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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -
Part 115: Physical interfaces (FC-PI)

FOREWORD

1) 1SO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in
the development of International Standards through technical committees established by the respective
organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborate in
fields of mutual interest. Other international organizations, governmental and non-governmental, in liaison with
ISO and IEC, also take part in the work.

2) In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

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

4) No liability shall attach to IEC or ISO or its directors, employees, servants or agents including individual experts
and members of their technical committees and IEC or ISO member bodies 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 of, use of, or reliance upon, this ISO/IEC publication or any other IEC,
ISO or ISO/IEC publications.

5) 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.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 14165-115 was prepared by subcommittee 25: Inter-
connection of information technology equipment, of ISO/IEC joint technical committee 1:
Information technology.

This International Standard has been approved by vote of the member bodies, and the voting results
can be obtained from the address given on the title page.
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INTRODUCTION

This International Standard describes the physical interface portions of a high performance serial link that
supports the higher Upper Level Protocols (ULPs) associated with HIPPI, IPl, SCSI, IP and others.

Figure 0 shows the relationship of this standard (highlighted rectangle) with other Fibre Channel standards.
For the full reference of publication numbers and titles, see bibliography.

FC-GS, FC-GS-2, FC-GS-3

FC-1G Generic services

Fibre channel implementation guide

r——— - - - - - - - - """ -—" - """ "D = = =/ A
! FC-SB FC-LE IPI-3 Disk FCP,FCP-2 ||
| | Mapping to single byte Revision to SCSI-3 Fibre |
| | command code sets Link encapsulation IP1-3 disk standard channel protocol ||
I I
| FC-SB-2 FC-FP FC-ATM IPI-3 Tape |
| | Mapping to Single Byte | | Mapping to HIPPI Mapping of Revision to IPI-3 ||
| | Command Code Sets-2 framing protocol ATM/AALS tape standard |
I I
L e - - - — — — — — — — — FC-4s — — — — — — — — — — — — — — -
r——— - - - - - - " - " - - """ - - = - - - — — — = 1
| FC-AL, FC-AL-2, FC-AL-3 |
| FC-PH Arbitrated loop |
| Fo-Ph-2 FC-SW, FC-SW-2 |
| FC-PH-3 Crossooi i . |
FC-FS. FC-PI -point switched fabric
| FC-100-DF-EL-S |
| Fibre channel physical FC-FG |
| and signaling interface Fabric generic requirements |
| |
| |
| |
| |

Figure O - Document relationship

The information presented in this document is grouped into clauses:
Clause 1 gives a general introduction to the document.

Clause 2 lists the standards which are referenced in the text and which constitute provisions of this docu-
ment.

Clause 3 describes the basic elements, acronyms, naming conventions and terminology used in this docu-
ment.

Clause 4 provides an overview of the structure, concepts, configurations and mechanisms used in this doc-
ument.

Clause 5 describes the physical link, the lowest level, in the Fibre Channel system. It is designed for flexi-
bility and allows the use of several physical interconnect technologies to meet a wide variety of system ap-
plication requirements.

Clause 6 defines the optical signal characteristics at the interface connector. Each conforming optical FC
attachment shall be compatible with this optical interface to allow interoperability within an FC environment.
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Fibre Channel links shall not exceed the BER objective (10'12) under any conditions. The parameters spec-
ified in this clause support meeting that requirement under all conditions including the minimum input power
level.

Clause 7 describes how the optical interface connector aligns the optical transmission fibre mechanically
to an optical port on a component such as a receiver or a transmitter.

Clause 8 specifies a single-mode cable plant for the Fibre Channel signaling rates of 1,06 GBd, 2,12 GBd
and 4,25 GBd at their rated distance of 10 km.

Clause 9 defines the interfaces of the serial electrical signal at the reference points o and at the inter-oper-
- ability points 8, 5 and y in a TXRx Connection. The existence of a 8, § or y point is determined by the existence
- of a connector at that point in a TxRx Connection.

Clause 10 defines the TxRx Connection requirements for a Fibre Channel electrical cable plant and its con-
nectors.

Annex A defines terms, measurement techniques and conditions for testing jitter and wave shapes. It
deals with issues specific to Fibre Channel and is not intended to supplant standard test procedures
referenced in the specifications.

Annex B describes an example implementation of the electrical SERDES interface to meet the requirements
of FC-PI.

Annex C provides information on the use of an alternative multimode cable plant to those described in 6.4.

Annex D extends the optical and electrical interface specifications of clause 6 and clause 9, in the areas of
transmitter-off behavior and the (optional) receiver loss-of-signal function. It gives the background, scope
and qualitative and quantitative requirements for Tx-off and Rx-LOS in FC physical interfaces.
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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -
Part 115: Physical interfaces (FC-PI)

1 Scope

This part of ISO/IEC 14165 describes the physical interface portions of a high performance serial link that
supports the higher Upper Level Protocols (ULPs) associated with HIPPI, IPIl, SCSI, IP and others.

This International Standard incorporates features described in other international standards (see
clause 2 and bibliography).

2 Normative references

2.1 Overview

The following referenced documents are indispensable for the application 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.

