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

FOREWORD

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

2

~

3)

In

systems, of ISO/IEC joint technical committee 1: Information-technology.

AT

AT

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

In the field of information technology, ISO and IEC have established a joint technical committee; [SO/IEC JTCL1.
Draft International Standards adopted by the joint technical committee are circulated to_national bodies [for
voting. Publication as an International Standard requires approval by at least 75 % _of the national bodjes
casting a vote.

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

ernational Standard ISO/IEC 14575 was prepared by subcommittee 26: Microprocesgor

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

nexes D, E, F, G, H, I, J,K, L, M, N, O, P,.Q/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 Iow cost or it will domlnate the system cost. It must also scale WeII in both performance and

are based on a restricted model such as a bus, which limits overall performance ahd
sdalability. A detailed rationale for this standard is given in annex D.

This standard has been developed to complement recent technical deyelopments of highly
infegrated, low-power interconnect technology implemented in high-volume commodity VUSI
prpcesses, and to exploit the simplifications in encodings and protocels\resulting from the use
of| relatively reliable media over relatively short distances. Aspecis,of the baseline for this
standard have their origins in work on parallel systems, which has taken place in a humber|of
E$PRIT projects. In particular, the routing strategy was established in the PUMA project, ahd
the DS-Links were developed partially in the GP MIMD project. Work at interconnect for high-
pgrformance mainframe computers at Bull led to the development of the gigabit link technology
plemented in Bi-CMOS and CMOS processes. More fecently, these developments, together
with corresponding optical technology, have been breught together in the OMI/HIC Project
(dpen Microprocessor Systems Initiative — High Pérformance Heterogeneous Interconnect —
E$PRIT 7252).

Attention is called to the possibility that implementation of this standard may require use |of
subject matter covered by patent rights, By publication of this standard, no position is takgn
with respect to the existence or validity_of any patent rights in connection therewith. The IEEE
shall not be responsible for identifying all patents for which a license may be required by pn
IEEE standard or for conducting inquiries into the legal validity or scope of those patents that
arp brought to its attention.

The patent holder has, however, filed a statement of assurance that it will grant a license under
these rights without /eompensation or under reasonable rates and nondiscriminatoly,
repsonable terms and-conditions to all applicants desiring to obtain such a license. The IEEE
makes no representation as to the reasonableness of rates and/or terms and conditions of the
nse agreement offered by the patent holder. Contact information may be obtained from the
IEEE Standards Department.
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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
ot i he
vigwpoint expressed at the time a standard is approved and issued is subject to change
brpught about through developments in the state of the art and comments received fromyusers
of| the standard. Every IEEE Standard is subjected to review at least every five years for
reyision or reaffirmation. When a document is more than five years old and has)not begn
repffirmed, it is reasonable to conclude that its contents, although still of somelvalue, do not
wholly reflect the present state of the art. Users are cautioned to check to determine that they
hdve the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interegsted party, regardless|of
membership affiliation with IEEE. Suggestions for changes in documents should be in the fofm
ofla proposed change of text, together with appropriate supporting.comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions |of
standards as they relate to specific applications. When the need for interpretations is brought
to|the attention of IEEE, the Institute will initiate action to.prepare appropriate responses. Since
IEEE Standards represent a consensus of all concerned’interests, it is important to ensure that
arly interpretation has also received the concurreneg’of a balance of interests. For this reaspn
IEEE and the members of its technical committees‘are not able to provide an instant responjse
to| interpretation requests except in those cases where the matter has previously received
fofmal consideration.

Comments on standards and requestsifor interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
requireuse of subject matter covered by patent rights. By publication of this
stapdard, no position is taken with respect to the existence or validity of any patent
rights in connection therewith. The IEEE shall not be responsible for identifying 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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1

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

Scope and object

This International Standard applies to physical connectors and cables, electrical properties,
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d logical protocols for point-to-point serial scalable interconnect, operating at speeds
Mbit/s to 200 Mbit/s and at 1 Gbit/s in copper and optic technologies (as developed i Op
croprocessor Systems Initiative/Heterogeneous InterConnect Project (OMI/HIC)).

e object of this International Standard is to enable high-performance, scalahle, modul
rallel systems to be constructed with low system integration cost; to support.communicatio
stems fabric; to provide a transparent implementation of a range of high-level protoc
bmmunications, e.g. ATM, message passing, shared memory transactions, etc.), and
pport links between heterogeneous systems.

Normative references

e following normative documents contain provisions which, through reference in this te
nstitute provisions of this International Standard:)\For dated references, subseque
nendments to, or revisions of, any of these publications do not apply. However, parties
reements based on this International Standard arg, encouraged to investigate the possibi
applying the most recent editions of the normative documents indicated below. For undat
erences, the latest edition of the normative.document referred to applies. Members of IS
d IEC maintain registers of currently valid Mtéernational Standards.

SPR 22, Information technology equipment — Radio disturbance characteristics — Limits
bthods of measurement

C 60352-5:1995, Solderless connections — Part 5: Solderless press-in connections — Gene
uirements, test methods and practical guidance

bcedures and measuring methods — Part 2: General examination, electrical continuity a|
ntact resistance tests, insulation tests and voltage stress tests

bcedures and measuring methods — Part 3: Current-carrying capacity tests

bcedures and measuring methods — Part 4. Dynamic stress tests

of
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to

nt
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C 60512-2:1985, Electromechanical components for electronic equipment; basic testing

nd

C 60512-3:1976, Electromechanical components for electronic equipment; basic testing

C 60512-4:1976, Electromechanical components for electronic equipment; basic testing

4.9

IE
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19

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
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IEC 60512-9:1992, Electromechanical components for electronic equipment; basic testi
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

ng

IEC 60825-1:1993, Safety of laser products — Part 1: Equipment classification, requirements

and user's guide

arfalogue and in digital high-speed applications — Part 4: [Rrinted board connectors
Section 101: Detail specification for two-part connector moddles having a grid of 2.0 mm
printed boards and backplanes

IEC 61076-4-107, — Connectors — Part 4-107: Detail specification for a twopart connector w|
agsessed quality, for a basic grid of 2.0 mm, with free ‘connectors for non-accessible insulati
digplacement 1)

IEIC 61300 (all parts), Fibre optic interconnectifng devices and passive components — Basic tg
arld measurement procedures

IEC 61156-1:1994, Multicore and symmetrical pair/quad cables for digital communicationsg|
Part 1: Generic specification

I[EC 61196-1:1995, Radio-frequency cables — Part 1: Generic specification — Gener
dgfinitions, requirements andstest methods

IEC 61196-2:1995, Radio-frequency cables — Part 2: Sectional specification for semi-rig
rafio-frequency and coaxial cables with polytetrafluoroethylene (PTFE) insulation

IEC 61754-6:1997;Fibre optic connector interfaces — Part 6: Type MU connector family
IEEE Std 100-1996, The IEEE Standard Dictionary of Electrical and Electronics Terms

I[EEE Std-1301.3-1992, IEEE Standard for Metric Practice for Microcomputers — Convecti
Cooled with 2.5 mm Connector (ANSI)

or

nt

St

al,

id

1) To be published.
Copyright © 1998 IEEE. All rights reserved.


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

ISO/IEC 14575:2000(E) ~17 -
IEEE Std 1355, 1998 Edition

3

Definitions

3.1 General

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

sp

ecific to this International Standard.

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

co

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

TH
Wi
ne
ng

TH
st

3.
bi
ra
ar

3.
bda
a
in
A
en

3.
ch
a

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

S4

3.
ch
la
ca

e word should is used to indicate that among several possibilities one is particularly suitab
thout mentioning or excluding others; or that a certain course of action is preferred but r
cessarily required; or that (in the negative form) a certain course of action is deprecated |
t prohibited.

ernal devices, or may leave the box inorder to connect internal devices to external oné
box is assumed to be an EMC compliant enclosure operating under a single electri
vironment

D.3
aracter
jroup of consecutive bits used to represent control or data information

e also: control character, data character, link character, normal character.

.4

aracterdayer

er of the protocol stack that specifies the representation of characters in terms of groups
nsecutive bits

e,
ot
ut

e word may is used to indicate a course of action permissible within)the limits of the
hndard.
. Glossary

D.1

error rate (BER)

io of errors to the total number of bits being sent in adata transmission from one location|to
other

.2

X

mechanical unit that contains links; the links may either remain inside the box, connectipg

S,
cal

of

TH

e «character layer provides the service to the higher layers of the transmission of

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 also: decoding.
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3.2.6

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

dgtacharacter

character used for packet payload or packet header

A |data character represents one of the values of a byte, i.e 0 to 255 (decimal). Only N-chg
arp used as data characters

S¢e also: link character; normal character.

3.p.8

dgcoding

trgnslation from the coded set of bits (coded character) to the original'set of bits (character)
S¢e also: coding.

3.R.9

dgserialization

agsembly of a coded character from the sequence of sefial bits

S¢e also: serialization.

3.2.10

dgstination

one or more destination_identifiers, identifying the destination node(s) to which the packet is

bg
Sé

3.
de
an

3.
de
te

S4

3.

transmitted
e also: destination_identifier.

p.11
stination_identifier (dest)id)
implementation dependent identity of a destination node for a packet

p.12
stination node
minal node(s)that is/are to receive a particular packet

e also:.node.

p.13

di

ital sum variation

-

S

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
difference 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.

Copyright © 1998 IEEE. All rights reserved.


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

IS
IE

O/IEC 14575:2000(E) ~19 -
EE Std 1355, 1998 Edition

3.2.15
end_of_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

fu

f\r‘finning of the link

TH

a flevice or a collection of devices that provide(s) a general routing capability, constructed frg

on

p.17

e exchange layer provides the service to the higher layers of the transmission cof
jefinite sequence of N_chars.

bric

e or more switches using links

an

m

S¢e also: link; switch.

3.2.18

flgw control character (FCC)

a tontrol character transmitted on a link in the opposite direction to data flow for each directipn
of| data flow, i.e. to the transmitter of data from the receiver, indicating that the receiver hjas
space reserved to receive a further F N_chars

The value of F is specified separately for each technology in this standard.

3.2.19

fupctional

a [ink interface becomes functional whemthe start-up procedure has successfully completed
and the link interface is ready to transmit data

3.2.20

link

means of communicating digital information bidirectionally in serial format between two devicles
or|subsystems

Allink comprises two'link interfaces connected by an appropriate medium (or media, for
cgnnections between/boards or cabinets), such that the link output of each interface|is
cgnnected to theAink input of the other.

3.p.21

lifk cable

physical>medium connecting two link interfaces, comprising two or more electrical or optigal
cibles

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.
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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

S¢e also: link.

3.p.25
link output
a gonnection point for transmitting signals

S¢e also: link interface.

3.p.26

network
any set of devices or subsystems connected by links (directly-0or indirectly) joining a set|of
tefminal nodes

3.p.27
nqde
a flevice or subsystem having one or more link interfaces

A [hode may be a terminal node (g.v.). A node may perform a routing function, routing packets
bdtween its node interfaces according to the information in the destination field of the packet

3.2.28
ngde interface
link interface on a switch

S¢e also: link interface; switch:

3.p.29
nqrmal character (or Nychar)
N |chars represent, at-the minimum, the 256 values of a byte (i.e. all the data characters) plus

a gontrol characterrepresenting an end_of_packet marker

3.2.30

pgcket

a sequence of N_chars with a specific order and format

A [packet consists of a destination followed by a payload. A packet is delimited by hn
erid_-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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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.

ph
Seé

pda
S4

ro
in

S€
Sé

S6€
th

S4

3.
Si
a

A

ysical medium

e: transmission medium.
.p.34

rt

e: link interface.
.p.35

uting function

.p.36

p.37

k up to the present time

ink has two running disparities, 'ene for each direction.
.p.38

rialization

P process of transmitting coded characters, one bit at a time

e also: deserialization.

.39

jnal

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

.00

bide a switch, this function determines to which numbered node ‘interface a packet is to
nt, based on the information contained in the packet destination

e also: switch.

n length
aximum number of successive bits of the same walue that can occur in the coded bit stream

nning disparity
mulative sum of the disparities of characters transmitted from the start of operation of t

Sighal propagates along a wire or an optic fiber. It is interpreted as a sequence of bits that

S

gr

uped into a sequence of characters by the character layer of the protocol stack. Signals d

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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3.2.41
sink
consumer of normal characters at a link interface

See also: normal character.

3.2.42
source
generator of normal characters at a link interface

on

Sé

Sd
te

S4

SV

co
S4

3.
SV
a

which it provides packet routing

S4

te
ng

S4

3.p.47
transaction
a sequence of packets sent between two or more terminal nodes to perform some function

Sé

€ also: normal character.
.p.43
urce node
minal node that originates data
e also: destination node.
.p.44
itch
fouting device (for example, a box or board) providing a set of\xnumbered node interface

.p.46

nstructed from one or more switch chips (or by other methods)
e also: fabric, node interface, switch chip.

P .45
itch chip
Very large scale integration (VLSI) integrated circuit’with two or more link interfaces, betwe

e also: link; switch.

rminal node
de with one or more link interfaces that are used to originate or consume data across
erconnect complying with this standard

e also: source; sink.

e also: transaction layer.

3.

la

tr;nsaction layer

P.48

ls,

er-above the packet layer for use by applications

The transaction layer is unspecified in this standard.

See also: transaction.

3.2.49
transmission medium
means of transporting electrical or optical signals

See also: signal.
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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 Qignnly character and nyr‘hnngp Inynrc are caoncerned with pninf-fn-pninf communication

bgtween adjacent nodes, while the packet layer provides end-to-end communication betwegn
tefminal nodes.

Transaction
Terminal node k Packet i Terminal node

Node Node

<=1l || 1 ——

Physical 7
Signal Exchange
Character

Figure 1 — Protocol stack®etween nodes

4.1 Physical media
Far electrical links, the physical characteristics include the specification of

a)| circuit board physical characteristies,
b)| connectors and contacts,

c)| cables,

d)| shielding requirements,

e)| line impedance,

f)| crosstalk,

g)| electromagnetic emission,

h)[ ESD susceptibility.

