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INFORMATION TECHNOLOGY — MICROPROCESSOR SYSTEMS -
HETEROGENEOUS INTERCONNECT (HIC)
(LOW-COST, LOW-LATENCY SCALABLE SERIAL INTERCONNECT
FOR PARALLEL SYSTEM CONSTRUCTION)

FOREWORD

1) 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
respfeciive organization to deal with particular fields of technical actvity. 1ISO and TEC technical committees
collgborate in fields of mutual interest. Other international organizations, governmental and non-gevenpmental,
in ligison with 1SO and IEC, also take part in the work.

2) In tHe field of information technology, ISO and IEC have established a joint technical committee, /SO/IEC JTC1.
Draft International Standards adopted by the joint technical committee are circulated toqnational bodies for
voting. Publication as an International Standard requires approval by at least 75 % of\the national bodies
casfjng a vote.

3) Atteption is drawn to the possibility that some of the elements of this International(Standard may be thel subject
of pftent rights. ISO and IEC shall not be held responsible for identifying any or @ll such patent rights.

Interngtional Standard ISO/IEC 14575 was prepared by subeommittee 26: Microprogcessor
systenps, of ISO/IEC joint technical committee 1: Information technology.

International Standards are drafted in accordance with ISQ/IEC Directives, Part 3.
Annexes A, B and C form an integral part of this standard.

Annexpes D, E, F, G, H, I, J,K, L, M, N, O, P, @ R and S are for information only.

International Electrotechnical Commission ¢ 3, rue de Varembé, PO Box 131,
CH-1211-Geneva 20, Switzerland * Telephone: +41 22 919 0211 »

Telefax: +41 22 919 0300 ¢ e-mail: inmail@iec.ch «

URL: http://www.iec.ch
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INTRODUCTION

(This introduction is not a normative part of ISO/IEC 14575:2000, but is included for information

only.)

The construction of high-performance systems with parallel communications, parallel
processing, and/or parallel /O demands a fast, low-cost, low-latency interconnect. It must be
fast and low-latency, otherwise it will be the limiting factor in system performance; and it must
be low-cost, or it will dominate the system cost. It must also scale well in both performance and
cost relative to the system size, otherwise highly parallel systems will be limited in performance
or too expensive. Existing standards do not meet these criteria, because they are designed for
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IEEE Standards documents are developed within the Technical Committees of the IEEE
Societies and the Standards Coordinating Committees of the IEEE Standards Board. Members
of the committees serve voluntarily and without compensation. They are not necessarily
members of the Institute. The standards developed within IEEE represent a consensus of the
broad expertise on the subject within the Institute as well as those activities outside of IEEE
that have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not
imply that there are no other ways to produce, test, measure, purchase, market, or provide
other goods and services related to the scope of the IEEE Standard. Furthermore, the
viewpoint expressed at the time a standard is approved and issued is subject to change
broughtabe Frotghrdevetopments—it e—art-ant-cormmen stecetvet-from users
of the| standard. Every IEEE Standard is subjected to review at least every five-yéars for
revisign or reaffirmation. When a document is more than five years old and hasnoft been
ed, it is reasonable to conclude that its contents, although still of some.value, [do not
wholly[reflect the present state of the art. Users are cautioned to check to determine that they
have the latest edition of any IEEE Standard.

Commients for revision of IEEE Standards are welcome from any interested party, regardless of
membership affiliation with IEEE. Suggestions for changes in docume&nts should be in the form
of a proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portipns of
standdrds as they relate to specific applications. When the need for interpretations is Qrought
to the pttention of IEEE, the Institute will initiate action.to prepare appropriate responses| Since
IEEE $tandards represent a consensus of all concerned interests, it is important to ensure that
any inferpretation has also received the concurrencée-of a balance of interests. For this feason
IEEE and the members of its technical committees are not able to provide an instant regsponse
to intgrpretation requests except in those cases where the matter has previously received
formal|consideration.

Commlents on standards and requests_for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Nopte: Attention is called to the possibility that implementation of this standard ma
require_use of subject matter covered by patent rights. By publication of thig
standard, no position is taken with respect to the existence or validity of any patenf
rights 1n connecfion therewith. The TEEE shall nof be responsible for idenfifying all
patents for which a license may be required by an IEEE standard or for conducting
inquiries into the legal validity or scope of those patents that are brought to its
attention.

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the
appropriate fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee,
please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers,
MA 01923 USA; (508) 750-8400. Permission to photocopy portions of any individual standard
for educational classroom use can also be obtained through the Copyright Clearance Center.
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INFORMATION TECHNOLOGY — MICROPROCESSOR SYSTEMS —
HETEROGENEOUS INTERCONNECT (HIC)
(LOW-COST, LOW-LATENCY SCALABLE SERIAL INTERCONNECT
FOR PARALLEL SYSTEM CONSTRUCTION)

1 Scope and object

This International Standard applies to physical connectors and cables, electrical properties,
and logical protocols for point-to-point serial scalable interconnect, operating at speeds of
10 Mbit/s_to 200 Mbit/s and at 1 Ghit/s in copper and nlnfir* fpr‘hnnlngipq (;m dp\/nlnlnnd in Open

Microgrocessor Systems Initiative/Heterogeneous InterConnect Project (OMI/HIC)).

The opject of this International Standard is to enable high-performance, scalable, mpdular,
parallgl systems to be constructed with low system integration cost; to support\Cemmuni¢ations
systems fabric; to provide a transparent implementation of a range of high-level protocols
(communications, e.g. ATM, message passing, shared memory transactions, etc.), and to
suppoft links between heterogeneous systems.

2 Nofmative references

The fqllowing normative documents contain provisions which, through reference in this text,
constifute provisions of this International Standard:\For dated references, subsgquent
amendments to, or revisions of, any of these publications do not apply. However, paities to
agreements based on this International Standard are.encouraged to investigate the pogsibility
of applying the most recent editions of the normative documents indicated below. For updated
references, the latest edition of the normative-document referred to applies. Members jof ISO
and IEJC maintain registers of currently valid International Standards.

CISPR 22, Information technology equipment — Radio disturbance characteristics — Lipits of
methofls of measurement

IEC 6(0352-5:1995, Solderless cennections — Part 5: Solderless press-in connections — General
requirgments, test methods andpractical guidance

IEC 6p512-2:1985, Electromechanical components for electronic equipment; basic festing
procedures and measuring methods — Part 2: General examination, electrical continuity and
contadt resistance tests, insulation tests and voltage stress tests

IEC 6p512-3:1976, Electromechanical components for electronic equipment; basic festing
procedures and-measuring methods — Part 3: Current-carrying capacity tests

IEC 6p512-4:1976, Electromechanical components for electronic equipment; basic festing

rocedures and maoaaciirina mathadc Dart 4 Nvnamic ctracce tncte
e o arro et oot g et Tot S art T Dy o e otrc oo te ot

IEC 60512-5:1992, Electromechanical components for electronic equipment; basic testing
procedures and measuring methods — Part 5: Impact tests (free components), static load tests
(fixed components), endurance tests and overload tests

IEC 60512-6:1984, Electromechanical components for electronic equipment; basic testing
procedures and measuring methods — Part 6: Climatic tests and soldering tests

IEC 60512-7:1993, Electromechanical components for electronic equipment; basic testing
procedures and measuring methods — Part 7: Mechanical operating tests and sealing tests

IEC 60512-8:1993, Electromechanical components for electronic equipment; basic testing
procedures and measuring methods — Part 8: Connector tests (mechanical) and mechanical
tests on contacts and terminations

Copyright © 1998 IEEE. All rights reserved.
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IEC 60512-9:1992, Electromechanical components for electronic equipment; basic testing
procedures and measuring methods — Part 9: Miscellaneous tests

IEC 60793-1, Optical fibres — Part 1: Generic specification

IEC 60793-2:1998, Optical fibres — Part 2: Product specifications

IEC 60825-1:1993, Safety of laser products — Part 1: Equipment classification, requirements
and user's guide

IEC 60825-2:2000, Safety of laser products — Part 2: Safety of optical fiber communication

systems

IEC 6(Q874-1:1999, Connectors for optical fibres and cables — Part 1: Generic specificatio
IEC 60917 (all parts), Modular order for the development of mechanical, structur
electrgnic equipment practices

IEC 6]
techni

IEC 6
analog
Sectio
printed

IEC 6]
assesy
displa

IEC 61
and m

IEC 6
Part 1

IEC 6
definit

IEC 6

000-4-4:1995, Electromagnetic compatibility (EMC) — Part 4: Testing and measu
jues — Section 4: Electrical fast transient/burst immunity test. Basic EMC publicatic

n

es for

ement
n

ue and in digital high-speed applications — Part 4:~Printed board connec
n 101: Detail specification for two-part connector modules” having a grid of 2.0
boards and backplanes

076-4-107, — Connectors — Part 4-107: Detail specification for a twopart connect
ed quality, for a basic grid of 2.0 mm, with free‘connectors for non-accessible ins|
ement 1)

300 (all parts), Fibre optic interconnectifig devices and passive components — Bas
pasurement procedures
Generic specification

1196-1:1995, Radio-frequenhcy cables — Part 1: Generic specification — G
ons, requirements and test methods

1196-2:1995, Radio-~frequency cables — Part 2: Sectional specification for ser

radio-frequency and ceaxial cables with polytetrafluoroethylene (PTFE) insulation

IEC 61754-6:1997Fibre optic connector interfaces — Part 6: Type MU connector family

IEEE

IEEE
Coole

td 100-1996, The IEEE Standard Dictionary of Electrical and Electronics Terms

td~1301.3-1992, IEEE Standard for Metric Practice for Microcomputers — Con

1076-4-101:1995, Connectors with assessed quality for~use in d.c., Iow-fre:Euency

ors —
m for

br with
ulation

ic test

| 156-1:1994, Multicore and symmetrical pair/quad cables for digital communicafions —

Eneral,

ni-rigid

ection

with 2 5 mm Connector (AI\IQI)

1) To be published.
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3 Definitions

3.1 General

Common terms are as defined in IEEE Std 100-1996. The terms defined in this clause are

specifi

c to this International Standard.

The word shall is used to indicate mandatory requirements strictly to be followed in order to
confor

m with the standard and from which no deviation is permitted.

litable,
without mentioning or excluding others; or that a certain course of action is preferredobut not
necessarily required; or that (in the negative form) a certain course of action is deprecated but
not prohibited.
The word may is used to indicate a course of action permissible within-the limits |of the
standgrd.
3.2 Glossary
3.2.1
bit errjor rate (BER)
ratio of errors to the total number of bits being sent in a~data transmission from one locdtion to
anothar
3.2.2
box
a mechanical unit that contains links; the links may either remain inside the box, connpecting

interngl devices, or may leave the box.igrorder to connect internal devices to externa
is assumed to be an EMC compliant enclosure operating under a single electrical

A box
enviro

3.2.3
chara
a grou

Chara
See al

3.2.4
chara

layer qf.thle protocol stack that specifies the representation of characters in terms of grg

hment

ter
p of consecutive bitstused to represent control or data information

Cters are of two-types: normal characters (N_chars) or link characters (L_chars).

50: control.character, data character, link character, normal character.

ter (ayer

ones.

ups of

conse

+3 | S
Utlivt Jlto

The character layer provides the service to the higher layers of the transmission of a
continuous sequence of characters on a link.

3.2.5

coding
translation from the original set of bits (character) to a new set of bits (coded character)
suitable for serial transmission

See al

Copyri

so: decoding.
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control character
character used for signalling purposes by the exchange, packet or transaction layers of the

stack

Both N_chars and L_chars are used as control characters

See also: link character; normal character.

3.2.7
data c

haracter

character used for packet payload or packet header

A datg
are us

See al

3.2.8
decod
translg

See al

3.2.9
deseri

character represents one of the values of a byte, i.e 0 to 255 (decimal). OnAN

bd as data characters

50: link character; normal character.

ing

tion from the coded set of bits (coded character) to the original set of bits (charact]
50: coding.

alization

assempbly of a coded character from the sequence of sefrial bits

See al

3.2.10
destin
one or

50: serialization.

ation
more destination_identifiers, identifying the destination node(s) to which the pack

be trapsmitted

See al

3.2.11
destin
an img

3.2.12
destin
termin

See al

50: destination_identifier.

ation_identifier (dest.id)
lementation dependent identity of a destination node for a packet

ation node
al node(s))that is/are to receive a particular packet

50: node.

| chars

Pt is to

3.2.13
digital

sum variation

difference between the number of logical 1s and the logical Os transmitted by a link output
since commencing operation

See also: running disparity.

3.2.14

disparity

differe

nce between the number of logical 1s and logical Os in a character

A positive or negative disparity indicates an excess of 1s or 0s, respectively.

Copyri
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3.2.15
end_o

f_packet marker

a control character that indicates the end of a packet

See also: packet.

3.2.16

exchange layer
describes the procedure of the node-to-node exchange of characters to ensure the proper
functioning of the link

The exchange layer provides the service to the higher layers of the transmission of an

indefin

3.2.17
fabric
a devi
one ofr|

See al

3.2.18
flow ¢
a cont

of datq flow, i.e. to the transmitter of data from the recéiver, indicating that the receiv

space
The v4g

3.2.19
functi
a link
and th

3.2.20
link

means
or sub

A link
conne
conne

ite sequence of N_chars.

Ce or a collection of devices that provide(s) a general routing capability;constructe
more switches using links

50: link; switch.

ontrol character (FCC)
ol character transmitted on a link in the opposite direction to data flow for each di

reserved to receive a further F N_chars
lue of F is specified separately for each technology in this standard.

bnal
interface becomes functional whenythe start-up procedure has successfully com
b link interface is ready to transmit data

of communicating digital’ information bidirectionally in serial format between two d
systems

comprises twe-\link interfaces connected by an appropriate medium (or med

3.2.21
link ¢

physicpl\medium connecting two link interfaces, comprising two or more_electrical or

Ctions between-boards or cabinets), such that the link output of each interf
Cted to thedink input of the other.
ble

d from

rection
er has

pleted

evices

ia, for
ace is

optical

cables

3.2.22

link character (or L_char)
control characters used on a link in order to ensure flow control and the proper functioning of
the link

See also: normal character.

Copyri
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3.2.23
link input
connection point for receiving signals

See also: link interface.

3.2.24

link interface (or port)

connection point comprising a link input and a link output and implementing one of the relevant
conformance subsets defined in 10.2

See also: link.

3.2.25
link olitput
a conrjection point for transmitting signals

See also: link interface.

3.2.26
netwojrk
any set of devices or subsystems connected by links (directly-o# indirectly) joining a|set of
terminpl nodes

3.2.27
node
a devige or subsystem having one or more link interfaces

A nod¢ may be a terminal node (g.v.). A node may perform a routing function, routing packets
between its node interfaces according to the infarmation in the destination field of the pac¢ket.

3.2.28
node interface
link inferface on a switch

See also: link interface; switchs

3.2.29
normgl character (or N_char)
N_chals represent, at the minimum, the 256 values of a byte (i.e. all the data characterg) plus
a contfol character.fepresenting an end_of_packet marker

3.2.30
packef
a seqyence of N_chars with a specific order and format

A packet consists of a destination followed by a payload. A packet is delimited by an
end_of_packet marker.

See also: destination; payload.

3.2.31

packet layer

the layer of the protocol concerned with end-to-end transmission of information, possibly
through a number of intermediate routers

It is at the packet layer that the routing decisions are taken.
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https://iecnorm.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

ISO/IEC 14575:2000(E) ~21-
IEEE Std 1355, 1998 Edition

3.2.32

payload

data (a message, a memory access request, an acknowledgment, etc.) that is to be transferred
from the source node to the destination node

The data has a specific format, defined in the transaction layer. Note that a payload may be
null.

See also: packet.

3.2.33
physical medium
See: tlansmission medium.

3.2.34
port
See: lipk interface.

3.2.35
routing function
inside |a switch, this function determines to which numbered node)interface a packet ig to be
sent, Based on the information contained in the packet destination

See alo: switch.

3.2.36
run lephgth
maximum number of successive bits of the same Value that can occur in the coded bit stfeam

3.2.37
running disparity
cumulative sum of the disparities of characters transmitted from the start of operation|of the
link ug to the present time

A link has two running disparities;-0ne for each direction.

3.2.38
serialization
the process of transmitting coded characters, one bit at a time

See also: deserialization.

3.2.39
signal
a meapurable quantity (e.g. a voltage) that varies in time in order to transmit information

A signal propagates along a wire or an optic fiber. It is interpreted as a sequence of bits that is
grouped into a sequence of characters by the character layer of the protocol stack. Signals are
generated by a link output and are absorbed by a link input.

3.2.40
signal layer
the layer of the protocol stack at which signals are specified
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consumer of normal characters at a link interface

See al

3.2.42

so: normal character.

source
generator of normal characters at a link interface

See al

so: normal character.

3.2.43
sourc
termin

See al

3.2.44
switch

b node
al node that originates data

50: destination node.

a routing device (for example, a box or board) providing a set of.numbered node inteffaces,
constricted from one or more switch chips (or by other methods)

See also: fabric, node interface, switch chip.

3.2.45

switch chip

a very|large scale integration (VLSI) integrated citcuit'with two or more link interfaces, beétween
which |t provides packet routing

See algo: link; switch.

3.2.46

termirjal node

node \vith one or more link interfaces that are used to originate or consume data acrpss an
intercqnnect complying with this standard

See also: source; sink.

3.2.47

transgction

a seqyence of packets sent between two or more terminal nodes to perform some functign

See also: transaction layer.

3.2.48

transaetten :a._ycl

layer above the packet layer for use by applications

The transaction layer is unspecified in this standard.

See al

3.2.49

so: transaction.

transmission medium
means of transporting electrical or optical signals

See also: signal.

Copyri
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4 Physical media and logical layers

This International Standard defines a set of rules for information exchange (the logical layers)
together with the ways in which it shall be implemented on a variety of physical media. The logical
layers are defined as a protocol stack. Each layer of the protocol stack defines representations
(information formats) in terms of the immediately lower layer, together with rules (protocols) for
the exchange of these representations.

The use of the physical media and logical layers is illustrated in figure 1. The physical medium
and the signal, character and exchange layers are concerned with point-to-point communication
between adjacent nodes, while the packet layer provides end-to-end communication between
terminpgtrotes:

Transaction
Ternfinal node k Packet i Terfinal ngde

Node Node

<=1l || 1 ——

Physical 7
Signal Exchange
Character

Figure 1 — Protocol stackibetween nodes

4.1 Physical media
For elgctrical links, the physical characteristics include the specification of

a) cirguit board physical characteristics,
b) comnectors and contacts,

c) cables,

d) shielding requirements,

e) ling¢ impedance,

f) crgsstalk,

g) elgctromagnetic emission,
h) ESD susteptibility.

For optical’links, the physical characteristics include the specification of

— optical transceiver properties,
— optical connectors,
— optical fiber.
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4.2 Logical layers

4.2.1

Layer O: signal layer

4.2.1.1 General description

For electrical links, the signal layer includes the specification of

a) line signal levels and rates

b) power budget, from which transmission distance may be calculated, taking into account the

loss from the cables and connectors
C) nofse margins.
For opttical links, the signal layer includes the specification of

It is im

of a njeasurable quantity (e.g. voltage levels) that are on the transmission line; bits &
1s and Os that the signals represent. The measurable quantities vary both in nature and

logical
in vall
cable,

The si
and/or

4.2.2
4.2.2.]

Bits ar
higher

4.2.2.7
Chara
and cd

the re
links s

4.2.3

4.2.3.]

bctral center wavelength, aperture
ical power budget.

portant to note that there is a difference between signals and bjts. Signals are the

e depending on the implementation (CMOS, ECL, CMElight pulses on a fibe
etc.).

pgnals may have various properties, such as limited running disparity, limited run
d.c. balance, over a period of time.

Layer 1: character layer
Definition of a character

e transmitted in groups called characters. The character layer provides the service
layers of the transmission of a‘continuous sequence of characters on a link.

General description

Cters are used by theshigher layers of the protocol to communicate both data infor
ntrol information( The number and representations of the various control characte
presentations of the 256 possible data values varies according to the different ty
pecified in this.International Standard.

Layer 2:-exchange layer

values
ire the

I optic

ength,

to the

mation
rs and
pes of

Definition of the exchange layer

A link is the means of communicating digital information bidirectionally in serial format between
two very large scale integration (VLSI) devices. A link comprises two link interfaces connected
by an appropriate medium (or media, for connections between boards or cabinets), such that
the link output of each link interface is connected to the link input of the other.

The exchange layer describes the procedure of the node-to-node exchange of characters to
ensure the proper functioning of the link.

Copyri
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4.2.3.2 General description
Two types of characters are defined: link character (L_char) and normal character (N_char).

a) L_chars: L_chars are used on a node-to-node link in order to ensure flow control and the
proper functioning of the link.

b) N_chars: N_chars represent, at the minimum, the 256 values of a byte plus an
end_of_packet marker. The exchange layer provides the service to the higher layers of the
transmission of an indefinite sequence of N_chars. It is specified in such a way as to
ensure that N_chars are not lost due to limitations of resources (e.g. lack of available buffer
space).

L_chars may be arbitrarily interleaved with N_chars on the link as required by the _exghange
layer.

Note that in the text of this International Standard the data values of a byte'(0 to 255) are
referrgd to as data characters, and all the other used characters (i.e. all_L_chars apd the
remainder of the N_chars) as control characters.

Consider two connected nodes, NODE_A and NODE_B (see figure’2)/ Each node useq a link
interface or port (LINK_INTERFACE_A and LINK_INTERFACE(B, respectively) in ofder to
communicate with the other node. Note that a node may haveZmore than one link intgrface.
Each |ink interface is divided into two parts: a transmitter\.and a receiver, referred| to as
transnjitter_A and receiver_A for NODE_A and transmitter’_B-and receiver_B for NODE_IB.

Each ljnk interface has a N_char source (SOURCE_A*and SOURCE_B) that supply N_chars to
transmjitter_A and transmitter_B, respectively, and“a N_char sink (SINK_A and SINK_B) that
accep{ data from receiver_A and receiver_B, respectively.

Exchahge layer information generated and.sent, for example, by transmitter_A is received and
filtered by the receiver_B and passed directly to transmitter_B (and vice-versa). L_chars shall
not be|generated by the source nor written into the sink.

4.2.3.3 Flow control

The N|_char sink associated, with a link interface has a maximum capacity, defined by the
physicpl implementation.sN\‘chars are written into the sink by the receiver as it receives them at
the link interface, and\are read from the sink by the application using the link. In order to
prevent sink overrun a-flow control mechanism shall be implemented.

urce (at'the other end of the link) maintains a credit associated with the receiving link
e thatsindicates how many N_chars the source can transmit over the link yithout
overrunning jthe sink at the receiving end. For every N_char that the source sends, |t shall
decrement’'the credit by one. When the credit reaches zero, the source shall not send any
further N_chars, but It may continue to send L_chars. The credit maintained by the source shall
be increased by a block value (sometimes referred to as a "flit" ) of F characters when the
source receives a Flow Control Character (FCC) from the opposite receiver. If this happens
when the credit was zero (which will have inhibited the transmission of N_chars), then the
source may recommence transmitting N_chars. An implementation may restrict the amount of
credit that a source can record. If a FCC is received when this credit has its maximum value,
the FCC may be discarded (ignored) without affecting the operation of the link. A source shall
be able to record at least F N_chars of credit.

