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INFORMATION TECHNOLOGY -
HIGH-PERFORMANCE PARALLEL INTERFACE -

Part 10: 6 400 Mbit/s Physical Layer (HIPPI-6400-PH)
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e specialized system for worldwide standardization. National bodies that are members of ISO, o
rticipate in the development of International Standards through technical committees established "H
spective organization to deal with particular fields of technical activity. 1ISO and IEC technical(comm
llaborate in fields of mutual interest. Other international organizations, governmental and non-goyernm
liaison with ISO and IEC, also take part in the work.

the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC
aft International Standards adopted by the joint technical committee are circulatedto-national bodi
ting. Publication as an International Standard requires approval by at least 75 %~of the national Q
sting a vote.

tention is drawn to the possibility that some of the elements of this International Standard may be the s
patent rights. ISO and IEC shall not be held responsible for identifying any ©p all such patent rights.

national Standard ISO/IEC 11518-10 was prepared by subcommittee 25: Interconne
formation technology equipment, of ISO/IEC joint teehnical committee 1: Inform
nology.

publication has been drafted in accordance withythe ISO/IEC Directives, Part 3.

ISO

High-Performance Parallel Interface:

IEC 11518 consists of the following parts, tnder the general title Information technold

art 1: Mechanical, electrical, and signalling protocol specification (HIPPI-PH)
art 2: Framing Protocol (HIPPI-ER)

art 3: Encapsulation of ISO/IEC 8802-2 (IEEE Std 802.2) Logical Link Control Pro|
ata Units (HIPPI-LE)

art 4: Mapping of HIPPI to IP| device generic command sets (HIPPI-IPI) 1)
art 5: Memory Interface (HIPPI-MI) 1)

art 6: Physical-Switch Control (HIPPI-SC)

art 8: Mappihg-to Asynchronous Transfer Mode (HIPPI-ATM)

art 9: Serial Specification (HIPPI-Serial)

art 106 400 Mbit/s Physical Layer (HIPPI-6400-PH)

art11: 6 400 Mbit/s Physical Switch Control (HIPPI-6400-SC) 1)

IEC
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ittees
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ITC1.
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Part 12 6 400 Mbpit/s Optical speciication (HIPFI-6400-OF 1) 1)

Annex A is for information only.

1) Under consideration.
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INTRODUCTION

Characteristics of a HIPPI-6400-PH physical-layer interface include:

— user data transfer bandwidth of 6 400 Mbit/s (800 MByte/s);

— a full-duplex link capable of independent full-bandwidth transfers in both directions
simultaneously;

— four virtual circuits providing a limited multiplexing capability;

— g fixed-size transfer unit, i.e., a 32-byte micropacket, for hardware efficiency;

— g small transfer unit resulting in low latency for short Messages, and a compenent for
large transfers;

— (dredit-based flow control that prevents buffer overflow;
— ¢gnd-to-end, as well as link-to-link, checksums;

— gutomatic retransmission to correct flawed data providing guaranteed, in-order, religble,
data delivery;

— gn a.c. coupled parallel electrical interface for driving parallelcopper cable over limited
distances;

— g parallel electrical interface for driving a local optical interface for longer distances.
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INFORMATION TECHNOLOGY —
HIGH-PERFORMANCE PARALLEL INTERFACE -

Part 10: 6 400 Mbit/s Physical Layer (HIPPI-6400-PH)

1 Scope

This|part of ISO/IEC 11518 specifies a physical-level, point-to-point, full-duplex, link intetface
for feliable, flow-controlled transmission of user data at 6 400 Mbit/s per directign,-aqross
distgnces of up to 1 km. A parallel copper cable interface for distances of up’'to 40 m is
spedified. Connections to a separate longer-distance optical interface are provided. §mall
fixed-size micropackets provide an efficient, low-latency structure for smalhtransfers, ahd a
component for large transfers.

Spegifications are included for:

— gutomatic retransmission to correct flawed data;

— the format of a small data transfer unit called a micropacket;

— g message structure that includes routing information far, network applications;
— 4gnd-to-end, as well as link-to-link, checksums;

— the timing requirements of the parallel signals;

— g parallel interface using copper coaxial cahle;

— donnections to a separate local optical intérface;

link-level protocol tuned for a maximum distance of 1 km.

|
Q

2 Normative references

The [following normative docuthents contain provisions which, through reference in this |text,
congtitute provisions of this" part of ISO/IEC 11518. For dated references, subsequent
amepdments to, or revisions of, any of these publications do not apply. However, parti¢s to
agreements based on-this part of ISO/IEC 11518 are encouraged to investigate the possipility
of applying the most recent edition of the normative documents indicated below. For undated
refeqences, the latest edition of the normative document referred to applies. Members off IEC
and ]SO maintajn:registers of currently valid International Standards.

ISO/IEC TR=8802 (all parts), Information technology — Telecommunications and informgation
exchange-between systems — Local and metropolitan area networks — Specific requiremepts

ISO/IEC TR 8802-1:1997, Information technology — Telecommunications and information
exchange between systems — Local and metropolitan area networks — Specific requirements —
Part 1: Overview of Local Area Network Standards

ISO/IEC 8802-2:1998, Information technology - Telecommunications and information
exchange between systems — Local and metropolitan area networks — Specific requirements —
Part 2: Logical link control

ISO/IEC 15802-3:1998, Information technology - Telecommunications and information
exchange between systems — Local and metropolitan area networks — Common specifications
— Part 3: Media Access Control (MAC) Bridges
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3 Definitions and conventions

3.1 Definitions
For the purposes of this part of ISO/IEC 11518, the following definitions apply.
3.1.1

acknowledge (ACK)
confirmation that the Destination has received the micropacket without errors

3.1.2
admijinistrator
statipn management entity providing external management control

3.1.3
credit

credjt corresponds to one micropacket's worth of buffer space available*in the Destinatjon's
VC huffer

3.1.4
destination
recejving end of a physical link

3.1.5
elenent
component of a HIPPI-6400 system that is.able to receive, process, and send Afmin
micrppackets

3.1.4
final destination
end device that receives, and operates on, the data payload portion of the micropackets

This|is typically a host computersyStem, but may also be a non-transparent translator, bridge,
or rduter.

3.1.7
link
full-duplex connection between HIPPI-6400-PH devices

3.1.8

log
act gf making a record of an event for later use

3.1.
message

ordered sequence of one or more micropackets that have the same VC, Originating Source,
and Final Destination

Messages are the basic transfer unit between an Originating Source and a Final Destination.
The first micropacket of a Message is a Header micropacket. The last micropacket, which may
also be the first micropacket, has the TAIL bit set (see 4.5).

3.1.10

micropacket

basic transfer unit, between a Source and Destination, consisting of 32 data bytes and 64 bits
of control information (see 4.4)
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3.1.11
next-layer
protocols above the service interface

These could be implemented in hardware or software, or they could be distributed between
the two.

3.1.12
optional
characteristics that are not required by HIPPI-6400-PH

Howgver,ifany optionmat characterstc s mptemented, it shattbe mptemented—=as defimed in
HIPRI-6400-PH.

3.1.13
orig|nating source
end device that generates the data payload portion of the micropackets

This|is typically a host computer system, but may also be a non-transpanent translator, bridge,
or rguter.

3.1.14
soulce
sending end of a physical link

3.1.15
statjon management (SMT)
supgrvisory entity that monitors and controls the KENPPI1-6400-PH entity

3.1.16

syndrome
valuge (should be zero if no error) obtaiped by exclusive ORing the calculated CRC value|with
the CRC value received with the micropacket

3.1.17

Universal LAN MAC Address\(ULA)
logidal address stored in a‘Source or Destination field that uniquely identifies an Originating
Soulce or Final Destination

The [ULA conforms to.the 48-bit MAC address specified by ISO/IEC 8802-1.

3.1.18
Virtgal Channel (VC)
one pf fourlogical paths within each direction of a single link

3.2 Editorial conventions

In this part of ISO/IEC 11518, certain terms that are proper names of signals or similar terms
are printed in upper case to avoid possible confusion with other uses of the same words (e.g.,
FRAME). Any lower case uses of these words have the normal technical English meaning.

A number of conditions, sequence parameters, events, states, or similar terms are printed
with the first letter of each word in upper case and the rest lower case (e.g., Block, Source).
Any lower case uses of these words have the normal technical English meaning.

The word shall, when used in this part of ISO/IEC 11518, states a mandatory rule or
requirement. The word should, when used in this part of ISO/IEC 11518, states a
recommendation.
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3.2.1 Binary notation

Binary notation is used to represent relatively short fields. For example a two-bit field
containing the binary value of 10 is shown in binary format as b'10'.

3.2.2 Hexadecimal notation

Hexadecimal notation is used to represent some fields. For example a two-byte field
containing a binary value of b'1100010000000011" is shown in hexadecimal format as x'C403".

3.3 Acronvmes-and ahhraoviatigne
. + S

............................
ACK acknowledge indication

CR credit amount parameter

CRd cyclic redundancy check

DSAP Destination Service Access Protocol
ECRC end-to-end CRC

HIPRI High-Performance Parallel Interface
K kilo (210 or 1024)

LCR[C link CRC

LLC Logical Link Control

Isb least significant bit

M mega (106)

MAd Media Access Control

ms milliseconds

msb most significant bit

ns nanoseconds

ps picoseconds

RSEQ receive sequence _number

SMT station management

SNAP SubNetwork‘Access Protocol

SSAP Source Service Access Protocol
TSER transmijt'sequence number

ULA Universal LAN Address

VC Virtual Channel

VCR Virtual Channel Credit selector

Us TTCTOSECONUS

Q ohms

4 System overview

4.1 Overview

This clause provides an overview of the structure, concepts, and mechanisms in HIPPI-6400-PH.
Figure 1 shows an example HIPPI-6400 system.
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Links

HIPPI-6400-PH defines a point-to-point physical link for transferring micropackets. The
physical links, as shown in figure 2 between a local end and a remote end, are bi-directional.
The logical links are simplex, i.e., the data inbound and outbound are completely separate.
Some control information, e.g., credit, flows in the reverse direction, and it is included in the
micropackets flowing in the reverse direction. This is why the physical links must be bi-
directional with information flowing in both directions simultaneously.

A link is composed of two Sources that transmit information, and two Destinations that receive

infor

ation Fach end of a link has a Source and a Destination

The

impl
path
indiy
syst

4.3

Four
The

All d
doeq

Destination over one or more links. Messages to a£inal Destination are delivered in orde

a sirn
are i
prev,
com

data path is 16 bits wide for the copper implementation, and is 8 bits wide_for-a
bmentation. The control path is one-fourth the width of the data path, e.g., the co
for the copper implementation is 4 bits wide. CLOCK, CLOCK_ 2, and“-FRAME|
idual signals carried on separate conductors. The CLOCK_2 signal is only used in 1
bmSs.

Virtual Channels

Virtual Channels, VCO, VC1, VC2, and VC3 are available in‘each direction on each
VCs are assigned to specific Message sizes and transfer-methods.

not change as the micropackets travel from-the Originating Source to the

gle VC. Multiple messages may be out of order'if sent over different VCs-even if the
n the same physical link. The VCs provideta multiplexing mechanism that can be us
ent a large Message from Blocking agsmall Message until the large Message
pleted.

fibre
ntrol

are
6-bit

link.

f the micropackets of a Message are transmitted,ofba single VC, i.e., the VC number

Final
br on
VCs
bd to
has

B pasg
HIPPI-6400 HIPPI-6400 HIPPI-6400

Node Switch Node
<] ol
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wn
W)

IFII_II_II?
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2
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= Originating Source Node

Other Media
Node
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Figure 1 — System overview
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FRAME » FRAME
1(1
CLOCK 4> CLOCK
1(0)
CLOCK_2 ————— CLOCK_2
Destination Source
16(8
DATA DATA
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1(0)
CLOCK 2 [¢——] CLOCK_ 2
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(Numbers in parenthesis are for an 8-bit system:
CLOCK_2 is only used in 16-bit systems.)

Figure 2 — HIPPI-6400-PH link showing signal lines

bpackets are the basic transfer unit from Source to Destination on a link. As shoy
e 3, a micropacket is composed of 32¢data bytes and 64 bits of control informatio
D Mbit/s a micropacket is transmitted “every 40 ns, with Null micropackets transm
N other micropackets are not available. Credit and retransmit operations are performg
cropacket basis.

64 bits of control information:in each micropacket includes parameters for:

electing a VC;

etecting missing micropackets;

enoting the types-of information in the micropacket;

harking the 4ast'micropacket of a Message;

ignalingthat the Message was truncated at its originator, or damaged en-route;
assing.credit information from the Destination to the Source;

inkzlevel and end-to-end checksums.

n in
N. At
itted
d on
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32 Data bytes (256 bits)
Data byte DBOO |  Data byte DBO1 !

T T T T T T T T T T T T T (4

d00.7_ d00.5 d00.3 d00.1 d01.7 do01.5 do0l.3 d01.1

d00.6 d00.4 d00.2 d00.0 dol.6 d01.4 d01.2 d01.0

| Data byte DB30 ! Data byte DB31 |

Y 4l 3 2 1 Q

7.4
— 2212122141214

ya 1 1 1 1 1 1 1

d30.7 d30.5 d30.3 d30.1 d31.7 d31.5 d31.3 d3i:l
d30.6 d30.4 d30.2 d30.0 d31.6 d31.4 d312.d31

64 Control bits

Nami
Data
Inap
Data
Withi
Contrl

Inag

4.5

As s
have
Mes
640(

63 c61 c59 c57 cl5 cl3 cll c09 c07 c05 c03 c01
c62 c60 c58 c56 cl4d cl2 cl0 c08 c06 c04 c02 c00

g conventions:

bytes are labelled capital DB and a two-digit number, e.g., DB0O.

arameter that uses multiple Data bytes, the most-significant.byte is the lowest-numbered byte.
bits are labelled lower case d, a two-digit byte number, and’a*one-digit bit number, e.g., d31.7.
each Data byte, the most-significant bit is the highest<numbered bit, i.e., dnn.7.

bl bits are labelled lower case c and a two-digit number, e.g., c00.

arameter that uses multiple Control bits, the mast-significant bit is the highest-numbered bit.

