IEEE802.3ab/D1.1,
December 10, 1997

IEEE Draft P802.3ab/D1.1

Supplement to: Carrier Sense Multiple Access with Collision Detection
(CSMA/CD) Access Method & Physical Layer Specifications:

Physical layer specification for 1000 Mb/s operation
on four pairs of Category 5 or better balanced twisted
pair cable (L000BASE-T)

Sponsor

LAN MAN Standards Committee
of the
IEEE Computer Society

This is the text approved by the 802.3ab task force at its plenary meeting in Montreal, November 1997 as
a draft supplement to IEEE Std 802.3 that provides support for 1000 Mb/s operation over four pair of Cat-
egory 5 or better balanced cabling. This draft D1.1 includes changes and corrections made by the
802.3ab editor and sub-editors as per direction received at the 802.3ab November 1997 plenary meet-
ing. This draft D1.1 is being circulated for task force review. The formal expiration date of this draft is
March, 1998.

Copyright © 1997 by the Institue of Electrical and Electronics Engineers, Inc.
345 East 47th St.

New York, NY 10017, USA

All Rights reserved

This is an unapproved draft of a proposed IEEE Standard, subject to change. Permission is hereby
granted for IEEE Standards Committee participants to reproduce this document for purposes of IEEE
standardization activities, including balloting and coordination. If this document is to be submitted to ISO
or IEC, notification shall be given to the IEEE Copyrights Administrator. Permission is also granted for
member bodies and technical committees of ISO and IEC to reproduce this document for purposes of
developing a national position. Other entities seeking permission to reproduce portions of this document
for these or other uses must contact the IEEE Standards Standards Department for the appropriate
license. Use of information contained in the unapproved draft is at your own risk.

IEEE Standards Department
Copyright and Permissions
445 Hoes Lane, P.O. Box 1331
Piscataway, NJ 08855-1331, USA

Copyright © 1997 by the IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.




O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3 802.3ab/D1.1

1000BASE-T

40.1

40.2

40.3

40.4

40.5

40.6

December 10, 1997

OVEIVIBW .ottt ettt e e s e e snreee e e snnee e eneeens A0

40.1.1 Relation of 1000BASE-T to other standards ...........ccccooiiiieeniiiieniiiiee e 40-1
40.1.2 Operation 0f LOOOBASE-T ....ocoiiiiiiiiiiiie et e 40-1
40.1.3 Application 0f LOO0BASE-T .....cooiiiiiiiieiiiiieie ettt et ee e 40-5
40.1.4 State diagram CONVENTIONS ......coiiiiiiiiieiie et ee e e e e eaeae s e e e eenees 40-6
SIONATING ettt b e s 40-7

PHY Control functional specifications and service interface .............ccccccevciieeennnne 40-8
40.3.1  PHY CoNntrol fUNCLION .....ocuuiiieiiiiiie ettt 40-8
40.3.2 PHY Control Service iNterface ..........ccoocuvvieiiiieeiiiiieie e 40-9
40.3.3 State diagram variables ..o 40-12
40.3.4  State diagram tIMErS ..o e er e e e e e ee e e e ae s 40-12
40.3.5 PHY Control state diagram ...........ceeeeiioiiiiiiiiiiie e 40-14
PCS functional SPeCifiCatiONS ...........ooiiiiiiiiiiiie e 40-15
40.4.1  PCS fUNCHONS ..oiiiiiiiiiiitiee ettt et sb e e e nabn e 40-15
40.4.2  PCS INTEITACES ....vieeiiiitiiieies ittt e s 40-29
40.4.3  Frame SIUCIUIE .......cuviiiiiiiiiiiiiiiie et 40-30
40.4.4  State Variables ........coooiiiiiiiiiie e 40-31
40.4.5  State diagramS .....uuuu e ie et —————————— 40-35
40.4.6 PCS electrical Specifications ..........ccccoiiiiiiiiiiiiii e 40-37
PMA functional specifications and service interface ...........cccooeevviiieiiiiiiiiiiieieee e, 40-41
40.5.1 PMA functional specifications ..........cccccovviiiiiieiiiiiiie 40-41
40.5.2 PMA SEIVICE INTEITACE ....eiiiiiiiiiiiiitieiie et 40-45
Management fUNCHIONS .........ooiviiiiiiiiieiiii e r e e s e e e e e e e e e e e e aeaaeeeeeeaeaeaeees 40-50
40.6.1 Support for Auto-Negotiation ..........cccceei i 40-50
40.6.2 Management FUNCHIONS .......oooiiiiiiiiiiiieeeee s s s e e r e a e e e e n e e e e e aeaeaee s 40-52

Copyright © 1997 IEEE. All rights reserved.
This is not an approved IEEE Standard.
40-i



O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3 802.3ab/D1.1

1000BASE-T

40.7

40.8

40.9

40.10

40.11

40.12

40.13

40.14

December 10, 1997

40.6.3 PHY specific registers for 1000BASE-T .......ccovoiiiiieiniiiien et 40-53
PMA electrical SPeCifiCatiONS .........coooiiiiiiiiiiii e 40-63
40.7.1 PMA-to-MDI interface characteristiCs .........cccceviiiiiiiriiiienie e 40-63
Link Segment CharacCteriStiCS .........uiiiiiiiiiiiiiiee et 40-87
40.8.1 Cabling System CharacteriStiCS .........ccooiiiiieiiiiiiiiie e 40-87
40.8.2 Link TransmisSiOn Parameters ..........eoeeiiiiiieiiiiiiie ittt 40-87
40.8.3  CoUPliNG PAramMELEIS .....cveiiieiitiit ettt ettt 40-88
A0.8.4  DEIAY oottt e e e e e e e e ae e e e e e e e 40-89
40.8.5 CommON MOdE TOIEIANCE ......uiiiiiiiiiiiii ittt ee e 40-89
40.8.6  NOISE ENVIFONMENT ....ooiiiiiiiiiiiiie it a e e e 40-89
MDI SPECITICALION ...ttt e e e e 91.40-
40.9.1  MDI CONNECIOIS ...ciiiiiiiiiiiiiieiititiie ittt et e s e e e e e e e e e e e e e e e aeaaeaeaaeaeeeeeeaeaeesebeee 40-91
SYStEM CONSIAEIALIONS ...ceiiieieiee ettt e e e e e e e s e e e eeeaaeeeaans 40-92
Environmental SpPeCifiCatiONS ...........oooiiiiiiiiiiie e 40-93
40.11.1 General SAFELY ..ouiiiiiiiii e 40-93
40.11.2 NetWOIK SAFELY .....eeeiiiiieiiiei e e ee e 40-93
40.11.3 ENVIFONMENT ....eitiiiiiiiiie ettt e ettt ee e e e e e e sabbe e ae e e e aeeesaennnbeeeeeeeaas 40-94
40.11.4 Cabling SPeCIfiCatiONS ......cooi ittt 40-94
PHY 1QDEIING .o e e 40-95.

Delay CONSLIAINTS ..coiiiiiiieiiiie ettt e e e e e e e aeeee e e e e ana 0-96...4
40.13.1 PHY delay constraints (exposed GMII) .......cccoieiiiiiiiiiiiiieee e 40-96
40.13.2 DTE delay constraints (unexposed GMII) ...........oovveiiiiiiiiiiiniiis e, 40-96

Protocol implementation conformance statement (PICS) proforma for clause 40,
physical coding sublayer (PCS), physical medium attachment sublayer (PMA) and
baseband medium, type L1000BASE-T .....cooiiiiiiiiiiiiie et e e 40-98

Copyright © 1997 IEEE. All rights reserved.
This is not an approved IEEE Standard.
40-ii



O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3 802.3ab/D1.1

1000BASE-T December 10, 1997
40.14.1 1deNLFICALION ...eeeiie ittt e 40-98
40.14.2 Major capabilitieS/OPLIONS ....c.cuviiiiiiiieii et s 40-99
40.14.3 PICS pro forma table for compatibility considerations ..............cccooceeeee 40-100
40.14.4 PICs proforma table for the PHY Control function ............cccccceeeeniniinnnee 40-101
40.14.5 PICS proforma tables for the Physical Coding Sublayer (PCS) ................ 40-103
40.14.6 PICS proforma tables for the Physical Medium Attachment (PMA) ......... 40-107
40.14.7 PICS proforma tables for management functions .............cccoocvveeiniiee e 40-109
40.14.8 PICS proforma tables for PMA electrical specifications .............ccccceeenne 40-112
40.14.9 PICS proforma tables for characteristics of the link segment .................... 40-119
40.14. 10 MDI FEQUITEMENTS ...eieiitiiiie ittt ettt ettt ettt bbn e e e sainae s 40-121
40.14.11 General safety and environmental requirements ..........ccccoocveeerienenneennennne. 40-122
40.14.12PICS proforma tables for the timing requirements ...........cccccooeeiiiieeen e 40-123

ANNEX 40A Additional Cabling Design Guidelines...........ccccceeeviiiiiiiiiciciiiiiinnee, 40-124

Copyright © 1997 IEEE. All rights reserved.
This is not an approved IEEE Standard.
40-iii



O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3 802.3ab/D1.1
1000BASE-T December 10, 1997

40 Physical coding sublayer (PCS), physical medium attachment (PMA)
sublayer and baseband medium, type 1000BASE-T

40.1 Overview

The 1000BASE-T PHY is one of the 100BASE-T family of high-speed CSMA/CD network specifications.
The 1000BASE-T Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) and baseband
medium specifications are aimed at users who want 1000 Mb/s performance over data grade category 5
twisted pair cabling systems. 1000BASE-T signaling requires four pairs of category 5 cabling or cabling
with better transfer characteristics than category 5, installed according to ANSI/EIA/TIA-568-A, as speci-
fied in 40.8. This type of cabling, and the connectors used with it, are simple to install and reconfigure.

This clause defines the type 1000BASE-T PCS, type 1000BASE-T PMA sublayer and type 1000BASE-T
Medium Dependent Interface (MDI). Together, the PCS and the PMA sublayer comprise a 1000BASE-T
Physical layer (PHY). Control actions needed for correct PHY operations are specified by the 1000BASE-T
PHY Control function. Provided in this document are full functional, electrical and mechanical specifica-
tions for the type 1000BASE-T PHY Control function, PCS, PMA and MDI. This clause also specifies the
baseband medium used with 1000BASE-T.

The following are the objectives of 1000BASE-T PHY, developed and approved by the IEEE 802.3
1000BASE-T Study Group in November, 1996. These requirements were used to drive the definition of the
transmission and coding system for the 1000BASE-T standard:

a) Comply with specifications for GMII of 802.3z.

b) Provide line transmission which supports full and half duplex operation.
c) Must provide FCC Class A/CISPR or better operation

d) Support operation over 100 meters of Category 5 cabling

e) Bit Error Rate of less than or equal t6*£0

f)  Support Auto-Negotiation (Clause 28)

g) Identify appropriate susceptibility requirements

h)  Support the objectives of 802.3z as of 13 November 96

40.1.1 Relation of 1000BASE-T to other standards

Relations between the 1000BASE-T PHY and the ISO Open Systems Interconnection (OSI) Reference
Model and the IEEE 802.3 CSMA/CD LAN Model are shown in figure 40-1. The PHY layers shown in fig-
ure 40-1 connect one clause 4 Media Access Control (MAC) layer to a clause 27 repeater. This clause also
discusses other variations of the basic configuration shown in figure 40-1. This whole clause builds on
clauses 1-4, 21, 22, 27, 30, 31, 35, 41 and 42 of this standard.

40.1.2 Operation of 1000BASE-T

The 1000BASE-T PHY employs full-duplex baseband transmission over four pairs of Category 5
Unshielded twisted-pair (UTP-5) wiring. The aggregate data rate of 1000 Mb/s is achieved by transmission
at a data rate of 250 Mb/s over each wire pair, as shown in figure 40-2. The use of hybrids and echo cancel-
lers enable full-duplex transmission by allowing symbols to be transmitted and received on the same wire
pairs at the same time. Baseband signalling with a modulation rate of 125Mbaud is used on each of the wire-
pairs. The transmitted symbols are selected from a four-dimensional 5 level symbol constellation. Each four-
dimensional symbol can be viewed as a 4-tuplg By, C,, D,) of one-dimensional quinary symbols taken

from the set {-2, -1, 0, +1, +2}. Five-level Pulse Amplitude Modulation is employed for transmission over
each wire pair (PAM5). The modulation rate of 125 MBd matches the GMII clock rate of 125 MHz and

Copyright © 1997 IEEE. All rights reserved.
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REFERENCE LAN
MODEL CSMA/CD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
LLC - LOGICAL LINK CONTROL
PRESENTATION OR OTHER MAC CLIENT
SESSION MAC - MEDIA ACCESS CONTROL
TRANSPORT | RECONCILIATION |
NETWORK *GMIl —p I
DATA LINK - PHY
PHYSICAL
AUTONEG
MDI —p
MEDIUM To 1000 Mb/s Baseband Repeater Set
or to 1000BASE-T PHY (point to point link)
1000 Mb/s
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER

GMIl = GIGABIT MEDIA INDEPENDENT INTERFACE ~ PMA = PHYSICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER DEVICE

NOTES:

* GMII is optional
*»* AUTONEG communicates with the PMA sublayer through the PMA service interface messages
PMA_LINK.request and PMA_LINK.indicate

Figure 40-1—Type 1000BASE-T PHY relationship to the ISO Open Systems Interconnec-
tion (OSI) Reference Model and the IEEE 802.3 CSMA/CD LAN Model

results in a symbol period of 8 ns. This specification permits the use of category 5 or better balanced cable
pairs, installed according to ANSI/TIA/EIA-568-A. Thus, 1000BASE-T uses methods already used in two
IEEE standards, 100BASE-TX (125Mbaud baseband signaling) and 100BASE-T2 (PAMS5). This was cho-
sen to make the 1000BASE-T PHY more 100BASE-T friendly for 100/1000 dual-speed Ethernet PHY
implementations, and to make the standards development less time-consuming.

A 1000BASE-T PHY can be configured either amasterPHY or as aslavePHY. The master-slave rela-
tionship between two stations sharing a link segment is established during Auto-Negotiation (see clause 28,
40.6, and Annex 28C). The master PHY uses an external clock to determine the timing of transmitter and
receiver operations. The slave PHY recovers the clock from the received signal and uses it to determine the
timing of transmitter operations, i.e., it performs loop timing, as illustrated in figure 40-3. In a DTE to
repeater connection, the repeater is typically set to be master and the DTE is typically set to be slave.

The following paragraphs summarize the PCS, PMA, and PHY Control sections of this document. figure 40-
3 shows the division of responsibilities between the PCS, the PMA sublayer, and the PHY Control function.

Copyright © 1997 IEEE. All rights reserved.
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Figure 40-2—1000BASE-T topology

40.1.2.1 Physical coding sublayer (PCS)

i
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The 1000BASE-T2 PCS couples a Gigabit Media Independent Interface (GMII), as described in clause 35,
to a Physical Medium Attachment (PMA) sublayer.

The functions performed by the PCS comprise the generation of continuous quinary symbol sequences to be
transmitted over each wire pair. During data mode, i.e., when a data stream from the GMII is transmitted, the
eight bits representing the TXD<7:0> data octet are encoded into four quinary symbols. During idle mode,
i.e., between transmission of consecutive data streams, the sequences of quinary symbols are generated with
an encoding rule that differs from the encoding rule used in data mode. Through this technique, sequences of
arbitrary quinary symbols that represent data can easily be distinguished from sequences that represent the
idle mode. Furthermore, idle mode encoding takes into account the information of whether the local PHY is
operating reliably or not and allows conveying this information to the remote station. A transition from the
idle to the data mode is signaled by inserting a Start-of-Stream delimiter that consists of a pattern of two
consecutive pairs of quinary symbols. Similarly, the end of a data stream transmission is signaled by insert-
ing an End-of-Stream delimiter that also consists of a pattern of two consecutive pairs of quinary symbols.
Further patterns are reserved for signaling a transmit error during transmission of a data stream.
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Figure 40-3—Division of responsibility between 1000BASE-T PCS and PMA

PCS Receive processes symbol sets provided by the PMA. It detects the beginning and the end of streams of
data and, during the reception of a data stream, descrambles and decodes the received symbols into octets
RXD<7:0> that are passed to the GMII. PCS Receive also detects errors in the received sequences and sig-
nals them to the GMII. Furthermore, the PCS contains a PCS Carrier Sense function, a PCS Collision Pres-
ence function, and a management interface

The PCS functions and state diagrams are specified in 40.4. The signals provided by the PCS at the GMII
conform to the interface requirements of clause 35. The PCS interfaces to PHY Control and to the PMA are
abstract message-passing interfaces specified in 40.4.2 and 40.5.2, respectively.
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40.1.2.2 Physical medium attachment (PMA) sublayer

The PMA couples messages from the PMA service interface onto the balanced cabling physical medium.
The PMA provides dual-duplex communications at 125 MBd over four pairs of balanced cabling up to 100
meters in length.