The initial value of the credit shall be 0. The block size (value of F) is defined as a function of
the technology used.
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The sink should send a FCC to the source when it has the space to receive F N_chars. Each
time the sink authorizes the sending of a FCC it shall reserve the space corresponding to F
N_chars. While the sink has unreserved space available it should send FCCs until all its space
associated with the link interface is reserved. One of the first actions of each sink after the link
has been started from a reset condition should therefore be to send the number of FCCs
corresponding to its unreserved space.

Using the flow control mechanism described above, there exists a theoretical maximum line
length over which "continuous transmission” can be obtained in the case where every N_char
written into the sink is immediately read out of the sink by the receiving application. This
maximum length is determined by the size of the sink (which determines the number of FCCs

that the eRes—e arted-from—a eendition
and thus the initial transmitter credit) and a number of implementation-dependent parameters.
This i detailed in annex H.

>

Port-Controller_B
Link\Status
Link A
SOURCE_A TX._A > Rx» B SINK_B
- N_chars N_chars

SendFoc A At Exchange € . L_chars j
e e e e == - ) A level v G e e e e oo - 4
! L chars . . functions )" _ . . Send FCC
- . IR v 4
N_chars N_chars
SINK_A Rx._A \/\ Tx._B —_—_ |SOURCE_B
) Link B
Link Status
Port Controller_A
Node A: Link Interface_A ' ' Node B: Link Interface_B

Figure 2 — Exchange layer

Exchahge layerflow control greatly simplifies the higher layers of the protocol, since it prevents
data from being-ost due to buffer overflow and so removes the need for re-transmission junless
errors|occur.~To the user of the system, the net result is that a link functions as a pair pf fully
handshaken first-in, first-outs, one in each direction. Note that the link interface regulates the
flow o data items without rognrd to the highor I::\J/nr nhjnr\tc that fhoy m::nll copstitute At any
instant the N_chars buffered by a link interface may form part or all of one or more consecutive
higher layer objects. L_chars, including FCC, do not belong to such objects and are not
buffered.
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4.2.4 Layer 3: packet layer

4.2.4.1 Definition of a packet

A packet is a sequence of characters (N_chars only) with a specific order and format.
Constituent characters of different packets shall not be interleaved on a link. A packet consists
of a destination followed by a payload. A packet is delimited by an end_of_packet marker.

4.2.4.2 General description

Terminal nodes generate (source node) and consume (destination node) packets. A network is

The pfotocol assumes the use of packet-switched networks in which the routingCinfor
necessary to correctly transmit the packet across the network is contained -in-sthe

N_chals of the packet (where K is fixed throughout a subnetwork). It is at the/packet lay]
the roliting decisions are taken. The protocol does not define a specific (or maximum) s
a packet. Successive packets transmitted on a link may have different lengths

destinfitions. Each packet is transmitted in its entirety, i.e. the transnission of a packe
link shall be completed before the transmission of the successivé/packet may comr
Packets sent from a given source node to a given destination pode over a network n
deliveled in an order different from the sending order. The details,;of mechanisms to ens
order @lelivery are outside the scope of this International Standard.

4.2.4.3 Destination

The destination contains one or more destination identifiers (dest_id) that are used as th
to the [routing function, enabling the routing netwaotk’ to transit the packet from its sourc
to its @estination node. The destination could bée null for specific case of a point-to-po
(i.e. te network is just one link). More thah-one dest_id may denote the same dest
node. | The method of allocating dest_ids' to destinations is outside the scope
International Standard. See also clause 9and annex E.

4.2.4.4 Payload
The payload is the data (a message, a memory access request, an acknowledgment, et

has to| be transferred from, the source node to the destination node. It has a specific 1
definefl in the transactionilayer. Note that a payload may be null.

4.2.4.% End of packet marker

A pacKet is delimited by an end of packet marker.

4.2.5 |Layer 4: transaction layer
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A transaction is a sequence of packets sent between two or more terminal nodes to p
some function. At this layer there are two concepts:

a) definition of the specific payload formats necessary to perform the function;

erform

b) definition of the sequence of exchanges of packets necessary to perform the required

function.

The definition of any form of transaction is outside the scope of this International Standard.

Annexes F and | illustrate the use of the transaction layer.

4.3 Interaction of layers

The interaction of the layers is illustrated in figure 3.
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Transaction

Packet sequence, destination
payload format and contents Packet

Destination format,

Packet
packet markers
n chars n_chars
Exchange
. |_chars .
|_chars EL functions - Link satus
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Y |

Character

Coding sheme

Bit stream o Bit stream
Serialisation Deserialization

Signal

Signals ¢ ¢ Signals

Figure 3 — Protocol stack @iagram showing interaction of layers

4.3.1 ['Downward going"

4.3.1.1 Transaction layer tospacket layer
The transaction layer provides packets to the packet layer. The packet sequence, payload
conterJts and destinatianyaddress(es) are all determined by the transaction layer. The packet

Iayerﬂorms the packet)destination from the destination address(es) and appends the packet
with thie appropriatelend_of_packet marker.

4.3.1.2 Packetdayer to exchange layer

The plicket layer provides the sequence of N_chars that forms each packet to the ex¢hange
layer.

4.3.1.3 Exchange layer to character layer
The exchange layer passes the N_chars that have been provided to it by the packet layer onto

the character layer. In order to perform the exchange layer functions, it interleaves L_chars
arbitrarily into the sequence of N_chars. The sequence of N_chars is unchanged.
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4.3.1.4 Character layer to signal layer

The character layer translates the characters (N_chars and L_chars) it receives from the
exchange layer into a bit stream that it passes to the signal layer. The translation is formed of
two parts: coding and serialization. Coding is the translation from the original set of bits
(character) to a new set of bits (coded character) suitable for serial transmission. Serialization
is the process of transmitting coded characters one bit at a time.

4.3.1.5 Signal layer

The signal layer takes the bit stream and outputs signals onto the physical medium.

4.3.2
4.3.2.]

At thsg
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bits. D
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4.3.2.3
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the pa

4.3.2.4
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functid
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packetf

4.3.2.5

Link s

Upward going
Signal layer to character layer

receiver end, the signal layer receives signals from the line and' generat
ponding bit stream.

Character layer to exchange layer

haracter layer deserializes and decodes the bit stream)to produce a seque
ters. Deserialization is the assembly of a coded character from the sequence of
ecoding is the translation from the coded set of bits (ceded character) to the origi
(character). The characters are passed to the exehange layer.

Exchange layer to packet layer

change layer filters out L_chars for excharnge layer functions and passes the N_c
Cket layer.

Packet layer to transaction layer

acket layer reconstitutes thie packets from the received N_chars. This is a
titution and need not _imply that a whole packet is physically assembled. R
ns are carried out at-the packet layer, based on the information in the
htion. When necessary (e.g. when a packet has arrived at its destination nod
s are delivered to-the transaction layer.

Link statushinformation

fatus information is passed up between the layers from the signal layer to the

layer.
includ
each

The link status information necessary is dependent on the implementation of the li

s the

hce of
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hal set

hars to
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s{for’ example, information on the calibration of the receiver, parity errors, etc. |
r filter the information that is relevan its functionin n

remaining information.

4.4 Implementations defined in this International Standard

p the

The physical and logical layers defined in this International Standard are illustrated in figure 4.
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Figure 4 — Defined implementation of physical and’logical layers

rmat for this identification is given by three parameters:

-TM-dd

ssible values of these parameters_are given in table 1.

Table 1 — Identification format for technologies

Parameter Values Description

DS Data/strobe encoding

SC TS Three-of-six encoding
HS High-speed encoding
SE Single-ended electrical transmission

™ DE Differential electrical transmission
FO Fiber optic transmission

dd Two digits, representing the maximum operating speed in units
of 100 MBd

Copyright © 1998 IEEE. All rights reserved.

ntified


https://iecnorm.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

ISO/IEC 14575:2000(E)
IEEE Std 1355, 1998 Edition

Table 2 provides the major properties of each of the defined implementations.

Table 2 — Defined implementations

-31-—

Technology | Baud rate | bidrectional | YPSSf{ransmission | Maximum | Connector
data rate
Units Bd MByte/s — m —
DS-SE-02 1.333-200 M 38 4 wires 1 None
TS-FO-02 250 M 39.4 2 multimode fibers 300 IEC 61754-6
DS-DE}02 1.333-200 M 38 8 wires 10 IEC 61076-4-107
HS-SE}10 700-1 000 M 160 2 coaxial cables 8 IEC.62076-4-107
262.5 um multimode fibers 100 [EC 61754-p
HS-FO}10 700-1 000 M 160 2 50 pm multimode fibers 1 000 IEC 61754-p
2 single-mode fibers 3 000 IEC 61754-p
DS-SH links are intended for use for chip-to-chip and board-to-board interconnec{. This
International Standard does not therefore specify any cable/cennector system for thesg links.

DS-D

compdtible with DS-SE link from the character layer upwards. TS-FO links are inten

provid

compdtible with DS-SE links. The use of optical technology necessitates some differer]
the exchange layer. HS-SE links are intended for_high speed rack-to-rack interconnect

can, o
suitab
provid
charag

This |
techndg

systenp is intended as a front-panel adapter and matching cable mounted connector.

This I
This i
standd

5 DS

51 G

links are intended for interconnecting sub-racks andiadjacent racks using a pfotocol

longer distance transmission using, necessarily,” optical technology, but at 5

course, also be used between chips and between boards (across a backplane)
e attention to maintaining appropriate~signal integrity. HS-FO links are inten
b longer distance transmission using,a-protocol compatible with HS-SE links frg
ter layer upwards.

nternational Standard specifies-an appropriate cable/connector system for each
logies specified within this>standard, with the exception of DS-SE links. The corj

ternational Standard'does not specify any backplane or mezzanine connector star
considered mofe)appropriately specified as an adjunct to specific existing bac
rds.

-SE and _DS-DE

efnéral

ded to
peeds
ces at
. They
given
Hed to
m the

of the
nector

dards.
kplane

The DS-SE and DS-DE links are designed for point-to-point communication that may be on a
single PCB, board to board (DS-SE links), or box to box (DS-DE links). Since this implies that
transmission line problems might be present, the electrical level is specified as a transmission
line system. In order to reduce the power required for each link (permitting single chips to have
a large number of link ports) source-only termination is used for DS-SE links.
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A DS-SE/DS-DE input is self-clocking, which means that in any particular system the actual
operating speed may be chosen to suit the system, rather than the more normal case of having
to engineer a system to suit a pre-determined transmission speed. The maximum speed at
which it may run is a function of the maximum speed of the circuitry at each end, plus the
properties of the medium connecting the two ends. A link may be operated at lower speeds, for
example to provide power saving, down to a level at which the disconnection detection
mechanism is triggered.

A link shall operate at a speed of 10 MBd unless and until the system in which it operates
determines that it may operate at a different speed. The electrical specification of the link has
been designed to allow operating speeds of up to 200 MBd, but the actual operating speed is
left open ow—the—destgr—ofany—peartetta ySterm—to—trade—offengireerne—eo gainst
operat|ng speed. The means of setting the speed of a link is not defined within this Intérpational
Standard.

5.2 DIS-SE: physical medium
5.2.1 [Transmission line requirements

For distances greater than a few centimeters, signal integrity considerations dictate that the
link lihe has to be considered as a transmission line. Discontinuities or variatipns in
charagteristic impedance should be kept to a minimum. The trafsmission line may be made on
PCBs jput care shall be taken to provide a good ground or pawer plane beneath the link track
and crpsstalk with other tracks should be minimized (including between data and strobe ljnes of
the same link). The longest length of line achievable wijll depend on the materials uged for
intercqnnect and the grounding arrangements.

DS-SH supports two standard nominal characteristic impedances for the physical mgdium,
50 Q and 100 Q. Drivers conforming to the.BS-SE electrical standard shall support pne of
these [mpedances and may support both. Each direction (i.e. the data and the strobe ling) of a
single |point-to-point link shall use either gne or other impedance throughout the length|of the
link and use a matched driver. The opposing directions of a single point-to-point link may,
however, use different impedances.

5.3 DI|S-SE signal level
5.3.1 |General

Each konnection of a,;BS-SE link shall be implemented as a unidirectional point-tp-point
transnjission line. The transmission line shall have a characteristic impedance of either 30 Q or
100 Qland shalldeterminated by high impedance at the receiver. The transmission line may be
provided by PCB, coaxial or other suitable controlled impedance interconnect. The receiver
shall Qe desighed to accept standard TTL input switching levels with a high input impegdance.
The driverJoutput impedance should be close to the characteristic impedance pf the
transmission line both when the driver is driving low or high and also while switching. Thjs is to
ensure that reflections generated by the receiver are sufficiently damped by the driver that they
do not cause spurious transitions. The range 0.8 V to —2.0 V at the receiver is defined as the
transition region. It is very important that the signal at the receiver is monotonic in the transition
region, and that the reflections do not cause spurious transitions. This should be ensured by
careful design of the interconnect and the driver output.
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The propagation of signals is as follows. Assuming that the line is in a steady-state low
condition, a high going transition is output by the driver. Because of the relatively high output
impedance of the driver compared to the line, this is attenuated, typically to a level of about
1.4 V at the driver output. At the receiver, the high input impedance of the receiver (effectively
an open circuit) causes this to appear as a 2.8 V step (taking the input cleanly through the
transition region), and the reflection travels back down the line to the driver. Depending on how
closely the driver output impedance is matched to the line, this may cause further reflections. It
is crucial that the driver is matched sufficiently well that these reflections do not cause spurious
transitions at the receiver, or interfere with subsequent output transitions. Propagation for a
low-going transition is similar. Figure 1 shows example waveforms for the driver and the
receiver end of the transmission line for a 100 Q system operating from a 5 V supply.

Note that the signal levels at the receiver and the specification of the driver allows DS-SE links
to be interconnected between devices operating from 5 V and 3.3 V supply rails as(long|as the
inputs|of the 3.3 V devices are tolerant of 5 V signals.
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Figure 5 — DS-SE link signal propagation
5.3.2 |DS-SE link driver
Each driver sheuld"have a nominal output impedance of either 50 Q or 100 Q depending|on the
transmission \medium to terminate the reflections from the receiver. The output impedance
shall e controlled when the output is fully on driving a high or low level, and alsq while
switch|ngsIn order to be adequately matched, the characteristics of the driver and the
transmissien-treshal-berelatedas-shewninthetable3-
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Table 3 — Driver to line impedance matching table

V4g=3.0V1to 3.6V Vgg =45V 1055V
Z, z, Z, z,
Units Min. Max. Min. Max. Min. Max. Min. Max.
Z,=45-55 Q 29 56 37 67 32 52 55 123
Z,=90-110 Q 58 112 73 135 64 104 110 247

Zo is liqe characteristic impedance of the transmission line. Z, is the impedance of _the| driver
when the output is driving low, and Z, the impedance when it is driving high. Fhe figures
depenfl on the supply voltage used by the driver because the input threshold is fixed:
It is rqcommended that nominal 50 Q characteristic impedance transmissiofnlines be ysed in
nomingl 3.3 V systems and on backplanes.
On poyer on and reset, a DS-SE link output shall hold both the data'and strobe signals Ipw.
Annex| J gives an example DS-SE link driver circuit for a 100-Q transmission line with 5 V
suppliges.
5.3.3 [DS-SE link receiver
A DS-SE link input shall present a high impedance termination to the transmission line. An
impedance of >10 kQ is recommended. This_high input impedance is essential to ensufe that
the cofrect signal levels are produced at the regeiver input.
The input threshold of the receiver is nominally 1.4 V and shall be within the transition fegion,
which s defined as 0.8 Vto 2.0 V.
The input capacitance is modeled-as described in 5.3.4 (see figure 6) and specified in table 4.
Table 4 — DS-SE input capacitance
10 MBd 100 MBd 200 MBd Notes
Symbol Parameter Units
Min. Max. Min. Max. Min. Max.
C lnput capacitance pF - 300 - 30 - 4 -
5.3.4 DS-SE link timing

A link shall operate at a speed of 10 MBd, until the system in which it operates shall determine
it may operate at a different speed. A link may be operated at a speed lower than its nominal
speed to suit the transmission medium. If a link is operated at a lower speed, the same timing

constr

aints shall apply at the receiver inputs.
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DS-SE

parameters are relative to a reference model, as shown in figure 6.

Driver Receiver
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capacitive load that may be twice the figure given in table 4. If the output drivers are m
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Figure 6 — DS-SE timing reference model

hodel shows the possibility of buffers in the signal¢path, in which case the
hnce of the second buffer is assumed to be not more than 100 Q, and C, is assu
more than C;. If buffers are not used then Cyand C, are combined into a

W, and it is required to use 50 Q transmissiofnlines, then buffers will be required.

sets of timing parameters are defined (se€’table 5 and figure 7), to allow for oper3
fault speed of 10 MBd (DS-SE-00 links); 100 MBd (DS-SE-01 links), and 200 MB
links). A higher speed link type will always be able to operate at a lower speed.

Table 5'= DS-SE timing and swings

output
med to
single
atched

tion at
d (DS-

Symbo

10 MBd 100 MBd 200 MBd

Notes

Parameter Units
Min. Max. Min. Max. Min. Max.

tDSI

D/S edge min. separation ns - 20 - 2.5 - 1

1.2

tDSDSI

Sustainable_input bit period ns 80 750 9 750 4.5 750

tLIDSf

Input fall-figTe (2.0 V — 0.8 V) ns - 100 - 100 - 100

tLIDSr

Inputsrise time (0.8 V — 2.0 V) ns - 100 - 100 - 100
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NOTE 1

LinkOutData 2
LinkOutStrobe Y L R A1 CEEE I B\ O
tLODSr tLODSf
LinkinData 20V - - - - s e -
LinkInStrobe 08V -« ooy AV
tLiDSr tLIDST e
LinkOutData
LinkOutStrobe 15V -_______---%___
2x tDSO —»
tDSDSI
LinkinData or \
LinkInStrobe 15V - - - - - )(_ ______________ -
/

LinkinData or
LinkInStrobe

tDSI is the minimum separation between consecutive edges on the data and strobe inputs (one
either spnse on each wire) that the link can discriminate correctly. An implementation shall not require th

15V - - - ->/

TN

—H ¢—— tDSI

greater fhan the appropriate value specified intable 5.

NOTE 2
NOTE

The same figure applies to consecutive edges of opposite sense on either the data or the strobe if

In general a link input caphot handle a continuous stream of edges separated by tDSI. Thi
specifiep the sustained bit period that shall be accepted for the nominal baud rate. The maximum nominal

—h

is deterfnined by disconnect time;out period of the link receiver.

NOTE 4

This is the slowestiedge that the input shall accept.

Figure 7 — DS-SE |

ink timings

Tr

edge of
is to be

put.

s figure
bit time

Copyright © 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

ISO/IE

C 14575:2000(E) ~-37-

IEEE Std 1355, 1998 Edition

The output skew is determined by parameters given in table 6.

Table 6 — DS-SE output skew parameters

10 MBd 100 MBd 200 MBd Notes
Symbol Parameter Units
Min. Max. Min. Max. Min. | Max.
tDSO Output D/S skew ns - +5 - +1 - +0.5 1
tLODSf | Output fall time (2.0 V — 0.8 V) ns - 40 - 4 - 2 -
tLODSr | Output rise time (0.8 V - 2.0 V) ns - 40 - 4 - 2 -

NOTE |[This is a skew measured at the 1.5 V threshold relative to the nominal time at which it is spe&cified
it, defined in terms of consecutive edges. For example, if two consecutive edges are nominally’ 5,ns aj
length df time between the time at which each will cross the threshold can be 5 ns + tDSO.

Allow
and th
skew {

5.3.5

Informfation on a DS-SE link shall be transmitted using two cennections, referred to as da

strobe
specifi

accompanying strobe line changes state each time the next bit has the same value

previo
signal
an eng
conne

Since

ble system skew is determined by the constraint that the sum of tDSIthe range o
e system skew shall not exceed nominal bit time. Thus, for DS-SE*01 links the
hall not exceed 5.5 ns.

DS-SE link signals

respectively, in each direction. Each connection shall satisfy the electrical cons
ed in the previous subclause. The data linefcarries binary data values, a

IS one (this does not correspond with the ustal meaning of "strobe", which woul
that indicates every time that another signal‘is valid). By this means each DS pair

oded clock, in a way that allows up to a full bit-time of skew-tolerance between t
ctions. Figure 8 shows the form of signals on the data and strobe connections.

01 O 01 101

10
Data I | I l_l I_
Strobe _,_|_,_

Figure 8 — DS-SE link signal encoding

fo cross
art, the

[ tDSO
bystem

ta and
traints
nd the
as the
d be a
carries
he two

the data-strobe system carries a clock, the links are asynchronous; the receiving

device

synchionizes to the incoming data. This means that DS-SE (and DS-DE) links autobadd; the

Jstriction on the transmission rate is that it does not exceed the maximum speedTof the
receiver. This also simplifies clock distribution within a system, since the exact phase or
frequency of the clock on a pair of communicating devices is not critical. It is not essential that
both link outputs of one link connection should operate at the same speed, nor that a link
output operates at a constant speed. A link output might choose to vary its speed of operation
to reduce power consumption when there is no data to be transmitted, for example. The only
constraint on the transmission rate is that the bit time limits given in table 5 are not violated,

only r

and th

at it is high enough to prevent a disconnect timeout being triggered (see 5.7.4.2).
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A DS-SE link output transmits information on a pair of lines, and a DS-SE link input receives
information on a pair of lines. A DS-SE link interface shall comprise a DS-SE link output and a
DS-SE link input.

A device providing one or more DS-SE link interfaces shall identify the pins used for each link
interface by a convention (using subscription where multiple links are supported) based on
function and direction of transmission as shown in table 7.

Table 7 — Identification of multiple link interfaces

DS_SE_data_in

A DS-

FUTTITPpUt Ul Udlia U e ucviee trirouyrt tuie K immeridce

DS_SE_strobe_in

DS_SE_data_out

For output of data from the device through the link interface
DS_SE_strobe_out

link i
interfa

The D
DS_SH
loopb4g

5.4 D
5.4.1
A DS

suppo
option

A reco

Each
charag
and 5.

5E link is constructed by connecting the DS_SE_data_out and DS_SE_strobe_out
terface to the DS_SE _data_in and DS_SE_strobe_in respectively of the oth
e, and vice versa.

S_SE_data_out and DS_SE_strobe_out of a link interface may be connected
F data_in and DS_SE_strobe_in respectively of the(_same link interface to cr
ck, e.qg. for link testing.

S-DE: physical medium
Link cable
DE link cable shall provide ten cehnections. Eight connections (in four pairs

t the eight signals in the DS-DE {link; the ninth and tenth connections shall supy
bl remote power facility.

mmendation for the DS-DE-¢able is given in annex M.

connection in the ‘esable shall be color coded as given in table 8 and ha
teristics as given in-table 9. Note that attenuation and skew budgets are given i
b.4.

Table 8 — DS-DE cable color code

of one
er link

to the
pate a

shall
ort an

e the
h 5.5.3

The link cable shall be clearly marked "ISO/IEC 14575 DS-DE Link Cable".

Component Conductor 1 Conductor 2
Pair 1 Red Green
Pair 2 Brown Blue
Pair 3 Orange Yellow
Pair 4 Violet Gray
Pair 5 Black White
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5.4.2 Connector

— 30—

The connector system consists of a through-panel (fixed) connector and a cable-mounted

(free) connector.