Figure 3 — Logical micropacket format and naming conventions

Message

hown in figure 4, a Message is an ordered sequence of one or more micropackets
the same VC, Originating Source, and Final Destination. The first micropacket
age, i.e., the Header micropacket, contains information used to route through a H

fabric. The lastjcropacket of the Message is marked with the TAIL bit.
1 | Header information, Bytes 0 - 7 | c63—c00
2 |Bytes 8 - 39 of Message data €c63—c00
3 [Bytes 40 - 71 of Message data | c63—c00
T Last bytes of Message data €c63—c00

L Micropacket transmission order

Figure 4 — Message format

that
of a
PPI-


https://iecnorm.com/api/?name=d8407adc5712813c4127fca94d1a7c1b

11518-10 © ISO/IEC:2001(E) - 15 -

4.6 FRAME and CLOCK signals

The FRAME signal, carried on a separate signal line, marks a micropacket's beginning. Both
edges of either the CLOCK or CLOCK_2 signals, also carried on separate signal lines, are
used for strobing the data. The data, control, and FRAME signals from a Source are
synchronous with that Source's CLOCK and CLOCK_2 signals. The CLOCK rate is dependent
on the width of the data bus, e.g., a 16-bit data bus utilizing 4b/5b encoding requires the
CLOCK line to run at 250 MHz and each data and control line may transition every 2 ns.

4.7 Flow control

figure 5, the credits are assigned on a VC basis, i.e., VCO's credits are separate frony C1's
credjts. The Destination end of a link grants credits to match the number of free’ regeive
buff¢grs for a particular VC. The Source end of the link consumes creditsCas it mpves
micrppackets from the VC Buffers to the Output Buffer. Note that flow control is on g link
basis, i.e., hop-by-hop.

Linkrlelevel credit-based flow control is used between a Source and Destination. As shown in

4.8 Retransmission

Retransmission is performed to correct flawed micropackets” (see 8.4). Go-bagck-N
retrgnsmission is used, i.e., if an error is detected, then the“\flawed micropacket, and all
micrppackets transmitted after it, are retransmitted. The €GRCs in each micropacket are
chedked at the Destination side of a link; at the Input Buffér in figure 5. Correct micropagkets
are |acknowledged, flawed micropackets are discarded. Note that retransmissioh is
independent of the VC used, and also independent of the credit information, |i.e.,
retrgnsmission occurs between the Output and Input ‘Buffers in figure 5 while VC and dredit
inforfmation pertains only to the VC Buffers. Retransmission is on a link basis, i.e., hop-by-
hop.

4.9 Check functions

As ghown in table 1, two 16-bit cyclic redundancy checks (CRCs) are used, and they| use
diffefent polynomials. The end-tocend CRC (ECRC) covers the data bytes of all off the
micrppackets in a Message, i.esthe Header micropacket and all of the Data micropackels (if
any)| up to this point in a Message. The ECRC does not cover the control bits. The ECRC is
unchanged from the Originating Source to the Final Destination. The ECRC is accumulated
over| an entire Message, i.e., it is not reinitialized for intermediate Data micropackets |(see
6.6.3). Note that in table*l, the second micropacket's ECRC covers the information in the first
and |second micropacket; the third micropacket's ECRC covers the information in the ffirst,
secdnd, and thirdumicropacket, etc.

The|link CRC) (LCRC) covers all of the data and control bits of a micropacket, with the
excqption“of* itself (see 6.6.2). The LCRC is initialized for each micropacket, and must be
calclilated’fresh for each link since other control fields change.

The combination of two 16-bit CRCs provides a stronger check than a single 16-bit CRC for
link-level checking of individual micropackets. In addition, the 16-bit ECRC provides checking
over a whole Message.

4.10 Local electrical interface (optional)

The optional local on-board electrical interface (see clause 15) provides a connection to a
separately specified optical interface (see ISO/IEC 11518-12, HIPPI-6400-OPT)1) for longer
distances. Note that the TSEQ and RSEQ parameter sizes in this part of ISO/IEC 11518
support full speed operation at distances up to 1 km.

1) ISO/IEC 11518-12, Information technology - High Performance Parallel Interface — 6 400 Mbit/s Optical
Interface (HIPPI-6400-OPT) (under consideration).
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4.11 Copper cable physical layer (optional)

The optional HIPPI-6400-PH copper cable variant (see clause 16) uses a cable with 46
conductor pairs, 23 in each direction, and an overall shield. The maximum length is
dependent upon the quality of the cable. The signals are a.c. coupled to the cable to
accommodate some difference in the ground potential between the equipment.

Credits are consumed as a Source Destination
micropacket moves from the
VCnaBuffer to the Qutput Buffer

| VCO Buffer : VCO _Buffer
\ Output Input
—»| \/C1 Buffer Buffer Buffer VC1 Buffer
| VC2 Buffer 4 | TsEQ VC2 Buffer
ACK(seq) I:|':I
—»| VC3 Buffer L —~ RSEQ VC3 Buffer
ACKs are generated independent of the V€ T
A number, and sent to the Source in the réverse

|
| direction micropacket control information. I
|
|

Credits are generated, on a VC basis when data
exits from the VC buffer, and sent to the Source in
the reverse direction micropacket control information.

Figure 5 — Reversedirection control information

Table 1 — CRE coverages in a 128-byte Message

Micropacket D%agg_BétE‘fgl ECRC LCRC
number conténts coverage coverage
1 Header; Bytes — 7 Header, Bytes 0 — 7 Header, Bytes 0 — 7, c00 — c47
2 Bytes 8 — 39 Header, Bytes 0 — 39 Bytes 8 — 39, c00 — c47
3 Bytes 40 — 71 Header, Bytes 0 — 71 Bytes 40 — 71, c00 — c47
4 Bytes 7 — 103 Header, Bytes 0 — 103 Bytes 72 — 103, c00 — c47
5 Bytes 10 — 135 Header, Bytes 0 — 135 Bytes 104 — 135, c00 — c47
NQTE{ For a 128-byte Message, bytes 128-135 would be pad bytes containing x'00".

5 Service interface

51 Overview

This clause specifies the services provided by HIPPI-6400-PH. The intent is to allow next-
layers to operate correctly with this HIPPI-6400-PH. How many of the services described
herein are chosen for a given implementation is up to that implementor; however, a set of
HIPPI-6400-PH services shall be supplied sufficient to satisfy the next-layer(s) being used.
The services as defined herein do not imply any particular implementation, or any interface.
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Figu

re 6 shows the relationship of the HIPPI-6400-PH interfaces.

next-layer

Transfer Admin

5.2

HIPH

5.3
The

illus

betw
diag
HIPH

In th
shal
Indig
for t
sam

5.4

Station
management |« | HIPPI-6400
(SMT) -PH

Figure 6 — HIPPI-6400-PH service interface

Service primitives
PI-6400-PH service primitives are of four types.

Request primitives are issued by a service user to initiate a service provided by the H
400-PH.
Confirm primitives are issued by the HIPPI-6400-PH to acknowledge a Request.

hdicate primitives are issued by the HIPPI-6400-PH tO.notify the service user of a
vent. This primitive is similar in nature to an unsoliCited interrupt. Note that the
vent may have been caused by a service Request.

Response primitives are issued by a service userto acknowledge an Indicate.
Sequences of primitives

order of execution of service primitives is not arbitrary. Logical and time sequ

rela?onships exist for all described sefwice primitives. Time sequence diagrams are usg

rate a valid sequence. Other valid sequences may exist. The sequence of ev
een peer users across the user/provider interface is illustrated. In the time sequ

PI-6400-PH acts as the setvice provider.

is part of ISO/IEC<11518, a second Request primitive of the same name for the sam

not be issued.until the Confirm for the first request is received. Likewise, a se
ate primitive, of_the same name for the same VC shall not be issued until the Resp
ne first Indieate is received. In addition, since TRANSFER and ADMIN operations o
b type share"VC resources, only one at a time is allowed on the same VC.

Data'transfer service primitives

PPI-

ocal
ocal

ence
bd to
ents
bnce

rams, the HIPPI-6400-PH users are depicted on either side of the vertical bars whilg¢ the

b VC
cond
bnse
f the

These—primitives,as—shown—in—figure—7,—shalt be—used—totransfer mext-tayer—data—frot
Originating Source next-layer to a Final Destination next-layer. The next-layer data shall be
ed in a Message, with HIPPI-6400-PH MAC and IEEE 802.2 LLC/SNAP headers
preceding the next-layer payload data (see figures 4 and 14, and clause 7). The next-layer

carri

data

shall immediately follow the LLC/SNAP header.

1 an

While figure 7 shows the data being transferred after the 64_TRANSFER.Confirm is issued,
this ordering is not mandatory.
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Originating HIPPI- Final
Source ULP 6400-PH Destination ULP

64_TRANSFER
.Request

64_TRANSFER “*|--..

-Confirm 64_TRANSFER

.Indicate

L4~ 64 TRANSFER

Rasnonse
N ~

Figure 7 — Data transfer service primitives

5.4.] 64_TRANSFER.Request

This|primitive is issued by the Originating Source's next-layer to request a@data transfer.

Semfantics — 64_TRANSFER.Request (
D_ULA,

S_ULA,

VCn,

LLC/SNAP,
Length,

Data)

The |ID_ULA (Destination address) shall be placed.directly in the MAC header (see 7.2).

The|S_ULA (Source address), if allowedby S ULA_Allowed =true (see 5.6.1), shall be
placed directly in the MAC header (see %2). If S_ULA_Allowed = false, then the HIPPI-6400-
PH e¢ntity shall use its native S_ULA address. Note that by allowing the next-layer to spgcify
the $ource address, a server can use*a "spoof" address, e.g., to provide a broadcast serpice.
Whefther the next-layer is allowed\to set the S_ULA or not is controlled by the local station
manpgement entity through the-S-ULA_Allowed flag (see 5.6.1).

VCn|shall be the Virtual Channhel (see 6.2) that the message shall be sent on.

LLC{SNAP shall be theLLC/SNAP header, including the appropriate EtherType specifying the
dataltype (see 7.3)(

Length shall specify the number of bytes of next-layer payload data. Note that the lgngth
paragmeter in"the MAC header (see clause 7) M_len = Length + 8 to account for the LLC/SINAP
header.

Datg shall be the next-layer payload data.

Issued — The Originating Source next-layer issues this primitive to the HIPPI-6400-PH entity
to request the transfer of the next-layer payload data to the Final Destination. Note that one
64 TRANSFER.Request or one 64_ADMIN.Request may be issued for each of the four VCs
before receiving a Confirm for any of them, i.e., the .Confirm / .Request exchange is on a per-
VC basis. For example, a 64_TRANSFER.Request for VC1 shall not be issued if a
64_ADMIN.Request is in progress on VCL1.

Effect — The HIPPI-6400-PH entity shall accept the data for transmission and build the
Message with the appropriate MAC and LLC/SNAP headers. If the Message size violates the
Virtual Channel limitations (see 6.2), then this transfer request shall be rejected (see 5.4.2);
otherwise, the Message shall be sent. If the Message does not end on a micropacket
boundary, then padding shall be provided (see clause 7).
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5.4.2 64_TRANSFER.Confirm

This primitive acknowledges the 64_TRANSFER.Request from the Originating Source next-
layer.

Semantics — 64_TRANSFER.Confirm (

VCn,
Status)

VCn shall be this Message's Virtual Channel (see 6.2).

Statyis shall be

Issugd — The HIPPI-6400-PH shall issue this primitive to the Originating Seurce next-lay
acknowledge the 64_TRANSFER.Request on this VC.

Effe¢t — Another 64_TRANSFER.Request, or a 64_ADMIN.Request, is’enabled on this VQ.

5.4.3 64_TRANSFER.Indicate

This|primitive indicates to the Final Destination next-layerthat a Message has been recq
from| the Originating Source.

Semjantics — 64_TRANSFER.Indicate (

The |ID_ULA shall be the value received in the MAC header (see 7.2).
The |S_ULA shall be the value received in the MAC header (see 7.2).
LLCISNAP shall be the)received Message's LLC/SNAP header (see 7.3).

Statyis denotes,whether the data payload being delivered was received with errors. S
inclydes butzds ot limited to:

dccept — The Message has been accepted for transmission,
reject — The Message was unable to be transmitted for any reason, e.g., invalid size.

D_ULA,
S_ULA,
LLC/SNAP,
Status,
Length,
Data)

BHCRC errors (see 9.1.3);
missing end of Message (see 9.2.3);

data overrun (see 9.2.5);
data underrun (see 9.2.5).

er to

ived

atus

Data overrun and underrun indications to the next-layer are optional, but logging is required
(see 9.2.5).

Length shall be the payload length as specified in the MAC header, i.e., Length = M_len — 8.

Data shall be the next-layer payload data, with any pad or overrun (i.e., beyond Length),
removed.
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Issued — The Final Destination HIPPI-6400-PH shall issue this primitive to the Final
Destination next-layer when a Message has been received.

Effect — Unspecified

5.4.4 64_TRANSFER.Response

This primitive acknowledges a 64_TRANSFER.Indicate.

Semantics — 64_TRANSFER.Response ()

Issuged — The Final Destination next-layer issues this primitive to acknowledge the &eceipt of
the §4_TRANSFER.Indicate.

Effe¢t — The HIPPI-6400-PH Final Destination is enabled to issue another 64 _TRANSFER.Indicate.

5.5 | Admin service primitives

Thege primitives, as shown in figure 8, shall be used to transfer,Admin micropackets |(see
6.3.6). Admin micropackets, as defined in ISO/IEC 11518-112)\ dre used for support| and
initiglization of HIPPI-6400 links, Elements, and systems. Control service primitives (see|5.6)
used to affect the local interface may use Admin micropackets-or other unspecified meang.

Whilge figure 8 shows the Admin micropacket being transferred after the 64_ADMIN.Confifm is
issu¢d, this ordering is not mandatory.