Fqr optical links, the physical characteristics include the specification of

— | _optical transceiver properties,

— optical connectors,
— optical fiber.
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https://standardsiso.com/api/?name=0a400bfa8eb4531ce11f53cbf77251fa

- 24 — ISO/IEC 14575:2000(

E)

IEEE Std 1355, 1998 Edition

4.2 Logical layers

4.2.1 Layer 0: 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 t

he

loss from the cables and connectors

c)| noise margins.
Fqr optical links, the signal layer includes the specification of

— | spectral center wavelength, aperture
— | optical power budget.

It [s important to note that there is a difference between signals and bits.\Signals are the values

ofla measurable quantity (e.g. voltage levels) that are on the transiission line; bits are t
logical 1s and Os that the signals represent. The measurable quantities vary both in nature a
in[value depending on the implementation (CMOS, ECL, CML{Jlight pulses on a fiber op
cable, etc.).

The signals may have various properties, such as limited running disparity, limited run leng
arjd/or d.c. balance, over a period of time.

4.p.2 Layer 1: character layer
4.p.2.1 Definition of a character

Bifs are transmitted in groups called characters. The character layer provides the service to t
higher layers of the transmission of.a'continuous sequence of characters on a link.

4.2.2.2 General description
Characters are used by thie,higher layers of the protocol to communicate both data informati
arld control information-~The number and representations of the various control characters a

the representations_ofsthe 256 possible data values varies according to the different types
links specified in thisMnternational Standard.

4.2.3 Layer@:.exchange layer
4.2.3.1_Definition of the exchange layer

A link,is the means of communicating digital information bidirectionally in serial format betwe

he
nd
tic

th,

he

on
nd
of

en
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d

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
ensure the proper functioning of the link.

Copyright © 1998 IEEE. All rights reserved.
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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)

b)

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.

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

L
la

space).

chars may be arbitrarily interleaved with N_chars on the link as required by the exehange
er.

Note that in the text of this International Standard the data values of a byte\(0 to 255) dre

re
re

mainder of the N_chars) as control characters.

erred to as data characters, and all the other used characters (i.e. all. L_chars and the

Consider two connected nodes, NODE_A and NODE_B (see figureC2). Each node uses a link

in

ca
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tra

E4
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ag
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E
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ng
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TH
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TH
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.P.3.3 Flow control

bg

erface or port (LINK_INTERFACE_A and LINK_INTERFACE%B; respectively) in order [to
mmunicate with the other node. Note that a node may have‘more than one link interfage.

lch link interface is divided into two parts: a transmitter‘and a receiver, referred to fas

nsmitter_A and receiver_A for NODE_A and transmitter_B"and receiver_B for NODE_B.

L.ch link interface has a N_char source (SOURCE_A"and SOURCE_B) that supply N_chars|to

nsmitter_A and transmitter_B, respectively, and~& N_char sink (SINK_A and SINK_B) that
cept data from receiver_A and receiver_B, respectively.

change layer information generated and sent, for example, by transmitter_A is received ahd
ered by the receiver_B and passed directly to transmitter_B (and vice-versa). L_chars shall
t be generated by the source nor written into the sink.

e N_char sink associateéd)with a link interface has a maximum capacity, defined by the
ysical implementation. N_chars are written into the sink by the receiver as it receives them|at

b link interface, and_ are read from the sink by the application using the link. In order |to
bvent sink overrun'aflow control mechanism shall be implemented.

e source (at thé other end of the link) maintains a credit associated with the receiving link
erface that~ihdicates how many N_chars the source can transmit over the link withqut

errunningthe sink at the receiving end. For every N_char that the source sends, it shall

ther N_chars, but it may continue to send L_chars. The credit maintained by the source shiall

crement the credit by one. When the credit reaches zero, the source shall not send any
increased by a block value (sometimes referred to as a "flit" ) of F characters when E{we

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 immpdiatply read out of the sink hy the rpr‘pi\/ing applir‘atinn This

m
th
ar
TH

Link A

,)~
Al

hximum length is determined by the size of the sink (which determines the number of €
ht the receiver sends to the transmitter after the link has been started from a reset cenditi
d thus the initial transmitter credit) and a number of implementation-dependent paramete
is is detailed in annex H.
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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

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

S

The protocol assumes the use of packet-switched networks in which the routing \iDformatipn
ngcessary to correctly transmit the packet across the network is contained<in*the first| K
N [chars of the packet (where K is fixed throughout a subnetwork). It is at thejpacket layer that
the routing decisions are taken. The protocol does not define a specific (of-maximum) size for
a |packet. Successive packets transmitted on a link may have different lengths andjor
dgstinations. Each packet is transmitted in its entirety, i.e. the transmission of a packet on a
link shall be completed before the transmission of the successivepacket may commenge.
Packets sent from a given source node to a given destination node over a network may pe
dglivered in an order different from the sending order. The detailsyof mechanisms to ensure |n-
orfer delivery are outside the scope of this International Standard.

4.P.4.3 Destination

The destination contains one or more destination identifiers (dest_id) that are used as the ingut
to[the routing function, enabling the routing network' to transit the packet from its source nogde
to|its destination node. The destination could be null for specific case of a point-to-point Ii’Ek

(i.p. the network is just one link). More than“one dest_id may denote the same destinatipn
ndgde. The method of allocating dest_ids" to destinations is outside the scope of this
Infernational Standard. See also clause 9and annex E.

4.p.4.4 Payload

The payload is the data (a message, a memory access request, an acknowledgment, etc.) that
hds to be transferred from'the source node to the destination node. It has a specific formpt,
ddfined in the transaction‘layer. Note that a payload may be null.

4.2.4.5 End of packet marker

A packet is defimited by an end of packet marker.

4.p.5 Layer 4: transaction layer

A [transaction is a sequence of packets sent between two or more terminal nodes to perfofm
h

S S function At thic lavinr thara Ay haio-caoncaon to-
TTCTOTTCTroOTI 7 YC trito

oycT T Tty O COTTC T oto™

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

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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payload format and contents Packet

Destination format,

Packet
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Bit stream o Bit stream
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Signals ¢ ¢ Signals

Figure 3 — Protocol stack djagram showing interaction of layers

4.8.1 "Downward going"

4.8.1.1 Transaction layer to packet layer
The transaction layer provides packets to the packet layer. The packet sequence, paylopd
cgntents and destination, address(es) are all determined by the transaction layer. The packet

layer forms the packet-destination from the destination address(es) and appends the packet
with the appropriate-end_of_packet marker.

4.8.1.2 Packet.layer to exchange layer

The packet layer provides the sequence of N_chars that forms each packet to the exchange
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.

4.8.2 Upward going
4.8.2.1 Signal layer to character layer

At the receiver end, the signal layer receives signals from the line and" generates the
cdrresponding bit stream.

4.8.2.2 Character layer to exchange layer

The character layer deserializes and decodes the bit stream)to produce a sequence |of
characters. Deserialization is the assembly of a coded character from the sequence of serial
bits. Decoding is the translation from the coded set of bits"(ceded character) to the original get
of|bits (character). The characters are passed to the exchanhge layer.

4.8.2.3 Exchange layer to packet layer

The exchange layer filters out L_chars for exchange layer functions and passes the N_chars|to
the packet layer.

4.8.2.4 Packet layer to transaction layer

The packet layer reconstitutes the' packets from the received N_chars. This is a logi¢al
reconstitution and need not imply that a whole packet is physically assembled. Routihg
fupctions are carried out at>the packet layer, based on the information in the packet
dgstination. When necessary (e.g. when a packet has arrived at its destination node), the
pgckets are delivered to.the transaction layer.

4.8.2.5 Link statdsyinformation

Link status infarmation is passed up between the layers from the signal layer to the packet
layer. The JinK status information necessary is dependent on the implementation of the link apd
intludes,for’ example, information on the calibration of the receiver, parity errors, etc. It is for
edch Jayer to filter the information that is relevant to its functioning and to pass up the
remaining information.

4.4 Implementations defined in this International Standard

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

e physical layer may be implemented in a number<of "different technologies, identifi
cording to signalling convention, transmission mediumyand maximum operating speed.

e format for this identification is given by three parameters:

SC-TM-dd

e possible 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.


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

ISO/IEC 14575:2000(E) - 31 -
IEEE Std 1355, 1998 Edition

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

Table 2 — Defined implementations

Technology | Baud rate | bidrectional | YPSSf{ransmission | Maximum | Connector
data rate
Units Bd MByte/s - m -
DS-SE-Q2 1.333-200 M 38 4 wires 1 None
TH-FO-02 250 M 39.4 2 multimode fibers 300 IEC 61754-6
Dp-DE-02 1.333-200 M 38 8 wires 10 IEC 61076-4-1071
HpB-SE-10 700-1 000 M 160 2 coaxial cables 8 IEC461076-4-107
262.5 um multimode fibers 100 IEC'61754-6
HB-FO-10 700-1 000 M 160 2 50 pm multimode fibers 1000 IEC 61754-6
2 single-mode fibers 3 0006 IEC 61754-6
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can, of course, also be used between chips and“between boards (across a backplane), giv
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5.

TH

ernational Standard does not therefore specify any cable/connector system for these link
5-DE links are intended for interconnecting sub-racks andyadjacent racks using a proto
mpatible with DS-SE link from the character layer upwards. TS-FO links are intended

mpatible with DS-SE links. The use of optical technelogy necessitates some differences
b exchange layer. HS-SE links are intended for high speed rack-to-rack interconnect. Th

itable attention to maintaining appropriatesSignal integrity. HS-FO links are intended
pvide longer distance transmission using\a-protocol compatible with HS-SE links from t
aracter layer upwards.

is International Standard specifies-an appropriate cable/connector system for each of t
Chnologies specified within this'standard, with the exception of DS-SE links. The connec
stem is intended as a front-panel adapter and matching cable mounted connector.

is International Standard }does not specify any backplane or mezzanine connector standarg
is is considered maofre, appropriately specified as an adjunct to specific existing backpla
hndards.

DS-SE and.DS-DE

| General

Sit

5-SE links are intended for use for chip-to-chip and board<to-board interconnect. This

S.
col
to

bvide longer distance transmission using, necessatrily, optical technology, but at speelds

at
ey
en
to
he

or

S.

a

e.DS-SE and DS-DE links are designed for point-to-point communication that may be on

at

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 shaII operate at a speed of 10 MBd unless and until the system in WhICh it operates

5. DS-SE: physical medium

5..1 Transmission line requirements

Fqr distances greater than a few centimeters, signal integrity considerations dictate that the
link line has to be considered as a transmission line. Discontinuities or variations |in
characteristic impedance should be kept to a minimum. The tranSmission line may be made pn

and crosstalk with other tracks should be minimized (including between data and strobe lines|of
the same link). The longest length of line achievable \will depend on the materials used for

D$-SE supports two standard nominal characteristic impedances for the physical medium,
50 Q and 100 Q. Drivers conforming to the BDS-SE electrical standard shall support one |of
these impedances and may support both. Each direction (i.e. the data and the strobe line) of a
simgle point-to-point link shall use either ene or other impedance throughout the length of the
link and use a matched driver. The .gpposing directions of a single point-to-point link may,
hdwever, use different impedances.

5.8 DS-SE signal level
5.B.1 General

Eqch connection of a-DS-SE link shall be implemented as a unidirectional point-to-pojnt
transmission line. Fhe-transmission line shall have a characteristic impedance of either 50 Q|or
1d0 Q and shalldeterminated by high impedance at the receiver. The transmission line may pe
prpvided by PCB, coaxial or other suitable controlled impedance interconnect. The receiyer
shall be designed to accept standard TTL input switching levels with a high input impedange.
The drivervoutput impedance should be close to the characteristic impedance of the
transmission line both when the driver is driving low or high and also while switching. This is|to
ensuresthat reflections generated by the receiver are sufficiently damped by the driver that thley
dd_net cause spurious transitions. The range 0.8 V to =2 0V 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.

Copyright © 1998 IEEE. All rights reserved.


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

ISO/IEC 14575:2000(E) —33-
IEEE Std 1355, 1998 Edition

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‘fong 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
5.8.2 DS-SE link d«iver

E3

L.ch driver sheuld have a nominal output impedance of either 50 Q or 100 Q depending on the
trg

nsmissiongmedium to terminate the reflections from the receiver. The output impedance
shall be controlled when the output is fully on driving a high or low level, and also whijle

switching:=In order to be adequately matched, the characteristics of the driver and the
transmission line shall be related as shown in the table 3.
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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

Zd is the characteristic impedance of the transmission line. Z, is the impedance of the driyer
when the output is driving low, and Z, the impedance when it is driving high. The" figures
dgpend on the supply voltage used by the driver because the input threshold is fixed.

It js recommended that nominal 50 Q characteristic impedance transmission lines be used|in
ndminal 3.3 V systems and on backplanes.

On power on and reset, a DS-SE link output shall hold both the datatand strobe signals low.

Annex J gives an example DS-SE link driver circuit for a 00 Q transmission line with 5|V
sypplies.

5.B.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 ensure that
the correct signal levels are produced at the réceiver input.

The input threshold of the receiver is nominally 1.4 V and shall be within the transition regign,
which is defined as 0.8 V to 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.B.42 DS-SF 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
constraints 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

Optional output

— 35—

Receiver

%fef

Optional input

pd

/J; Co

Figure 6 — DS-SE timing reference model

o %

System skew

’-—_v_‘

Input skew.

This model shows the possibility of buffers in the signal <path, in which case the output

b
c

igpedance of the second buffer is assumed to be not morethan 100 Q, and C, is assumed|to

not more than C;. If buffers are not used then Cj; and C, are combined into a single
pacitive load that may be twice the figure given in table 4. If the output drivers are matched
to[100 W, and it is required to use 50 Q transmissiop;lines, then buffers will be required.

Three sets of timing parameters are defined (s€e table 5 and figure 7), to allow for operation|at
the default speed of 10 MBd (DS-SE-00 links); 100 MBd (DS-SE-01 links), and 200 MBd (DS-
SE-02 links). A higher speed link type will always be able to operate at a lower speed.

Table5'< DS-SE timing and swings

10 MBd 100 MBd 200 MBd Notes
Symbol Parameter Units
Min. Max. Min. Max. Min. Max.
tDEI D/S edge min. separation ns - 20 - 2.5 - 1 1.1
tDEDSI | Sustainable inputbit period ns 80 750 9 750 4.5 750 3
tLIPSf | Input falltime (2.0 V — 0.8 V) ns - 100 - 100 - 100 4
tLIDSr Input rise time (0.8 V — 2.0 V) ns - 100 - 100 - 100 4
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NQTE 1 tDSI is the minimum separation between consecutive edges on the data and strobe inputs (one edg¢ of
either sense on each wire) that the link can discriminate correctly. An implementation shall not require this to|be
grgater than the appropriate value specified\n table 5.