It provides the following features:

a) A full duplex link connection per connector

b) Option for multiple connections on the cable connector

c) Complete screening

d) Ropust
e) Lafching
f) Small size

The DB-DE connectors shall be as specified in IEC 61076-4-107.

Table 9 — Electrical and mechanical characteristics and
safety certification of DS-DE cable

Electrical characteristics

Differential impedance

950 +10Q

EMC

Cable shall allow System to meet CISPR limits

Near end crosstalk (backward)

2 % maximum ‘at 100 MHz measured on 10 m sample
in differential mode

FFar end crosstalk (forward)

4 % maximum at 100 MHz measured on 10 m sample
in differential mode

Mechanical performance

A 60 mm maximum radius shall result when 610 mm

Flexibility of cable is loaded with a suspended weight of 100 g
1 000 cycles through 180° at 60 mm bend radius and
Flex life 100 g load. Following this test, the insulation and

jacket should be free of cracks and the conductors
free of opens and shorts.

Minimum bending radius (static operation)

40 mm

Safety certification

For cables-up, to 10 ft (3 m) in the US

IEC 61156: AWM style 20276, 80C, 30 V, VW1

For cables 10 ft (3 m) to 100 m

IEC 61156 class 2 power limited circuit cable (CL2)

The (free) connector at either end of the cable shall be connected to the conductors

cable according to table 10.

Copyright © 1998 IEEE. All rights reserved.
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Table 10 — DS-DE link cable conductors/connectors wiring

Pin Conductor Pin
la Pair 2 brown 2e
2a Pair 2 blue le
1b Pair 1 red 2d
2b Pair 1 green 1d
1c Pair 5 white 1c
2c Pair 5 black 2c
1d Pair 3 orange 2b
2d Pair 3 yellow 1b
le Pair 4 violet 2a
2e Pair 4 grey la

Note that the effect of the cable/plugs assembly is to provide a singlétwist in each of P
2, 3, gnd 4, and to provide a single twist between Pairs 1 and 3 and between Pairs 2

This i shown in figure 9 using Pairs 2 and 4 as an example.

Any extension adapters allowing-multiple segments of cables to be used shall also f
such a twist, so that the effect.of any such cable/adapter/cable combination is to prd

single [twist, as illustrated in figure 10.

Pair 2 Pair 4
la
2a
le
2e
Pair 4 Pair 2

la
2a
le
2e

Figure 9 — DS-DE\cable assembly twist example

la

@ o 9 ©

2a
le

Cable assembly

Adapter Cable assembly

2e

airs 1,
and 4.

rovide
vide a

Figure 10 — DE-DE extension adapter

The allocation of DS-DE signals to the connector pins shall be as given in table 11 (which is
oriented to correspond to the external view of the through-panel (fixed) connector when
mounted on the upper surface of a horizontal PCB. See figure 11.) The direction of the signals

is as on the fixed connector.
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Pins 1
are us

fixed

10 MQ
uncon

In ad

prope

—41 —

Table 11 — Pin allocation of DS-DE connector

2

1

e DS_DE_data_in_plus

DS_DE_data_in_minus

d DS_DE_strobe_in_plus

DS_DE_strobe_in_minus
(Chamfer corners

c No connect or optional power return | No connect or optional power | at this side of the

b DS_DE_strobe_out_minus

connector)
DS_DE_strobe_out_plus

a DS_DE_data_out_minus

DS_DE_data_out_plus

Table 12 — DS-

DE connector modularity specifications

Characteristic

Specification

Modularity

Fixed connector modules shall be placed on a 6\mm pitch,
or their centerlines separated by more than 42 mm

Connector width

5.9 mm maximum

Figure 11= DS-DE fixed connector external view

c and 2c of the DS-DE fixed connector are either both left unconnected on the P
ed to implement @noptional power supply, as specified in 5.4.4. It is recommend
PS-DE link connectors with neither source nor sink power connections should i
bleeders 40~ground on pins 1c and 2c¢ to prevent static build-up on oth
hected power conductors.

ition to the interface specification of IEC 61076-4-107, the connectors shall ha
ies described in table 12.

PCB

CB, or
bd that
nclude
erwise

ve the

Annex L provides a recommendation for the PCB layout of the fixed connector.

5.4.3 Environmental constraints

The environmental requirements for the DS-DE link cables and connectors are application
dependent. However, as a minimum, the cables and connectors shall meet the constraints in
table 13. Note that specific applications may have requirements for extended temperature
range, or other environmental parameters.
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Table 13 — DS-DE environmental constraints

Parameter

Value

Operating temperature

-10 °C to +60 °C

Non-operating temperature —40 °C to +85 °C

5.4.4 Optional power supply to DS-DE cable

000(E)
Edition

a self-

5.4.4.}—Opteralpowersupphy

An explanation of the remote power, and recommendations of components that should meet
the following specification, are given in annex K.

Pin 1c|either provides an output power supply based on the equipment's 5.V_VCC, with
healing fuse for overcurrent protection and a (Schottky) diode for reverse*ctrrent protection, or

provid
the sp

bs power to local circuitry from a remote source. Components should be chosen t
bcification given in table 14. Pin 2c provides for power return.

Table 14 — Optional power supply.

D meet

Symbol Parameter Value
Hold current, the operating current_that
IqHold the overcurrent protection device\will 750 mA minimum
pass without going high impedance
VpOHmMin. Output voltage with respect/to pin 2c at 3.75 V minimum at 750 mA
maximum steady-state dutput current
Output voltage with-fespect to pin 2c
VpOHmax. at any output current greater than a 5.0 V maximum
leakage currept of 1 mA
B 1 mA maximum at reverse voltage
IjReverse Reverse-ecurrent of 12 V with respect to pin 2¢
The Igad drawn from this' 'power supply at the end of 500 mm cable with conduct
specified for the DS-PE-link cable, shall meet the specification given in table 15. The ¢

of pow

er used and cable length shall not exceed 1 W x m.

Table 15 — Optional power supply load

prs as
roduct

Copyright © 1998 IEEE.

Symbol Parameter Value
Pp Power consumption 2.5 W maximum
Lowest input voltage with respect to pin 2c at
VpRemotelLow remote power supply at which the remote power | 3.5V maximum

supply is able to supply the required power

VpRemoteHigh

supply can tolerate

Highest input voltage with respect to pin 2c at
remote power supply that the remote power 5.0 V minimum

All rights reserved.
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Power supply protection

The above specification for the remote power supply defines the minimal requirements for
operation in the absence of a fault. It is recommended that the overcurrent protection device
meets the specification given in table 16 in the event of an overcurrent fault.

Table 16 — Optional power supply protective device

Symbol Parameter Value

Trip current, the minimum current that will

IpTrip cause the overcurrent protection device to 2.5 A
switch to a high-impedance state
Trip time, the maximum time for the over-

TpTrip current protection device to switch to its high 0.5s
impedance state with a fault current of 10 A
Reset time, the time from when a fault is 1 h maximum (but note~typical recovery

TpReset removed to when the over-current protection to within 20 % of spegification, normplly
device returns to its specified characteristics within less than_1 min)

5.4.4.3 Layout convention

It is recommended that in any block of adjacent DS-DE link connectors, the end connectpr with
adjacent to its pins 1 (the end with the D chamfers of the connector pointing outwards
from the block), be supplied with power on pin 1c, and that if more than one connector|in any
be supplied with power, all such connectors should be adjacent (see figure 12).
Equipment need not have special markings to identify connectors supplying power, bt it is
recommended that such connectors are clearly-@documented.

space

block

Power should be supplied to
this connector of a block of

adjacent connectors

AN
If two connectors in block are supplied with power

this connector should be supplied

If three connectors in block are supplied with power
this connector should be supplied

Figure 12 — Multiple power connectors

Copyri
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S-DE signal level

General

Differential signalling may be used, e.g. for connections between equipment. Differential

signall

ing provides the following advantages over single-ended signalling.

a) Increased noise immunity

b) Avoidance of ground loops between equipment

A DS-DE link interface may be constructed by connecting two differential drivers and two

differe

tial recejvers to a DS-SE link interface as follows

— Eaq
dri
sp

- Ea
red
bo

A DS-
DS-SH

Ch connection point of the DS-SE link output is connected to the input of a.diffg

bcification. The two pairs of signals form the DS-DE link output.

Ch connection point of the DS-SE link input is connected to the outpdt ‘'of a diffe
eiver, converting two pairs of balanced signals into two signhals conforming to
hrd DS-SE electrical specification. The two pairs of signals form the DS-DE link inp

DE link interface shall have the logical properties that it weuld inherit if connectg
link interface in this way. This is the recommended implementation of a DS-[

interface.

A DS-
transn

A sys
emissi

5.5.2

Each
transni
imped

The si
levels

DE link is constructed by connecting two DS-DE/tink interfaces by a suitable eig
ission line, in the manner defined in 5.4.

tem built using DS-DE links shall meet\CISPR limits concerning electroma
ons.

DS-DE signals
connection in a DS-DE link shall be made with a nominal 95 Q transmission lin

ission line shall be terminated at the receiver inputs: the combination of receive)
hnce and line termination'shiall be 100 Q.

gnhalling uses a pairyof balanced pseudo-ECL signals. Pseudo-ECL signals have
shifted by 5 V. Seeltable 17.

Table 17 — DS-DE signal levels

rential

er, generating a pair of balanced signals from the on-board DS-SE’ elé¢ctrical

rential
he on-
ut.

dto a
E link

ht-wire

gnetic

e. The
r input

» ECL-

Parameter Units Min. Typ Max.
Driver differential output voltage \% 0.8 1.0 1.4
Driver common mode output voltage Y 2.5 - 4
Driver output rise time (20 % — 80 %) ns 0.5 - 2
gr?glilt\iﬁrg”:s:&ieraFt)ﬁ)iaPecs?stance) Q 90 100 110
Receiver input common mode voltage Y, -1.2 - 7.2
Receiver sensitivity mV 200 - -

Copyri
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The relevant buffer shall not be placed more than 3 cm from the corresponding fixed connector

unless

the tracks between the buffer and the connector are matched to 100 Q.

The DS-SE connection consists of four signals. Each pair of DS-DE signals is specified by
reference to a corresponding DS-SE signal, as defined in table 18. Note that DS-DE signals
need not be implemented by being derived from the corresponding DS-SE signals.

Table 18 — DS-DE correspondence

In eac
single

A link
one s
DS_D

5.5.3

The tg
receiv

Single-ended side Differential side
DS_SE_data_out DS_DE_data_out_plus DS_DE_data_out_minus
DS_SE_strobe_out DS_DE_strobe_out_plus DS_DE_strobe_out_minus
DS_SE_data_in DS_DE_data_in_plus DS_DE_data_in_minus
DS_SE_strobe_in DS_DE_strobe_in_plus DS_DE_strobe_in_minus

h differential pair, the plus version of the signal is positive going, when the corresp
ended signal is positive going, and vice versa.

shall connect two sets of differential pairs by connecting“the DS_DE_data_out_
bt to DS_DE_data_in_plus of the other set, DS_DE strobe_out_plus of one
E_strobe_in_plus of the other set, and similarly for.the _minus signals.

DS-DE attenuation budget

tal attenuation for each of the DS-DE signals (from output of the driver to input

followipg the guidelines given in table 19.

554

Table 19 — Attribution of attenuation budget

Parameter attenution /B
Output 'of driver to output of connector 0.5
AcCress cable 5
tnput to connector and input of receiver 0.5

DS-DE skew budget

pnding

plus of
set to

of the

br) shall be less than or equal to 6 dBrat 100 MHz. This attenuation shall be divided

The skew shall be divided following the guidelines given in table 20.

Copyri

Table 20 — Attribution of skew budget

Parameter Maximum skew between D and S/ns

10 MBd 100 MBd 200 MBd
Output of differential driver to output of connector 5 0.5 0.35
Across cable 15 1.5 1.3
Input to connector and input of differential receiver 5 0.5 0.35
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If the DS-DE links are implemented by using transceivers to convert between the differential
signals and the corresponding single ended DS-SE signals, then the differential skew between
D and S shall be controlled so that the resulting single ended signal respects the guidelines

given i

5.5.5

n5.3.1.

DS-DE link timing

DS-DE link timing is as for DS-SE timing (see 5.3.4, with references to DS-SE replaced by DS-DE).

5.5.6

A sys
susce
EMC i
using
choke
specifi

5.6 D

EM susceptibility

tibility as a function of the intended operating environment. To reduce susceptik
is recommended that it is ensured that the fixed connector is connected to tousi
hppropriate EMC brackets and/or gaskets (similar to B.3), or that small,common
5 are used in series on the signal lines, and the power lines if connécted. A s
cation for such chokes is 200 Q min at 20 Hz to 300 MHz, 800 Q typ at'200 MHz.

S-SE and DS-DE character level

In order to provide efficient support for higher level protocols, it_is useful to be able to 4

charag

ters that may contain a data byte or control information.\(it other standards thessd

be referred to as symbols). Each character shall start with a-parity bit followed by a con

that is|
contro
charag

used to distinguish between data and control chatacters. In addition to the par
bits, data characters contain 8 b of data, and coaqtrol characters have 2 b to indic
ter type. This is illustrated in figure 13.

Data characters Key .
0: logical 0
1: logical 1
‘_IP[OIXTX IXIXIX IXIX[X| X:dgn’tcare
0 1 2 3 45 6 7 P: parity (odd)
Control characters
“— ﬂﬂﬂ Flow control character (FCC)
¢ EEI Normal end of packet (EOP_1)
Exceptional end of packet (EOP_2
— FEL0] P packet (FOP-2)

“— E Escape (ESC)

n EM
ility to
ngs by
-mode
uitable

ncode
might
trol bit
ty and
ate the

— PIL[L]L[P[L]0oJo] Mot

Figure 13 — DS-SE/DS character encoding

Data bits shall be transmitted using the "little endian" convention, i.e. the least significant bit of
data shall be transmitted first (immediately after the zero control bit). The first bit transmitted
after a reset state shall be a zero (which implies that the first transition is on the strobe wire).

Copyri
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The parity bit in any character covers the parity of the data/control flag in the same character,
and the data or control bits in the previous character, as in figure 14. This allows an error in
any single bit of a character, including the character type flag, to be detected even though the
characters are not all the same length. The parity bit is set such that the total number of 1s in
all the bits covered (including the parity bit) is odd.

Data character EOP FCC
4—P|0[x|x ]x|x|x [x]x |x P|1|o]1 PIlIOIO
N I N I
Parity Parity
coverage coverage

DS-SH/DS-DE links code the N_chars EOP_1 and EOP_2 as shown in,table 21, in w

indicates the position of the parity bit in the character.

DS-SH/DS-DE links define and code L_chars as shown in table~22, and their applicg

discusked in 5.7.

Figure 14 — DS-SE/DS-DE parity coverage

hich P

tion is

The null character is composed of two characters. The scope of the parity bit in a character

that fgllows a null character includes only the secand-4 b control character of th
charagter; i.e. it will be a one if the following charactef/s”a data character, and will be a

the following character is a control character.

Table 21 — Terminater'character codings

Name Description Code
EOP_1 Normal end_of_packet marker P101
EOP_2 Exceptional end_of_packet marker P110

Table 22 — Link control character codings

Name Description Code
FCC Flow control character P100
ESC Escape character P111
NULL Null character ESC P100

e null
zero if
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S-SE and DS-DE exchange level

General

000(E)
Edition

Once a link output has been started it shall send characters continuously at such a rate that the
bit time constraints given in table 4 are never exceeded, unless and until instructed to cease
operation or an error is detected. In the absence of other characters, a DS-SE/DS-DE link
transmits NULL characters. This ensures the following:

a) physical disconnection of a link is immediately detected; because a DS-SE/DS-DE link
transmits characters continuously even in the absence of a message, a physical disconnect
can be assumed if the inputting link detects that there are no characters being received,

gi
b) th

n that some have been received previously;
final parity bit of a packet is transmitted immediately; because the parity’ o

character is validated by the parity bit of the following character, the validation, of th

ch
5.7.2

After r
instrug
may b
until a
the lin
corres

racter of a packet would otherwise be delayed for an arbitrary amount of\time.
DS-SE and DS-DE initialization

pset, a DS-SE link output shall maintain both signals at their reset'level until start
ted to begin operation (note that receipt of a character by _thecorresponding lin
b taken as such an instruction). Thereafter it shall send only NULL characters unle
least one character has been received by the corresponding link input since rese
k output has been started and at least one character has been received

ponding link input since reset, the link shall begin normal operation. In normal ope

[ each
e final

bd, i.e.
input
5s and
. After
Dy the
ration,

N_chals provided for transmission are sent when thereds)flow control credit available, and flow

contro
buffer,
figure

If a lin
detect
transni
figures
begin.
the tw

credit is issued by transmitting FCCs corresponding to available space in the lin
A timeline diagram illustrating DS-DE and\DS-DE initalization and reset is ¢
16.

k interface is reset during normal operation, then it shall cease to transmit. This
bd as a disconnection error by thesreceiving interface, which then will also ce
it. After the exchange of silenee protocol, described in 5.7.4.2 and illustrg

15 and 16, both ends of theilink will enter the ready state and normal operati
The exchange of silence protocol allows the reset procedure to have the desired ¢
b links are operating in separate reset domains.

K input
ven in

will be
ase to
ted in
n may
ffect if

Copyri
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PowerOn Reset

LinkStart

After 12,8 pus

Received
NULL
After 12,8 s
and ParityError Disconnect
Discoimect EIToT ParityError.
Error /
ParityError Received
NULL
LinkStart
v ParityError or
After 6,4 us Disconnect Error
: Disconpect
Error
Null sent .
ParityError

Output stopped

Disconnect Error

ResetLinkCommpand

All States

NOTE |[In the ErrorReset State€, all transitions on the link input shall be ignored, and the flow-control credit ¢ounters
and inpyit buffer shall be,reset.

Figure 15 — DS link states

5.7.3 |[Flow _control

The cregditvatue (F) Oreachn FIOW COontror Chnaracter (FLu) [SSetats N__CTidrs.

5.7.4 DS-SE and DS-DE error detection
5.7.4.1 General

DS-SE/DS-DE links can detect various types of errors. The handling of link errors is a subject
of annex G.

Copyright © 1998 IEEE. All rights reserved.
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The DS-SE/DS-DE link exchange protocol allows two common types of error to be detected.
First, because each output link, once started, continues to transmit an uninterrupted stream of
characters, the physical disconnection of a link can be detected. Second, the parity system will
detect all single bit errors at the DS-SE/DS-DE link exchange level.

PORT B Time PORT A
Action State State Action
Ready
L nkstart Started TTIU TNUTTS
\ Null (TokenReceived-set)
Received )
Send FCCs and Nulls __| dnkStart
(TokenReceived set) R
(fonnection Established) un L_Send FCCs and Nulls
\ Run (Cornection Established)
Bidirectional Data Flow Bidireectional Data Flow
ResetLink WaitOutStop Go Silent
(850 ns)
Disconnegtion Error v WaitOutStop
Go Silent ErrorReset
850 ns) /
WaitOutStop (6.4 ps)
v~|Disconnection Error v .
ErrorResét ErrorWait
6.4 |s)
v (12.8 ps)
Errorwait
v
Ready
(L2.8 ps)
v
Ready

Figure 16 — DS TinkK start-up and reset

5.7.4.2 Disconnection errors

If the links are disconnected for any reason while they are running, then flow control and
character synchronization may be lost. In order to restart the link it is therefore necessary to
reset both ends to a known flow control and character synchronization point.
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Disconnection is detected if, after a bit has been received, no bits are seen by a link input in
any 850 ns window. Once a disconnection error has been detected the link shall halt its output.
This will subsequently be detected as a disconnect error at the other end, and will cause that
link to halt its output also. Once the output has halted, the link shall reset both its transmitter
and its receiver for 6.4 ps, during which time its receiver is insensitive to transitions on the data
and strobe inputs. After this, the link shall wait at least 12.8 us before allowing communication
to restart. This time is sufficient to ensure that both ends of the link have observed
disconnection and cycled through reset back into the waiting state. The connection may now be
restarted as described above. If a link interface detects a disconnect error before it has started,
it shall start, transmit at least one character, and then halt, to ensure that a disconnection error
is also detected by the other end, in the case that it was caused by an externally applied reset
rather than physical disconnection, Figure 15 jllustrates a suitable state machine for PS-SE
and D$-DE error handling.

5.7.4.3 Parity errors

Following a parity error, both character-level synchronization and flow control status pre no
longer|valid, therefore both ends of the link must be reset. This is doneprautonomously [by the
DS-SH/DS-DE link using an exchange-of-silence protocol.

When|a link interface detects a parity error on its input it skiall halt its output. This will
subsequently be detected as a disconnect error at the otherend, and will cause that link
interface to halt its output also, causing a disconnect to be detected at the first enfl. The
normal disconnect behavior described above will then ensure that both ends are reset
(irrespective of line delay) before either is allowed to restart. If a link interface detects g parity
error hefore it has been started, it shall start, transmif_at’least one character, and then stop to
ensurg that a disconnection error is detected by the:other end.

6 TS}FO-02 fiber optic link

6.1 Physical medium

6.1.1 |General optical characteristics
The TH-FO-02 optical link cable“is a fiber cable containing two fibers, one for transmisgion in
each direction. A 62.5 pm multimode fiber shall be used, and shall meet, at minimum, the

specifications given in IEC*60793-1-Al-b. A summary of the main optical characteristics (as
specifijed in IEC 60793-1-A1-b) of the fiber is given in table 23.

The ligk cable shall’be clearly marked "ISO/IEC 14575 TS-FO Link Cable". A recommendation
for fib@r construgtion is given in annex S.

Table 23 — Summary of main optical characteristics of TS-FO fibers

Parameter Units Value
Fiber type - Multimode
Core diameter pm 62.5
Cladding diameter pm 125
NA - 0.275
Attenuation dB/km 4 maximum at 850 nm
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6.1.2 Optical connector

The TS-FO link optical connector is a MU connector-duplex. The MU connector-duplex consists
of a through-panel (fixed) adapter and a cable mounted (free) plug. It provides the following
features:

a) a dual multimode fiber connection per connector;

b) push-pull coupling;

c) small size.

The connectors shall be as specified in IEC 61754-6. In addition to the interface specification
of IEC[6I7524-6, the connectors shall have the propertes described in tanle 24.

Table 24 — TS-FO connector modularity specifications

Characteristic Specification

Connector modules shall be placed on a 14 mm pitch,

Modularit ; .
y or their centerlines separated by more than 28 mm

Connector width 13.9 mm maximum

Overall connector length (to end of boot) |55 mm maximum

The plug at either end of the cable shall be connected tolthe fibers in the cable in such| a way
as to g¢onnect ferrule 1 in one plug with ferrule 2 in the ether plug, and vice versa, as shiown in
figure [L7.

Figure 17 —(T,S-FO cable fibers/plugs wiring

Note that the effect of the cable/plugs assembly is to provide a single twist. Any extension
adaptgrs allowing multiple segments of cables to be used shall also provide such a twist, so
that the effect of any such cable/adapter/cable combination is to provide a single twist, as
illustrdted in figure 18.