The PMA Transmit function comprises four independent transmitters to generate five-level pulse-amplitude
modulated signals on each of the four pairs Bl_DA, BI_DB, DI_DC, and BI_DD, as described in 40.5.1.2.1.

The PMA Receive function comprises four independent receivers for five-level pulse-amplitude modulated
signals on each of the four pairs BI_DA, BI_DB, DI_DC, and BI_DD, as described in 40.5.1.2.2. The
receivers are responsible for acquiring clock, and providing quinary symbol pairs to the PCS as defined by
the PMA_UNITDATA.indicate message. The PMA also contains functions for Link Monitor.

PMA functions and state diagrams are specified in 40.5. PMA electrical specifications are given in 40.7.
40.1.2.3 PHY Control function

PCS and PMA sublayer operations are controlled via signals generated by the PHY Control function. PHY
Control does not itself represent a sublayer but rather a logical grouping of the control functions necessary
for proper operations of a 1000BASE-T transceiver.

PHY Control determines whether the PHY should operate in a normal state, where packets can be

exchanged over the link segment, or whether the PHY should be forced to send quinary symbol sequences
that represent the idle mode. The latter occurs when either one of the PHYSs, or both PHYSs, that share a link
segment are not operating reliably.

The PHY Control function and state diagram are specified in 40.3., prior to introducing the PCS and PMA
functional specifications. The PHY Control interface to the PCS and PMA sublayer is an abstract message-
passing interface also specified in 40.3.

40.1.3 Application of 1000BASE-T
40.1.3.1 Compatibility considerations

All implementations of the balanced cabling link shall be compatible at the MDI. The PCS, PMA and the
medium are defined to provide compatibility among devices designed by different manufacturers. Designers
are free to implement circuitry within the PCS and PMA in an application-dependent manner provided the
MDI and GMII specifications are met.

40.1.3.2 Incorporating the 1000BASE-T PHY into a DTE

When the PHY is incorporated within the physical bounds of a DTE, conformance to the GMII is optional,
provided that the observable behavior of the resulting system is identical to that of a system with a full GMII
implementation. For example, an integrated PHY may incorporate an interface between PCS and MAC that
is logically equivalent to the GMII, but does not have the full output current drive capability called for in the
GMII specification.

40.1.3.3 Use of 1000BASE-T PHY for point-to-point communication

The 1000BASE-T PHY, in conjunction with the MAC specified in clauses 1-4 (including parameterized val-
ues in 4.4.2.3 to support 1000 Mb/s operation) may be used at both ends of a link for point-to-point applica-

Copyright © 1997 IEEE. All rights reserved.
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tions between two DTEs. Such a configuration does not require a repeater. In this case each PHY may
connect through an GMII to its respective DTE. Optionally, either PHY (or both PHYs) may be incorporated
into the DTEs without an exposed GMII.

40.1.3.4 Auto-Negotiation requirement

Full Auto-Negotiation, as specified in clause 28, shall be included in all compliant implementations.

40.1.4 State diagram conventions

The body of this clause and its associated annexes contain state diagrams, including definitions of variables,

constants and functions. Should there be a discrepancy between a state diagram and descriptive text, the
state diagram shall prevail. The notation used in the state diagrams follows the conventions of 21.5.

Copyright © 1997 IEEE. All rights reserved.
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40.2 Signaling

Signaling for 1000BASE-T is performed in the Physical Coding Sublayer (PCS), which generates continu-
ous quinary symbol sequences that are passed to the PMA for transmission over each wire pair. The signal-
ing scheme achieves a nhumber of objectives including:

a) Gray-coded symbol mapping for data

b) uncorrelated symbols in the transmitted symbol stream

c) no correlation between symbol streams travelling both directions on a single pair

d) no correlation between symbol streams on pairs A, B, C and D

e) no correlation between symbol streams on adjacent services in the same cable bundle

f)  identical distribution of symbols in data and idle modes

g) ability to rapidly or immediately determine if a symbol stream represents data or idle

h)  robust delimiters for SSD, ESD, and other control signals

i) ability to signal the status of the local receiver to the remote PHY to indicate that the local receiver is
not operating reliably and requires retraining

j)  ability of the implementor to utilize available training algorithms

The PCS operates in two basic modes, normal mode or training mode. In normal mode, the tx_mode param-
eter is set to SEND_N by the PHY Control function, and the PCS generates symbols sequences that repre-
senting data or idle streams. In training mode, the transmitter is disabled from sending data, and it is directed
by PHY Control to send idle symbols (when tx_mode = SEND_I) which enables the receiver at the other end
to train until it is ready to operate in normal mode. The PCS reference diagram is shown in figure 40-5.

Copyright © 1997 IEEE. All rights reserved.
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40.3 PHY Control functional specifications and service interface
40.3.1 PHY Control function

PHY Control generates the control actions that are needed to bring the PHY in a mode of operation during
which packets can be exchanged with the link partner. PHY Control shall comply with the state diagram
description given in figure 40-4.

During Auto-Negotiation, PHY Control ensures that the transmitter is disabled. When the Auto-Negotiation
process asserts link_control=ENABLE, PHY Control enters the SLAVE DFE CONVERGENCE state. Dur-
ing this state, the actions of PHY Control are dependent upon whether the PHY operates in Master mode or
in Slave mode, but the PHY Control enforces transmission of zeros by setting tx_mode=SEND_Z. If in Mas-
ter mode, the PHY asserts loc_rcvr_status = RNOK and enters the MASTER ECHO CONVERGENCE state
immediately. In Slave mode, the PHY asserts loc_rcvr_status = RNOK and enters the SLAVE ECHO CON-
VERGENCE state only after it performs acquisition of initial adaptive filter parameters as desired.

In either ECHO CONVERGENCE states, PHY Control enforces transmission in the idle mode by setting
tx_mode=SEND_| and the PHY transmits sequences of ternary symbols. When the PHY detects valid
1000BASE-T signal reception from the remote PHY, it transitions out of these states. In Master mode, the
PHY enters the MASTER DFE CONVERGENCE state and PHY CONTROL enforces transmission of
zeros by setting tx_mode=SEND_Z. After the Master PHY performs acquisition of initial adaptive filter
parameters as desired, the PHY asserts loc_rcvr_status=RNOK and enters the TRAINING state. In Slave
mode, the PHY enters the TRAINING state directly from its ECHO CONVERGENCE state.

The TRAINING state is where the final convergence of the adaptive filter parameters and the timing acqui-
sition is completed. After the PHY completes successful training and establishes proper receiver operations,
PCS Receive asserts the parameter loc_rcvr_status=OK, and PCS Transmit conveys this information to the
link partner via ternary transmission. The criterion for setting the parameter loc_rcvr_status is left to the
implementor. It can be based, for example, on observing the mean-square error at the decision point of the
receiver or detecting errors during reception of symbol streams that represent the idle mode. Upon observa-
tion that the remote PHY also operates reliably (rem_rcvr_status=OK), the normal mode of operation is
entered where transmission of packets over the link segment can take place.

The normal mode of operation corresponds to the SEND IDLE OR DATA state, where PHY Control asserts
tx_mode=SEND_N. In this state, when no packets have to be sent, idle mode transmission takes place.

If during the normal mode of operation unsatisfactory receiver operation is detected
(loc_rcvr_status=RNOK), transmission of the current packet, if any, is completed and PHY Control enters
the TRAINING state. If unsatisfactory clock recovery operation is detected (loc_rcvr_status=TNOK), trans-
mission of the current packet, if any, is completed and PHY Control enters the SLAVE DFE CONVER-
GENCE state.

Whenever a PHY that operates reliably detects unsatisfactory operation of the remote PHY
(rem_rcvr_status=NOT_OK), it enters the SEND IDLE state where tx_mode=SEND_1| is asserted and idle
transmission takes place. In this state, encoding is performed with the parameter loc_rcvr_status = OK. As
soon as the remote PHY signals satisfactory receiver operation (rem_rcvr_status=0K), the SEND IDLE OR
DATA state is entered. Note that if in the SEND IDLE state loc_rcvr_status takes the value RNOK, transi-
tion to the TRAINING state occurs, and if loc_rcvr_status takes the value TNOK, transition to the SLAVE
DFE CONVERGENCE state occurs.

PHY Control may force the transmit scrambler state to be initialized to an arbitrary value by requesting the
execution of the PCS Reset function defined in 40.4.1.1.
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40.3.2 PHY Control Service interface

The following specifies the services provided by PHY Control. These services are described in an abstract
manner and do not imply any particular implementation.

The following primitives are defined:

PHYC_CONFIG.indicate
PHYC_CODING.indicate
PHYC_TXMODE.indicate
PHYC_RXSTATUS.request
PHYC_REMRXSTATUS.request

The parameter link_control is identical to the link_control parameter defined for the PMA Service interface
in 40.5.2.4.

40.3.2.1 PHYC_CONFIG.indicate
Each PHY in a 1000BASE-T link is configured as a master PHY or as a slave PHY. Master/slave configura-
tion is determined during Auto-Negotiation (40.6). The result of this negotiation is provided to PHY Con-
trol.
40.3.2.1.1 Semantics of the primitive

PHYC_CONFIG.indicate (config)
PHYC_CONFIG.indicate specifies to PCS and PMA Clock Recovery via the parameter config whether the
PHY must operate as a master PHY or as a slave PHY. The parameter config can take on one of two values

of the form:

MASTER This value is continuously asserted when the PHY must operate as a master PHY.
SLAVE This value is continuously asserted when the PHY must operate as a slave PHY.

40.3.2.1.2 When generated

PHY Control shall generate PHYC_CONFIG.indicate messages synchronously with every GMII RX_CLK
cycle.

40.3.2.1.3 Effect of receipt

Upon reception of this primitive, PCS and PMA Clock Recovery shall perform their functions in master or
slave configuration according to the value assumed by the parameter config.

40.3.2.2 PHYC_CODING.indicate

Each PHY in a 1000BASE-T link can employ a convolutional decoder in the receiver in order to improve its
Bit Error Rate performance. The PCS Transmit function shall be capable of convolutionally encoding the
data stream as per the link partner’'s decoding ability. The link partner’s decoding ability is determined dur-
ing Auto-Negotiation (40.6). The result of this negotiation is provided to PHY Control.
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40.3.2.2.1 Semantics of the primitive

PHYC_CODING.indicate (coding_enable)
PHYC_CODING.indicate specifies to PCS via the parameter coding_enable whether the PHY must use a
three-state convolutional encoder or not. The parameter coding_enable can take on one of two values of the

form:

ON This value is continuously asserted when the PHY must enable convolutional encoding.
OFF This value is continuously asserted when the PHY must disable convolutional encoding.

40.3.2.2.2 When generated

PHY Control shall generate PHYC_CODING.indicate messages synchronously with every GMII RX_CLK
cycle.

40.3.2.2.3 Effect of receipt

Upon reception of this primitive, PCS shall perform its encoding functions according to the value assumed
by the parameter coding_enable.

40.3.2.3 PHYC_TXMODE.indicate

The transmitter in a 1000BASE-T link normally sends over the four pairs, quinary symbols that can repre-
sent an GMII data stream or the idle mode.

40.3.2.3.1 Semantics of the primitive
PHYC_TXMODE.indicate (tx_mode)

PHYC_TXMODE.indicate specifies to PCS Transmit via the parameter tx_mode what sequence of quinary
symbols the PCS should be transmitting. The parameter tx_mode can take on one of three values of the
form:

SEND_N This value is continuously asserted when transmission of sequences of quinary symbols
representing an GMII data stream or the idle mode is to take place.

SEND_| This value is continuously asserted in case transmission of sequences of ternary symbols
representing the idle mode is to take place.

SEND_Z This value is continuously asserted in case transmission of zeros is required.
40.3.2.3.2 When generated

PHY Control shall generate PHYC_TXMODE.indicate messages synchronously with every GMII RX_CLK
cycle.

40.3.2.3.3 Effect of receipt

Upon receipt of this primitive, the PCS shall perform its Transmit function as described in 40.4.1.2.
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40.3.2.4 PHYC_RXSTATUS.request
This primitive is generated by PCS Receive to communicate the status of the receive link for the local PHY.
The parameter loc_rcvr_status conveys to PHY Control and Link Monitor the information on whether the
status of the overall receive link is satisfactory or not. Note that loc_rcvr_status is used by PCS Transmit
encoding functions.
40.3.2.4.1 Semantics of the primitive

PHYC_RXSTATUS.request (loc_rcvr_status)

The loc_rcvr_status parameter can take on one of three values of the form:

OK This value is asserted and remains true during reliable operation of the receive link for the
local PHY.
RNOK This value is asserted whenever operation of the receive link for the local PHY is

unreliable, but the receive clock recovery operation may be reliable.

TNOK This value is asserted whenever operation of the receive link for the local PHY, including
the receive clock recovery operation is completely unreliable.

40.3.2.4.2 When generated

PCS Receive shall generate PHYC_RXSTATUS.request messages synchronously with signals received at
the Gigabit Media Dependent Interface. It shall prevent that the value of the parameter loc_rcvr_status is
modified while TX_EN=1 in order to avoid that a transition from data to idle mode or from idle to data
mode occurs while a packet is being presented to the PCS at the GMII.

40.3.2.4.3 Effect of receipt

The effect of receipt of this primitive is specified in 40.3.5 and 40.5.1.3.3.

40.3.2.5 PHYC_REMRXSTATUS.request

This primitive is generated by PCS Receive to indicate the status of the receive link as communicated by the
remote PHY. The parameter rem_rcvr_status conveys to PHY Control the information on whether reliable
operation of the remote PHY is detected or not.

40.3.2.5.1 Semantics of the primitive

PHYC_REMRXSTATUS.request (rem_rcvr_status)

The rem_rcvr_status parameter can take on one of two values of the form:

OK The receive link for the remote PHY is operating reliably.
NOT_OK Reliable operation of the receive link for the remote PHY is not detected.

40.3.2.5.2 When generated

The PCS shall generate PHYC_REMRXSTATUS.request messages synchronously with signals received at
the GMDI.
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40.3.2.5.3 Effect of receipt
The effect of receipt of this primitive is specified in 40.3.5.

40.3.3 State diagram variables

link_control

See 40.5.1.3.1.
link_status

See 40.5.1.3.1.
config

See 40.3.2.1.1.
signal_detect

See 40.5.1.3.1.

loc_rcvr_status
Variable set by the PCS Receive function to indicate correct or incorrect operation of the receive
link for the local PHY.

Values: OK: the receive link for the local PHY is operating reliably,
RNOK: operation of the receive link for the local PHY is not reliable, but the
clock recovery operation may be reliable.
TNOK: operation of the receive link for the local PHY, including the clock
recovery circuit operation, is completely unreliable.

pma_reset
Allows reset of all PMA functions.
Values: ON and OFF
Set by: PMA Reset

rem_rcvr_status
Variable set by the PCS Receive function to indicate whether correct operation of the receive link
for the remote PHY is detected or not.

Values: OK: the receive link for the remote PHY is operating reliably,
NOT_OK: reliable operation of the receive link for the remote PHY is not
detected.
tx_mode

PCS Transmit shall send quinary symbols according to the value assumed by this variable.

Values: SEND_N: transmission of sequences of quinary symbols representing a GMII
data stream, the idle mode, or control signals shall take place,
SEND_I: transmission of sequences of ternary symbols representing the idle
mode shall take place.
SEND_Z: transmission of zero symbols shall take place.

40.3.4 State diagram timers

All timers operate in the manner described in 14.2.3.2 with the following addition. A timer is reset and stops
counting upon entering a state where ‘stop x_timer’ is asserted.
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maxwait_timer
A timer used to measure the amount of time during which a receiver dwells in the DFE/ECHO
CONVERGENCE and TRAINING states. The timer shall expire 750 ms after entering the
SLAVE DFE CONVERGENCE state.

minwait_timer
A timer used to measure the amount of time during which a receiver waits in a particular state
before being allowed to leave that state. The timer shall expire 128TxisGter being started.