2.2 International Standards

IEC 60169-8, Radio-frequency connectors - Part 8: R.F. coaxial connectors with inner diameter of outer
conductor 6,5 mm (0,256 in) with Bayonet Lock (Type BNC)

IEC 60169-15, Radio-frequency connectors - Part 15: R.F. coaxial connectors with inner diameter of outer
conductor 4,13 mm (0,163 in) with screw coupling - Characteristic impedance (Type SMA)

IEC 60169-17, Radio-frequency connectors - Part 17: R.F. coaxial connectors with inner diameter of outer
conductor 6,5 mm (0,256 in) with screw coupling - Characteristic impedance 50 Q (Type TNC)

IEC 60793-1-20, Optical fibres - Part 1-20: Measurement methods and text procedures - Fibre geometry

NOTE All fibre geometry methods have been consolidated into IEC 60793-1-20.
IEC 60793-1-41, Optical fibres - Part 2-41: Measurement methods and test procedures - Bandwidth

IEC 60793-1-43, Optical fibres - Part 2-43: Measurement methods and test procedures - Numerical
aperture

IEC 60793-2, Optical fibres - Part 2: Product specifications - General

IEC 60793-2-10, Optical fibres - Part 2-10: Product specifications - Sectional specification for category Al
multimode fibres (ANSI/TIA/EIA-492AAAA and ANSI/TIA/EIA-492AAAB)

IEC 60793-2-50, Optical fibres - Part 2-50: Product specifications - Sectional specification for class B
single-mode fibres

IEC 60807-3, Rectangular connectors for frequencies below 3 MHz - Part 3: Detail specification for a range
of connectors with trapezoidal shaped metal shells and round contacts - Removable crimp contact types
with closed crimp barrels, rear insertion/rear extraction

IEC 60825-1, Safety of laser products - Part 1: Equipment classification, requirements and user's guide

IEC 61076-3-103, Connectors for electronic equipment - Part 3-103: Rectangular connectors - Detail
specification for single row connectors with non-removable ribbon cable contacts on 1,25 mm pitch used
for high speed serial data (HSSDC)

IEC 61280-1-1, Fibre optic communication subsystem basic test procedures - Part 1-1: Test procedures
for general communication subsystems - Transmitter output optical power measurement for single-mode
optical fibre cable
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IEC 61280-1-3, Fibre optic communication subsystem basic test procedures - Part 1-3: Test procedures
for general communication subsystems - Central wavelength and spectral width measurement

IEC 61280-2-2, Fibre optic communication subsystem test procedures - Part 2-2: Digital systems - Optical
eye pattern, waveform and extinction ratio measurement

IEC 61280-4-1, Fibre optic communication subsystem test procedures - Part 4-1: Cable plant and links -
Multimode fibre-optic cable plant attenuation measurement

IEC 61300-2-5, Fibre optic interconnecting devices and passive components - Basic test and
measurement procedures - Part 2-5: Tests - Torsion/Twist

IEC 61300-2-17, Fibre optic interconnecting devices and passive components - Basic test and
measurement procedures - Part 2-17: Tests - Cold

IEC 61300-3-3, Fibre optic interconnecting devices and passive components - Basic test and
-measurement procedures - Part 3-3: Examinations and measurements - Active monitoring of changes in
~attenuation and return loss

V;CIEC 61300-3-6, Fibre optic interconnecting devices and passive components - Basic test and
“measurement procedures - Part 3-6: Examinations and measurements - Return loss

IEC 61300-3-11, Fibre optic interconnecting devices and passive components - Basic test and
measurement procedures - Part 3-11: Examinations and measurements - Engagement and separation
forces

IEC 61754-4, Fibre optic connector interfaces - Part 4: Type SC connector family

IEC 61754-6, Fibre optic connector interfaces - Part 6: Type MU connector family

IEC 61754-18, Fibre optic connector interfaces - Part 18: Type MT-RJ connector family
IEC 61754-19, Fibre optic connector interfaces - Part 19: Type SG connector family
IEC 61754-20, Fibre optic connector interfaces - Part 20: Type LC connector family

ISO/IEC 11801, Information technology - Generic cabling for customer premises

2.3 Other references

All references in this subclause were correct at the time of approval of this International Standard. The pro-
visions of the referenced specifications, as identified in this subclause, are valid within the context of this
International Standard. The reference to a specification within this International Standard does not give it
any further status within ISO/IEC; in particular, it does not give the referenced specification the status of
an International Standard.

EIA-700-AOAF - [SP-3652] Integral FC Device Connector
SFF-8451, Specification for SCA-2 Unshielded Connections 1
SFF-8045, 40-pin SCA-2 Connector with Parallel Selection 1

L SFF documents are available by FAX access from 408-741-1600 or may be purchased from Global Engineering at
303-792-2181. These documents may become international standards at a later date; they are currently new work
proposals.
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3 Definitions and conventions

For the purposes of this International Standard, the following definitions, conventions, abbreviations,
acronyms and symbols apply.

3.1 Definitions

311

reference points o, og

used for establishing signal budgets at the serial input and output pins of the chip containing the SERDES
in an FC device or Retimer

a points form the end-points of a TxRx Connection

3.1.2

interoperability points Br, Br

used for establishing signal budget at the internal connector nearest the a point, unless the point also
satisfies the definition for & or y, in which case it shall be either a & or a y point

3.1.3

interoperability points dt, dg

used for establishing signal budget at the internal connector of a removable “Physical Media Dependent”
(PMD) element

3.14
interoperability points yr, yr
used for establishing signal budgets at the external enclosure connector

3.1.5
attenuation
transmission medium power or amplitude loss expressed in units of dB

3.1.6

average power

optical power measured using an average-reading power meter when transmitting valid 8B/10B
transmission characters

3.1.7

bandwidth

FC-PI context, the corner frequency of a low-pass transmission characteristic, such as the low-pass trans-
mission characteristics of an optical receiver

The modal bandwidth of an optical fibre medium is expressed in units of MHzkm.

3.1.8
baud
unit of signaling speed, expressed as the maximum number of times per second the state of the signal on

the transmission line or other medium can change (the dimension of baud is s™)

NOTE With the Fibre Channel transmission scheme, a signal event represents a single transmission bit (adapted
from IEEE Std. 610.7-1995).

