INTERNATIONAL ISO/IEC
STANDARD 14165-114

First edition
2005-04

Information technology —
Fibre Channel —

Part 114:
100 MB/s balanced copper physical
interface (FC-100-DF-EL-S)

LTS
Iso I ‘ Reference number
—— ISO/IEC 14165-114:2005(E
NSz . (&)



https://iecnorm.com/api/?name=07e32a38a12e8bc5d81b7a48634b24ee



https://iecnorm.com/api/?name=07e32a38a12e8bc5d81b7a48634b24ee

INTERNATIONAL ISO/IEC
STANDARD 14165-114

First edition
2005-04

Information technology —
Fibre Channel —

Part 114:
100 MB/s balanced copper physical
interface (FC-100-DF-EL-S)

O 1TSOHEEC2065

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any
means, electronic or mechanical, including photocopying and microfilm, without permission in writing from the publisher.

ISO/IEC Copyright Office e Case postale 56 ¢ CH-1211 Geneve 20 ¢ Switzerland

PN I EC PRICE CODE H
I\SO For price, see current catalogue



https://iecnorm.com/api/?name=07e32a38a12e8bc5d81b7a48634b24ee

-2 - 14165-114 © ISO/IEC:2005(E)

CONTENTS

FOREW O R D . ..ttt et et e et e 5
LN 12 0 75 1 T I T 6
S Yo 0 o1 P 7
2 NOIMALIVE TE O ENCES .ot e e e e e 7
3 Definitions, symbols and abbreviations..............cooiiii 8
B L D NI ONS Lot 8

32 SYMBOIS oo 9

3.3 ADDIEVIATIONS .ottt a s ...9

O Y X O 1= - o - PP, S I ....9
Nt 7= T - - ) AR ....9

A @ 1Y LY Y P S RSP ...9

4.3 Detailed specification.........c..coooiiiiiiiiiiiie e .10
4.3.1 RD<7:0>received data ........coeeveiiiiiiiiiiiieneeee e A e, .10

4.3.2 RVreceivevalid........cocoiiii W B, .10

4.3.3 RE r€CEIVE @ITOr . iviiiiiiiie e b e, .10

4.3.4 RCLK receive CloCK.....cccoiiiiiii e NN e, .10

4.3.5 TD<7:0> transmit data........ooeoviiiiiinii e e .10

4.3.6 TV transmit valid.......coooiiiiiii e .11

4.3.7 TEranSmMit @ITOr....c.iviiiiii e e e .11

4.3.8 TCLK transmit ClOCK .....cuieiii e e .11

4.3.9 DC CharaCteriStiCS . .t e e e e .11

4.3.10 MAC charaCteriStiCS ..uvi s O e, .11

4.3.11 MAC, GMIl and Ml INterfaCes........coviiiiii i .11

N I ] o T O N PP .12

4.5 Data stream.....ccooveveiee e .12

4.6  Service CoNtrol fUNCHIONS .. .o e .12

O 111 0= £ P .13

T B L1 F- YA €= To U T =T 0= 0 £ .13

T T - e .13

LI (O o 1= = L4 o I .13
5.1 Detail of(the’physical INterfaces .......coviiiiiii e .13

B2 SIGNA G (o .14

B 3 FLAMIE fOIMat. ..o e e .14

5.4 <Functions at the MAC INtEIaCE .....ciieiiii i 15

SR (7o o 1 o Lo E PP TP UPTUPTUPN 15
et—FHrers——"""""""""""""""""—""—/""/"—"""""" 15