Copyright © 1997 IEEE. All rights reserved.
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40.3.5 PHY Control state diagram

link_control = DISABLE +
pma_reset = ON

v

DISABLE 1000BASE-T-TRANSMITTER

link_control = ENABLE
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SLAVE DFE CONVERGENCE
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Start maxwait_timer
Start minwait_timer
tx_mode <= SEND_Z

config = MASTER

y

MASTER ECHO CONVERGENCE

tx_mode <= SEND_| y

loc_rcvr_status = RNOK *
config = SLAVE *
minwait_timer_done *

minwait_timer_done *
signal_detect = TRUE

v

SLAVE ECHO CONVERGENCE

MASTER DFE CONVERGENCE

Start minwait_timer
tx_mode <= SEND_|

Start minwait_timer
tx_mode <= SEND_Z

minwait_timer_done *
loc_rcvr_status = RNOK

* v

A

minwait_timer_done *
signal_detect = TRUE

TRAINING

minwait_timer_done *
loc_rcvr_status = OK *
rem_rcvr_status = OK

]

v

Start minwait_timer
tx_mode < SEND_|

[

minwait_timer_done *

SEND IDLE OR DATA| rem_rcvr_status = OK

loc_rcvr_status = OK *

minwait_timer_done *
loc_rcvr_status = OK *

rem_rcvr_status = NOT_OK

SEND IDLE

Stop maxwait_timer [«
Start minwait_timer >
tx_mode <= SEND_N

<

minwait_timer_done *
loc_rcvr_status = OK *

minwait_timer_done *
loc_rcvr_status = RNOK

Stop maxwait_timer
Start minwait_timer
tx_mode < SEND_I

rem_rcvr_status = NOT_OK

minwait_timer_done *
loc_rcvr_status = TNOK

minwait_timer_done *
loc_rcvr_status = RNOK

minwait_timer_done *
loc_rcvr_status = TNOK

Figure 40-4—PHY Control state diagram
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40.4 PCS functional specifications

The PCS comprises one PCS Reset function and four simultaneous and asynchronous operating functions.
The PCS operating functions are: PCS Transmit, PCS Receive, PCS Carrier Sense, and PCS Collision Pres-
ence. All operating functions start immediately after the successful completion of the PCS Reset function.

The PCS reference diagram, figure 40-5, shows how the four operating functions relate to the messages of
the PCS-PMA and the PCS-PHY Control interfaces. Connections from the management interface (signals
MDC and MDIO) to other layers are pervasive, and are not shown in figure 40-5. The management func-
tions are specified in clause 30. See also figure 40-7, which defines the structure of frames passed from PCS
to PMA.

PHY CONTROL coding_enable A A
SERVICE —— ]
INTERFACE config
tx_mode R
i > loc_rcvr_status
TX_CLK  ¢——— 4 link_status
TXD<7:0> —Pp PCS
TX_ER » TRANSMIT >  x_symb_vector
TX_EN »
- PCS <
5| COLLISION
coL < PRESENCE [«
| PCS CARRIER
CRS < > SENSE -
’ece“’i”E loc_rcvr_status
N rem_rcvr_status
y
RX_CLK <+
RXD<7:0> <— PCs
RX_DV <4——| RECEIVE [
RX_ER <+— < rx_symb_vector
<_
rxerror_status
GIGABIT
MEDIA
INDEPENDENT PMA SERVICE
INTERFACE INTERFACE
(GMII)

Figure 40-5—PCS reference diagram

40.4.1 PCS functions
40.4.1.1 PCS Reset function

The PCS Reset function shall be executed any time one of three conditions occur. These three conditions are
“power on”, the receipt of a request for reset from the management entity, and the receipt of a request for
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reset from PHY Control. PCS Reset initializes all PCS functions. PCS Reset sets pcs_reset = ON for the
duration of its reset function. All state diagrams take the open-ended pcs_reset branch upon execution of
PCS Reset. The reference diagrams do not explicitly show the PCS Reset function.

40.4.1.2 PCS Transmit function
The PCS Transmit function shall conform to the PCS Transmit state diagram in figure 40-9.

In normal mode of operation, the tx_mode parameter, which is transferred from PHY Control to the PCS via
the PHYC_TXMODE.indicate message, assumes the value tx_mode=SEND_N, and the PCS Transmit func-
tion generates at each symbol period pairs of quinary symbols that represent data or the idle mode. A symbol
period T is equal to 8 ns. A time index n, where n is an integer, is introduced to establish a temporal relation-
ship between different symbol periods. The tx_symb_vector parameter at time n is a four-element vector of
quinary symbols (4 B,, C, D,) that is transferred to the PMA via PMA_UNITDATA.request. The PMA

shall transmit symbols A B,,, C,, and O, over wire pairs BI_DA, BI_DB, BI_DC, and BI_DD respectively.

During transmission of data, the eight bits representing the TXD<7:0> data byte are scrambled by the PCS
using a side-stream scrambler, then encoded into a quartet of quinary symbols and transferred to the PMA.
During data encoding, the PCS Transmit additionally utilizes a three-state convolutional encoder if the vari-
able coding_enable is ON. The idle mode is signaled by a sequence of quartets of quinary symbols which are
also generated using the side-stream transmit scrambler. However, the encoding rules by which the quinary
symbols are obtained are different for the data and the idle modes. This allows, at the receiver, sequences of
quinary symbol quartets that represent data to be distinguished from sequences of quinary symbol quartets
that represent the idle mode. A transition from the idle mode to the data mode is signalled by inserting a
Start-of-Stream delimiter that consists of a pattern of two consecutive quartets of quinary symbols. Simi-
larly, the end of transmission of data is signalled by an End-of-Stream delimiter that also consists of a pat-
tern of two consecutive quartets of quinary symbols. Further patterns are reserved for signaling the assertion
of TX_ER within a stream of data, Carrier Extension and other control functions.

If tx_mode = SEND_|I is asserted, PCS Transmit generates sequences of symbol vectBgs G4 D)
according to the encoding rule in training mode. Training mode encoding takes into account the value of the
parameter loc_rcvr_status. By this mechanism, a PHY indicates during idle transmission the status of its
own receiver to the link partner.

PCS encoding involves the generation of the four-bit wor¢g3SX, Sy,[3:0], and S¢[3:0] from which the
quinary symbols (A By, C,, D, are obtained. The four-bit words $X0], Sy;[3:0] and Sg[3:0] are deter-

mined as explained in 40.4.1.2.2, from sequences of random binary symbols derived from the transmit side-
stream scrambler.

40.4.1.2.1 Side-stream scrambler polynomials
The PCS Transmit function employs side-stream scrambling. If the parameter config provided to the PCS by
the PHY Control function via the PHYC_CONFIG.indicate message assumes the value MASTER, PCS
Transmit shall employ

gu(x) = 1+ X2 x>
as transmitter side-stream scrambler generator polynomial. If config = SLAVE, PCS Transmit shall employ

gs(x) = 1+ X0+ 3

as transmitter side-stream scrambler generator polynomial. The implementation of master and slave PHY
side-stream scramblers by linear-feedback shift registers is shown in figure 40-6. The bits stored in the shift
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register delay line at time n are denoted by, [8@r0]. At each symbol period, the shift register is advanced

by one bit and one new bit represented by, [Btfis generated. The transmitter side-stream scrambler is
reset upon execution of the PCS Reset function. If PCS Reset is executed, all bits of the 33-bit vector repre-
senting the side-stream scrambler state are arbitrarily set. The initialization of the scrambler state is left to
the implementor.

Side-stream scrambler employed by the master PHY

Scr,[0] Scry[1] Scrn[lz] Scr,[13] Scry[31] Scry,[32]
Rl il oo K Rl e i K e dEl
Y
DN
<

Side-stream scrambler employed by the slave PHY

Scr,[0] Scry[1] Scr,[19] Scr,[20] Scr,[31] Scr,[32]
Al Bl e Killn o Rl et [l pns
' ‘
MNe
<

Figure 40-6—Realization of side-stream scramblers by linear feedback shift registers

40.4.1.2.2 Generation of bits Sx ,[3:0], Sy ,[3:0] and Sg ,[3:0]

PCS Transmit encoding rules are based on the generation, at time n, of the twelvg[®i®§, B¥,[3:0],
and Sg[3:0]. The eight bits, S§3:0] and Sy[3:0] are used to generate the scrambler byi¢73y for
decorrelating the GMII data word Tx_D<7:0> during data transmission and for generating the idle and train-
ing symbols. The four bits $f$:0] are used to randomize the signs of the quinary symbgIB{AC,, D,)
so that each symbol stream has no DC bias. These twelve bits are generated in a systematic fashion using
three bits, X, Y, and Scy[0], and an auxiliary generating polynomial, g(x). The two bits, &hd Y, are
mutually uncorrelated and also uncorrelated with the bif{@ciFor both master and slave PHYs, they are
obtained by the same linear combinations of bits stored in the transmit scrambler shift register delay line.
These two bits are derived from elements of the same maximum-length shift register sequence of length
2¥_1 as Scg[0], but shifted in time. The associated delays are all large and different, such that there is
no apparent correlation among the bits B3r X, and Y,. The bits, X, and Y, are generated as follows

Xn = Scr[4] 0 Scr[6]

Y, = Scr[1] © Scry[5]
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where O denotes the XOR logic operator. From the three Qit¥ Xand Sc[0], further mutually uncor-
related bit streams are obtained systematically using the generating polynomial

gx)=x o &

The four bits, Sy[3:0] are generated using the bit $0t and g(x) as

Sy[0] = Scry[0]

Sw[1] = g(Scry[0]) = Scrp[3] o Scry[8]

Sy[2] = gX(Sci[0]) = Scr[6] o Scry[16]

Sy[3] = g3(Scr[0]) = Scry[9] o0 Scry[14] o Scry[19] o Scr,[24]

The four bits, SY3:0] are generated using the bit #nd g(x) as in the following equations.
S¥[0] = X, = Scry[4] 0 Scry[6]

Sx[1] = g(X,) = Scr[7] 0 Scry[9] 0 Scry[12] o0 Scr,[14]

Sx[2] = g%(X,) = Scr[10] © Scry[12] o Scr20] o Scr[22]

Sx[3] = g3(X,) = Scr[13] © Scry[15] o Scr18] o Scr[20] ©
Scr[23] 0 Scr[25] 0 Scry[28] 0 Scry[30]

The four bits, Sg3:0] are generated using the bit ¥nd g(x) as in the following equations.
Say[0] =Y, =Scr[1] o Scry[5]

Sai[1] = g(Yn) = Scry[4] 0 Scry[8] 0 Scry[9] © Scry[13]

Sg2] = g(Y,) = Scr[7] © Scr[11] 0 Scr17] o Scr[21]

Sq,[3] = g3(Y,) = Scr[10] © Scr[14] o Scr15] o0 Scr[19] O
Scr[20] © Scr[24] 0 Scry[25] 0 Scry[29]

By construction, the twelve bits, §8:0], Sy,[3:0] and Sg[3:0] are derived from elements of the same

maximum-length shift register sequence of Iengch33—1 ag[@crbut shifted in time by varying

delays. The associated delays are all large and different, such that there is no apparent correlation among the bits.
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40.4.1.2.3 Generation of bits Sc ,[7:0]

The bits Sg[7:0] are used to scramble the GMII data byte Tx_D[7:0] and for idle and training mode symbol

generation. The definition of these bits is dependent upon the R[&@xSy,[3:0] specified in 40.4.1.2.2,
the variable tx_mode obtained through the PHY Control Service Interface, the variable tx, andhilee

time index, n.If tx_mode = SEND_N and data transmission is enabled as shown in figure 40-8, the encoding

rule is determined by the value of the signal tx_engigigen by

Tx_EN, if (data_transmission_enablgd
tx_enablg= — 0
else

where Tx_EN represents the GMII signal Tx_EN at time n. Likewise, tx_grisdefined as Tx_EfRwhen
data transmission is enabled, where Tx, E#presents the GMII signal Tx_ER at time n.

The four bits Sg[7:4] are defined as follows

—S)ﬁ[310] if (tx_enablg = 1)

SGl741= 1 [000 Oelse

The bits Sg[3:1] are defined as follows

[ 0 0 O] if (tx_mode = SEND_Z)
SG[3:1] = —  Sy,[3:1] elseif ((loc_rcvr_status = OK) and (g)r= 0 (mod 2))
(SH-1[3:1]®[1 1 1)) else

where i denotes the time index of the last transmitter side-stream scrambler reset.

The bit S¢[0] is defined as follows

Oif (tx_mode = SEND_Z2)
SG[0] = —  Sw[0] elseif ((tx_mode = SEND_I) or (ngh= 0 (mod 2))
(SW-1[0] ® 1) else

where i denotes the time index of the last transmitter side-stream scrambler reset.
40.4.1.2.4 Generation of bits Sd [8:0]

The PCS Transmit function generates a nine-bit worg[83@] that represent either a convolutionally
encoded stream of data or an idle or training mode word. If tx_gmafblegransmission of a stream of data
takes place and the convolutional encoder is used if the variable coding_enable = ON.

The convolutional encoder uses a 3-bit worgZ8] which is defined as follows
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| Sd6] @ cs,.4[0] if (cod ble=ON anik_enable_, = 1

csl] = — ch[6] & C$,-1[0] if (coding_enable antk_enablg , = 1)
Oelse

| SG|7] ®Cs,4[1] f (coding_enable=ON anix_enablg, = 1

cq,l[Z] = _| OqWI[ ]@ 311[ ] if (coding_enable antk_enable_, = 1)
else

Ccs[0] = csp-a[2]
from which S¢|[8] is obtained as
Sdy[8] = csp[0]

The convolutional encoder bits are non-zero only during the transmission of data. Upon the completion of a
data packet, the convolutional encoder bits are reset using the bit gsFasabit csresgtis defined as

csreset = (tx_enablg_,) and(not tx_enablg)

The bits S¢[7:6] are derived from the bits §&:6], the GMII data bits Tx_[I7:6], and from the convolu-
tional encoder bits as

—Sq,[7] ® Tx_Dy[7] if (cSreset=0 andtx_enablg., = 1)

SA[7] = — CS.1[l] else if €sreset=1)
Sg|[7] else

—Sq,[6] ® Tx_D,[6] if (csreset=0 andtx_enablg_, = 1)

Sd[6] = — C%.1[0] else if €csreset=1)
Sg,[6] else

The bits S¢[5:2] are derived from the bits §6:2] and the GMII data bits Tx_[[5:2] as

—Sq,[5:2] @ Tx_Dy[5:2] if (tx_enablg., = 1)
SG[5:2] else

Sd,[5:2] = —

The bits Sg[1:0] are used to transmit Carrier Extension information during tx_mode=SEND_N and are thus
dependent upon the bits cgaind cext_ey. These bits are defined as

—tx_errorn if ((tx_enablg = 0) and TX_Dy[7:0] = OxXOF))
cext = —
Oelse
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[ tx_error, if (tx_enablg = 0) and Tx_D[7:0] = OX1F))
cext_erp, = Oel
else
—Scn[l] @ Tx_D[1] if (tx_enablg., = 1)
Sthi1] = Sg[1] @ cext_erpelse
—SCn[O] @ Tx_D[0] if (tx_enablg., = 1)
Sthi0] =+ SG,[0] & cext, else

40.4.1.2.5 Generation of Quinary Symbols TA |, TB,, TC,, TD,

The nine-bit word Sg8:0] is mapped to a quartet of quinary symbols {TAB,, TC,, TD,) according to
table 40-1 and table 40-2.

Encoding of error indication:

If tx_error,=1 is asserted when the condition (tx_enabléx_enablg_o) = 1, where “*” denotes the logic

AND operator, error indication is signaled by means of symbol substitution. In this condition, the values of
Sd,[5:0] are ignored by PCS Transmit and the symbols corresponding to the row denoted as “Xmt_Err” in
table 40-1 and table 40-2 shall be used.

Encoding of Convolutional Encoder Reset:

If tx_error,=0 is asserted when the variabBreset = 1, the convolutional encoder reset condition is normal.

This condition is indicated by means of symbol substitution, where the values[6f0fdre ignored by

PCS Transmit and the symbols corresponding to the row denoted as “CSReset” in table 40-1 and table 40-2
shall be used.

