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Foreword

ISO (the International Organization for Standardization) and IEC (the 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

nvn‘ani'7afinnc’ gnwnrnmnnfn] and non gnwnvnmnhfn]’ inlisdison with 1SO and Il:‘{" alsa take parf in the
o

work.

The procedures used to develop this document and those intended for its further maintenance are

described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed
different types of document should be noted (see www.iso.org/directives).

for the

Attention is drawn to the possibility that some of the elements of this document may be the subject of

patent rights. ISO and I[EC shall not be held responsible for identifying any or all'such patent rights.
of any patent rights identified during the development of the document willbe in the Introduction
on the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list of
declarations received (see http://patents.iec.ch).

Any trade name used in this document is information given forthe convenience of users and d
constitute an endorsement.

Details
and/or
patent

bes not

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well-as information about ISO's adherence to thg World

Trade Organization (WTO) principles . inv~ the Technical Barriers to Trade
see www.iso.org/iso/foreword.html.

(TBT),

This document was prepared by the InterNational Committee for Information Technology Standards

(INCITS) (as INCITS 543-2019) and drafted in accordance with its editorial rules. It was assigned

[0 Joint

Technical Committee ISO/IEC]JTCT, Information technology, and adopted under the “fagt-track

procedure”.

Alist of all parts in the ISO/IEC 14165 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards hody. A

complete listing of’thése bodies can be found at www.iso.org/members.html.
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Fibre Channel —
Physical Interface-7 (FC-PI-7)

1 Scope

This standard describes the physical interface portions of high performance optical fink variants that
support the higher level Fibre Channel protocols including FC-FS-4 (reference)[1]) and FC-FS-5 (ref-
erence [2]).

FC-PI-7 specifies 64GFC. 32GFC and 128GFC are described in FC-Pl:6‘(reference [3]) and FC-PI-
6P (reference [4]), respectively.16GFC, 8GFC and 4GFC are describéd)in FC-PI-5 (reference [5]).

2 Normative references

2.1 General

The following standards contain provisions that, through reference in this text, constitute provisions of
this standard. At the time of publication, the editions indicated were valid. Standards are subject to re-
vision, and parties to agreements based on this'standard are encouraged to investigate the possibili-
ty of applying the most recent editions of the, following list of standards. Members of IEC and ISO
maintain registers of currently valid International Standards.

Copies of the following documents canbe obtained from ANSI: Approved ANSI standards, approved
and draft international and regional standards (ISO, IEC), and other approved standards (including
JIS and DIN).

2.2 Normative references

2.2.1 Approved references

[11 INCITS 488-2016, FC-FS-4, Fibre Channel Framing and Signaling - 4

[2] INCITS-545-2018, FC-FS-5, Fibre Channel Framing and Signaling - 5

[3] INCITS 512-2015, FC-PI-6, Fibre Channel Physical Interfaces - 6

[4] ~INCITS 533-2016, FC-PI-6P, Fibre Channel Physical Interfaces - 6P

[5]." INCITS 479-2011, FC-PI-5, Fibre Channel Physical Interfaces - 5

[6] INCITS TR-46-2011, FC-MSQS, Fibre Channel Methodologies for Signal Quality Specification

[71 INCITS TR-50-2014, FC-MSQS-2, Fibre Channel Methodologies for Signal Quality
Specification 2

[8] IEC 61280-1-3, Fiber optic communication subsystem basic test procedures - Part 1-3: Test
procedures for general communication subsystems - Central wavelength and spectral width
measurement
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[9] IEC 60793-2-10, Optical fibers - Part 2-10: Product specifications - Sectional specification for
category A1 multimode fibers

[10] IEC 60793-2-50, Optical fibers - Part 2-50: Product specifications - Sectional specification for
class B single-mode fibers

[11] IEC 60825-1, Safety of laser products - Part 1: Equipment classification and requirements,
latest edition.

[12] IEC 60825-2, Safety of laser products - Part 2: Safety of optical fiber communication systems,

latest edition.

[13] TIA-492AAAC, Detail Specification for 850-nm Laser-Optimized, 50-um Core Diameter/125-pm
Cladding Diameter Class Ia Graded-Index Multimode Optical Fibers

[14] TIA-492AAAD, Detail Specification for 850-nm Laser-Optimized, 50-um Core Diameter/125-um
Cladding Diameter Class Ia Graded-Index Multimode Optical Fibers Suitable for Manufacturing
OM4 Cabled Optical Fiber

[15] TIA-492AAAE, Detail Specification for 50-um Core Diameter/125-um Cladding. Diameter Class
1a Graded-Index Multimode Optical Fibers with Laser-Optimized Bandwjdth Characteristics
Specified for Wavelength Division Multiplexing

[16] IEEE 802.3™-2018, IEEE Standard for Ethernet
[17] OIF-CEI-04.0, Clause 21 CEI-56G-LR PAM4 Long Reach Interface

2.2.2 References under development

At the time of publication, the following referenced standards were still under development. For infor-
mation on the current status of the documents, or regarding' availability, contact the relevant stan-
dards body or other organization as indicated.

[18] IEEE 802.3cd 50Gb/s and 200 Gb/s Ethernet Task Force
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3 Definitions and conventions

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

3.1 Definitions

3.1.1 o, ag: alpha T, alpha R; reference points used for establishing signal budgets at the chip
contacts of the transmitter and receiver in an FC device or retiming element

3.1.2 vy, yr: 9amma T, gamma R; interoperability points used for establishing signal budgets.

Gamma T is the optical transmitter interface compliant point defined as the output of 0.5 m
to 2 m patchcord connected to the external enclosure connector.

3.1.3 5y, 6r: delta T, delta R; interoperability points used for establishing signal budget'at the
internal connector of a removable PMD element.

3.1.4 alphaT, alpha R: See o, ag (3.1.1).

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

3.1.6 average power: The optical power measured using an average-reading power meter when
transmitting valid transmission characters.

3.1.7 bandwidth: The difference between the upper -3 dB frequency and the lower -3 dB frequency
of the amplitude response of a Fibre Channel component.

3.1.8 baud: A unit of signaling speed, expressed as the-maximum number of times per second the
signal may change the state of the transmission line or other medium. (Units of baud are
symbols/sec.)

3.1.9 bit error ratio (BER): The probability of.a.correct transmitted bit being erroneously received
in a communication system. For purposes of this standard, BER is the number of bits output
from a receiver that differ from the gorrect transmitted bits, divided by the number of
transmitted bits.

3.1.10 bit synchronization: The condition that a receiver is delivering retimed serial data at the
required BER.

3.1.11 byte: An 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 unless specifically indicated otherwise.

3.1.12 cable plant: All passive communications elements (e.g., optical fiber, cable, connectors,
splices, étc)) between a transmitter and a receiver.

3.1.13 centerwavelength (laser): The value of the central wavelength of the operating, modulated
laser. This is the wavelength where the effective optical power resides. See IEC 61280-1-3
(teference [8]).

3.114 character: A defined set of n contiguous bits where n is determined by the encoding
scheme.

3.1.15 component: Entities that make up the link. Examples are connectors, cable assemblies,

4 + w1l + H'Y P~ N
UarioLlIviTro, PUTU VypPdoo LITUUILS, AU TIiuVo.

3.1.16 connector: Electro-mechanical or opto-mechanical components consisting of a receptacle
and a plug that provide a separable interface between two transmission media segments.
Connectors may introduce physical disturbances to the transmission path due to impedance
mismatch, crosstalk, and the like.These disturbances may introduce jitter under certain
conditions.
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3.1.17

3.1.18
3.1.19

all

delta T, delta R: See 57, o (3.1.3).

device: See FC device.

dispersion: A term in this document used to denote pulse broadening and distortion from
optical causes. The causes of dispersion in optical transmissions are modal, chromatic and
polarization mode dispersion. Modal dispersion is caused by the difference in the
propagation velocity of the guided modes in a multimode fiber. Chromatic dispersion, due to
the difference in propagation of the various spectral components, of the signal and optical

3.1.20

3.1.21

3.1.22

3.1.23

3.1.24

3.1.25

3.1.26
3.1.27

3.1.28

3.1.29

3.1.30

SOUTCE. FU arizatior IIIllljmwmmﬁW

velocity dependent of the light polarization state.

external connector: A bulkhead connector, whose purpose is to carry the FC signals into
and out of an enclosure, that exits the enclosure with only minor compromise to the shigld
effectiveness of the enclosure.

extinction ratio outer: The ratio of the highest optical power to the lowest optical.power in
the presence of a PAM4 signal (i.e., levels 3 and 0 in Figure 4(B), clause 5). See.lEEE
802.3™-2018,(reference [16]), clause 121.8.6.