3.1.9

bit error ratio (BER)

probability of a transmitted bit being erroneously received in a communication system. BER is the number
of bits output from a receiver that differ from the transmitted bits, divided by the number of transmitted bits.
See baud
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3.1.10
bit synchronization
condition in which a receiver is delivering retimed serial data at the required BER

3.1.11

byte

eight-bit entity prior to encoding, or, after decoding, with its least significant bit denoted as bit 0 and most
significant bit as bit 7. The most significant bit is shown on the left side in FC-FS, unless specifically indi-
cated otherwise.

3.1.12

cable plant

all passive communications elements (e.g., optical fibre, twisted pair, coaxial cable, connectors, splices, etc.)
between a transmitter and a receiver

3.1.13

centre wavelength (laser)

value of the central wavelength of the operating, modulated laser. It is the wavelength (see IEC 61280-1-3)
where the effective optical power resides

3.1.14
character
see transmission character

3.1.15

coaxial cable

cable containing one or more coaxial lines, typically used for matched connection of associated equipment
to the measuring equipment or (test-) signal generator providing a specified characteristic impedance and
a specified maximum allowable cable transfer impedance

3.1.16

compliance point

compliance points are defined as those interoperability points at which the interoperability specifications
are met. They may include B, y and & points for transmitters and receivers

3.1.17

dispersion
~ aterm used to denote pulse broadening and distortion. The two general categories of dispersion are modal
_ dispersion, due to the difference in the propagation velocity of the propagation modes in a multimode fibre

and chromatic dispersion, due to the difference in propagation of the various spectral components of the
+ optical source. Similar effects exist in electrical media when the velocity of propagation (Vp) of the spectral

components of a non-sinusoidal signal are not constant over frequency

3.1.18

duty cycle distortion (DCD)

ratio of the mean pulse width of a "1’ divided by two Ul. DCD is part of the DJ distribution and is measured
at the average value of the waveform

3.1.19

electrical fall time

time interval for the falling edge of an electrical pulse to transit between specified percentages of the signal
amplitude. In the context of FC-PI, the measurement points are the 80 % and 20 % voltage levels

3.1.20

electrical rise time

time interval for the rising edge of an electrical pulse to transit between specified percentages of the signal
amplitude. In the context of FC-PI, the measurement points are the 20 % and 80 % voltage levels
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3.1.21
enclosure
outermost electrically conducting boundary (that acts as an EMI barrier) containing one or more FC devices

3.1.22

external connector

a connector, whose purpose is to carry the FC signals into and out of an Enclosure with only minor compro-
mise to the shield effectiveness of the Enclosure

3.1.23
eye opening (horizontal)
time interval across the eye, measured at the average voltage or optical power level, which contains all but

10712 of the threshold crossing population at the same level

3.1.24

FC device

entity that supports the FC protocol functions through one or more of the connectors defined in this document.
A local reference clock is used to time the serial output data stream. See 3.1.58.

3.1.25
FC device connector
connector defined in this document which carries the FC serial data signals into and out of the FC device

3.1.26
fibre
general term used to cover all transmission media specified in FC-PI

3.1.27

fibre optic cable

cable containing one or more fibre optic waveguides with jacketing material provided to facilitate handling
and to protect the jacketed optical fibre or fibres

3.1.28

interface connector

optical or electrical connector which connects the media to the Fibre Channel transmitter or receiver. The
connector set consists of a receptacle and a plug

3.1.29
internal connector
connector, whose purpose is to carry the FC signals within an enclosure (may be shielded or unshielded)

3.1.30
internal FC device
FC device whose FC device connector is contained within an enclosure; an internal port

3.1.31

interoperability point

points in a link or TxRx Connection for which this standard defines signal requirements to enable interoper-
ab|||ty See BT, BR, ST’ 6R YT and YR

3.1.32

intersymbol interference

effect on a sequence of symbols in which the symbols are distorted by transmission through a limited
bandwidth medium to the extent that adjacent symbols interfere with each other

Documents

Document Sharing Hub
Copyright International Organization for Standardization

Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO IEC 14165-115-2006


http://avadocuments2026.com/doc/iso-iec-14165-115-2006
http://avadocuments2026.com/doc/iso-iec-14165-115-2006

16 14165-115 © 1SO/IEC:2006(E)

3.1.33

jitter

deviation from the ideal timing of a threshold crossing event. Jitter is composed of both deterministic and
Gaussian (random) content. Low frequency deviations are tracked by the clock recovery circuit and do not
directly affect the timing allocations within a bit cell. Jitter that is not tracked by the clock recovery circuit
directly affects the timing allocations in a bit cell. For FC-PI the lower cutoff frequency of the clock recovery
circuit is the bit rate divided by 1 667. Jitter is measured at the differential zero crossing for balanced elec-
trical signals, the average voltage level for unbalanced electrical signals and the average optical power level
for optical systems

3.1.34

jitter, data dependent

the jitter which is added when the transmission pattern is changed from a clock like to a non-clock like
pattern, includes ISI

3.1.35

jitter, deterministic (DJ)

jitter with non-Gaussian probability density function. Deterministic jitter is always bounded in amplitude and
has specific causes. Components of DJ may include duty cycle distortion, data dependent jitter, sinusoidal
jitter and other bounded jitter uncorrelated to the data. DJ is characterized by its bounded, peak-to-peak
value

3.1.36
jitter, random (RJ)
jitter that is characterized by a Gaussian distribution. Random jitter is defined to be the peak-to-peak value

for a BER of 10-12, taken to be approximately 14 times the standard deviation of the Gaussian distribution

3.1.37

jitter tolerance

ability of an FC device or Retimer to recover an incoming data stream correctly in the presence of jitter. It is
characterized by the amount of jitter required to produce a specified BER. The tolerance is affected by the
frequency of the jitter.