Al el oSl

Cable assembly Adapter Cable assembly

Figure 18 — TS-FO extension adapter

The allocation of TS-FO signals to the plug ferrules and adapter shall be as given in table 25
(which is oriented to correspond to the external view of the through-panel (fixed) adapter when
mounted on the upper surface of a horizontal PCB, see figure 19). The direction of the signals
is relative to the fixed adapter.
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Blue ‘
marking {4 r—
I(efe

PCB

Figure 19 — TS-FO fixed adaptor, external view and ferrule allocation

6.1.3 [Environmental constraints

The ephvironmental requirements for the TS-FO link cables. and connectors are appl
depenglent. However, as a minimum, the cables and connectors shall meet the constrg
table P6. Note that specific applications may have reqdirements for extended tempg
range pr other environmental parameters.

Further environmental specifications are given in table C.2.

6.2 S

6.2.1 [Transmitter and receiver characteristics

Launch powercand sensitivity are strongly dependent on the kind of optical component

and o
gives

Table 25 — TS-FO signal allocation

Ferrule 2 1

Signal TS_FO_in TS_FO_out

Table 26 — TS-FO environimental constraints

Parameter Value

Operating temperature —10 °C to +6 °C

Non-operating temperature —-40 °C to +85 °C

gnal level

the econfiguration of the LED/laser modulation and of the photodiode amplifier. T4
he,recommended transceiver characteristics for an LED-based system.

ication
ints in
erature

5 used
ble 27

Copyri
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Table 27 — TS-FO recommended transceiver characteristics

Value
Parameter Units Minimum Typ Maximum
Operating speed MBd - - 250
TS-FO transmitter - - - -
(LED into 62.5 um fiber) - - - -
Launch power dBm -13 - -10
Weavetergth +66 566
Spectral width (FWHM) nm - 60 -
TS-FO receiver - - - -
Sensitivity at BER 10-12 dBm -22 - -
Dynamic range dB 12 - =

6.2.2 [TS-FO link timing

The T$-FO link shall operate at 250 MBd + 10-10 ppm.

6.2.3 [TS-FO reference link

A link pomprises two link interfaces connected by.appropriate media, and transmits information
bidiredtionally. For specification and test purposes, a TS-FO Reference Link is definefl as a
transcgiver (the link interface), connected by(a pair of fibers to an adapter, connectefd by a
plug-chable-plug assembly to another adapter, connected to another transceiver by a pair of
fibers,|as shown in figure 20. This figure also shows reference test points TP1 and TP4 [where
TPx alle at the extremities of the optical~cable).

[1]

S _ Barg
< — —

Transciever Adaptor Plug Cable Plug Adaptor ~ Transceiver

Figure 20 — TS-FO reference list

6.2.4 Link performance

The performance of the various components of the link system shall be as in table 28. The
International Standard specifies a power budget for a link, i.e. the maximum loss. A "loopback”
plug is defined as a single plug with a minimum length of fiber that connects ferrule 1 to
ferrule 2. This is used to provide the specification of the loss of a connector system and a
reference specification for the power budget for the cable assembly. The performance of a
minimum length reference cable is assumed to be equivalent to the performance of the
loopback system. Note that this provides a high degree of confidence of interoperability within a
practical test environment, but does not provide a guarantee of interoperability.
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Table 28 — TS-FO link performance specification

Characteristic Specification Test specification
Link length 300 m maximum
Power budget (total loss in a link) 6.5 dB maximum TP1 to TP4 and TP3 to TP2
Loopback test loss 1.5 dB maximum Loss between TP1 and TP2 using a

loopback plug

Difference in loss between the loss
Cable assembly additional 5 dB maximum measured from TP1 to TP4 (and TP3
attenuation to TP2) with cable under test and the

] . Lot £ Aafi Aol
TOoP o CKTESTTOSS Sttt aoove

6.2.5 |Eye safety

IEC 6(825 is the most stringent standard for laser radiation eye safety. It is for the implementor
to takq appropriate measures to ensure eye safety.

6.3 TB-FO character level
6.3.1 [General

The cpding is chosen to ensure that single-bit errors_do. not generate multiple-bit errprs on
decoding, and to avoid the overheads of CRC checking)(which would double the length of small
packets).

6.3.2 [Symbols

Each ¢haracter is coded as two six-bit symbols, where each symbol has three ones and three
zeros,|hence, the code is described as\a~three-of-six" code. There are twenty valid symbols
that hgve three ones and three zerosof which sixteen values are used for data and two [values
are uged for control. The remaining two values are unused. Table 29 shows the symbols
allocated to the sixteen data nibbkles (the symbols are drawn as on a oscilloscope tracg, with
the legst significant bit, i.e. thé fjrst transmitted, on the left).

Copyright © 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

This s

from the values 0 and F the coding is systematic in respect of bits 0, 1, 3, and

redund
symbo
always
either

The s
digital
used f

but ar¢ reserved as symbals‘used for control characters.

Contrg

Each ¢f these two symbols is always one of 101010 and 010101, depending upon the f

of the

— 56 - ISO/IEC 14575:2
IEEE Std 1355, 1998

Table 29 — Symbols allocated for character coding of data values

Hex LSB MSB

011010
101001
011001
110001
001101
101100

000(E)
Edition

011100
110100
001011
100011
010011
110010
001110
100110
010110
100104

nmlmlolo|lw|>|o|lo|~w|[dlo|ls|lw|dv]r]|o

blection of data symbols for the particular four bit values has several advantages

ant bits, 2 and 5, are placed in such a mranner as to guarantee transitions withi
| in at least two locations, each locatioti.occurring in one of two places. Thus, thg
be a transition either between the first and second bits or the second and third bi
between the fourth and fifth bits or.the fifth and sixth bits.

Apart
l. The
N each
ere will
s, and

mbols 000111 and 111000 are not utilized because they increase the run leng
sum variation (DSV) of the_code. Furthermore, the symbols 010101 and 101010
pr data symbols so as fo,limit the number of adjacent alternating bits in a data S

| characters are fermed by composing two symbols, called CONTROL and CONT

preceding,symbol, as shown in table 30.

Table 30 — Symbols for control characters

h and
re not
tream,

'ROL*,
nal bit

Copyri

Previous symbol CONTROL CONTROL*
XXXXX0 010101 101010
XXXXX1 101010 010101
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Control characters are readily identifiable as having a greater number of transitions than any
data symbol. This definition enables

a) the boundaries between data characters and control characters to be easily identified,
b) character synchronization to be checked.

6.3.3 Data characters

Data characters are comprised of two data symbols. Bits 0 to 3 of each data character are
transmitted by the first symbol and bits 4 to 7 are transmitted in the second symbol.

6.3.4 [ComtrotThraracters

The control characters NULL and FCC are comprised of CONTROL and CONTRQOL#*symbols.
The cpntrol characters EOP_1 and EOP_2 are comprised of a control symbol,and g data
symbadl, where the data symbol is the longitudinal error check code described'in 6.4.4.p. See
table 31.

Table 31 — Coding of control characters

Coptrol character Symbols Previous symbol Symbols (binary)
NUL|L CONTROL CONTROL* XXXXX1 101010 101010
XXXXX0 010101 010101

FCQ CONTROL CONTROL XXXXX 1 101010 010101
XXXXX0 010101 101010

EOA 1 CONTROL checksum XXXXX1 101010 checksun
XXXXX0 010101 checksun

EOA 2 checksum CONTROL checksumeExxxxx1 checksum 101010
checksumeExxxxx0 checksum 010101

A final control character, comprised of four symbols, is used for initialization. Thig is a
sequehce of as many transitions*as possible, as shown in table 32.

Table 32 — Coding of INIT

Control character Symbols Previous symbol Symbols (binary)
CONTROL CONTROL* 101010 101010

INHT CONTROL* CONTROL* XXXxXxX1 101010 101010
010101 010101

XXxxx0 010101 010101

6.4 TS-FO exchange level
6.4.1 General

In normal operation and in the absence of other characters, a TS-FO link shall transmit NULL
characters.
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6.4.2 Initialization

When a link interface starts it shall transmit INIT characters. The very first INIT character is
selected by assuming a "previous" symbol of xxxxx0. When a link interface has been both
transmitting and receiving INIT characters for 125 us £5 s, it shall then send NULL
characters. When a link interface has been transmitting and receiving NULL characters for at
least 125 ps + 5 s, it shall then transmit a single INIT character, followed by NULL characters.
When a link interface has both sent and received a single INIT character, it may send FCC
characters. When a link interface has received at least one FCC, it is free to start normal
operation. An appropriate state machine is illustrated in figure 21 and a timeline in figure 22.

If a lipk—rterface—has—been—sendirg—NUEL—charactersfor—mere—than—400—ps—but—has not
received the INIT character, or if the link interface has received any character other tharf NULL
since the first NULL character it received and before the INIT and FCC charactersy the link

interface shall restart the initialization sequence by reverting to transmitting continuous INIT
charagters.

l PowerOn Reset

StopLink

StartLink

Resynchroriise

Received INIT

450 ps or error during
exchange of NULLs

Exchanged INITS for

125ps ResetLink

Error during exchange
of NULLs

Exchanged NULLs-for

125 ps AllStates

Figure 21 — TS-FO link states
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PORT B Time PORT A
Action State State Action
Ready Ready
LinkStart Runlinit Send INITs

/

"w/—‘/ Runinit LinkStart
125 us Send INITs
(251) Run (125 \is)
Send NULLSs|

RunNull ¢ |Send NULLs, ¥ RunNull

(125 ps)
(125 ps)
RuniNull ¢ INIT then NULLs
ek N
, . Run Connection Established
(Connection Established) Run INIT then NULLs ( ion Established)

FCC

>’§

Bidirectional Data Flow % Bidirectional Data Flow

ResetLink Runinit Send INITs

Send INITs

Runlinit

Figure 22 — TS link start-up and reset

6.4.3 Flow control

Exchange level flow control (i.e. control of the flow of characters between link interfaces) shall
be performed on each link. The additional characters used are not visible to the higher-level
packet protocol.

The credit value (F) of each Flow Control Character (FCC) is set at 16 N_chars.
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6.4.3.1 Maximum transmission line length and latency

The appropriate formulas are given in annex H. Note that in a given implementation, the
appropriate N_char sink size will have to be chosen in order to prevent the flow control
mechanism periodically stalling the data flow over long lengths of fiber.

6.4.4

Error detection

Although DS-SE/DE, and fiber interfaced TS-FO links are designed to be reliable, the
attenuation, dynamic range, and distance of fiber connected links mean they are prone to
errors and these errors shall be detected. Checks are applied to the connection itself, to

packe

s _to characters to svymbols and to bit-seauences
4 T J T o

6.4.4.1

Durind
and sh
two cdg
reset ¢

6.4.4.2

The cq
and or
a zerg
symbo
of eac
data s

The fdg
decod
The cq
EOP_

Disconnection

normal operation, if a link interface is reset, it shall start transmitting\INIT cha
all revert to the initialization sequence. During normal operation, the reception of g
nsecutive INIT characters implies disconnection. This allows links leperating in sg
omains to resynchronize correctly.

Packets checked with longitudinal error check code

de for each symbol allows an unusually rigorous check, checking for all single-bit|
ly missing errors when one bit is turned from a onesto“a zero, and another is turng
to a one. Such errors shall be detected by a lgngitudinal check covering all th

h data character. The data characters and thé.parity are subsequently encoded as
ymbols.

bd on receipt, and compared with. the check computed from the received data sy
nversion of a packet into its enceded form, incorporating the encoded parity in eit
| or the EOP_2 character, as désired, is shown in figure 23.

acters
it least
parate

errors
d from
e data

Is in the packet. The check used shall be a longitidinal even parity check of the fibbles

six bit

ur check bits shall be converted into, the corresponding data symbol for transmission,

mbols.
ner the
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Packet organized as nibbles, with single parity nibble

Parity

CONTROL
Encparity

Encoded packet with encoded parity

Encparity
CONTROL

Figure 23-+"TS-FO packet encoding

6.4.4.3 Character level checks
All chgracters shall be checked. Any illegal character that is not otherwise reported as heing a
symbal or synchronization_ ‘error shall result in immediate link reset.
6.4.4.4 Bit-level cheeks and synchronization

Once the recejver-has established character boundaries, it should stay in synchronizatign with
these ¢haracter-boundaries thereafter. If a control character is received that is not in synchfonism,

an err@r has eccurred.

The INTT, NUTCTanodFCC Tharacters att itave at teast mine atternating bits, wihereas the fongest
length of alternating bits possible with data characters is eight. If a count is detected, therefore,
of nine alternating bits, there should be exactly three more bits to make the character; if there
are more or fewer bits to the character boundary, synchronization has been lost.
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6.4.4.5 Recovery of character synchronization

On loss of character synchronization, the receiver shall disconnect and reinitialize, or shall
attempt to resynchronize with the new timing. In either case, the (part) packet immediately
preceding the loss of synchronization shall be discarded. If the receiver attempts to
resynchronize without reinitializing, the (part) packets received until after synchronization has
been reestablished shall also be discarded. The receiver shall not set itself into synchronization
until it has received at least two control characters with the same character boundary.

7 HS-SE-10

7.1 HS-SE physical medium
7.1.1 |General electrical characteristics
7.1.1.1 Characteristic impedance

The characteristic impedance of the complete transmission line from the serial output budffer to
the sefial input buffer shall be 50 Q + 10 %.

7.1.1.2 Other characteristics

Other characteristics are given in table 33.

Table 33 — HS-SE-10 links general*characteristics

Value
Characteristic
Min. Max.
Crosstalk - 5%
ESD susceptibility 12 kv -
Sector noise 1kV -
E field 3V/m -

A system built using( HS-SE links shall meet CISPR limits concerning electromagnetic
emissions.

7.1.2 |Printed(circuit board (PCB)

A PCH track)carrying HS-SE signals shall have the characteristics given in table 34.

Table 34 — PCB track characteristics

Characteristic Value
Characteristic impedance at 1 GHz 50Q +10%
Crosstalk between adjacent tracks 2%

The maximum recommended bend angle is 120°.
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7.1.3 Single minicoaxial cable

This subclause describes the basic characteristics of a single minicoaxial cable.

7.1.3.1

The ph

Physical

ysical characteristics of a single minicoaxial cable shall be as in table 35.

Table 35 — Physical characteristics of a single coaxial cable

These

7.1.3.2

Characteristic Value
Central conductor size AWG 22
External diameter 2.85 mm maximum

characteristics are needed in order to be compatible with the coaxial\gontact.

Electrical

The elpctrical characteristics of a single minicoaxial cable shall be-as in table 36.

7.1.4

7.1.4.1

Table 36 — Electrical characteristics of a,sihgle coaxial cable

Characteristic Value

Characteristic impedance 50Q +£10%

Link cable

General

The basic bidirectional HS link-'cable contains two coaxial cables (one for each direction), and

is refe
to the

'red to as "single-link",cable. All the individual coaxial cables in a link cable shall ¢
characteristics desctibed above.

bnform

Copyright © 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

— 64— ISO/IEC 14575:2000(E)
IEEE Std 1355, 1998 Edition

7.1.4.2 Shielding

A link cable may be shielded or unshielded (double braid or single braid respectively; see
figure 24). Double braiding may be used in order to comply with the EMC specifications and to
protect the transmission line from external noise sources. Link cables supplied for use outside
a box shall be shielded. Link cables for use inside a box may be shielded.

Cable plastic skin
Cable plastic skin

Cable shielding

Coaxial drain
Coaxial drain

Coaxial dielectric

Coaxial dieleactric

Coaxial shiglding

Coaxial shielding Coaxial plastic skin

Coaxial plastic skin

a) Shielded (double braid) link cable b) Unshielded (single'braid) link cable

Figure 24 — Single braid and double fraid link cables
A recdmmendation for the shielded cable is given injannex P.

The liphk cable shall be clearly marked "ISOMEC 14575 HS-SE Link Cable (shieldgd)" or
"ISO/IEC 14575 HS-SE Link Cable (unshielded)" as appropriate.

7.1.4.3 Mechanical performance

Link cables shall have mechanicakperformance and safety certification as given in table B7.

Table 37 — Mechanical performance and safety certification of link cables

Mechanical performance

Chargcteristic Value (shielded) Value (unshielded)

Minimum bending«adius (static operation) 30 mm 30 mm

Safety certification

For cables,up to 3 m (10 ft) in the US UL listing: AWM style 20276, 80C, 30 V, VW1

For cables 3 m (10 ft) to 100 m UL listed class 2 power limited circuit cable (CL2)
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7.1.5

Link connectors

7.1.5.1 General

The connector system consists of a cable-mounted free connector; and a PCB-mounted
through-panel fixed connector. It provides the following features:

a) A single link connection per connector

b) Op

tion for multiple connections on the cable connector

c) Complete screening

d) Ro

st

e) La
f) Sm

The cq

The c
condu
conne

Note t
adapts
that th
illustrg

The al
to cor

upper

ch fixing (screw fixing may be used as an option)

all size

nnectors and coaxial contacts shall be as specified in IEC 61076-4-107,'\See anne|

onnector at either end of the single link cable shall be connected to the
ctors of the two coaxial cables in the cable in such a way as to’ connect pin a
Ctor with pin b in the other connector, and vice versa, i.e. as.shown in figure 25.

Figure 25 — HS-SE cable pins/connectors wiring

rs allowing multiple segments of cables to be used shall also provide such a tw
e effect of any such cable/adapteriCable combination is to provide a single tw
ted in figure 26.

[l pq L

Cable assembly Adapter Cable assembly

Figure 26 — HS-SE extension adapter

ocatienyof signals to the connector pins shall be as given in table 38 (which is o
espond to the external view of the through-panel (fixed) connector when mounted
surface of a horizontal PCB; see figure 27). The direction of the signals is relative

X B.

central
in one

hat the effect of the cable/connector assembly is to provide a single twist. Any extension

ist, so
ist, as

iented
on the
to the

throug

Copyri

T-panet (fixed) adapter:

:

PCB

Figure 27 — HS-SE fixed connector external view
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Table 38 — Pin allocation of HS-SE connector

b HS_SE_in

a HS_SE_out

In addition to the interface specification of IEC 61076-4-107, the connectors shall have the

proper

ties described in table 39.

Table 39 — HS-SE environmental constraints

Annex

7.1.6
The e
depen

table
range,

7.2 H
7.2.1

HS-SH
table 4

Characteristic Specification

Fixed connector modules shall be placed on a 6 mm pitch;

Modularit . .
y or their centerlines separated by more than 12 mm

Connector width 5.9 mm maximum

O provides a recommendation for the PCB layout for the fixed<onhector.

Environmental constraints

nvironmental requirements for the HS-SE link cabl€s) and connectors are appl
Hent. However, as a minimum, the cables and connectors shall meet the constrg

or other environmental parameters.

Table 40 — HS-SE envifOnmental constraints

Parameter Value
Operating temperature —-10 °C to +60 °C
Non-operating temperature —-40 °C to +85 °C

S-SE signal level

General

-10 signaltlevels are single ended. A HS-SE link shall operate in the ranges g
1.

ication
ints in

10. Note that specific applications may have«requirements for extended tempegrature

ven in

Table 41 — Operating rates for HS-SE-10 links

Copyri

Characteristic Value
Operating signalling speed 700 MBd to 1 GBd
Bit period 1.428 nsto 1 ns
Maximum rise and fall time at the transmitter (10 % — 90 %) 300 ps
Minimum rise and fall time at the transmitter (10 % — 90 %) 100 ps
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The electrical model of the link input and output buffers is shown in figure 28.

Vbbp Vbbp

érB mA (nominal) gR3

Emitter Receiver
Transmission line
(output buffer to input buffer):

> characteristic impedance, B2/ RA=7
Z:=500 £ 10 %
Jor0 N
—t @ 18 >
> 2 Switching thershold

= Vs = Vipp/2'(nominal)

?8 mA (nominal) ER4

Vss Vss

Figure 28 — Input and output buffer electrical model

The rgceiver amplifier should be polarized areurd its switching threshold, nominally at
for a [CMOS inverter. This results in a maximum receiver sensitivity. The receive

impedance (defined by R3 // R4) shall be 50:°Q + 10 %.

VDD/2
input

The difiver is modeled by two current.sources, pulling the line to logic level 1 or logic levgl 0 as

a function of the bit to be sent. The nominal signal levels corresponding to these logic
are as|follows:

. . \Y,
Vs [F threshold voltage:of the receiver amplitude = —22

and
(V¢ — VL) = (V5= Vs) =400 mV
where
V| ig’veltage level corresponding to logic level 0 on the line

Vy-isvoltagetevetcorrespondingtotogictevetr-tomnthetine
and

R3// R4 = Z,
where

Z. is characteristic impedance of the transmission line (50 W)

Copyright © 1998 IEEE. All rights reserved.
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7.2.2 Attenuation budget
The total attenuation for each of the HS-SE signals (from output of the driver to input of the

receiver) shall be less than or equal to 7.6 dB at 500 MHz. This attenuation shall be divided
following the guidelines given in table 42.

Table 42 — Attribution of attenuation budget

Parameter Maximum
attenuation (dB)
Output of driver to output of connector 0.8
Across cable 6
Input to connector and input of receiver 0.8

7.2.3 |Line signal levels driver side

Owing| to the nature of the line signal levels, the latter should\bé observed via a high
impedance probe on a fully connected line. For observation purposes at the driver side| of the
line, the line loss of the transmission medium shall be less than”0.5 dB. The levels sha|l meet
the reqiuirements shown in table 43 or Vpp = 3.3 V (nominal) and table 44 for Vpp 5/ 5.0 V
(nominal).

Table 43 — Driver side line logic levelsfor Vpp = 3.3 V (nominal)

Symbol Parameter Units Min. Typ Max.
VoLs Serial output low level \Y 1.15 1.25 1.35
Vous Serial output high level \Y 1.95 2.05 2.15

Table 44 — Driyerside line logic levels for Vpp = 5.0 V (nominal)

Symbol Parameter Units Min. Typ Max.
Vors Serial output low level \Y 2.0 2.1 2.2
Vous Serial output high level \ 2.8 2.9 3.0

Copyright © 1998 IEEE. All rights reserved.

tively) ‘the output of the driver may be a.c. coupled (see below) directly into th

Table 45 — Driver side line swing when a.c. coupled into 50 Q termination

b 50 Q
levels

Symbol

Parameter

Units

Min.

Typ

Max.

Vsw

Serial line swing

\

0.6

0.8

1.0

45,
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7.2.4 AC coupling of the link

The HS Link 8B/12B coding scheme is d.c. balanced, with a maximum disparity of 8 b. This
d.c. balance allows the code to be transmitted across a.c. coupled links, which is advantageous
for both fiber and coaxial cable systems. Therefore the HS-SE-10 links using such media
should be a.c. coupled.

If the a.c. coupling poles are too high in frequency, long strings of 1s or Os will distort and
degrade the opening of the data eye. This distortion is called baseline wander. In order for the
baseline wander to degrade the eye opening by less than 4 % of the total, the a.c. coupling
needs to follow the following guidelines:

a) If the node (transmit or receive) has a single dominant a.c. coupling pole in series{the pole
freguency shall be 800 kHz or lower.

b) If the node (transmit or receive) has two equal a.c. coupling pole in series, thge pole
freguency shall be 400 kHz or lower.

Transformer coupling or capacitive coupling may be used.

Becauge of static electricity considerations, it is undesirable to leave the cable conductors
completely isolated from ground. A bleeder resistor (10 MQ) should be included.

For HP Links that operate between two components on theysame PCB (i.e. using only PCB
tracks), a.c. coupling may be used, but is less essential.

7.2.5 |Receiver electrical

The relceiver shall meet the electrical characteristics given in table 46.