FC-0 level: The level in the Fibre Channel architecture and standards that'defines
transmission media, transmitters and receivers, and their interfaces. Se€ Figure 1 (clause
4.1) and FC-FS-4 (reference [1]) clause 4.

FC-1 level: The level in the Fibre Channel architecture and standards that defines the
transmission protocol that includes the serial encoding, decoding, and error control. See FC-
FS-4 (reference [1]).

FC device: An entity that contains the FC protocol functions and that has one or more of the
connectors defined in this document. Examples areyhost bus adapters, disk drives, and
switches. Devices may have internal and exterpal connectors.

FC device connector: A connector defined'in this document that carries the FC serial data
signals into and out of the FC device.

fiber optic cable: A jacketed optical fiber or fibers.

gamma T, gamma R: See y1, y (3.1.2).

insertion loss: The ratio (€xpressed in dB) of incident power at one port to transmitted
power at a different port, whén a component or assembly with defined ports is introduced into
a link or system. May«refer to optical power or to electrical power in a specified frequency
range. Note the dB magnitude of S12 or S21 is the negative of insertion loss in dB.

interoperability, point: Points in a link or TXRx connection for which this standard defines
signal requirenients to enable interoperability. This includes both compliance points and
referencelpoints. See o, aR, YT, YR, OT> OR-

level:

1.-Addocument 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-7 context, a specific value of voltage or optical power (e.g., voltage level).

3. The type of measurement: level 1 is a measurement intended for compliance, level 2 is a
measurement intended for characterization/diagnosis

3.1.31

3.1.32

link: A duplex or parallel optics TxRx Connection, using two or more fibers to transport
optical signals.

MB/s: An abbreviation for megabytes (10° bytes) per second.
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OM3: Cabled optical fiber containing 50/125 um laser optimized multimode fiber with a
minimum overfilled launch bandwidth of 1500 MHz-km at 850 nm and 500 MHz-km at 1300
nm as well as an effective laser launch bandwidth of 2000 MHz-km at 850 nm in accordance
with IEC 60793-2-10 Type A1a.2 fiber. See reference [9] and reference [13].

OM4: Cabled optical fiber containing 50/125 um laser optimized multimode fiber with a
minimum overfilled launch bandwidth of 3500 MHz-km at 850 nm and 500 MHz-km at 1300
nm as well as an effective laser launch bandwidth of 4700 MHz-km at 850 nm in accordance
with IEC 60793-2-10 Type A1a.3 fiber. See reference [9] and reference [14].

3.1.35

3.1.36
3.1.37

3.1.38

3.1.39

3.1.40
3.1.41

3.1.42

3.1.43

3.1.44

3.1.45

3.1.46

OMS5: Cabled optical fiber containing 50/125 um laser optimized multimode fiber with a
minimum overfilled launch bandwidth of 3500 MHz-km at 850 nm, 1850 MHz-km at 953-nm
and 500 MHz-km at 1300 nm as well as an effective laser launch bandwidth of 4700 MHz=km
at 850 nm and 2470 MHz-km at 953 nm in accordance with IEC 60793-2-10 Type Ala.4
fiber. See reference [9] and reference [15].

optical fiber: Any filament or fiber, made of dielectric material, that guides(light.

optical modulation amplitude, (OMA,c(): The difference in optical power between
settled and averaged values of the highest and the lowest optical levels of a PAM4 signal
(i.e., levels 3 and 0 in Figure 4(B), clause 5). OMA is typically expfessed in mW or dBm. See
IEEE 802.3™-2018 (reference [16]).

optical receiver sensitivity: The minimum acceptable valu@ of received signal at point

gamma R to achieve a defined level of BER. For 64GFGC;; this level is for a BER = 1.09x1074.
See also the definitions for stressed receiver sensitivity and unstressed receiver sensitivity.
See IEEE 802.3™-2018 (reference [16]).

optical path penalty: A link optical power penalty to account for signal degradation other
than attenuation.

optical return loss (ORL): see return,lss.

08S2: cabled optical fiber containing-dispersion unshifted, low water peak, single-mode fiber
in accordance with IEC 60793-2-50"Type B1.3 fiber or bend-insensitive fiber in accordance
with IEC 60793-2-50 Type B6 (fiber specified at 0.4 dB/0.4 dB/0.4 dB at 1310 nm/1383
nm/1550 nm, respectively. See reference [10].

pulse amplitude modulation, four levels, PAM4: A modulation scheme where two bits are
mapped into four signal’amplitude levels to enable transmission of two bits per symbol.

port (or FC Port):'A generic reference to a Fibre Channel Port. In this document, the
components.that together form or contain the following: the FC protocol function with
elasticity buffers to re-time data to a local clock, the SERDES function, the transmit and
receive-network, and the ability to detect and report errors using the FC protocol.

receiver (Rx): An electronic component (Rx) that converts an analog serial input signal
(optical or electrical) to an electrical (retimed or non-retimed) output signal.

receiver device: The device containing the circuitry accepting the signal from the TxRx
Connection.

reclocker: A type of repeater specifically designed to modify data edge timing such that the
data edges have a defined timing relation with respect to a bit clock recovered from the (FC)

3.1.47
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3.1.48

reflectance: The ratio of reflected power to incident power for given conditions of spectral
composition, polarization and geometrical distribution. In optics, the reflectance is frequently
expressed as "reflectance density" or in percent; in communications applications it is
generally expressed as:

Py
10log—=(dB)
Pi

3.1.49
3.1.50

3.1.51

3.1.52

3.1.53

3.1.54

3.1.55

3.1.56

3.1.57

3:1)58

where P, is the reflected power and P; is the incident power.

reflections: Power returned by discontinuities in the physical link.

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, skew rate sand edge
to edge timing. Repeaters have jitter transfer characteristics. Types of repeaters'include
retimers, reclockers, and amplifiers.

retimer (RT): A type of repeater specifically designed to modify data edge timing such that
the output 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 words from the (FC) data passing through it. In the_context of jitter
methodology, a retimer resets the accumulation of jitter such thatthe output of a retimer has
the jitter budget of alpha T.

return loss: The ratio (expressed in dB) of incident power to reflected power at the same
port. May refer to optical power or to electrical power. ina specified frequency range. Note the
dB magnitude of S11 or S22 is the negative of return-loss in dB.

signal: The entire voltage or optical power waveforms within a data pattern during
transmission.

signal level: The instantaneous magnitude of the signal measured in the units appropriate
for the type of transmission used at the. point of the measurement. The most common signal
level unit for electrical transmissions.is voltage while for optical signals the signal level or
magnitude is usually given in units of power: dBm or microwatts.

side-mode suppression fatio: Ratio of the power in the dominant spectral mode to the
power in the strongest side mode.

signal tolerance: The ability of the link downstream from the receive interoperability point
(yr or 8R) to recover transmitted bits in an incoming data stream in the presence of a
specified signal. Signal tolerance is defined at specified signal amplitude(s). Since detection
of bit errors.is_required to determine the signal tolerance, receivers embedded in an FC Port
require thatithe Port be capable of reporting bit errors. For receivers that are not embedded
in an/FC.Port the bit error detection and reporting may be accomplished by instrumentation
attached to the output of the receiver.

spectral width (RMS): The weighted root mean square width of the optical spectrum. See
IEC 61280-1-3 (reference [8]).

stressed eye closure for PAM4 (SECQ): SECQ is a measure of the test signal applied to

3.1.59

an optical receiver to measure its stressed receiver sensitivity (see 5.4.6 and 5.5.6).

stressed receiver sensitivity: The amplitude of optical modulation in the stressed receiver
test at which the receiver supports the BER requirement.
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3.1.60 synchronization: Bit synchronization, defined above, and/or Transmission-Word
synchronization, defined in FC-FS-4 (reference [1]). An FC-1 receiver enters the state
“Synchronization-Acquired” when it has achieved both kinds of synchronization.