Encoding of Carrier Extension during Convolutional Encoder Reset:

If tx_error,=1 is asserted when the varialoreset = 1, the convolutional encoder reset condition must
indicate carrier extension. In this condition, the values ¢f530] are ignored by PCS Transmit and the
symbols corresponding to the row denoted as “CSExtend” in table 40-1 and table 40-2 shall be used when
TxD,, = OX’OF, and the row denoted as “CSExtend_Err” in table 40-1 and table 40-2 shall be used when
TxD,, = Ox'1F. The latter condition denotes Carrier Extension with Error. In case Carrier Extension with
Error is indicated during the first byte of csreset, the Error condition shall be encoded during the second byte
of csreset, and during the subsequent two bytes of the End-of-Stream delimiter as well. Thus, the Error con-
dition is assumed to persist during the symbol substitutions at the End-of-Stream.

Encoding of Start-of-Stream Delimiter:

The Start-of-Stream Delimiter (*SSD”) is related to the condition $S[iix_enablg) * (! tx_enablg,_ ) =

1, where “*” and “I” denote the logic AND and NOT operators, respectively. For the generation of “SSD”,
PCS Transmit replaces the first two bytes of the preamble in a data stream with the symbols corresponding
to the rows denoted as SSD1 and SSD2 respectively in table 40-1. The symbols corresponding to the SSD1
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row shall be used when the condition (tx_engbtg! tx_enablg,_;) = 1. The symbols corresponding to the
SSD2 row shall be used when the condition (tx_enaple(! tx_enable, ) = 1.

Encoding of End-of-Stream Delimiter:
The definition of an End-of-Stream Delimiter (“‘ESD”) is related to the condition EDix_enablg_,) *
(tn_enablg_4) = 1. This occurs during the third and fourth symbol periods after transmission of the last byte

of a data stream.

If Carrier Extend Error is indicated during ESD, that is, when tx_grfrdrand Tx_[} = 0x'1F, the symbols

corresponding to the ESD_Ext_Err row shall be used.

The symbols corresponding to the ESD1 row in table 40-1 shall be used when the condition (!tx_£nable

* (tx_enablg, ) = 1, in the absence of Carrier Extend Error indication at time n.

The symbols corresponding to the ESD2_Ext 0 row in table 40-1 shall be used when the condition

('tx_enablg_g) * (tx_enablg_,) * (tx_error,) * (tx_error,_y) = 1.

The symbols corresponding to the ESD2_Ext 1 row in table 40-1 shall be used when the condition

(tx_enablg_g) * (tx_enableg_,) * (Itx_error,) * (tx_error,_ 4) = 1.

The symbols corresponding to the ESD2_Ext 2 row in table 40-1 shall be used when the condition
('tx_enablg_g) * (tx_enablg_, * (tx_error) * (tx_error,_1) = 1, in the absence of Carrier Extend Error indi-

cation.
Table 40-1—Bit-to-Symbol Mapping (Even Subsets)
Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = Sd,[6:8] =
[000] [010] [100] [110]
Condition Sdy[5:0] TA,, TB,,TCh | TALTBLTCH | TALTBLTCH | TALTB,LTCh,
T n T n T n T n
Normal 000000 0,0,0,0 0,0,+1,+1 0,+1,+1,0 0,+1, 0,+1
Normal 000001 -2,0,0,0 -2,0,+1,+1 -2,+1,+1,0 -2,+1, 0,+1
Normal 000010 0,-2,0,0 0,-2,+1,+1 0,-1,+1,0 0,-1, 0,+1
Normal 000011 -2,-2,0,0 -2,-2,+1,+1 -2,-1,+1,0 -2,-1,0,+1
Normal 000100 0,0,-2,0 0,0,-1,+1 0,+1,-1,0 0,+1,-2,+1
Normal 000101 -2,0,-2,0 -2,0,-1,+1 -2,+1,-1, 0 -2,+1,-2,+1
Normal 000110 0,-2,-2,0 0,-2,-1,+1 0,-1,-1,0 0,-1,-2,+1
Normal 000111 -2,-2,-2,0 -2,-2,-1,+1 -2,-1,-1,0 -2,-1,-2,+1
Normal 001000 0,0,0,-2 0,0,+1,-1 0,+1,+1,-2 0,+1,0,-1
Normal 001001 -2,0,0,-2 -2,0,+1,-1 -2,+41,+1,-2 -2,+1,0,-1
Normal 001010 0,-2,0,-2 0,-2,+1,-1 0,-1,+1,-2 0,-1,0,-1
Normal 001011 -2,-2,0,-2 -2,-2,+1,-1 -2,-1,+1,-2 -2,-1,0,-1
Normal 001100 0, 0,-2,-2 0,0,-1,-1 0,+1,-1,-2 0,+1,-2,-1
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Table 40-1—Bit-to-Symbol Mapping (Even Subsets)
Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = Sd,[6:8] =
[000] [010] [100] [110]
Condition Sdy[5:0] TA,,TB,,7Ch | TALTBLTCH | TALTBLTCH | TALTB,LTCh,
D, D, D, D,

Normal 001101 -2,0,-2,-2 -2,0,-1,-1 -2,41,-1,-2 -2,+1,-2,-1
Normal 001110 0,-2,-2,-2 0,-2,-1,-1 0,-1,-1,-2 0,-1,-2,-1
Normal 001111 -2,-2,-2,-2 -2,-2,-1,-1 -2,-1,-1,-2 -2,-1,-2,-1
Normal 010000 +1,+1,+1,+1 +1,+1,0,0 +1,0,0,+1 +1,0,+1,0
Normal 010001 -1,41,+1,+1 -1,+41,0,0 -1,0,0,+1 -1,0,+1,0
Normal 010010 +1,-1,+1,+1 +1,-1,0,0 +1,-2, 0,+1 +1,-2,+1,0
Normal 010011 -1,-1,41,+1 -1,-1,0,0 -1,-2,0,+1 -1,-2,+1,0
Normal 010100 +1,+1,-1,+1 +1,+1,-2,0 +1,0,-2,+1 +1,0,-1,0
Normal 010101 -1,41,-1,+1 -1,+41,-2,0 -1,0,-2,+1 -1,0,-1,0
Normal 010110 +1,-1,-1,+1 +1,-1,-2,0 +1,-2,-2,+1 +1,-2,-1, 0
Normal 010111 -1,-1,-1,+1 -1,-1,-2,0 -1,-2,-2,+1 -1,-2,-1,0
Normal 011000 +1,+1,+1,-1 +1,+1, 0,-2 +1,0,0,-1 +1,0,+1,-2
Normal 011001 -1,+1,+1,-1 -1,+1,0,-2 -1,0,0,-1 -1, 0,+1,-2
Normal 011010 +1,-1,+1,-1 +1,-1, 0,-2 +1,-2,0,-1 +1,-2,+1,-2
Normal 011011 -1,-1,+1,-1 -1,-1,0,-2 -1,-2,0,-1 -1,-2,+1,-2
Normal 011100 +1,+1,-1,-1 +1,+1,-2,-2 +1,0,-2,-1 +1,0,-1,-2
Normal 011101 -1,+1,-1,-1 -1,+1,-2,-2 -1,0,-2,-1 -1, 0,-1,-2
Normal 011110 +1,-1,-1,-1 +1,-1,-2,-2 +1,-2,-2,-1 +1,-2,-1,-2
Normal 011111 -1,-1,-1,-1 -1,-1,-2,-2 -1,-2,-2,-1 -1,-2,-1,-2
Normal 100000 +2,0,0,0 +2,0,+1,+1 +2,+1,41,0 +2,+1, 0,+1
Normal 100001 +2,-2,0,0 +2,-2,+1,+1 +2,-1,+1,0 +2,-1, 0,+1
Normal 100010 +2,0,-2,0 +2,0,-1,+1 +2,+1,-1,0 +2,+1,-2,+1
Normal 100011 +2,-2,-2,0 +2,-2,-1,+1 +2,-1,-1, 0 +2,-1,-2,+1
Normal 100100 +2,0,0,-2 +2,0,+1,-1 +2,+1,+1,-2 +2,+1, 0,-1
Normal 100101 +2,-2,0,-2 +2,-2,+1,-1 +2,-1,+1,-2 +2,-1,0,-1
Normal 100110 +2,0,-2,-2 +2,0,-1,-1 +2,+1,-1,-2 +2,+1,-2,-1
Normal 100111 +2,-2,-2,-2 +2,-2,-1,-1 +2,-1,-1,-2 +2,-1,-2,-1
Normal 101000 0,0,+2,0 +1,+1,+2,0 +1,0,+2,+1 0,+1,+2,+1
Normal 101001 -2,0,+2,0 -1,+1,+2,0 -1, 0,+2,+1 -2,+1,+2,+1
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Table 40-1—Bit-to-Symbol Mapping (Even Subsets)
Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = Sd,[6:8] =
[000] [010] [100] [110]
Condition Sdy[5:0] TA,,TB,,7Ch | TALTBLTCH | TALTBLTCH | TALTB,LTCh,
D, D, D, D,

Normal 101010 0,-2,+2,0 +1,-1,+2,0 +1,-2,+2,+1 0,-1,+2,+1
Normal 101011 -2,-2,+2,0 -1,-1,+2,0 -1,-2,+42,+1 -2,-1,+42,+1
Normal 101100 0, 0,+2,-2 +1,+1,+2,-2 +1,0,+2,-1 0,+1,+2,-1
Normal 101101 -2,0,+2,-2 -1,41,+2,-2 -1,0,+2,-1 -2,+41,+2,-1
Normal 101110 0,-2,+2,-2 +1,-1,+2,-2 +1,-2,+2,-1 0,-1,+2,-1
Normal 101111 -2,-2,+2,-2 -1,-1,+2,-2 -1,-2,+2,-1 -2,-1,+42,-1
Normal 110000 0,+2,0,0 0,+2,+1,+1 +1,+2, 0,+1 +1,+2,+1,0
Normal 110001 -2,42,0,0 -2,+2,+1,+1 -1,+2,0,+1 -1,+2,+1,0
Normal 110010 0,+2,-2,0 0,+2,-1,+1 +1,+2,-2,+1 +1,+2,-1,0
Normal 110011 -2,42,-2,0 -2,+2,-1,+1 -1,+2,-2,+1 -1,+2,-1, 0
Normal 110100 0,+2, 0,-2 0,+2,+1,-1 +1,+2, 0,-1 +1,+2,+1,-2
Normal 110101 -2,+2,0,-2 -2,42,+1,-1 -1,+2,0,-1 -1,42,+1,-2
Normal 110110 0,+2,-2,-2 0,+2,-1,-1 +1,+2,-2,-1 +1,+2,-1,-2
Normal 110111 -2,+2,-2,-2 -2,+2,-1,-1 -1,+42,-2,-1 -1,42,-1,-2
Normal 111000 0,0,0,+2 +1,+1, 0,+2 0,+1,+1,+2 +1,0,+1,+2
Normal 111001 -2,0,0,+2 -1,+1, 0,+2 -2,+1,+1,42 -1, 0,+1,+2
Normal 111010 0,-2, 0,+2 +1,-1, 0,+2 0,-1,+1,+2 +1,-2,+1,+2
Normal 111011 -2,-2,0,42 -1,-1,0,+2 -2,-1,+1,42 -1,-2,+1,42
Normal 111100 0, 0,-2,+2 +1,+1,-2,+2 0,+1,-1,+2 +1,0,-1,+2
Normal 111101 -2,0,-2,+2 -1,+1,-2,+2 -2,+1,-1,42 -1,0,-1,+2
Normal 111110 0,-2,-2,+2 +1,-1,-2,+2 0,-1,-1,+2 +1,-2,-1,+2
Normal 111111 -2,-2,-2,+2 -1,-1,-2,+2 -2,-1,-1,+2 -1,-2,-1,+2
Xmt_Err XXXXXX 0,+2,+2,0 +1,+1,+2,+2 +2,+1,+1,+2 +2,+1,+2,+1
CSExtend_Err XXXXXX -2,%2,+2,-2 -1,-1,+42,+2 +2,-1,-1,+2 +2,-1,+2,-1
CSExtend XXXXXX +2,0, 0,+2 +2,+2,+1,+1 +1,42,+2,+1 +1,+2,+1,+2
CSReset XXXXXX +2,-2,-2,+2 +2,+2,-1,-1 -1,+42,+2,-1 -1,+42,-1,+2
SSD1 XXXXXX +2,+2,+2,+2 NA NA NA
SSD2 XXXXXX +2,+2,+2,-2 NA NA NA
ESD1 XXXXXX +2,+2,+2,+2 NA NA NA
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Table 40-1—Bit-to-Symbol Mapping (Even Subsets)
Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = Sd,[6:8] =
[000] [010] [100] [110]
Condition Sdy[5:0] TA,,TB,,7Ch | TALTBLTCH | TALTBLTCH | TALTB,LTCh,
D, D, D, D,
ESD2_Ext O XXXXXX +2,+2,+2,-2 NA NA NA
ESD2_Ext 1 XXXXXX +2,42,-2,+2 NA NA NA
ESD2_Ext 2 XXXXXX +2,-2,+2,+2 NA NA NA
ESD_Ext_Err XXXXXX -2,42,+2,+2 NA NA NA
Table 40-2—Bit-to-Symbol Mapping (Odd Subsets)
Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = [111]
[001] [011] [101]
Condition Sdy[5:0] TALTB,,TCh, | TARTBLTC,, | TARTBLTC,, | TALTB,LTC,,
T n T n T n T n
Normal 000000 0,0,0,+1 0,0,+1,0 0,+1,+1,+1 0,+1,0,0
Normal 000001 -2,0,0,+1 -2,0,+1,0 -2,+1,+1,+1 -2,+1,0,0
Normal 000010 0,-2,0,+1 0,-2,+1,0 0,-1,+1,+1 0,-1,0,0
Normal 000011 -2,-2,0,+1 -2,-2,+1, 0 -2,-1,+1,+1 -2,-1,0,0
Normal 000100 0, 0,-2,+1 0,0,-1,0 0,+1,-1,+1 0,+1,-2,0
Normal 000101 -2,0,-2,+1 -2,0,-1,0 -2,+1,-1,+1 -2,+1,-2,0
Normal 000110 0,-2,-2,+1 0,-2,-1,0 0,-1,-1,+1 0,-1,-2,0
Normal 000111 -2,-2,-2,+1 -2,-2,-1,0 -2,-1,-1,+1 -2,-1,-2,0
Normal 001000 0,0,0,-1 0,0,+1,-2 0,+1,+1,-1 0,+1, 0,-2
Normal 001001 -2,0,0,-1 -2,0,+1,-2 -2,+1,+1,-1 -2,+1,0,-2
Normal 001010 0,-2,0,-1 0,-2,+1,-2 0,-1,+1,-1 0,-1, 0,-2
Normal 001011 -2,-2,0,-1 -2,-2,+1,-2 -2,-1,41,-1 -2,-1,0,-2
Normal 001100 0,0,-2,-1 0,0,-1,-2 0,+1,-1,-1 0,+1,-2,-2
Normal 001101 -2,0,-2,-1 -2,0,-1,-2 -2,+1,-1,-1 -2,41,-2,-2
Normal 001110 0,-2,-2,-1 0,-2,-1,-2 0,-1,-1,-1 0,-1,-2,-2
Normal 001111 -2,-2,-2,-1 -2,-2,-1,-2 -2,-1,-1,-1 -2,-1,-2,-2
Normal 010000 +1,+1,+41,0 +1,+1, 0,+1 +1,0,0,0 +1, 0,+1,+1
Normal 010001 -1,+1,+1,0 -1,+1,0,+1 -1,0,0,0 -1,0,+1,+1
Normal 010010 +1,-1,+1,0 +1,-1, 0,+1 +1,-2,0,0 +1,-2,+1,+1
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Table 40-2—Bit-to-Symbol Mapping (Odd Subsets)
Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = [111]
[001] [011] [101]
Condition Sd,[5:0] TALTB,,TCh, | TARTBLTCh, | TARTBLTC,, | TALTB,LTC,,
D, D, D, D,
Normal 010011 -1-1,+1,0 -1,-1,0,+1 -1,-2,0,0 -1,-2,+1,+1
Normal 010100 +1,+1,-1,0 +1,+41,-2,+1 +1,0,-2,0 +1,0,-1,+1
Normal 010101 -1,+41,-1, 0 -1,+1,-2,+1 -1,0,-2,0 -1,0,-1,+1
Normal 010110 +1,-1,-1,0 +1,-1,-2,+1 +1,-2,-2,0 +1,-2,-1,+1
Normal 010111 -1-1,-1,0 -1,-1,-2,+1 -1,-2,-2,0 -1,-2,-1,+1
Normal 011000 +1,+1,+1,-2 +1,+1,0,-1 +1, 0, 0,-2 +1,0,+1,-1
Normal 011001 -1,+1,+1,-2 -1,+1,0,-1 -1,0,0,-2 -1,0,+1,-1
Normal 011010 +1,-1,+1,-2 +1,-1,0,-1 +1,-2,0,-2 +1,-2,+1,-1
Normal 011011 -1,-1,+1,-2 -1,-1,0,-1 -1,-2,0,-2 -1,-2,+1,-1
Normal 011100 +1,+1,-1,-2 +1,+41,-2,-1 +1, 0,-2,-2 +1,0,-1,-1
Normal 011101 -1,+1,-1,-2 -1,41,-2,-1 -1,0,-2,-2 -1,0,-1,-1
Normal 011110 +1,-1,-1,-2 +1,-1,-2,-1 +1,-2,-2,-2 +1,-2,-1,-1
Normal 011111 -1,-1,-1,-2 -1,-1,-2,-1 -1,-2,-2,-2 -1,-2,-1,-1
Normal 100000 +2,0,0,+1 +2,0,41,0 +2,+1,+1,+1 +2,+#1,0,0
Normal 100001 +2,-2,0,+1 +2,-2,+1,0 +2,-1,+1,+1 +2,-1,0,0
Normal 100010 +2,0,-2,+1 +2,0,-1,0 +2,+1,-1,+1 +2,+1,-2,0
Normal 100011 +2,-2,-2,+1 +2,-2,-1, 0 +2,-1,-1,+1 +2,-1,-2,0
Normal 100100 +2,0,0,-1 +2,0,+1,-2 +2,+1,+1,-1 +2,+1, 0,-2
Normal 100101 +2,-2,0,-1 +2,-2,+1,-2 +2,-1,+1,-1 +2,-1, 0,-2
Normal 100110 +2,0,-2,-1 +2,0,-1,-2 +2,+1,-1,-1 +2,+1,-2,-2
Normal 100111 +2,-2,-2,-1 +2,-2,-1,-2 +2,-1,-1,-1 +2,-1,-2,-2
Normal 101000 0, 0,+2,+1 +1,+1,+2,+1 +1,0,+2,0 0,+1,+2,0
Normal 101001 -2,0,+2,+1 -1,+1,42,+1 -1,0,+2,0 -2,+1,+2,0
Normal 101010 0,-2,+2,+1 +1,-1,+2,+1 +1,-2,+2,0 0,-1,+2,0
Normal 101011 -2,-2,+2,+1 -1,-1,42,+1 -1,-2,+2, 0 -2,-1,42, 0
Normal 101100 0,0,+2,-1 +1,+41,+2,-1 +1,0,+2,-2 0,+1,+2,-2
Normal 101101 -2,0,+2,-1 -1,+1,+2,-1 -1,0,+2,-2 -2,+1,+2,-2
Normal 101110 0,-2,+2,-1 +1,-1,+2,-1 +1,-2,+2,-2 0,-1,+2,-2
Normal 101111 -2,-2,+2,-1 -1,-1,+2,-1 -1,-2,42,-2 -2,-1,42,-2