6.2 RECEIVE StAtUS OK oo s 15

.3 BT OIS it 15

6.4  PHY CONIOl ..o e 15

ST = 1 1 A= (0] - 1 - 15

A 1> S P 15
7205 T 1= = - Y 15

A X = =1 £ P 16

08 TR 3 U1 1= 1 16

7.4 Interoperability complianCe POINES . ..o 16

8  TranSMItLer SIGNAL ... ... e e 16


https://iecnorm.com/api/?name=07e32a38a12e8bc5d81b7a48634b24ee

14165-114 © ISO/IEC:2005(E) -3-

S R 1= = - | P 16
8.2 Differential output voltage and aCCUTACY ........cuiiitiiiiii e 16
S T T o] = 1y Yo 1o o 16
8.4  TransSMit €Ye dIagramM ... ot 17
S TS TN 111 (= 17
O RECEIVET SIGNAL. . e it e 18
LS R 1= = - | PP 18
9.2 Differential input voltage and aCCUIACY .......c.iiuiiieiii e 18
9.3 DESCIaAMDBIING . .uiiiti e 18
9.4 Receive eye diagram .18
10 |Electrical and mechanical reqUIremMeENts ... ...cooiuiiiiiiiiii el .19
T10.1 ISOIALION e e O N .19
10.2 ClOCK frEQUENCY ...ttt e .19
10.3 Receiver common mode reJeCLION ....o.iuiiiiiiiiiic i N .19
10.4 Transmitter common mode OUtpUt VOItAGE .......ceuieniiniiiiiiiiiee e e e .19
10.5 INPULtLOIEraNCe ....vvieei e B e .19
L10.6 REIUIN [0S S . ittt e e e e ea s .20
L10.7 CONNECIOL couieiiitii ettt ee s ee e s e ettt e eees .20
10.8 Connector configuration ... ....ocuiiiiiii i O e e .20
11 |Cabling channel.. ... A T e .20
11.1 General CoONAItIONS....ouiiii e O e .20
T g (T o g = L o = .20
12 [ENVIronmMental ..o S .20
2 S Y- = Y/ 20
12.2 Grounding ...ceoeeeeiiieiiiiiieieee e e .20
12.3 Telephone VOITAGES . ... M e .21
12,4 SUSCEPLIDIITY «.oeei i i e e .21
12.5 Temperature and hUmMIdity ... ..o .21
12,6 LablliNG oo o et .21
BIBLIOGRAPHY e b e .22
Lo 1= A 1V o Yo L= R ...6
FIgUre 2 — MAC INTBHIACE ..o ...9
Figure 3 — Interface overview via 100 Q Class F cabling ..........coooviiiiiiiiie, .10
Figlire 4 — MAC interface data Stream . ......oviiiiiii e .12
Figlire 5= State diagram Of MLT -3 ... . e e e e .13
Figuire® — Coding scheme Of MLT -3 ... e .13
Figure 7 — Transmission WIith MLT -3 ... e 14
Figure 8 — Frame fOrMal ..o e e e e e e e et e e ea e 14
Figure 9 — Scrambler polynomial and correspondent circuit diagram ............cccoeviveiiiiininnnnns 16
Figure 10 — TranSmMiSSION Y€ TIAQIAIM .......uuie it e e 17
Figure 11 — Transmission eye diagram detail............ooooiiiiiiii e 17
Figure 12 — RECEIVETN Y8 TIagIamM ... .. ittt e et e e et e eaeenees 18
Figure 13 — Receiver common mode rejeCtion teSt......c.vvuiiiiiiiiii e 19

Figure 14 — Common mMode VOItAgE tEST .....ouieiiii e 19


https://iecnorm.com/api/?name=07e32a38a12e8bc5d81b7a48634b24ee

-4 - 14165-114 © ISO/IEC:2005(E)

Table 1 — DC CharaCteriSTICS ..uiuuieiii ittt et e e ees 11
Table 2 — AC CharaCteriStiCS ..iuie it e e eanenas 11
Table 3 — SigNal MaPPiNg. ... e e 12
Table 4 — Delay FEgUITEMENES ...iuiiiii e e et e e e et e e et e e e et e e e eaeaaenaanas 13
Table 5 — CoNntrol FUNCLIONS ... e e 15
Table 6 — Eye diagram mask at points R1 and R2.........ccoiiiiiiiiiiiii e 18
TaDIE 7 — REIUIMN [0S S .. et eaaenas 20

Table 8 — Connector configuration .20



https://iecnorm.com/api/?name=07e32a38a12e8bc5d81b7a48634b24ee

14165-114 © ISO/IEC:2005(E) -5-

1)

2)

3)

4)

5)

6)

Intefrnational Standard ISO/IEC 14165-114<was prepared by subcommittee 25: Interconneg

of i

technology.