3.1.61 transceiver: A transmitter and receiver combined in one package.

3.1.62 transmission symbol: A symbol of duration one unit interval that represents one or more
logical values..

3.1.63 transmitter (Tx): A circuit (Tx) that converts a logic signal to a signal suitable for the

communications media (optical or electrical).

3.1.64 transmitter device: The device containing the circuitry on the upstream side of a TxRx
connection.

3.1.65 transmitter and dispersion eye closure for PAM4 (TDECQ): TDECQ is a meastre of an
optical transmitter’s vertical eye closure through a real or simulated worst case optical
channel (see 5.4.5 and 5.5.5).

3.1.66 TxRx connection: The complete signal path between a transmitter inpone FC device and a
receiver in another FC device.

3.1.67 TxRx connection segment: That portion of a TxRx connection‘delimited by separable
connectors or changes in media.

3.1.68 unit interval (Ul): The nominal duration of a single transmission symbol.

3.1.69 unstressed receiver sensitivity: The amplitude ofQptical modulation in the unstressed
receiver test at which the receiver supports the BER)requirement.

3.2 Editorial conventions

3.2.1 Conventions

In this standard, a number of conditions, méchanisms, parameters, states, or similar terms are print-
ed with the first letter of each word in upper-case and the rest lower-case (e.g., TxRx connection).
Any lower-case uses of these words*have the normal technical English meanings.

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

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

In 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 ISO convertion of numbering is used, i.e. the ten-thousands and higher multiples are separated
by a space.“Aperiod is used as the decimal demarcation. A comparison of the American and ISO
conventions’are shown In table 1.

Table 1 —ISO convention

Alternative ISO American
ISO as used in this document
2048 2048 2048
10 000 10 000 10,000
1323 462,9 1323 462.9 1,323,462.9
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3.2.2 Keywords

3.2.2.1 invalid: Used to describe an illegal or unsupported bit, byte, word, field or code value.
Receipt of an invalid bit, byte, word, field or code value shall be reported as an error.

3.2.2.2 ignored: Used to describe a bit, byte, word, field or code value that shall not be examined
by the receiving port. The bit, byte, word, field or code value has no meaning in the specified
context.

3.2.2.3 mandatory: A keyword indicating an item that is required to be implemented as defined in

this standard.

3.2.2.4 may: A keyword that indicates flexibility of choice with no implied preference (equivalent to
“may or may not”).

3.2.2.5 NA: A keyword indicating that this field is not applicable.

3.2.2.6 obsolete: A keyword indicating that an item was defined in a prior Fibre Channel'standard
but has been removed from this standard.

3.2.2.7 optional: Characteristics that are not required by FC-PI-7. However, if any optional
characteristic is implemented, it shall be implemented as defined in FC-PI-7.

3.2.2.8 reserved: A keyword referring to bits, bytes, words, fields, contacts.and code values that
are set aside for future standardization.

3.2.2.9 shall: A keyword indicating a mandatory requirement. Designers are required to implement
all such mandatory requirements to ensure interoperability with other products that conform
to this standard.

3.2.2.10 should: A keyword indicating flexibility of choicewith a strongly preferred alternative;
equivalent to the phrase “it is strongly recommended”.

3.2.2.11 should not: A keyword indicating flexibilityof choice with a strongly preferred alternative;
equivalent to the phrase “it is strongly recommended not to”.

3.2.2.12 vendor specific: Functions, code valties, and bits not defined by this standard and set
aside for private usage between parties using this standard.
3.2.3 Abbreviations, acronyms, and symbols

Abbreviations, acronyms and symbels applicable to this standard are listed in Table 2. Definitions of
several of these items are included in 3.1.
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Table 2 — Acronyms and other abbreviations

Bd baud

BER Bit Error Ratio

dB Decibel

dBm Decibel (relative to 1 mW)

DUT Device Under Test

EIA Electronic Industries Association

EMT ETectiromagnetic Compatibility

EMI Electromagnetic interference

FC Fibre Channel

FEC Forward Error Correction

FFE Feed Forward Equalizer

GBd Gigabaud

hex Hexadecimal notation

IEEE Institute of Electrical and Electronics Engineers
ITU-T International Telecommunication Union - Telecommunication Standardization (formerly CCITT)
LOS Loss Of Signal

LW Long Wavelength

MB Megabyte = 10° bytes

MBd Megabaud

MM Multimode

NA Not Applicable

NEXT Near-End Crosstalk

O/E Optical to electrical conversion

OMA Optical Modulation Amplitude

PAM4 Pulse Amplitude Modulation, four levels
PMD Physical Medium Dependent

ppm Parts per million

RJ Random Jitter

RLM Level separation mismatch ratio

RMS Root mean square

RN Relative Noise

Rx Receiver

SECQ Stressed eye closure for, PAM4 signals
SER Symbol Error Ratio

SERDES | Serializer/Deserializef

SM Single-Mode

SNDR Signal-to-Nojsevand Distortion Ratio
S/N(SNR) | Signal-to-Noise Ratio

SW Short Wavelength

TDECQ Transmitter and dispersion eye closure for PAM4
TIA Teléecommunication Industry Association
TJ Total Jitter

Tx Transmitter

TxRx A combination of transmitter and receiver
VEC Vertical Eye Closure

Wi Unit Interval = 1 symbol period
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3.2.3.2 Signaling rate abbreviations
Abbreviations for the signaling rates are frequently used in this document. Table 3 shows the abbre-

viations that are used and the corresponding signaling rates.

Table 3 — Signaling rate abbreviations

Abbreviation Signaling rate Number of Lanes Data rate
1GFC 1 062.5 MBd 1 100 MB/s
2GFC Z 120 NVIbd I <UU VIB/S
4GFC 4 250 MBd 1 400 MB/s
8GFC 8 500 MBd 1 800 MB/s
16GFC 14 025 MBd 1 1 600 MB/s
32GFC 28 050 MBd 1 3200 MB/s
64GFC 28 900 MBd 1 6 400 MB/s
128GFC 112 200 MBd 4 12 800 MB/s
256GFC 115 600 MBd 4 25600 MB/s
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4 FC-PI-7 functional characteristics

4.1 General characteristics

Fibre Channel is structured as a set of hierarchical functions as illustrated in Figure 1. The FC-PI-x
standards define the physical link, the lowest level denoted FC-0, in the Fibre Channel system. The
physical layer interface is designed for flexibility and allows the use of several physical interconnect
technologies to meet a wide variety of system application requirements.

Tha EC . EQ v ctandarde Aafina tha oianalins neat L ond camucac ot tha ot hiabar lavale Teonco
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mission codes and Forward Error Correction (FEC), where applicable, are defined in the FC-ES*x
standards. Reed Solomon (544,514) Forward Error Correction (FEC) is required to achieve,the

64GFC link BER objectives. It is expected that the link BER after correction will be better than 10715,

FC-PI-7 describes the physical link for single data streams supporting a signaling rate off\64GFC. The
64GFC variants include 64GFC-SW for MM variant, 64GFC-LW for SM variant and-64GFC-EA for
backplane variant. It is the responsibility of the component suppliers and the systemtintegrator to en-
sure that this level of service is provided at every port in a given Fibre Channel\installation. FC-PI-7
defines optical and electrical interoperability points at specific physical locatiens in the FC system. No
interoperability points are required for closed or integrated links and FC-PI-7-is not required for such
applications. For closed or integrated links the system designer shall ensure that a BER as observed
prior to error correction is better than the values specified in FC-PI-7Z.:\The BER for the electrical and
optical sections of a FC-PI-7 link shall meet requirements shown,in4-11.