3.1.38
laser chirp
phenomenon in lasers where the wavelength of the emitted light changes during modulation

3.1.39

level

1. A document artifice, e.g. FC-0, used to group related architectural functions. No specific correspondence
is intended between levels and actual implementations.

2. In FC-PI context, a specific value of voltage (e.g., voltage level)

3.1.40
limiting amplifier
active circuit with amplitude gain that keeps the output levels within specified levels

3.1.41

link

1. Two unidirectional fibres transmitting in opposite directions and their associated transmitters and receivers.
2. A synonym for a duplex TxRx Connection

3.1.42
mandatory
function which is required to be supported by a compliant implementation of FC-PI
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3.1.43

mode partition noise (MPN)

noise in a laser based optical communication system caused by the changing distribution of laser energy
partitioning itself among the laser modes (or lines) on successive pulses in the data stream. The effect is a
different centre wavelength for the successive pulses resulting in arrival time jitter attributable to chromatic
dispersion in the fibre

3.1.44
node
collection of one or more N_Ports controlled by a level above FC-2

3.1.45

numerical aperture

the sine of the radiation or acceptance half angle of an optical fibre, multiplied by the refractive index of the
material in contact with the exit or entrance face. See IEC 60793-1-43

3.1.46

Open Fibre Control (OFC)

a safety interlock system used in some early Fibre Channel variants to control the optical power level on an
open optical fibre cable. OFC is not used in any physical variant specified by FC-PI

3.1.47

optical fall time

time interval required for the falling edge of an optical pulse to transit between specified percentages of the
signal amplitude. For lasers the transitions are measured between the 80 % and 20 % points

3.1.48
optical fibre
any filament or fibre, made of dielectric material, that guides light

3.1.49

optical modulation amplitude

absolute difference between the optical power of a logic one level and the optical power of a logic zero
level

3.1.50
optical receiver overload
condition of exceeding the maximum acceptable value of the received average optical power at point yg to

achieve a BER < 10712

3.1.51
optical receiver sensitivity

minimum acceptable value of received signal at point Yg to achieve a BER < 1012 see A7

3.1.52
optical path penalty
link optical power penalty to account for signal degradation other than attenuation

3.1.53
optical reference plane
plane that defines the optical boundary between the plug and the receptacle

3.1.54

optical rise time

time interval required for the rising edge of an optical pulse to transit between specified percentages of the
signal amplitude. For lasers the transitions are measured between the 20 % and 80 % points
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3.1.55
optical return loss (ORL)
See return loss

3.1.56

optional

characteristics that are not required by FC-PI. However, if any optional characteristic is implemented, it shall
be implemented as defined in FC-PI

3.1.57

plug
that "half" of the interface connector which terminates an optical or electrical signal transmission cable

3.1.58
port
generic reference to an N_Port or F_Port. See 3.1.24 and 3.1.30

3.1.59

receiver

in FC-PI context, an electronic circuit (Rx) that converts a signal from the media (optical or electrical) to an
electrical logic signal

3.1.60
receptacle
the fixed or stationary half of the interface connector which is part of the transmitter or receiver

3.1.61

reclocker

type of repeater specifically designed to modify data edge timing in such a way that the data edges have a
defined timing relation with respect to a bit clock recovered from the (FC) data at its input

3.1.62

reference points

points in a TXRx Connection at which informative specifications may be written. These specifications establish
the base values for the interoperability points. See ot and ag

3.1.63
reflections (optical)
power returned to point y by discontinuities in the physical link

3.1.64

repeater

an active circuit designed to modify the (FC) signals that pass through it by changing any or all of the
following parameters of that signal: amplitude, slew rate and edge to edge timing. Repeaters have jitter
transfer characteristics. Types of repeaters include Retimers, Reclockers and amplifiers

3.1.65

retimer

type of repeater specifically designed to modify data edge timing in such a way that the data edges have a
defined timing relation with respect to a bit clock derived from a timing reference other than the (FC) data
at its input. A Retimer shall be capable of inserting and removing fill words (see FC-FS) from the (FC) data
passing through it. Inserting a retimer into a TxRx Connection creates two TxRx Connections. Retimers
provide complete isolation of input wander and their output jitter is unrelated to the input jitter. Retimers are
further characterized by their signal properties including their input jitter tolerance and their jitter output.
These input and output properties may be associated with selected interoperability points dependent on
the application
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3.1.66

return loss

ratio (expressed in dB) of incident power to reflected power, when a component or assembly is introduced
into a link or system. May refer to optical power or to electrical power in a specified frequency range

3.1.67
RIN;,(OMA)

relative Intensity Noise. Laser noise in dB/Hz with 12 dB optical return loss, with respect to the optical
modulation amplitude

3.1.68

run length

number of consecutive identical bits in the transmitted signal e.g., the pattern 0011111010 has a run length
of five (5)

3.1.69

running disparity

binary parameter indicating the cumulative Disparity (positive or negative) of all previously issued Trans-
mission Characters

3.1.70

special character

any Transmission Character considered valid by the Transmission Code but not equated to a Valid Data
Byte. Special Characters are provided by the Transmission Code for use in denoting special functions

3.1.71
spectral width (RMS)
weighted root mean square width of the optical spectrum. See IEC 61280-1-3

3.1.72
stressed receiver sensitivity
normal amplitude of optical modulation in the stressed receiver test given in A.7

3.1.73

stressed receiver vertical eye closure power penalty

ratio of the power required to achieve normal optical modulation amplitude to the power required to achieve
the vertical eye opening in the stressed receiver test (see A.7)