Table 46 — Receiver'electrical characteristics

Charactetistic Value
Minimum sensitivity, 250 mV
Maximum input_voltage 1 200 mV peak-to-peak
Minimum_discrete connector return loss 20 dB

7.2.6 |EM susceéptibility

A system ~USing HS-SE links shall meet or exceed IEC 61000-4-4 specifications ¢n EM
susce;rtibility as a function of the intended operating environment.

7.3 HS character level (8B/12B code)
7.3.1 General
The HS-SE-10 uses an 8B/12B d.c. balanced code. This code provides the following features.

a) A positive going synchronization transition at the beginning of every character, to simplify
clock recovery.

b) An odd parity bit per character, enabling the detection of single bit errors.

c) DC balance, with a maximum disparity of 8 b.

d) Out-of-bound control characters.

Copyright © 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

7.3.2

- 70 - ISO/IEC 14575:2
IEEE Std 1355, 1998

Transmission characters

000(E)
Edition

Define d[7:0] to be the byte to be transmitted, where d[7] is the most significant bit. To each
byte, an odd parity, AP, and an inversion bit, I, are added to form the encoded character (on
10 b). The transmission character (on 12 b) is the encoded character plus the Start (1) and
Stop (0) bits that provide the positive going synchronization transition.

The transmission character therefore has the form:

Start (

where

el

On the

The A

AP
AP

7.3.3

A codg

patterp. This provides many advantages for high data rate transmission on fibre optic an

distan

Assign
compg
betweg
refer

(cumu
balang
perfec

To malfintain d.c. balancea non-zero RD has always to tend towards zero. For each ch

to be
(since
| =0.
e[7:0]
encod
reduce

1Y AP e[0] e[1] e[2] e[3] e[4] e[5] e[6] e[7] Invert, | Stop ('0")

:0] is d[7:0] or d[7:0], as defined in 7.3.3.

serial line the bits shall be sent in the order Start to Stop ([0] = LSB).

P bit is defined as follows:

is 1 if there is an even number of 1s in e[7:0] and |
is 0 if there is an odd number of 1s in e[7:0] and |

DC balance
 that is d.c. balanced is one that has a constani\d.c. component regardless of th

e copper media.

ing +1 and -1 to bit levels 1 and 'O respectively provides a measure of th
nent in each transmitted character-SFhe disparity, D, of a data word is the diff
bn the number of 1s and the number of Os in the word-positive and negative disy
o an excess of 1s and Os respectively. The running disparity, RD, is the r|
ative) sum of the disparities of all previous characters. In a code that is "ideall
ed each transmitted character has a D = 0 and thus RD is always equal to 0. HQ
I d.c. balance is not reqaired in practice.

bent, the following-algorithm is used: calculate the disparity D of the encoded ch
the Start and Stop bits are 1 and O respectively, they do not affect the disparit
f the resultywill reduce the absolute value of RD, then transmit the character as it
= d[7:0};~k= 0). If the result will increase the absolute value of RD, then inv

s or leaves unchanged the absolute value of RD. The receiver uses the b

deter

e data
d long

e d.c.
brence
arities
unning
y" d.c.
wever,

racter
racter
y) with
is (i.e.
brt the

bd character and set | = 1 (i.e. e[7:0] = d[7:0], | = 1), so that the inverted character

it | to
s also

ine whether the character has been inverted or not. By its definition, the AP

invertedfdf 770t andare mverted— i summrary:

If RD<0and D >0then| =0, e[7:0] =d[7:0] (character non-inverted)
IfRD<0and D<0thenl =1, e[7:0] = d[7:0] (character inverted)

If RD=0and D<O0thenl| =0, e[7:0] =d[7:0] (character non-inverted)
IfRD>0and D=0

then |1 =1, e[7:0] = d[7:0] (character inverted)
IfRD=0and D=0then| =1, e[7:0] =d[7:0] (character inverted)

Copyri
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7.3.4 Control characters

When the disparity of the encoded character is zero it does not effect the RD, and can
therefore be transmitted either non-inverted or inverted. This property enables the transmission
of control characters. As defined above, if D = 0, the character is transmitted inverted. Control
characters are therefore defined as characters that have D = 0 but are transmitted non-
inverted. This gives 126 possible control characters.

7.3.5 The code

Table 47 details the 256 data characters, giving the decimal value, the binary value, the
transnyssien—character—and—the—disparity—For—data—characters—which—have—a—Db#0—the non-
invertad (first row) and inverted forms (second row) of the character is shown. Note that| D can
take the values 0, £4 and +8 only.

Table |48 details the 126 control characters, giving the control character ID\ (0 to 12p), the
decimdl value, the binary value, and the transmission character (the disparity being zefo and
the chparacter being non-inverted).

Copyright © 1998 IEEE. All rights reserved.
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Dec Bin, d[0:7] S-AP-e[0:7]-1-S D
0 00000000 1 1 000000000 O -8
10 111111111 O 8
1 10000000 1 0 100000000 O -8
11 011111111 O 8
2 01000000 1 0 010000000 O -8
11 101111111 O 8
S 11000000 1 1 110000000 O -4
1 0 001111111 O 4
4 00100000 1 0 001000000 O -8
11 110111111 O 8
5 10100000 1 1 101000000 O -4
1 0 010111111 O 4
6 01100000 1 1 011000000 O -4
1 0 100111111 O 4
7 11100000 1 0 111000000,0 -4
1 1 000111112 O 4
8 00010000 1 0 000100000 O -8
11 221011111 O 8
9 10010000 1.1,100100000 O -4
1 0 011011111 O 4
10 01010000 1 1 010100000 O -4
1 0 101011111 O 4
11 11010000 1 0 110100000 O -4
1 1 001011111 O 4
12 00110000 1 1 001100000 O -4
1 0 110011111 O 4
13 10110000 1 0 101100000 O -4
1 1 010011111 O 4
14 01110000 1 0 011100000 O -4
1 1 100011111 O 4
15 11110000 1 0 000011111 O
16 00001000 1 0 000010000 O -8
11 111101111 O 8
17 10001000 1 1 100010000 O -4
1 0 011101111 O 4
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Table 47 (continued)

Dec Bin, d[0:7] S-AP-e[0:7]-1-S
18 01001000 1 1 010010000 O -4
1 0 101101111 O 4
19 11001000 1 0 110010000 O -4
1 1 001101111 O 4
20 00101000 1 1 001010000 O -4
1 0 110101111 O 4
21 10101000 1 0 101010000 O -4
1 1 010101111 O 4
22 01101000 1 0 011010000 O -4
1 1 100101111 O
23 11101000 1 0 000101111 O
24 00011000 1 1 000110000 O =4
1 0 111001111 O 4
25 10011000 1 0 100110000 O -4
11 0110011110 4
26 01011000 1 0 010110000 O -4
11 104001111 O 4
27 11011000 1 0 001001111 O 0
28 00111000 1.0,7001110000 O -4
1 1 110001111 O 4
29 10111000 1 0 010001111 O
30 01111000 1 0 100001111 O 0
31 11111000 1 1 000001111 O 0
32 00000100 1 0 000001000 O -8
11 111110111 O 8
33 10000100 1 1 100001000 O -4
1 0 011110111 O 4
34 01000100 1 1 010001000 O -4
1 0 101110111 O 4
35 11000100 1 0 110001000 O -4
11 001110111 O 4
36 00100100 1 1 001001000 O -4
1 0 110110111 O 4
37 10100100 1 0 101001000 O -4
11 010110111 O 4
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Dec Bin, d[0:7] S-AP-e[0:7]-1-S D
38 01100100 1 0 011001000 O -4
1 1 100110111 O 4
39 11100100 1 0 000110111 O
40 00010100 1 1 000101000 O -4
1 0 111010111 O 4
41 10010100 1 0 100101000 O -4
T I OIT0I0TIT O T
42 01010100 1 0 010101000 O -4
11 101010111 O 4
43 11010100 1 0 001010111 O 0
44 00110100 1 0 001101000 O -4
11 110010111 O 4
45 10110100 1 0 010010111 O
46 01110100 1 0 100010111 O 0
47 11110100 1 1 0000101110 0
48 00001100 1 1 000011000 O -4
1 0 1171200111 O 4
49 10001100 1 0 1200011000 O -4
1.1°011100111 O 4
50 01001100 1 0 010011000 O -4
11 101100111 O 4
51 11001100 1 0 001100111 O 0
52 00101100 1 0 001011000 O -4
11 110100111 O 4
53 10101100 1 0 010100111 O
54 01101100 1 0 100100111 O 0
55 11101100 1 1 000100111 O 0
56 00011100 1 0 000111000 O -4
11 111000111 O 4
57 10011100 1 0 011000111 O 0
58 01011100 1 0 101000111 O 0
59 11011100 1 1 001000111 O 0
60 00111100 1 0 110000111 O 0
61 10111100 1 1 010000111 O 0
62 01111100 1 1 100000111 O 0
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Table 47 (continued)

Dec Bin, d[0:7] S—-AP-e[0:7]-1-S
63 11111100 11 111111000 O 4
1 0 000000111 O -4
64 00000010 1 0 000000100 O -8
11 111111011 O 8
65 10000010 1 1 100000100 O -4
1 0 011111011 O 4
519 01000010 1 1 010000100 O -4
1 0 101111011 O 4
67 11000010 1 0 110000100 O -4
11 001111011 O 4
68 00100010 1 1 001000100 O =4
1 0 110111011 O 4
69 10100010 1 0 101000100 O -4
11 010111011 O 4
70 01100010 1 0 011000100,0 -4
1 1 100111011 O 4
71 11100010 1 0 0004321011 O
72 00010010 1 1 000100100 O -4
1.00111011011 O 4
73 10010010 1 0 100100100 O -4
11 011011011 O 4
74 01010010 1 0 010100100 O -4
11 101011011 O 4
75 11010010 1 0 001011011 O 0
76 00110010 1 0 001100100 O -4
11 110011011 O 4
77 10110010 1 0 010011011 O
78 01110010 1 0 100011011 O 0
79 11110010 1 1 000011011 O 0
80 00001010 1 1 000010100 O -4
1 0 111101011 O 4
81 10001010 1 0 100010100 O -4
1 1 011101011 O 4
82 01001010 1 0 010010100 O -4
11 101101011 O 4
83 11001010 1 0 001101011 O 0
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Dec Bin, d[0:7] S-AP-e[0:7]-1-S D
84 00101010 1 0 001010100 O -4
11 110101011 O 4
85 10101010 1 0 010101011 O
86 01101010 1 0 100101011 O 0
87 11101010 1 1 000101011 O 0
88 00011010 1 0 000110100 O -4
T I ITI00I0IT O T
89 10011010 1 0 011001011 O 0
90 01011010 1 0 101001011 O 0
91 11011010 1 1 001001011 O 0
92 00111010 1 0 110001011 O 0
93 10111010 1 1 010001011 O 0
94 01111010 1 1 100001011 O 0
95 11111010 11 111110100 O 4
1 0 0000010110 -4
96 00000110 1 1 000001100 O -4
10 11#3:10011 O 4
97 10000110 1 0 200001100 O -4
1.1°011110011 O 4
98 01000110 1 0 010001100 O -4
11 101110011 O 4
99 11000110 1 0 001110011 O 0
100 00100110 1 0 001001100 O -4
11 110110011 O 4
101 10100110 1 0 010110011 O
102 01100110 1 0 100110011 O 0
103 11100110 1 1 000110011 O 0
104 00010110 1 0 000101100 O -4
11 111010011 O 4
105 10010110 1 0 011010011 O 0
106 01010110 1 0 101010011 O 0
107 11010110 1 1 001010011 O 0
108 00110110 1 0 110010011 O 0
109 10110110 1 1 010010011 O 0
110 01110110 1 1 100010011 O 0
111 11110110 11 111101100 O 4
1 0 000010011 O -4

Copyright © 1998 IEEE. All rights reserved.



https://iecnorm.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

ISO/IEC 14575:2000(E)
IEEE Std 1355, 1998 Edition

- 77 -

Table 47 (continued)

Dec Bin, d[0:7] S-AP-e[0:7]-1-S
112 00001110 1 0 000011100 O -4
11 111100011 O 4
113 10001110 1 0 011100011 O 0
114 01001110 1 0 101100011 O 0
115 11001110 1 1 001100011 O 0
116 00101110 1 0 110100011 O 0
TI7 TOTOITIO0 T I 0I0I000IT O 0
118 01101110 1 1 100100011 O 0
119 11101110 11 111011100 O 4
1 0 000100011 O -4
120 00011110 1 0 111000011 O 0
121 10011110 1 1 011000011 O 0
122 01011110 1 1 101000011 O 0
123 11011110 11 110111100 O 4
1 0 0010000110 -4
124 00111110 1 1 110000021 O
125 10111110 11 104231100 O 4
1 0 020000011 O -4
126 01111110 1.1°011111100 O 4
1 0 100000011 O -4
127 11111110 10 111111100 O 4
1 1 000000011 O -4
128 00000001 1 0 000000010 O -8
11 111111101 O 8
129 10000001 1 1 100000010 O -4
1 0 011111101 O 4
130 01000001 1 1 010000010 O -4
1 0 101111101 O 4
131 11000001 1 0 110000010 O -4
1 1 001111101 O 4
132 00100001 1 1 001000010 O -4
1 0 110111101 O 4
133 10100001 1 0 101000010 O -4
1 1 010111101 O 4
134 01100001 1 0 011000010 O -4
11 100111101 O 4
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Dec Bin, d[0:7] S—-AP-e[0:7]-1-S D
135 11100001 1 0 000111101 O 0
136 00010001 1 1 000100010 O -4
1 0 111011101 O 4
137 10010001 1 0 100100010 O -4
11 011011101 O 4
138 01010001 1 0 010100010 O -4
T I I0I0ITTI0T O T
139 11010001 1 0 001011101 O 0
140 00110001 1 0 001100010 O -4
11 110011101 O
141 10110001 1 0 010011101 O
142 01110001 1 0 100011101 O 0
143 11110001 1 1 000011101 O 0
144 00001001 1 1 000010010 O -4
10 1111011010 4
145 10001001 1 0 100010020 O -4
11 01#201101 O 4
146 01001001 1 0 020010010 O -4
1.13%101101101 O 4
147 11001001 1 0 001101101 O 0
148 00101001 1 0 001010010 O -4
11 110101101 O 4
149 10101001 1 0 010101101 O
150 01104001 1 0 100101101 O 0
151 12101001 1 1 000101101 O 0
152 00011001 1 0 000110010 O -4
11 111001101 O 4
1563 10011001 1 0 011001101 O 0
154 01011001 1 0 101001101 O 0
155 11011001 1 1 001001101 O 0
156 00111001 1 0 110001101 O 0
157 10111001 1 1 010001101 O 0
158 01111001 1 1 100001101 O 0
159 11111001 11 111110010 O 4
1 0 000001101 O -4
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Table 47 (continued)

Dec Bin, d[0:7] S-AP-e[0:7]-1-S
160 00000101 1 1 000001010 O -4
1 0 111110101 O 4
161 10000101 1 0 100001010 O -4
11 011110101 O 4
162 01000101 1 0 010001010 O -4
11 101110101 O 4
163 11000101 1 0 001110101 O [§)
164 00100101 1 0 001001010 O -4
11 110110101 O 4
165 10100101 1 0 010110101 O
166 01100101 1 0 100110101 O 0
167 11100101 1 1 000110101 O 0
168 00010101 1 0 000101010 O -4
11 111010101 O 4
169 10010101 1 0 0110101010 0
170 01010101 1 0 101010101 O 0
171 11010101 11 00610101 O 0
172 00110101 1 0 220010101 O 0
173 10110101 1.14010010101 O 0
174 01110101 1 1 100010101 O 0
175 11110101 11 111101010 O 4
1 0 000010101 O -4
176 00001101 1 0 000011010 O -4
11 111100101 O 4
177 10001101 1 0 011100101 O 0
178 01001101 1 0 101100101 O 0
179 11001101 1 1 001100101 O 0
180 00101101 1 0 110100101 O 0
181 10101101 1 1 010100101 O 0
182 01101101 1 1 100100101 O 0
183 11101101 11 111011010 O 4
1 0 000100101 O -4
184 00011101 1 0 111000101 O 0
185 10011101 1 1 011000101 O 0
186 01011101 1 1 101000101 O 0
1 0 010000101 O -4
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Dec Bin, d[0:7] S—-AP-e[0:7]-1-S D
187 11011101 11 110111010 O 4
1 0 001000101 O -4
188 00111101 1 1 110000101 O 0
189 10111101 11 101111010 O 4
1 0 010000101 O -4
190 01111101 11 011111010 O 4
1 0 100000101 O -4
191 11111101 10 111111010 O 4
1 1 000000101 O -4
192 00000011 1 1 000000110 O -4
1 0 111111001 O 4
193 10000011 1 0 100000110 O =4
11 011111001 O 4
194 01000011 1 0 010000110 O -4
11 1011110010 4
195 11000011 1 0 001111001 O 0
196 00100011 1 0 004600110 O -4
1 1 320111001 O 4
197 10100011 1.0,0010111001 O
198 01100011 1 0 100111001 O 0
199 11100011 1 1 000111001 O 0
200 00010011 1 0 000100110 O -4
11 111011001 O 4
201 10010011 1 0 011011001 O 0
202 02010011 1 0 101011001 O 0
203 11010011 1 1 001011001 O 0
204 00110011 1 0 110011001 O 0
205 10110011 1 1 010011001 O 0
206 01110011 1 1 100011001 O 0
207 11110011 11 111100110 O 4
1 0 000011001 O -4
208 00001011 1 0 000010110 O -4
1 1 111101001 O 4
209 10001011 1 0 011101001 O 0
210 01001011 1 0 101101001 O 0
211 11001011 1 1 001101001 O 0
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Table 47 (continued)

Dec Bin, d[0:7] S—-AP-e[0:7]-1-S
212 00101011 1 0 110101001 O 0
213 10101011 1 1 010101001 O 0
214 01101011 1 1 100101001 O 0
215 11101011 11 111010110 O 4
1 0 000101001 O -4
216 00011011 1 0 111001001 O 0
217 TOOTIOIT T I OITO0I00T O 0
218 01011011 1 1 101001001 O 0
219 11011011 11 110110110 O -4
1 0 001001001 O
220 00111011 11 110001001 O
221 10111011 11 101110110 O
1 0 010001001 O -4
222 01111011 11 011110110 O 4
1 0 1000010010 -4
223 11111011 1 0 111110120 O 4
1 1 0006001001 O -4
224 00000111 1 0 000001110 O -4
1.13%111110001 O 4
225 10000111 1 0 011110001 O 0
226 01000111 1 0 101110001 O 0
227 11000111 1 1 001110001 O 0
228 00100112 1 0 110110001 O 0
229 10100111 1 1 010110001 O 0
230 02100111 1 1 100110001 O 0
231 11100111 11 111001110 O 4
1 0 000110001 O -4
232 00010111 1 0 111010001 O 0
233 10010111 1 1 011010001 O 0
234 01010111 1 1 101010001 O
235 11010111 11 110101110 O 4
1 0 001010001 O -4
236 00110111 1 1 110010001 O 0
237 10110111 11 101101110 O 4
1 0 010010001 O -4
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Dec Bin, d[0:7] S—-AP-e[0:7]-1-S D
238 01110111 11 011101110 O 4
1 0 100010001 O
239 11110111 1 0 111101110 O
1 1 000010001 O -4
240 00001111 1 0 111100001 O 0
241 10001111 1 1 011100001 O 0
227 OI00ITIT T I I0IT0000T O 0
243 11001111 11 110011110 O 4
1 0 001100001 O -4
244 00101111 11 110100001 O
245 10101111 11 101011110 O 4
1 0 010100001 O -4
246 01101111 11 011011110 O 4
1 0 100100001 O -4
247 11101111 10 111011110.0 4
1 1 000100001 O -4
248 00011111 1 1 111600001 0 0
249 10011111 1 1 200111110 O 4
1.0,7011000001 0O 4
250 01011111 1 1 010111110 O 4
1 0 101000001 O 4
251 11011111 1 0 110111110 O 4
1 1 001000001 O 4
252 00171%¢111 11 001111110 O 4
1 0 110000001 O 4
253 10111111 1 0 101111110 O 4
1 1 010000001 O 4
254 01111111 1 0 011111110 O 4
1 1 100000001 O 4
255 11111111 11 111111110 O 8
1 0 000000001 O 8
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Table 48 — Control characters

1D Dec Bin, d[0:7] S-AP-e[0:7]-I-S

0 15 11110000 11 11110000 0 O
1 23 11101000 11 11101000 0 O
2 27 11011000 11 11011000 0 O
3 29 10111000 11 10111000 0 O
4 30 01111000 11 01111000 0 O
5 31 11111000 10 11111000 0 O
[§] SY 11100100 1 1 11100100 O O
7 43 11010100 1 1 11010100 0 O
8 45 10110100 11 10110100 0 O
9 46 01110100 11 01110100 0 O
10 47 11110100 1 0 11110100 010
11 51 11001100 11 11001100 0°0
12 53 10101100 1 1 1010¥¥00 0 O
13 54 01101100 11 01101100 0 O
14 55 11101100 1 0811101100 0 O
15 57 10011100 11 10011100 0 O
16 58 01011100 1 1 01011100 0 O
17 59 11011100 1 0 11011100 0 O
18 60 00111100 1 1 00111100 0 O
19 61 10111100 1 0 10111100 0 O
20 62 01111100 1 0 01111100 0 O
21 71 11100010 11 11100010 0 O
22 75 11010010 1 1 11010010 0 O
23 77 10110010 11 10110010 0 O
24 78 01110010 11 01110010 0 O
25 79 11110010 10 11110010 0 O
26 83 11001010 1 1 11001010 0 O
27 85 10101010 11 10101010 0 O
28 86 01101010 1 1 01101010 0 O
29 87 11101010 1 0 11101010 0 O
30 89 10011010 11 10011010 0 O
31 90 01011010 1 1 01011010 0 O
32 91 11011010 1 0 11011010 0 O
33 92 00111010 11 00111010 0 O
34 93 10111010 10 10111010 0 O
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Table 48 (continued)

1D Dec Bin, d[0:7] S-AP-e[0:7]-I-S

35 94 01111010 1 0 01111010 0 O
36 99 11000110 1 1 11000110 0 O
37 101 10100110 11 10100110 0 O
38 102 01100110 1 1 01100110 0 O
39 103 11100110 10 11100110 0 O
40 105 10010110 1 1 10010110 0 O
1T 106 0I0I0TII0 T T 0OI0I0OITI0 O O
42 107 11010110 1 0 11010110 0 O
43 108 00110110 1 1 00110110 0 O
44 109 10110110 1 0 10110110 0 O
45 110 01110110 1 0 01110110 00
46 113 10001110 1 1 10001110 0°0
47 114 01001110 1 1 0100X¥¥10 0 O
48 115 11001110 1 0 11001110 0 O
49 116 00101110 1 1500101110 0 O
50 117 10101110 10 10101110 0 O
51 118 01101110 1 0 01101110 0 O
52 120 00011110 1 1 00011110 0 O
53 121 10011110 1 0 10011110 0 O
54 122 01011110 1 0 01011110 0 O
55 124 00111110 1 0 00111110 0 O
56 135 11100001 11 11100001 0 O
57 139 11010001 1 1 11010001 0 O
58 141 10110001 11 10110001 0 O
59 142 01110001 11 01110001 0 O
60 143 11110001 1 0 11110001 0 O
61 147 11001001 11 11001001 0 O
62 149 10101001 11 10101001 0 O
63 150 01101001 11 01101001 0 O
64 151 11101001 10 11101001 0 O
65 153 10011001 11 10011001 0 O
66 154 01011001 11 01011001 0 O
67 155 11011001 1 0 11011001 0 O
68 156 00111001 1 1 00111001 0 O
69 157 10111001 1 0 10111001 0 O
70 158 01111001 1 0 01111001 0 O
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Table 48 (continued)