4.2 Compliance test points

The requirements specified in FC-PI-7 shall be satisfied ‘at separable connectors where
interoperability and component level interchangeability:within the link are expected. A compliance
point is a physical position where the specification.requirements are defined and can be measured.
The compliance points are defined at separableConnectors, since these are the points where
different components can easily be added, changed, or removed. The description and physical
location of the specified interoperability points are detailed in 5.13 of FC-PI-5 (reference [5]). All
specifications are at the interoperability-points in a fully assembled system as if measured with a non-
invasive probe except where otherwise described. Figure 2 shows the compliance points for

64GFC multimode and single-maode’ variants.

It is the responsibility of the component (the separable hardware containing the connector portion as-
sociated with an interoperability point) supplier and the system integrator to ensure that intended in-
teroperability points are“identified to the users of the components and system. This is required
because not all confectors in a link are interoperability points and similar connectors and connector
positions in differént applications may not satisfy the FC-PI-7 requirements.

The signal and feturn loss requirements in this document apply under specified test conditions that
simulate soeme’ parts of the conditions existing in service. This simulation includes, for example,
duplex tfaffic on all Ports and under all applicable environmental conditions. Effects caused by other
features existing in service such as non-ideal return loss in parts of the link that are not present when
measuring signals in the specified test conditions are included in the specifications themselves. This
methodology is required to give each side of the interoperability point requirements that do not
depend on knowing the properties of the other side. In addition, it allows measurements to be

performed under conditions thatare accessibte wittrpracticat mstromentsand thatare transportabte
between measurement sites.
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Figure 1 — Fibre Channel hierarchy

Measuring signals in an actual functiohing system at an interoperability point does not verify compli-
ance for the components on either'side of the interoperability point although it does verify that the
specific combination of components in the system at the time of the measurement produces compli-
ant signals. Interaction between components on either side of the interoperability point may allow the
signal measured to be compliant but this compliance may have resulted because one component is
out of specification while)the other is better than required.

The interface to FE-FS-4 and FC-FS-5 occur at the logical encoded data interfaces. As these are log-
ical data constrdcts; no physical implementation is implied by FC-FS-4 and FC-FS-5. FC-PI-7 is writ-
ten assumingdthat 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,.arenot defined in FC-PI-7 but could occur at intermediate places between interoperability
points;
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az=Component Rx contact

dg=Internal PMD Connector
vr=Bulkhead Rx Connector

0.5 to 2 m of patchcord

< " RC
—= RC

Serdes PMD

HOST .~ &

RC=Reclocker E
< vyr=Ratehcord Tx Connector

Patchcord Connector
6T=:Internal PMD Connettor

otT::Component Tx contact

Figure 2 — Compliance points for,64GFC PMDs

Physical links have the following general requirenénts:
a) Physical point-to-point data links.
b) Signal requirements shall be met under the most extreme specified conditions of system noise
and with the minimum compliant-quality signal launched at upstream interoperability points.

c) All users 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-7 and protocols defined in FC-FS-4 and FC-FS-5 are 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 tech-
nology of a particularimplementation. As a result of this, all safety or other operational considerations
that may be required for a specific communications technology are to be handled by the FC-PI-7
clauses associated with that technology. An example of this would be ensuring that optical power lev-
els associated with eye safety are maintained.

4.3 ~FC-0 functions

4:3.1 Transmitter functions

The transmitter function is to convert the signal received from the FC-1 level into the proper signal for

the transmission media.

4.3.2 Receiver functions

The function of the receiver is to recover and retime the incoming signal from the transmission media,
convert into the proper signal for the FC-1 level and present the signal to the FC-1 level.

© ISO/IEC 2021 - All rights reserved
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4.4 Limitations on invalid code

FC-0 does not detect transmit code violations, invalid ordered sets, or any other alterations of the en-
coded 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 viola-
tion, such as invalid ordered sets, that follow valid character encoding rules shall be transparent to
FC-0. Invalid character encoding could possibly cause a degradation in receiver sensitivity and in-
creased jitter resulting in increased BER or loss of bit synchronization.

4.5 Receiver stabilization time

The time interval required by the receiver from the initial receipt of a valid input to the time that the re-
ceiver is synchronized to the bit stream and delivering valid retimed data within the BER requirement,
shall not exceed 20 ms. Should the retiming function be implemented in a manner that requires direc-
tion from a higher level to start the initialization process, the time interval shall start at the receipt of
the initialization request.

4.6 Loss of signal (Rx_LOS) function

The FC-0 may optionally have a loss of signal function. If implemented, thisfinction shall indicate
when a signal is absent at the input to the receiver. The activation level shall lie in a range whose up-
per bound is the minimum specified sensitivity of the receiver and whose lewer 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 functions for any{nonotonic increase or decrease in
the input signal power occurring within the reaction time of the.signal detect circuitry.

4.7 Speed agile ports that support speed negotiation and training
This subclause specifies the requirements on speed.agile ports that support speed negotiation.

a) The transmitter or the repeater shall be capable of switching from compliant operation at one
speed to compliant operation at a new speed within the time periods determined in clause 8 of
FC-FS-5 (reference [2]).The FC-1 level shall attain Transmission_Word synchronization within
the receiver stabilization time (subgclause 4.5) when presented with a valid input stream or from
the time the algorithm asks for a.feceiver speed change if the input stream is at the new receive
rate set by the port implementing the algorithm

b) The transmitter and receiver shall be capable of operating at different speeds at the same time
during speed negotiation.

c) The transmit traiping-signal used for speed negotiation for 64GFC is defined in FC-FS-5 (refer-
ence [2]).
4.8 TransmisSion codes

64GFC variants rely on the implementation of FEC, transcoding, and scrambling as defined in FC-
FS-5 (reference [2]). The actual FEC, transcoding, and scrambling hardware is at the FC-1 layer and
is not.defined in FC-PI-7.

4.9—Frame-scrambling-and-emissionloweringprotocol
64GFC variants use coding and scrambling that is inherent in the code as defined in FC-FS-5 (refer-
ence [2]).
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4.10 Forward error correction (FEC)

64GFC variants rely on the implementation of FEC as defined in FC-FS-5 (reference [2]) The actual
FEC hardware is at the FC-1 layer and is not defined in FC-PI-7.

4.11 Bit error ratio per link locations and segments

FC links may be divided in optical and electrical segments as illustrated in Figure 3. The value of the
maximum BER at those locations shall meet the specified limits defined in Table 4.

A F

¢ }

FEC FEC
encoder] decoder
Re-clocker Re-clocket E
TX f—— RX | TX > RX| TX »{ RX
<—---B--- C----¢3 ><-----D----->

Figure 3 — BER per Section

Table'4— BER per link Location / Segment

Location / Description BER BER
Segment Segment Cumulative
A Initial Signal 0 0
B Host Tx to Module electrical link 1.09x107°
C Optical Link 1.09x10™
D Module to Host Rx electrical link 1.09x107°
E Cumulative uncorrected BER for A-E 1.31x104
F Final FEC BER for A-F 1.0x1071
Notes:
1 Location / Segments refer to Figure 3.
2 For segment A-D the BER limits are defined prior FEC.
3 Cumulative uncorrected BER prior FEC is shown in location E.
4 This assumes the optical link has an error propagation probability of 0.1 and the electrical links both
have an error propagation probability of 0.5.
5 BER limits in segments A to D ensure final BER at location F.
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412 FC-PI-7 variants

Table 5 lists the FC-PI-7 variants, their nomenclature, a reference to the clause containing the de-
tailed requirements, and some key parameters that characterize them. The lengths specified in Table
5 are the minimum ranges supported with transmitters, media, and receivers all simultaneously oper-

ating under the most degraded conditions allowed.