NQTE 2 The same figure applies to consecutive edges of opposite sense on either the data or the strobe input.

NQTE 3 In general a link input_Gannot handle a continuous stream of edges separated by tDSI. This fighre
spgecifies the sustained bit period\that shall be accepted for the nominal baud rate. The maximum nominal bit time
is fletermined by disconnect time-out period of the link receiver.

=

NQTE 4 This is the slowest edge that the input shall accept.

Figure 7 — DS-SE link timings

Copyright © 1998 IEEE. All rights reserved.


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

ISO/IEC 14575:2000(E) - 37 -

IE

EE 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
tLODSE | Qutput fall time (2.0 — 0 8 V) ns - 40 - 4 - 2 —
tUODSr | Output rise time (0.8 V - 2.0 V) ns - 40 - 4 - 2 =
NQTE This is a skew measured at the 1.5 V threshold relative to the nominal time at which it is specifiéd to crgss
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defined in terms of consecutive edges. For example, if two consecutive edges are nominally.5.ns apart,
gth of time between the time at which each will cross the threshold can be 5 ns + tDSO.

owable system skew is determined by the constraint that the sum of tDS(, the range of tD$
d the system skew shall not exceed nominal bit time. Thus, for DS-SE;01 links the syste
ew shall not exceed 5.5 ns.

.B.5 DS-SE link signals

he

50

ormation on a DS-SE link shall be transmitted using two connections, referred to as data a
obe respectively, in each direction. Each connection_shall satisfy the electrical constrai

nd
ts

ecified in the previous subclause. The data line carries binary data values, and the
companying strobe line changes state each time the next bit has the same value as the
bvious one (this does not correspond with the usyal meaning of "strobe", which would bg a
signal that indicates every time that another signalys valid). By this means each DS pair carri

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

-1 O 01 101
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Data I | I l_l I_
Strobe _,_|_,_

Figure 8 — DS-SE link signal encoding

nce the data-strobe system carries a clock, the links are asynchronous; the receiving devi
nchronizes to the incoming data. This means that DS-SE (and DS-DE) links autobaud; t
ly restriction on the transmission rate is that it does not exceed the maximum speed of t
Ceiver. This also simplifies clock distribution within a system, since the exact phase

fr

S
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he
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quency of the clock on a pair of communicating devices is not critical. It iS not essential th

at

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,
and that 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

For input of data to the device through the link interface
DS_SE_strobe_in

DS_SE_data_out

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

A DS-SE link is constructed by connecting the DS_SE_data_out and DSN\SE_strobe_out of ope
link interface to the DS_SE_data_in and DS_SE_strobe_in respettively of the other link
inferface, and vice versa.

The DS_SE_data_out and DS_SE_strobe_out of a link intérface may be connected to the
D$_SE_data_in and DS_SE_strobe_in respectively of thé _same link interface to create| a
loppback, e.g. for link testing.

5.4 DS-DE: physical medium
5.4.1 Link cable
A [DS-DE link cable shall provide ten cohnhections. Eight connections (in four pairs) shiall

support the eight signals in the DS-DE fink; the ninth and tenth connections shall support pn
odtional remote power facility.

A recommendation for the DS-DE cable is given in annex M.

Edqch connection in thescable shall be color coded as given in table 8 and have the
cHaracteristics as givep~in-table 9. Note that attenuation and skew budgets are given in 5.9.3
arld 5.5.4.

Table 8 — DS-DE cable color code

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

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)] Robust

e)| Latching

f)| Small size

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

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

Electrical characteristics

Differential impedance 950 +100Q
EMC Cable shall allow.system to meet CISPR limits
Near end crosstalk (backward) 2 % maximum at 100 MHz measured on 10 m sample

in differentiamode

4 % maximum at 100 MHz measured on 10 m sample

Far end crosstalk (forward) 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 in the
cable according to table 10.
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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
1e Pair 5 white 1e
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 single-twist in each of Pairs|1,
2,13, and 4, and to provide a single twist between Pairs 1 and 3.and between Pairs 2 and|4.
This is shown in figure 9 using Pairs 2 and 4 as an example.

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

Figure 9 — DS-DE\table assembly twist example

Any extension adapters allowing (multiple segments of cables to be used shall also provide
sych a twist, so that the effect of any such cable/adapter/cable combination is to providg a
single twist, as illustrated in figure 10.

la
2a
le
2e

o\ 9 ©

Cable assembly Adapter Cable assembly

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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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
connector)

b DS_DE_strobe_out_minus DS_DE_strobe_out_plus

£ DS _DE _data oyt _minic DS _DE _data _gut nliic
pu— — — — p— — — —

Table 12 — DS-DE connector modularity specifications

Characteristic Specification
Modularity Fixed connector modules shall be placed on a6, mm pitch,
or their centerlines separated by more than 12\umm
Connector width 5.9 mm maximum
21

PCB

Figure 1 — DS-DE fixed connector external view

Pips 1c and 2c of the DS-DE fixed connector are either both left unconnected on the PCB, |or
arp used to implementsan-optional power supply, as specified in 5.4.4. It is recommended that
fided DS-DE link conngCtors with neither source nor sink power connections should include
1d MQ bleeders toy*ground on pins 1c and 2c to prevent static build-up on otherwise
urjconnected power conductors.

In| additiori to' the interface specification of IEC 61076-4-107, the connectors shall have the
prpperties described in table 12.

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

4 Oprinnal power qllpply ta DS-DE cahle
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.f#+.4.1 Optional power supply

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

N 1c either provides an output power supply based on the equipment's 5/V, VCC, with a s§g
aling fuse for overcurrent protection and a (Schottky) diode for reversgteurrent protection,
bvides power to local circuitry from a remote source. Components should be chosen to me
b specification given in table 14. Pin 2c provides for power return.

Table 14 — Optional power supply

Symbol Parameter Value

Hold current, the operating current that
IpHold the overcurrent protection devicewill 750 mA minimum
pass without going high impedance

VpOHmMin. Output voltage with respectto pin 2c at 3.75 V minimum at 750 mA
maximum steady-state.ddtput current

Output voltage with-respect to pin 2c
VpOHmax. at any output curreat greater than a 5.0 V maximum
leakage curreptiof 1 mA

1 mA maximum at reverse voltage

IpReverse Reverse-current of 12 V with respect to pin 2¢

e load drawn from this/power supply at the end of 500 mm cable with conductors
ecified for the DS-DE _link cable, shall meet the specification given in table 15. The prodt
power used and,cable length shall not exceed 1 W x m.

Table 15 — Optional power supply load

Symbol Parameter Value

Pp Power consumption 2.5 W maximum

et

f-
or
et

ct

LUVVCDL illpul VU;lGlyC Vvilil respcet tu Pill L dl
VpRemotelLow remote power supply at which the remote power | 3.5V maximum
supply is able to supply the required power

Highest input voltage with respect to pin 2c at
VpRemoteHigh remote power supply that the remote power 5.0 V minimum
supply can tolerate
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5.4.4.2 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 25A
switch to a high-impedance state

Trip time, the maximum time for the over-
TpTrip current protection device to switch to its high 05s
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 specification, normally
device returns to its specified characteristics within less than,4 vnin)

5.4.4.3 Layout convention

It [s recommended that in any block of adjacent DS-DE link)connectors, the end connector wjth
space adjacent to its pins 1 (the end with the D chamférs®of the connector pointing outwards
frgm the block), be supplied with power on pin 1c, and.that if more than one connector in any
blpck be supplied with power, all such connectors should be adjacent (see figure 1P).
Equipment need not have special markings to identify connectors supplying power, but it|is
recommended that such connectors are clearly.gdocumented.

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
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5.5 DS-DE signal level

5.5.1 General

Differential signalling may be used, e.g. for connections between equipment. Differential
signalling provides the following advantages over single-ended signalling.

a)
b)

Increased noise immunity
Avoidance of ground loops between equipment

A
dif

5.

E4
trg

DS-DE link interface may be constructed by connecting two differential drivers and-t
ferential receivers to a DS-SE link interface as follows.

Each connection point of the DS-SE link output is connected to the input of asdifferential

driver, generating a pair of balanced signals from the on-board DS-SE* electri
specification. The two pairs of signals form the DS-DE link output.

receiver, converting two pairs of balanced signals into two signals_cenhforming to the d
board DS-SE electrical specification. The two pairs of signals form the-DS-DE link input.

DS-DE link interface shall have the logical properties that it would inherit if connected tg

nsmission line, in the manner defined in 5.4.

Llch connection in a DS-DE link_shall be made with a nominal 95 Q transmission line. T
nsmission line shall be terminated at the receiver inputs: the combination of receiver ing

impedance and line termination.shall be 100 Q.

TH
le

e signalling uses a palr jof balanced pseudo-ECL signals. Pseudo-ECL signals have EQ
els shifted by 5 V. See table 17.

Table 17 — DS-DE signal levels

system built using DS-DE links shall meet - CISPR limits concerning electromagnejt
nissions.
.2 DS-DE signals

cal

Each connection point of the DS-SE link input is connected to the output of a differential

n-

5-SE link interface in this way. This is the recommended implementation of a DS-DE link
erface.
DS-DE link is constructed by connecting two DS-DE.Jink interfaces by a suitable eight-w

c

he
ut

L-

Parameter Units Min. Typ Max.
Driver differential output voltage Vv 0.8 1.0 1.4
Driver common mode output voltage Y 2.5 - 4
Driver outputTise tme (20796 — 8079%) s 05 = 2
gr?glilt\iﬁrg”:s:&ieraFt)i?)iaPecs?stance) Q 90 100 110
Receiver input common mode voltage Y, -1.2 - 7.2
Receiver sensitivity mV 200 - -
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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

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

Inleach differential pair, the plus version of the signal is positive going when the correspondi

simgle ended signal is positive going, and vice versa.

A [link shall connect two sets of differential pairs by connecting the DS_DE_data_out_plus
orle set to DS_DE_data_in_plus of the other set, DS _DE) strobe_ out_plus of one set
D$_ DE_strobe_in_plus of the other set, and similarly for.thé _minus signals.

5.5.3 DS-DE attenuation budget

of
to

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

receiver) shall be less than or equal to 6 dByat 100 MHz. This attenuation shall be divid

following the guidelines given in table 19.

Table 19 —.Attribution of attenuation budget

Parameter attenution /B
Output of driver to output of connector 0.5
Across cable 5
Input to connector and input of receiver 0.5

5.5.4 DS-DE skew budget

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

ed

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 in 5.3.1.

5.5.5 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).
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sceptibility as a function of the intended operating environment. To reduce susceptibility
IC it is recommended that it is ensured that the fixed connector is connected to\housings
ing appropriate EMC brackets and/or gaskets (similar to B.3), or that small €éommon-mo

ecification for such chokes is 200 Q min at 20 Hz to 300 MHz, 800 Q typ at,100 MHz.

b DS-SE and DS-DE character level

order to provide efficient support for higher level protocols, it is useful to be able to enco
aracters that may contain a data byte or control information (in’ other standards these mig
referred to as symbols). Each character shall start with a~parity bit followed by a control

ht is used to distinguish between data and control chafacters. In addition to the parity a
ntrol bits, data characters contain 8 b of data, and control characters have 2 b to indicate t
aracter type. This is illustrated in figure 13.
Data characters Key
0: logical 0
1: logical 1
‘_IP[OIXTX IXIXIX IX‘X[X| X: don't care
0 1 2 3 45 6 7 P: parity (odd)
Control characters
“— ﬂﬂﬂ Flow control character (FCC)
Normal end of packet (EOP_1
AN packet (FOP-D
Exceptional end of packet (EOP_2)
——[P1]lo]

“— E Escape (ESC)

«— PIi[i]i[P[i]oJo] NuL

system using DS-DE links shall meet or exceed IEC 60801-4 specifications cop’ B

M
to
by
de

okes are used in series on the signal lines, and the power lines if connected. A suitable

de
ht
bit
nd
he

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).
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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

“«— P|0[\x|x ]x|x|x [x]x |x Pll/’\oll PIlIOIO

D$-SE/DS-DE links code the N_chars EOP_1 and EOP_2 as shown in,table 21, in which
indlicates the position of the parity bit in the character.

D$-SE/DS-DE links define and code L_chars as shown in table '22; and their application
discussed in 5.7.

TH

that follows a null character includes only the secofnd*4 b control character of the n

ch

the following character is a control character.

[ I
Parity Parity
coverage coverage

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

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

aracter; i.e. it will be a one if the following charactekis a data character, and will be a zerg

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
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5.7 DS-SE and DS-DE exchange level

5.7.1 General

on

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

b)

Aff
in
m
un
th
(o0
N
(o0
bu
fig

If

de
trg
fig
bg
th

.¥.2 DS-SE and DS-DE initialization

ransSImitS Tharacters cConmtinmuousiy eVerT T tTe abSence Of a Message, a physicat diSTOMNTg
can be assumed if the inputting link detects that there are no characters being receivg
given that some have been received previously;

the final parity bit of a packet is transmitted immediately; because the parity-of e
character is validated by the parity bit of the following character, the validation. of the fi
character of a packet would otherwise be delayed for an arbitrary amount of time.

ter reset, a DS-SE link output shall maintain both signals at their reset level until started, i
structed to begin operation (note that receipt of a character by the corresponding link ing
by be taken as such an instruction). Thereafter it shall send onlyANULL characters unless a
til at least one character has been received by the corresponding link input since reset. Af
b link output has been started and at least one chafacter has been received by t
rresponding link input since reset, the link shall begin nermal operation. In normal operatic
| chars provided for transmission are sent when there is:flow control credit available, and fl
ntrol credit is issued by transmitting FCCs corresponding to available space in the link ing
ffer. A timeline diagram illustrating DS-DE and.“DS-DE initalization and reset is given
ure 16.