Copyright © 1997 IEEE. All rights reserved.
This is not an approved IEEE Standard.
40-26



O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3

802.3ab/D1.1

1000BASE-T December 10, 1997
Table 40-2—Bit-to-Symbol Mapping (Odd Subsets)
Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = Sd,[6:8] = [111]
[001] [011] [101]
Condition Sd,[5:0] TALTB,,TCh, | TARTBLTCh, | TARTBLTC,, | TALTB,LTC,,
D, D, D, D,
Normal 110000 0,+2,0,+1 0,+2,+1,0 +1,+2,0,0 +1,+2,+1,+1
Normal 110001 -2,+2,0,+1 -2,+2,+1,0 -1,+2,0,0 -1,+2,+1,+1
Normal 110010 0,+2,-2,+1 0,+2,-1,0 +1,+2,-2,0 +1,+2,-1,+1
Normal 110011 -2,+2,-2,+1 -2,+2,-1, 0 -1,+2,-2, 0 -1,42,-1,+1
Normal 110100 0,+2,0,-1 0,+2,+1,-2 +1,+2,0,-2 +1,+2,+1,-1
Normal 110101 -2,+2,0,-1 -2,42,+1,-2 -1,+2, 0,-2 -1,42,+1,-1
Normal 110110 0,+2,-2,-1 0,+2,-1,-2 +1,42,-2,-2 +1,+2,-1,-1
Normal 110111 -2,42,-2,-1 -2,42,-1,-2 -1,42,-2,-2 -1,+2,-1,-1
Normal 111000 +1,+1,+1,+2 0,0,+1,+2 +1, 0, 0,+2 0,+1, 0,+2
Normal 111001 -1,+1,+41,+2 -2,0,+1,+2 -1,0,0,+2 -2,+1, 0,42
Normal 111010 +1,-1,+1,+2 0,-2,+1,+2 +1,-2, 0,+2 0,-1, 0,+2
Normal 111011 -1,-1,+1,42 -2,-2,+1,+2 -1,-2,0,+2 -2,-1,0,+2
Normal 111100 +1,+1,-1,+2 0,0,-1,+2 +1, 0,-2,+2 0,+1,-2,+2
Normal 111101 -1,+1,-1,42 -2,0,-1,+2 -1,0,-2,+2 -2,41,-2,+2
Normal 111110 +1,-1,-1,42 0,-2,-1,+2 +1,-2,-2,+2 0,-1,-2,+2
Normal 111111 -1,-1,-1,+2 -2,-2,-1,+2 -1,-2,-2,+2 -2,-1,-2,+2
Xmt_Err XXXXXX +2,+2, 0,+1 0,+2,+1,+2 +1,+2,+2,0 +2,+1,+2,0
CSExtend_Err XXXXXX +2,+2, -2,-1 -2,42,-1,+2 -1,+2,+2,-2 +2,-1,+2,-2
CSExtend XXXXXX +2,0,+2,+1 +2,0,+1,+2 +1, 0,+2,+2 +2.+1. 0.+2
CSReset XXXXXX +2,-2,+2,-1 +2,-2,-1,+2 -1,-2,+2,+2 +2,-1,-2,+2

40.4.1.2.6 Generation of A , B, Cy,, D,

The four bits Sg[3:0] are used to randomize the signs of the quinary symbg|sB(A G, D,)) so that each
symbol stream has no DC bias. The bits are used to generate binary symbgIsS(ERASNnG, SnD,) that

when multiplied by the quinary symbols (IATB,, TC,, TD,) resultin (A, By, Cy, Dy)-

PCS Transmit ensures a distinction between symbols transmitted during data versus those transmitted during

idle by reversing the mapping of the sign bits when the condition (tx_egnabléx_enablg.,) = 1. This
sign reversal is controlled by the variable $ragfined as

Srey, = tx_enablg.,+ tx_enablg_4

The binary symbols SnASnB,, SnG, and Sn[j are defined using $f$:0] as follows
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[ +1if (Sg,[0] ©Srey,=0)
SMA= -1 else

[ +1if (Sg,[1] ©Srey,=0)
SnB= -1 else

[ +1if(Sg,[2] ©Srey,=0)
SNG= -1 else

[ +1if (Sg,[3] ©Srey, = 0)
Snh= - -1 else

The quinary symbols (4 B,,, C,, D,) are generated as the product of (§n®nB,, SnG,, SnD,) and (TA,,
TBy, TC,, TD,) respectively.

A, = TA, X SnA,
B,= TB,X SnB,
C,=TCpX SNG,
D,,= TDpX SnD,

40.4.1.3 PCS Receive function
The PCS Receive function shall conform to the PCS Receive state diagram in figure figure 40-10.

The PCS Receive function accepts quartets of detected quinary symbols provided by the PMA Receive func-
tion via the parameter rx_symb_vector. To achieve correct operation, PCS Receive uses the knowledge of
the encoding rules that are employed in the idle mode. PCS Receive generates the sequence of vectors of
four quinary symbols (RA RB,,, RG,, RD,) and indicates the reliability of receiver operations by setting

the parameter loc_rcvr_status to OK, RNOK or TNOK. The sequengg B8Bj, RG,, RD,) is processed to
generate the signals RXD<7:0>, RX_DV, and RX_ER, which are presented to the GMII. PCS Receive
detects the transmission of a stream of data from the remote station and conveys this information to the PCS
Carrier Sense and PCS Collision Presence functions via the parameter receiving.

40.4.1.3.1 Receiver descrambler polynomials

For side-stream descrambling, the master PHY shall employ the receiver descrambler generator polynomial
gux) = 1+ x°+x*  and the slave PHY shall employ the receiver descrambler generator polyno-

mial  g'g(X) = 1+ x4+ X3
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40.4.1.3.2 Decoding of quinary symbols

At the beginning of a stream of data, PCS Receive detects “SSD” and asserts the signal RX_DV. Detection
of “SSD” is achieved by processing two consecutive vectors, (RRB,,.;, RG,.1, RD,.1) and (RA, RB,,

RC, and RQ) at each time n. Upon detection of “SSD”, PCS Receive also assigns the value TRUE to the
parameter receiving that is provided to the PCS Carrier Sense and Collision Presence functions.

During reception of a stream of data, PCS Receive checks that the symhpRHERARG,, RD,, follow the
encoding rule defined in 40.4.1.2 whenever they assume vaRiedBCS Receive processes two consecutive
vectors at each time n to detect “ESD”. Upon detection of “ESD”, PCS Receive de-asserts the signal
RX_DV, and assigns the value FALSE to the parameter receiving. If a violation of the encoding rules is
detected, PCS Receive asserts the signal RX_ER for at least one symbol period.

40.4.1.4 PCS Carrier Sense function

The PCS Carrier Sense function shall conform to the PCS Carrier Sense state diagram in figure 40-11.

The PCS Carrier Sense function controls the GMII signal CRS according to the rules presented in this
clause. While link_status = OK, CRS is asserted whenever receiving=TRUE or tx_enable=1 or tx_error=1.

40.4.1.5 PCS Collision Presence function

A PCS collision is defined as the simultaneous occurrence of tx_enable=1 or tx_error=1 and the assertion of
the parameter receiving=TRUE while link_status=OK. While a PCS collision is detected, the GMII signal
COL shall be asserted. At other times COL shall remain de-asserted.

40.4.2 PCS interfaces

40.4.2.1 PCS - GMll interface signals

The following signals are formally defined in 35.2.2. Jabber detection as specified in 22.2.4.2.12 is not

required by this specification

Table 40-3— GMI!I interface signals

Signal name Meaning
GTX_CLK Transmit Clock
TXD<7:0> Transmit Data
TX_ER Indicates Transmit Error/ Carrier Extensior]
TX_EN Frames Transmit Data
COL Collision Indication
CRS Non-ldle Medium Indication
RX_CLK Receive Clock
RXD<7:0> Receive Data
RX_DV Frames Receive SFD and DATA
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Table 40-3— GMI! interface signals

Signal name Meaning
RX_ER Receive Error Indication/ Carrier Extension
MDC Management Data Clock
MDIO Management Data

40.4.2.2 PCS - management entity signals

The management interface has pervasive connections to all functions. Operation of the management control
lines MDC and MDIO, and requirements for managed objects inside the PCS and PMA, are specified in
clauses 22 and 30, respectively.

No spurious signals shall be emitted onto the MDI when the PHY is held in power down mode as defined in
22.2.4.1.5, independently of the value of TX_EN, or when released from power down mode, or when exter-
nal power is first applied to the PHY.

40.4.3 Frame structure

Frames passed from the PCS to the PMA sublayer shall have the structure shown in figure 40-7. This figure
shows the temporal relationship between the signals tx_gpnahle TXD[7:0] and the sequences of quinary
symbol quartets (4 B, C,, D,) in correspondence of transitions from the idle mode to transmission of data
and vice versa. Time proceeds from left to right in the figure.
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tx_enable,
TXD[7:0]
X Data stream X
SSD, T
csreset,, T
ESD, T
An
d | ald h ld »ld
« > Ll Ll Ll B
IDLE SSD DATA csreset ESD IDLE
Bn d [ »ld » |l »ld
< » L] L L
IDLE SSD DATA csreset ESD IDLE
Cn > | ald a ld »ld
hl > Ll Ll PN
IDLE SSD DATA csreset ESD IDLE
Dn
d | il a ld »ld
< » Ll Ll ) L
IDLE SSD DATA csreset ESD IDLE

40.4.4 State variables

Figure 40-7—PCS sublayer to PMA sublayer frame structure

40.4.4.1 Variables

CEXT

A sequence of vectors of four quinary symbols generated in idle mode to denote Carrier Extension,

as specified in 40.4.1.2.

CEXT_Err

A sequence of vectors of four quinary symbols generated in idle mode to denote Carrier Extension

with error indication, as specified in 40.4.1.2.

COoL

The COL signal of the GMII as specified in clause 35.

config

The config parameter set by PHY Control and passed to the PCS via the PHYC_CONFIG.indicate

primitive.
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Values: MASTER and SLAVE.

CRS
The CRS signal of the GMII as specified in clause 35.

CSExtend
A vector of four quinary symbols corresponding to convolutional encoder reset condition during
carrier extension, as specified in 40.4.1.2.

CSExtend_Err
A vector of four quinary symbols corresponding to convolutional encoder reset condition during
carrier extension with error indication, as specified in 40.4.1.2.

CSReset
A vector of four quinary symbols corresponding to convolutional encoder reset condition in the
absence of carrier extension, as specified in 40.4.1.2.

DATA
A sequence of vectors of four quinary symbols corresponding to valid data, as specified in 40.4.1.2.

ESD1
A vector of four quinary symbols corresponding to the first byte of End-of-Stream delimiter, as
specified in 40.4.1.2.

ESD2_Ext_0
A vector of four quinary symbols corresponding to the second byte of End-of-Stream delimiter in
the absence of carrier extension over the two ESD bytes, as specified in 40.4.1.2.

ESD2_Ext_1
A vector of four quinary symbols corresponding to the second byte of End-of-Stream delimiter
when carrier extension is indicated during the first byte of the End-of-Stream delimiter, but not dur-
ing the second byte, as specified in 40.4.1.2.

ESD2_Ext_2
A vector of four quinary symbols corresponding to the second byte of End-of-Stream delimiter
when carrier extension is indicated during the two bytes of the End-of-Stream delimiter, as speci-
fied in 40.4.1.2.

ESD_Ext_Err
A vector of four quinary symbols corresponding to either the first or second byte of End-of-Stream
delimiter when carrier extension with error is indicated during the End-of-Stream delimiter, as
specified in 40.4.1.2.

IDLE
A sequence of vectors of four quinary symbols generated in idle mode in the absence of carrier
extension or carrier extension with error indication, as specified in 40.4.1.2.

link_status

The link_status parameter set by PMA Link Monitor and passed to the PCS via the
PMA_LINK.indicate primitive.

Values: OK, READY, and FAIL

Copyright © 1997 IEEE. All rights reserved.
This is not an approved IEEE Standard.
40-32



O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3 802.3ab/D1.1
1000BASE-T December 10, 1997

loc_rcvr_status
The loc_rcvr_status parameter generated by PCS Receive.

Values: OK, RNOK and TNOK

pcs_reset
The pcs_reset parameter set by the PCS Reset function.
Values: ON and OFF

(RA,, RB,, RC,, RD,)
The vector of the four correctly aligned most recently received quinary symbols generated by PCS

Receive.

receiving
The receiving parameter generated by the PCS Receive function.
Values: TRUE and FALSE

rem_rcvr_status
The rem_rcvr_status parameter generated by PCS Receive.

Values: OK and NOT_OK

RX,
Alias for (RA,, RB,, RG,, RD,).

rxerror_status
The rxerror_status parameter set by the PCS Receive function. Although this variable is set by PCS
Receive, it achieves the same function as the variable rxerror_status of clause 24 that is set by PMA
and communicated through the PMA_RXERROR:.indicate primitive.