64GFC-LW
1300 nm
SM 0.5 m-10 km
0s2 subclause 5.4
64GFC-SW
MM 50 um 850 nm
OM3 0.5m-70 m
subclause 5.5
64GFC-SW
MM 50 um 850 nm
OoMm4, OM5 0.5m-100 m
subclause 5.5
Backplane 64GFC-EA
clause 7

Table 5 — Fibre Channel Variants/Ain'FC-PI-7
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5 Optical interface specification

5.1 TxRx connections

This clause defines the optical signal characteristics at the external enclosure connector. Each
conforming optical FC port shall comply with the requirements specified in clause 5 and other
applicable clauses. Fibre Channel 64GFC optical links require forward error correction (FEC) to
achieve link BER objectives. Fibre Channel 64GFC optical links shall not exceed an uncorrected

BER of 1.09 x104 under any anpliqnf conditions. The p:\rnmnfnre epnr‘ifinr{ inthis clause ellppnr‘f

meeting that requirement.

A link, or TxRx connection, may be divided into TxRx connection segments; see Figure 10 in FC-PI-5
(reference [5]). In a single TxRx connection individual TxRx connection segments may be formed
from differing media and materials, including traces on printed wiring boards and optical fibers. This
clause applies only to TxRx connection segments that are formed from optical fiber.

If electrically conducting TxRx connection segments are required to implement these-optical variants,
they shall meet the specifications of the appropriate electrical segment defined.in’clause 6.

5.2 Laser safety issues

The optical output of the laser transceiver shall not exceed Class 1-maximum permissible exposure
limits under any condition of operation per IEC 60825-1 (reference{14]), and the optical output for the
fiber optic system shall not exceed Hazard 1M maximum permissible exposure limits under any con-
dition of operation per IEC 60825-2 (reference [12]).

5.3 Optical signal modulation format

A four level pulse amplitude modulation (PAM4) is,the modulation format utilized in all the optical vari-
ants defined in FC-PI-7. To generate a PAM4,sighal, two logical bits are mapped to a Gray-coded
symbol described in IEEE 802.3™-2018, (reference [16]) and FC-FS-5 (reference [2]). A non-corrupt-
ed PAM4 signal is depicted in Figure 4(A).Ihe PAM4 levels 0 and 3 represent the lowest and maxi-
mum steady state optical power. Additionally, the levels 0 and 3 can represent the most negative or|
most positive voltage when evaluated. after the O/E conversion.

PAM4 signal generates three eye.diagrams: top, middle and bottom, as shown in Figure 4(B). These
eyes can present different height and width. Moreover, signals produced by direct modulated lasers
can produce eye skew, which penalize the optimum sampling of the signals.

10 Level 3
L 11 Level 2 o 'lL A\' -
o 01 Level 1 N AR
. 2R
= = teveto /A\ _//A\\

Figure 4 — Optical Eye Diagram of a PAM4 Signal
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5.4 SM data links

5.4.1 SM general information

Operating distance and gamma compliance specifications for 64GFC-LW are defined in Table 6.
The 64GFC-LW transmitter and the 64GFC-LW receiver shall meet the gamma T and gamma R
specifications, respectively.

5.4.2 SM optical output interface

The optical transmit signal is defined at the output end of a patch cord between one half and two me-
ters in length.

5.4.3 SM optical input interface

The receiver shall operate within the uncorrected BER requirement of 1.09x10™ for an input signal
that meets the stressed receiver sensitivity OMA 1 and conditions shown in Table 6.

5.4.4 Transmitter transition time

Transmitter transition time is the slower of the time interval of the transition frem20% of OMA e, t0
80% of OMA e, Or from 80% of OMAter 10 20% of OMA e, for the rising and falling edges re-
spectively, as measured through and optical to electrical converter (O/E) and oscilloscope with a
combined frequency response of a fourth-order Bessel-Thomson filter,response with a bandwidth of
approximately 13.28125 GHz. Compensation may be made for any deviation from an ideal fourth-or-
der Bessel-Thomson filter.

The 0% level and the 100% level are Py and P3 as defined by. the OMA ¢y measurement procedure
in IEEE 802.3™-2018, (reference [16]) subclause 121.8.4;.with the exception that the square pattern
is used.

5.4.5 TDECQ Test

TDECQ is a measure of the optical transmitter’s vertical eye closure for PAM4 signals as measured
through a worst case optical channel and O/E converter with a bandwidth equivalent to the reference
receiver. TDECQ uses a 5 tap, T-spaced feed forward equalizer, where T is the symbol period. The
sum of the equalizer tap coefficients' is'equal to 1. The main (largest) tap is one of the least three de-
layed taps and is constrained to be at least 0.8.

TDECAQ shall be within the limits given in Table 6 if measured using the methods specified in IEEE

802.3cd, (reference [18]) subclause 139.7.5, with the following exceptions:

* The combination of'the O/E and the oscilloscope used to measure the optical waveform has a
fourth-order BesSel-Thomson filter response with a bandwidth of 14.45 GHz.

* In calculating TDECQ, the target SER is 2.18 x 1074,
+  The value-of Q; used in equation 121-12 for 64GFC is 3.623.

5.4.6 SECQ Measurement

SECQ’is a measure of the optical eye closure of a test PAM4 signal applied to an optical receiver to
measure its stressed receiver sensitivity. SECQ measurement is identical to TDECQ (see 5.4.5) ex-

+ il ot

tH Lt + £ H 4 =
copPrtattmc opPtCar tCSt ot 1S TTOT USTUT

5.4.7 SRS Test

Stressed receiver sensitivity shall be within the limits given in Table 6 if measured using the method
defined in IEEE 802.3cd, (reference [18]) subclause 139.7.10, with the conformance test signal at yg

as described in Table 6.
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Table 6 — Single-mode link parameters (0S2)

Single-mode link parameters Unit 64GFC-LW Note
Nominal signaling rate MBd 28 900 1
Operating distance m 0.5-10 000 2,3
Modulation Format PAM4

Transmitter (gamma-T)
Center wavelength, max. nm 1317.5
Center wavelength, min. nm 1304.5
Side-mode suppression ratio, min. dB 30
TDECQ, max. dB 4 4
TDECQ-10log10(Ceq), max. dB 4 5
Optical modulation amplitude outer, max. dBm 4 6
Optical modulation amplitude outer, min. dBm -1.5 6,7
OMA e eXtinction ratio, min. dB 3.5 8
Launched power in OMA i Minus TDECQ, min. dBm 2.9
Average launched power, max. dBm 4,2 9
Average launched power, min. dBm 4.5 10
Average launched power of OFF transmitter, max. dBm -16
RIN15OMA, max. dB/Hz -134 11
Transition time 20%-80%, max. ps 34
Optical return loss tolerance, max. dB 15.6
Transmitter reflectance, max. dB -26
Receiver (gammacR)

Damage threshold (min) dBm 5.2 12
Average received power, max. dBm 4.2
Average received power, min. dBm -10.8
Receive power, in OMAter, Max. dBm 4
Receiver reflectance, max. dB -26
Receiver sensitivity in OMAter, Mmax. dBm -8.9 13
Stressed receiver sensitivity, OMA ey dBm -5.8
Conditions of stressed receiver sensitivity test 14
Stressed eye closure (SECQ) dB 4
SECQ-10log10(Ceq), max. dB 4
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Table 6 — Single-mode link parameters (0S2)

Notes:

1 The signaling rate shall not deviate by more than £100 ppm from the nominal data rate over all periods
equal to 200 000 transmitted bits (~10 max length frames).

The operating range shown here is based on 1310 nm OS2 fiber and a 2.0 dB total connector loss.

See Table B.1 in Annex B for operating ranges using connector loss values different than 2.0 dB.
Transmitter and Dispersion Eye Closure for PAM4 signals, TDECQ, see IEEE 802.3cd (reference [18]).
For FC-PI-7, TDECQ must be computed using a SER of 2.18 x10™,

5 Ceqis a coefficient defined in IEEE 802.3™-2018, (reference [16]) subclause 121.8.5.3, which accounts

2
3

for the reference equalizer noise enhancement

For definition of OMAter ,se€e |IEEE 802.3™-2018, (reference [16]).

