication.
At this date, the publication will be 

• reconfirmed,
• withdrawn,
• replaced by a revised edition, or
• amended.

IEEE Std FDIS Report on voting

C37.94-2002 57/1258/FDIS 57/1290/RVD
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IEEE Standard for N Times 64
Kilobit Per Second Optical Fiber 
Interfaces Between Teleprotection
and Multiplexer Equipment

Sponsor

Power System Relaying Committee
and 
Power System Communications Committee
of the
IEEE Power Engineering Society

Approved 21 January 2003

American National Standards Institute

Approved 12 September 2002

IEEE-SA Standards Board

Abstract: An optical interface for use between teleprotection and digital multiplexer equipment that
can operate at a data rate of N times 64 kilobit per second where N = 1, 2…12 is described.
Requirements for both physical connection and the communications timing are also included.
Keywords: alarm indication signal, bit error rate, cyclic redundancy check, loss of frame, loss of
signal, multimode optical fiber, multiplexer,remote defect indication, teleprotection, unit interval
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IEEE Introduction

(This introduction is not part of IEEE C37.94-2002, IEEE Standard for N times 64 Kilobit per Second Optical Fiber
Interfaces between Teleprotection and Multiplexer Equipment.)

Existing interface standards between teleprotection equipment and multiplexers are electrical only. These
low-energy signal interfaces are susceptible to intra-substation electromagnetic interference (EMI). The use
of dedicated optical fibers for the intra-substation communication links between teleprotection equipment
and multiplexers eliminates the data corruption common to electrical connections.
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Standard for N Times 64
Kilobit Per Second Optical Fiber 
Interfaces Between Teleprotection
and Multiplexer Equipment

1. Overview

1.1 Scope

This standard describes the interconnection details for N, where N = 1, 2…12, times 64 kilobit per second
connections of teleprotection equipment to digital multiplexers using optical fiber. Requirements for both
physical connection and the communications timing are also included.

1.2 Purpose

The purpose of this standard is to allow the interconnection of different vendors’ teleprotection equipment
with different vendors’ multiplexer equipment, without any restriction on the content of the
N times 64 kilobit per second data using up to 2 km of 50 or 62.5 micrometer multimode optical fiber.

2. References

The following standard contains provisions, which through reference in this text constitute provisions of this
standard. At the time of this publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this stardard are encouraged to investigate the possibility of
applying the most recent editions of the standards indicated below. Members of the IEC and ISO maintain
registers of currently valid International Standards.

IEC-60874-10-1 (1997-06) Connectors for optical fibres and cables– Part 10-1: Detail specification for fibre
optic connector type BFOC/2.5 terminated to multimode fibre type A1.1

1IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
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3. Definitions and acronyms

3.1 Definitions

For the purposes of this standard, the following terms and definitions apply. The IEEE Authoritative
Dictionary of IEEE Standards Terms, Seventh Edition [B2] 2, should be used for terms not defined in this
clause.

3.1.1 jitter: A term used to describe perturbations in the timing of data bit transitions when the frequency of
the perturbations is greater than 10 Hz.

3.1.2 multimode optical fiber: An optical fiber that has a relatively large core, in which light bounces off
the walls of the core. This results in multiple signal paths through the fiber, which limits the maximum
signaling rate more and more as the fiber length increases.

3.1.3 multiplexer equipment: A device that allows the transmission of a number of different signals
simultaneously over a single channel or transmission facility.

3.1.4 teleprotection equipment: Equipment that provides the interface between the protective relay and a
communications circuit.

3.1.5 unit interval (UI): Time duration equal to the reciprocal of the bit rate.

3.1.6 wander: A term used to describe perturbations in the timing of data bit transitions when the frequency
of the perturbations is less than 10 Hz.

3.2 Acronyms

BER bit error rate
CRC cyclic redundancy check
LOS loss of signal
LOF loss of frame
ppm parts per million
RDI remote defect indication

4. Frame structure

The frame structure is designed to allow the passage of information in packet format from the multiplexer to
the teleprotection equipment and from the teleprotection to the multiplexer equipment. The format was
chosen so:

a) The frame is a valid International Telecommunications Union (ITU-T) recommendation G.704
pattern from the standpoint of framing and data rate. However, the data structure is not a standard
data format.

b) The bit pattern would have approximately equal ones and zeroes (for transmission through ac-
coupled optical circuits).

c) The frame would have an easily detected bit pattern for frame synchronization.
d) The frame structure is identical in both directions. The frame is the same size and format regardless

of the number of 64 kilobit per second timeslots being utilized. 