Values: ERROR and NO_ERROR

RX_DV
The RX_DV signal of the GMII as specified in clause 35.

RX_ER
The RX_ER signal of the GMII as specified in clause 35.

rx_symb_vector
A vector of four quinary symbols received by the PMA and passed to the PCS via the
PMA_UNITDATA.indicate primitive.

Value: SYMB_QUARTET

RXD[7:0]
The RXD<7:0> signal of the GMII as specified in clause 35.

SSD
Two consecutive vectors of four quinary symbols corresponding to the Start-of-Stream delimiter, as
specified in 40.4.1.2.

tx_enable
The tx_enable parameter generated by PCS Transmit as specified in 40.4.1.2.

tx_error
Copyright © 1997 IEEE. All rights reserved.
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The tx_error parameter generated by PCS Transmit as specified in 40.4.1.2.

TX_ER
The TX_ER signal of the GMII as specified in clause 35.

tx_mode

The tx_mode parameter set by PHY Control and passed to the PCS via the
PHYC_TXMODE.indicate primitive.

Values: SEND_Z, SEND_N and SEND _|
tx_symb_vector

A vector of four quinary symbols generated by the PCS Transmit function and passed to the PMA
via the PMA_UNITDATA.request primitive.

Value: SYMB_QUARTET
Xmt_Err
A vector of four quinary symbols corresponding to a transmit error indication during normal data
transmission, as specified in 40.4.1.2.
40.4.4.2 Timer

symb_timer

A continuous free-running timer. The condition symb_timer_done becomes true upon timer expira-

tion.
Restart time: Immediately after expiration; timer restart resets the condition symb_timer_done.
Duration: 8 ns nominal.

TX_CLK shall be generated synchronously with symb_timer (see tolerance required for TX_CLK
in 40.6.1.2.6). In the PCS Transmit state diagram, the message PMA_UNITDATA.request is issued
concurrently with symb_timer_done.

40.4.4.3 Messages

PMA_UNITDATA.indicate (rx_symb_vector)
A signal sent by PMA Receive indicating that a vector of four quinary symbols is available in
rx_symb_vector.

PMA_UNITDATA.request (tx_symb_vector)
A signal sent to PMA Transmit indicating that a vector of four quinary symbols is available in
tx_symb_vector.

PUDI
Alias for PMA_UNITDATA.indicate (rx_symb_vector).

40.4.4.4 Functions

check_end
A function used by the PCS Receive process to detect the reception of valid ESD symbols. The
check_end function operates on the next two rx_symb_vectorg, {JRand (Rx.o), available via
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PMA_UNITDATA.indicate, and returns a Boolean value indicating whether these two consecutive
vectors contain symbols corresponding to a valid End-of-Stream Delimiter encoding or not, as
specified in 40.4.1.2 and figure 40-9.

Values: TRUE and FALSE

check_idle
A function used by the PCS Receive process to detect the reception of valid idle symbols after an
error condition during the process. The check_idle function operates on the current rx_symb_vector
and the next three rx_symb_vectors available via PMA_UNITDATA.indicate and returns a Bool-
ean value indicating whether the four consecutive vectors contain symbols corresponding to the
IDLE mode encoding or not, as specified in 40.4.1.2.

Values: TRUE and FALSE

40.4.5 State diagrams
40.4.5.1 PCS Data Transmission Enable

The PCS Data Transmission Enabling process generates the signals tx_enable and tx_error, which the PCS
Transmit process uses for data and carrier extension encoding. The process uses logical operations on
tx_mode, Tx_ER and Tx_EN. The PCS shall implement the Data Transmission Enabling process as depicted
in figure 40-8 including compliance with the associated state variables as specified in 40.4.4.

40.4.5.2 PCS Transmit

PCS Transmit sends vectors of four quinary symbols to the PMA via the tx_symb_vector parameter. In nor-
mal mode of operation, between streams indicated by the parameter tx_enable, PCS Transmit generates
sequences of vectors using the encoding rules defined for the idle mode. Upon assertion of tx_enable, PCS
Transmit passes an “SSD” of two consecutive vectors of four quinary symbols to the PMA replacing the pre-
amble bits of a stream of data during these two symbol periods. Following the “SSD”, each TXD<7:0> byte

is encoded into a vector of four quinary symbols until tx_enable is de-asserted. If, while tx_enable is
asserted, the TX_ER signal is also asserted, PCS Transmit passes to the PMA vectors indicating a transmit
error. Note that if the signal TX_ER is asserted while “SSD” is being sent, the transmission of the error con-
dition is delayed until transmission of “SSD” has been completed. Following the de-assertion of tx_enable, a
“CsReset” of two consecutive vectors of four quinary symbols, followed by an “ESD” of two consecutive
vectors of four quinary symbols is generated, after which the transmission of a sequence indicating the idle
mode is resumed. See Section 40.4.1.2 and figure 40-9 for details.

Collision detection is implemented by noting the occurrence of carrier receptions during transmissions, fol-
lowing the model of 10BASE-T. The PCS shall implement the Transmit process as depicted in figure 40-9
including compliance with the associated state variables as specified in 40.4.4.

40.4.5.3 PCS Receive

PCS Receive accepts vectors of four quinary symbols from the PMA via the rx_symb_vector parameter.
After correct receiver operation has been achieved, the loc_rcvr_status parameter assumes the value OK,
and PCS Receive continuously checks that the received sequence satisfies the encoding rule used in idle
mode. As soon as a violation is detected, PCS Receive asserts the parameter receiving and determines
whether the violation is due to reception of “SSD” or to a receiver error by examining the last two received
vectors (RA.1, RB,.1, RG,.1, RD,.1) and (RA, RB,, RG, RD,). In the first case, during the two symbol
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periods corresponding to “SSD”, PCS Receive replaces “SSD” by preamble bits. Following “SSD”, the sig-
nal RX_DV is asserted and each received vector is decoded into a data byte RXD<7:0> until “ESD” is
detected. De-assertion of RX_DV and transition to the IDLE state take place upon detection of “ESD”. The
signal RX_ER is asserted if a receiver error occurs before proper stream termination. In the second case, the
signal RX_ER is asserted and the parameter rxerror_status assumes the value ERROR. De-assertion of
RX_DV and transition to the IDLE state (rxerror_status=NO_ERROR) takes place upon detection of four
consecutive vectors satisfying the encoding rule used in idle mode.

A premature stream termination is caused by the detection invalid symbols during the reception of a data
stream. Then, PCS receive waits for the reception of four consecutive vectors satisfying the encoding rule
used in idle mode prior to deasserting the error indication. Note that RX_DV remains asserted during the
symbol periods corresponding to the first three idle vectors, while RX_ER=TRUE is signaled on the GMII.
The signal RX_ERs also asserted in the LINK FAILED state, which ensures that RX_ER remains asserted
for at least one symbol period. The PCS shall implement the Receive process as depicted in figure 40-10,
including compliance with the associated state variables as specified in 40.4.4.

The parameters receiving and rxerror_status are communicated to the PCS'’s clients by the following primi-
tives:

PCS_CARRIER.indicate (receiving)
A signal generated by PCS Receive to indicate reception of non-idle quinary symbols. The purpose
of this primitive is to give clients indication of activity on the underlying continuous-signaling
channel.

PCS_RXERROR.indicate (rxerror_status)
A signal generated by PCS Receive to indicate a reception of non-idle/carrier extension symbols
that does not start with “SSD”.

40.4.5.4 PCS Carrier Sense

The PCS Carrier Sense process generates the signal CRS on the GMII, which the MAC uses via the Recon-
ciliation sublayer for frame receptions and for deferral. The process operates by performing logical opera-
tions on tx_error, tx_enable and receiving. The PCS shall implement the Carrier Sense process as depicted in
figure 40-11 including compliance with the associated state variables as specified in 40.4.4.
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40.4.6 PCS electrical specifications

The interface between PCS, PMA and PHY Control is an abstract message-passing interface, having no
specified electrical properties. Electrical characteristics of the signals passing between the PCS and GMII
may be found in clause 35.

pcs_reset = ON +
link_status # OK

|

DISABLE DATA TRANSMISSION

tx_enable 0 FALSE
tx_error 0 FALSE

tx_mode = SEND_N *
'_I;))((_Iél; = l'::ilélé* tx_mode != SEND_N

v
ENABLE DATA TRANSMISSION
tx_enable O TX_EN
if (TX_EN | (TXD = (Ox’OF | 0OX'1F)))

R

tx_error O TX_E
else tx_error 0 FALSE

Figure 40-8—PCS Data Transmission Enabling state diagram
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A

tx_error = FALSE
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symb_timer_done *
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symb_timer_done *
tx_enable = TRUE *
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PMA_UNITDATA.request
(tx_symb_vector <= SSD2)

tx_error = FALSE
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SSD2 VECTOR, ERROR

symb_timer_done
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symb_timer_doni
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PMA_UNITDATA .request
(tx_symb_vector <= CSExtend_Err)

PMA_UNITDATA.request
(tx_symb_vector <= CSExtend)

receiving

symb_timer_done *
tx_error = TRUE *
TXD<7:0> = 0x'1F

TXD<7:0> = 0x'OF
v

symb_timer_done *
tx_error = TRUE *

2nd CSExtend VECTOR

CoL O

(tx_symb_vector <= ESD1)

symb_timer_donei

ESD2_ext_0 VECTOR

COL O FALSE
PMA_UNITDATA.request

(tx_symb_vector <= ESD2_ext_0)

symb_timer_done

symb_timer_done*
tx_error = FALSE

A

symb_timer_done *
tx_error = TRUE
y

1st ESD_Ext_Err VECTOR

COL O receiving
PMA_UNITDATA.request
(tx_symb_vector <= ESD_Ext_Err)

PMA_UNITDATA.request
(tx_symb_vector <= CSExtend)

receiving

symb_timer_done *
tx_error = TRUE *
TXD<7:0> = 0X'1F

symb_timer_done *
tx_error = TRUE *
TXD<7:0> = 0xX'OF

ESD1 VECTOR with Extend

symb_timer_done*
tx_error = FALSE

ESD2_ext_1 VECTOR

symb_timer_done *
tx_error = TRUE
y
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PMA_UNITDATA. .request

2nd ESD_Ext_Err VECTOR

(tx_symb_vector <= ESD2_ext_1)

symb_timer_done
v

COL O receiving
PMA_UNITDATA.request
(tx_symb_vector <= ESD_Ext_Err)

sym b_timer_donei

(tx_symb
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PMA_UNITDATA.request

vector <= ESD1)

symb_timer_done *
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TXD<7:0> = 0x'1F

v

symb_timer_done *
tx_error = TRUE *
TXD<7:0> = OX'OF

ESD2_ext_2 VECTOR

coL O

PMA_UNITDATA.request
(tx_symb_vector <= ESD2_ext_2,

receiving

A,

4

symb_timer_done

Note: The generation of PMA_UNITDATA.request(tx_symb_vector) depends on the parameters config, tx_mode,
coding_enable, and loc_rcvr_status as defined in 40.4.1.2 and is not shown explicitly in the state diagram.

Figure 40-9—PCS Transmit State Diagram
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Figure 40-10—PCS Receive State Diagram
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Figure 40-11—PCS Carrier Sense State Diagram
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40.5 PMA functional specifications and service interface

EDITOR’S NOTE: This clause may change significantly depending on how the PCS and PHY control sections are
written.--JLC

40.5.1 PMA functional specifications

The PMA couples messages from a PMA service interface specified in 40.5.2 to the 1000BASE-T baseband
medium, specified in 40.8.

The interface between PMA and the baseband medium is the Medium Dependent Interface (MDI), specified
in 40.9.

loc_revr_status
HINK i— ClI 28: link |
i ause 28: link_contro
I|nk_status< MONITOR -
>
tx_symb_vector PMA
Y Ll
»
TRANSMIT d
BI_DA +
1 BI_DA -
» BI DB+
aJ L
BI_DB -
< > BI_DC +
BI_DC -
4 . BI.DD+
l L
- BI_DD -
<
PMA <
rx_symb_vector <
—Symb. < RECEIVE D
‘ <
y
—> CLOCK
PHY Control: confi
9 RECOVERY MEDIUM
PMA SERVICE DEPENDENT
INTERFACE INTERFACE
(MDI)

Figure 40-12—PMA reference diagram

40.5.1.1 PMA functions

The PMA sublayer comprises one PMA Reset function and four simultaneous and asynchronous operating
functions. The PMA operating functions are PMA Transmit, PMA Receive, Link Monitor, and Clock
Recovery. All operating functions are started immediately after the successful completion of the PMA Reset
function. The Reset function may be shared between PMA and PCS sublayers.

The PMA reference diagram, figure 40-12, shows how the operating functions relate to the messages of the
PMA Service interface, PHY Control Service interface, and the signals of the MDI. Connections from the
management interface, comprising the signals MDC and MDIO, to other layers are pervasive, and are not
shown in figure 40-12. The management interface and its functions are specified in clause 22.
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40.5.1.1.1 PMA Reset function

The PMA Reset function shall be executed any time either of two conditions occur. These two conditions are
“power on” and the receipt of a reset request from the management entity. The PMA Reset function initial-
izes all PMA functions and forces Auto-Negotiation to be executed. The PMA Reset function sets pma_reset
= ON for the duration of its reset function. All state diagrams take the open ended pma_reset branch upon
execution of the PMA Reset function. The reference diagrams do not explicitly show the PMA Reset func-
tion.

40.5.1.1.2 PMA Transmit function

The PMA Transmit function comprises four synchronous transmitters to generate four five-level pulse-
amplitude modulated signals on each of the four pairs BI_DA, Bl_DB, Bl_DC and BI_DD. PMA Transmit
shall continuously transmit onto the MDI pulses modulated by the quinary symbols given by
tx_symb_vector[BI_DA], tx_symb_vector[BI_DB], tx_symb_vector[Bl_DC] and tx_symb_vector[BI_DD],
respectively. The four transmitters shall be driven by the same transmit clock. The signals generated by
PMA Transmit will follow the mathematical description given in 40.5.1.2.1, and shall comply with the elec-
trical specifications given in 40.7.

40.5.1.1.3 PMA Receive function

The PMA Receive function comprises four independent receivers for quinary pulse-amplitude modulated
signals on each of the four pairs BI_DA, BI_DB, Bl_DC and Bl_DD. PMA Receive contains the circuits
necessary to detect quinary symbol sequences from the signals received at the MDI over receive pairs
Bl_DA, BI_DB, BI_DC and BI_DD and present these sequences to the PCS Receive function. The signals
received at the MDI are described mathematically in 40.5.1.2.2. The PHY shall translate the signals received
on pairs BI_DA, BI_DB, BI_DC and BI_DB into the PMA_UNITDATA.indicate parameter
rx_symb_vector with a symbol error rate of less than one parttfh 10

To achieve the indicated performance, it is highly recommended that PMA Receive include the functions of
signal equalization, echo and crosstalk cancellation. The sequence of quinary transmitted symbols
tx_symb_vector is needed to perform echo and self near-end crosstalk cancellation.

40.5.1.1.4 Link Monitor function

Link Monitor determines the status of the underlying receive channel. Failure of the underlying receive
channel typically causes the PMA's clients to suspend normal operation.

The Auto-Negotiation process notifies Link Monitor whether the device connected to the far end is of type
1000BASE-T. Based on this and other information, Link Monitor sets two important internal variables:

a) the pma_type variable that indicates whether the remote station is of type 1000BASE-T or not,
b) the link_status variable that is sent across the PMA Service interface.

The Link Monitor function shall comply with the state diagram of figure 40-13.

Upon power-on, reset, or release from power-down, the Auto-Negotiation algorithm sets
link_control=SCAN_FOR_CARRIER and sends during this period fast link pulses to signal its presence to a
remote station. If the presence of a remote station is sensed through reception of fast link pulses, the Auto-
Negotiation algorithm sets link_control=DISABLE and exchanges Auto-Negotiation information with the
remote station. During this period, link_status=FAIL is asserted. If the presence of a remote 1000BASE-T
station is established, the Auto-Negotiation algorithm permits full operation by setting
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link_control=ENABLE. As soon as reliable transmission is achieved, the variable link_status=OK is
asserted, upon which further PHY operations can take place.

40.5.1.1.5 Clock Recovery function

The Clock Recovery function couples to all four receive pairs. It may provide independent clock phases for
sampling the signals on each of the four pairs.