Local SMT HIPPI-  Other End
6400-PH SMT
64_ADMIN A
.Request
64_ADMIN
-Confirm " 64_ADMIN
.Indicate
4" 64 ADMIN
.Response

Figure 8 — Admin service primitives

55.1 64NADMIN.Request

This|pfimitive is issued to request the transfer of an Admin micropacket.

Semantics — 64_ADMIN.Request (
VCn
Admin micropacket)

VCn shall be the Virtual Channel that the Admin micropacket shall be sent on (see 6.2).

The Admin micropacket contents are specified in ISO/IEC 11518-112).

2) ISO/IEC 11518-11, Information technology — High-Performance Parallel Interface — 6 400 Mbit/s Switch Control
(HIPPI-6400-SC) (under consideration).
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Issued — The next-layer issues this primitive to the HIPPI-6400-PH entity to request the
transfer of an Admin micropacket to the desired Element. Note that one 64_ADMIN.Request
or one 64_TRANSFER.Request may be issued for both VC1 and VC2 before receiving a
Confirm for either of them, i.e., the .Confirm / .Request exchange is on a per-VC basis. For
example, a 64_ADMIN.Request for VC1 shall not be issued if a 64_TRANSFER.Request is in

prog

ress on VC1.

Effect — The HIPPI-6400-PH entity shall accept the Admin micropacket for transmission.

5.5.2 64_ADMIN.Confirm

This

Sem|

VCn

Stat

Issu
the ¢

Effe

5.5.3
This

Sem|

primitive acknowledges the 64_ADMIN .Request from the next-layer.
antics — 64_ADMIN.Confirm (
VCn,
Status)
shall be the Admin micropacket's Virtual Channel (see 6.2).
s shall be:
ccept — The Admin micropacket has been accepted for trasmission.

eject — The Admin micropacket was unable to be transmitted.

bd — The HIPPI-6400-PH entity shall issue this primitive to the next-layer to acknowl
4 ADMIN.Request on this VC.

64_ADMIN.Indicate
primitive indicates that an Admin\micropacket has been received.

antics — 64_ADMIN.Indicate (
VCn,
Status,
Admin micropacket)

shall be the Admin micropacket's Virtual Channel (see 6.2).

Is denotes,whether the Admin micropacket being delivered was received with er
s includes.but is not limited to:

CRC errors (see 9.1.3);
nissing TAIL bit (see 9.2.1);

.t — Another 64_ADMIN.Request, or a 64_TRANSFER.Request, is enabled on this VQ.

pdge

Fors.

— missing end of Message (see 9.2.3).

Adm

in micropacket is the contents.

Issued — The HIPPI-6400-PH entity shall issue this primitive to the next-layer when it receives
an Admin micropacket.

Effect — Unspecified
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5.5.4 64_ADMIN.Response

This primitive acknowledges a 64_ADMIN.Indicate.
Semantics — 64_ADMIN.Response (VCn)
VCn shall be the Admin micropacket's Virtual Channel (see 6.2).

Issued — The next-layer issues this primitive to acknowledge the receipt of the
64 _ADMIN.Indicate.

Effe¢t — The HIPPI-6400-PH is enabled to issue another 64_ADMIN.Indicate on this)Virtual
Channel.

5.6 | Control service primitives

Thege primitives, as shown in figure 9, may be used by the local station'management ($MT)
entity to set parameters and control the local HIPPI-6400-PH entity.~64_ADMIN primiftives
(see|5.5) may also be used to control the local HIPPI-6400-PH entity, and are not shown in
figure 9.

HIPPI- Other’End

Local SMT 6400-PH SMT

64_CONTROL
.Request

64 _CONTROL
.Confirm

Figure 9 =\Control service primitives

5.6.1 64 _CONTROL.Request

This| primitive is issued by\the local SMT to set parameters, or otherwise control the Jocal
HIPRI-6400-PH entity. «Several functions are specified and others are left to specific
implementations.

Semjantics — 64_CONTROL.Request (
Command,
Command_Parameters)

Command ;specifies the function to be performed.

Command_Parameters are specific to each command.

The commands and parameters include but are not limited to:

— Set/reset S_ULA_Allowed flag (see 5.4.1);
— Set native S_ULA value (see 7.2);

— Set timeout values (see table 6);

— Link Reset (see 12.2);

— Initialize (see 12.3);

Initialize logged events counters (see table 7).
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Issued — The SMT issues this primitive to perform some control function.

Effect — The HIPPI-6400-PH shall perform the function specified.

5.6.2 64_CONTROL.Confirm

This primitive acknowledges the 64_CONTROL.Request from the SMT.

Semantics — 64_CONTROL.Confirm (Status)

Status reports the success ar failure of the 64 CONTROQI Request caommands

Issugd — The HIPPI-6400-PH entity shall issue this primitive to the SMT in response
64_CONTROL.Request.

Effe¢t — Enables another 64_CONTROL.Request.

5.7 | Status service primitives

Thege primitives, as shown in figure 10, may be used to obtain‘status information fromn
local HIPPI-6400-PH entity.

HIPPI- Qther End

Local SWT 6400-PH SMT

64 _STATUS |
.Request
V4

64_STATUS
.Confirm

64_STATUS (> s
.Indicate

64_STATUS
.Response

Figure 10 — Status service primitives

5.7.1 64_STATUS.Request
This|primitive is-issued by the local SMT to request a status report.

Semfanticss="64_STATUS.Request (

Requested_item(s))

Requested_item(s) may include, but are not limited to:

S_ULA_Allowed state (see 5.4.1);

— Native S_ULA value (see 7.2);

— Timeout values (see table 6);

— Logged events (see table 7);

— Activity monitor state (see 13.1);

— Link state, i.e., Normal, Resetting, Initializing, or Shutdown (see clause 12).

to a

the
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Issued — The local SMT issues this primitive when it wishes to obtain the status of the HIPPI-
6400-PH entity. Note that an implementation, in a vendor specific fashion, may issue a
blanket request for all of the requested items, or for specific items.

Effect — The HIPPI-6400-PH entity shall respond with a 64_STATUS.Confirm.

5.7.2 64_STATUS.Confirm

This

Sem

primitive replies to the previous 64_STATUS.Request with status information.

antics — 64_STATUS.Confirm (

Req
64_S

Issu
64_3

Effe

5.7.3

This
oper

Sem|

Issu
dete

~

- q

Effe
dete

5.7.4

This
Sem|

Issud

Requested_item(s))

lested_item(s) shall contain, but not be limited to the items requested in
bTATUS.Request.

bd — The HIPPI-6400-PH entity shall issue this primitive to the SMTNiKW response
bTATUS.Request.

't — Enables another 64_STATUS.Request.

64 STATUS.Indicate

primitive informs the SMT entity that a monitored event has occurred that affects
ation of the HIPPI-6400-PH entity.

antics — 64_STATUS.Indicate

the

to a

the

bd — The HIPPI-6400-PH shall issue this primitive whenever a monitored event is

cted. Monitored events shall include, but are not limited to:

ctivity monitor indication going falsé’(see 13.1);
nk going into Shutdown (see 13)2).

tt — Unspecified. A normal\response would be for the SMT entity to read the status
rmine which event occurred.

64 _STATUS/Response

primitive acknowledges the 64_STATUS.Indicate.
antics <\64_ STATUS.Response

bd<“The SMT entity issues this primitive to acknowledge receipt of the 64_STATUS.Indicate.

Effect — The HIPPI-6400-PH is allowed to issue another 64_STATUS.Indicate.

6 Micropacket contents

6.1

Bit and byte assignments

and

Table 2 specifies the contents that shall be in each micropacket. As shown in figure 3, each
micropacket shall consist of 32 data bytes and 64 bits of control information. The data bytes
shall be numbered DBOO — DB31. DB0OO shall be transmitted first. The data bits in the
micropacket shall be numbered dxx.y where xx is the byte number and y is the bit number in
the byte.
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The 64 bits of control information shall be numbered as bits ¢63 — c00. Control bit cO0 shall
be transmitted first. As shown in figure 3, a field with a numerical value shall have its most-
significant bit in the highest numbered bit position.

The control information shall contain the following parameters located in the bits specified
(see figure 11). The Source side of a link supplies all of the parameters, except for RSEQ,
VCR and CR which come to the Source from its local Destination side. The VC parameter
comes from the Originating Source. The TAIL, TYPE, and ECRC parameters normally come
from the Originating Source, but may under error conditions come from an intermediate
device (see 9.2.3 and 9.2.4).

VvC

TYP

TAIL
moreg

2 bits, c01-c00) — The Virtual Channel selector. (See 6.2.)

e micropackets for this Message follow.

E (4 bits, c05-c02) — Identifies the type of information within the micropacket:\(See 6.]3.

(1 bit, c06) — TAIL = 1 identifies the last micropacket of a Message. TAIL'= 0 means| that

ERROR (1 bit, c07) — ERROR =1 means that an unrecoverable error has been detected in

the
(Ses

NOTH

VCR

CR
(Ses

RSH|
(Ses

TSE

ECRC (16 bits, c47-c32) < End-to-end checksum covering all of the data bytes up to

poin

LCR

throligh c47 control-bits, in this micropacket. (See 6.6.)

Message, do not check the ECRC. ERROR =0 means that\the Message is OK sg
6.6.3 and 9.1.3.)

Unrecoverable errors may include other upstream media errors,’e.g:, an LLRC error on a HIPPI-800 li

(2 bits, c09—c08) — Virtual Channel number associated with credit addition. (See 6.5.

6 bits, c15—c10) — Amount of credit to add\to the Virtual Channel specified in
6.5.)

Q (8 bits, ¢23-c16) — Sequence number associated with micropacket ACK indicH
6.4.)

D (8 bits, c31-c24) — Sequence number of transmitted micropacket. (See 6.4.)

in a Message, including those in the Header micropacket. (See 6.6.)

C (16 bits, c68—¢48) — Link level checksum covering the 32 data bytes, and the

far.

hk.

CR.

tion.

this

c00

c15 c00
CR VCRIE|T TYPE VvC
| | | | | | | | | |
c31 cle
TSEQ RSEQ
| | | | | | | | | | | | | |
c47 c32
ECRC
| | | | | | | | | | | | | | |
c63 c48
LCRC
| | | | | | | | | | | | | | |

NOTE Transmission order is top to bottom, and right to left, in 4-bit groups, as shown in tables 3 and 4. The most-
significant-bit of a parameter is at the left end of its field.

Figure 11 — Control bits summary
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Virtual Channel (VC) selector

Four Virtual Channels shall be available in each direction on a link. Messages on the Virtual
Channels shall be assigned as follows:

— VCO = Messages with a maximum size of 68 data micropackets (2 176 bytes) plus a
Header micropacket.

— VC1 = Messages with a maximum size of 4100 data micropackets (~128 KBytes) plus a
Header micropacket. VC1 also carries Admin Command micropackets.

— VC2 = Messages with a maximum size of 4100 data micropackets (~128 KBytes) plus a

|.

The

Micr
leve

at the Destination despite the VC field being transmitted as x'0'. As such, the Source nee

havdg
not ¢

Oonly
thes

Und
rece

6.3.1]

Cont
or c
trans

eadcr lTIiLfUdeKEl. VCZafso tarries Ammim RKesSpOorse ﬂli(,f(.)pd.(,K(:‘ls.

C3 = Messages with a maximum size of 134 217 728 data micropackets (~4..GB
lus a Header micropacket. To avoid congestion, Originating Sources shall onjy in
C3 transfers to Final Destinations that have agreed to accept them, e.g.,(by using
cheduled Transfer Protocol or by other unspecified means.

The maximum Message size for VCO, VC1, and VC2 was picked to be an integral ‘power of 2, plus
ytes for next-layer header(s). For example, VCO0's maximum Message size is 69 micropackets: one H

packet, four micropackets carrying 128 bytes of next-layer header(s), and\ 64 micropackets ca
bytes of user payload.

Micropacket TYPEs

1-bit TYPE parameter shall indicate the contents of the micropacket.

bpackets whose TYPE < x'8', or whose TYPE = x*A’, are provided for control at the
or for credit update. These micropackets are netloaded into any VC Buffer (see figu

credit available for VCO prior to sending {tiese micropackets, and the Destination
enerate additional VCO credit as a result.ef ‘having received these micropackets.

micropackets whose TYPE = x'8' cansume sequence numbers (see 6.4). Therefore,
e micropackets shall be retransmitted.

pfined TYPE values are reserved for future use. Actions to be taken as a res(
ving an undefined TYPE aré detailed in 9.1.4.

TYPE = link control micropackets

rol micropackets,operate at the link level, do not carry any user data, acknowledgem
redit update tinformation (see clause 12). Control micropackets may occur during
mission af2a~-Message (see clause 7). Control micropackets include:

eset (FYPE = x'2") — Sent to initiate a Link Reset operation. (See 12.2.)

ytes)
tiate
the

up to
pader
rying

link
e 5)
il not
shall

only

It of

bENts,
the

eset”ACK (TYPE = x'3") — The receiving device has completed the Link Reset opera

ion.

— Initialize_ACK (TYPE =x'5") — The receiving device has completed the Initialization
operation.

NOTE Reset_ACK and Initialize_ ACK micropackets should be discarded if received during normal operation.

6.3.2 TYPE = Null micropackets

Null micropackets (TYPE = x'7") are gap-fillers, and shall be used to keep the link active when
there are no other micropackets to transmit. Null micropackets may carry ACK indications.

Null

micropackets may occur during the transmission of a Message (see clause 7).
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6.3.3 TYPE = Data micropackets

Data micropackets (TYPE = x'8') carry payload.

6.3.4 TYPE = Header micropackets

Header micropackets (TYPE = x'9") carry routing and control information.

6.3.5 TYPE = Credit-only micropackets

When_credits _are available and there are no Data mir‘rnpm‘l{pm to send_then Credit
micrppackets (TYPE =x'A") are used to carry credit update information|
ackrjowledgements. Credit-only micropackets may occur during the transmission
Message (see clause 7).

only

6.3.6 TYPE = Admin micropackets

Ele
ISO

Adnr}rn micropackets (TYPE = x'F") are used for support and initializatiom.of HIPPI-6400 ljnks,

trangmitting a Message (see clause 7).