2The numbers in brackets correspond to those in the bibliography in Annex C.
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The frame is 256 bits and is repeated at a frame rate of 8000 Hz. 

The resultant bit rate is 2048 kilobit per second. 

The frame consists of three sections: the header, the overhead data, and the channel data arranged as shown
in Figure 1.

4.1 Header

The 16-bit header is a unique bit pattern to allow the receiver to synchronize to the 256-bit frame. The
header is 16 bits with the following format.

a  b  c  d  e  f  g  h  0 0 0 0 1 1 1 1

The first eight bits a, b, c, d, e, f, g, h form one of two patterns that alternate with every other frame. This is
done to ensure compliance with ITU-T recommendation G.704. 

The two patterns are:

Pattern 1:  a b c d e f g h  =  1  0  0  1  1  0  1  1
Pattern 2:  a b c d e f g h  =  1  1  y  1  1  1  1  1

y = Yellow Alarm bit 
= 0 for normal; 
= 1 if receiving bad signal  (LOS declared)

The second eight bits are 0 0 0 0 1 1 1 1 in every frame
The receiver shall acquire frame sync by pattern matching to 1 1 0 0 0 0 1 1 1 1

Figure 1—Frame structure
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4.2 Overhead data

This 48-bit section includes bits for providing information between the multiplexer and teleprotection
equipment. Each data bit is followed by its complement (for 24 actual bits of information). The data
currently assigned comprise:

Data bit Definition

p,q,r,s  One or zero data that depend upon the value of N used, where N = 1 to 12.
(p = most-significant-bit)
e.g., 0,0,0,1  for N = 1

0,0,1,0  for N = 2
1,1,0,0, for N = 12

4.3 Channel data

This 192-bit section comprises 96 data bits, with each data bit followed by its complement. 

The first N times 8 data bits carry the N times 64 kilobit per second (kbit/s) data.

The remaining 96 – (N times 8) data bits are set to 1.

4.4 Path frame alignment

Note that the standard does not require multiplexer equipment to provide end-to-end frame alignments; i.e.,
there is no requirement that a frame’s first data bit D1 at the source site appears as a frame’s first data bit D1
at the destination site.

5. Communication failure scenarios

5.1 Loss of signal (LOS)

It is important that a low-level signal (e.g., from a deteriorating optical fiber) does not result in garbled data
for more than a few milliseconds. 

The receiver shall declare LOS within 1 ms after receiving two or more errors in eight consecutive framing
patterns.

The receiver shall clear LOS upon receiving eight consecutive correct framing patterns.

5.2 Signal failure actions

During LOS condition at its optical receive port, the teleprotection equipment shall:

Change the “Yellow” bit in the transmitted optical output frames from “0” to “1”.

During LOS condition at its optical receive port, the multiplexer shall:

Replace the data bits over the higher order communications link with “All Ones,” which is commonly
referred to as Alarm Indication Signal or AIS.

Change the “Yellow” bit in the transmitted optical output frames from “0” to “1”.

During the loss of the higher order communications link, the multiplexer shall:

Replace the data bits in the transmitted optical output frames with “All Ones.”
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5.3 Path “yellow” detection

The receiver shall declare Path “Yellow” (Far-end in alarm):

When three consecutive received frames have the “Yellow” bit = 1
AND the received signal is OK (no LOS).
(however the received data timing may be free-running, at ±100 ppm)

The receiver shall clear Path “Yellow”: 

When three consecutive received frames have the “Yellow” bit = 0 
OR the received signal is bad (LOS).

5.4 Link failure response

Figure 2, Figure 3, and Figure 4 illustrate the signals generated in the three possible link failure modes.
Dashes indicate resultant signals. X indicates failure locations.  

Figure 2—Multiplexer to teleprotection communication link failure

Figure 3—Teleprotection to multiplexer communication link failure
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6. Clock timing

The optical signal comprises a binary (on-off) modulation with a 2048 kilobit per second bit stream with the
following timing requirements.

6.1 Frequency

The frequency shall be 2048 kilobits per second ±100 ppm.