The Clock Recovery function shall provide clocks suitable for signal sampling on each line so that the sym-
bol-error rate indicated in 40.5.1.1.3 is achieved. The received clock signal must be stable and ready for use
when training has been completed (loc_rcvr_status=0K).

40.5.1.2 PMA interface messages

The messages between the PMA, PCS, and PHY Control are defined in 40.5.2, PMA Service Interface.
Communication through the MDI is summarized below.

40.5.1.2.1 MDI signals transmitted by the PHY

The quinary symbols to be transmitted by the PMA on the four pairs Bl_DA, BI_DB, Bl_DC and Bl_DD
are denoted by tx_symb_vector[BI_DA], tx_symb_vector[BI_DB], tx_symb_vector[BI_DC] and
tx_symb_vector[BI_DD], respectively. Five-level Pulse Amplitude Modulation over each pair is the modu-
lation scheme employed in 1000BASE-T. It is the function of PMA Transmit to generate on each pair a
pulse-amplitude modulated signal of the form

S() = 3 ay(t—kT)
k

wherea, represents the quinary symbol from the set {-2, -1, 0, +1, +2} to be transmitted ki'time , and
h,(t) denotes the system symbol response at the MDI. This symbol response shall comply with the electri-
cal specifications given in 40.7.

40.5.1.2.2 Signals received at the MDI

Signals received at the MDI can be expressed for each pair as pulse-amplitude modulated signals that are
corrupted by noise:

r(t) = Z ah,(t—KT) +w(t)
k

In this equation,h,(t) denotes the impulse response of the overall channel from the transmit side up to the
MDI at the receive side, and(t) s a term that includes the contribution of various noise sources. The four
signals received on pair BI_DA, BI_DB, Bl_DC and BI_DD shall be processed within the PMA Receive
function to yield the quinary received symbols rx_symb_vector[Bl_DA], rx_symb_vector[Bl_DB],
rx_symb_vector[BI_DC] and rx_symb_vector[BI_DD].

40.5.1.3 PMA state diagram

40.5.1.3.1 State diagram variables

link_control
The link_control parameter as communicated by the PMA_LINK.request primitive.
Values: See 40.5.2.4.
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link_status

The link_status parameter as communicated by the Link Monitor function through the

PMA_LINK.indicate primitive.
Values: See 40.5.2.5.

loc_rcvr_status

The loc_rcvr_status parameter as communicated by the PMA_RXSTATUS.request primitive.

Values: See 40.3.2.4.
pma_reset

Allows reset of all PMA functions.

Values: ON and OFF

Set by: PMA Reset

40.5.1.3.2 Timers

maxwait_timer

Values: See 40.3.4.
minwait_timer
Values: See 40.3.4.

December 10, 1997
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40.5.1.3.3 Link Monitor state diagram

link_control = DISABLE +
pma_reset = ON

l v

LINK NOT READY
link_status <= FAIL

minwait_timer_done *
loc_revr_status = OK

y
LINK READY

link_status <= READY

link_control = ENABLE

y
LINK UP

link_status <= OK
pma_type <= 1000BASE-T

maxwait_timer_done *
loc_rcvr_status = NOT_OK

NOTE—The variables link_control and link_status are designated as link_control_1000BASE-T and
link_status_1000BASE-T, respectively, by the Auto-Negotiation Arbitration state diagram (figure 28-16)

Figure 40-13—Link Monitor state diagram

40.5.2 PMA service interface

This clause specifies the services provided by the PMA. These services are described in an abstract manner
and do not imply any particular implementation. The PMA Service Interface supports the exchange of sym-
bol vectors, status indications, and control signals between the PMA, the PCS and PHY Control. The follow-
ing primitives are defined:

PMA_TYPE.indicate
PMA_UNITDATA.request
PMA_UNITDATA.indicate
PMA_LINK.request
PMA_LINK.indicate
PMA_CARRIER.indicate
PMA_RXERROR.indicate
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The parameter config is passed from PHY Control to the PMA via the primitive PHYC_CONFIG.indicate.
The definition of this parameter is given for the PHY Control Service interface in 40.3.2.1 and is not
repeated here for the PMA Service interface.
40.5.2.1 PMA_TYPE.indicate
This primitive is generated by the PMA to indicate the nature of the PMA instantiation. Its purpose is to
allow clients to support connections to the various types of 100BASE-T and 1000BASE-T PMA entities in a
generalized manner.
40.5.2.1.1 Semantics of the primitive

PMA_TYPE.indicate (pma_type)
The pma_type parameter for use with the 1000BASE-T PMA is 1000BASE-T.
40.5.2.1.2 When generated
The PMA shall continuously generate this primitive to indicate the value of pma_type.

40.5.2.1.3 Effect of receipt

The client uses the value of pma_type to define the semantics of the primitives defined at the PMA service
interface.

40.5.2.2 PMA_UNITDATA.request
This primitive defines the transfer of quartets of quinary symbols in the form of the tx_symb_vector param-
eter from the PCS to the PMA. The quinary symbols are obtained in the PCS Transmit function using the
encoding rules defined in 40.4.1.2 to represent MIl data streams, an idle mode, or other sequences.
40.5.2.2.1 Semantics of the primitive

PMA_UNITDATA.request (tx_symb_vector)
During transmission using 1000BASE-T signaling, the PMA_UNITDATA.request simultaneously conveys

to the PMA via the parameter tx_symb_vector the value of the symbols to be sent over each of the four
transmit pairs Bl_DA, BI_DB, Bl_DC and Bl_DD. The tx_symb_vector parameter takes on the form:

SYMB_4D A vector of four quinary symbols, one for each of the four transmit pairs BI_DA, Bl_DB,
BI_DC and BI_DD. Each quinary symbol may take on one of the values -2, -1, 0, +1 or
+2.

The quinary symbols that are elements of tx_symb_vector are called, according to the pair on which each
will be transmitted, tx_symb_vector[BI_DA], tx_symb_vector[BI_DB], tx_symb_vector[BI_DC], and
tx_symb_vector[BI_DD].

40.5.2.2.2 When generated

The PCS generates PMA_UNITDATA.request (SYMB_4D) synchronously with every transmit clock cycle.
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40.5.2.2.3 Effect of receipt

Upon receipt of this primitive, the PMA transmits on the MDI the signals corresponding to the indicated qui-
nary symbols. The parameter tx_symb_vector is also used by the PMA Receive function to process the sig-
nals received on pairs Bl_DA, BI_DB, BI_DC and Bl_DD.

40.5.2.3 PMA_UNITDATA.indicate

This primitive defines the transfer of quartets of quinary symbols in the form of the rx_symb_vector param-
eter from the PMA to the PCS.

40.5.2.3.1 Semantics of the primitive
PMA_UNITDATA.indicate (rx_symb_vector)
During reception of signals using 1000BASE-T signaling, the PMA_UNITDATA.indicate simultaneously

conveys to the PCS via the parameter rx_symb_vector the values of the symbols detected on each of the four
receive pairs BI_DA, BI_DB, Bl_DC and BI_DD. The rx_symbol_vector parameter takes on the form:

SYMB_4D A vector of four quinary symbols, one for each of the four receive pairs BI_DA, Bl_DB,
BI_DC and BI_DD. Each quinary symbol may take on one of the values -2, -1, 0, +1 or
+2.

The quinary symbols that are elements of rx_symb_vector are called, according to the pair upon which each
symbol was received, rx_symbol_vector[Bl_DA], rx_symbol_vector[Bl_DB], rx_symbol_vector[BI_DC]
and rx_symb_vector[BI_DD].

40.5.2.3.2 When generated

The PMA generates PMA_UNITDATA.indicate (SYMB_4D) messages synchronously with signals
received at the MDI.

40.5.2.3.3 Effect of receipt

The effect of receipt of this primitive is unspecified.

40.5.2.4 PMA_LINK.request

This primitive allows the Auto-Negotiation algorithm to enable and disable operation of the PMA.
40.5.2.4.1 Semantics of the primitive

PMA_LINK.request (link_control)

The link_control parameter can take on one of three values: SCAN_FOR_CARRIER, DISABLE, or
ENABLE.

SCAN_FOR_CARRIER Used by the Auto-Negotiation algorithm prior to receiving any fast link
pulses. During this mode the PMA reports link_status=FAIL. PHY
processes are disabled.

DISABLE Set by the Auto-Negotiation algorithm in the event fast link pulses are
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detected. PHY processes are disabled. This allows the Auto-Negotiation
algorithm to determine how to configure the link.

ENABLE Used by Auto-Negotiation to turn control over to the PHY for data
processing functions.

40.5.2.4.2 When generated

Upon power on, reset, or release from power down, the Auto-Negotiation algorithm issues the message
PMA_LINK.request (SCAN_FOR_CARRIER).

40.5.2.4.3 Effect of receipt

While link_control=SCAN_FOR_CARRIER or link_control=DISABLE, the PMA shall report
link_status=FAIL. While link_control=ENABLE, PHY Control determines the operations to be performed
by the PHY.

40.5.2.5 PMA_LINK.indicate

This primitive is generated by the PMA to indicate the status of the underlying medium. This primitive
informs the PCS, PHY Control and the Auto-Negotiation algorithm about the status of the underlying link.

40.5.2.5.1 Semantics of the primitive

PMA_LINK.indicate (link_status)

The link_status parameter can take on one of three values: FAIL, READY, or OK.

FAIL No valid link established.
READY Training completed after Auto-Negotiation.
OK The Link Monitor function indicates that a valid 1000BASE-T link is established.

Reliable reception of signals transmitted from the remote PHY is possible.

40.5.2.5.2 When generated

The PMA shall generate this primitive to indicate the value of link_status in compliance with the state dia-
grams given in figure 40-13.

40.5.2.5.3 Effect of receipt
The effect of receipt of this primitive is specified in 40.4.4.1 and <TBD Reference to PHY Control>.
40.5.2.6 PMA_CARRIER.indicate

This primitive is identical to PCS_CARRIER.indicate defined in 40.4.1.4. It is not explicitly shown in the
PMA reference diagram.

40.5.2.7 PMA_RXERROR:.indicate

This primitive is identical to PCS_RXERROR.indicate defined in 40.4.4.1. It is not explicitly shown in the
PMA reference diagram.
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40.5.2.8 PMA_RXSTATUS .request

This primitive allows the Link Monitor to determine via the parameter loc_rcvr_status generated by the PCS
Receive function whether reliable receiver operations are established. The parameter loc_rcvr_status is also
passed from the PCS Receive function to the PHY Control Service interface via the primitive
PHYC_RXSTATUS.request. The definition of this parameter is given for the PHY Control Service interface

in 40.3.2 and is not repeated here for the PMA Service interface.
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40.6 Management functions

1000BASE-T makes extensive use of the management functions provided by the Gigabit Media Indepen-
dent Interface (clause 35) and the communication and self-configuration functions provided by Auto-Nego-
tiation (clause 28.)

In addition to the provision of MIl registers 0, 1, 4, 5, 6, 7, and 8, implementations which support
1000BASE-T shall also provide equivalents to MIl registers 9 and 10 (clause 22). Register 9 is used to pro-
vide the 1000BASE-T Control Register and register 10 is used to provide the 1000BASE-T Status Register
(see figure 40-14.) These registers are used to configure PHYs for testing, to manually configure PHYs for
MASTER-SLAVE negotiation, to store the contents of next pages during the Auto-Negotiation process, and
to store information reporting the results of the master/slave configuration process as described in the next
section.

r—— - — — A
Register 7: NP XT | |
| Add-on interface | Auto-Negotiate
for 1 Gig
I I
| l—— |
Register 8; NP RX |
I I
I I
L j — T — —

Register 9: 1000T Config

A

Register 10: 1000T Status

A 4

Figure 40-14—1000BASE-T Management Overview

40.6.1 Support for Auto-Negotiation

Support for Auto-Negotiation (clause 28) is a requirement for all 1000BASE-T PHYs. Auto-Negotiation is
performed as part of the initial set-up of the link, and allows the PHYs at each end to advertise their capabil-
ities (speed, PHY type, half or full duplex) and to automatically select the operating mode for communica-
tion on the link. Auto-negotiation signaling is used for two primary purposes for 1000BASE-T, to negotiate
that the PHY is capable of supporting 1000BASE-T half duplex or full duplex transmission, and to deter-
mine the master-slave relationship between the PHYs at each end of the link. This relationship is necessary
for establishing the timing control of each PHY. The 1000BASE-T master PHY is clocked off of a crystal;
the slave PHY uses loop timing where the clock is recovered from the transmitted data stream.
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40.6.1.1 1000BASE-T use of Auto-Negotiation and GMII registers 7, 8, 9 and 10

On power-up, before Auto-Negotiation starts, the Auto-Negotiation advertisement register shall have the
following configuration: The Selector Field (4.4:0) is set to the appropriate code as specified in Annex 28A.
The Acknowledge bit (4:14) is set to logical zero. The Technology Ability Field (4.9:5) is set based on the
values set in the GMII Status Register (1.15:11) or equivalent and (4.11:10) is set based on the values set in
the GMII Status Register (1.10:9) or equivalent.

When Auto-Negotiation begins, 1000BASE-T implementations sends an Auto-Negotiation base page with
bit d15 set to logical one to indicate that a next page follows (see 28.2.1.2, figure 40-15.)

(ATMP=0)
(SEED=Random)
INIT <
v NP=not capable
Base Page Exchange
NP=capable
y
Send MP-1000T
y
Send UP -1
y
NP=present
NP=present Send UP-2
NP=done &
y MS Resolved(*) y
»
ld .
Send NPs Technology Direct
A MS Resolved(*)
Send MP=NULL
by MS not Resolved(*)
»
Ll
| ATMP>7 Yes Fault
L
NP=done & No (SEED=Random, ATMP=ATMP+1, link time-out)

MS not Resolved(*)

*all next pages from link partner have also been received

*MS Resolved only matters if HCD is 1000T, otherwise bit should be set to true
ATMP = number of MS resolution attempts

SEED =random seen used for MS resolution

MS = Master/Slave

NP = Next Pages

UP = Unformatted Page

MP = Message Page

Figure 40-15—1000BASE-T Next Page Flow
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The base page 12shall be followed by a formatted next page containing the 1000BASE-T Technology Abil-
ity Message Code (9) which indicates that two unformatted next pages containing the 1000BASE-T Tech-
nology Ability fields follow (see table 28C-1.)

Two unformatted next pages shall be sent using the 1000BASE-T Technology Ability fields shown in table
40-8. Register 8 will be used to store the transmitted information while it is being processed as described
below.

Editor’s Note: Use virtual/shadow registers 7,8 so that it doesn't interfere with normal NP exchange?--
MF

Bit UO through U6 of page 1 shall be copied from MIl Register 9.12:6.

Bits UO-U10 of Page 2 shall be used to define the seed used for the MASTER-SLAVE negotiation process
described below.

Using the information described above, the PHY performs a MASTER_SLAVE configuration process as
defined in 40.6.4.4. This process is conducted at the entrance to the FLP LINK GOOD CHECK state shown
in the Auto-Negotiation Arbitration State Diagram (figure 28-16.)

If the local device detects that both the local device and the remote device are of the same type (either
repeater or DTE) and that both have generated the same random seek, it generates and transmits a new ran-
dom seed for MASTER-SLAVE negotiation by restarting the Auto-Negotiation process.

The MASTER-SLAVE configuration process returns one of the three following outcomes:

Successful: Bit 10:15 of the 1000BASE-T Status Register is set to logical zero and bit 10:14 is set to logical
one. 1000BASE-T returns control to Auto_Negotiation (at the entrance to the FLP LINK GOOD CHECK
state in figure 28-16) and passes the value of MASTER or SLAVE to PHYC_CONFIG.indicate (see
40.3.2.1)

Unsuccessful: link_status_1000BASE-T is set to FAIL and Auto-Negotiation restarts (see figure 28-16.)

Fault detected: (This happens when both end stations are set for manual configuration and both are set to
MASTER or both are set to SLAVE.) Bit 10.15 of the 1000BASE-T Status Register is set to logical one to
indicate that a manual configuration fault has been detected and bit 10:14 is set to logical one to indicate that
MASTER-SLAVE resolution completed with a fault. Because the MASTER-SLAVE relationship was not
established, link_status_1000BASE-T is set to FAIL, causing Auto-Negotiation to restart.