ISOYIEC 14165-114 has to be rgad in conjunction with the forthcoming International Stanc
ISOYIEC 14165-115.

Thig publication has beén drafted in accordance with the ISO/IEC Directives, Part 2.

INFORMATION TECHNOLOGY -
FIBRE CHANNEL —
Part 114: 100 MB/s balanced copper
physical interface (FC-100-DF-EL-S)

FOREWORD

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

pc\,iaiiccd Syolih fUl VVUI;dVVidU DlﬂlldaldiLc\liUll. I‘\llaliulla; IIJUL“CD l;lal arc IIICIIIIUUID Uf ;Q\J Ul iE\./ pallibip

the development of International Standards through technical committees established by the reSp¢g
organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborg
fields of mutual interest. Other international organizations, governmental and non-governmental, imliaison
SO and IEC, also take part in the work.

n the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC J7
Draft International Standards adopted by the joint technical committee are circulated to natienal bodies for v
Publication as an International Standard requires approval by at least 75 % of the nationalhodies casting a V|

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

No liability shall attach to IEC or ISO or its directors, employees, servants or’agents including individual ex
and members of their technical committees and IEC or ISO member bodiesvfor any personal injury, pro
damage or other damage of any nature whatsoever, whether direct or indirget, or for costs (including legal
and expenses arising out of the publication of, use of, or reliance upon{thiS"ISO/IEC publication or any other
SO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publicatio
ndispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elemients of this International Standard may be the subjg
patent rights. ISO and IEC shall not be held responsihle for identifying any or all such patent rights.

pformation technology equipment, -@f ISO/IEC joint technical committee 1: Informa
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INTRODUCTION

This standard builds on ISO/IEC 14165-115 and ISO/IEC 14165-251 (see bibliography). It
specifies a Media Dependent Interface for duplex Ethernet transmission of 100 MB/s: a
physical layer interface for a signalling rate of 1 062,5 Mbit/s over two pairs. It is specified for
operation over Class F balanced cabling channels, for up to 100 m of Category 7 balanced
(twisted pair) cabling. The interface is referred to as 100-DF-EL-S based on the nomenclature
defined in 5.9 of ISO/IEC 14165-115.

This standard eliminates the need for implementation of the complex functions specified in
ISO/IEC 8802-3 that cancel the effects of crosstalk and return loss. This provides a solution
car—operate——= g Cri—TOWeE POWE ever—ant R can G‘"G“““G; 8—ToOWe :OSt
products that use Clause 40 of ISO/IEC 8802-3. Therefore, it also has the potentia| for
mulfiple ports per chip.

Model
A 1000BASE-TX2/4 PHY model is shown in Figure 1. Although sublayers within |the

100PBASE-TX2/4 PHY may be present, e.g. for management, reconciliation or auto-
negptiation as defined in ISO/IEC 8802-3, they are not presented in Figure 1.

OSI REFERENCE

APPLICATION MAC
PRESENTATION MAC(TBI) Inten“ace
SESSION | |
TRANSPORT 1000 Base-TX PHY
NETWORK
DATA LINK Media De‘pendent In'ierface
PHYSICAL | MEDIUM

Figure 1 — Model

Relption to.other standards

Thig \standard specifies a dedicated full-duplex Ethernet PHY layer, as defined in
ISO/IEC 7498-1: Open Systems Interconnection (OSI) reference model, but does not support
Carrier Sense or Collision Detect. The MAC interface specified in this standard inter-operates
with the GMII interface specified in ISO/IEC 8802-3 at full duplex. Implementers may choose
to be compliant with this international standard along with clauses in other standards.



https://iecnorm.com/api/?name=07e32a38a12e8bc5d81b7a48634b24ee

14165-114 © ISO/IEC:2005(E) -7 -

1

INFORMATION TECHNOLOGY -
FIBRE CHANNEL -
Part 114: 100 MB/s Balanced copper
physical interface (FC-100-DF-EL-S)

Scope

This International Standard describes a physical interface for Fibre Channel that is based on
and adds to ISO/IEC 14165-115. It specifies a Medium Dependent Interface for 1000BASE-
TX2/4 PHY layers as defined in ISO/IEC 7498-1 together with the consequences for the
physical layer and the MAC (TBI) Interface. Scrambling, coding and modulation necessary to

pro]:ﬂ_m—l_t_m‘m_l—m_ﬂ‘l_mﬁ_l—l—l € a DIt error rate o Or 1ess are speciiied. IS standard also specifies | the
reqliirements for the medium (transmission channel). These requirements are withir/|the

min

100

mum performance of a dedicated balanced Class F channel (in general made\of u

Intefrnational Standard supports full duplex transmission with a signalling rate
1 062,5 Mbit/s.