3.1.74

synchronization

bit synchronization, defined above, and/or Transmission-Word synchronization, defined in FC-FS. An FC-1
receiver enters the state “Synchronization-Acquired” when it has achieved both kinds of synchronization

3.1.75
transceiver
transmitter and receiver combined in one package

3.1.76

transmission character

any 10-bit encoded character (valid or invalid) transmitted across a physical interface specified by FC-PI.
Valid Transmission Characters are specified by the Transmission Code and include Data and Special Char-
acters
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3.1.77

transmission code

means of Encoding data to enhance its Transmission Characteristics. The Transmission Code specified by
FC-FS is byte-oriented, with (1) Valid Data Bytes and (2) Special Codes encoded into 10-bit Transmission
Characters

3.1.78

transmission word

string of four contiguous Transmission Characters occurring on boundaries that are zero modulo 4 from a
previously received or transmitted Special Character

3.1.79

transmitter

in FC-PI context, an Electronic circuit (Tx) that converts an electrical logic signal to a signal suitable for the
communications media (optical or electrical)

3.1.80
TxRx Connection
the complete simplex signal path between the output o point of one FC device, or retimer, to the input

o point of a second FC device or retimer, over which a BER of <1012 is achieved. It is one half of a duplex
link

3.1.81
TxRx Connection segment
that portion of a TxRx Connection delimited by separable connectors or changes in media

3.1.82

unit interval

period of a nominal bit for a given signaling speed. It is equivalent to the shortest nominal time between
signal transitions. Ul is the reciprocal of Baud (Units of Ul are seconds)

3.1.83
word
string of four contiguous bytes occurring on boundaries that are zero modulo 4 from a specified reference

- 3.2 Editorial conventions

“In this standard, a number of conditions, mechanisms, parameters, events, states or similar terms are
© printed with the first letter of each word in upper-case and the rest lower-case (e.g. TxRx Connection). Any
~ lower case use of these words has the normal technical English meaning.

- Numbered items in this standard do not represent any priority. Any priority is explicitly indicated.

In case of conflict between figure, table and text, the text takes precedence. Exceptions to this convention
are indicated in the appropriate clauses.

In all of the figures, tables and text of this document, the most significant bit of a binary quantity is shown
on the left side. Exceptions to this convention are indicated in the appropriate clauses.

The term “shall” is used to indicate a mandatory rule. If such a rule is not followed, the results are
unpredictable unless indicated otherwise.

The ISO/IEC convention of numbering is used, i.e. the ten-thousands and higher multiples are separated
by a space. A comma is used as the decimal point. A comparison of the American and ISO/IEC rules are
shown below:
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3.21

Table 1 — ISO/IEC rules

- 21 -

ISO/IEC American
0,6 0.6
2 048 2048
10 000 10,000
1323 462,9 | 1,323,462.9

Abbreviations, acronyms and symbols

Abbreviations, acronyms and symbols applicable to this International Standard are listed in

3.2.4 and 3.3 respectively. Definitions of several of these items are included in 3.1.

3.2.2 Signaling rate abbreviations

The exact signaling rates are used in the tables and the abbreviated forms are used in text.
Note that 2,125 GBd is the preferred IEC/ISO method and is used instead of 2 125 MBd
where it makes sense to do so.

Table 2 — Signaling rate abbreviations

Abbreviation

Abbreviation (FC-PH style)

True signalling rate

1,06 GBd 1 063 MBd 1 062,5 MBd
2,12 GBd 2 125 MBd 2 125 MBd
4,25 GBd 4 250 MBd 4 250 MBd

3.2.3 Synonyms

There are no synonyms in FC-PI.
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3.2.4 Acronyms and other abbreviations

Table 3 — Acronyms and other abbreviations

Bd baud

BER bit error rate

BNC Bayonet-Neil-Councilman (coaxial connector)
BT Bessel-Thomson

CCITT Comite Consultatif International Telegraphique et Telephonique (see ITU-TS)
Cu Copper

dB decibel

dBm decibel (relative to 1 mW)

DCD duty cycle distortion

DJ deterministic jitter

DUT device under test

ECL Emitter Coupled Logic

EIA Electronic Industries Association
EMC Electromagnetic compatibility
EMI Electromagnetic Interference
FC Fibre Channel

FOTP fibre optic test procedure

FWHM full width half maximum

GBd gigabaud

hex hexadecimal notation

IEEE Institute of Electrical and Electronics Engineers
ISI Inter symbol interference
ITU-TS The International Union Telecommunication Standardization (formerly CCITT)
LOS loss of signal

LPDL lowest pull-down level

LPUL lowest pull-up level

LW long wavelength

MB megabyte = 106 bytes

MBd megabaud

MPDL maximum pull-down level

MPN mode partition noise

MPUL maximum pull-up level

MM multimode

NA not applicable

NEXT Near-End Crosstalk

N_Port Node_Port

OFC open fibre control

OFSTP optical fibre system test procedure
OMA optical modulation amplitude

Op optical

ORL optical return loss

PECL Positive Emitter Coupled Logic
PMD physical medium dependent
pk-pk peak to peak

r.f. radio frequency

RFI radio frequency interference
RIN relative intensity noise

RJ random jitter

RMS root mean square

Rx receiver

SD Signal Detect

SERDES Serializer/Deserializer

SJ Sinusoidal Jitter

SM single mode

S/N or signal-to-noise ratio

SNR

SSTL Stub Series Terminated Logic
STP shielded twisted pair

SW short wavelength
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Table 3 — Acronyms and other abbreviations

TDR time domain reflectometry
TIA Telecommunication Industries Association
TJ Total Jitter
TNC Threaded-Neil-Councilman (coaxial connector)
TP twisted pair
TX transmitter
TXRX a combination of transmitter and receiver
ul unit interval = 1 bit period
ULP Upper Level Protocol
VSWR Voltage Standing Wave Ratio
3.3 Symbols

Unless indicated otherwise, the following symbols have the listed meanings.
Table 4 — Symbols

alpha

beta

gamma

delta

rho

ohm

micro (e.g., um = micrometer)
wavelength

chassis or earth ground

signal reference ground

>E (De|o]R =
||}—37
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4 Structure and concepts

4.1 General

This clause provides an overview of the structure, concepts and mechanisms used in FC-PI and is
intended for informational purposes only.