A link interface is reset during normal operation, then it shall cease to transmit. This will
tected as a disconnection error by the) receiving interface, which then will also cease
nsmit. After the exchange of silehce protocol, described in 5.7.4.2 and illustrated
ures 15 and 16, both ends of thexlink will enter the ready state and normal operation m
gin. The exchange of silence pretocol allows the reset procedure to have the desired effec
P two links are operating in separate reset domains.
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PowerOn Reset

LinkStart

After 12,8 pus

Received
NULL
3\

After 12,8 s
and ParityError Disconnect
Disconnect Error
Error

ParityError

ParityError Received

NULL

LinkStart

v ParityError or
Disconnect Error

After 6,4 us

Diseonpect
Errgr

Null sent

ParityError

Output stopped
Disconnect Error

ResetLinkCommand

All States

NQTE In the ErrorReset,state, all transitions on the link input shall be ignored, and the flow-control credit countgrs
anfl input buffer shall be\reset.

Figure 15 — DS link states

5.V.3 Flowcontrol

The eredit value (F) of each Flow Control Character (FCC) is set at 8 N_chars.

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.
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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
Reaehy
) Send Nulls
LinkStart Started
\ Null (TokenReceived set)
Received )
Send FCCs and Nulls __| LgkStart
(TokenReceived set) R
(Connection Established) un L_Send FCCs and Nulls
\ Run (Conhection Established)
Bidirectional Data Flow Bidirectional Data Flow
ResetLink WaitOutStop Go Silent
(850 ns)
Disconnection Error v WaitOutStop
Go Silent ErrorReset
WaitOutStop (6.4 ps)
¥ {Disconnection Error v .
ErrorReset Errorwait
(6.4 ps)
v (12.8 ps)
Errorwait
v
Ready
(12.8 ps)
v
Ready
Figure 16 — DS link 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 reget
rafher than physical disconnection. Figure 15 illustrates a suitable state machine for DS<$E
arld DS-DE error handling.

5.Y.4.3 Parity errors

Fqllowing a parity error, both character-level synchronization and flow control status are ho
lopger valid, therefore both ends of the link must be reset. This is done/autonomously by the
D$-SE/DS-DE link using an exchange-of-silence protocol.

When a link interface detects a parity error on its input it shall"halt its output. This will
subsequently be detected as a disconnect error at the other (eénd, and will cause that link
inferface to halt its output also, causing a disconnect to be{ detected at the first end. The
ndrmal disconnect behavior described above will thennensure that both ends are reget
(irrespective of line delay) before either is allowed to restart. If a link interface detects a pality
erfor before it has been started, it shall start, transmit-at'least one character, and then stop|to
ensure that a disconnection error is detected by the other end.

6 | TS-FO-02 fiber optic link

6.1 Physical medium

6.L.1 General optical characteristics
The TS-FO-02 optical link cable is a fiber cable containing two fibers, one for transmission|in
edch direction. A 62.5 pym(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 (jas
specified in IEC 60793¢13A1-b) of the fiber is given in table 23.

The link cable shall-be clearly marked "ISO/IEC 14575 TS-FO Link Cable". A recommendatipn
fof fiber construction 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 specificatipn
of|IEC 61754-6, the connectors shall have the properties described in table 24.

Table 24 — TS-FO connector modularity specifications

Characteristic Specification
Modularity Connector modules shall be placed andas14 mm pitch,
or their centerlines separated by mere*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 to“the fibers in the cable in such a way
aq to connect ferrule 1 in one plug with ferrule 2 in the other plug, and vice versa, as shown|in
fiqure 17.

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 extensipn
adapters allowing multiple ségments of cables to be used shall also provide such a twist, [so
that the effect of any sueh-cable/adapter/cable combination is to provide a single twist, fas
illystrated in figure 18.

g Lk

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

Table 25 — TS-FO signal allocation

Ferrule

2

1

Signal TS_FO_in

TS_FO_out

.L.3 Environmental constraints

rahge or other environmental parameters.

FU

Lg
an

gi

Table 26 — TS-FO envirohmental constraints

Parameter

Value

Operating temperature

-10°Cto +6 °C

Non-operating temperature

—-40 °C to +85 °C

.p Signal level

2.1 Transmitter-and receiver characteristics

rther environmental specifications are given in table C.2.

unch powercand sensitivity are strongly dependent on the kind of optical components usged
d on the canfiguration of the LED/laser modulation and of the photodiode amplifier. Table
es the recommended transceiver characteristics for an LED-based system.

e environmental requirements for the TS-FO link cables\@and connectors are applicatipn
pendent. However, as a minimum, the cables and conpectors shall meet the constraints
ple 26. Note that specific applications may have requirements for extended temperaty

n
e

=

R7
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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
Wavelength nm 760 - 900
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 TS-FO link shall operate at 250 MBd + 10-10 ppm.

6.p.3 TS-FO reference link

A link comprises two link interfaces connected by-appropriate media, and transmits informati

bigirectionally. For specification and test purposes, a TS-FO Reference Link is defined ag a

transceiver (the link interface), connected by>a pair of fibers to an adapter, connected by
pllig-cable-plug assembly to another adaptéer, connected to another transceiver by a pair
figers, as shown in figure 20. This figure also shows reference test points TP1 and TP4 (whg

TRx are at the extremities of the optical.cable).

[1]

>L—
<]]_
[2]

Transciever

Adaptor

Plug

Figure 20 — TS-FO reference list

Cable

Barg
—>

Adaptor

[rP4]

Transceiver

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

IE
to

TH
de

E4
z€
th
ar
al
th

..5 Eye safety

.B TS-FO character level

.B.1 General

.B.2 Symbols

Cdile asselloly aaditonat S OB TITaxiTTaTT measured 1mon TFL o TF4 (ald TFS
attenuation to TP2) with cable under test and the
loopback test loss as defined above

C 60825 is the most stringent standard for laser radiation eye safety. It4s'for the implemen
take appropriate measures to ensure eye safety.

e coding is chosen to ensure that single-bit errors .do“not generate multiple-bit errors
coding, and to avoid the overheads of CRC checking.(which would double the length of sm
ckets).

lch character is coded as two six-bit symbols, where each symbol has three ones and thr
ros, hence, the code is described as ‘athree-of-six" code. There are twenty valid symb

e used for control. The remaiping two values are unused. Table 29 shows the symb
ocated to the sixteen data nibbles (the symbols are drawn as on a oscilloscope trace, wj
b |east significant bit, i.e. the first transmitted, on the left).

or

on
all

ce
bls

nt have three ones and three zeros0f which sixteen values are used for data and two valuges

bls
th
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Control characters are\fermed by composing two symbols, called CONTROL and CONTROL*.
L.ch of these two,symbols is always one of 101010 and 010101, depending upon the final pit
the preceding,symbol, as shown in table 30.
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Table 29 — Symbols allocated for character coding of data values

Hex

LSB MSB

011010

101001

011001

110001

001101

101100

011100

110100

001011

100011

010011

110010

001110

100110

010110

nmlmlolo|lw|>|o|lo|~w|ofufs|lw|dv]r-]|o

100101

Table 30 — Symbols for control characters

is selection of data symbols for the particular four, bit values has several advantages. Apart
m the values 0 and F the coding is systematic’ in respect of bits 0, 1, 3, and 4. The
dundant bits, 2 and 5, are placed in such a manner as to guarantee transitions within each
mbol in at least two locations, each locatio@,0ccurring in one of two places. Thus, there will
vays be a transition either between the first 'and second bits or the second and third bits, apd
her between the fourth and fifth bits orxthe fifth and sixth bits.

e symbols 000111 and 111000Q~are not utilized because they increase the run length anhd
pital sum variation (DSV) of the code. Furthermore, the symbols 010101 and 101010 are not
ed for data symbols so as.to.limit the number of adjacent alternating bits in a data stream,
t are reserved as symbols used for control characters.

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.B.4 Control characters

The control characters NULL and FCC are comprised of CONTROL and CONTRQl* symbals.
The control characters EOP_1 and EOP_2 are comprised of a control symbpol ‘and a data
syimbol, where the data symbol is the longitudinal error check code described\in 6.4.4.2. See
taple 31.

Table 31 — Coding of control characters

Control character Symbols Previous symbol Symbols (binary)
NULL CONTROL CONTROL* XXXXX1 101010 101010
XXXxX0 010101 010101
FCC CONTROL CONTROL XXXXX 1 101010 010101
XXXXX0 010101 101010
EOP_1 CONTROL checksum XXXXX1 101010 checksum
XXXXX0 010101 checksum
EOP_2 checksum CONTROL checksumeExxxxx1 checksum 101010
checksumeExxxxx0 checksum 010101

A |final control character, comprised of four symbols, is used for initialization. This is| a
sgquence of as many transitians as possible, as shown in table 32.

Table 32 — Coding of INIT

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

INET 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 link interface has been sending NULL characters for more than 400 ps, but has not
received the INIT character, or if the link interface has received any character other than’NULL
simce the first NULL character it received and before the INIT and FCC characters; the link
inferface shall restart the initialization sequence by reverting to transmitting centinuous INIT
characters.

l PowerOn Reset

StopLink

StartLink

Resynchronise

Received INIT

450 ps or error during
exchange of NULLs

Exchanged INITS for

125 s ResetLink

Error during exchange
of NULLs

Exchanged NULLs-for

125 s 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
125 us Send INITs
(125 ps) Run (@25)us)
Send NULLSs|

RunNull ¢ |Send NULLs, ¥ RunNull

(125 ps)
(125 ps)
RuniNull ¢ INIT then NULLs
i o
, . 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

6.43) 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
erfors and these errors shall be detected. Checks are applied to the connection itselfy [to
pdckets, to characters, to symbols, and to bit-sequences.

6.4.4.1 Disconnection

During normal operation, if a link interface is reset, it shall start transmitting, INIT characters
and shall revert to the initialization sequence. During normal operation, the reception of at least
twio consecutive INIT characters implies disconnection. This allows links{opérating in separate
reget domains to resynchronize correctly.

6.4.4.2 Packets checked with longitudinal error check code

The code for each symbol allows an unusually rigorous chegky{checking for all single-bit errqrs
and only missing errors when one bit is turned from a onedo“a zero, and another is turned frgm
a zero to a one. Such errors shall be detected by a lengitudinal check covering all the data
symbols in the packet. The check used shall be a longitudinal even parity check of the nibbles
of|leach data character. The data characters and thegparity are subsequently encoded as six pit
dgta symbols.

-

The four check bits shall be converted into\'the corresponding data symbol for transmissign,
dgcoded on receipt, and compared with_the check computed from the received data symbq|s.
The conversion of a packet into its encoded form, incorporating the encoded parity in either the
EQP_1 or the EOP_2 character, as.désired, is shown in figure 23.
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Packet organized as nibbles, with single parity nibble

6.4.4.3 Character level checks

Al
sy,

6.
@)

the

an

TH

B I T T T A I >
............................ - .>
............................. - .> b
............................ INE
............................. 4>
Longitudinal parity coverage
L R »
LTITCUUTU PQLI\CL vWILIT TTTCUUTU Pﬂllly
‘ .......................................
EOP_1

CONTROL
Encparity

Encoded packet with encoded parity

Encparity
CONTROL

Figure 23 —"TS-FO packet encoding

characters shall be checked. Any illegal character that is not otherwise reported as being
Imbol or synchronization error shall result in immediate link reset.

1.4.4 Bit-level cheCks and synchronization

nce the recejver/has established character boundaries, it should stay in synchronization w
bse character‘boundaries thereafter. If a control character is received that is not in synchronis|

error has“occurred.

e INIT, NULL and FCC characters all have at least nine alternating bits, whereas the longg

m,

St
(e,

le

ar

C

ngth of alternating bits possible with data characters is eight. If a count is detected, therefo

e 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 buffer
the serial input buffer shall be 50 Q + 10 %.

7.1.1.2 Other characteristics

Ofther 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 electromagne

emissions.

7.1.2 Printed¢ircuit board (PCB)

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

Table 34 — PCB track characteristics

—F

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

The maximum recommended bend angle is 120°.

Copyright © 1998 IEEE. All rights reserved.
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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 Physical

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

Table 35 — Physical characteristics of a single coaxial cable

TH

TH

TH
is
to

.L.3.2 Electrical

.L.4 Link cable

.L.4.1 General

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

ese characteristics are needed in order to be compatible with the coaxial.contact.

e electrical characteristics of a single minicoaxial cable shall beras in table 36.

Table 36 — Electrical characteristics of a,single coaxial cable

Characteristic Value

Characteristic impedance 50Q +£10%

referred to as "single-link}-ecable. All the individual coaxial cables in a link cable shall confo
the characteristics described above.

Copyright © 1998 IEEE. All rights reserved.
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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.

A

TH

"9

Li

Cable plastic skin
Cable plastic skin

Cable shielding

Coaxial drain
Coaxial drain

Coaxial dielectric

Coaxial dielestric

Coaxial shiglding
Coaxiahplastic skin

Coaxial shielding
Coaxial plastic skin

a) Shielded (double braid) link cable b) Unshielded (sifgle braid) link cable

Figure 24 — Single braid and double braid link cables
Fecommendation for the shielded cable is given in anhex P.

e link cable shall be clearly marked "ISOHEC 14575 HS-SE Link Cable (shielded)"
EO/IEC 14575 HS-SE Link Cable (unshielded)" as appropriate.

.L.4.3 Mechanical performance

hk cables shall have mechanical performance and safety certification as given in table 37.

Table 37 — Mechanical performance and safety certification of link cables

or

Mechanical performance

Characteristic Value (shielded) Value (unshielded)

Minimum bendingiwradius (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) Option for multiple connections on the cable connector

c)Comptete-sereening

d)| Robust

e)| Latch fixing (screw fixing may be used as an option)
f)| Small size

The connectors and coaxial contacts shall be as specified in IEC 61076-4-107."See annex B.

The connector at either end of the single link cable shall be connecCted to the cent
cgdnductors of the two coaxial cables in the cable in such a way as.to' connect pin a in o
cgnnector 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

Note that the effect of the cable/connector asgsembly is to provide a single twist. Any extensi
adapters allowing multiple segments of cahlées to be used shall also provide such a twist,
that the effect of any such cable/adaptericable combination is to provide a single twist,
illystrated in figure 26.

U pq L

Cable assembly Adapter Cable assembly

Figure 26 — HS-SE extension adapter

The allocation~of signals to the connector pins shall be as given in table 38 (which is orient
to|correspond to the external view of the through-panel (fixed) connector when mounted on t
udper surface of a horizontal PCB; see figure 27). The direction of the signals is relative to t
through*panel (fixed) adapter.

ral
ne

ed
he
he

:

PCB

Figure 27 — HS-SE fixed connector external view
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b HS_SE_in

a HS_SE_out
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r

In addition to the interface specification of IEC 61076-4-107, the connectors shall have the
properties described in table 39.