Thig International Standard provides a low-complexity Media Independent Interface and

fung

be

tran

ISOJIEC 11801:2002.

2

Normative references

D to

m Class F balanced (twisted pair) cabling, as specified in ISO/IEC 11801:2002). This

of

the

tional description of an Ethernet physical layer for 100 MB/s transmission that can easily
implemented by many vendors. This standard takes advantage of the imprdved
smission characteristics provided by balanced cabling channgls”of Class F, as specifigd in

Thel following referenced documents are indispensable for the application of this documient.

For

dated references, only the edition cited applies. For undated references, the latest ed

of the referenced document (including any amendments) applies.

IEC

IEC

IEC
Det

60060 (all parts), High-voltage test techniques

60950 (all parts), Information technology equipment - Safety

hil specification for 8-way), shielded free and fixed connectors for data transmissions wi

frequencies up to 600 MHz minimum

IEC

ISO
Ref

ISO|
Par

phy

ISO

62151, Safety(of equipment electrically connected to a telecommunication network

IEC 7498<171994, Information technology — Open Systems Interconnection - B
erence'Model: The Basic Model

tion

61076-3-104, Connectors.for electronic equipment - Part 3-104: Rectangular connectofrs -

th

ASiC

MEC’8802-3:2000, Information technology — Local and metropolitan area networkis —

3. Carrier sense multiple access with collision detection (CSMAJCD) access method
sical layer specifications

/IEC 11801, Information technology — Generic cabling for customer premises

and
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Definitions, symbols, and abbreviations
Definitions

the purposes of this International Standard, the following definitions apply.

1
abit Media Independent Interface (GMII)

interface between the reconciliation sublayer and the physical coding sublayer (PCS) for
1 000 Mbit/s operation

[1.
NO

.136 of ISO/IEC 8802-3]
— See also Clause 35 of ISO/IEC 8802-3.

3.1
Media Access Control (MAC)

dat
[1.4
3.1.

Med
med
Unit

3.1.
Meqd

link sublayer that is responsible for transferring data to and from the Rhysical Layer
.167 of of ISO/IEC 8802-3]
3

ia-Dependent Interface (MDI)
hanical and electrical interface between the transmission mediumand the Medium Attachment
(MAU)

4
ia-Independent Interface (MIl)

A transparent signal interface at the bottom of the Recaficiliation sublayer

[1.4
NOT]

3.1,
Phy
as
Inte
The
phy
NOT

3.1.
Phy
the
Med
The
are

.168 of ISO/IEC 8802-3]
E — See also Clause 22 of ISO/IEC 8802-3.

5
sical Coding Sublayer (PCS)

Iiblayer used to couple the MedialIindependent Interface (MIl) or Gigabit Media Indepen
face (GMII) and the Physical Medium Attachment (PMA)

PCS contains the functions tolencode data bits into code-groups that can be transmitted ove
sical medium.

E — See also Clauses 23, 24,732, 36 and 40 of ISO/IEC 8802-3.

6
sical Layer entity (PHY)

portion of.the' Physical Layer between the Medium Dependent Interfaces (MIl) and
ia Independent Interface (MDI)

PHY_contains the functions that transmit, receive, and manage the encoded signals
impressed on and recovered from the physical medium.

dent

the

the

that

3.1.

Physical Medium Attachment (PMA) sublayer
the portion of the Physical Layer that contains the functions for transmission, reception, and
(depending on the PHY) collision detection, clock recovery and skew alignment

3.1.