6.4 | Sequence number parameters

and
bf a

ents, and systems. Admin micropacket contents and uses are specifiedq in
I[EC 11518-113), HIPPI-6400-SC. Admin micropackets shall not 'be sent on a VC currently

The | transmit sequence number (TSEQ) shall incrément by one for each micropgcket
trangmitted whose TYPE = x'8'. TSEQ shall wrap from x'FE' to x'00'. The receive sequ

num

the TSEQ of the most recent micropacket being acknowledged, or the latest TSEQ

cont
with

being transmitted (used while the link fills, with micropackets after a Link Reset). TSEQ
not |equal or surpass RSEQ, i.e., -there shall be no more than 254 unacknowle
micrppackets.

NOTH 1 The TSEQ and RSEQ parameters are independent of the Virtual Channel used to transm
micropacket.

NOTH 2 The TSEQ and RSEQ. parameters are local to a specific link. For example, a micropacke
transyerses more than one link will most likely have different TSEQ numbers on the different links.

NOTH 3 The first micropacket with TYPE = x'8' following a stomped micropacket (see 6.6.2.1) uses the
TSEQ value as in the stomped micropacket since that TSEQ value was not consumed.

The
if thd

recejved, hen the micropackets whose TSEQ value = x'F8' through x'FE', and from
thrngh x'03', are acknowledged and their memory may be reused by the Source.

3)

ence

ber (RSEQ) shall be used to acknowledge (ACK) these micropackets. RSEQ shall gqual

of a

guous group of micropackets being acknowledged (see 9.3 and 8.2). TSEQ shall Qegin
the value = x'00' after a Link Reset. .RSEQ = x'FF' indicates that no ACK indicatipn is

shall
ged

t the

that

same

wrap at x’FEshall be taken into account when processing ACK indications. For example,
e previous,’”ACK indication had RSEQ = x'F7', and an ACK indication with RSEQ = x'Q3' is

X'00'

ISO/IEC 11518-11, Information technology — High-Performance Parallel Interface — 6 400 Mbit/s Switch Control

(HIPPI-6400-SC) (under consideration).
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Table 2 — Micropacket contents summary

Reset/ Null Credit-only Header Data Admin
Initialize
Data Bytes 0* 0* 0* 32 bytes of header 32 bytes of Administrative
contents information (see 7.2) | payload information
VC 0* 0* 0* any any Requests on VC1
Responses on VC2
TYPE (hex) 2,3,4,5 7 A 9 8 F
TAIL 1* 0* 0* =1 on last =1 on last 1
micropacket of micropacket of
Message Message
ERRJR 0* 0* 0 =1 if error =1 if error =1 if error
TSEQ| X'FF' X'FF' increments | increments increments increments
RSEQ 1* ACK ACK ACK ACK ACK
VCR o* 0* any any any any
CR 0* 0* any any any any
LCRG single single single single singfe single
ECR(Q single single single accumulating accumulating single

0* = tjansmit all bits of this field as 0's, a receiver must permit any value

1* = tjansmit all bits of this field as 1's, a receiver must permit any value

any =|any data value as appropriate

singlel = this CRC is calculated and checked for this single micropacket

accunpulating = ECRC as defined in 6.6.3

6.5 | Credit update parameters

The |Destination shall insert the VCR and CR parameters in micropackets to inform the Sdurce
that ICR number of micropacket _butfers have been freed up for the VC indicated by VCR.| The
Soufce shall increase its Credit Counter for this Virtual Channel by the value in CR.|The
Soufce Credit Counter range,shall be 255, and the number of outstanding credits shall be

<25§.

NOTH 1 The CR value (is)an incremental update value, not the number of buffers currently available in the

Destipation.

NOTH 2 At 40 ns pervmicropacket, and 5 ns per meter of cable, each credit is equivalent to about 8 m of
Hence, a Credit €ount, and Destination buffer capacity per Virtual Channel, of 255 will support full bandwidt

1 km flink when(round trip time is taken into account and Destination latency is low.

NOTH 3

6.6 Check functions

able.
on a

If-the"Destination does not send adequate credits then the Source may not be able to send on some|VCs.

6.6.1

Intended use of CRCs

Two 16-bit cyclic redundancy checks (CRCs) shall be used. The link CRC (LCRC) checks all
of the data bytes (including any pad), and control bits in a single micropacket. The LCRC shall
be generated by a link's Source, and checked by the same link's Destination, i.e., it is local to

a link.

The end-to-end CRC (ECRC) checks all of the data bytes (including any pad), of a Message
up to the end of the current micropacket of the Message, i.e., it may cover multiple
micropackets. The ECRC shall be generated by the Originating Source, and should be passed
unchanged through intermediate link-level devices. The ECRC shall be checked at each

Destination in the path. See 9.1.3 for ECRC error operations.
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The LCRC and ECRC shall not be generated or checked for a training sequence (see 11.1).

While this part of ISO/IEC 11518 covers the link level and host interface, other documents
may require intermediate link-level devices to carry the ECRC across them, for example,
across switches. Link-level devices, as described here, are devices that do not operate on the
payload portion of data micropackets.

6.6.2 Link-level CRC (LCRC)

The link CRC (LCRC) shall cover all of the data bytes, and the control bits except for itself.

Th Lo + &l Lo l laall o M S &l + Ll VAVLE sull wll el wud A Y £ h
e | =7 )y yrClicratul altyu CUITCTURACTI S10Tarl JT ImranLZcu |49} all UTIT O AT T TT) TUT ..,aC

micrppacket.

The |LCRC polynomial shall be:
X16+X12+X5+1

Figure 12 shows an example of a serial implementation. The LCRC may“be implemented| in a
parallel fashion rather than serial, but must produce the same results as the serial example.
The |c63 through c48 bits are the LCRC bits in the control word.~The incoming data|and
contfol bits are exclusive OR'd with c48 to generate a sum valug)the sum value is exclysive
OR'd with selected control bits as they are shifted right once‘each bit period. The datal and
control bits shall be input to the generator in transmission\sequence, i.e., 64 data bit§, 16
control bits, 64 data bits, 16 control bits, etc. The sequence is d00.0, d00.1, d00.2, ...d(0.7,
do1.p...d01.7, ...d07.7, c00, c01, c02...c15, d08.0...d15,7, c16...c31, d16.0...d23.7, c32..|c47,
d24.p...d31.7. Refer to tables 3 and 4 for the transmission sequence. After passing allf 304
inpuf bits, ¢63-through-c48 contain the most-significant through least-significant bits of the
LCR[C.

At the destination, the LCRC check may be\implemented by clocking the entire micropatket,
inclyding the LCRC parameter (c63..c48)ninto either a serial or parallel checker. In this gase,
a resgidue is available in the checker register after the last clock rather than a syndrome. If this
chedk method is used, a residue of X'0000' indicates no errors, and x'06A9' indicates that a
"stomp" code was received.

See|9.1.1 for details of a Destination's actions when checking the LCRC. See clause A.B for
the gquations to generate the LCRC in a parallel fashion.

6.6.2.1 Stomp code at Source

A Squrce may,decide during the course of transmitting a micropacket that it wishes to "ndllify"
that fransmission. This shall be done by XORing a "stomp" code of x'874D" with the LCR( that
it hals caleulated for the micropacket. The Source shall treat a "stomped" micropacket a$ if it
nevgr occurred, i.e., not save the "stomped" micropacket in the retransmit buffer, and not
incrgment the TSEQ number since the TSEQ number was not consumed.

6.6.2.2 Stomp code at Destination

If the Destination detects a "stomp" code (see 6.6.2), then an LCRC error shall not be logged
(see 9.1.1).

6.6.3 End-to-end CRC (ECRC)

The end-to-end CRC (ECRC) shall include only the micropacket's data bytes, not the control
bits, in its calculation. The ECRC shall include all of a Message's data bytes up to this point in
the Message, i.e., the data bytes in the Header micropacket and in all of the Data
micropackets up to this point in the Message.
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If ERROR # 1, then all Sources not generating the original ECRC shall check the ECRC prior
to transmission, and if the ECRC is in error then set ERROR =1 in this micropacket's control
bits. An ECRC_Source_Error shall be logged for only the first occurrence of this error in a
Message (see 14.1). This aids in error isolation and prevents endless retransmission loops.

The

ECRC generator polynomial shall be:

X0+ x12 4+ X3+ x+ 1

The ECRC is calculated and maintained independently for each VC. The ECRC checker and
generator for a \V/C shall be initialized ta all ones (y'FFFF') for Qinglp coverage mir‘rnp:cket

TYP
whe

Figu
impl

serigl example. The c47 through ¢32 bits are the ECRC bits in the controlwoerd. The inco

data

OR'd with selected control bits as they are shifted right once each_ bit*period. The data

shal
do1l.

all 256 of the micropacket's data bits, c47-through-c32 contain)the most-significant thr

leas
diffe

prog

See

the gquations to generate the ECRC in a 64-bitewide fashion.

Fs (see table 2) and for a particular VC at the beginning of a Message on that VE
h the previous micropacket had TAIL = 1 or the current micropacket has TYPE =-Heag

fe 13 shows an example of an ECRC serial implementation. The ECRC may)
bmented in a parallel fashion rather than serial, but must produce the samé results a

bits are exclusive OR'd with c32 to generate a sum value; the sinn‘value is excly

be input to the generator in transmission sequence, i.e., d00 0, d00.1, d00.2, ...d
D...d01.7, ...d31.7. Refer to tables 3 and 4 for the transmission sequence. After pag

-significant bits of the ECRC for this micropacket. The/ECRC value will normall

fent for each micropacket of a Message since the ECRC accumulates as the Mes
Fesses (see table 1).

9.1.3 for details of a Destination's actions when checking the ECRC. See clause A.

Data in
»1c63|c62(c61|c60(c59 c58|¢57(c56|c55(c54|c53(ch2 c51|c50(c49|c48
@ = exclusive OR
Figure 12 — LCRC implementation example
Data in
(+)->lca6|cas c44|c43|ca2|ca1|ca0|c39|c38|c37(c36 ¢35|c34|c33|c32

(i.e.,
er).

be
5 the
ming
sive
bits
D0.7,
sing
bugh
y be
sage

1 for

@ = exclusive OR

Figure 13 — ECRC implementation example
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7 Message structure

7.1

Overview

As defined in 4.5, a Message is an ordered sequence of one or more micropackets that have
the same VC, start with a Header micropacket (TYPE = Header), and have TAIL =1 in the last
micropacket. Each VC may only have a single Message in progress at any time. Admin
micropackets shall only be sent on VCs not transmitting a Message. Reset, Reset_ACK,
Initialize, Initialize_ACK, Null, and Credit-only micropackets may occur during
transmission of a Message.

the

Sinc
of 37

The
Accq
Hea
the
othe

7.2

The

the first micropacket (TYPE = Header) of a Message, and shall contain:

e only complete micropackets are transmitted, a Message that is not an integral\mu
bytes in length shall be padded with zeros in the last micropacket.

Message header format is shown in figure 14 as a group of 32-bit words. The M
ss Control (MAC) header, and LLC/SNAP header, shall reside in the first 24 bytes

jer micropackets. If a parameter uses more than one byte, the lowest numbered by

most-significant byte. The last eight bytes of the Header micropacket may be use
protocols, and are not defined in this part of ISO/IEC 11518.

MAC header

MAC header shall be included in all HIPPI-6400 Messages. The MAC header shall

ISO
Ac

D_jA (48 bits, DB00-DB05) — The IEEE 48-bit® ULA network address, as define
I

EC 8802, identifying the payload's Final Destination. Figure 15 (following ISO/IEC 8
nonical bit order, and HIPPI byte order) details the placement of the D_ULA.

tiple

edia
pf all
te is
d by

De in

d in
802.

d in
nt of

ield,

S_ULA (48 bits, DB06-DB11) — The |EEE 48-bit ULA network address, as define
ISONEC 8802, identifying the payloadis‘Originating Source. Figure 15 details the placemeg
the $_ULA.
M_Ign (32 bits, DB12-DB15)=-The Message length, in bytes, following the M_len
exclyisive of any padding in‘the last micropacket.
Bytes
| D_ULA 00-03
Isb 04-07
MAC header (=b) S_ULA -
(Isb) | 08-11
M_len 12-15
IEEE 802.2 DSAP:X’AA’|SSAP:X’AA’| Ctl=x'03’ | Org=x'00" | 16-19
LLC/SNAP header | org=x00’ | 0rg=x00" | EtherType 20-23
Payload 24-27
Payload 28-31

Figure 14 — Header micropacket contents
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|

D_ULA Octet 0 I% | <| D_ULA O Octet 1 D_ULA Octet 2 D_ULA Octet 3
|

D_ULA Octet 4 D_ULA Octet 5 S _ULA Octet 0 | U{ | < S ULA Octet 1

S_ULA Octet 2 S _ULA Octet 3 S ULA Octet 4 S _ULA Octet 5

NOTE UJ/L = 0 for Universal address, 1 for Locally administered; I/G = 0 for Individual address, 1 for Group.

7.3

The
LLC
in th
shal

pacKets), and the three Org = x'00' (i.e., generic packets). Codings of theCEtherType

shal
http:

EthgrTypes are listed below:

— X'8180' = Carrying HIPPI Framing Protocol (HIPPI-FP) (specified in ISO/IEC 11518-2).
— X'8181' = Carrying Scheduled Transfer Protocol.
— X'8182' = Carrying Bridge Protocol Data Units for constructing a spanning tree (sped

— X'8183' = Reserved.

7.4

The
The

8

8.1

Credit update indications\from the remote end are received on the local Destination side,
pasded to the local Saqurce side, as shown in figure 5. A credit update shall increase

avai
the

If data is_ready to be sent on a given VC, but credits are exhausted for this VC
jt = 0),for the duration of a timeout period, then the link is shut down (see 13.2), and a
VC[Q-3) Credit_Timeout_Error logged. The default timeout value shall be 2 seconds
14.1h-

cred

Figure 15 — Detailed ULA layout

LLC/SNAP header

LLC/SNAP header, as defined in ISO/IEC 8802-2, shall be included in all Messages.
SNAP header shall be 64 bits (DB16-DB23) and shall immediately follow the MAC he
e first micropacket (Header micropacket). The values of the LLC/SNAP header” subf
be: DSAP = x'AA' (i.e., SNAP), SSAP = x'AA' (i.e., SNAP), Ctl = x'03' (i.e, Unnumb

be as assigned in the "Assigned Numbers" RFC, e.g.,,(~RFC 1700
/www.iana.org/iana/). For the convenience of the readen, “HIPPI-6400-spé¢

1 ISO/IEC 15802-3 (1998)).

Payload

eight bytes following the LLC/SNAP header belong to the next-layer using this Mess
payload bytes may be used to carry additional headers, parameters, or data.