Even if TDECQ < 1.4 dB, the OMA ., must exceed this value.

For definition of OMAer €xtinction ratio see IEEE 802.3™-2018, (reference [16]).
Defined by average received power, max.

0 The value is calculated using an infinite extinction ratio at the lowest allowed transmit OMAg ter- A
launched power below this value cannot be compliant; however, a value above this does net.énsure in-
teroperation with compliant receivers.

11 RIN shall be measured according to the conditions described in IEEE 802.3cd (reference [18]) clause

139, with the exception that the nominal signaling rate is as described in this table.

12 The receivers should be able to tolerate, without damage, continuous exposure to-an éptical input signal

having this average power level. The receiver does not have to operate correctly atthis received power.

13 Receiver sensitivity, OMA e, is defined for SECQ= 0.9 dB and is only an informative parameter.

14 These test conditions are for measuring stressed receiver sensitivity. They.aré not characteristics of the
receiver.

=© 0 N O®

5.5 MM data links

5.5.1 MM general information

Operating distance and gamma compliance spegifications for 64GFC-SW are defined in Table 7.
The 64GFC-SW transmitter and the 64GFC-SW receiver shall meet the gamma T and gamma R
specifications, respectively.

5.5.2 MM optical output interface

The optical transmit signal is defineédyat the output end of a patch cord between 1/2 and 2 meters in
length.

5.5.3 MM optical input interface

The receiver shall operate within the uncorrected BER requirement of 1.09 x107 for an input signal
that meets the stressed receiver sensitivity OMA1; and conditions shown in Table 7.

5.5.4 Transmitter transition time

Transmittertransition time is the slower of the time interval of the transition from 20% of OMA e, to
80% of\OMAter, Or from 80% of OMA,ter t0 20% of OMA e for the rising and falling edges re-
spectively, as measured through and optical to electrical converter (O/E) and oscilloscope with a

combined frequency response of a fourth-order Bessel-Thomson filter response with a bandwidth of

approximately 13.28125 GHz. Compensation may be made for any deviation from an ideal fourth-or-
der Bessel-Thomson filter.

The 0% level and the 100% level are Py and P3 as defined by the OMA ¢y measurement procedure

in IEEE 802.3™-2018, (reference [16]) subclause 121.8.4, with the exception that the square pattern
is used.

© ISO/IEC 2021 - All rights reserved



https://standardsiso.com/api/?name=bfe0d2fcd0018914d4715ff3d6ec5ba8

ISO/IEC 14165-147:2021(E)

5.5.5 TDECQ Test

TDECAQ is a measure of the optical transmitter’s vertical eye closure for PAM4 signals as measured
through an O/E converter with a bandwidth equivalent to the combined reference receiver and worst
case optical channel. TDECQ uses a 5 tap, T-spaced feed forward equalizer, where T is the symbol
period. The sum of the equalizer tap coefficients is equal to 1. The main (largest) tap is one of the
least three delayed taps and is constrained to be at least 0.8.

TDECAQ shall be within the limits given in Table 7 if measured using the methods specified in IEEE

* The polarization rotator and test fiber shown in Figure 121—4 are not used

* The optical channel requirements in 121.8.5.2 do not apply

*  The combination of the O/E and the oscilloscope used to measure the optical waveform has a
fourth-order Bessel-Thomson filter response with a bandwidth of 11.2 GHz.

* In calculating TDECQ, the target SER is 2.18x104.

* The value of Q; used in equation 121-12 for 64GFC is 3.623.

* Pth1, Pth2, and Pth3 are varied from their nominal values by up to 1% of OMA_ e, in order to

optimize TDECQ. The same three thresholds are used for both the left and the right histogram.

5.5.6 SECQ Measurement

SECAQ is a measure of the optical eye closure of a test PAM4 signal-applied to an optical receiver to
measure its stressed receiver sensitivity. SECQ measurement is<identical to TDECQ (see 5.5.5) ex-
cept that the combination of the O/E and the oscilloscope used te measure the optical waveform has
a fourth-order Bessel-Thomson filter response with a bandwidth of 14.45 GHz.

5.5.7 SRS Test

Stressed receiver sensitivity shall be within the limits'given in Table 7 if measured using the method
defined in IEEE 802.3cd (reference [18]) subclause 138.8.10, with the conformance test signal at yg

as described in Table 7.
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Table 7 — Multimode link parameters

Multimode link parameters Unit 64GFC-SW Note
Nominal signaling rate MBd 28 900 1
Operating distance (OM3) m 0.5-70 23
Operating distance (OM4 / OM5) m 0.5-100 ’
Modulation Format PAM4
Transmitter (gamma-T)
Center wavelength, min. nm 840
Center wavelength, max. nm 860
RMS spectral width, max. nm 0.6
TDECQ , max. dB 5.5 4
TDECQ-10log10(Ceq), max. dB 5.5 5
OMAyter » Max. dBm 3 6
OMAgter » Min. dBm -4.5 6,7
OMAter xtinction ratio, min. dB 3 8
Launched power in OMA ;e minus TDECQ (min) dBm -5.9
Average launched power, max. dBm 4 9
Average launched power, min. dBm =05 10
RIN{, OMA, max dB/Hz =128 11
Transition Time 20%-80%, max. ps 34
. >86% at 19 pm
Encircled flux <30% at 4.5 um 3
Receiver (gamma- R)
Damage Threshold, min. dBm 5 12
Average received power, max. dBm 4
Average received power, min. dBm 94
Receive power (OMA (), Max. dBm 3
Return Loss of Receiver, min. dB 12
Receiver sensitivity, OMA tr, max. dBm -7 13
Stressed receiver sensitivity, OMAyter, Max. dBm 2.4
Conditions of stressed receiver sensitivity test 14
Stressed eye closure (SECQ) dB 5.5
SECQ-10log10(Ceq), max. dB 5.5
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Table 7 — Multimode link parameters

Notes:

1 The signaling rate shall not deviate by more than £100 ppm from the nominal signaling rate over all pe-
riods equal to 200 000 transmitted bits (~10 max length frames).

2 The operating range shown here is based on 850 nm MM fiber bandwidths given in Table A.1 in Annex
A and a 1.5 dB total connector loss.

3 Encircled flux specifications are in accordance with reference standards in Table A.1, Footnotes 4 and
5in Annex A.

4 Transmitter and Dispersion Eye Closure for PAM4 signals, TDECQ, see IEEE 802.3cd (reference

[18]). For FC-PI-7,TDECQ must be computed using a SER of 2.18 x10™".

5 Ceq is a coefficient defined in IEEE 802.3™-2018, (reference [16]) subclause 121.8.5.3, which ag¢-
counts for the reference equalizer noise enhancement
For definition of OMAter, Se€ IEEE 802.3™-2018 (reference [16]).

Even if TDECQ < 1.4 dB, OMA;r must exceed this value.
For definition of OMAer €xtinction ratio see IEEE 802.3™-2018 (reference [16]).
Defined by average received power, max.

0 The value is calculated using an infinite extinction ratio at the lowest allowed transmit OMA ter- A
launched power below this value cannot be compliant; however, a value above this'does not ensure in-
ter-operation with compliant receivers.

11 RIN4, OMA should be measured according to the conditions described in\IEEE 802.3cd (reference

[18]) clause 138, with the exception that the nominal signaling rate is asd€scribed in this table.

12 The receivers should be able to tolerate, without damage, continuous’éxposure to an optical input sig-
nal having this average power level. The receiver does not have t6.gperate correctly at this received
power.

13 Receiver sensitivity, OMAy e, , is defined for SECQ = 0.9 dB andhis only an informative parameter.

14 These test conditions are for measuring stressed receiver¢sensitivity. They are not characteristics of
the receiver.

=© 0 N O®

5.6 SM Cable Plant

5.6.1 Cable plant overview

The maximum link distances for single-mode fiber cable plant are calculated based on an allocation
of 2.0 dB total connection and splice loss:\For example, this allocation supports four connections with
typical insertion loss equal to 0.5 dB*(orless) per connection.