The Fibre Channel (FC) is logically a bi-directional point-to-point serial data channel, structured for high
performance information transport. Physically, Fibre Channel is an interconnection of one or more point-to-
point links. Each link end terminates in a Port or Retimer. Ports are fully specified in FC-PIl and FC-FS.
Fibre is a general term used to cover all physical media supported by Fibre Channel including optical fibre,
twisted pair and coaxial cable.

Fibre Channel is structured as a set of hierarchical functions as illustrated in figure 1. Fibre Channel
consists of related functions FC-0 through FC-3. Each of these functions are described as a level. Fibre
Channel does not restrict implementations to specific interfaces between these levels.

ULPs IPI3 SCsSi IP SBCCS| | Others
FC-4 IPI3 SCSI || HIPPI IP | |SBCCS| |Oth
Mapping thers
-
FC-3 Huntgroup Common Services || Link Services
FC-2 Signaling Protocol
Protocol FC-FS
FC-1 Transmission Protocol
Code
— <
Interface (Transmitters and Receivers)
(FC-PI clauses 6, 9)
FC-0
Physical , FC-PI
Media
(FC-PIl clauses 7, 8, 10)
> -

Figure 1 — Fibre channel structure

The Physical interface (FC-0), specified in FC-PI, consists of transmission media, transmitters, receivers
and their interfaces. The Physical interface specifies a variety of media and associated drivers and
receivers capable of operating at various speeds.

The Transmission protocol (FC-1), signaling protocol (FC-2) and Common Services (FC-3) are fully
specified in FC-FS. Fibre Channel levels FC-1 through FC-3 specify the rules and provides mechanisms
needed to transfer blocks of information end-to-end, traversing one or more links.

FC-PI and FC-FS define a suite of functions and facilities available for use by a Upper Level Protocols
(ULP) Mapping protocol (FC-4). This suite of functions and facilities may exceed the requirements of any
one FC-4. An FC-4 may choose only a subset of FC-PI and FC-FS functions and facilities. Fibre Channel
provides a method for supporting a number of ULPs. The Link Services represent a mandatory function
required by FC-PI and FC-FS.

A Fibre Channel Node is functionally configured as illustrated in figure 2. A Node may support one or more
N_Ports and one or more FC-4s. Each N_Port contains FC-0, FC-1 and FC-2 functions. FC-3 optionally
provides the common services to multiple N_Ports and FC-4s.
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ULP | ---- | ULP | ---- ULP
Node

FC4 | ---- | FC4 | - | FC4
FC-3

N_Port N_Port N_Port

FC-2 | ---- | FC-2 | ~--- | FC-2

FC-1| ---- | FC-1 | ~--- | FC-1

FC0| ---- | FC-0| ---- | FC-0

Figure 2 — Node functional configuration

4.2 FC-0 general description

The FC-0 level of FC-PI describes the Fibre Channel link. The FC-0 level covers a variety of media and the
associated drivers and receivers capable of operating at a wide range of speeds. The FC-0 level is
designed for maximum flexibility and allows the use of a large number of technologies to meet the widest
range of system requirements.

Each fibre is attached to a transmitter of a Port or Retimer at one link end and a receiver of another Port or
Retimer at the other link end (see figure 3). When a Fabric is present in the configuration, multiple links
may be utilized to attach more than one N_Port to more than one F_Port (see figure 4). Patch panels or
portions of the active Fabric may function as repeaters, concentrators or fibre converters. A path between
two N_Ports may be made up of links of different technologies. For example, the path may have multimode
fibre links attached to end Ports but may have a single-mode link in between as illustrated in figure 5. In
figure 6, a typical Fibre Channel building wiring configuration is shown.

Port A Port B
Outbound Outbound
Tx Tx
Inbound Inbound
Rx RXx
| |

Figure 3 — FC-0 Link
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Fabric

Link

Figure 4 — Fabric

- -

7~ 7~
7~ 7~

[ r [ r

MM fibre SM fibre MM fibre

~ ~
~ ~
Link Link Link
Path
-} |

Figure 5 — FC-0 Path
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. Floor . %
FC 7&
E .
= o

@

]

1. Floor
FC @
A =
E
Basement

Main Frame

Figure 6 — Fibre channel building wiring

4.3 FC-0interface overview
The interoperability points are shown in figures 9, 10, 11 and 12. The “a” points are for reference only.
The nomenclature used by FC-PI to reference various combinations of components is defined in clause 5.

The link distance capabilities specified in FC-PI are based on ensuring interoperability across multiple
vendors supplying the technologies (both transceivers and cable plants) under the tolerance limits
specified in FC-PI. Greater link distances may be obtained by specifically engineering a link based on
knowledge of the technology characteristics and the conditions under which the link is installed and
operated. However, such link distance extensions are outside the scope of FC-PI.
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Figure 7 illustrates an example of data flow stages of 32-bit word parallel, 8-bit byte parallel, 10-bit
character parallel and bit serial streams and vice versa. This example of transmitter to receiver data flow is
for reference only and is implementation dependent.