Source specific operations

Credit update indications on Source side

able credit, by(the amount in the CR parameter, on the Virtual Channel whose numb
alue in the CR parameter.

The
ader
elds
ered
field
(see
beific

ified

age.

and
the
er is
(i.e.,

(see

If a credit update results in credit >255, then the link shall be reset (see 12.2) and a
VC[0-3]_Credit_Overflow_Error logged.

8.2

ACK indications on Source side

ACK indications (see 6.4 and 9.3) from the remote end are received on the local Destination
side, and passed to the local Source side, as shown in figure 5. An ACK indication
acknowledges all of the transmitted micropackets whose TSEQ < RSEQ, i.e., the memory
allocated to these micropackets may be reused. RSEQ = x'FF', which may occur immediately
after a Reset operation (see 9.3), shall be ignored.
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The ACK indication timeout indicates that a TSEQ was transmitted, but not acknowledged for
the length of time longer than the worst-case round trip time possible for an acknowledgement
to occur. If the ACK indication timeout expires, the Source shall retransmit all micropackets,
(see 8.4), that have not been acknowledged, and shall log an RSEQ_Missing_Error (see
14.1). The ACK indication timeout default value shall be 12 ps (see 14.1).

NOTE The ACK indication timeout provides a recovery mechanism even in the event of lost RSEQ values due to
link errors. Faster recovery may be possible with other schemes, e.g., NAKs, but the complexity required for the
performance gain did not seem worth it, especially since errors should be infrequent.

If an illegal RSEQ value is received, the Source shall retransmit all micropackets, (see 8.4),

that

have not been acknowledged, and log a RSEQ Out Of Range Error (see 14.1)

An
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8.3
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two
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then

defaplt number of consecutive retransmissions is two, and it shall be programmable to

hl RSEQ is one that does not equal or fall between the last successfully receivedrR
the highest transmitted but not acknowledged TSEQ.

ACKs and credit updates to remote end

local Destination side sends ACK indications and credit update information to the re
by first queuing them to the local Source side, as shown in figure 5. The Source side
mit this information in micropackets using the appropriate control bits. Since the
ations and credit update information do not share their fields,with any other param
can be sent with every micropacket.

local Destination may queue multiple ACK indication ‘RSEQ parameters before o
mitted by the local Source end. The RSEQ parameter-should be overwritten so th
indication Message transmitted uses the latest value of RSEQ.

Micropacket retransmission

ransmission sequence, as triggered by the error conditions defined in 8.2, shall cons
consecutive training sequences (see clause 11) followed by retransmission of all o
knowledged micropackets in the @utput Buffer (see figure 5). Each retransmig
ence shall log a Retry_Count (see(d4.2).

ple retransmissions may be “fequired in the event of poor link quality. If succe
ation is not achieved after,;a number of successive retransmissions of the same
the link shall be shut down (see 13.2), and a Retry_Failure_Error logged (see 14.2).

SEQ

mote
shall
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The
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valugs, including 1 and:4> The mechanisms and procedures used to set values, different
the default value, are.outside the scope of this part of ISO/IEC 11518.

NOTH This number of allowed consecutive retransmissions may need to be larger to accommodate lengthy
hits gnd/or to proyvide equivalent noise immunity when smaller ACK indication timeout values (see 8.2) are c
for sHort cables.

Upohp refransmission, the following parameters, from the original micropacket, shall have¢ the
samgewalue in the retransmitted micropacket.

- VC

- TYPE

— TAIL

— ERROR

— TSEQ

- VCR

- CR

- ECRC
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The following parameters may change as a micropacket is retransmitted.
- RSEQ
- LCRC

9 Destination specific operations

9.1 Link level processing

The Destination shall process received micropackets in the order of the following subclauses.
The lunnumbered items within each subclause may be checked in any order. Note thgt no
acknowledgement (i.e., with RSEQ) shall be given for a micropacket that is discarded!

9.1.1 Check received LCRC

— If LCRC syndrome = x'06A9' (stomp code) then the Destination shdll discard| the
micropacket, and not log an error.

— If LCRC syndrome # x'0000', and # x'06A9' (stomp code), then\the Destination ghall
discard the micropacket and log an LCRC_Error.

9.1.2 Check received TSEQ

If nol errors were detected in 9.1.1 then the following checks shall be made. TSEQ = x'FF] and
TYPE = x'8" is an error. TSEQ # x'FF' and TYPE < x'8' is an error. TYPE = x'8", and TSEQ not
one [greater than the last non-x'FF', non-stomped, FSEQ received, is also an error. In the
aboye cases, the micropacket shall be discarded. Additionally, a TSEQ_Error shall be logged
unlebs no micropackets with TYPE = x'8' have béen accepted since the last TSEQ_Error|was
logggd.

9.1.3 Check received ECRC
If nolerrors were detected in 9.1.1 or.9:1.2, then the following checks shall be made.

If ERROR = 0 and the ECRC_syndrome # x'0000', then the Destination shall discarq the
micropacket and log an ECRC_Error.

— If ERROR =1, then the“Destination shall process the micropacket as if the ECRC Wwere
dorrect (unless this_is\the Final Destination in which case an error shall be signaled t¢ the
rext-layer).

9.1.4 Undefined- TYPE

If TYPE = undefined and is in the range of x'0' - x'7', then the Destination shall treaf the
micrppacket*as a Null micropacket. If TYPE = undefined and in the range of x'8' to x'F'|then
intermediate Destinations shall treat the micropacket as a Data micropacket. Treatment |by a
Fina] ‘Destination is not specified by this part of ISO/IEC 11518. For any undefined T|YPE
value, a VC[0-3]_Undefined_TYPE_Error shall be logged and the most recent offending TYPE
value stored in Undefined_TYPE_Value.

NOTE The actions applied to Undefined TYPEs are intended to allow for future use of the Undefined TYPE
values.

9.2 Check for Message protocol errors

Message protocol error checking (at the Destination) shall be done on micropackets that have
not been discarded in 9.1 and its subclauses. Since a Message is restricted to a single Virtual
Channel, all Message protocol checking shall be applied to each Virtual Channel
independently. Credit-only (TYPE = x'A") micropackets shall be ignored for the purposes of
Message protocol checking. Otherwise, micropackets shall be checked in the order received
on each Virtual Circuit.
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9.2.1 Admin missing TAIL bit

If TYPE = Admin, and Tail = 0, then the Destination shall forward the Admin micropacket with
ERROR =1, and TAIL = 1. A VC[1-2]_Admin_Tail_Error shall be logged.

9.2.2 Missing start of Message

If a Message is missing the Header micropacket (i.e., a micropacket with TYPE = Data or
undefined is received following a micropacket with TAIL =1, or a Link Reset operation) then
the Destination shall process the micropackets on this VC until a micropacket with
TYPE = Header or Admin is received. This processing for the micropackets shall consist of
disc(frding the data bytes; their control information shall be treated normally and RSEQs shall

be denerated. Subsequent Header or Admin micropackets shall be treated normally.| The
Destination shall log a VC[0-3] _Missing_Start of Message Error for each)discarded
Message; not log an error for each discarded micropacket.

9.2.3 Missing end of Message

If th¢ end of a Message is missing (i.e., TYPE = Header or Admin following a Data, Header, or
undafined TYPE = x'8' micropacket with TAIL = 0), then the Destination shall fabricate an end
of Message micropacket (Data Bytes = x'00', VC = as received,/ TYPE = Data, TAI4=1,
ERROR = 1, other parameters as appropriate). The Destination shall insert the fabridated
micrppacket into the VC stream, and shall log a VC[0-3].Missing_End_of_Message_Hrror.
The Header or Admin micropacket shall be treated normally.

9.2. Stall timeout

If a Message is in progress on a VC, that VC's\buffer is empty, and no Data micropadkets
havg been received within the Stall timeout perioed, then the Destination shall fabricate an end
of Mlessage micropacket (Data Bytes = x/00’, VC = as received, TYPE = Data, TAIY=1,
ERROR =1, other parameters as appropriate). The Destination shall insert the fabriqgated
micrppacket into the VC stream, andshall log a VC[0-3]_Stall_Timeout_Error. This aftion
flushes the Message in progress. -The default value of the Stall timeout shall be R ms
(see|14.1).

NOTH Implementors are cautioned.that the Stall timeout may be triggered by a slow Source host. If slow [hosts
are ekpected, then the Stall timeoat yalue may be set to a larger value to avoid inadvertent actions.

9.2.5 Message length.errors

Fina] Destinations shall limit Message payloads delivered to a next-layer to < M_len — 8 RQytes
(see| 7.2). Any pad or overrun bytes beyond this length shall be discarded (see 5.4.3). A
Mespage’s lastldegitimate payload byte, i.e., the (M_len — 8)th byte, shall be in the Message’s
last micropacket, (i.e., the micropacket with Tail = 1). An Overrun_Error shall be logged if the
micrppacket containing the last legitimate payload byte has Tail = 0. An Underrun_Error ghall
be Ipgged’if a micropacket with Tail =1 occurs before the last legitimate payload byte| has
been received

9.2.6 No errors detected

If no errors are detected, and TYPE = Header or Data, the micropacket shall be
acknowledged and delivered to the Virtual Channel buffer designated by the VC parameter.

If no errors are detected, and TYPE # Header or Data, the micropacket shall be processed by
the Destination.
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Generating ACKs

The Destination acknowledges correctly received micropackets by using the RSEQ parameter
of micropackets flowing in the reverse direction. Multiple micropackets may be acknowledged
with a single RSEQ (e.g., if micropackets with TSEQ =0,1...7 are received, transmitting
RSEQ =5 acknowledges micropackets 0,1...5, but not 6 and 7). Only micropackets that are
not discarded due to errors (see 9.1) and whose TYPE value is in the range x'8' to x'F' shall
be acknowledged. If the Destination does not have a new value of RSEQ to send, it shall

repe

Onc

at the last RSEQ value.

e an error is detected that causes a micropacket not to be acknowledged, the Destin

ation

shal
TSE

not change the RSEQ value until correctly receiving a micropacket
QD = RSEQ + 1 (the retransmission of the micropacket that was in error). Hencessan

will fesult in a given RSEQ value being continually sent, and the Source timing ouf waitin
the ¢xpected RSEQ value (i.e., RSEQ > last RSEQ).

The
rece

10

10.1

The
a 16
for t

Destination shall use RSEQ = x'FF' after a Link Reset or Initialize opeéeration until it
ved the micropacket with TSEQ = x'00".

Signal line encoding

Signal line bit assignments
data bytes and control bits shall be transmitted on¢the signal lines specified in table

ne data and control bits is detailed in figure 3, Data signal lines are labelled capital D

a two-digit number, e.g., D0O. Control signal lines are labelled capital C and a one

num

pber, e.g., CO. The horizontal rows correspond to logical clock ticks. They are groupg

four$, corresponding to the 4b/5b coding.

10.2

The
figur
syst

CLOCK and CLOCK_2 signals

CLOCK signal shall be a constant square wave except during a training sequence
es 18 and 19). The CLOCK\2 signal shall always be a constant square wave. In an

a 16-bit system, the square’ wave shall have a period of 4ns £0,8 ps (i.e., £ 0,02 ¢

200

< 10-6).

em, the square wave shallshave a period of 2 ns + 0,4 ps (i.e., 0,02 % or 200 x 10-9).

with
error
g for

has

3 for

-bit wide interface, and as specified in table 4 _foryan 8-bit wide interface. Nomenclature

and
digit
ed in

(see
8-bit

0 Oor
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Table 3 — Signal line bit assignments in a 16-bit system

Signal lines
D D D D D D D D D D D D D D D D

bit C3 C2 C1 Co 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
a 12 08 04 00 7.4 Q7.0 06.4 06.0 05.4 05.0 04.4 04.0 03.4 03.0 02.4 02.0 01.4 01.0 00.4 | 00.0
b 13 09 05 01 7.5 07.1 06.5 06.1 05.5 05.1 04.5 04.1 03.5 03.1 02.5 02.1 01.5 01.1 00.5 | 00.1
c 14 10 06 02 7.6 07.2 06.-6 06.2 05.6 05.2 04.6 04.2 03.6 03.2 02.6 02.2 01.6 01.2 00.6 | 00.2
d 15 11 07 03 7.7 07.3 06.7 06.3 05.7 05.3 04.7 04.3 03.7 03.3 02.7 02.3 01.7 01.3 00.7 | 00.3
a 28 24 20 16 15.4 15.0 14.4 140 13.4 13.0 12.4 12.0 11.4 11.0 10.4 10.0 09.4 09.0 08.4 | 08.0
b 29 25 21 17 15.5 15.1 14.5 14°4 13.5 13.1 12.5 12.1 11.5 11.1 10.5 10.1 09.5 09.1 08.5 | 08.1
c 30 26 22 18 15.6 15.2 14.6 14.2 13.6 13.2 12.6 12.2 11.6 11.2 10.6 10.2 09.6 09.2 08.6 | 08.2
d 31 27 23 19 15.7 15.3 14.7 14.3 132 13.3 12.7 12.3 11.7 11.3 10.7 10.3 09.7 09.3 08.7 | 08.3
a 44 40 36 32 23.4 23.0 22.4 22.0 21.4 21.0 20.4 20.0 19.4 19.0 18.4 18.0 17.4 17.0 16.4 | 16.0
b 45 41 37 33 23.5 23.1 22.5 22.1 21.5 2Y2 20.5 20.1 19.5 19.1 18.5 18.1 17.5 17.1 16.5 | 16.1
c 46 42 38 34 23.6 23.2 22.6 22.2 21.6 21.2 20.6 20.2 19.6 19.2 18.6 18.2 17.6 17.2 16.6 | 16.2
d 47 43 39 35 23.7 23.3 22.7 22.3 21.7 21.3 207 20.3 19.7 19.3 18.7 18.3 17.7 17.3 16.7 | 16.3
a 60 56 52 48 1.4 31.0 30.4 30.0 29.4 29.0 28.4 28.0 27.4 27.0 26.4 26.0 25.4 25.0 24.4 | 24.0
b 61 57 53 49 1.5 31.1 30.5 30.1 29.5 29.1 28.5 28)1 27.5 27.1 26.5 26.1 25.5 25.1 245 | 241
c 62 58 54 50 1.6 31.2 30.6 30.2 29.6 29.2 28.6 28.2 27.6 27.2 26.6 26.2 25.6 25.2 246 | 24.2
d 63 59 55 51 1.7 31.3 30.7 30.3 29.7 29.3 28.7 28.3 207 27.3 26.7 26.3 25.7 25.3 24,7 | 24.3

NOTE 1 The two-digit numbers in the Cn colymns are the control bits, cnn.