ID Dec Bin, d[0:7] S—-AP-e[0:7]-1-S

71 163 11000101 11 11000101 0 O
72 165 10100101 11 10100101 0 O
73 166 01100101 1 1 01100101 0 O
74 167 11100101 1 0 11100101 0 O
75 169 10010101 1 1 10010101 0 O
76 170 01010101 11 01010101 0 O
77 T7T TTOI0I0I T U IT0OI0I0T O O
78 172 00110101 1 1 00110101 0 O
79 173 10110101 1 0 10110101 0 O
80 174 01110101 1 0 01110101 0 O
81 177 10001101 1 1 10001101 010
82 178 01001101 1 1 01001102 0°0
83 179 11001101 10 1100X101 0 O
84 180 00101101 1 1 00101101 0 O
85 181 10101101 1 0810101101 0 O
86 182 01101101 10 01101101 0 O
87 184 00011101 1 1 00011101 0 O
88 185 10011101 1 0 10011101 0 O
89 186 01011101 1 0 01011101 0 O
90 188 00111101 1 0 00111101 0 O
91 195 11000011 1 1 11000011 0 O
92 197 10100011 1 1 10100011 0 O
93 198 01100011 11 01100011 0 O
94 199 11100011 1 0 11100011 0 O
95 201 10010011 11 10010011 0 O
96 202 01010011 1 1 01010011 0 O
97 203 11010011 1 0 11010011 0 O
98 204 00110011 1 1 00110011 0 O
99 205 10110011 1 0 10110011 0 O
100 206 01110011 1 0 01110011 0 O
101 209 10001011 1 1 10001011 0 O
102 210 01001011 1 1 01001011 0 O
103 211 11001011 1 0 11001011 0 O
104 212 00101011 1 1 00101011 0 O
105 213 10101011 1 0 10101011 0 O
106 214 01101011 1 0 01101011 0 O
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Table 48 (continued)

1D Dec Bin, d[0:7] S-AP-e[0:7]-I-S

107 216 00011011 1 1 00011011 0 0
108 217 10011011 1 0 10011011 0 0
109 218 01011011 1 0 01011011 0 O
110 220 00111011 1 0 00111011 0 0O
111 225 10000111 1 1 10000111 0 0
112 226 01000111 1 1 01000111 0 0
115 221 11000111 1 0 11000111 O O
114 228 00100111 1 1 00100111 0 0
115 229 10100111 1 0 10100111 0 0O
116 230 01100111 1 0 01100111 0 0
117 232 00010111 1 1 00010111 01Q
118 233 10010111 1 0 10010113 0°0
119 234 01010111 1 0 01010111 0 0
120 236 00110111 1 0 00110111 0 0
121 240 00001111 1 100001111 0 0
122 241 10001111 10" 10001111 0 0
123 242 01001111 1 0 01001111 0 0O
124 244 00101111 1 0 00101111 0 0
125 248 00011111 1 0 00011111 0 O

NOTE [Shaded control characters indicate that they.are defined by the exchange level or by the packet levq
7.4 HS exchange level
7.4.1 |General

The exchange level shall perform the following functions that correspond to normal oper3
a bidirpctional link:

a) Start-up
b) Shutdown
c) FlIgw contrgl

The exchange level shall perform the following additional functions:

— Pakty-errordetection-andrecovery

— Receiver calibration loss detection and recovery
— Disconnection detection and recovery

— Reset

All exchange level functions remain invisible to the packet level during normal operation.

The exchange level uses the reserved L_chars detailed in table 49.
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Table 49 — Reserved L_chars for exchange level functions

Consig
into tw

Symbol Control character ID Name
IDLE 0 Idle
START_REQ 5 Start request
START_ACK 1 Start acknowledge
STOP_REQ 2 Stop request
STOP_ACK 3 Stop acknowledge
STOP_NACK 4 Stop negative acknowledge
FCC 125 Flow control
RESET 6 Reset

NODE|[ A and transmitter_B and receiver_B for NODE_B.

[

DDE_A

Link A

KSTART_REQ
\ 'START_ACK
STOP_REQ '

TX._A

"'stop_ack 1CAL A Link B
'STOP_NACK -
[FCC_RESET |

.

Rx._A

Port_A
Sdurce A N_CHARS
Send FCC
dink A N_CHARS
CAL,parity error
Port controller_A
Each

DATA, IDLE,
START_REQ etc.

Port controller_B
CAL,parity error

Transmission line

DATA, IDLE,
START_REQ etc.

CAL_A

Rx._B

er two connected nodes, NODE_A and NODE_B (see figure 29). Each port is divided
0 parts: a transmitter and a receiver, referred to as transmitter_A- and receive

A for

N_CHARS

START_REQ

| START_ACK

, STOP_REQ
STOP_ACK !

' STOP_NACK

¢ WFCCRESET

Send FCC

Transmission line

Tx._B

N_CHARS

Port_B

Figure 29 — Exchange level interconnection between two nodes

ort has a N char source (SOURCE A and SOURCFE B) which supply N c

Source |

NODE |

F |

ars to

transmitter_A and transmitter_B respectively and a N_char sink (SINK_A and SINK_B) which
accept data from receiver_A and receiver_B respectively.

Exchange level information (i.e. the L_chars detailed in table 49) generated and sent by, for
example, transmitter_A, are received and filtered by the receiver_B and passed directly to
transmitter_B (and vice versa). L_chars shall not be generated by the source nor written into
the sink.
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Each receiver shall have a flag, CAL, which indicates its state. When CAL is low, this indicates
that the receiver is not calibrated to the incoming serial data stream. When in this state, all
characters shall be filtered by the receiver. When CAL is high, this indicates that the receiver is
calibrated to the incoming serial data stream. When in this state, all N_chars shall be passed
to the N_char sink and all L_chars shall be passed to the port's transmitter.

Each transmitter and receiver is controlled by a state machine. (See figures 30, 31, 32 and 33).

State:
Tx_Not_Working
Action:calibrate
receiver on received
IDLEs if any

Request to tralnsmit/ x

State: Tx_Cal_1 State: Tx_Cal_2
Action: calibrate transmitter JAction: calibrate transmitter
Serial output low Serial output low

TX calibrated TX calibrated

State: Tx_Working_1 State: Tx_Working,_2
Action: send IDLEs Action: send IDLEs
calibrate receiver an

received IDLEs \START_REQ i
- START_REQ
R .

CAL
Send
P AN T START_ACK !

Send = = = = = - 1
START_REQ ' START_REQ

r

Timeout:
TO1

State: Tx_Working_3
Action: send IDLEs

lSTART_ACK
e |

Send
! START_ACK '

i RESET

State:

Tx_Functional 2 START_ACK

Request_Reset

r= =25 — — — 1
Send
- RESET !

Lo - - - - -

Figure 30 — Transmitter state machine controller-start-up
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FCC_ct=
_____________ FCC_ct -1,
. FCC ct=FCC ct+1 . Data_ct=0
Receive FCC Receive FCC Data ct=F
(from remote sink) (from remote sink) ata_ct =
Source empty
or FCC_ct=0
FUNCTIONAL FUNCTIONAL
Send IDLEs Send n_chars in source ( > ECC cf =
K Source not empty / FCC_ct+1
and FCC_ct>0 ] (pern_char
Receive FCC_to_send Receive FCC_to_send char. sent)
(from local sink) (from local sink)
) Send FCC :
Figure 31 — Transmitter state machine controller-functional
State:
Tx_Functional (
STOP_REQ Request to Stop
T TSend T TSend o)
: STOP_NACK ! STOP_REQ Request to transmit
STOP_ACK State:Tx_Stopl STOP:NACK State:Tx_Stop2
‘Action: send 1_chars ) Action: send 1_chars
STOP_REQ STOP_REQ
© Send |
' STOP_ACK (
9 State:

Tx_Not_Working

Figure 32 — Transmitter state machine controller-shutdown
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CAL=0
State: All chars filtered
Receiver_Waiting

-— CAL
CAL (Receiver calibrated)
CAL=1
State: n_chars - Sink
Receiver_Working | chars - tx

7.4.2 |Start-up

A regyest to transmit in one direction automatically activates the complete-bidirection
this bng necessary to allow the exchange level functions. There are two different ty
start-up possible:

a) unlidirectional;

b) bidirectional.

The st
receiv

edges

7.4.2.]

In figu
IDLEs
this ad
receiv
respor

On req
becom
SOUR
B whe

On re
transni

Figure 33 — Receiver state machine controller

art-up procedure uses the L_char IDLE (control chatacter ID = 0) in order to calibr

Unidirectional start-up

re 29, NODE_A requests to transmitito NODE_B. At first the transmitter_A is start
are sent to calibrate receiver_B."When receiver_B is calibrated (flag CAL_B goeg
tomatically starts the transmitter_B and IDLEs are sent to calibrate receiver_A.
br_A is calibrated, PORT_A\sends a start_request (START_REQ) to PORT_B. P(
ds by sending a start_aecknowledge (START_ACK) to PORT_A.

eipt of START_ACK,»PORT_A replies by sending a START_ACK to PORT_B. P(
es functional (see)below). N_chars in the SOURCE_A are transmitted from A t
CE_A is emptyIDLEs shall be sent) and flow control information is transmitted fro
N necessarys

Ceipt ofNSTART_ACK, PORT_B becomes functional. N_chars in the SOURCE|
itted from B to A (if SOURCE_B is empty, IDLEs shall be sent) and flow

Al link,
pes of

pte the

br. IDLE has the characteristic that the only positive going edges in the character are the
synchronization edges. This enables the clock recovery circuit to correctly lock onto

these

pd and
high),
When
DRT B

DRT_A
p B (if
m A to

| B are
control

inform
NODE

Copyri

—Btas ot beemrexplititty Tequestet o transmit to NODE_AT

ptiom is transmitted from B to A when necessary. Note that PORT_B is functional,

pven if
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This exchange is shown in figure 34.

PORT_A PORT_B
Time ]
Action State J/ State Action

Tx_Not_Working Tx_Not_Working

v v

IDLEs — Calibration

Request to
q (in both directions)

transmit
—— START_REO

START:D
Tx_Functional |g—__
- STAR_T_ACK

\L \ Tx_Functional

L_Chars .

—

Request to —_____STOP_REQ
Shutdown

STOP_NACK____—=

«——

L_Chars *

L_Chars

Request to
STOP-REQ Shutdown

Tx_Not_Working STOP ACK

Tx_Not_Working

NOTE |In reality, the link_characters (IDLE, START_REQ, START_ACK, STOP_REQ, STOP_A¢K and
STOP_INACK) are interleaved with the DATA, they are not separate in time as shown here.

Figure-34 — Exchange for start-up, functional and shutdown

7.4.2.2 Bi-directional start-up

This ig the case in which NODE_A and NODE_B request to transmit quasi-simultaneously (for
examgle, they request to transmit on power-up). IDLEs are sent in both directions and| when
the apjpropriate CAL goes high, both transmitter_A and transmitter B send START_RHQ and
both reply with START_ACK. Both then reply to the START_ACK with another START_ACK
(since each side does not "know" that it is a bi-directional start-up); these last 2 START_ACKSs
have no effect.
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This exchange is shown in figure 35.

PORT_A PORT_A
Time
Action State \l/ State Action
Tx_Not_Working Tx_Not_Working
Request to [DDLES — Calibration RequesT 1o
Transmit (in both directions) Transmit

START_REQ

L START_ACK

Tx_Functional i
— _ START ACK Tx_Functional

Figure 35 — Exchange for bidirectignal start-up

7.4.3 |Errors on start-up

7.4.3.1 Loss of START_REQ
re the
this is
after a

In the|case of a bidirectional start-up, it istpossible that the START_REQ is sent befq
opposite receiver is calibrated (this is net’possible during an unidirectional start-up). If
the cape, the START_REQ sent will be filtered and lost by the opposite port. Therefore,
time-opt period, tto1, the START_REQ is resent. The value of ttg1 is given in table 50.

7.4.3.2 Destination node not_¢onnected or not under power
If a ngde requests to trafismit and the opposite node is not connected or not under power, the
transnyitter state machine will block in state Tx_Cal_1. If, after a time-out period trq2, the
transnjitter state machine has not been able to indicate to the port controller thgt it is
functignal, then itsshall be returned to the Not_Working state.

NOTE [The same-timeout will cover any other failure to start up. It is then for the port controller to signal the failure
of startfup and\to request to transmit as and when appropriate (these details are outside the scope| of this
Internatjonal ‘Standard).

This functionality 1s desirable Tfor two reasons.

a) The system is notified that there has been a failure of start-up on the link.

b) Fiber-optic safety. If the link is on a fiber-optic medium, and the fiber is disconnected, the
laser must not continue to indefinitely emit into an open fiber for eye safety reasons.

Table 50 — Time-out values

Symbol Unit Value
tro1 ms 5
tro2 ms 50
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7.4.3.3 Other errors

It is possible that other transmission errors (e.g. loss of receiver calibration, parity error,
unexpected or no response from opposite node) could interrupt the start-up mechanism. If any
of these errors occur during start-up, the transmitter should return to the Not_Working state for
the reasons stated above in 7.4.3.2.

7.4.4

Functional

7.4.4.1 General

b) N_|
c) IDI

All L_(
passe
into th

7.4.4.2

The cr

A link

that this may require at least four IDLE characters to be transmitted after the first FCC

startuy
receiv

7.4.4.3

The aj

7.4.5

A port
L_cha

opposite port's-transmitter passes into the Tx_Working_2 state. The unidirectional s
ure(then proceeds as described above (7.4.4.1). A Request_Reset also implies a reset

proced
of the

ng link)
chars in the SOURCE, in a flow-controlled manner (see 7.4.4.2)

L Es when there are no SOURCE N_chars to send (the SOURCE,is empty), or whg
htrol prevents the transmission of SOURCE N_chars

| to the transmitter controller which acts appropriately on-them. N_chars shall be
b SINK.

Flow control

edit value (F) of each Flow Control Character(FCC) is set at 32 N_chars.

nterface shall send at least four other«Characters between each FCC. Note in pa

. Note that in normal operation a.link interface will issue an FCC for every 32 N
bd, and therefore would normally transmit at least 32 characters between each FC

Maximum transmission(line length and latency

propriate formulae are given in annex H.

Link reset mechanism

may requiresto reset the bidirectional link (Request_Reset). The port sends the F
and its~fransmitter passes to the Tx_Working_1 state. On receipt of RESH

ink characters other than IDLE (primarily FCC, i.e. flow control information fofjthe opposite

bn flow

hars shall be filtered by the receiver controller: IDLEs are(discarded; other L_chars are

written

ticular
pn link
| chars

N
L -

RESET
T, the
tart-up

flow control: the transmitter resets its credit to zero and the receiver clears its si

hk and

resendsthreappropriate Tumber of FE€s:

7.4.6

Errors when functional

Note that a further discussion on the handling of errors is provided in annex G.

Copyri
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7.4.6.1 Loss of receiver calibration

Loss of receiver calibration on the incoming serial data stream is indicated by the flag CAL
passing low. The port whose receiver has lost calibration has two options in order to recalibrate
the link:

a) Initiate the reset mechanism described in 7.4.5.
b) Hold its serial output low, which will force a receiver calibration error in the opposite port.
The bidirectional start-up procedure then proceeds as described in 7.4.2.2.

Calibration errors should be reported to the port controller for error logging purposes. The
handlingof packets that have heen interrupted hy a loss of calibration is outside the scope of

this Infernational Standard.

7.4.6.2 Parity error detected

The pHecise handling of parity errors is outside the scope of this International) Standard, Parity
errors|should be reported to the port controller for error logging purposes.nfva parity errof and a
receiver calibration error occur simultaneously, the port should follow, the calibration error
procedure described in 7.4.6.1.

7.4.7 [Shutdown

The bidirectional link shall not be shutdown unless both NODE_A and NODE_B have reguested
a shutdown. This is done by a request to stop demand/from the port. The transmitter sends a
stop_request (STOP_REQ). The response to a STOPZREQ is either a stop_acknowledge
(STOH_ACK) if the opposite user is ready to stop, :or. a stop_not_acknowledge (STOP_NACK)
if theipposite user is not ready to stop. Once a reguest to stop has been demanded, apy new

N_chafs placed in the source shall not be transmitted: the transmitter shall only send L| chars
(primarily IDLEs and FCCs). If the port receives a STOP_NACK in reply to its request_tq_stop,
it may|restart transmission by a request to.tkansmit.

When [shut down, the transmitter is.(ih the Not_Working state and the serial output shall be
static.

8 HS-FO-10 fiber optic link

8.1 Physical medium
8.1.1 |General eptical characteristics

The HB-FO_eptical link cable is a fiber cable containing two fibers, one for transmission ip each
directipnys 825 pM or 50 um multimode shall be used (50 um allows longer reach), angd shall
meet at\minimum, the specifications given in IEC 60793-1-Al-a. Where even longer rgach is
required, a single-mode fiber, as specified in IEC 60793-1-B1, may be used. A summary of the
main optical characteristics (as specified in IEC 60793-1-Al-a and IEC 60793-1-B1) of these
fibers is given table 51.

The link cable shall be clearly marked "ISO/IEC 14575 HS-FO Link Cable (multimode)" or
"ISO/IEC 14575 HS-FO Link Cable (single-mode)" as appropriate. A recommendation for fiber
construction is given in annex S.
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Table 51 — Summary of main optical characteristics of HS-FO fibers

Parameter Units Value

Fiber type - Multimode Multimode Single-mode

Core diameter Micrometers 62.5 50 9

Cladding diameter | Micrometers 125 125 125

NA - 0.275 0.2 -

Attenuation dB/km 4 maximum at 850 nm | 4 maximum at 850 nm [ 0.5 maximum at 1 300 nm
8.1.2 |Optical connector
The HS-FO link optical connector is a MU connector-duplex. The MU .6onnector-duplex
consists of a through-panel (fixed) adapter and a cable mounted (free) plug. It provides the
followipg features.

a) A dual multimode or single-mode fiber connection per connector

b) Pu

5h-pull coupling

c) Small size

The connectors shall be as specified in IEC 61754-6. In<addition to the interface specification

of IEC

The pl
as to ¢
figure

61754-6, the connectors shall have the properties described in table 52.

Table 52 — THS-FO connectorimodularity specifications

Characteristic Specification

Modularity Fixed:cennector modules shall be placed on a 14 mm
pitchs ot their centerlines separated by more than 28 mm

Connector width 13.9 mm maximum

Overall connector length 55 mm maximum
(to end of boot)

Lig at either end-ef'the cable shall be connected to the fibers in the cable in such
onnect ferrule ¥in one plug with ferrule 2 in the other plug, and vice versa, as sh
36.

a way
own in

Copyri

Figure 36 — HS-FO cable fibers/plugs wiring
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Note that the effect of the cable/connector assembly is to provide a single twist. Any extension
adapters allowing multiple segments of cables to be used shall also provide such a twist, so
that the effect of any such cable/adapter/cable combination is to provide a single twist, as
illustrated in figure 37.

g Lk

Cable assembly Adapter Cable assembly

The al
(which

mounted on the upper surface of a horizontal PCB, see figure 38). The direction of the

is rela

8.1.3

The e
depen
table
range

Frgure 37 =HS-FOextensiomadapter

ocation of HS-FO signals to the plug ferrules and adapter shall be as given.in tg

ive to the fixed adapter.

Table 53 — HS-FO signal allocation

Ferrule 2 1

Signal HS_FO_in HS_FO©_out

Marking
White (multimode)
Yellow (single-mode)

PCB

Figure 38 — HS-EO/fixed adapter, external view and ferrule allocation

Environmental eonstraints

hvironmentaltrequirements for the HS-FO link cables and connectors are appl
Hent. Howeéver, as a minimum, the cables and connectors shall meet the constr3
b4. Noté that specific applications may have requirements for extended tempsg
pr otherenvironmental parameters.

ble 53

is oriented to correspond to the external view of the through-panel (fixed).adaptef when
Signals

ication
ints in
erature

Table 54 — HS-FEOQ environmental constraints

Parameter Value

Operating temperature —10 °C to +60 °C

Non-operating temperature | —40 °C to +85 °C

Further environmental specifications are given in annex C.

Copyri
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8.2 Signal level

8.2.1 General

The HS-SE-10 electrical signal levels operate with a nominal swing of 800 mV, equivalent to
ECL or PECL swings. Because the link may be a.c. coupled, the electrical driver and receiver

can be directly interfaced with standard fiber optic transceiver components (which operate on
ECL or PECL levels).

The a.c. coupling requirements are as for the HS-SE-10 electrical link (see 7.2.4).

8.2.2 [TTransmtter and TeCeivVer CiTaracteristics

Launch power and sensitivity are strongly dependent on the kind of optical components used
and on the configuration of the LED/laser modulation and of the photodiode amplifier. Tgble 55
gives the recommended transceiver characteristics for a laser based system'-for mullimode
fiber, and table 56 gives the recommended transceiver characteristics for monomode fiber.

Table 55 — HS-FO recommended transceiver characteristics formultimode fiber

Value
Parameter Units

Min. Typ Max.
Operating speed MBd - - 1 000
HS-FO transmitter
(Laser into 50 or 62.5 um fiber)
Launch power dBm -13 -11
Wavelength nm 760 900
Spectral width FWHM nm - 60 -
HS-FO receiver
Sensitivity at BER = 10-12 dBm -21 - -
Dynamic range dB 10 - -

Table 56 — HS-FOfecommended transceiver characteristics for single mode fiber

Value
Parameter Units

Min. Typ Max.
Operating speed MBd - - 1 000
HS-FO transmitter
Launch power dBm -12 - -8
Wavelength nm 1250 - 1 340
Spectral width FWHM nm - 2 -
HS-FO receiver
Sensitivity at BER = 10-12 dBm -20 - -
Dynamic range dB 12 - -
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8.2.3 HS-FO reference link

A link comprises of two link interfaces connected by appropriate media, and transmits
information bidirectionally. For specification and test purposes, an HS-FO reference link is
defined as a transceiver (the link interface), connected by a pair of fibers to an adapter,
connected by a plug-cable-plug assembly to another adapter, connected to another transceiver
by a pair of fibers, as shown in figure 39. This figure also shows reference test points TP1 and
TP4 (where TPx are at the extremities of the optical cable).

TP1 TP3

/
\

11
9

P2 TP4

Transciever Adaptor Plug Cable Plug Adaptor Transceiver

Figure 39 — HS-FO reference link

8.2.4 |Link performance

The performance of the various components of the {ink” system shall be as in table 5. The
International Standard specifies a power budget foria\link, i.e. the maximum loss. A "loopback"
plug ig defined as a single plug with a minimumi\length of fiber which connects ferrule a to
ferrulgb. This is used to provide the specification of the loss of a connector system|and a
reference specification for the power budget-for the cable assembly. The performange of a
minimym length reference cable is assumed to be equivalent to the performance [of the
loopbdck system. Note that this provides 'a’high degree of confidence of interoperability within a
practidal test environment, but does not provide a guarantee of interoperability.