A

TH
de
ta

Table 39 — HS-SE environmental constraints

Characteristic Specification

Modularity Fixed connector modules shall be placed on a 6 mm pitch,
or their centerlines separated by more than 12 mm

Connector width 5.9 mm maximum

|

.L.6 Environmental constraints

rapge, or other environmental parameters.

7.2 HS-SE signal level

7.2.1 General

H$-SE-10 signalMevels are single ended. A HS-SE link shall operate in the ranges given|i
taple 41.

Table 40 — HS-SE envitonmental constraints

nex O provides a recommendation for the PCB layout for the fixed.connector.

e environmental requirements for the HS-SE link cables’ and connectors are applicati
pendent. However, as a minimum, the cables and connectors shall meet the constraints
Dle 40. Note that specific applications may have (réquirements for extended temperatd

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

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

ol PO Y
Cirar acterrSTre

N fol
varae

n
e

=

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 bUTTET tO MpUt bUTTer):
characteristic impedance, R3/RA=Z
Z.=50Q+10% -
lor0 N

Switching thershold
= Vs = Vppf2 (nominal)

?8 mA (nominal) ER4

Vss Vss

Figure 28 — Input and output buffer electrical model

The receiver amplifier should be polarized arotind its switching threshold, nominally at Vpp/2
fof a CMOS inverter. This results in a m@aximum receiver sensitivity. The receiver input
impedance (defined by R3 // R4) shall be 50 Q + 10 %.

The driver is modeled by two currentsources, pulling the line to logic level 1 or logic level O fas
a function of the bit to be sent. The nominal signal levels corresponding to these logic levels
arg as follows:

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

arjd
(Vs — VL) =(Vg - Vs) =400 mV

where

V_ iswoltage level corresponding to logic level 0 on the line
Vg IS voltage level corresponding to logic level 1 on the line

and

R3// R4 = Z,
where
Z. is characteristic impedance of the transmission line (50 W)
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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 shouldbe 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 shall meet
the requirements shown in table 43 or Vpp = 3.3 V (nomjnal) and table 44 for Vpp = 5.0| V
(npminal).

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

Symbol Parameter WUnits 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 — Driver side line logic levels for Vpp = 5.0 V (nominal)

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

Alternatively, the output of the driver may be a.c. coupled (see below) directly into the 50 Q
tefmination of an oscilloscope. This allows measurement of the line swing only (as d.c. levels
arp masked by the a.c. coupling). The swings shall meet the requirements shown in table 45.

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

Symbol Parameter Units Min. Typ Max.

Vsw Serial line swing \Y 0.6 0.8 1.0
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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

b

seline wander to degrade the eve opening by less than 4 % of the total, the a.c. coupli

ng

a)

b)

Tr

B4
(o0

Fg
trg

TH

su

7.

.P.5 Receiver electrical

..6 EM susceptibility

eds to follow the following guidelines:

If the node (transmit or receive) has a single dominant a.c. coupling pole in series;the p¢
frequency shall be 800 kHz or lower.

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

ansformer coupling or capacitive coupling may be used.

cause of static electricity considerations, it is undesirable to léaye the cable conductd

mpletely isolated from ground. A bleeder resistor (10 MQ) should be included.

cks), a.c. coupling may be used, but is less essential.

e receiver shall meet the electrical characteristics given in table 46.

Table 46 — Receiver electrical characteristics

Characteristic Value
Minimum sensitivity 250 mV
Maximum inputwoltage 1 200 mV peak-to-peak
Minimuni diSCrete connector return loss 20 dB

sceptibility as a function of the intended operating environment.

BCHS character level (8B/12B code)

r HS Links that operate between two components on the)same PCB (i.e. using only PC

system ,using HS-SE links shall meet or exceed IEC 61000-4-4 specifications on B

\

7.3.1 General

The HS-SE-10 uses an 8B/12B d.c. balanced code. This code provides the following features.

a)

b)

c)
d)

-

g

e

e

S

A positive going synchronization transition at the beginning of every character, to simplify

clock recovery.

An odd parity bit per character, enabling the detection of single bit errors.
DC balance, with a maximum disparity of 8 b.

Out-of-bound control characters.
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7.3.2 Transmission characters

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:

St

w

0]

TH

A

pa
di

AS
ca
bg
re
(c
b3

Tda
to
(s
| 3
e[
en
re
de
in

.B.3 DC balance

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

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

e AP bit is defined as follows:

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

code that is d.c. balanced is one that has a constant\d:c. component regardless of the d3
ttern. This provides many advantages for high data rate transmission on fibre optic and lo
Etance copper media.

signing +1 and -1 to bit levels 1 and:.Q’respectively provides a measure of the d
mponent in each transmitted character,. “Fhe disparity, D, of a data word is the differen

er to an excess of 1s and Os_respectively. The running disparity, RD, is the runni
Umulative) sum of the disparities™of all previous characters. In a code that is "ideally" d
lanced each transmitted character has a D = 0 and thus RD is always equal to 0. Howev
rfect d.c. balance is not required in practice.

maintain d.c. balance,"& non-zero RD has always to tend towards zero. For each charac
be sent, the following)algorithm is used: calculate the disparity D of the encoded charac
nce the Start and\Stop bits are 1 and 0 respectively, they do not affect the disparity) wj
0. If the resultWill reduce the absolute value of RD, then transmit the character as it is (i
/:0] = d[7:0[,)0v= 0). If the result will increase the absolute value of RD, then invert t
coded character and set | = 1 (i.e. e[7:0] = d[7:0], | = 1), so that the inverted charac
Huces @r _leaves unchanged the absolute value of RD. The receiver uses the bit |
termine. whether the character has been inverted or not. By its definition, the AP is al
erted'if d[7:0] and | are inverted. In summary:

ce
tween the number of 1s and the numbef of Os in the word-positive and negative disparitiﬁs
g
c.

ita
ng

C.

er,

er
er
th
e.
he
er
to

TRD<O0Oand 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)
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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 values/~the
trgnsmission character and the disparity. For data characters which have a D # 0, the_ngn-
inyerted (first row) and inverted forms (second row) of the character is shown. Note that'D cpn
take the values 0, £4 and +8 only.

=

Table 48 details the 126 control characters, giving the control character ID. (0 to 125), the
dgcimal value, the binary value, and the transmission character (the disparity being zero ahd
the character being non-inverted).
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Table 47 — Data characters

ISO/IEC 14575:2000(E)
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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
3 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, O -4
1 1 000111111 O 4
8 00010000 1 0 000100000 O -8
1 1 ¥I?v011111 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
4 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 4
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
1 1 011001114 O 4
26 01011000 1 0 010110000 O -4
1 1 101001111 O 4
27 11011000 1 0 002001111 O 0
28 00111000 1.,0~001110000 O -4
11 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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Table 47 (continued)

ISO/IEC 14575:2000(E)
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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
11 011010111 O 4
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 000010114, O 0
48 00001100 1 1 000011000 O -4
1 0 111400111 O 4
49 10001100 1 0 X¥00011000 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
66 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, O -4
11 100111011 O 4
71 11100010 1 0 000111011 O
72 00010010 1 1 000100100 O -4
1.,0+~111011011 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 1r010010 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
11 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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Table 47 (continued)
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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
11 111001011 O 4
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 000001014, O -4
96 00000110 1 1 000001100 O -4
1 0 111410011 O 4
97 10000110 1 0 X¥00001100 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 00100120 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
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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
117 10101110 1 1 010100011 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 001000014, O -4
124 00111110 11 110000011 O
125 10111110 11 101411100 O 4
1 0 010000011 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
11 101011101 O 4
139 11010001 1 0 001011101 O 0
140 00110001 1 0 001100010 O -4
11 110011101 O 4
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
1 0 111101104, O 4
145 10001001 1 0 100010010 O -4
11 011401101 O 4
146 01001001 1 0 010010010 O -4
1,1+~101101101 O 4
147 11001001 1 0 001101101 O 0
148 00101001 1 0 001010010 O -4
11 110101101 O 4
149 101010061 1 0 010101101 O
150 01101001 1 0 100101101 O 0
151 11101001 1 1 000101101 O 0
152 00011001 1 0 000110010 O -4
11 111001101 O 4
153 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 0
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 011010104, O 0
170 01010101 1 0 101010101 O 0
171 11010101 1 1 001010101 O 0
172 00110101 1 0 ¥roe010101 O 0
173 10110101 1.1+010010101 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
1 1 101111004, O 4
195 11000011 1 0 001111001 O 0
196 00100011 1 0 001Q00110 O -4
1 1 ¥1'0111001 O 4
197 10100011 1.,,0~010111001 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 01010011 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
11 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 10011011 1 1 011001001 O 0
218 01011011 1 1 101001001 O 0
219 11011011 11 110110110 O -4
1 0 001001001 O 4
220 00111011 11 110001001 O
221 10111011 11 101110110 O 4
1 0 010001001 O -4
222 01111011 11 011110110 O 4
1 0 100001004, O -4
223 11111011 10 111110110 O 4
1 1 000Q01001 O -4
224 00000111 1 0 000001110 O -4
1,1+~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 00100421 1 0 110110001 O 0
229 10100111 1 1 010110001 O 0
230 01100111 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
242 01001111 1 1 101100001 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 1 0 111011110, O 4
1 1 000100001 O -4
248 00011111 1 1 111000001 O 0
249 10011111 1 1 ¥00111110 O 4
1.,05-011000001 O 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 0p111111 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
6 39 11100100 11 11100100 0 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 0(O
11 51 11001100 11 11001100070
12 53 10101100 11 101021200 0 O
13 54 01101100 11 0104100 0 O
14 55 11101100 1 0,1¥101100 0 O
15 57 10011100 1 110011100 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 10114100 1 0 10111100 0 O
20 62 0:X¥1100 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

Copyright © 1998 IEEE. All rights reserved.



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

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

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
41 106 01010110 11 01010110 0 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 0O(O
46 113 10001110 1 1 10001110070
47 114 01001110 11 01002110 0 O
48 115 11001110 1 0 11004110 0 O
49 116 00101110 1 ¥,00101110 0 O
50 117 10101110 1 0 10101110 0 O
51 118 01101110 1 0 01101110 0 O
52 120 00011110 1 1 00011110 0 O
53 121 10011116 1 0 10011110 0 O
54 122 01014110 1 0 01011110 0 O
55 124 00X¥1110 1 0 00111110 0 O
56 135 11100001 11 11100001 0 O
57 139 11010001 1 1 11010001 0 O
58 14% 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
77 171 11010101 1 0 11010101 0 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 0O(O
82 178 01001101 1 1 01001101N\0/0
83 179 11001101 10 11002101 0 O
84 180 00101101 1 1 00104101 0 O
85 181 10101101 1 0,10101101 0 O
86 182 01101101 1 001101101 0 O
87 184 00011101 1 1 00011101 0 O
88 185 10011101 1 0 10011101 0 O
89 186 01011104 1 0 01011101 0 O
90 188 00114101 1 0 00111101 0 O
91 195 12000011 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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1D Dec Bin, d[0:7] S-AP-e[0:7]-I-S

107 216 00011011 1 1 00011011 0 O
108 217 10011011 1 0 10011011 0 O
109 218 01011011 1 0 01011011 0 O
110 220 00111011 1 0 00111011 0 O
111 225 10000111 1 1 10000111 0 O
112 226 01000111 1 1 01000111 0 O
113 227 11000111 1 0 11000111 0 O
114 228 00100111 1 1 00100111 0 O
115 229 10100111 1 0 10100111 0 O
116 230 01100111 1 0 01100111 0 O
117 232 00010111 1 1 00010111 O(O
118 233 10010111 1 0 10010111N\0-0
119 234 01010111 1 0 0101611 O O
120 236 00110111 1 0 00110111 0 O
121 240 00001111 1 ¥,00001111 0 O
122 241 10001111 1 010001111 0 O
123 242 01001111 1 0 01001111 0 O
124 244 00101111 1 0 00101111 0 O
125 248 00011%5689 1 0 00011111 0 O

NQTE Shaded control characters indicate that they are defined by the exchange level or by the packet level.

7.4 HS exchange level

7.4.1 General

The exchange level shall perform the following functions that correspond to normal operation

a pidirectional link:

a)| Start-up
b)[ Shutdown
c)| Flow contral

The exchange level shall perform the following additional functions:

— | Parity error detection and recovery

— LLReceiver 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

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

Consider two connected nodes, NODE_A and NODE_B (see figure 29).,Each port is divid
info two parts: a transmitter and a receiver, referred to as transmitter.Asand receiver_A
NODE_A and transmitter_B and receiver_B for NODE_B.