8

Physical Medium Dependent sublayer (PMD)

the

portion of the Physical Layer responsible for interfacing to the transmission medium

The PMD is located just above the Medium Dependent Interface (MDI) and the Media
Conversion sublayer.
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9
Bit Interface (TBI)

physical instantiation of the PMA service interface, as a partition between the PMA sublayer and the
PCS and MAC sublayers, intended for use as a chip-to-chip interface with no mechanical connector
specified

NOTE — See also Clause 36 of ISO/IEC 8802-3.

3.2

Symbols

f frequency in MHz
A XOR logical operator

3.3

BER
EF
GM
MA
MD
Ml
PCY
PH
PM
PM
SF
TBI
wc

4

4.1

This

phy,
with
exp

4.2

Al b
ADUUTTVIALIUTTS

R Bit Error Rate

End of Frame
| Gigabit Media Independent Interface
C Media Access Control
Medium Dependent Interface
Medium Independent Interface
b Physical Coding Sublayer
Physical Layer entity
Physical Medium Attachment
Physical Medium Dependent
Start of Frame
Ten Bit Interface
Wiring Closet

\w g

MAC interface

General

clause specifies the logical and elegtrical service interface between the MAC and
sical layer. The purpose of this clause‘is to specify the minimum requirements to cor
this standard. This interface shall*meet the requirements of ISO/IEC 8802-3 that
icitly referenced in this clause.

Overview

the

nply
are

Figlire 2 illustrates the required interface. Each direction of data is serviced by an eighit bit

wid
chip
spe

b data bus, data valid,” error, and clock signals. The interface may be used as a chif
interface. Thecinterface provides a media independent interface to a MAC an
cified as a minimum set of requirements.

—— TD<7.0> —
— TV —

—— TE —

_to_
i is

(gl\Aﬂﬁ) L TCLK ——{ PHY
l— RD<7.0> ——
«—— RE ——

—— RCLK —

Figure 2 — MAC interface
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The interface between physical layer and medium interface is specified so as to support a
signalling rate of 1 062,5 Mbit/s. Figure 3 illustrates the full duplex operation to provide a
signalling rate of 1 062,5 Mbit/s over 2 pairs.

Tx

1,0625 gpit/s PMD
v\mo- DF-EL-S

PHY

PMD

< 1R,)C()62 5 Gbit/s

4.3

The
shal
fung

This

4.3.

The
is v
eigh
d.c.

4.3

The
bec
PH
in 4

4.3

Wh
has
mes

4.3

Figure 3 — Interface overview via 100 Q Class F cabling

Detailed specification

receive (RD<7:0>, RV, RE, RCLK) and the transmit (TD<7:0>, TiV,"TE, TCLK) sig
I meet the following requirements. Other uses for the signals "thhat support additi

standard does not require support of carrier extend or carrier extend error.

1 RD<7:0> received data

hlid when RV is true and on the rising edge of the RCLK. All data transfers are aligne
t bit boundaries. RD<0> is the least significant bit. The eight data signals shall meet
characteristics specified in 4.3.9 and the.a.c. characteristics specified in 4.3.10.

2 RV receive valid

RV shall indicate that on the next rising edge of the RCLK that the data is valid. RV 3
pme true before the rising edge-of RCLK and remain true during all data transfers from

until the last valid data.byte. The RV signal shall meet the d.c. characteristics spec
.3.9 and the a.c. characteristics specified in 4.3.10.

3 RE receive error

bn RE is true at.least for one full clock cycle while RV is true, this indicates that the |
determined:that there is an unrecoverable error in the data stream. The RV signal 3
t the d.c—~characteristics specified in 4.3.9 and the a.c. characteristics specified in 4.3.

4 RCLK receive clock

tions, such as that defined in ISO/IEC 8802-3, Clause 35, are notyspecifically excludeq.

hals
bnal

eight bits of the RD<7:0> are the received data-from the physical layer. The received ¢ata

| on
the

hall
the
fied

PHY
hall
10.

The

- ed—d f | : : et

that

provides the timing reference for RD<7:0>, RV, and RE. During non data transfer times the
RCLK can extend a half cycle period by no more than two clock cycles. The RCLK signal shall
meet the d.c. characteristics defined in 4.3.9 and the a.c. characteristics in 4.3.10.