Rx Bit or
Re-timed Serial Data or
Tx Data Byte Tx Bit Re-synchronized Bit Rx Data Byte
8b P S 10b
32 8 10 1 1 1o 32

10b S

Tx Word Tx Data Character

Legend:

Tx - transmitter

Tx Word - 32 bit transmit word
Tx Byte - 8 bit transmit byte
Tx Bit - 1 transmit bit

P - parallel side
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Bit stream Rx Data Character

Rx - Receiver

Rx Word - 32 bit receive word
Rx Byte - 8 bit receive byte
Rx Bit - 1 receiver bit

S - serial side

Figure 7 — Data flow stages
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5 FC-Pl functional characteristics

5.1 General

FC-PI describes the physical link, the lowest level, in the Fibre Channel system. It is designed for flexibility
and allows the use of several physical interconnect technologies to meet a wide variety of system
application requirements.

5.2 General characteristics

The FC-FS protocol is defined to operate across connections having a bit error rate (BER) detected at the

receiving port of less than 10712, It is the combined responsibility of the component suppliers and the
system integrator to ensure that this level of service is provided at every port in a given Fibre Channel
installation.

FC-PI has the following general characteristics.

In the physical media signals a logical “1” shall be represented by the following properties:

e Optical - the state with the higher optical power

e Unbalanced copper - the state where the ungrounded conductor is more positive than the grounded
conductor

< Balanced copper - the state where the conductor identified as “+” is more positive than the conductor
identified as “-”

Serial data streams are supported at signaling rates of 2,12 GBd and 4,25 GBd in addition to the signaling
rate of 1,06 GBd. All signaling rates have transmitter and receiver clock tolerances of +£0,01 %. A TxRx

Connection bit error rate (BER) of < 1012 as measured at its receiver is supported. The basis for the BER
is the encoded serial data stream on the transmission medium during system operation.

FC-PI defines eight different specific physical locations in the FC system that include six interoperability
points and two reference points. No interoperability points are required for closed or integrated links and
FC-Pl is not required for such applications. For closed or integrated links the system designer shall ensure
that the end to end BER required by FC-FS is delivered.

The requirements specified in FC-PI shall be satisfied at separable connectors where interoperability and
component level interchangeability within the link are expected. A compliant point is a physical position
where the specification requirements are met. For purposes of this document the terms “compliance point”
and “interoperability point” are equivalent. The specified interoperability points are defined at separable
connectors as these are the points where different components can easily be added, changed or removed.
The reference points are the o points. There is no maximum number of interoperability points between the
initiating FC device and the addressed FC device as long as (1) the requirements at the interoperability
points are satisfied for the respective type of interoperability point and (2) the end to end signal properties
are maintained under the most extreme allowed conditions in the system. The description and physical
location of the specified interoperability points and reference points are detailed in 5.10.

It is the combined responsibility of the component (the separable hardware containing the connector
portion associated with an interoperability point) supplier and the system integrator to ensure that intended
interoperability points are identified to the users of the components and system. This is required because
not all connectors in a link are interoperability points and similar connectors and connector positions in
different applications may not satisfy the FC-PI requirements.

The requirements in this document apply with the system fully active, including duplex traffic on all ports
and under all applicable environmental conditions.

The interface to FC-FS occurs at the logical encoded data interfaces. As these are logical data constructs,
no physical implementation is implied by FC-FS. FC-PI is written assuming that the same single serial data
stream exists throughout the link as viewed from the interoperability points. Other possible schemes for
transmitting data, for example using parallel paths, are not defined in FC-PI but could occur at intermediate
places between interoperability points.

Physical links have the following general requirements:
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a) Physical point-to-point data links; no multidrop attachments along the serial path.

b) Every signal shall meet the timing and amplitude requirements associated with its interoperability point
under the most extreme specified conditions of system noise and input signal degradation.

c) Allusers are cautioned that detailed specifications shall take into account end-of-life worst case values
(e.g., manufacturing, temperature, power supply).

The interface between FC-PI and FC-FS is intentionally structured to be technology and implementation
independent. That is, the same set of commands and services may be used for all signal sources and
communication schemes applicable to the technology of a particular implementation. As a result of this, all
safety or other operational considerations which may be required for a specific communications technology
are to be handled by the FC-PI clauses associated with that technology. An example of this would be
ensuring that optical power levels associated with eye safety are maintained.

5.3 FC-0 States

5.3.1 Transmitter FC-0 states

The transmitter is controlled by the FC-1 level. Its function is to convert the serial data received from the
FC-1 level into the proper signal types associated with the transmission media.

The transmitter has the following states:

a) Transmitter Not-Enabled State: A not-enabled state is defined as optical output off for optical
transmitters. Electrical transmitters in the not-enabled state shall not launch dynamic voltages
exceeding the limits specified as Transmitter off voltage in table 20. A transmitter shall be in the not-
enabled state at the completion of its power on sequence unless the transmitter is specifically directed
otherwise by the FC-1 level.

b) Transmitter Enabled State: The transmitter is in an enabled state when the transmitter is capable of
operation within its specifications while sending valid bit sequences.

¢) Transmitter Failure State: Some types of transmitters are capable of monitoring themselves for
internal failures. Examples are laser transmitters where the monitor diode current may be compared
against a reference to determine a proper operating point. Other transmitters, such as Light Emitting
Diodes and electrical transmitters do not typically have this capability. If the transmitter is capable of
performing this monitoring function then detection of a failure shall cause entry into the transmitter
failure state.

d) Transition between Transmitter Not-Enabled and Transmitter Enabled States: This transition is
not specified in this document. However, see annex D for implementation examples.

5.3.2 Receiver States

The function of the receiver is to convert the incoming data from the form required by the communications
media employed, retime the data and present the data and an associated clock to the FC-1 level. The
receiver has no states.