5.6.2 Optical Return Loss

The maximum value for each,discrete connector and splice reflectance shall be less than or equal to
the value shown in Tahlé:8 corresponding to the number of discrete reflectances above -55 dB within
the channel. For numbers of discrete reflectances in between two numbers shown in the table, the
lower of the two corresponding maximum discrete reflectance values applies.

Table 8 — Maximum value of each discrete reflectance

Number of discrete Maximum value for each discrete
reflectances above -55 dB reflectance in (dB)
1 -22
2 -29
4 -33
6 -35
8 -37
10 -39
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5.6.3 Connector and Splices

Connectors and splices are allowed inside the cable plant as long as the resulting loss conforms to
the optical budget of this standard. The number and quality of connectors and splices represent a de-
sign trade-off. The loss of any single connection shall not exceed 0.75 dB. See Annex B for total con-
nector losses different than 2.0 dB.

5.7 MM Cable Plant

5.7.1 Cable plant overview

The maximum link distances for multimode fiber are calculated based on an allocation of 1.5 dB"total
connection and splice loss. For example, this allocation supports three connections with typical inser-
tion loss equal to 0.5 dB (or less) per connection, or two connections with insertion loss.of 0.75 dB.

5.7.2 Optical Return Loss

Connectors and splices shall each have a return loss greater than 20 dB.

5.7.3 Connector and Splices

Connectors and splices are allowed inside the cable plant as long as-the resulting loss conforms to
the optical budget of this standard. The number and quality of confiectors and splices represent a de-
sign trade-off. The loss of any single connection shall not exceed 0.75 dB. See Annex B for total con-
nector losses different than 1.5 dB.
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6 Electrical interface specification - single lane segments

This clause defines the electrical Tx and Rx parameters for the channel between a host ASIC and a
transceiver module plugged into a separable connector at the Fibre Channel delta-T/delta-R compli-
ance points. The existence of a compliance point is determined by the existence of a connector at
that point in a TxRx connection.

6.1 General electrical characteristics

Each conforming electrical FC device shall be compatible with this serial electrical interface to allow
interoperability within an FC environment. Fibre Channel 64GFC links use the 256B/257B transmis-
sion code and Forward Error Correction which is required to achieve the link BER objective; see-FC-
FS-5 (reference [2]). Prior to error correction, each Fibre Channel 64GFC TxRx electrical\segment

shall not exceed a BER of 1.09 x10~° under any compliant conditions. The parameters in this clause
support meeting that requirement.

TxRx connections operating at these maximum distances may require some form"of equalization to
enable the signal requirements to be met. Greater distances may be obtained.by specifically engi-
neering a TxRx connection based on knowledge of the technology charactéristics and the conditions
under which the TxRx connection is installed and operated. However, such’ distance extensions are
outside the scope of this standard. The general electrical characteristics are described in Table 9.

Table 9 — General electrical characteristics

Units 6400-DF-EA-S
Data rate (note 1) MB/s 6 400
Nominal symbol rate MBd 28 900
Tolerance ppm +100
Differential Impedance Q (nom) 100

Notes:

1 The data rate may be verified by determining the time to transmit at
least 200 000 transmission bits (10 max length FC frames).

6.2 Compliance test pointidefinitions

6.2.1 Test method

The interoperability points are generally defined for Fibre Channel systems as being immediately af-
ter the mated conngctor. For the delta points this is not an easy measurement point, particularly at
high frequencies, as test probes cannot be applied to these points without affecting the signals being
measured,.and de-embedding the effects of test fixtures is difficult. For delta point measurements ref-
erence testpoints are defined with a set of defined test boards for measurement consistency. The
delta point specifications in FC-PI-7 are to be interpreted as being at the RF connector outputs and
inpats)of the reference compliance boards as observed by defined measurement instrumentation.

In-order to provide test results that are reproducible and easily measured, this document defines two
test boards that have RF connector interfaces for easy connection to test equipment. One is de-

sianed-forinsertion-into-a-host and one-forinsertinamodidles—The-reference-tast boards' obiectives
1gHe eSO ORIt SH—aRe-BRe 1o RSOHRgGOeatheS—o-+8+e+eh t0St+-Doata DOtV

are:
« Satisfy the need for interoperability at the electrical level.

* Allow for independent validation of host and module.
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Testing compliance to specifications in a high-speed system is delicate and requires thorough con-
sideration. Using common test boards that allow predictable, repeatable, and consistent results
among vendors will help to ensure consistency and true compliance in the testing.

The reference test boards, which provide a set of overlapping measurements for module and host
validation to ensure system interoperability, should meet requirements specified in IEEE 802.3™-
2018, Annex 120E.4.1 (reference [16]).

6.2.2 Host test points

Host system transmitter and receiver compliance are defined by tests in which a Host Compliance
Board is inserted, as shown in Figure 5, in place of the module. The test points are B and C.

Host compliance points are defined as the following:
*B: host output at the output of the Host Compliance Board. Electrical output and hostreturn loss
specifications shall be met at this point.

+C: host input at the input of the Host Compliance Board. Host return loss specifications shall be
met at this point.

Connector
=] C
e {|
- I} Measure-
SASIIJC/ Host Compliance Board | ment
erDes : nsg;:ircr:r?n-
||_>_
h '

Host Under Test

Figure 5 — Host Compliance Board

6.2.3 Module test points

Module transmitter .and receiver compliance are defined by tests in which the module is inserted into
the Module Compliance Board as shown in Figure 6.

Module test\points are defined as the following:

*B%-Module electrical input at the input of the Module Compliance Board. Module return loss
specifications shall be met at this point.

*CTVIodule electrical output at the output of the Module Compliance Board. viodule output and
module return loss specifications shall be met at this point.
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Connector
C' =
-
Measure- | 4—(@—
ment
Module Under Test
Instrument- 7

ation F ANV A

BI

Module Compliance Board

Figure 6 — Module Compliance Board

6.2.4 Host input calibration point

The host receiver input tolerance signal is calibrated through the Host-Compliance Board at the out-
put of the Module Compliance Board as shown in Figure 7. The epp0site data path is excited with an
asynchronous test source with PRBS31Q or 64GFC IDLE. See Table 11 for electrical characteristics.
The host input calibration point is at C" with specifications-for input signals being calibrated at C".

Note that the point C" has additional trace loss beyond the‘edge connector.

Connector
CII
=1

Reference |- StSries;ls;eld
Receiver =& . . g

Host Compliance enerator
Crosstalk Board St SR
Generator Termination

Module Compliance Board

Figure 7 — Host input calibration point C"
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6.2.5 Module input calibration point

The module electrical input tolerance signal is calibrated through the Module Compliance Board at
the output of the Host Compliance Board as shown in Figure 8. The opposite data path is excited with
an asynchronous test source with PRBS31Q or 64GFC IDLE. See Table 11 for electrical characteris-
tics. The module input calibration point is at B" with specifications for input signals being calibrated at
B". Note that point B" has additional trace loss beyond the module contacts.

2x50 ohm
Termination

Connector

=

Crosstalk

Stressed

Host Compliance
Board

Generator

Signal

I_
I_
> Reference
=

Generator

Module Compliance Board

Receiver

BII

Figure 8 — Module input calibration'point B"
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6.3 Transmitted signal characteristics

This subclause defines the interoperability requirements of the transmitted signal at the driver end of
a TxRx connection. Details for the measurement process are specified in IEEE 802.3™-2018 Annex
120E (reference [16]).

Hosts and modules shall meet the appropriate specifications defined in Table 10 at the nominal sig-
nal rate of 28900 MBd.