Link A
Port_A DATA, IDLE,

NODE_A ' '
— Port controller_B
CAL,parity error

START_REQ etc.
N_CHARS
Source_A - TX._A Yy, Rx._B SINK_B
- N_CHARS
Transmission line ]
iiiﬁii-ii‘é’wf START ACK '
Send FCC ™+ STaRTAcc, _ CAL_A STOPREQ )
SRR o (CAL A kB | S ! senafcc T
, iFCC_IsESET ' | DATA, IDLE, ¢ chc_EESET v
- START_REQ etc. ——
N_CHARS
SINK_A - Rx._A Tx._B Source_B

N_CHARS

Transmission line

CAL,parity error

Port_B
Port controller_A

, , NODE_B

Figure 29 — Exchange level interconnection between two nodes

Eqchport has a N_char source (SOURCE_A and SOURCE_B) which supply N_chars
trgnsmitter_A and transmitter_B respectively and a N_char sink (SINK_A and SINK_B) whi

a cont data froma ra oo ar A dracaior D vroacnacntn ol

=

or

to
ch

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_Workmng
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_Workifigh2
Action: send IDLEs Action: send IDLEs
calibrate receiver an
received IDLEs \START REQ
= START_REQ
CAL N A
Send
PR ¥ START_ACK '
Send o - - - - - - 1
START_REQ ' START_REQ
Timeout:
TO1
State: Tx_Working_3
Action: send IDLEs
lSTART_ACK
"7 T(sepa ~ T 7
' START_ACK '
i RESET
State:
Tx_Functional E START_ACK
Request_Reset
r= =25 — — — 1
Send
- RESET !
TS
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) -
Source empty
or FCC_ct=0
FUNCTIONAL <— FUNCTIONAL
QCIIUI iDLEb OCIIL; Il_bilalb iII SUUILt FCC Ct =
E Source not empty FCC_ct+1
and FCC_ct>0 ) (per n_char
Receive FCC_to_send Receive FCC_to_send char. sent)

(from local sink)

(from local sink)

State:

Tx_Functional

<«

Figure 31 — Transmitter state machine controller-functional

STOP_REQ

Req

uest to Stop

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

State:
Tx_Not_Working

>

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

A
th
st

b)

TH
re
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4.2 Start-up

£.2.1 Unidirectional start-up

bgcomes functional (sge below). N_chars in the SOURCE_A are transmitted from A to B

-— CAL
CAL (Receiver calibrated)
CAL=1
State: n_chars — Sink
Receiver_WorKing |_chars - tx

Figure 33 — Receiver state machine controller

request to transmit in one direction automatically activates the complete)bidirectional liy
s being necessary to allow the exchange level functions. There are two different types
hrt-up possible:

unidirectional;
bidirectional.

e start-up procedure uses the L_char IDLE (control chatacter ID = 0) in order to calibrate t
ceiver. IDLE has the characteristic that the only positive. going edges in the character are t
nchronization edges. This enables the clock recovery circuit to correctly lock onto the)
ges.

figure 29, NODE_A requests to transmitito NODE_B. At first the transmitter_A is started a
LEs are sent to calibrate receiver_B.[When receiver_B is calibrated (flag CAL_B goes hig
s automatically starts the transmitter B and IDLEs are sent to calibrate receiver_A. Wh
ceiver_A is calibrated, PORT_A.sends a start_request (START_REQ) to PORT_B. PORT
sponds by sending a start_aeknowledge (START_ACK) to PORT_A.

h receipt of START_ACK, PORT_A replies by sending a START_ACK to PORT_B. PORT

DURCE_A is emptysIDLEs shall be sent) and flow control information is transmitted from A
when necessary.

W receipt of~START_ACK, PORT_B becomes functional. N_chars in the SOURCE_B 3
nsmitted\ from B to A (if SOURCE_B is empty, IDLEs shall be sent) and flow cont
ormation’is transmitted from B to A when necessary. Note that PORT_B is functional, ever
DDE, B has not been explicitly requested to transmit to NODE_A.

k1
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he
he
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1)1
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B

[(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

(in both directions)

START_REQ
START_ACK &
Tx_Functional |g—__
- START_ACK

\L \ Tx_Functional

L_Chars .

—

Request to —_____STOP_REQ
Shutdown

Request to
tTrarTSTTTt

STOP_NACK____—=

«——

L_Chars *

L_Chars

Request to
STOP_REQ Shutdown

Tx_Not_Working STOP ACK

Tx_Not_Working

NQTE In reality, the link_characters (IDLE, START_REQ, START_ACK, STOP_REQ, STOP_ACK 4gnd
STIOP_NACK) 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 is the case in which NODE_A and NODE_B request to transmit quasi-simultaneously (for
example, they request to transmit on power-up). IDLEs are sent in both directions and, when
the appropriate CAL goes high, both transmitter_A and transmitter B send START_REQ ahd
bgth-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.

Copyright © 1998 IEEE. All rights reserved.


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

-92 - ISO/IEC 14575:2000(

E)

IEEE Std 1355, 1998 Edition

This exchange is shown in figure 35.

PORT_A PORT_A
Time
Action State \l/ State Action

Tx_Not_Working Tx_Not_Working

7.

In
of
th
tin

7.

If
tra
tra
fu

Nd

of
Int]

TH

.#.3 Errors on start-up

vV Vv

Request to IDDLEs — Calibration Request to
Transmit (in both directions) Transmit
START_REQ

L START_ACK

Tx_Functional i
- ~ START ACK Tx_Functional

Figure 35 — Exchange for bidirectional start-up

1.3.1 Loss of START_REQ

the case of a bidirectional start-up, it is-possible that the START_REQ is sent before t
posite receiver is calibrated (this is net“possible during an unidirectional start-up). If this
b case, the START_REQ sent will _betfiltered and lost by the opposite port. Therefore, afte
he-out period, tto1, the START_REQ is resent. The value of ttoq is given in table 50.

1.3.2 Destination node net:connected or not under power

B node requests to transmit and the opposite node is not connected or not under power, t
nsmitter state machine will block in state Tx_Cal_1. If, after a time-out period tygo, t
nsmitter state machine has not been able to indicate to the port controller that it
nctional, then jt-shall be returned to the Not_Working state.

TE The sametimeout will cover any other failure to start up. It is then for the port controller to signal the fail
start-up and {to request to transmit as and when appropriate (these details are outside the scope of t
ErnationahStandard).

is-functionality is desirable for two reasons.

he
is

he
he
is

re
his

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

W|
pr

a)

b)
c)

Al

oF:
in

TH

A

th
st
re

TH

A
oF
pr

of
re

£.4.2 Flow control

4.4.3 Maximum transmission line length and latency

£.5 Link reset mechahism

ority.
Link characters other than IDLE (primarily FCC, i.e. flow control information fof the oppos
going link)
N_chars in the SOURCE, in a flow-controlled manner (see 7.4.4.2)
IDLEs when there are no SOURCE N_chars to send (the SOURCE is¥empty), or when fl
control prevents the transmission of SOURCE N_chars
L_chars shall be filtered by the receiver controller: IDLEs are¢discarded; other L_chars g

ssed to the transmitter controller which acts appropriately on them. N_chars shall be writt
o the SINK.

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

link interface shall send at least four other characters between each FCC. Note in particu

hrtup. Note that in normal operation axlink interface will issue an FCC for every 32 N_chg
ceived, and therefore would normallytransmit at least 32 characters between each FCC.

e appropriate formulae areygiven in annex H.

port may requireto reset the bidirectional link (Request_Reset). The port sends the RES
char and itg)transmitter passes to the Tx_Working_1 state. On receipt of RESET, t
posite port's-transmitter passes into the Tx_Working_2 state. The unidirectional start-
bcedurethen proceeds as described above (7.4.4.1). A Request_Reset also implies a reg

sendsithe appropriate number of FCCs.

hen functional, the following information shall be sent across the link in order of decreasiLg

te

en

ar

ht this may require at least four IDLE characters to be transmitted after the first FCC on link

\Irs

ET
he
up
et

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

7.4.6 Errors when functional

Note that a further discussion on the handling of errors is provided in annex G.
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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
hgndling of packets that have been interrupted by a loss of calibration is outside the scope|of
th{s International Standard.

7.4.6.2 Parity error detected

The precise handling of parity errors is outside the scope of this International Standard. Parity
erfors should be reported to the port controller for error logging purposes{ifd parity error and a
receiver calibration error occur simultaneously, the port should followsthe calibration error
prpcedure 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 requestgd
a shutdown. This is done by a request to stop demand-from the port. The transmitter sendg a
stpp_request (STOP_REQ). The response to a STOP REQ is either a stop_acknowledge
(SITOP_ACK) if the opposite user is ready to stop, or, a stop_not_acknowledge (STOP_NACK)
if the opposite user is not ready to stop. Once a request to stop has been demanded, any ngw
N|chars placed in the source shall not be transfnitted: the transmitter shall only send L_chars
(primarily IDLEs and FCCs). If the port receives a STOP_NACK in reply to its request_to_stgp,
it may restart transmission by a request to.transmit.

When shut down, the transmitter is.(in"the Not_Working state and the serial output shall pe
static.

8 | HS-FO-10 fiber optic(link

8.1 Physical medium

8.L.1 General aptical characteristics

The HS-FO_optical link cable is a fiber cable containing two fibers, one for transmission in e
difection, *62:5 pM or 50 um multimode shall be used (50 um allows longer reach), and shfall
meet atsminimum, the specifications given in IEC 60793-1-Al-a. Where even longer reach|is
reguired, 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 thelse
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 -
/\ tanila tlon. dB.cm A paadmium of Q00 Ao ot Q8N nnn n.: madiam-at 1 200 am

8.L.2 Optical connector

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

a)| A dual multimode or single-mode 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 specificatipn
of|IEC 61754-6, the connectors shall have the properties:described in table 52.

Table 52 — THS-FO connector,modularity specifications

Characteristic Specification

Modularity Fixedscaonnector modules shall be placed on a 14 mm
piteh, of their centerlines separated by more than 28 mm

Connector width 13.9 mm maximum

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

The plug at either end'of the cable shall be connected to the fibers in the cable in such a way
aq to connect ferrule 1in one plug with ferrule 2 in the other plug, and vice versa, as shown|in
fiqure 36.

| i laVWal Lo o la.l M) L l HI
ot e S0 — oo CanTC o CTSTPTOgS~WiHTg
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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

TH
(W
m

TH
de
ta
ra

.L.3 Environmental genstraints

Figure 37 — HS-FO extension adapter

e allocation of HS-FO signals to the plug ferrules and adapter shall be as giveh 'in table
hich is oriented to correspond to the external view of the through-panel (fixed)“adapter wh
bunted on the upper surface of a horizontal PCB, see figure 38). The direction of the sign
relative to the fixed adapter.

Table 53 — HS-FO signal allocation

Ferrule 2 1

Signal HS_FO_in HSZFO _out

Marking
White (multimode)
Yellow (single-mode)

PCB

Figure 38 — HS-FQ‘fixed adapter, external view and ferrule allocation

e environmental requirements for the HS-FO link cables and connectors are applicati
pendent. Howevef, as a minimum, the cables and connectors shall meet the constraints
ble 54. Noté/that specific applications may have requirements for extended temperaty
nge or otherenvironmental parameters.

Table 54 — HS-FO 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.
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8.2 Signal level

8.2.1 General

- 97—

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).

Lg
ar
gi
fib

2.2 Transmitter and receiver characteristics

unch power and sensitivity are strongly dependent on the kind of optical components us
d on the configuration of the LED/laser modulation and of the photodiode amplifier. Table
es the recommended transceiver characteristics for a laser based system/for multimo
er, 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.FO-fecommended transceiver characteristics for single mode fiber

ed
55
de

Value
Parameter Units

Min. Typ Max.
Operating speed MBd - - 1 000
HS-FO transmitter
CaunciT pOWer aBm =12 = =3
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).

S _ Barvg
<— —1>

 — ——
ITPl I ITP3I

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 link system shall be as in table 57. The
Infernational Standard specifies a power budget for @link, i.e. the maximum loss. A "loopbagk"
plig is defined as a single plug with a minimumJlength of fiber which connects ferrule a|to
fefrule b. 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 ofl a
m{nimum length reference cable is assumed to be equivalent to the performance of the
loppback system. Note that this provides a high degree of confidence of interoperability within a
priactical test environment, but does.nof provide a guarantee of interoperability.

Table 57 —.HS-FO link performance specification

Characteristic Specification Test specification

link length (62.5 um multimode fiber) [ 100 m maximum -

link length (50 um miultimode fiber) 1 000 m maximum -

ink length (singte*mode fiber) 3 000 m maximum -
fPower budget\(total loss in a link) 5.5 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 measured
Cable assembly additional . from TP1 to TP4 (and TP3 to TP2) with cable
. 4 dB maximum . — . . . P .
atieruation ariaer iest aliu e TO0PUdLK 1IEST TUSS a5 UceTiTiceu

above

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.l General discussion

A [packet is a sequence of characters (N_chars only) with a specific order~and formpt.
Constituent characters of different packets shall not be interleaved on a link. A packet consisgts
ofla destination followed by a payload. A packet is delimited by an end_of packet marker.

This International Standard does not define a specific size (or maximum,size) for packets. This
erlables different packet formats to be carried by a HIC network. However, packets should pe
limited in size so that no very long packet can occupy the network for an extended period|of
time. A limited known packet size also enables an upper bound‘te be placed on the latency|of
any packet transmission.

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

S

The protocol assumes the use of packet-switched networks in which the routing informatipn
ngcessary to correctly transmit the packet @cross the network is contained in the first| K
N|chars of the packet (where K is fixed throughout a subnetwork). It is at the packet level that
the routing decisions are taken. The protocol does not define a specific (or maximum) size for
a |packet. Successive packets transmitted on a link may have different destinations. Each
pdcket is transmitted in its entirety,“i.e. the transmission of a packet on a link shall pe
cdmpleted before the transmission-ef the successive packet may begin.

9.p Packet format

A packet consists of a(destination followed by a payload, and is delimited by an end_of packet
marker:

<DEST> <PAYLOAD> <End_Of_Packet>
9.P.1 Destination
The deStination normally contains a list of one or more destination identifiers (dest_id) which

arpcused to enable a network to transmit the packet from its source node to its destinatipn

ncrla A dact 1d ic o fivad ciza fiald (K hvutas lona whara K > 1) 1ic ciza hainag knaown ta e
Ge——aeStHa1S—a—txea——SiEte-—Hea— Byt +ORg—AHet Fe <)+t He—eHg—<HoWhH—+o—+

(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.p.3 End_of_packet marker
The end_of _packet marker (EOP in its generic form) is a N_char, and shall always be|/the last
character of a packet; it acts as the packet delimiter. Packets do not have a start_of packet

marker: the first N_char received after an EOP shall be taken as the first character of the next
pdcket.

Different 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_ofcpacket marker

The exceptional_end_of _packet marker may berused to signal an end of message or an errpr.
ImMplementations may provide more than oneZtype of exceptional_end_of packet marker.The
N [char codes used for the EOP markers in DS and HS Links are as given in table 59.