NOTE 2 The three-digit numbers in the Dnn qolumns are the data bits, dxx.y, where xx is the byte number and y is the bit numper in the byte.

NOTE 3 The 4-bit groups in a column are trapsmitted on the associated signal line, top group first, bottom group last.

NOTE 4 The four-bit groups in a column derjote 4-bit code groups (dcba) for encoding/decoding to/from the 5-bit transmission codes (zyTxw) spedified in table 5. A 5-bit group code

(wxTyz) is transmitted over one signal line, e.d

., DOO.

(3)T002:031/OSI O O0T-8TSTT
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Table 4 — Signal line bit assignments in an 8-bit system

Signal lines
D D D D D D D D

bit C1 Cco 07 06 05 04 03 02 01 00
a 08 00 07.0 06.0 05.0 04.0 03.0 02.0 01.0 00.0
b 09 01 07.1 06.1 05.1 04.1 03.1 02.1 01.1 00.1
c 10 02 07.2 06.2 05.2 04.2 03.2 02.2 01.2 00.2
¢ 1 83 043 86-3 05-3 043 033 02-3 043 06-3
a 12 04 07.4 06.4 05.4 04.4 03.4 02.4 01.4 @0\4
b 13 05 07.5 06.5 05.5 04.5 03.5 02.5 01.5 00.5
c 14 06 07.6 06.6 05.6 04.6 03.6 02.6 01.6 00.6
d 15 07 07.7 06.7 05.7 04.7 03.7 02.7 07 00.7
a 24 16 15.0 14.0 13.0 12.0 11.0 10.0 09.0 08.0
b 25 17 15.1 14.1 13.1 12.1 111 10.1 09.1 08.1
c 26 18 15.2 14.2 13.2 12.2 11.2 10.2 09.2 08.2
d 27 19 15.3 14.3 13.3 12.3 1143 10.3 09.3 08.3
a 28 20 15.4 14.4 13.4 12.4 11.4 10.4 09.4 08.4
b 29 21 15.5 14.5 13.5 12.5 11.5 10.5 09.5 08.5
c 30 22 15.6 14.6 13.6 12.6 11.6 10.6 09.6 08.6
d 31 23 15.7 14.7 13.7 12.7 11.7 10.7 09.7 08.7
a 40 32 23.0 22.0 210 20.0 19.0 18.0 17.0 16.0
b 41 33 23.1 22.1 21.1 20.1 19.1 18.1 17.1 16.1
c 42 34 23.2 222 21.2 20.2 19.2 18.2 17.2 16.2
d 43 35 23.3 22.3 21.3 20.3 19.3 18.3 17.3 16.3
a 44 36 23.4 22.4 21.4 20.4 19.4 18.4 17.4 16.4
b 45 37 28.5 22.5 21.5 20.5 19.5 18.5 17.5 16.5
c 46 38 23.6 22.6 21.6 20.6 19.6 18.6 17.6 16.6
d 47 39 23.7 22.7 21.7 20.7 19.7 18.7 17.7 16.7
a 56 48 31.0 30.0 29.0 28.0 27.0 26.0 25.0 24.0
b 57 49 31.1 30.1 29.1 28.1 27.1 26.1 25.1 24.1
c 58 50 31.2 30.2 29.2 28.2 27.2 26.2 25.2 24.2
d 59 51 31.3 30.3 29.3 28.3 27.3 26.3 25.3 24.3
a 60 52 3t 307 297 2874 2T % 264 257 247
b 61 53 31.5 30.5 29.5 28.5 27.5 26.5 25.5 245
c 62 54 31.6 30.6 29.6 28.6 27.6 26.6 25.6 24.6
d 63 55 31.7 30.7 29.7 28.7 27.7 26.7 25.7 24.7

NOTE 1 The two-digit numbers in the Cn columns are the control bits, cnn.

NOTE 2 The three-digit numbers in the Dnn columns are the data bits, dxx.y, where xx is the byte

number and y is the bit number in the byte.

NOTE 3 The 4-bit groups in a column are transmitted on the associated signal line, top group first,

bottom group last.

NOTE 4 The four-bit groups in a column denote 4-bit code groups (d.c.ba) for encoding/decoding to/from

the 5-bit transmission codes (zyTxw) specified in table 5. A 5-bit code group (wxTyz) is transmitted over

one signal line, e.g., D0OO.
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10.3 FRAME signal

The FRAME signal transitions shall be as shown in figures 16 through 19. As shown in figures
18 and 19, the start of a training sequence (40 ns long) shall be signaled by a 10101 FRAME
signal pattern in a 16-bit system, and by a 1100110011 FRAME signal pattern in an 8-bit
system.

As shown in figures 16 and 17, a 0 to 1 transition on the FRAME signal shall signal the
beginning of a micropacket, unless the transition is part of a training sequence. In a
micropacket, the FRAME signal shall =1 for the first half (20 ns), and shall = 0 for the last
half (20 nq) of the mirmpm‘kpr

10.4] Source-side encoding for d.c. balance

The ftransmitted signals shall be encoded to achieve d.c. balance on each signahline. Table 5
spedifies the 5-bit signal line codes (zyTxw) corresponding to the 4-bit input codes (dcba)
from| tables 3 and 4. For example, on signal line D0O, the first dcba 4-bit code’ consists of bits
d00.p, d00.1, d00.2, and d00.3. See clause A.1 for an example of a circuit.

For gach signal line, a running count, called the Disparity Count, shall be kept of all the pnes
and [zeros transmitted on that line since the link was reset. The” Disparity Count shall be
incrgmented for each one transmitted, and decremented for each’/zero transmitted.

The |5-bit code to be transmitted shall be based on the €urrent value of the Disparity Qount
and fthe input data 4-bit code. The 5-bit code shall be transmitted in the sequence, w,x,[,y,z
whete T is the true/complement bit. For exampley with input data from the right column of
tablgs 3 or 4, if:

gd= d00.0 = 1 (least-significant bit)
H= d00.1 =0
d= d00.2=0
d= d00.3=0

gnd Disparity Count = +1 befére encoding,

then{ based on the third column second row in table 5, transmit on D0OO:

W = 1 (transmittedfirst)
¥=0
T=1
v=0
41=0

Disp@rify Count = 0 after nnrnding

NOTE 1 The range for the Disparity Count at the 5-bit boundaries is from +4 to -5. The range for the Disparity
Count is from +6 to -7.

NOTE 2 The Disparity Count may also be updated by adding or subtracting the value of Delta Disparity shown in
table 5. Add Delta Disparity if Disparity Count <0; subtract if 20.

NOTE 3 The 5-bit code is derived by inserting a 1 in the middle of the 4-bit code, and then transmitting either the
true or complement value of the resultant 5-bit quantity.

NOTE 4 The maximum run length, i.e., the longest string of continuous 1s or 0s, is 11. The string of 4-bit code
points creating the maximum run length is xX'EFC'. Start with Disparity Count = +3 or +4 for a string of 11 zeros.
Start with Disparity Count = -4 or -5 for a string of 11 ones.
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Table 5 — 4b/5b line coding

4-bit 5-bit code when 5-bit code when Delta
code Disparity Disparity Disparity
dcba <0 =0

zyTXw zZyTxXw
0000 11011 00100 3
0001 11010 00101 1
0010 11001 00110 1
0011 00111 11000 1
0100 10011 01100 1
0101 01101 10010 1
0110 01110 10001 1
0111 01111 10000 3
1000 01011 10100 1
1001 10101 01010 1
1010 10110 01001 1
1011 10111 01000 3
1100 11100 00011 1
1101 11101 00010 3
1110 11110 00001 3
1111 11111 00000 5

The |data and control signal lines shall he~synchronized with the CLOCK, CLOCK_2,| and
FRAME signals as shown in figures 16 and-18. Figures 15 through 18 are read left to fight,
i.e., levents on the left occur before these on the right. In figures 16 and 18, the CLOCK_2
signal is deliberately shown skewed\in relation to the CLOCK signal, although in aftual
implementation it will not necessatily be skewed (see 16.4).

40 ns

2nsticksr|||||||||||||

CLOCK_2 J

CLOEK

FRAME

DnnorCn fwl X \ TRy fz ) \WAX TRy zZ WX Ty lzfwix )Ty |}z

DO0O contents

shown

d00.0 do8.0 d16.0
to to to
d00.3 do8.3 d16.3

Figure 16 — 16-bit system micropacket

d24.0
to
d24.3
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D

10.5

The

NOTH
unco

NOTH

11

111

The

as the time between the earliest andylatest signal arrival at the Destination. Tra

seqy
skev
figur

[0 contents ‘_d?g G004 | d080 | d084 | di60 | di64 | d240 | d2a4
shown d00.3 | d007 | d083 | d087 | d163 | d167 | d243 | d247
Figure 17 — 8-bit system micropacket

Destination-side decoding

received signals shall each be decoded in groups of five bits.aecording to table 5.

1 Decoding can be implemented by examining the middle bit of theg-5<bit code; if 1 then use the outq
hplemented, if 0 then complement before use.

2 There are no illegal 5-bit codes.
Skew compensation

Training sequences

Destination shall compensate for up t0°10 ns of skew among the signals. Skew is de

ences (see figures 18 and 19) shall be used to measure the skew, and perform dyn

1

r bits

ined
ning
amic

adjustments. A signal pattermyon either the CLOCK or FRAME signals, as specifi¢d in
es 18 and 19, shall be used toidentify a training sequence.
[ 40 ns
StiCkSlllllllllllllllllllllll

Dnn

RAME | | |
Last portion of Training Fill the line Skew compensation
previous detect —we——— with zeros ——we— and edge placement —»
micropacket (10 ns) (14 ns) (14 ns)

I_ Detect 10101 on FRAME signal
Bring Dnn and Cn signals to 0 or +1 disparity

Figure 18 — 16-bit system training sequence
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I‘ 40 ns

1nStiCkSIIII|IIIIIIIIlIIIIIII|I|I|IIIIII|II|IIIII|I

CLOCK |
FRAME

Dnnand Cn

n

Last portion of Training Fill the line Skew compensation
previous —— detect —¥—— with zeros ———¥— and edge placement

micropacket (10 ns) (14 ns) (14 ns)

L Detect 1100110011 on FRAME signal
Bring Dnn and Cn signals to 0 or +1 disparity

Figure 19 — 8-bit system training sequence

A sipgle training sequence shall be inserted by the Source at least every 10 us to adjus

dyng
and
sha
sign
sequ

11.2

If the
time
Resg

14.1).

If th
seqy
shal

12

12.1

Two
link
diag

mic skew, and also to compensate for CLOCK frequency differences between the Sg
Destination (see clause A.2). During the first portion of a\training sequence, the Sa
insert appropriate Data and Control bits to drive the Disparity Count (see 10.4) on't
bl lines to 0 or +1. The Disparity Count shall be set\to zero at the end of the tra
ence.

Training sequence errors

b Destination fails to successfully train and, complete its reset/initialize within a Dead
but from any reset/initialize, thenx‘the link shall be reset (see 12.2) an
bt _|nitialize_Error shall be logged. The Dead-man default value shall be 100 ms

e Destination determines that it has failed to retrain based on the periodic retra
ences for any contiguous Dead-man period after the link had been healthy, then the
be reset (see 12.2) and a Skew_Retraining_Error shall be logged.

Link Reset and_ Initialization

Overview

levels ef-initialization are specified, Link Reset and Initialize. Link Reset affects the
bnly; Initialize may be propagated to other links. Link Reset and Initialize operations
rammed in figure 20. A system power-on transition shall trigger, independent of the K

o

t the
urce
urce
nose
ning

man
d a
(see

ning
link

ocal
are
Hold-

off t

mer—(see—t2#4)—either atink Resetortitiatize—sequence—thechoicets—mptenrent

and system dependent. Link shutdown (see 13.2) occurs when the link is fatally flawed.

ation

NOTE After commencing normal operation (see figure 20) there can be a short delay until the remote end also
begins normal operation. If micropackets other than Null micropackets (i.e., micropackets whose TYPE = x'8') are
immediately sent, they may be lost if the remote end is not yet ready to receive them. These lost micropackets will
be recovered automatically via retransmission, but this retransmission can typically be avoided if the local end
sends a few Null micropackets after commencing normal operation.
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12.2 Link Reset

Link Reset affects the local link only, i.e., it is not propagated to other links. When the activity
monitor indication = true (see 13.1), Power-on =true, and neither a Link Reset nor an
Initialization sequence is currently in progress, then a Link Reset sequence may be triggered
by the local administrator, and shall be triggered by:

— the Dead-man timer expiring (see 11.2 and figure 20);

— credit overflow (see 8.1);

— orreceiving a micropacket with TYPE = Reset (see 6.3.1).

A Link Reset shall also be triggered by the activity monitor indication going from false. to| true
(see|13.1).