4.3.

5 TD<7:0> transmit data

The eight bits of the TD<7:0> are the transmit data for the PHY. The transmit data is valid
when TV is true and on the rising edge of the TCLK. All data transfers are aligned on eight bit
boundaries. TD<0> is the least significant bit. The eight data signals shall meet the d.c.

cha

racteristics specified in 4.3.9 and the a.c. characteristics specified in 4.3.10.
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4.3.

6 TV transmit valid

The TV shall indicate to the PHY on the next rising edge of the TCLK that the data is valid. TV
shall become true before the rising edge of TCLK and remain true during all data transfers to
the PHY until the last valid data byte. The TV signal shall meet the d.c. characteristics defined
in 4.3.9 and the a.c. characteristics in 4.3.10.

4.3.

7 TE transmit error

When TE is true for at least one full clock cycle while TV is true, this indicates to the PHY that
it shall insert a transmit error into the output data stream. The TV signal shall meet the d.c.

cha

4.3

The TCLK is the transmit data clock to the PHY. The TCLK is a continuous clock that prov

the

extend a half cycle period by no more than two clock cycles. The TCLK signal shall meet

d.c.

racteristics defined in 4.3.9 and the a.c. characteristics in 4.3.10.

8 TCLK transmit clock

timing reference for TD<7:0>, TV and TE. During non data transfer times the TCLK

characteristics defined in 4.3.9 and the a.c. characteristics in 4.3.10.

des
can
the

4.3]9 DC characteristics
All MAC interface signals shall meet the d.c. specifications in Table/1.
Table 1 — DC characteristics
Symbol Parameter Conditions Min. Max.
VOH Output high voltage IOH= -1,0 mA VCC= Min 2,10 V 3,60 V
VOL Output low voltage I0OL= 1,0 mA VCC= Min GND 0,50 v
VIH Input high voltage 1,70 v
VIL Input low voltage 0,9V
IH Input high current VCC= Max VIN=2,1V 40 pA
1L Input low current VCC= Max VIN=0,5V -600 pA
4.3[10 MAC characteristics
All MAC interface signals‘shall meet the a.c. specifications in Table 2.
Table 2 — AC characteristics
Symbol Parameter Min. Max.
VIL Input low 0,70 V
VIH Input high 1,90 v
Freq. R/TCLK 125 MHz + 100 ppm
t period R/TCLK 7,5 ns 8,5 ns
t rtf CLK rise/fall time 1ns
t setup R/TV,E,D<7:0> 2,5ns
t hold R/TV,E,D<7:0> 0,5 ns
4.3.11 MAC, GMIl and Mll interfaces

The MAC interface signals defined in 4.3.1 to 4.3.8 are equivalent to GMII signals illustrated
in Table 3. If a MIl interface as defined in Clause 22 of ISO/IEC 8802-3 is implemented, it
shall conform to the signal mapping specified in Table 3 and in Clause 22 of ISO/IEC 8802-3.
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Testing

Data stream

wn in Figure 4.

MAC Interface GMII Mil
TE TX_ER TX_ER
TV TX_EN TX_EN
TD <7> TXD <7>
TD <6> TXD <6>
TD <5> TXD <5>
TD <4> TXD <4>
ID <3> IXD <3> IX <3>
TD <2> TXD <2> TX <2>
TD <1> TXD <1> TX <1>
TD <0> TXD <0> TX <0>
TCLK GTX_CLK TX_CLK
RE RX_ER RX_ER
RV RX_EN RX_EN
RD <7> RXD <7>
RD <6> RXD <6>
RD <5> RXD <5>
RD <4> RXD <4>
RD <3> RXD <3> RX <3>
RD <2> RXD <2> RX <2>
RD <1> RXD <1> RX <1>
RD <0> RXD 0> RX <0>
RCLK RX\ELK RX_CLK

<+—— TV/RV valid

MAC interface signals that are'equivalent to a GMII
specifications defined for GMII devices in 35.4.2.1

h streams transmitted to and from the MAC interface shall be transferred with the

 —

<preamble><sfd><data>

interface shall be tested in accordgnce
and 35.4.2.2 of ISO/IEC 8802-3.

ield

Figure 4 — MAC interface data stream

The preamble and sfd are defined in 35.2.3.2 of ISO/IEC 8802-3, for both transmit and
receive. The data consists of a continuous stream of octets. An end of transmission is
indicated by de-assertion of TV. The preamble may be omitted when transmitting to the MAC.