5.4 Response to input data phase jumps

Some link_control_facilities may detect phase discontinuities in the incoming serial data stream. This may
occur for example from the operation of an asynchronous serial switch at the transmitter. In the event of a
phase discontinuity, the recovery characteristics of the receiver shall be as follows:

e Phase jump - Uniform distribution between +180°.

e Link - Worst case

« Degree of recovery - Within BER objective (10
¢ Probability of recovery - 95 %
¢ Recovery time - 2 500 bit intervals from last phase jump

12)

Additional wait time before next phase jump: None
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The FC-0 level shall require no intervention from higher levels to perform this recovery. If, at the end of the
specified time, the higher levels determine that bit synchronization is not present these levels may assume
a fault has occurred and take appropriate action.

5.5 Limitations on invalid code

FC-0 does not detect transmit code violations, invalid ordered sets or any other alterations of the encoded
bit stream. However, it is recognized that individual implementations may wish to transmit such invalid bit
streams to provide diagnostic capability at the higher levels. Any transmission violation, such as invalid
ordered sets, which follow valid character encoding rules shall be transparent to FC-0. Invalid character
encoding could possibly cause a degradation in receiver sensitivity and increased jitter resulting in
increased BER or loss of bit synchronization.

During testing the FC-0 level should remain synchronized and meet BER requirements if the transmitted
bit stream meets the following requirements. The code balance in any 10 bits is in the range 40 % to 60 %.
For example the pattern “1010110101” has 6 1's in a total of 10 bits yielding a code balance of 6/10 =
60 %. The maximum run length is limited to 12 in 20 bits, for example 00111 11111 11110 01100 has a run
length of 12. A run length of 12 in 20 consecutive bits shall occur not more than once in any contiguous set
of 320 bits. The other 300 bits shall have a code balance between 49,5 % and 50,5 %. and the run length
shall be limited to 5 bits.

5.6 Receiver initialization time

The time interval required by the receiver from the initial receipt of a valid input to the time that the receiver
is synchronized to the bit stream and delivering valid retimed data within the BER requirement, shall not
exceed 1 ms. Should the retiming function be implemented in a manner that requires direction from a
higher level to start the initialization process, the time interval shall start at the receipt of the initialization
request.

5.7 Loss of signal (Rx_LOS) function

The FC-0 may optionally have a loss of signal function. This function is logically inverted from the signal
detect function in FC-PI. If implemented, this function shall indicate when a signal is absent at the inputto
the receiver. The activation level shall lie in a range whose upper bound is the minimum specified
sensitivity of the receiver and whose lower bound is defined by a complete removal of the input connector.
While there is no defined hysteresis for this function there shall be a single transition between output logic
states for any monotonic increase or decrease in the input signal power occurring within the reaction time
of the signal detect circuitry. The reaction time to the input signal is defined in annex D.

5.8 Speed agile Ports that support Speed Negotiation
This clause specifies the requirements on speed agile Ports that support speed negotiation.

a) Ports shall not attain Transmission_Word synchronization unless the incoming signal is within £10 %
of the receive rate set by the Port implementing the algorithm.

b) The Port transmitter shall be capable of switching from compliant operation at one speed to compliant
operation at a new speed within 1 ms from the time the Speed Negotiation algorithm asks for a speed
change.

c) The Port receiver shall attain Transmission_Word synchronization within 1 ms when presented with a
valid input stream as specified in 5.6 if the input stream is at the receive rate set by the Port
implementing the Speed Negotiation algorithm - the receiver shall also be capable of attaining
Transmission_Word synchronization when presented with a valid input stream within 1 ms from the
time the algorithm asks for a receiver speed change if the input stream is at the new receive rate set by
the Port implementing the algorithm.

d) The Port transmitter and Port receiver shall be capable of operating at different speeds at the same
time during Speed Negotiation.

Documents

Document Sharing Hub

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO IEC 14165-115-2006


http://avadocuments2026.com/doc/iso-iec-14165-115-2006
http://avadocuments2026.com/doc/iso-iec-14165-115-2006

32 14165-115 © 1SO/IEC:2006(E)

5.9 FC-Pl nomenclature

The nomenclature for the technology options is illustrated in figure 8.

100-SM-LC-L

SPEED
400 — 400 MBytes/s
200 — 200 MBytes/s
100 — 100 MBytes/s

MEDIA
SM — single-mode

M5 — multimode 50 um
M6 — multimode 62,5 um

SE — unbalanced copper
DF — balanced copper

TRANSMITTER
LC — long wave LASER cost reduced (1 300 nm)
SN — short wave LASER (850 nm)

EL — electrical

LL — long wave LASER (1 300 nm/1 550 nm*)

DISTANCE
L — long distance

| — intermediate distance
S — short distance

V — very long distance *

* not specified in FC-PI

NOTE The acronym “LC” when used with the “LC” connector and when used to describe the “LC” optical
transmission variant are not related.

Figure 8 — FC variant nomenclature

5.10 Interoperability points

This clause contains examples of interoperability points in various configurations. These examples are
useful to illustrate how the definitions of the interoperability and reference points may appear in practical
systems. This clause also shows an illustration of the two different signal specification environments
defined in FC-PI, intra enclosure and inter enclosure, with all the different configurations of interoperability
points that are possible within the same link.

Interoperability at the points defined requires satisfying both the specified physical location and the
specified signal requirements. If either are missing then the interface becomes a non-interoperable
interface for that point in the link only - the link could still satisfy the requirements for end to end operation
even if intermediate points do not meet the interoperability requirements. Durable identification is required
for all points in the link that are expected to be interoperability points (in user documentation for example).

Figure 9 shows details of an implementation involving FC devices contained within an enclosure. It also
shows where active components not specified in FC-PI may be required to complete the link between the
intra enclosure and inter enclosure environments.
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