Table 57=HS-FO link performance specification

Characteristic Specification Test specification

Link I¢ngth (62.5 pm multimede fiber) | 100 m maximum -

Link Iength (50 um multimode fiber) 1 000 m maximum -

Link length (singtesmode fiber) 3 000 m maximum -
Powef budget:(total loss in a link) 5.5 dB maximum TP1 to TP4 and TP3 to TP2
LoopHack-test loss 1.5 dB maximum Loss between TP1 and TP2 using a loopback plug

Difference in 10Ss between the loss measured
from TP1 to TP4 (and TP3 to TP2) with cable
under test and the loopback test loss as defined
above

Cable assembly additional

attenuation 4 dB maximum

8.2.5 Eye safety

IEC 60825 is the most stringent standard for laser radiation eye safety. It is for the implementor
to take appropriate measures to ensure eye safety.
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8.3 Character level and exchange level

The character level and exchange level are identical to the HS-SE-10 implementation. See 7.3
and 7.4.

Note that in a given implementation, an appropriately large N_char sink size will have to be
chosen in order to prevent the flow control mechanism periodically stalling the data flow over
long lengths of fiber. See annex H.

9 Common packet level

9.1 eneral discussion

A packet is a sequence of characters (N_chars only) with a specific order [and format.
Constifuent characters of different packets shall not be interleaved on a link. A packet cpnsists
of a dgstination followed by a payload. A packet is delimited by an end_of packet market.

This International Standard does not define a specific size (or maximum_size) for packets. This
enablgs different packet formats to be carried by a HIC network. Hewever, packets shquld be
limited in size so that no very long packet can occupy the network'‘for an extended pefiod of
time. A limited known packet size also enables an upper bound-to be placed on the latgncy of
any pgcket transmission.

Termimal nodes generate (source node) and consume (destination node) packets. A network is
any set of devices connected by links joining (directly or indirectly) a set of terminal nodes.

The pfotocol assumes the use of packet-switched networks in which the routing information
necessgary to correctly transmit the packetxacross the network is contained in the ffirst K
N_chafs of the packet (where K is fixed throeughout a subnetwork). It is at the packet leVel that
the roliting decisions are taken. The pratécol does not define a specific (or maximum) gize for
a packet. Successive packets transmitted on a link may have different destinations| Each
packel is transmitted in its entirety,”i.e. the transmission of a packet on a link shall be
completed before the transmission;of the successive packet may begin.

9.2 Ppcket format

A pacKet consists of a.destination followed by a payload, and is delimited by an end_of_packet
markey:

<DEST> <PAY¥LOAD> <End_Of_Packet>

9.2.1 |Destination

The déstination normally contains a list of one or more destination identifiers (dest id) which
are used to enable a network to transmit the packet from its source node to its destination
node. A dest_id is a fixed size field (K bytes long, where K = 1), its size being known to the
(sub)network.

The list is not delimited and only the first dest_id is used by a switch for routing purposes. The
switch shall treat the other dest_id(s) in the list (if they exist) as part of the payload. A switch
may provide a facility for deleting the first dest_id as it outputs the packet, so that the next
switch uses the next dest_id in the original list. This mechanism may be used to connect
(sub)networks which use different size dest_ids (different values for K). The method of
allocating dest_ids to destinations is outside the scope of this International Standard.
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The destination may be null, for example for the specific case of a point-to-point link (i.e. the
network is just one link).

9.2.2 Payload

The payload is the data (a message, a memory access request, an acknowledgment, etc.) that
is to be transferred from the source node to the destination node. It has a specific format,
defined in the transaction level. A payload may be null. The definition of any packet format is
outside the scope of this International Standard.

9.2.3 End_of_packet marker

The er||d_of_packet marker (EOP in its generic form) is a N_char, and shall always be.the last
charadgter of a packet; it acts as the packet delimiter. Packets do not have a staft\of packet
markef: the first N_char received after an EOP shall be taken as the first character of the next
packet.

Differgnt EOP markers are defined in table 58.

Table 58 — End_of_packet markers

Name Description
EOP_1 Normal end_of_packet marker
EOP_2 Exceptional end_of/paeket marker

The exceptional_end_of _packet marker may beCused to signal an end of message or ar] error.
Implementations may provide more than one type of exceptional_end_of packet markler.The
N_chaf codes used for the EOP markers in\DS and HS Links are as given in table 59.

Table 59y— Codes for EOP markers

Name Description Code for DS-SE and DS-DE | Code for HS-SE and HB-FO
EOP]1 Normal end_of_packét marker P101 Control char ID = 7
EOP]|2 Exceptional end~0f_packet marker |[P110 Control char ID = 8

Note that the N<{¢har codes for TS-FO links have a more complex format, and a longitudinal
checksum.

9.3 Nletworks and routing

The (sub)network routes the packet using the information contained in the destination field of
the packet. The routing algorithm takes the fixed size dest_id as its input in order to determine
how to route the packet within the (sub)network. The routing algorithm is outside the scope of
this International Standard.

Packets sent from a given source node to a given destination node over a network may be
delivered in an order different from the sending order. The details of mechanisms to ensure in-
order delivery are outside the scope of this International Standard.
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9.4 Error detection, recovery, and reporting

The function of the protocol is to deliver an error free packet from its source-terminal-node to
its destination node. At the packet level or above, a system of high-level error checking may be
required. It is the responsibility of the transaction level to define the high-level check that is to
be used and therefore any definition of a high-level check is outside the scope of this
International Standard. In general, a high-level check is required at the packet level if the low
level is suspected of being error prone and there is no higher level check (e.g. a message level
CRC in a message passing system).

A further discussion is given in annex G.

10 Cpnformance criteria

10.1 Conformance statements

Many jmplementations will implement only a subset of the protocol stack. For example, an
interface on a box may comply with a vertical "slice” through the stack to incorporate the
necessary elements for a particular speed/medium combination, wheréas for a cable assembly
only the physical parameters are relevant. Accordingly, a number\of subsets are defiped, to
which |implementations may claim conformance. Any such confermance statement shgll take
the fqllowing form "(The interfaces on) this implementation/product conform(s) fo the
[identification] specification of ISO/IEC 14575". The text tolbe substituted for [identifigation],
and the clauses of this International Standard to which the corresponding implementation shall
conform, are given in 10.2 (see tables 60, 61, 62 and 83)-

10.2 PpPefinition of subsets

An implementation of a connector shall conform to all of the mandatory specifications gjven in
all of the clauses for one of the identifications given in table 60.

Table 60 — Confefmance identifications for connectors

Identification Relevant clauses
DS-DE connector 5.4.2, A.2
HS8-SE connector 7.1.5,B.2,B.3,B.4

TS-FO/HS-FO connector (MM) |6.1.2, C.2, C.4,C.5

HS-FO connector (SM) 8.1.2,C.3,C.4,C5

An implementation of a link cable shall conform to all of the mandatory specifications gjven in
all of the.clauses for one of the identifications given in table 61.

Table 61 — Conformance identifications for link cables

Identification Relevant clauses
DS-DE link cable 5.4.1
HS-SE link cable 7.1.3,7.1.4
TS-FO link cable 6.1.1
HS-FO link cable 8.1.1
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An implementation of a link cable assembly shall conform to all of the mandatory specifications
given in all of the clauses for one of the identifications given in table 62.

Table 62 — Conformance identifications for link cable assemblies

Identification

Relevant clauses

DS-DE link cable assembly

54, A2

HS-SE link cable assembly

7.1,B.2,B.3,B.4

TS-FO/HS-FO link cable assembly (MM) |6.1, C.2, C.4, C.5

An imfg
given

l = bl ol ol P
FMo~TFU TR LAUTT dSSTTITUTY (O1vl)

oL, C o CH,C o

lementation of a link interface shall conform to all of the appropriate mandatory specifi
n all of the clauses for one of the identifications given in table 63.

Table 63 — Common identifications for link interfaces

Identification

Relevant clauses

DS-SE-00 link interface

5.1,5.2,5.3,5.6,57) 9

DS-DE-00 link interface

5.1, 5.5, 5.6, 549

DS-SE-01 link interface

5.1,5.2, 5:8,5.6, 5.7, 9

DS-DE-01 link interface

5.1, 5.5¢5.6, 5.7, 9

DS-SE-02 link interface

5(1,5.2,5.3,5.6,5.7, 9

DS-DE-02 link interface

5!1,5.5,5.6,5.7, 9

HS-SE-10 link interface 7.2,7.3,7.4,9
TS-FO-02 link interface 6.2,6.3,6.4,9
HS-FO-10 link interface 8.2,8.3,9

cations
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Annex A
(normative)

DS-DE connector specification

The DS-DE connectors shall be as specified in IEC 61076-4-107. The connector system

comprises _a_through-panel (fixed) connector, which connects to _a cable mounted (free)
connegtor. A connector is required to support one DS-DE link. An option (deseriped in
annex|N) allows a connector to support multiple DS-DE links, by arraying multiple”DS-DE
connegtors.
Any prioperties not specified in IEC 61076-4-107 shall be as in the following specification
A.2 Bpecification
The connectors shall be implemented according to table A.1 and'be of dimensions specjfied in
figureg A.1 to A.7.
Table A.1 — DS-DE connector réquirements
Characteristic Specification Test Conditipns
specification
Contacts 10 per connector; arranged IEC 61076-4-107 |IEC 60512-2, —
as two rows of 5 contacts Test l1a
Contact grid 2mm* 2 mm IEC 60917; IEC 60512-2, -
IEC 61076-4-107 |Test 1b
Conngctor width 5.9 mm maximum IEC 61076-4-107 |IEC 60512-2, -
Test 1b
Conngctor pitch 6.0 mm IEC 61076-4-107 |[IEC 60512-2, -
Test 1b
Modularity Adjacent connectors shall be | IEC 61076-4-107 - -
placed on a 6 mm pitch.
Non-adjacent connectors
shall have their centerlines
separated by at least 12 mm
Shielding Completely shielded IEC 61076-4-107 |IEC 60512-2, -
Test la
Polarigation Chamfer design prevents IEC 61076-4-107 |IEC 60512-7, -
180° incorrect mnfing Test 13e
Male-female contact 0.9 mm minimum when IEC 61076-4-107 - -
overlap mated
Misalignment in trans- | £0.45 mm IEC 61076-4-107 - -
verse and longitudinal
axes
Inclination of trans- +7° maximum IEC 61076-4-107 - -
verse and longitudinal
axes
Voltage proof V r.m.s 750 V contact/contact IEC 61076-4-107 |IEC 60512-2, -
750 V contact/shielding Test 4a
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contact/shielding

Characteristic Specification Test Conditions
specification
Current-carrying 1.5Aat70°C IEC 61076-4-107 |IEC 60512-3, All contacts
capacity Test 5b fully loaded
Contact resistance 35 mQ maximum IEC 61076-4-107 |IEC 60512-2, —
Test 2a
Insulation resistance 104 MQ minimum contact/ IEC 61076-4-107 |IEC 60512-2, -
contact 104 MQ minimum Test 3a

1 ps maximum

Crossjtalk Data/strobe: 3.6 % IEC 61076-4-107 - Tr = 1L Asydiffer-
Data/data: 1.2 % ential\wiring
Impedance 110Q+20Q IEC 61076-4-107 |IEC 48 (B) 1412 [ Differentia|
wiring
Skew 80 ps maximum IEC 61076-4-107 - Between rpw
a and row|e
Tempprature range —-10 °C to +60 °C IEC 61076-4-107 |IEC 60512-6, -
Test\Il
Creeppge and clearance | 0.65 mm minimum IEC 61076-4-107 HEC 60512-2, -
distarjce: Jest 1b
contagt/contact
contagt/shielding
Mechanical operations | 250 operations IEC 61076-4-107 |IEC 60512-5, -
Test 9a
Total |nsertion force 10 N maximum IEC"6€1076-4-107 |IEC 60512-7, Max. speefd
per connector module Test 13b of operatign:
10 mm/s
Withdyawal force by 2 N minimum per IEC 61076-4-107 |IEC 60512-7, Max. speefd of
pulling on latch connector module Test 13b operation:
10 mm/s
Withdfawal force with 100 N minimum per IEC 61076-4-107 |IEC 60512-8, -
closed latch connector module Test 15f
Tensile strength of 110 N minimum per IEC 61076-4-107 |IEC 60512-9, -
cable{connector clamp [ connector-module Test 17c
Vibration 209-A10 Hz to 500 Hz / IEC 61076-4-107 |IEC 60512-4, -
8 cycles/ 2 h per axis contact Test 6d
disturbance 1 ps maximum
Shock 49 g / 5 ms / 5 shocks per IEC 61076-4-107 |IEC 60512-4,
plane contact disturbance Test 6¢

2 Time domain reflectometry (Under consideration).
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Figure A.1 — DS-DE fixed connector front view
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Nothing in the connector design shall impede the assembly of systems which meet CISPR
limits.

16+ 0.5
Front panel
2.8 max.
Border of next module _ _ _ Z , 2.1 max. Contact point
%4 | 2 max. Spring contact
7 point
HLO H
i
(1IN
[Tol)
X _
[32]
©|
Datum plane / -
e R R T I_l > \ .
a W:@i&@i@:@l& Z 1 See detail A
s ! ! ‘-A %
z
Border of next module ] ) Male connéctor | Mating 8 max.
-
- +0.05
5 [2](=10) (2.5) 927
2+01 Fixing nipple for hole

) Coordination dimensions acc. to IEEE 1301.3-1992

Dimensions in millimetres

Figure A.2 — DS-DE\fixed connector side view

PC-board bracket
PC-board Front panel

S N 2 max.

I 1 ¥

Dimensions in millimetres

Figure A.3 — DS-DE fixed connector top view
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Figure A.4 — DS-DE €ennector latch
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Figure A.5 — DS-DE free connector front view
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i 1)
L] Cable
Shield cover
L_Sliding surface 1) Recommended cable:
cable outer diameter 5.33 + 0.25 mm
wire insulation diameter 1c, 2c 0.5 mm to 0.65 mm
other 0.65 mm to 0.8 mm
wire conductor AWG30 stranded (7/AWG38)
Dimensions in millimetres
Figure A.6 — DS-DE free conné€ctor side view
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NOTE All contacts shall be loaded in the insulator housing.

Figure A.7 — DS-DE free connector contact
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HS-SE connector specification

The HS-SE connectors shall be as specified in IEC 61076-4-107. Any properties not specified
in IEC 61076-4-107 shall be as in the following specification. The connector system comprises

a thropgh-panel (fixed) connector, which connects to a cable mounted (free) conne
connegtor is required to support one HS-SE link. An option (described in annex Q)jaljows a

connegtor to support multiple HS-SE links, by arraying multiple HS-SE connectors:

ctor. A

B.2 PBpecification
The cpnnectors shall be implemented according to table B.1, with dimensions specified in
figureg B.1 to B.5.
Table B.1 — HS-SE connector requirements
Characteristic Specificatidn Test specification Condifions

Coaxial contacts 2 per connector IEC 61076-4-107 IEC 60512-2, -
Test la
Connedtor width 5.9 mm maximum IEC 61076-4-107 |[IEC 60512-2, —
Test 1b
Connedtor pitch 6.0 mm IEC 61076-4-107 |[IEC 60512-2, —
Test 1b
Modulayity Adjacent connectors-shall IEC 61076-4-107 - —
be placed on a 6 moypitch.
Non-adjacent connectors
shall have their-Centerlines
separated(by)12 mm or more
Shieldihg Completely shielded IEC 61076-4-107 | IEC 60512-2, —
Test la
Polarizgtion Chamfer design prevents IEC 61076-4-107 |IEC 60512-7, -
180° incorrect mating Test 13e

Male-fgmale contact
overlap|

2.0 mm minimum when
mated

IEC 61076-4-107

Misalighment in +0.6 mm IEC 61076-4-107 - -
transverseéaxes
Misalignment in +0.9 mm IEC 61076-4-107 - -

longitudinal axes

Inclination of
transverse axes

+2° maximum

IEC 61076-4-107

Inclination of
longitudinal axes

+3° maximum

IEC 61076-4-107
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Table B.1 (continued)

Characteristic Specification Test specification Conditions
Voltage proof 1000V IEC 61076-4-107 |IEC 60512-2 -
V r.m.s: center Test 4a
contact / ground contact
Contact resistance: 12 mQ max. IEC 61076-4-107 |IEC 60512-2 -
center contact ground 6 mMQ max. Test 2a
contact shielding 30 mQ max.
contact
Insulation resistance 5 000 MQ min. IEC 61076-4-107 | IEC 60512-2, -
Test 3a
Insertign loss max. 0.3 dB VF IEC 61076-4-107 |IEC 61156-1 -
(F in GHz)
HF lealfage Min. 40 dB at 3 GHz IEC 61076-4-107 | Under consideration —
Crosstglk attenuation Min. 35 dB at 3 GHz IEC 61076-4-107 |IEC 61156-1 —
VSWR <1.3 at 3 GHz IEC 61076-4-107 | Under Mated
consideration couple nfale +
female cpntact
Impedgnce 50 Q + 10% IEC 61076-4-107 | Under -
consideration
Tempefature range —-10 °C to +60 °C IEC 61076-4-107 )| IEC 60512-6, —
Test 11
Mecharnical operations | 500 operations IEC 61076-4<107 |IEC 60512-5, -
Test 9A
Insertign force 3.0 N max. per coaxial line IEC%61076-4-107 | IEC 60512-7, -
Test 13b
Withdrgwal force 0.5 N min. per coaxial line IEC 61076-4-107 |IEC 60512-7, -
Test 13b
Withdrgwal force with 100 N min. per connector IEC 61076-4-107 |IEC 60512-8, -
closed |atch module Test 15f
Tensile| strength of 50 N single braiticable; IEC 61076-4-107 |IEC 60512-9, -
cable cpnnector clamp |100 N double’fraid cable Test 17c
Vibratign 159/ 10 HZto 60 Hz / IEC 61076-4-107 - —
30 min\per axis contact
distorbance 1 ps max.
Shock 50/g / 5 ms / 3 shocks IEC 61076-4-107 | IEC 60512-4, -
per plane Test 6¢
Contact disturbance
1 ps max.
Nothing\in” the connector design shall impede the assembly of systems which meet CISPR

limits.
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[02.45 max.

Contact b

0.2
0

4.4

I Contact a

=

+0.2
1o

Dimensions in millimetres

Figure B.1 — HS{SE free connector front view

Lanyard

2.7
12.2
18 max.

wdilic

Dimensions in millimetres

Figure B.2 — HS-SE free connector side view
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0
524,

+0.1
1.2*

0.1
2,

Contact b

15
4.4

0.05

02.4*

f

i
2xR0.4%0.1 / ‘ j

Figure B.3 — HS-SE fixed connector front view

16 £ 0.5

A
J/ Contact a

~__4%x R0.4 min.

Border of next module

Front panel

2.8 max.

1

Dimensions in millimetres

=15

3 X5

. —y
Ualdimm pidarrc

2 max. Sp_rlng contact
point

e
IR %

et telats J
90 etolese atesese!

- BRI R IEIKKK 2
jn 2R R R RRRHKKANR

Border of next module

(2.5)

2+0.1

Y Coordination dimensions according to IEEE 1301.3-1992

Figure B.4 — HS-SE fixed connector side view
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0.32 min.

Mating face female (connector)

Male latch

B.3 phielding

A link| connector shall be shielded if the, link cable is shielded. There shall be 2
mechgnical connection between the outer-braid of the link cable and the connector houg
case 0¢f high electromagnetic compatibility (EMC) requirements, additional parts (e.g
brackdts and gaskets) may be used. 0 ensure mechanical connection between the pan

connegtor housings.

2 min
l_

] .
l

l :
I. .
L

Dimensions in mi

Figure B.5 — HS-SE conpector link

limetres

. 360°
ing. In

EMC
el and
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B.4 Coaxial contacts

An HS-SE connector contains two coaxial contacts. The contacts shall be of dimensions shown
in B.6.

Interface dimensions

o
=
o
+ P!
S Female contact o
™ +
— N~
=]
5 O
¢
\N—
Vi
£
0.41+0.2
5.6 £0.15
% 3
€ Male contact o
s ©
o o
O O
q v ]
J
N A
5.6 +0:1 \
45°
Nt
Dimensions in milflimetres
Figure*B.6 — HS-SE contact interface dimensions
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Annex C
(normative)

TS-FO and HS-FO connector specifications

The TS-FO and HS-FO connectors shall be as specified in IEC 61754-6. Any properties not
specified in IEC 61754-6 shall be as in the following specification.

Ca2T

The T

5-FO and HS-FO multimode connector

5-FO and HS-FO (multimode) connectors shall be implemented according to table C.1

(interface specifications) and table C.2 (performance and environmental specifications), and be

of dim

ensions specified in figures C.1 to C.2.