4.6 Service control functions

There are no service control functions required for PHY control across the MAC interface. An

implementation of a management control

ISO

/IEC 8802-3.

is defined

in 22.2.4, 28.2.4 and 37.2.6 of
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Timers
re are no required timers for PHY control at the MAC interface.

Delay requirements

The PHY shall conform to the MAC/Media interface delay requirements specified in Table 4.

Table 4 — Delay requirements

4.9
AP

5

51

The
sign
for

MAX. Lo
Event bit time Timing reference
TV= 1 to MDI Output 135 TD <7,0> to TP1/TP2
MDI Input to RV=1 192 TP1/TP2 to RD <7,0>

Reset
HY reset shall be executed at power up or when requested by a managemeént function.

Operation

Detail of the physical interfaces

PHY employs a full duplex base band transmission. At\is possible to transmit wil
alling rate of 1 062,5 Mbit/s over 2 pairs full duplex. Ther€ is one pair for receive and
fransmit with a MLT-3 coding scheme (without scrambling), see Figure 5, Figure 6

Figlire 7. Optionally, the scrambler described in 8.3 may be used.
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Figure 5 — State diagram of MLT-3
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Figure 6 — Coding scheme of MLT-3
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Franes passed to the coding-sublayer shall have the structure as illustrated in Figure 8.
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Figure 7 — Transmission with MLT-3

bptional equalizer network, when present in a link, shall not.b& part of the cable plarn
uld be seen as a part of the transmitting and (or) receiving circuit. The dividing
veen cable plant and data terminating equipment isCat“the end of the channel
Cribed in the cabling standard ISO/IEC 11801:2002).

Signalling

cial code sets are used to transmit IDLE and control: start of frame (SF), end of fr
and a transmit error are defined in ISO/IE€-8802-3.

E Mapping between GMIlI and Fibre €hannel start-of-frame, end-of-frame and other prim
als is for further study.

Frame format

e

SF Data stream EF IDLE

Figure 8 — Frame format
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line
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nme
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hesbBeginning of a frame of transmission indicated by the TV at the MAC interface two @

ode

sets representing a start of frame, SF, are transmitted followed by the data stream from the
MAC, defined in 4.5. The SF replaces the first two bytes of the MAC data stream (preamble).
The completion of a frame, determined by TV, is followed by two code sets of end of frame,
EF; then the idle code sets, IDLE. A transmit error code set is transmitted when indicated by

the

TE signal at the MAC interface.

At the detection of SF by the receiving PHY the MAC interface shall indicate a start of data
with the RV signal. The SF is not passed on to the MAC interface. When the PHY receives the
EF frame signal it will indicate the end of data by the RV signal. Only decoded data octets are
transmitted to the MAC interface. If the PHY receives a transmit error code set or an invalid
coding it will indicate this to the MAC interface with the RE signal.
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5.4 Functions at the MAC interface
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Table 5 lists a cross reference of parameters used for the control of the MAC interface to
those defined in Clause 40 of ISO/IEC 8802-3.

Table 5 — Control functions

1000 BASE-TX

Clause 401)

TD <7,0>

TXD [7,0]

RD <7,0>

RXD [7,0]

time t and t +1 code set n

n

transmitting

tx_enable , tx_mode

undefined

SEND_Z

transmit IDLE

SEND_|

receive status OL

rcvr_status = OK

undefined

Csreset

undefined

Cext_CSExtend

transmit error

tx_error, TX_ER, xmt_eTrr

SF

SSD

EF

ESD

1) See Clause 40 of ISO/IEC 8802-3.

6 |Coding

6.1| Timers

There are no required timers for transmit or-receive operation.

6.2 | Receive status OK

Wheén PHY is successfully receiving valid symbols then the receive status OK shall be

trug; otherwise it shall be setfalse.