Each multiplexer end unit shall not use the signal from the teleprotection equipment for synchronization.

Each teleprotection equipment end unit shall use the signal from the multiplexer unit for synchronization;
upon LOS, the unit shall free-run with the above tolerance.

Each multiplexer end unit shall be able to detect the overhead “yellow” bit correctly, even when the
multiplexer end unit has lost synchronization (due to loss of optical input).

For clarification, the above requires that

a) The multiplexer unit normally receives data from the teleprotection equipment, at the same
frequency as the multiplexer unit’s outgoing data, but during the failure of the outgoing fiber, the
multiplexer unit must accept incoming data up to ±100 ppm off frequency (detect framing, the
overhead bits, and the data bits). It is acknowledged that being asynchronous to the multiplexer will
cause bits to be lost, or filled (as in an asynchronous 64 kbit/s G.703 interface), but this is considered
preferable to squelching the data.

b) The teleprotection equipment shall be able to receive signals with up to ±100 ppm frequency
tolerance on its optical input, and use this for the frequency of its outgoing signal to the multiplexer.
If its input is bad, or lost, the teleprotection equipment shall use an internal reference with ±100 ppm
tolerance. 

6.2 Jitter

For the multiplexer unit output, the jitter shall be within ±50 nanoseconds (±0.1 UI).

For the teleprotection equipment output, the jitter shall be within ±100 nanoseconds (±0.2 UI).
(This allows its clock recovery circuit to add ±50 nanoseconds to the jitter it receives.)

Figure 4—Higher order communication link failure
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The multiplexer unit’s receiver shall tolerate a jitter of ±100 nanoseconds.

For clarification, the above requires that if the data are observed on an oscilloscope triggered on either rising
or falling transitions, the next transition should be at a minimum of 438 nanoseconds for the multiplexer unit
output and a minimum of 388 to 438 nanoseconds for the teleprotection equipment output (depending on the
jitter on its input data).

6.3 Wander

The multiplexer unit shall be able to operate with any roundtrip delay with a maximum wander of ±250
nanoseconds (±0.5 UI) peak-to-peak. 

7. Optical transmitter output

7.1 Level

The mean optical power into 50 µm fiber shall be > –23.0 dBm and < –11.0 dBm.

The mean optical power into 62.5 µm fiber shall be > –19.0 dBm and < –11.0 dBm.

The data format is light “ON” for logic “1” bits.

The optical power for logic “0” bits shall be <10% of the level for logic “1” bits.

7.2 Wavelength

The center emission wavelength shall be 830 ±40 nm.

8. Optical receiver sensitivity

8.1 Operating range

The receiver shall operate error-free (BER <1E –9) for mean optical power between –32 dBm and –11 dBm.

9. Optical connectors

“BFOC/2.5” optical connectors shall be used.3

3The following information is given for the convenience of users of this standard and does not constitute an endorsement by the IEEE
of these products. BFOC/2.5 is the correct generic term for the fiber optic connector commonly known as STST is a registered
trademark of AT&T.
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Annex A

(informative) 

Fiber optics

A.1 Connectors

The optical connector specified is the BFOC/2.5 type, which is a bayonet style as shown in Figure A.1 with
characteristics shown in Table A.1. 

A.2 Fiber type

The optical fiber links between the teleprotection and multiplexer equipment shall be multimode glass fiber.
Glass multimode optical fiber generally has an active core diameter of 50 or 62.5 µm compared to 9 µm of
single-mode fibers. This allows easier coupling of optical fiber for intra-substation installations.

The following table shows typical specific actions for the attenuation.

Table A.1—BFOC/ 2.5 connector characteristics

Connector BFOC/ 2.5

Typical loss 0.3 dB

Number of reconnects for 
<0.3 dB loss

1000

Temperature stability 
(-40 °C to 75 °C)

<0.3 dB increase

Axial load, nominal 35 lb

Table A.2—Optical fiber characteristics

Optical fiber
core size 

(micrometers)

Multimde 
fiber type

Typical attenuation at
790/820/850 nm

(dB/km)

Max attenuation at
790/820/850 nm

(dB/km)

50 µm Graded- index 3.3/2.8/2.4 3.5/3.0/2.5

62.5 µm Graded- index 3.5/3.1/2.7 4.0/3.4/3.0

Figure A.1—Male and female BFOC/ 2.5 connector
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A.3 Optical budget 

From the optical power levels specified in 7.1 and 8.1, and using data from commonly available optical fiber
(see A.2), the typical and worst-case link budgets for 2 km paths can be calculated with the following results
in Table A.3.