Tahle 10 = Transmitter compliance requirements at nominal signal rate of 28 900 MBd

Module
Host output . .
Parameter electrical output | ynits | Notes
Min ‘ Max Min ‘ Max
Compliance point B (Figure 5) C’ (Figure 6) 1
Differential voltage pk-pk
Transmitter disabled - 35 - 35 mV 2
Transmitter enabled 880 900
common-mode noise rms - 17.5 - 17.5 mV
Differential termination resistance mismatch - 10 - 10 % 3
Differential return loss SDD22 - Eq. (1) = Eq. (1) dB 4
Figure 9 Figure 9
common-mode to differential conversion SDC22 - .Eq' (2) - !Eq. (2) dB 5
Figured0 Figure 10
Source transition time 20%-80% 10 s 9.5 - ps
common-mode voltage -0.3 2.8 - - \% 6
Eye width at 10 probability EW5 023 0.265 ul 7
Eye height at 10 probability EH5 34 70 mV 7
Vertical Eye Closure VEC - ‘ 12 - ’ 12 dB 8
Crosstalk parameters
Signal calibration point C" (Figure 7) B" (Figure 8) 1,
Signal application point C (Figure 5) B’ (Figure 6) 9
Crosstalk amplitude differential voltage pk-pk 900 900 mV 7
Crosstalk source slew time between +/- 270mV 12 12 ps 7
Notes:
1 See compliance'test point definitions in 6.2.
2 Voltage measured with a test pattern PRBS13Q.
3 At1MHz,
4 See 6.5 for differential return loss SDD22.
5 See6,5.2 for common-mode to differential conversion SDC22.
6 Referred to host ground.
7 ~See IEEE 802.3™-2018, Annex 120E (reference [16]) for test configurations and test methods. The
module output eye and host stressed receiver eye specifications use the near end eye test methods.
8 Vertical eye closure is determined according to Annex 120E in IEEE Std 802.3™-2018 (reference [16]).
9 Host crosstalk calibration is specified in 3.2.1 and module crosstalk calibration is specified in 3.2.3 of FC-
MSQS-2 (reference [7]).
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6.4 Receive signal characteristics

This subclause defines the interoperability requirements of the delivered signal at the receive device
end of a TxRx connection. Details for the measurement process are specified in IEEE 802.3™-2018,

(reference [16]).

Hosts and modules shall meet the appropriate specifications defined in Table 11.

Table 11 — Receiver compliance requirements

- Modute
Host input .
Parameter electrical input | Units | Notes
Min ‘ Max Min ‘ Max
Return loss, mode conversion, and common-mode voltage requirements
Compliance point C (Figure 5) B’ (Figure 6) 1
Differential input voltage tolerance 900 900 mV.
Differential termination resistance mismatch - 10 10 %
Differential return loss SDD11 - Eq' (1) - Eq' (1) dB 2
Figure 9 Figure’9
differential-mode to common conversion SCD11 !Eq. (2) .Eq' (2) 3
Figure 10 Figure 10
common-mode voltage -0.3 2.8 - - \% 4
Crosstalk signal requirements
Signal calibration point B" (Figure 8) C" (Figure 7) 1,
Signal application point B (Figure,d) C’ (Figure 6) 5
Crosstalk amplitude differential voltage pk-pk 900 900 mV
Crosstalk source slew time between +/- 270mV 12 12 ps 6
Stressed receiver test requirements
Signal calibration point C" (Figure 7) B" (Figure 8) ]
Signal application point C (Figure 5) B’ (Figure 6)
Eye width at 10" probability EW5 0.265 0.230 ul 6
Eye height at 10 probability EH5 70 34 mV 6,7
Vertical Eye Closure VEC - ‘ 12 - ‘ 12 dB 8
Notes:

1 See compliance-test point definitions in 6.2.

2 See 6.5.1 for differential return loss SDD22.

3 See 6.5.2fordifferential-mode to common-mode conversion SCD11.

4 Referred.to host ground. common-mode voltage is generated by the host.

5 Durig-the module electrical input test, the crosstalk signal is generated by the module from an in-
coming optical signal. For purposes of calibrating the module stress signal, a worst-case crosstalk
sighal is required to be produced by an electronic signal generator. See IEEE 802.3™-2018, (refer-
ence [16]).

6 ' See IEEE 802.3™-2018, Annex 120E (reference [16]) for test configurations and test methods. The
module output eye and host stressed receiver eye specifications use the near end eye test methods.
Achieving target eye width and eye height may not be possible in test setups which do not meet dii-
ferential insertion loss requirements.

7 See FC-MSQS-2 (reference [7]) for the host crosstalk calibration (3.2.2) and module crosstalk cali-
bration (3.2.4).

8 Vertical eye closure is determined according to Annex 120E in IEEE Std 802.3™-2018 (reference
[16]).
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6.5 Differential return loss and mode conversion requirements

6.5.1 Differential return loss

When measured at the respective test point, return loss shall not exceed the limits given in Eq. (1) as
illustrated in Figure 9.

0 I T I I
— | | | |
m [ I [ |
O 2Fr———————- - e + - +——
N Does not meet equation constraints
A 4r———————- - - — S 1 _ SRR g
OD'J [
B ————— - NN
o |
|
S gl O S
-— I
' A <l RS SR N @ L L
o -10 | k \ "
w [ I | [
_1 2 | | | |
0 5 10 15 20
Frequency (GHz)
Figure 9 — SDD11 and SDD22 for all compliance points
Return loss equation at the appropriate.test points:
-95+0. . .
SDD11, SDD22 (dB) < 9.5+0.368 - f 0.01 < f< 8 GHz ™)
=475+ 7.4 -log,,(f/14.025 GHz) 8 <f<21 GHz
6.5.2 Common todifferential-mode and differential to common-mode conversion
The common to_differential-mode and differential to common-mode conversion specifications are in-
tended to limit.the amount of unwanted signal energy that is allowed to be generated due to conver-
sion of common-mode voltage to differential-mode voltage or vice-versa.
When _measured at the respective test point, common to differential-mode or differential to common-
mode\conversion, SDC22 and SCD11 shall not exceed the limits given in Eq. (2) as shown in Figure
10.
r Al Al
—15+6-f/25.78 GHz 12.89 < f<21 GHz
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Figure 10 — SDC22 for transmitter output and SCD11 for receiver input
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7 Backplane variant, 64GFC-EA

This clause defines the electrical requirements at the reference point a for TxRx connections using a
passive electrical medium that meets the requirements of 7.5. The reference points ar and ag are

brought to observable compliance points A and D, respectively, using the test fixtures defined in sub-
clause 7.2. This clause closely follows OIF CEI-56G-LR-PAM4 (reference [17]) and IEEE 802.3cd
(reference [18]).

UT UR

Channel

X RX

IR RX

Test Test
fixture fixture
A D

Figure 11 — Test fixture and test points

7.1 TxRx Connections

Fibre Channel 64GFC links use the 256B/257B transmission code; see FC-FS-5 (reference [2]).
64GFC links also require Forward Error-Correction to achieve the link BER objective. Prior to error|

correction, Fibre Channel 64GFC eléetrical TxRx connections shall not exceed a BER of 1.09 x 107
under any compliant conditions.The parameters in this clause support meeting that requirement.

BER after error correction is Iéss'than 1.0 x 10713,

7.2 Test Fixtures

Unless noted otherwise, measurements of the transmitter are made at test point A as shown in Fig-
ure 11. Unless néted otherwise, measurements of the receiver are made at test point D as shown in
Figure 11.

The test fixture insertion loss shall meet Eq. (3).

13<TIL(H<1.7dB  f=14 GHz (3)

The reference insertion loss of the test fixture shall meet Eq. (4); see Figure 12.

IL, [f) = —0.0015 +0.144 - Jf+0.069 - f 0.05 <f<28.9 GHz (4)

The effects of differences between the insertion loss of an actual test fixture and the reference inser-
tion loss are to be accounted for in the measurements.
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Figure 12 — Test fixture reference insertion loss

10

8

The test fixture insertion loss deviation (see IEEE Std 802.3™-2018 (reference [16])) shall meet Eq.

(5).

©)

0.05 << 15 GHz

IILD(f)| <0.1dB

The test fixture differential return loss shall meet Eq. (6); see-Figure 13.
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6

The test fixture common-mode return loss shall meet Eq. (7).
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