6.3| Errors

Thel PHY shall use the transmit error code set to transmit an error when indicated by the
signal from the_MAC interface. Decoding errors or a received error code shall be indicate

the IMAC with¢the

6.4| PHY control

Normal’operation beqins after power up, if the receive status OK is true and after a succes

interface RE signal.

set

TE
d to

sful

auto-negotiation (if implemented).

6.5 Bit error rate

The PHY shall maintain a bit error rate (BER) of better than 10-12 (BER on the medium).

7 Test

7.1 General

A test mode shall be provided to allow for testing of the transmit waveform. To enable the test

mode, it is recommended to use test mode 1 as specified in 40.6.1.1.2 of ISO/IEC 8802-3.
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7.2 Tests

The transmitter eye shall be measured with an eye diagram, see Figure 10, while transmitting
a pseudo random pattern. The display of the transmitter signal shall contain at least 2 000
traces for an accurate measurement.

7.3 Fixtures

To perform the tests the PHY shall terminate the transmission pair in 100 Q while measuring
the output waveform with an oscilloscope or data acquisition device with a high impedance
differential probe.

7.4] Interoperability compliance points
Intefroperability compliance points are defined in ISO/IEC 8802-3.

8 |[Transmitter signal

8.1| General

Thig Clause details the requirements for the transmitter outputiasignal. The electyical
reqlirements for any MDI port are defined in Clause 10.

8.2 | Differential output voltage and accuracy

[®X
1
[REN

Thel peak voltage of output waveform at point S2 during thie transmission of a single +1 an
synlbol shall fall within the range of + (0,67 V to 0,82 V)X2, and during the transmission offa 0
synlbol the voltage shall be 0 (MLT3).

8.3| Scrambling

Thel scrambling scheme is shown in Figure 9.1t shall use the polynomial 1+ XM+ x®

Input data stream

‘\;/4 y = 1+X14+X15
& Pe—

1 X X2 X14 XlS

Output data stream

IZirJnrn Q _ Scrambler pnlynnminl and r‘nrrnclnnnrlnnf circuit dingrnm
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8.4 Transmit eye diagram

The required transmitter pulse shape characteristics are specified in the form of an eye
diagram or mask. Within each level of the MLT3 signal the open eye shall conform to the eye
diagram in Figure 10. The eye diagrams of the two levels shall be combined and may be
scaled or shifted in time for best concurrent fit.

R

1

1yl

0,5

yl

0

_y2

0 X1 X2 1-X2 1-X1 1

X1=0,09
X2=0,29
Y1=0,2
Y2=0,1

Figure 10 — Transmission eyeiwdiagram
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The voltage on Y-axis Vy = (value) x 0,41/V
The time on X-axis Ty = (Value) x 0,25/ns

Figure 11 — Transmission eye diagram detail

8.5 Jitter
The maximum jitter is defined in ISO/IEC 8802-3.
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Receiver signal

General

This clause details the requirements for the receiver input signal. The electrical requirements
for any MDI port are defined in Clause 10.

9.2

Differential input voltage and accuracy

The peak voltage of receiving waveform at point R2 during the transmission of a single +1 and
-1 symbol shall fall within the range of £ (0,027 V to 1,64 V), and during the transmission of a

0 SMMMMMMMWI
performance as specified in ISO/IEC 11801:2002, the minimum performance of a channéljat a

ma
ma
vall

9.3

The

9.4

The
eye
eye
sca

imum length and a minimum transmitter voltage, and 0 m for the minimum length
imum transmitter voltage. The minimum voltage during 0 symbols results out of(the NE
es of the cabling channel.

Descrambling

same scrambling algorithm as described in 8.3 for descrambling shall be used.

Receive eye diagram

required receiver pulse shape characteristics at point R2rare specified in the form o
diagram or mask. Within each level of the MLT3 signal‘the open eye shall conform to
diagram in Figure 12. The eye diagrams of the two leyvels shall be combined and may
ed or shifted in time for best concurrent fit.
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Figure 12 — Receiver eye diagram

Table 6 — Eye diagram mask at points R1 and R2

Coding X1 Y1 Y2
MLT3 0,3 0,014 0,82
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