These figures show that 2 km is achievable for both 50 µm and 62.5 µm fibers.

Table A.3—Optical budget

Optical fiber core size Optical budget 
(from 7.1, 8.1)

2 km fiber
820 nm

typical attenuation

2 km fiber
790 nm

maximum attenuation

50 µm 9.0 dB 5.6 dB
(margin = 3.4 dB)

7.0 dB
(margin = 2.0 dB)

62.5 µm 13.0 dB 6.2 dB
(margin = 6.8 dB)

8.0 dB
(margin = 5.0 dB)

NOTE—Connector losses (typically 0.3 dB per connector) have not been included here.
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Annex B

(informative) 

Harmonization with other standards

B.1 Harmonization with IEC standards and ITU recommendations

B.1.1 Introduction

As far as could be determined by the working group, there was no suitable IEC standard, or work toward
such a standard; however, there were some ITU recommendations that have been considered.

B.1.2 ITU G.704 recommendation for Frame Structure

ITU G.704 section 2.3 [B4] specifies a recommended frame structure for 2048 kbit/s interfaces.

Comments:

This document is compliant with G.704, specifically including the use of bit #3 in the non-frame-alignment
section of the header for RDI or “Yellow” bit.

The “CRC-4” and “Synchronization Status Messages” options of G.704 are not mandatory and are not
supported in this standard.

B.1.3 ITU G.706 recommendation for loss of frame (LOF)

ITU G.706 section 4.1.1 [B5] recommends “Frame alignment will be assumed to have been lost when three
consecutive incorrect frame alignment signals have been received,” and it recommends a variety of
algorithms for recovery.

Comments:

This IEEE standard uses only the one term “LOS” to denote Loss of Signal, whether due to a low or no
received power level, or due to a bad data pattern caused by some electronic failure.

LOS is declared upon receiving two or more errors in eight consecutive framing patterns, and cleared upon
receiving eight consecutive correct framing patterns.

These algorithms are simpler to implement, and clearer to understand, than those for LOF in G.706. 

B.1.4 ITU G.775 recommendation for LOS

ITU G.775 section 4.2 [B6] specifies recommended algorithms for declaring “LOS” condition.

LOS for 2048 kbit/s interfaces, is declared when the received signal power has dropped below a
level “Q” for between 10 and 255 UI.
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LOS for 2048 kbit/s interfaces, is cleared when the received signal power has risen above a level “P”
for between 10 and 255 UI.

Table 1 specifies “Q” to be 35 dB below nominal.

Figure 1 specifies “Q” to be the maximum expected cross-talk level.

Table 1 specifies “P” to be 9 dB below nominal.

Figure 1 specifies “P” to be 3 dB below [nominal + maximum cable loss].

The G.773 Appendix 1 also notes a prior LOS algorithm in use:

An absence of signal transitions on the incoming signal for a period of 5 µm to 1 ms.

Comments:

This IEEE standard uses the absence of a correct framing pattern to declare LOS.

LOS is declared upon receiving two or more errors in eight consecutive framing patterns, and cleared upon
receiving eight consecutive correct framing patterns.

These algorithms are simpler to implement, and clearer to understand, than those for LOS in G.775; they are
also more appropriate in view of the more robust framing pattern used, and the failure mode of fiber versus
copper cables.

B.1.5 ITU G.775 recommendation for RDI

ITU G.775 section 6.2 [B6] specifies recommended algorithms for RDI condition.

An RDI defect at 2048 kbit/s path termination functions is detected when the incoming signal has
the “Remote alarm indication” bit set to binary ONE (“1”) for z consecutive double frame periods,
where z = 2.5. z is not provisional.

The RDI defect is cleared when the incoming signal has the “Remote alarm indication” bit set to
binary ZERO (“0”) for z consecutive double frame periods.

Comments:

This IEEE standard continues the use of a path “Yellow” terminology instead of the recently introduced term
“RDI” to denote a far-end alarm status.

The algorithm specified complies with this G.775 recommendation.
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Annex C

(informative) 
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Annex D 

(informative) 
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