Duripg a Link Reset sequence:
— the receiver shall discard all micropackets except those with TYPE =Reset, Reset_ACK,
Initialize, or Initialize_ACK, (i.e., with TYPE = x'2"' — x'5");
— the error logging specified in clause 9 shall not occur.
Exit [from a Link Reset sequence occurs when a TYPE = Reset~ACK micropacket is received
from| the other end of the link, indicating that both ends of the-link have completed the Reset
segyence. At exit

— dll of the VC input and output buffers shall be emptied,
redit for all of the VCs shall be set to zero,

SEQ shall be reset to x'00"; RSEQ shall be set'to x'FF,

ne dynamic skew compensation circuitrys adjusted, and micropackets shall have been
eceived correctly,

I
o B S B o

|
—

ne Disparity Count shall be accurate;

nd the logged events (see table 7) shall have been initialized if the sequence|was
iggered by a system power-ofa transition, otherwise the Link Reset shall not modify the
bgged events.

— —~ )

12.3| Initialize

Initiglize sequences( may be propagated to other entities. When the activity manitor
indidation = true (s€e)13.1) and Power-on = true, an Initialize sequence

— may be triggered by the local administrator,

dhall be\triggered by receiving a micropacket with TYPE = Initialize (see 6.3.1), and the
Hold<off timer is expired or not running (see 12.4), and not currently doing an Initiplize
dequence (see figure 20).

During an Initialize sequence:

— the receiver shall discard all micropackets except those with TYPE = Initialize or
Initialize_ACK, (i.e., with TYPE = x'4' — x'5");

— the error logging specified in clause 9 shall not occur;

— an Initialize indication shall be passed to the local administrator for possible propagation
to other entities.
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The normal exit from an Initialize sequence occurs when a TYPE = Initialize_ ACK micropacket
is received from the other end of the link, indicating that both ends of the link have executed
the Initialize sequence. If the link does not complete the Initialize sequence, i.e., receive a
TYPE = Initialize_ ACK micropacket, within the Dead-man timer period (see 11.2 and table 6),
then the Initialize sequence shall be terminated and a Reset sequence started (see figure 20).

NOTE The rationale for terminating an Initialize sequence within a limited time is to prevent stale Initialize
sequences from propagating through a HIPPI-6400 network, i.e., Reset affects only the local link while Initialize
may be propagated through multiple links.

Start Initialize sequence Start Link Reset sequence
(see 12.2) (see 12.1)
Reset local state, Reset local state
Start Dead-man timer, Start Dead-man'timer
Pass Initialize to Administrator i‘
Send Training sequence,
Send Training sequence, Send.Training sequence,
Send Training sequence, Send.Reset mleOpaCket
Send Initialize micropacket l
l Dead-man timer expired ?
. . Yes
Dead-man timer expired ?
Yes ¢ No
l No Initialize or Initialize_ ACK
in Initialize or Initialize_ ACK Yes micropacket received ?
No micropacket received ? l No
lYeS Reset or Reset ACK

Start Hold-off timer micropacket received ? \1)

Yes i‘

Send Training sequence,
Send Training sequence,
Send Reset_ACK micropacket

Send Training sequence,
Send Trainingisequence,
Send Initialize F/ACK micropacket

T '

Deadman timer expired 2 Dead-man timer expired ?

Yes
Yes lNo
+No — —
Initialize ACK Initialize or Initialize_ ACK
] . - micropacket received ?
No micropacket received ? Yes b T
JNoO
Yes
Reset_ACK [
micropacket received ? No
lYes

Normal operation,
Enable error logging

Figure 20 — Initialize and Link Reset sequences
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At exit from an Initialize sequence:

— all of the VC input and output buffers shall be emptied,;

— credit for all of the VCs shall be set to zero;
— TSEQ shall be reset to x'00'; RSEQ shall be set to x'FF';

— the dynamic skew compensation circuitry adjusted, and micropackets shall have been
received correctly;

— the Disparity Count shall be accurate;

|
()

Il of the timeout timers (see table 6), except for the Hold-off timer, shall be initialized:;

— — )
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nd the logged events (see table 7) shall have been initialized if the sequence
iggered by a system power-on transition, otherwise the Initialize shall not_madify
bgged events.

Hold-off timer

bld-off timer shall be used to prevent infinite Initialize oscillations)among conne
ces. The Hold-off timer shall be started by the first receipt of ‘a, TYPE = Initializ
lize_ACK, micropacket. Until expired, the Hold-off timer shall be used to prd
ming TYPE = Initialize micropackets from starting an Initialize sequence. The d¢g
b for the Hold-off timer shall be 10 seconds (see 14.1).

Link activity monitoring and shutdown

Activity monitoring

activity monitor shall be used to verify that the interconnecting media is present,
hls are being passed over the link.

data (Dnn), control (Cn), FRAME, and CLOCK signals are affected by the activity mo
ation. When the activity monitor indication = true,

ne outputs of the transmitting_circuit(s) shall be as specified in 15.2 or 16.2;
ne circuit(s) receiving thesignals shall be enabled.

n the activity monitor ‘indication = false, the transmitting and receiving circuits mal
bled to prevent damage to the interface or personnel (see 15.4 and 16.4).

activity monitor shall be tolerant of the received signal, riding through minor s
rations during the Activity Monitor timeout. For example, the activity monitor indic
change-“after the detected signal has been stable in its new state (i.e., prd
bresis)s for at least the Activity Monitor timeout period. The default value of

was
the

cted
B, or
hibit
fault

and

nitor

y be

gnal
Ation
vide

the

ity Monitor timeout shall be 1 ms (see 14.1).

13.2

A lin

Link shutdown

k shutdown shall be triggered by

— the number of times retransmission occurs exceeds some limit (see 8.4),

— the Source has been unable to transmit due to lack of credit (see 8.1),

— a Destination receives micropackets for a VC whose VC Buffer (see figure 5) is full. In this
case, a VC[0-3]_RX_VC_Buffer_Overflow error logged shall be logged.
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During a link shutdown:

the local transmitter shall send continuous Null micropackets (with training sequences at
appropriate intervals);

the local transmitter shall de-assert VC flow control to upstream receiver(s), i.e.,
micropackets destined to go out a port which is shut down are accepted and discarded by
that port;

all of the local VC input and output buffers shall be emptied,;

the receiver shall discard all micropackets except those with TYPE = Reset, Reset_ACK,
Ipitialize or Initialize ACK (ie with TYPF = x'2' — x'5Y:

the error logging specified in clause 9 shall not occur;

ddministrative actions may clear the error counts accessible by Admin operatiens |(see
thble 7).

A Lipk Reset sequence (see 12.2) or Initialize sequence (see 12.3) is theCexit from g link
shutfown. These may be triggered by a local administrator, or by receipt-of a TYPE = Reset

or Injitialize micropacket.

14

14.1] Timeouts

Maintenance and control features

Table 6 contains a summary of the timeouts, their default value, and the location in this part of
ISO/IEC 11518 discussing the timeout. All of the timeoeuts shall be programmable, at legst to
values of 2X, ¥2X, and ¥%X. The mechanisms and-procedures used to set values, different|from

the default values, are outside the scope of thiscpart of ISO/IEC 11518.

14.2| kogged events

Table 6 — Stimmary of timeouts

Name Default value Reference
ACK indicationtimeout 12 ps 8.2
Activity_Monitor timeout 1ms 13.1
Credit'timeout 2s 8.1
Hold-off timer 10s 12.4
Dead-man timer 100 ms 11.2
Stall timeout 2 ms 9.2.4

Table 7 contains a summary of the events that shall be logged, the minimum number of bits
for the parameter, and the location in this part of ISO/IEC 11518 discussing the event. A
counter shall not roll over if its maximum value is reached.
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Table 7 — Summary of logged events

Name Minimum Reference
Number of bits

ECRC_Error 8 9.1.3
ECRC_Source_Error 8 6.6.3
LCRC_Error 8 9.11
Overrun_Error 1 9.2.5
Reset_Initialize_Error 1 11.2
Retry_Count 8 8.4
Retry_Failure_Error 1 8.4
RSEQ_Missing_Error 8 8.2
RSEQ_Out_Of_Range_Error 8 8.2
Skew_Retraining_Error 1 112
TSEQ_Error 8 9.1.2
Undefined_TYPE_Value 4 9.1.4
Underrun_Error 1 9.2.5
VC[1-2]_Admin_Tail_Error 12 9.2.1
VC[0-3]_Credit_Overflow_Error 1/4 8.1
VC[0-3]_Credit_Timeout_Error 1/4 8.1
VC[0-3]_Missing_End_of_Message_Error 1/4 9.2.3
VC[0-3]_Missing_Start_of_Message_Errot. 1/4 9.2.2
VC[0-3]_RX_VC_Buffer_Overflow 1/4 13.2
VC[0-3]_Stall_Timeout_Error 1/4 9.2.4
VC[0-3]_Undefined_TYPE_Error 1/4 9.1.4
NOTE - The 1/4, and 1/2, éntries under the Number of bits column mean that
there is one bit for an error; e.g., for VCO_Missing_End_of_Message_Error, and a
total of four, or two,.errors possible (i.e., one for each VC).

15 Local electrigal-interface (optional)

15.1] Overview

The [local-€lectrical interface is an 8-bit interface (12 signals wide in each direction), intended

to cpnneet to on-board optical drivers and receivers. Figure 21 is a block diagram,|and

figure 22 shows the components used in a signal path. Appropriate RC coupling networks{may

be needed to match the component voltages, roll-off frequency, and printed circuit board
impedances. The alternative to the local electrical interface is the copper cable interface (see
clause 16).
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Source  RCcoupling Optical Optical Optical RC coupling Destination
Drivers networks Drivers fibores Receivers  networks Receivers
b——-— b——-— ——d V+
. - T
light activity
present monitor 21270 Q
Low = asserted
Destination RC coupling  Optical Optical  Opticalx_ *RC coupling Source
Receivers  networks Receivers fibres Drivers networks Drivers
activity light
P70 Q | \nodnitor present NOTE — V., chosen not to exceed Vin
Low = asserted max. of Destination Receiver input.

Figure 21 — Local electrical interface block diagram
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xx_Out_p | Source . _ Destination| xx_In_p —
xx_Out n| Driver Optical Optical Receiver {xx In n —
— T ‘Outputs Driver Receiver Inputs -
I v
RC Optical RC
coupling fiber coupling
network network
M ) Y M
& N \
Optical portion of the link is
specified in HIPPI-6400-OPT

Figure 22 — One signal (of 12 in each direction) of the local electrical‘interface

Local electrical interface — Output

timing for the Source signals shall be as specified in table \8,vand shall be measurg
Source driver output pins. During a training sequence, the_signals shall be as shoyv
e 19.

rential drivers shall be used on all signal lines, gxcept for the "light-present” signal
. Signals in the ‘true’ or ‘1’ state shall have the/xx_Out_p pins more positive than
ut_n pins with a peak-to-peak value withinnthe voltage range specified in table

r output voltage. The corresponding optical signal shall be 'true’ or '1' ='light
bmentation of some differential Source drivers may require d.c. termination for co

signal transition when driving attest load of a 50 Q transmission line They
inated to V4/2 using a 50 Q equivalent. All parameters shall be measured at the Sg
r output pins.

Local electrical interface — Input
ceived 'light-on' optical signal shall indicate 'true' or '1'. The corresponding 'true’ (
electrical differential signal shall have the xx_In_p pins more positive than the xx|
Implementatien—0f some optical receivers may require d.c. termination for coj

signal transition. All parameters are measured at the Destination receiver input
receivedsignals shall be strobed on both edges of the CLOCK signal. See table 10.

right present signal

bd at
nin

(see
the
D for

-on.
rrect

ation. Rise and fall times shall be measured at the 20 % and 80 % points of the peak-to-

enin
urce

r'1l
In_n
rrect

ation. Rise andfall times shall be measured at the 20 % and 80 % points of the peak-to-

pins.

The activity monitor (see 13.1) shall be driven by a 'light-present’ signal from the Destination's
optical receiver (see figure 21). A no-light condition shall be indicated by a 'high' input in the
range of +2,0 V to +2,7 V. The 'light-present' signal is required to sink a maximum current of
10 mA to pull the activity monitor input to a 'low' voltage in the range of +0,8 V to 0,0 V, which
shall indicate light present. The resistors shown in figure 21 are used to pull the activity
monitor inputs up to the specified 'high' level. A resistance of =270 Q will guarantee that no
more than 10 mA are required to pull the activity monitor input from its floating 'high' level to a

'low'

level.


https://iecnorm.com/api/?name=d8407adc5712813c4127fca94d1a7c1b

- 50 - 11518-10 © ISO/IEC:2001(E)

Within 1 ms of the activity monitor input going high, the local output signals (with the
exception of the CLOCK signal) shall be driven to '0' or ‘false’, resulting in no light being
transmitted on these signals. The local output signals shall remain in this state until the
activity monitor input is pulled low. The CLOCK signal shall be continually driven (as specified
in 15.2) independent of the activity monitor input level.

NOTE The activity monitor is available for an open fibre control function, shutting off the light for eye-safety
reasons unless a complete (nonbroken) optical link is detected. The CLOCK signal, uninterrupted and with a 50 %
duty cycle, is intended as the pilot signal. Detection of the CLOCK signal would be an indication that the optical
path is complete, and hence the other signals can now be driven.