Table C.1 — TS-FO and HS-FO (multimode) connector'\ftequirements

Chafacteristic Specification Test specification reference
IEC 60874-1/(IEC 61300)
Plug ipterface IEC 61754%6-2, Duplex plug connector interface-
dimer]sion push/pulf
Adapter interface IE€C61754-6-4, Duplex adapter connector interface-

dimer]sion push/pull

Ferrule spacing 4.5 mm -
Conngctor width | 14 mm -
Contact 2 per connector -
Shielding -
Modularity

Polarigzation Keyed

Coupling Push/pahi

(MecHanical Requirements: IEC 61300-2-2

operafion) . -

mechhnical —Attenuation: deviation from the |- Cycles: 500

endurknce initial value less than 0.2 dB

— Return loss: more than 20 dB

— Specimen optically functioning
— Preconditioning procedure: none

— Recovery procedure: clean plug and adapter aftg

=

LoY '
every—25-meatigs
— Deviations: none

— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pull
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Table C.1 (continued)

Characteristic Specification Test specification reference
Cable pulling Initial measurement and IEC 61300-2-4
performance requirements: .
Magnitude: 70 N
— Attenuation; less than 0.75 dB L )
— Rate of application of the tensile load:
— Return loss; more than 20 dB 50 N/min < Load rate < 250 N/min
Final measurement and — Point of application of the tensile load: 22 cm — 28 cm
performance requirements: from the connector
— Attenuation; less than 0.75 dB — Specimen optically non-functioning
— Return loss; more than 20 dB — Preconditioning procedure: clean plug and adapter
) before testing
— The specimen has no
mechanical damage — Recovery procedure: none
— Deviation: none
— Reference adapter shall be in,aceordance with
IEC 61754-6-4, Duplex adaptertinterface-push/ppll
Cable|torsion Initial measurement and IEC 61300-2-5
performance requirements: .
Tensile load: 5 N
— Attenuation; less than 0.75 dB L . .
— Application of load:twist cable 2.5 turns in one
— Return loss; more than 20 dB direction with specified load applied, then twist it
. 5 turns in other’/direction and back 5 turns for
Final measurement and 5 cycles
performancerequirements:
. — Pointfof application of the tensile load: 22 cm — P8 cm
— Attenuation; less than 0.75 dB fromnthe connector
- Return loss; more than 20 dB — Specimen optically non-functioning
— The specimen has no ~“Preconditioning procedure: none
mechanical damage
— Recovery procedure: none
— Deviations: none
— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/ppll
Strength of Initial measurement and IEC 61300-2-6
coupling performance regdirements: . )
mechhnism _ — Magnitude: 70 N
— Attenuation; less than 0.75 dB L .
— Rate of application of the tensile load:
— Return/loss; more than 20 dB 50 N/min < Load rate < 250 N/min
Final-measurement and — Point of application of the tensile load: 22 cm — P8 cm
performance requirements: from connector
— Attenuation; less than 0.75 dB — Specimen optically non-functioning
— Return loss; more than 20 dB — Preconditioning procedure: none
— The specimen has no — Recovery procedure: none
mechndriCal dalfiage R
— Deviations: none
— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pull
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Characteristic

Specification

Test specification reference

Vibration Initial measurement and IEC 61300-2-1
performance requirements:
— Frequency range; 10 Hz — 55 Hz
— Attenuation; less than 0.75 dB . ) ) )
— Vibration amplitude: 0.75 mm constant displacement
— Return loss; more than 20 dB . .
— Sweep time: 1 octave/min
Final measurement and ) ) .
performance requirements: — Endurance duration per axis: 30 min
— Attenuation: less than 0.75 dB - Me_thocﬂ oflmounting; arl_aldapter shall be mounted
||g|u|y Wi IIIUUIILIIIU TTATUTT
— Return loss; more than 20 dB . . L
— Specimen optically non-functioning
— The specimen has no . )
mechanical damage — Preconditioning procedure: none
— Recovery procedure: clean plug and adapter before
final measurement
— Deviation: none
— Reference adapter shall be.in accordance with
IEC 61754-6-4, Duplex atlapter interface-push/ppll
Drop Initial measurement and IEC 61300-2-1
performance requirements:
— Method: A
— Attenuation; less than 0.75 dB
— Number of/drops: 5
— Return loss; more than 20 dB /
— Drop height: 1 000 mm
Final measurement and ) ) .
performance requirements: — Specimen optically non-functioning
— Attenuation: less than 0.75 dB — Preconditioning procedure: with dust cap
— Return loss: more than 20 dB =~ Recovery procedure: clean plug and adapter before
final measurement
— The specimen has no o
mechanical damage — Deviation: none
— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/ppll
Engagement and | Engagement forcelimax. 30 N IEC 61300-3-11
separption force ) .
Separation force# max. 30 N — Preconditioning procedure: none
— Deviation: as necessary
— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/ppll
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Table C.2 — Performance and environmental specification
for TS-FO and HS-FO (multimode) connector

Characteristic Specification

Test specification référence

Attenuation Less than 0.5 dB against

reference plug
In random connection

Less than 0.75 dB
(50 or 62.5/125 pm multimode fiber)

IEC 61300-3-4

— Method 7

— Equilibrium mode condition

— Definitions of reference plug are as follows:

» Ferrule outer diameter is 1.249 mm + 0.0003 mm

< Eccentricity of the TIber core with the outer diamet
of the ferrule is less than 0.3 pm

» Angular misalignment of ferrule is less than
0.2°

» Eccentricity of spherical polished ferrule endface
is less than 30 pm

— Reference adapter shall be ip-accordance with
IEC 61754-6-4; Duplex adapter connector interfac
push/pull

— Number of measurements to be averaged: 5
— Source: LD
— Peak wavelength? 1.3 pm

— Preconditioning procedure: the plug and adapter
shall be¢leaned

er

More than 20 dB
(50 or 62.5/125 pm multimode fiber)

Return lJoss

IEC 61300-3-6
— Method 3

Source: LD

Peak wavelength: 1.3 um

Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pul

Cold Requirements:

— Attenuation; deviation from the
initial value less than 0.2 dB

— Return(loss; more than 20 dB

IEC 61300-2-17

— Temperature: -10 °C

— Duration: 96 h

— Specimen optically functioning

— Conditioning procedure: specimen lowered to test
temperature and returned to room temperature at
a rate not to exceed 1 °/min

— Deviations: none

— Reference adapter shall be in accordance with

IEC 61754-6-4, Duplex adapter interface-push/pul

— Monitoring method of attenuation and return loss
shall be in accordance with IEC 61300-3-2
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Table C.2 (continued)

Characteristic Specification Test specification référence
Dry heat Requirements: IEC 61300-2-18
— Attenuation; deviation from the | — Temperature: 60 °C

initial value less than 0.2 dB .
— Duration: 96 h

— Return loss; more than 20 dB . . L

— Specimen optically functioning

— Conditioning procedure: specimen raised to test
temperature and returned to room temperature at
a rate not to exceed 1°/min

— Deviations: none

— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface:push/pp

— Monitoring method of attenuation and return los
shall be in accordance with IEC61300-3-20

Damp| heat Requirements: IEC 61300-2-19
(steady state) . o
— Attenuation; deviation from the | — Temperature: 40 °C

initial value less than 0.2 dB . L
— Relative humidity: 90 % — 95 %
— Return loss; more than 20 dB .
— Duration: 4 days
— Precautions regarding surface moisture removal:
none

— Specimen/optically functioning

— Conditioning procedure: Specimen raised to tes
temperature and returned to room temperature gt
a rate not to exceed 1°/min

— Deviations: none

— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/ pull

— Monitoring method of attenuation and return los
shall be in accordance with IEC 61300-3-2

Operdtion —10 °C to +60 €

tempgrature

Change of Initial measirement and IEC 61300-2-22
tempgrature performance requirements: )
(TestNA) — Test method: NA

— Attenuation; less than 0.75 dB

High temperature: 70 °C
~“Return loss; more than 20 dB

Low temperature: —25 °C
Final measurement and
performance requirements:

Duration of extreme temperature: 30 min

— Attenuation; less than 0.75 dB Change over time: 0.5 min

Numbaor of cveclac: B
PreHEet —EYEr g

— Return 10ss; more than 20 dB
— Specimen optically non-functioning
— Preconditioning procedure: with dust cap

— Recovery procedure: after test, specimens shall be
maintained in room temperature condition for 2 h.
Clean endface before final measurement

— Deviation: none

— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pull
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C.3 HS-FO single-mode connector

The HS-FO (single-mode) connector shall be implemented according to the table C.3 (interface
specifications) and table C.4 (performance and environmental specifications) and be of
dimensions specified in figures C.1 to C.2.

Table C.3 — HS-FO (single-mode) connector requirements

Characteristic Specification Test specification reference

- IEC 60874-1 (IEC 61300)

P|ug interface IEC 617546 ’)’ nnplnv 'r_\lnc connectorinterface
dimersion push/pull

Adapter interface - IEC 61754-6-4, Duplex adapter connector interface-
dimersion push/pull

Ferrule spacing 4.5 mm -

Conngctor width 14 mm -

Contact 2 per connector -
Shielding - A
Modularity - -
Polarigzation Keyed -
Coupling Push/pull -
Mechdnical Requirements: IEC 61300-2-2
endurpnce L L )
(mecHanical - At_t(_enuatlon, deviation from the |- Cycles: 500
operafion) initial value less than 0.2 dB . . L

p —-.Specimen optically functioning

— Return loss; more than 26 dB .
— Preconditioning procedure: none

=

Recovery procedure: clean plug and adapter aftg¢
every 25 matings

— Deviations: none

Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pu

Cable|pulling Initial measurenent and IEC 61300-2-4
performance, requirements: )
Magnitude: 70 N

— Attenuation; less than 0.75 dB L .
— Rate of application of the tensile load:

— Return loss; more than 20 dB 50 N/min < Load rate < 250 N/min

Final measurement and — Point of application of the tensile load: 22 cm — P8 cm
performance requirements: from the connector

— Attenuation; less than 0.75 dB — Specimen optically non-functioning

— Return loss; more than 26 dB — Preconditioning procedure: clean plug and adapter

bhafora-tasting
g

— The specimen has no
mechanical damage — Recovery procedure: none

— Deviation: none

— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pull
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Table C.3 (continued)

Characteristic

Specification

Test specification référence

Cable torsion

Initial measurement and
performance requirements:

— Attenuation; less than 0.75 dB
— Return loss; more than 26 dB

Final measurement and
performance requirements:

— Attenuation; less than 0.75 dB

IEC 61300-2-5
Tensile load: 5 N

— Application of load: twist cable 2.5 turns in one
direction with specified load applied, then twist
5 turns in other direction and back 5 turns for
5 cycles

— Point of application of the tensile load: 22 cm — 28 cm

from the connector

— Return loss; more than 26 dB

— The specimen has no
mechanical damage

— Specimen optically non-functioning
— Preconditioning procedure: none

— Recovery procedure: none

— Deviations: none

— Reference adapter shall be_in aecordance with

performance requirements:
— Attenuation; less than 0.75 dB
— Return\loss; more than 26 dB

Final measurement and
petformance requirements:

=~ Attenuation; less than 0.75 dB
— Return loss; more than 26 dB

— The specimen has no
mechanical damage

Frequency range: 10 Hz — 55 Hz

Vibration amplitude: 0.75 mm constant displace

Sweep time: 1 octave/min

Endurance duration per axis: 30 min

— Method of mounting: an adapter shall be mountg
rigidly to the mounting fixture

— Specimen optically non-functioning

— Preconditioning procedure: none

IEC 61754-6-4, Duplex adapter interface-push/ppll
Strength of Initial measurement and IEC 61300-2-6
coupling performance requirements: . )
mechhnism _ — Magnitude: 70 N
— Attenuation; less than 0.75 dB LG .
— Rate of application of the tensile load:
— Return loss; more than 26 dB 50 N/min < Load rate < 250 N/min
Final measurement and — Point oflapplication of the tensile load: 22 cm — P8 cm
performance requirements: from €onnector
— Attenuation; less than 0.75 dB — Speceimen optically non-functioning
— Return loss; more than 26 dB +»Preconditioning procedure: none
— The specimen has no — Recovery procedure: none
mechanical damage o
— Deviations: none
— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/ppll
Vibrafion Initial measurement and IEC 61300-2-1

nent

— Recovery procedure: clean plug and adapter bef
final measurement

— Deviation: none

— Reference adapter shall be in accordance with

ore

IEC 61754-6-4, Duplex adapter interface-push/pull
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Table C.3 (continued)

Characteristic

Specification

Test specification reference

Drop

Initial measurement and
performance requirements:

— Attenuation; less than 0.75 dB
— Return loss; more than 26 dB

Final measurement and
performance requirements:

— Attenuation; less than 0.75 dB

IEC 61300-2-1
Method A

Number of drops: 5

— Drop height: 1 000 mm

Specimen optically non-functioning

— Preconditioning procedure: with dust cap

— Return loss; more than 26 dB

— The specimen has no
mechanical damage

Recovery procedure: clean plug and adapter before
final measurement

— Deviation: none

— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pu

Engagement and
separption force

Engagement force: max. 30 N

Separation force: max. 30 N

IEC 61300-3-11
— Preconditioning procedurexnone
— Deviation: as necessary

— Reference adaptershall be in accordance with
IEC 61754-6-4¢.Duplex adapter interface-push/pp
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Table C.4 — Performance and environmental specification for HS-FO
(single-mode) connector

ISO/IEC 14575:2000(E)
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Characteristic

Specification

Test specification reference

Attenuation

Less than 0.5 dB against
reference plug

In random connection
Untuned

Less than 0.35 dB (average)
Less than 0.75 dB

IEC 61300-3-4

Method 7

Definition of reference plug are as follows:

of the ferrule is less than 0.3 um

Ferrule outer diameter is 1.249 mm % 0.0003 mm

Eccentricity of the fiber core with the outer diameter

(95 % probability)

Tuned

Less than 0.5 dB (average)
Less than 0.5 dB

Angular misalignment of ferrule is less than
0.2°

Eccentricity of spherical polished ferrule’endfa
is less than 30 pm

Reference adapter shall be in agcordance with
IEC 61754-6-4, Duplex adapterconnector interfa
push/pull

Number of measurements to be averaged: 5
Source: LD
Peak wavelength’™\I.3 pm

Preconditioning procedure; the plug and adapte
shall be,eleaned

ce

ce-

Retur

h loss

More than 26 dB

IEC 613Q0-3-6

Metfrod 3
Source: LD
Peak wavelength: 1.3 pm

Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/p|

ull

Cold

Requirements:

— Attenuation; deviation from the
initial value less+than 0.2 dB

— Return l@ss;-more than 26 dB

IEC 61300-2-17

Temperature: —10 °C
Duration: 96 h
Specimen optically functioning

Conditioning procedure; specimen lowered to te
temperature and returned to room temperature 4§
a rate not to exceed 1°/min

Deviations: none

Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/p|

oY
-

=y

Monitoring method of attenuation and return los

shall be in accordance with IEC 61300-3-20
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Table C.4 (continued)

Characteristic Specification

Test specification reference

steady state
( y ) — Attenuation; deviation from the

initial value less than 0.2 dB

— Return loss; more than 26 dB

Dry heat Requirements: IEC 61300-2-18
— Attenuation; deviation from the | — Temperature: 60 °C
initial value less than 0.2 dB )
— Duration: 96 h
— Return loss, more than 26 dB . . L
— Specimen optically functioning
— Conditioning procedure; specimen raised to test
temperature and returned to room temperature at
a rate not to exceed 1°/min
— Deviations: none
— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/ppll
— Monitoring method of attenuation and return los
shall be in accordance with IEC61300-3-20
Damp| heat Requirements: IEC 61300-2-19

Temperature: 40 °C

Relative humidity: 90 % — 95 %
Duration: 4 days

Precautions regarding surface moisture removal: npne
Specimenyoptically functioning

Conditioning procedure: specimen raised to test
temyperature and returned to room temperature gt
arate not to exceed 1°/min

Deviations: none

Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pp

Monitoring method of attenuation and return los
shall be in accordance with IEC 61300-3-2

Opergtion -10 °C to +60 °C

tempdrature

Change of Initial measurement and
tempgrature performance requirements:
(test INA)

— Attenuation; less than 0.75 dB
= Return loss; more than 26 dB

Final measurement and
performance requirements:

— Attenuation; less than 0.75 dB

— Return loss; more than 26 dB

IEC 61300-2-22

Test method: NA

High temperature: 70 °C

Low temperature: —25 °C

Duration of extreme temperature: 30 min
Change over time: 0.5 min

Number of cycles: 5

— The specimen has no
mechanical damage

Specimen optically non-functioning
Preconditioning procedure: with dust cap

Recovery procedure: after test, specimens shall
be maintained in room temperature condition for 2 h;
clean endface before final measurement

Deviation: none

Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pull
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C.4 TS-FO/HS-FO multimode and HS-FO single-mode connector dimensions

Annex R shows the recommended PCB footprint for the fixed connector and annex S the

recommended fiber.

(Below 55)

(1) Colour of marKing ‘and boot

Plug Colour

TS-FO Blue
All dimensions are in mm HS-FO(multimode) White
' HS-FO(single-mode) Yellow

Figure C.1 — TS*FO/HS-FO link free connector

Dimensions in millimetre$
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Front panel

14

|
PC board 26

1) Coordination dimensions acc. to
IEEE P1301.3-1992.

2) Colour of marking

Connector Colour
TS-FO Blue
HS-FO(multimode) White
HS-FO(single-mode) | Yellow

[OF03)

Datum plane

I

3x5=15

' PC board

—_——Y
Border of next module

11+05

Color coding of connector

2
Marking ) 4.5

Front panel

PC board /

Figure C.2 — TS-FO/HS-FONink fixed connector

Table C.5'— Color coding of TS/HS-FO connectors

Type of interconnect Color
TS-FO Blue

HS-FO multimode White

HS-FO single-mode Yellow

Dimensions in mi

nnectors for TS-FO, HS-FO multimode and HS-FO single-mode are externally phy
al. In order to distinguish between the different types of connector, the keying m
bd and free connectors shalkpe color coded as shown in table C.5.

limetres

sically
ark on
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Annex D
(informative)

Rationale

D.1 Need for a new standard

It is widely recognized that the most economic way to build high-performance systems is by

using parallelism. Parallel systems can provide very high computational power (in ma

chines

such gs the CM-5 and the Parsytec GC-machine), fast response (for transaction processing or

distribpited control), very large I/O throughput (in RAID systems) and extremely high'ye
(in redundant fault-tolerant systems). They also have the potential to be more maintainalj
more éxpandable than conventional, monolithic systems.

The cpnstruction of high-performance systems with parallel processing \and/or paral
demards a fast, low-cost, low-latency interconnect. It must be fast andow-latency, othe
will be[the limiting factor in system performance; and it must be low-¢ost; or it will domin

iability
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cost. It must also scale well in both performance and cost.relative to the system size,
ise highly parallel systems will be limited in performapnce/or too expensive. Bxisting
rds do not meet these criteria, either because they are.designed for communicatign over
istances (which incurs high costs), or because theyyaim at the extreme of cyrrently
ble performance (which again increases costs)y/ or because they are based on a

urpose of this new interconnect standard>is to enable high-performance, scglable,
r, parallel systems to be constructed with, low-cost, where "cost" must include npt only
e of components, but also the engineéring effort required to use them successfully. This
tional Standard specifies the physical connectors and cables to be usef, the

rm the interconnection in the simplest possible way.

Aspects of a parallel-systems interconnect
Parallel interconnect

quirements of performance, scalability and low-cost can be met in a way that is similar to
quirements_aof -the whole parallel system: by allowing many instances of a |cheap
nent to operate concurrently. Thus the interconnect should consist of many sgparate
ctions operating simultaneously to give a high aggregate performance. Provided each
ction-Can be utilized at a reasonable level, its raw performance need not be very high,
allows both component and engineering costs to be kept down. For maximum simplicity,

arity, and fault-tolerance, each connection should be point-to-point.

The re

quirement of low-cost implies that, at the very least, a connection to the interconnect can

be implemented with a relatively small amount of circuitry in a non-exotic technology. Ideally,
such a connection could be integrated onto a chip with a processor or other device to minimize

costs.

The requirement of a small amount of circuitry implies that protocols must be simple and

require minimal buffering. At the system level, cost limits the number of signal connections

which

can be used. Too large a number would make integration with a processor impractical;

for example, would limit the maximum number of connections available on a device, and lead
to skew-control problems at the system level.

Copyri
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D.2.2 Routing

To connect many devices together, it is not possible to provide a direct, physical connection
between every pair. Nor is it acceptable to connect only certain pairs unless the connection
pattern happens to match that required by the application. To enable every pair of devices to
communicate without necessarily having a direct connection, data must be routed in some way
through intermediate nodes.

In order for every pair of devices to be able to communicate, data must be routed in different
ways at different times. This can be achieved either by configuring intermediate nodes to make
each connection before the data is sent, or by making the data self-routing so that it contains
within {fermation-which-determines—which-way-i-should-berouted—Configurirgtherqdes in
advange of the data requires that the destination of the data must be supplied to.@\gentral
controller, which increases latency, and creates the danger that the controller wilkbedome a
systenp bottleneck. Self-routed systems enable the control function to be distributed, and to
scale in performance with the size of the system.

A piecp of data together with its associated routing information is called a"packet. If a packet is
sent directly from sender to receiver, it is not necessary for the length of the packet to be
represented within it; it is only necessary to ensure that the sender<anhd receiver agree [on the
length| However, where packets pass through intermediate nodes{ it\must be possible fof these
nodes|to determine the length of the packet passing through, o determine when the {ask of
routing a particular packet is complete. The requirement of<low-latency implies that plackets
must be limited in length, since otherwise connections could be occupied indefinitely hy long
packels. Since for many purposes short messages areequired, the overhead on each packet
must he small, and the packet size must be variable{_This requires that the protocol provides
an ind|cation of the packet length, such as a termination marker or an initial length count

D.2.3 | Wormhole routing

In mosgt serial packet-switching networks gach intermediate node inputs a packet, decodes the
headef, and then forwards the packet\to the next node. This is undesirable for a parallel
systenps interconnect for two reasons;

a) it requires storage in each node for transmitted packets, which either limits the cap4city of
thg node or requires a separate memory (which increases costs).

b) it qauses potentially lohg delays between the output of a packet and its reception, because
eath node waits for\the whole packet to be received before starting re-transmiission,
thgreby increasing latency.

A more suitable approach is wormhole routing, in which only the header of the packet is [nitially
read in by the'node. The routing decision is taken, the header is output, and the rest|of the
packet is sentdirectly from the input to the output without being stored in the node. This means
that a|packet can be passing through several nodes at the same time, and the head|of the
packel may be received by the destination before the whole packet has been transmitted|by the
source. Thus this method can be thought of as a form of dynamic circuit switching, in which the
header of the packet, in passing through the network, creates a temporary circuit (the
"wormhole") through which the data flows. As the tail of the packet is pulled through, the circuit
vanishes (the analogy of an earthworm pushing its way through sand is very apt). The
transmission of a single packet may thus be pipelined through a series of devices.
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Note that, as far as the senders and receivers of packets are concerned, the wormhole routing
is invisible. Its only effect is to minimize the latency in the message transmission. If one or
more intermediate nodes were to store-and-forward the packet it would still be delivered
correctly. Note also, however, that wormhole routing has the further advantage that it is
independent of the packet length. In a store-and-forward system, the maximum packet size
must be determined in advance so that buffering can be provided; if few packets are of this
size, then the extra buffering is largely unused. In addition, independence from the packet
length is desirable because it achieves a clean separation of layers of the protocol.

D.2.4 Flow control

be—avalableforeach-stageof-apacketsjpurney
requirgs glob of the system. Accumulating global informgtion is
time-cpnsuming and inherently non-scalable. Thus, in a low-latency, scalable system, the
possibjility exists that the header of a packet will be input by a node but be unable-to pfoceed
becauge the required output is already in use. The body of the packet will still be passing
previous nodes. There are then three possibilities:

a) thgincoming packet body is buffered in the node where the packet is stalled;
b) thgincoming data is discarded,;
c) a flow-control mechanism stops the flow of data.

The first of these, a), is a return to store-and-forward reuting, with the disadvantage of
requiring buffer resources in each routing node. This inefeases cost and destroys the packet
lengthlindependence of the routing. The second option,<b),"is undesirable because it forges the
end-equipment to engage in complex protocols to_déal with the possibility of data lgss. In
additign, once part of a packet has been lost the packet is probably useless and may as yell be
entirely destroyed. A system using this scheme could then easily degenerate into a state|where
most qf the connections were carrying packets~to’the point of their destruction. Clearly if would
be prefferable to propagate information about ‘a stall back along the path of the packet, [and to
implement a system of flow-control, as in g):

Rathef than provide buffering for anxentire packet, the flow-control system must be capgble of
stalling the flow of data part-way\through a packet. This implies that it operates on a level
beIothat of packets. It is theflQw of the sub-units of which packets are composed which must
be controlled. With this scheme, when a packet is unable to proceed, data may continue to
move pntil all buffering along‘the path of the packet is filled. The flow-control mechanism must
then epsure that data moyement ceases so that no buffers are overwritten. This means that all
links which are still oCcupied by the packet will be idle; however, this is an improvement|on the
previois scenario_ib, which the links would be busy moving data to the point at whigh it is
discargled.

D.3 CQomparison with other types of system

In this—subclause we consider how the requirements for a parallel system intercbnnect
compares with those of other types of communication systems.

D.3.1 Telecommunications systems

The principal feature of digital telecommunications systems is they operate over long
distances. This means the actual, physical medium of communication is large and expensive;
most of the attributes of such systems are a consequence of this. Because the medium
(ordinary cable, optical fiber or satellite, etc.) is expensive, it is worthwhile using expensive
end-equipment to extract the most from it. It is justifiable to push the basic operating frequency
to a level at which the bit-error rate (BER) is non-negligible and to compensate for errors with
very sophisticated protocols if this results in a net improvement in data rate. Protocols may be
further complicated by the need to perform a number of functions via the same medium, since
in general there will not be an alternative connection (and if there were, it would not be
economic to dedicate it only to functions which are used infrequently, however important).
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