Table-59,~ Codes for EOP markers

Name Description Code for DS-SE and DS-DE | Code for HS-SE and HS-FO
EOP_1 Normal end_of_packetimarker P101 Control char ID = 7
EOP_2 Exceptional end. of”packet marker |[P110 Control char ID = 8

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

9.8 Networks and routing

TheZ(sub)network routes the packet using the information contained in the destination field|of
thepacket—TFherottingatgorithmtakes-the—fixed-sizedest—idasitsimput-inrordertodetermine
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
its destination node. At the packet level or above, a system of high-level error checking may
required. It is the responsibility of the transaction level to define the high-level check that is

to
be
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 Conformance criteria

1d.1 Conformance statements

Many implementations will implement only a subset of the protocol staek” For example,

inferface on a box may comply with a vertical "slice" through the stack to incorporate t
ngcessary elements for a particular speed/medium combination, whereas for a cable assem
orlly the physical parameters are relevant. Accordingly, a number.of subsets are defined,

an
he

bly
to

which implementations may claim conformance. Any such confofmance statement shall take

the following form "(The interfaces on) this implementation/product conform(s) to t
[identification] specification of ISO/IEC 14575". The text to\be substituted for [identificatio
and the clauses of this International Standard to which the‘corresponding implementation sh
cagnform, are given in 10.2 (see tables 60, 61, 62 and 63).

1d.2 Definition of subsets

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

Table 60 — Confofmance identifications for connectors

Identification

Relevant clauses

DS-DE‘connector

5.4.2, A.2

HS-SE connector

7.1.5,B.2,B.3,B.4

TS-FO/HS-FO connector (MM)

6.1.2,C.2,C.4,C5

HS-FO connector (SM)

8.1.2,C.3,C.4,C5

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

he

nl,
all

in

in

Fabte-6t——Conformancetdentifieatrons—fortnk—cabtes
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

Al
gi

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

HS-FO link cable assembly (SM)

8.1,C.3,C4,C5

implementation of a link interface shall conform to all of the appropriate mandatory-specificatio
en in 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

5.1,5.2,5.3,5.6,5%/9

DS-DE-00 link interface

5.1,5.5,5.6,5.7)9

DS-SE-01 link interface

5.1,5.2, 5.3,%5.6, 5.7, 9

DS-DE-01 link interface

5.1, 5.5,5.6,5.7, 9

DS-SE-02 link interface

54,5.2,5.3,5.6,5.7, 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
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Annex A
(normative)

DS-DE connector specification

A.1 General
THe DS-DE connectors shall be as specitied In [EC ©610/0-4-10/. The connector systeém
cgmprises a through-panel (fixed) connector, which connects to a cable mounted ((frge)
cgnnector. A connector is required to support one DS-DE link. An option (desefribed |in
arjnex N) allows a connector to support multiple DS-DE links, by arraying multiple”DS-IPE
cagnnectors.
Any properties not specified in IEC 61076-4-107 shall be as in the following,specification.
Al2 Specification
The connectors shall be implemented according to table A.1 and-be of dimensions specified|in
fiqures A.1to A.7.
Table A.1 — DS-DE connector requirements
Characteristic Spegcification Test Conditions
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
Connector width 5.9 mm maximum IEC 61076-4-107 |IEC 60512-2, -
Test 1b
Connector 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
bhielding Completely shielded IEC 61076-4-107 |IEC 60512-2, -
Test la
fPolarization Chamfer design prevents IEC 61076-4-107 |IEC 60512-7, -
180° incorrect mating Test 13e
Wale‘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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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
contact/shielding
Crosstalk Data/strobe: 3.6 % IEC 61076-4-107 - Tr = 1 ns,differ
Data/data: 1.2 % entidl-wiring
Impedance 110Q+20Q IEC 61076-4-107 |IEC 48 (B) 1412 | Differential
wiring
bkew 80 ps maximum IEC 61076-4-107 - Between row
a and row e
Temperature range —-10 °C to +60 °C IEC 61076-4-107 |IEC 60512-6, -
Test. 4l
Creepage and clearance | 0.65 mm minimum IEC 61076-4-107 |J}MEC 60512-2, -
istance: TFest 1b
ontact/contact
ontact/shielding
Mechanical operations | 250 operations IEC 61076:4-107 |IEC 60512-5, -
Test 9a
Total insertion force 10 N maximum IEC61076-4-107 |IEC 60512-7, Max. speed
per connector module Test 13b of operation:
10 mm/s
lVithdrawal force by 2 N minimum per IEC 61076-4-107 |IEC 60512-7, Max. speed of
pulling on latch connector module Test 13b operation:
10 mm/s
Vithdrawal force with 100 N minimum-per IEC 61076-4-107 |IEC 60512-8, -
losed latch connector module Test 15f
Tensile strength of 110 N minimum per IEC 61076-4-107 |IEC 60512-9, -
able-connector clamp | connegt@rmodule Test 17c
ibration 20 /)10 Hz to 500 Hz / IEC 61076-4-107 |IEC 60512-4, -
8 cyeles/ 2 h per axis contact Test 6d
disturbance 1 ps maximum
$hock 49 g / 5 ms / 5 shocks per IEC 61076-4-107 |IEC 60512-4,
plane contact disturbance Test 6¢

1 ps maximum

4 Time domain reflectometry (Under consideration).
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Figure A.1 — DS-DE fixed connector front view

Copyright © 1998 IEEE. All rights reserved.


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

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

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 7 2.1 max. Contact point
77 | 2-rrex: Spl;ny coftact
7 point
a
!
i
(1IN
n:
X _
[32]
©|
Datum plane
T2 11 026 L1 6413 s E] |_| > .
a W:@i&@i@:@l& 7 See detall A
s ! ! ‘-A %
z
Border of next module ] ] Male connéetor | Mating 8 max.
L
— +0.05
5x [2](= 10) (2.5) %
2+01 Fixing nipple for hole

2 Coordination dimensions acc. to IEEE 1301.3-1992

Dimensions in millimetres

Figure A.2 — DS-DEYiXed connector side view

PC-board bracket

PCboard Front panel

e 7 N 2 max.

Dimensions in millimetres

Figure A.3 — DS-DE fixed connector top view
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Dimensions in millimetres

Figure A.4 — DS-DE¢Qnnector latch
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Figure A.5 — DS-DE free connector front view

Copyright © 1998 IEEE. All rights reserved.


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

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

- 109 -

8 max. +=—— Mating face
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4.2 +8.3 Latch Lanyard
"2+0.6 =
3 0
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~ (N é
NS T T T T TN @
— —
1)
Cable

L_Sliding surface

Shield cover

1) Recommended cable:

cable outer diameter 5.33 + 0.25 mm

wire insulation diameter 1c, 2¢ 0.5 mm to 0.65 mm
other 0.65 mm to 0.8 mm
wire conductor AWG30 stranded (7/AWG38)

Figure A.6 — DS-DE free connector side view

Dimensions in millimetfes
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NOTE All contacts shall be loaded in the insulator housing.
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HS-SE connector specification

THe HS-SE connectors shall be as specitied In IEC 610/0-4-107. Any properties not specmed
in[I[EC 61076-4-107 shall be as in the following specification. The connector system comprises
a [through-panel (fixed) connector, which connects to a cable mounted (free) conpector.| A
cgnnector is required to support one HS-SE link. An option (described in annex Q) .dllowq a
cgnnector to support multiple HS-SE links, by arraying multiple HS-SE connectors:
Bl2 Specification
The connectors shall be implemented according to table B.1, with/dimensions specified|in
fiqures B.1 to B.5.
Table B.1 — HS-SE connector requirements
Characteristic Specification Test specification Conditions
Coaxial contacts 2 per connector IEC 61076*4-107 |IEC 60512-2, -
Test la
Connector width 5.9 mm maximum IEC61076-4-107 | IEC 60512-2, -
Test 1b
Connector pitch 6.0 mm IEC 61076-4-107 |[IEC 60512-2, -
Test 1b
Medularity Adjacent connectors-shall IEC 61076-4-107 - -
be placed on a 6.nim”pitch.
Non-adjacent connectors
shall have their, centerlines
separatedshy~12 mm or more
Shielding Completely shielded IEC 61076-4-107 |IEC 60512-2, -
Test la
Paglarization Chamfer design prevents IEC 61076-4-107 |IEC 60512-7, -
180° incorrect mating Test 13e
Male-female contact 2.0 mm minimum when IEC 61076-4-107 - -
overlap mated
Misalignmeant.in +0.6 mm IEC 61076-4-107 - -
trgnsversésaxes
Misalignment in +0.9 mm IEC 61076-4-107 - -
lopgitudinal axes
Inclination of +2° maximum IEC 61076-4-107 - -

transverse axes

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.
cqntact
Inulation resistance 5 000 MQ min. IEC 61076-4-107 | IEC 60512-2, -
Test 3a
Ingertion loss max. 0.3 dB VF IEC 61076-4-107 |IEC 61156-1 -
(F in GHz)
HF leakage Min. 40 dB at 3 GHz IEC 61076-4-107 | Under consideration -
Ciosstalk attenuation Min. 35 dB at 3 GHz IEC 61076-4-107 |IEC 61156-1 -
V$WR <1.3 at 3 GHz IEC 61076-4-107 | Under Mated
considefation couple male 4
female contact
Impedance 50 Q + 10% IEC 61076-4-107 | Under -
conAsideration
Tgmperature range —-10 °C to +60 °C IEC 61076-4-10%_ )| IEC 60512-6, -
Test 11
Mechanical operations | 500 operations IEC 61076-4:107 |IEC 60512-5, -
Test 9A
Ingertion force 3.0 N max. per coaxial line IEC.61076-4-107 | IEC 60512-7, -
Test 13b
Wjthdrawal force 0.5 N min. per coaxial line I[EC 61076-4-107 |IEC 60512-7, -
Test 13b
Wijthdrawal force with 100 N min. per connector IEC 61076-4-107 |IEC 60512-8, -
clpsed latch module Test 15f
Tgnsile strength of 50 N single braid.cable; IEC 61076-4-107 |IEC 60512-9, -
cgble connector clamp | 100 N double braid cable Test 17c
Vipration 159/ 10 Hz to 60 Hz / IEC 61076-4-107 - -
30 min per axis contact
disturbance 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.

thingsih the connector design shall impede the assembly of systems

N
”’;I:it&

which meet CISPR
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[12.45 max.

Contact b

0.2
0

4.4

@

@\‘ Contact a

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

Lanyard

Dimensions in millimetfes

2.7
12.2

18 max.

Cable

Figure B.2 — HS-SE free connector side view
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Figure B.3 — HS<SE fixed connector front view

16 £ 0.5

Front panel
2.8 max.

Border of next module

N 2 max. Sp_rlng contact
~ point
-

Lo

—

(I

0 |

X

N t

Datum plane <
<

R
IR RRIRRXL

BRSNS
R

1)

S ~___ See detail A

(2.5)

2+0.1

Y Coordination dimensions according to IEEE 1301.3-1992
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Figure B.4 — HS-SE fixed connector side view
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0.32 min.

Mating face female (connector)

Male latch

2 min
l_

] .
l

l :
I. .

BJ3 Shielding

Allink connector shall be shielded if the\Nink cable is shielded. There shall be a 3§
mechanical connection between the outer-braid of the link cable and the connector housing.
cgse of high electromagnetic compatibility (EMC) requirements, additional parts (e.g. EN
brackets and gaskets) may be used.fo*ensure mechanical connection between the panel a

cgnnector housings.

Dimensions in millimet

Figure B.5 — HS-SE connector link
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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
+ S
S Female contact o
™ +
m ®
=]
5 O
¢
\N—
Vi
£
0.41+0.2
5.6 £0.15
] 8
€ Male contact o
n ©
& N
R O
q v ]
J
T A
56+01 \
45°
Nt
Dimensions in millimetfes
Figure\B.6 — HS-SE contact interface dimensions
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Annex C
(normative)

TS-FO and HS-FO connector specifications

TH

e 15-FO and HS-FO connectors shall be as specified In [EC 61/54-6. Any properties. |

specified in IEC 61754-6 shall be as in the following specification.

C

TH
(in

of

2 TS-FO and HS-FO multimode connector
e TS-FO and HS-FO (multimode) connectors shall be implemented according to table .

terface specifications) and table C.2 (performance and environmental spécifications), and
dimensions specified in figures C.1 to C.2.

Table C.1 — TS-FO and HS-FO (multimode) connectorréquirements

ot

Characteristic

Specification

Test specification reference

IEC 60874-1<(JEC 61300)

i

lug interface

IEC 61754-6-2, Duplex plug connector interface-

— Return loss: more than 20 dB

imension push/pult
Adapter interface IEC61754-6-4, Duplex adapter connector interface-
imension push/pull
Ferrule spacing 4.5 mm -
Connector width [ 14 mm -
Contact 2 per connector -
$hielding -
Vodularity
fPolarization Keyed

Coupling Push/pull

Mechanical Reguitements: IEC 61300-2-2

peration) . -

hechanical < .Attenuation: deviation from the |- Cycles: 500
éndurance initial value less than 0.2 dB

Specimen optically functioning
Preconditioning procedure: none

Recovery procedure: clean plug and adapter after
every 25 matings

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

Initial measurement and
performance requirements:

Cable pulling

— Attenuation; less than 0.75 dB
— Return loss; more than 20 dB

Final measurement and

IEC 61300-2-4

Magnitude: 70 N

Rate of application of the tensile load:
50 N/min < Load rate < 250 N/min

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

ot Ba Lok
HeM—tre-eohh tof

Barfokhna-an La-EH-HEaRa RS-
PeHreraheetegutHemerts:

Attenuation; less than 0.75 dB

— Return loss; more than 20 dB

The specimen has no
mechanical damage

Specimen optically non-functioning

Preconditioning procedure: clean plug and adapter
before testing

Recovery procedure: none
Deviation: none

Reference adapter shall be injaccordance with
IEC 61754-6-4, Duplex adaptet interface-push/pull

Initial measurement and
performance requirements:

Cable torsion

— Attenuation; less than 0.75 dB
— Return loss; more than 20 dB

Final measurement and
performancerequirements:

— Attenuation; less than 0.75 dB
— Return loss; more than 20 dB

— The specimen has no
mechanical damage

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 it
5 turns in other/direction and back 5 turns for

5 cycles

Pointfef.application of the tensile load: 22 cm — 28 cm
frompthe connector

Specimen optically non-functioning
Preconditioning procedure: none
Recovery procedure: none
Deviations: none

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

Initial measurement and
performance-requirements:

btrength of
oupling

hechanism -
— Attenuation; less than 0.75 dB
— Return'loss; more than 20 dB

Final'measurement and
performance requirements:

— Attenuation; less than 0.75 dB
— Return loss; more than 20 dB

— The specimen has no
mechanical damage

IEC 61300-2-6

Magnitude: 70 N

Rate of application of the tensile load:
50 N/min < Load rate < 250 N/min

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

Specimen optically non-functioning
Preconditioning procedure: none
Recovery procedure: none