Table 8 — Local electrical signal timing at Source driver output

Pajameter Value Units Comments
CLOCK signal
Periqd 2 ns Nominal, except during a Training sequence
Tolerance +0,4 ps +0,02 % or 200 x 1076
Duty|Cycle 50 % Nominal, except during a Training sequence
Tolerance +0,8 % i.e., 49,2 % to 50,8 %
Tewb 32 ps Peak-to-peak pulse width distortion during, a Training sequence
Turrdr 30 ps Peak-to-peak jitter

DATA and Control signals

Baud Period 1 ns

Tewb 32 ps Peak-to-peak pulse width\distortion
Tarrdr 32 ps Peak-to-peak jitter

FRAME signal

Periqd 40 ns Except duringya Training sequence
Tewp 32 ps Peak-to-peak pulse width distortion
Tarrdr 32 ps Peak-to-peak jitter

Tablet9Q —= Local electrical interface, Source driver output

Pafameter Max. Typical Min. Units Comments
Vo 1500 500 mVp-p Driver output voltage swing into test load
Trand Te 250 135 90 ps At 20 % and 80 % points into test load
Signaling rate 1 000 MBd
Imbal@ncé 40 ps Within pair skew

Source driver timing

Channel skew | 500 | | | ps | Total pair-to-pair skew

NOTE All measurements, except for Tr and Tg, are single-ended rather than differential.
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Table 10 — Local electrical interface, Destination receiver input

Parameter Max. | Typical Min. Units Comments
Input signal parameters
Vin 2 700 200 mVp-p Input voltage swing
Trand Tk 400 ps At 20 % and 80 % points at receiver input
Signaling rate 1 000 MBd
Channel skew 10 ns Channel-to-channel skew
Absofute maximum input voltage
Vin 3 400 =700 mV Input voltage limits
NOTE - All measurements, except for Tg and Tg, are single-ended rather than differential.
16 Copper cable interface (optional)
16.1] Overview
The [copper cable interface is a 16-bit interface (23 signals wide_in each direction), for drjving
a multi-conductor copper cable for distances up to 40 m. Rigure 23 shows the components
used in a signal path and table 11 lists the nominal compenent values. Note that the Zyr| Ry,
and |R; values in table 11, and the dimensions in figtwre 23, are based on tests using|FR4
boand material; other board material and values may-/be used with appropriate adjustnjents
detefmined by simulations and tests. The alternative to the copper cable interface is the Jocal
electrical interface (see clause 15).
Table 11 — Copper cable interface
Component Value Units Tolerance
%
Zop 55 Q +10
Clo 10 000 pF +10
Rép 270 Q +5
Zor 75 Q +10
R 75 Q £5
16.2| Copper cable interface — Output
The |[Source coupling network (i.e., Rqg and Cgioci in figure 23 and table 11) shall be locatgd on

the printed circuit board. The trace from the driver output pin to the receptacle pin shall be
<100 mm with a characteristic impedance of Zgp. Cglock €an be located on either side of Ry

and anywhere between the source driver and the connector. For any differential pair, both
capacitors shall be on the same side of Rg. Any equalizer components shall be located in the

connector backshell and shall be matched to the cable parameters (e.g., length, frequency

resp

onse, etc.), to obtain a signal meeting the input specifications in 16.3. See table 12.
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Differential drivers shall be used on all signal lines. Signals in the 'true' or '1' state shall have
the xx_Out_p pin more positive than the xx_Out_n pin with a peak-to-peak value within the
voltage range specified in table 13. Rise and fall times shall be measured at the 20 % and
80 % points of the peak-to-peak signal transition when driving a test load of a 75 Q Thevenin
equivalent from each output pin to ground. All Source signal parameters shall be measured at
the Source connector, i.e., receptacle, output pins (see figure 23). During a training sequence,

the si

gnals shall be as shown in figure 18.

-<T00U MM — : le— < 100 MM ——»
! R, ' See
<+ <75 mm —» o 162
CBIock
] |
xx_Out_p i i xx_In_p
Ro
CBlock
/< 20 I Zon y O
% I { ]
xX_Out_n | 1 XX_In_n
— = ' - = R R, o
Sogrce bR ; \ t Destination
Driver P Receiver
~~ Example equalizer,
components in Vo
connector backshell T

16.3

Figure 23 — One signal (of 23 in each direction) of the copper cable interface

Copper cable interface — Input

The |Destination coupling network<(ie., R; in figure 23 and table 11) shall be located on the

printed circuit board and termjnhated in the appropriate Thevenin equivalent voltage (V

The [recommended trace from-*the connector to the Destination receiver is <100 mm w
charpcteristic impedance of Zgr. The maximum propagation time between R; and the rece

THb)-
th a
iver,

inclyding the on-chip delay, shall be 350 ps. The 200 ps representative on-chip delay shown

in fig

ure 24 shall be-ised when simulating the Destination Receiver.

Diffarential receivers shall be used on all signal lines. A received differential signal with the

xx_Ip_p pincmoere positive than the xx_In_n pin by the minimum signal level specifiqg

tablq

the CLOCK signal. Receivers shall operate correctly when receiving signals meeting

spea

din

14 shall'indicate a 'true' or '1'. The received signals shall be strobed on both edgg¢s of

ifications in table 14 and the receiver eye mask in figure 25.
200 ps /55 Q
__D— Virue
200 ps/55Q

—C'E:)—T Vcomplement
2,2 pF

2,2 pF E

Figure 24 — Destination Receiver equivalent circuit

the
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Rise and fall times shall be measured at the 20 % and 80 % points of the peak-to-peak
minimum required signal levels. All parameters are measured at the Destination receiver as
simulated by the circuit shown in figure 24.

16.4 CLOCK_2

The phase relationship between the CLOCK_2 and CLOCK signals shall be any constant
value. The intended uses of the separate CLOCK and CLOCK_2 signals are:

to support different skew compensation implementations (e.g., some implementations may
prefer to use CLOCK_2, instead of CLOCK, to strobe the signals). The clock signal used
to strobe the signals during retraining shall also be used to strobe the signals during

notmal-operation-
1 nd T

tp provide a separate signal that can be monitored for activity (see 13.1) without affefting
the signal used for strobing the other signals. If inactivity is detected, the othep signals
ghould be ignored to avoid spurious error indications, and an implementationsmay chpose
tp power down its outputs;
t
t

D provide a free-running clock for systems using phase-locked loops, or‘ether implemen-
htions that cannot tolerate dropouts of the clock signal.

Table 12 — Copper cable interface signal timing at Sourcg€ driver output

Parameter Value Units Cemments

CLOQK and CLOCK_2 signals

Perio 4 ns Nominal, except during @)Training sequence
Tolgrance +0,8 ps +0,02 % or 200 x4 076
Duty €ycle 50 % Nominal, except during a Training sequence
Tolgrance +0,25 % i.e., 49,75 %to 50,25 %
CLOGK Tpwp 20 ps Peak:t0-peak pulse width distortion during a Training sequencq
Torrres 30 ps Peak-to-peak jitter

DATAl and Control signals

Baud period 2 ns

TpwD 50 ps Peak-to-peak pulse width distortion
TarTER 40 ps Peak-to-peak jitter

FRAME signal

Perio 40 ns

Terwp 50 ps Peak-to-peak pulse width distortion
Torred 40 ps Peak-to-peak jitter

Fable13—GCoppercableinterface—Sourcedriveroutput
Parameter Max. Typical Min. Units Comments
Vo 2 700 2 500 2 200 mVp-p Driver output voltage into test load
Trand Tg 250 150 90 ps At 20 % and 80 % points into test load
Signaling rate 500 MBd
Imbalance 40 ps Within pair skew

Source driver timing

Channel skew | 500 | | | ps | Total pair-to-pair skew

NOTE All measurements, except for Ty and T, are single-ended rather than differential.
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Table 14 — Copper cable interface, Destination receiver input

Parameter Max. Typical Min. Units Comments

Input signal parameters

Vin 2 700 200 mVp-p

Trand T¢ 480 ps At 20 % and 80 % points at receiver input

Signaling rate 500 MBd

Imbalance 310 ps Within pair skew

Channel skew 10 ns Channel-to-channel skew

Veom +125 mv Cable induced common mode voltage, not including

Vrhp receiver bias (see figure 23)

Absolute maximum input voltages

Vin 3400 =700 mV Input voltages

NOTH All measurements, except for Tr and Tg, are single-ended rather than differential.

200 fmmmmmmm oo s
120
Vin
Amplitude
mV 0
-120
200 frmmmmm b NS L
0 290 530 975 1025 1470 1710 2 000
Time ps

Figure 25 — Receiver eye mask (differential)

NOTH <Jable 14 specifies the receiver input voltage for a single-ended signal. The receiver eye mask in figyre 25
uses diffefential signals, i.e., twice the magnitude of the single-ended signals.

16.5 Copper cable connectors

The receptacle shall be Berg Micropax 100 position, part number 72546-40x or equivalent
(the "x" depends upon the board thickness). A right-angle mount receptacle is shown in
figure 28; other mounting methods may be used. The mating cable connector, as shown in
figure 29 shall be a Berg Micropax 100 position, part number 72524-001, or equivalent.
Figure 29 shows a cable connector with a straight exit; other exit configurations may be used.

NOTE Berg Electronics connectors are examples of suitable products available commercially. This information is
given for the convenience of users of this part of ISO/IEC 11518 and does not constitute an endorsement by
ISO/IEC, or other publisher of this part of ISO/IEC 11518, of these products.
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The receptacle pin assignments shall be as shown in figure 27; pins labelled n.c. shall not be
connected. The mating cable connectors shall be wired as shown in table 16.

These connector specifications shall apply for a minimum of 1 000 mating cycles.

Each pin shall have a =1 A current capability, with the total current capability for all pins
simultaneously shall be =5 A.

The connectors shall provide RFI/EMI shielding sufficient to pass all appropriate compliance

ector

back

tests. When mated, the receptacle housing shall provide the ground path for the conn
shell.
al attenuation shall be <0,1 dB. When multiple pairs are driven differentially withra 1(

Sign
rise

Con
Jack

16.6

The
23 in

The
equad
rece
com

NOTH

The

(6 in).

The
indiy
from

There shall be an~overall shield. As shown in figure 26, at one end of the cable the o\

shie

the other end.of the cable, the overall shield shall be directly connected to pins 51 and

The

fime (20 % — 80 %) pulse, near end crosstalk shall be <12 %.
hector thickness shall be 19,05 mm (0,757).
screws with 4-40 threads shall be used to hold the connectors jn the mated position.

Copper cable specifications

cable assembly (i.e., cable and connectors) shall provide differential paths for 46 sig
each direction. All cable assemblies shall meet the, specifications in table 15.

cable assembly length is determined by the_cable quality and environmental factorg
lizer in the cable backshell, as shown in figure 23, may be necessary to achieve
ved signal values specified in table 14, and figure 25. The values for the equa
bonents are cable dependent.

Some testing has shown that cables lesssthan 10 m in length work best with no equalizer.

cable shall have an outside diameter <16,9 mm (0,665 in) and a bend radius <152

cable shall provide individual shields, or equivalent, for each differential path. T
idual shields shall he floating, i.e., isolated from each other, from the overall shield,
the connector.

d shall be«connected to pins 51 and 100 through a total capacitance of 0,4 uF at 50

0 ps

hals,

. An
the
lizer

mm

hese
and

erall
V. At
100.
S.

overalhshield of the cable shall be insulated from the connector backshell at both eng
End 1 End 2
|\\ " ( //|
j 100 ¢y | ) w100
| 4 - LN | C— .

\ Connector backshell shield to /
chassis ground is through
jackscrews and connector

Chgssis
ground

Chassis
ground

Figure 26 — Connecting the overall shield
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Table 15 — Copper cable assembly electrical specifications

Parameter Max. Typ Min. Units Comments
Zy 165 150 135 Q Differential impedance
VALK 200 MV x ns | Reverse cross talk voltage
Vo 200 mVp-p Single ended peak-to-peak output voltage
TotTerR 500 ps Deterministic peak-to-peak jitter
Channel skew 7 ns Channel-to-channel skew
Imbalance Skew 250 ps Imbalance skew within a signal pair
NOTE Voltage measurements are single-ended rather than differential.
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Chassis Ground | 51 1 |CLOCK_2_In_p
D00 _In_p| 52 2 |CLOCK_2 In_n
D00 _In_n| 53 3 (D08 _In_p
D01 In_p| 54 4 (D08 _In_n
DO1_In_n| 55 5 |D09_In_p
D02_In_p| 56 6 [DO09_In_n
D02_In_n| 57 7 |D10_In_p
DO3_In_p| 58 8 [D10_In_n
D03 _In_n| 59 9 |D11 In_p
D04 _In_p| 60 10 (D11 In_n
D04 In n|{ 61 11 |D12 In p
DO5 In_p| 62 12 (D12 In_n
DO5_In_n| 63 13 |D13_In_p
D06_In_p| 64 14 |D13_In_n
D06_In_n| 65 15 |D14_In_p
DO7_In_p| 66 16 |D14_In_n
D07 _In_n| 67 17 (D15 In_p
CO_In_p| 68 18 |D15 In_n
CO_In_.n|[ 69 19 |C2_In_p
Cl In_p| 70 20 |C2_In_n
Cl_In_n| 71 21 |C3_In_p

CLOCK_In_p| 72 22 |C3_In_n
CLOCK_In_n| 73 23 |FRAME_Ip.p
n.c.|{ 74 24 |FRAME=Inn
n.c.| 75 25 |n.c.
n.c.| 76 26 |n.c,
n.c.| 77 27 |FRAME_Out_n

CLOCK_Out_n| 78 28 ¢ FRRAME_Out_p

CLOCK_Out_p| 79 29/[C3_Out_n
C1 _Out_n| 80 30 |C3_Out_p
Cl_Out_p| 8% J31 |C2_Out_n
C0_Out_n| 82 32 |C2_Out_p
CO_Out_p<\83 33 |D15_Out_n

D0O7_Outun | 84 34 |D15_Out_p
DO7_Odt p| 85 35 |D14_Out_n
D06-Qut_n| 86 36 |D14 Out_p
DO6) Out_p | 87 37 |D13_Out_n
DO5_Out_n| 88 38 |D13_Out_p
DO5_Out_p| 89 39 |D12_Out_n
D04_Out_n| 90 40 |[D12_Out_p
D04_Out_p| 91 41 (D11_Out_n
D03_Out_n| 92 42 |D11_Out_p
D03_Out_p| 93 43 |D10_Out_n
D02_Out_n| 94 44 |D10_Out_p
D02_Out_p| 95 45 |D09_Out_n
D01 _Out_n| 96 46 |D09_Out_p
DO1_Out_p| 97 47 |D08_Out_n
D0O0_Out_n| 98 48 |D08_Out_p
DO0_Out_p| 99 49 |CLOCK_2_Out_n
Chassis Ground | 100 50 [CLOCK 2 Out _p

NOTE n.c. = no connection allowed

Figure 27 — Receptacle pin assignments
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