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

— Attenuation; less than 0.75 dB
— Return loss; more than 20 dB

Final measurement and
performance requirements:

— Attenuation; less than 0.75 dB
— Return loss; more than 20 dB

— The specimen has no
mechanical damage

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 ) ) .
BeHOFRaREEFeatHEmMents: — Endurance duration per axis: 30 min
— Attenuation: less than 0.75 dB - Me_thod of mounting_; an_adapter shall be mounted
rigidly to the mounting fixture
— 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(adapter interface-push/pull
brop Initial measurement and IEC 61300-2-1
performance requirements:
— Method: A

Number ofdrops: 5

Drop height: 1 000 mm

Spegimen optically non-functioning
Rreconditioning procedure: with dust cap

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/pull

Engagement and | Engagement force: max. 30 N

geparation force )
Separation forcer max. 30 N

IEC 61300-3-11

Preconditioning procedure: none
Deviation: as necessary

Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pull
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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 um 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 fiber core with the outer diameter
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 injaceordance with
IEC 61754-6-4; Duplex adapter connector interface-
push/pull

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

— Preconditioning procedure: the plug and adapter
shall be‘cleaned

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

Rgturn loss

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/pull

Cald Requirements:

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

— Returntess; 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/pull

— Monitoring method of attenuation and return loss

o caann o 9

Wl o - atlo
Stram ot atcorgante Wit T T oTrToUU~o"Z
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Table C.2 (continued)

Characteristic Specification

Test specification référence

steady state ) .
y ) — Attenuation; deviation from the

initial value less than 0.2 dB

— Return loss; more than 20 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 20 dB . ) .
— 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/pull
— Monitoring method of attenuation ahd’return loss
shall be in accordance with IEC/61300-3-20
bamp heat Requirements: IEC 61300-2-19

— Temperature: 40 °C
— Relative humidity: 90 %= 95 %
— Duration: 4 days

— Precautions.fegarding surface moisture removal:
none

— Specimenoptically functioning

— Condijtioning 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/ pull

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

— Attenuation; less than 0.75 dB
=~ <Return loss; more than 20 dB

Final measurement and
performance requirements:

— Attenuation; less than 0.75 dB

— Return loss; more than 20 dB

Dperation —10 °C to +60 °C

temperature

Change of Initial measurement and IEC 61300-2-22
temperature performance requirements:

Test NA) — 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

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

Characteristic Specification

Test specification reference

IEC 60&74-1 (IEC 61300)

Plug interface -
imension

IEC 61754-6-2, Duplex plug connector interface-
push/pull

Adapter interface -

IEC 61754-6-4, Duplex adapter connector intéiface-

imension push/pull
Ferrule spacing 4.5 mm -
Connector width 14 mm -

performancerequirements:
— Attenhuation; less than 0.75 dB
—.Retdrn loss; more than 20 dB

Binal measurement and
performance requirements:

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

— The specimen has no
mechanical damage

Contact 2 per connector -
$hielding - -
Vodularity - -
Polarization Keyed -
Coupling Push/pull -
Mechanical Requirements: IEC 61300%2-2
¢ndurance L L )
mechanical - At_t(_enuatlon, deviation from the |- Cycles: 500
eration) 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 after
every 25 matings
— Deviations: none
— Reference adapter shall be in accordance with
IEC 61754-6-4, Duplex adapter interface-push/pull
Cable pulling Initial measurement and IEC 61300-2-4

Magnitude: 70 N

— Rate of application of the tensile load:
50 N/min < Load rate < 250 N/min

— Point of application of the tensile load: 22 cm — 28 cn
from the connector

— Specimen optically non-functioning

— Preconditioning procedure: clean plug and adapter
before testing

I

— 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

Initial measurement and
performance requirements:

Cable torsion

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

Final measurement and

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

Barfokhna-an La-EH-HEaRa RS-
PeHreraheetegutHemerts:

Attenuation; less than 0.75 dB

— Return loss; more than 26 dB

The specimen has no
mechanical damage

— Point of application of the tensile load: 22 cm — 28 cn
from the connector

Specimen optically non-functioning

Preconditioning procedure: none

Recovery procedure: none

— Deviations: none

Reference adapter shall be,ig\aecordance with
IEC 61754-6-4, Duplex adapter interface-push/pull

$trength of Initial measurement and

IEC 61300-2-6

performance requirements:
— Attenuatian;)less than 0.75 dB
— Return loss; more than 26 dB

Findl-measurement and
performance requirements:

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

— The specimen has no
mechanical damage

oupling performance requirements: . )
hechanism _ — Magnitude: 70 N
— Attenuation; less than 0.75 dB R4 .
— Rate of application of the tensile load:
— Return loss; more than 26 dB 50 N/min </koad rate < 250 N/min
Final measurement and — Point of application of the tensile load: 22 cm — 28 cn
performance requirements: from &oanector
— Attenuation; less than 0.75 dB — Specimen 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/pull
ibration Initial measurement and IEC 61300-2-1

— Frequency range: 10 Hz — 55 Hz

— Vibration amplitude: 0.75 mm constant displacement
— Sweep time: 1 octave/min

— Endurance duration per axis: 30 min

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

— Specimen optically non-functioning
— 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 adapter interface-push/pull
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Table C.3 (continued)

Characteristic Specification

Test specification reference

Initial measurement and
performance requirements:

Drop

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

Final measurement and

IEC 61300-2-1
Method A

Number of drops: 5
— Drop height: 1 000 mm

Specimen optically non-functioning

Barfokhna-an La-EH-HEaRa RS-
PeHreraheetegutHemerts:

Attenuation; less than 0.75 dB

— Return loss; more than 26 dB

The specimen has no
mechanical damage

— Preconditioning procedure: with dust cap

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/pull

Engagement and
geparation force

Engagement force: max. 30 N

Separation force: max. 30 N

IEC 61300-3-11
— Preconditioning procedure: none
— Deviation: as necessary

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

Characteristic

Specification

Test specification reference

Attenuation

Less than 0.5 dB against
reference plug

In random connection

Untuned

IEC 61300-3-4
— Method 7

— Definition of reference plug are as follows:

Ferrule outer diameter is 1.249 mm % 0.0003 mm

LESS Uall U.50 UD (average)
Less than 0.75 dB

(95 % probability)

Tuned

Less than 0.5 dB (average)
Less than 0.5 dB

Eccentricity of the fiber core with the outer diamete
of the ferrule is less than 0.3 pm

Angular misalignment of ferrule is less than

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

0.2°

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

Reference adapter shall be in atcerdance with
IEC 61754-6-4, Duplex adaptér connector interface-
push/pull

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

Preconditiefing procedure; the plug and adapter
shall be.eleaned

Return loss

More than 26 dB

IEC 61300-3-6

Method 3
Source: LD
Peak wavelength: 1.3 pm

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

Cold

Requirements:

— Attenuation; deviation from the |-

initial value less than 0.2 dB

— Return loss;/more than 26 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/pull

Monitoring method of attenuation and return loss
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 ) ) o
— 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/pull
— Monitoring method of attenuation ahd’return loss
shall be in accordance with IEC/61300-3-20
bamp heat Requirements: IEC 61300-2-19

— Temperature: 40 °C

— Relative humidity: 90 %= 95 %

— Duration: 4 days

— Precautions regarding surface moisture removal: none
— 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/pull

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

— 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

— The specimen has no
mechanical damage

Dperation -10 °C to +60 °C

temperature

Change of Initial measurement and IEC 61300-2-22
temperature performance requirements:

ftest NA) — 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

— Specimen optically non-functioning

=y ol H ol ol &
T recontrommgprocettre Wi oausStTCcap

— 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.

2.45

5.6

Eﬁ@ = _.2;/

\ I_nnm?\—l

1 2 236 ‘

(Below 55)

(1) Colour of marking and boot

All dimensions are in mm.

Plug Colour
TS-FO Blue
HS-FO{multimode) White
HS:FO(single-mode) Yellow

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

Dimensions in millimetres
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Front panel
1) Coordination dimensions acc. to
IEEE P1301.3-1992.
= 2) Colour of marking
Connector Colour
TS-FO Blue
| HS-FO(multimode) White
RC-board R HS-FO(single-mode) | Yellow
Border of next module = Marking" 45 Front panel

Datum plane

Nyt

3x5=15

' PC board

—_——Y
Border of next module

11+05

CJ5 Color coding of connector

PC board /

Dimensions in millimet

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

The connectors for TS-FO, HS-FO multimode and HS-FO single-mode are externally physicg
identical. In order to distinguish between the different types of connector, the keying mark

the fixed and free connectors shall.be color coded as shown in table C.5.

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

es

Iy
on
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Annex D
(informative)

Rationale

1 Need for a new standard

It
us
su

IS widely recognized that the most economic way to bulld high-performance systems JsS |by
ing parallelism. Parallel systems can provide very high computational power (in machines
ch as the CM-5 and the Parsytec GC-machine), fast response (for transaction processing|or

distributed control), very large I/O throughput (in RAID systems) and extremely high réliability

(in

more expandable than conventional, monolithic systems.

TH
de
wi

redundant fault-tolerant systems). They also have the potential to be more maintainable aphd

e construction of high-performance systems with parallel processing“and/or parallel IJO
mands a fast, low-cost, low-latency interconnect. It must be fast and_low<latency, otherwiseg it
| be the limiting factor in system performance; and it must be low-cast, 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 performange. or too expensive. Existing

st
lo
ad
re

TH
m
th
In
el
to

D
D,
TH
th

CQ
CQ

hndards do not meet these criteria, either because they are designed for communication over
ng distances (which incurs high costs), or because they )aim at the extreme of currently
hievable performance (which again increases costs),<or because they are based on| a
stricted model such as a bus, which limits overall perfermance and scalability.

e purpose of this new interconnect standard\.is to enable high-performance, scalabje,
bdular, parallel systems to be constructed with low-cost, where "cost" must include not only
b price of components, but also the engineeting effort required to use them successfully. This
ernational Standard specifies the physical connectors and cables to be used, the
bctrical/optical properties of the interconnect, and a cleanly-separated set of logical protocols
perform the interconnection in the simplest possible way.

2 Aspects of a parallel'systems interconnect
2.1 Parallel intercongect

e requirements of gerformance, scalability and low-cost can be met in a way that is similar|to
b requirements cof\"'the whole parallel system: by allowing many instances of a chepp
mponent to operate concurrently. Thus the interconnect should consist of many separate
nnections operating simultaneously to give a high aggregate performance. Provided e
nnection-ean be utilized at a reasonable level, its raw performance need not be very hi

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

_ . . . . n

TH

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.
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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

w

vs at different times. This can be achieved either by configuring intermediate nodes to m

ed
Wi
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b)
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2.3 Wormhole routing

ch connection before the data is sent, or by making the data self-routing so that it contai

vance of the data requires that the destination of the data must be supplied to @ cent
ntroller, which increases latency, and creates the danger that the controller will-become
stem bottleneck. Self-routed systems enable the control function to be distributed, and
ale in performance with the size of the system.

piece of data together with its associated routing information is called apacket. If a packet
nt directly from sender to receiver, it is not necessary for the lepgth of the packet to

bresented within it; it is only necessary to ensure that the sendercand receiver agree on t
ngth. However, where packets pass through intermediate nodes;, ittmust be possible for the|
des to determine the length of the packet passing through, t0 determine when the task

st be limited in length, since otherwise connections could be occupied indefinitely by lo
ckets. Since for many purposes short messages are required, the overhead on each pach
st be small, and the packet size must be variable«This requires that the protocol provid
indication of the packet length, such as a termination marker or an initial length count.

most serial packet-switching networks each intermediate node inputs a packet, decodes t
ader, and then forwards the packet to the next node. This is undesirable for a paral
stems interconnect for two reasons:

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

it causes potentially long-delays between the output of a packet and its reception, becau
each node waits for the whole packet to be received before starting re-transmissig
thereby increasing latency.

more suitable approach is wormhole routing, in which only the header of the packet is initig
nd in by the(hode. The routing decision is taken, the header is output, and the rest of t

thin it information which determines which way it should be routed. Configuring the nodes|i
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Liting a particular packet is complete. The requirement oflow-latency implies that packets
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cket is sent’directly from the input to the output without being stored in the node. This me

he

NS

ht a packet can be passing through several nodes at the same time, and the head of the
cket may be received by the destination before the whole packet has been transmitted by the
urce, Thus this method can be thought of as a form of dynamic circuit switching, in which the
ader_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.

D24 Elow control

G4|Aaranteeing that physical connections will be available for each stage of a packet's journfey
repuires global information about the state of the system. Accumulating global information|is
time-consuming and inherently non-scalable. Thus, in a low-latency, scalable ,System, the
pdssibility exists that the header of a packet will be input by a node but be unable to procegd
bgcause the required output is already in use. The body of the packet will still be passipg
thfough previous nodes. There are then three possibilities:

a)| the incoming packet body is buffered in the node where the packet is'stalled;
b)| the incoming 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 qouting, with the disadvantage |of
reguiring buffer resources in each routing node. This incteases cost and destroys the packet
length independence of the routing. The second option, ), is undesirable because it forces the
end-equipment to engage in complex protocols to deal with the possibility of data loss.|In
addition, once part of a packet has been lost the packet is probably useless and may as well pe
entirely destroyed. A system using this scheme could then easily degenerate into a state whgre
mpst of the connections were carrying packets:to the point of their destruction. Clearly it would
bg preferable to propagate information aboutva stall back along the path of the packet, and|to
implement a system of flow-control, as in ¢).

Rather than provide buffering for ansentire packet, the flow-control system must be capable|of
stalling the flow of data part-way.through a packet. This implies that it operates on a leyel
bglow that of packets. It is the flow of the sub-units of which packets are composed which myst
bg controlled. With this scheme, when a packet is unable to proceed, data may continue |to
move until all buffering along’the path of the packet is filled. The flow-control mechanism myst
then ensure that data mevement ceases so that no buffers are overwritten. This means that jall
links which are still occupied by the packet will be idle; however, this is an improvement on the
previous scenariocinnwhich the links would be busy moving data to the point at which it|is
discarded.

D3 Comgparison with other types of system

In| this \Subclause we consider how the requirements for a parallel system interconnect
cgmpares 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).

Copyright © 1998 IEEE. All rights reserved.


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