Note: MASTER-SLAVE arbitration only occurs if 1000BASE-T is selected as the HCD; otherwise it is
assumed to have passed this condition.

40.6.2 Management Functions

The management interface specified in Clause 35 provides a simple, two wire serial interface to connect a
management entity and a managed PHY for the purpose of controlling the PHY and gathering status from
the PHY. This interface is referred to at the Gigabit Management Independent Interface (GMII.) The register

definition specifies a basic register set with an extension mechanism.

1000BASE-T requires the basic register set that consists of two referred to as the Control Register (register
0) and the Status Register (register 1) and some PHY-specific registers. The detailed definitions of these reg-
isters are provided in 22.2.4.
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The full set of management registers is listed in table 22-6; 1000BASE-T PHY-specific registers are listed in
table 40-5

Table 40-4—100BASE-T2/1000BASE-T Control and Status registers

Register address Register name Basic/Extended

9 100BASE-T2/ E
1000BASE-T Con-
trol register

‘0 100BASE-T2/ E
1000BASE-T Status
register

Table 40-5—100BASE-T2/1000BASE-T Control and Status registers

Register address Register name Basic/Extended

9 100BASE-T2/ E
1000BASE-T Con-
trol register

‘0 100BASE-T2/ E
1000BASE-T Status
register

40.6.3 PHY specific registers for 1000BASE-T

Some of the extended registers (registers with addresses 2 to 15) are used as PHY specific registers as
described in 22.2.4.2. A 1000BASE-T PHY shall use register addresses 9 and 10 for its control and status
functions. The bits in the 1000BASE-T Control Register are used to place the PHY into several possible test
modes and to determine the MASTER-SLAVE relationship during Auto-Negotiation as well as to provide

for the advertisement of abilities. The bits in the 1000BASE-T Status Register are used to report the MAS-
TER-SLAVE relationship determined during Auto-Negotiation, to report the local and remote receiver sta-
tus, and to provide an idle error counter as well as the Link Partner’s advertised abilities.

40.6.3.1 1000BASE-T Control register (register 9)

Register 9 shall provide the following values for 1000BASE-T. The assignment of bits in the register is
shown in table 40-6. The default value for each bit of the register should be chosen so that the initial state of
the PHY upon power up or reset is normal operational state without management intervention.
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Table 40-6—1000BASE-T Control Register (Address 9)
Bit Name Description Tyfe
9.15 Test mode- | Default bit value is “0” R/W
bit 1
9.14 Test mode- | Default bit value is “0” R/W
bit 2
9.13 Test mode- | Default bit value is “0” R/W
bit 3
9.12 Master/Slave| 1=Enable MASTER-SLAVE Manual configuration valu¢ R/W
Config 0=Disable MASTER-SLAVE Manual configuration valup
Enable
9.11 Master/Slave| 1=Configure PHY as MASTER during MASTER-SLAVEE R/W
Config Value | negotiation, only when 9.12 is set to logical one.
0=Configure PHY as SLAVE during MASTER-SLAVE
negotiation, only when 9.12 is set to logical one.
9.10 Repeater/ 1=Repeater device port R/W
DTE 0=DTE device
9.9 1000Base-T | 1 = Advertise DTE is 1000BASE-T full duplex capable| R/W
Full Duplex |0 = Advertise DTE is not 1000BASE-T full duplex capa-
ble.
9.8 1000Base-T | 1 = Advertise DTE is 1000BASE-T half duplex capabje R/W
0 = Advertise DTE is not 2000BASE-T half duplex cap-
ble.
9.7 TX Coding 1 = Advertise to Link Partner to use 6dB transmit codihgR/W
0 = Advertise to Link Partner to use 3dB transmit codir|g
9.6 ASM_DIR Advertise Asymmetric Pause direction bit. Se 37.4 for| R/W
details. THis bit is used in conjunction with PAUSE.
9.5:0 Reserved Reserved R/\W
1. R/W = Read/Write
RO = Read Only

40.6.3.1.1 Transmitter test mode

For a PHY with 1000BASE-T capability, the PHY shall be placed in transmitter test mode 1 operation

(described in 40.7.1.1.2) when bit 9:15 is set to logical zero, bit 9:14 is set to logical zero and bit 9:13 is set
to logical one. When bit 9:15 is set to logical zero, bit 9:14 is set to logical one and bit 9:13 is set to logical

zero, the PHY shall be placed in transmitter test mode 2 operation as described in 40.7.1.1.2. When bit 9:15
is set to logical zero, bit 9:14 is set to logical one and bit 9:13 is set to logical zero, the PHY shall be placed
in transmitter test mode 3 operation as described in 40.7.1.1.2. When bit 9:15 is set to logical one, bit 9:14 is
set to logical zero and bit 9:13 is set to logical zero, the PHY shall be placed in transmitter test mode 4 oper-

ation as described in 40.7.1.1.2

The default value for bits 9.15:13 are all is zero.
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40.6.3.1.2 MASTER-SLAVE Manual Configuration Enable

The MASTER-SLAVE relationship is established during Auto-Negotiation via either automatic MASTER-
SLAVE configuration or manual configuration. If bit 9.12 is set to logical zero, then the MASTER-SLAVE
configuration negotiation function will determine the PHY configuration. If bit 9.12 is set to logical one,
then manual MASTER-SLAVE configuration shall be enabled, using bit 9.11 to specify the value. Usage of
this bit is further described in 40.6.3.1.3.

The default value of bit 9.12 is zero.

40.6.3.1.3 MASTER-SLAVE Manual Configuration Value

MASTER-SLAVE Manual configuration is enabled by setting bit 9.12 to logical one. When manual config-
uration mode is enabled, setting bit 9.11 to logical zero configures the PHY as SLAVE during the MASTER-
SLAVE negotiation process and shall be used to report the result of the MASTER-SLAVE configuration res-
olution for than PHY. Usage of this bit in MASTER_SLAVE configuration resolution is provided in
40.6.3.1.2.

The default value of bit 9.11 is zero.

40.6.3.1.4 Repeater/DTE Bit

Bit 9:10 shall be set to logical zero if the PHY is a DTE device and shall be set to logical one if the PHY is a
repeater device port. Usage of this bit is described in 40.6.3.5.

40.6.3.1.5 1000BASE-T Full Duplex Advertise

Bit 9:9 shall be used to indicate the full duplex ability that will be advertised to the link partner. It will be
used to determine the final operating speed in the priority resolution of Auto-Negotiation

40.6.3.1.6 .1000BASE-T Half Duplex Advertise

Bit 9:8 shall be used to indicate the half duplex ability that will be advertised to the link partner. It will be
used to determine the final operating speed in the priority resolution of Auto-Negotiation.

40.6.3.1.7 TX_CODING

Bit 9:7 shall be used to determine what the link partner should use for its transmit coding method. Either
3dB or 6dB transmit coding can be selected. This bit is only relevant for L000BASE-T.

40.6.3.1.8 ASM_DIR

Bit 9:6 shall be used to indicate the value for the asymmetric pause direction bit. For further information see
37.4.

40.6.3.1.9 Reserved bits

Bits 9:5.0 are reserved for future standardization. They shall be written as zero and shall be ignored when
read. However, a PHY shall return the value zero in these bits.
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40.6.3.2 100BASE-T2/1000BASE-T Status Register (register 10)

Register 10 shall provide the following values for 1000BASE-T. The assignment of bits in the register is
shown in table 40-7. The default value for each bit of the register should be chosen so that the initial state of
the PHY upon power up or reset is a normal operational state without management intervention.

Table 40-7—100BASE-T2/1000BASE-T Status Register (register 10) bit definition

Bit Name Description Tyfe

10.15 MASTER- 1 = MASTER-SLAVE manual configuration fault detected RO
SLAVE man- | 0 = No MASTER-SLAVE manual configuration fault detected
ual configura-
tion fault

10.14 MASTER- 1 = MASTER-SLAVE configuration resolution has completed| RO
SLAVE config- | 0 = MASTER-SLAVE configuration resolution has not complgted
uration resolu-
tion complete

10.13 Local Receivel 1 = Local Receiver OK RO
Status 0 = Local Receiver not OK

10.12 Remote 1 = Remote Receiver OK RO
Receiver Statu$ 0 = Remote Receiver not OK

10:11 LP 1000T FD | 1 = Link Partner is capable of 1000BASE-T full duplex RO

0 = Link Partner is not capable of 1000BASE-T full duplex

10:10 LP 1000T HD | 1 = Link Partner is capable of 1000BASE-T half duplex RO
0 = Link Partner is not capable of 1000BASE-T half duplex

10:9 LP TX COD- |1 = Link Partner requests that 6dB coding be used RO
ING 0 = Link Partner requests that 3dB coding be used

10.8 ASM_DIR Link Partner's Asymmetric Pause direction bit. Se 37.4 foRO
details. THis bit is used in conjunction with PAUSE.

10.7:0 Idle Error Idle Error Count RO/
Count SC

1. R/W = Read/Write, RO = Read Only, SC = Self Clearing

40.6.3.2.1 MASTER-SLAVE Manual Configuration Fault

When read as a logical one, bit 10.15 indicates that a MASTER-SLAVE Manual Configuration Fault condi-
tion has been detected. The type of fault as well as the criteria and method of fault detection is PHY specific.
The MASTER-SLAVE Manual Configuration Fault bit shall be implemented with a latching function, such
that the occurrence of a MASTER-SLAVE Manual Configuration Fault will cause the MASTER-SLAVE
Manual Configuration Fault bit to be set and remain set until it is cleared. The MASTER-SLAVE Manual
Configuration Fault bit shall be cleared each time register 10 is read via the management interface and shall
be cleared by a 1000BASE-T PMA reset. This bit will self clear on restart of auto negotiation or link failure.
For IDOOBASE-T, this fault condition will occur when both PHYs are forced to be MASTER or SLAVE at
the same time using bits 9.12 and 9.11. Bit 10.15 should be set via the MASTER-SLAVE Configuration Res-
olution function described in 40.6.3.5.
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40.6.3.2.2 MASTER-SLAVE Configuration Resolution Complete

When read as a logical one, bit 10.14 indicates that the MASTER-SLAVE Resolution process has been com-
pleted and that the contents of registers 9 and 10 related to MASTER-SLAVE are valid. When read as a logic
zero, bit 10.14 indicates that the MASTER-SLAVE Configuration Resolution process has not been com-
pleted and that the contents of registers 9 and 10 which are related to MASTER-SLAVE resolution are
invalid. Bit 10.14 should be set via the MASTER-SLAVE Configuration Resolution function described in
40.6.3.5.

40.6.3.2.3 Local Receiver Status

Bit 10.13 indicates the status of the local receiver. Local receiver status is defined by the value of the
bc_rcvr_status variable described in 40.4.4.1.

40.6.3.2.4 Remote Receiver Status

Bit 10.12 indicates the status of the remote receiver. Remote receiver status is defined by the value of the
rem_rcvr_status variable described in 40.3.3.

40.6.3.2.5 LP 1000BASE-T FD

Bit 10.11 indicates the status of the Link Partners ability to perform 1000BASE-T Full Duplex operation. It
is utilized by the priority resolution process to establish the link.

40.6.3.2.6 LP 1000BASE-T HD

Bit 10.10 indicates the status of the Link Partners ability to perform 1000BASE-T Half Duplex operation. It
is utilized by the priority resolution process to establish the link.

40.6.3.2.7 LP TX CODING

Bit 10.9 indicates the status of the Link Partners desired TX coding method.

40.6.3.2.8 LP ASM_DIR

Bit 10.8 indicates the status of the Link Partners Asymmetric Pause Direction. See table 37.4
40.6.3.2.9 Idle Error Count

Bits 10.7:0 indicate the Idle Error count, where 10.7 is the most significant bit. During normal operation
these bits contain a cumulative count of the errors detected when the receiver is receiving idles and the PHY
Control parameter tx_mode is equal to SEND_N (indicating that both local and remote receiver status have
been detected to be OK). When the PHY has receiver test mode (bit 9.13) enabled, these bits contain a
cumulative count of the errors detected at all times when the local receiver status is OK. These bits are reset
to all zeroes when the error count is read by the management function or upon execution of the PCS Reset
function and they are held at all ones in case of overflow (see 30.5.1.1.11).

NOTE: REGISTER 15 is also utilized. It is the extended status register. It is currently defined in 802.3z.
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40.6.3.3 Auto-Negotiation Pages Encoding

Auto-Negotiation enables a PHY to transmit and receive one or more pages of 16-bit Link Code Words with
the remote PHY to exchange information for configuring the link. The first page transmitted in 802.3 sys-
tems is called the “base” page and is formatted as shown in Figure 40-20. Eight bits of the Base page are
referred to as the Technology Ability Field (A[7:0]), containing information indicating which PHY technol-
ogies are supported by the PHY device. The current 802.3 Base page Technology Ability Field has 5 of its 8
bits defined in Table 28B-1 of the 100BASE-T standard, covering the 100BASE-TX, 100BASE-T4, and
10BASE-T PHYs. Because 1000BASE-T required more Auto-Negotiation bits than were available on the
base page, bits for 1000BASE-T were defined using Next pages. Next pages come in two flavors, either
Message or Unformatted Pages, shown in Figure 40-20. It is a requirement that all 1000BASE-T PHY
implementations support the ability to process Next pages.

During 1000BASE-T PHY Auto-Negotiation, the Base page is followed with by a Message Next Page indi-
cating that the pages that follow are specific to 1000BASE-T; this is signalled by using the Ability Message
Code (7) defined in annex 28C. The Message Next Page is followed by two Unformatted Next Pages con-
taining the 1000BASE-T Technology Specific parameters shown in table 40-8. Thus 1000BASE-T Auto-
Negotiation typically requires transmission of four pages.

40.6.3.4 Use of Auto-Negotiation Next Page codes for 1000BASE-T PHYS

For a PHY capable of 1000BASE-T transmission, during Auto-Negotiation the Base Page will be followed
by a Next Page with a message code containing the 1000BASE-T Technology Ability Message Code (9) as
shown in table 28C-1. This Message Next Page indicates that two Unformatted Message Next Pages will
follow which contain the 1000BASE-T Technology Ability fields as described in table 40-8. Further note
that the Acknowledge 2 bit is not utilized and has no meaning when used for the 1000BASE-T message page
exchange. All 1000BASE-TT Next Pages will be intercepted internal to the PHY and will not show up in the
next page receive registers

Table 40-8—1000BASE-T Unformatted Next Pages bit assignments

Bit Bit Definition Register Location

PAGE 0

[y
o

Message Code (9) Message Code (9)

Message Code (9)

Message Code (9)

Message Code (9)

Message Code (9)

Message Code (9)

Message Code (9)

Message Code (9)

Message Code (9)

Message Code (9)

Ol I N W | P> OO | N| | O

Message Code (9)
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PAGE 1
10 Rsvd Reserved
9 Rsvd
8 Rsvd
7 Rsvd
6 Asymmetric_Pause value GMII register 9.6
(1LO00BASE-T Control
register)
5 TX_CODING GMII register 9.7
(1 =6dB and 0 = 3dB) (1000BASE-T Control
register)
4 1000BASE-T half duplex GMIlI register 9.8
(1 = half duplex and 0 = no half duplex) (1LO00BASE-T Control
register)
3 1000BASE-T full duplex GMIlI register 9.9
(1 = full duplex and 0 = no full duplex (1LO00BASE-T Control
register)
2 1000BASE-T Repeater/DTE bit GMIlI register 9.10
(1 =repeater and 0 = DTE) (1LO00BASE-T Control
register)
1 1000BASE-T NASTER-SLAVE Manual Configuration value GMIlI register 9.11
(1 =MASTER and 0 = SLAVE. This bit is ignored if U3 =0.) | (L0O00BASE-T Control
register)
0 1000BASE-T MASTER-SLAVE Manual Configuration Enable | GMII register 9.12
(1 = Manual Configuration Enable.) This bit is intended to be u{ (L000BASE-T Control
for manual selection in a a particular MASTER-SLAVE mode g register)
is to be used in conjunction with bit U4.
Page 2
10 1000BASE-T MASTER-SLAVE Seed Bit 10 (SB10) (MSB) MASTER-SLAVE Seed
Value (10:0)
9 1000BASE-T MASTER-SLAVE Seed Bit 9 (SB9)
8 1000BASE-T MASTER-SLAVE Seed Bit 8 (SB8)
7 1000BASE-T MASTER-SLAVE Seed Bit 7 (SB7)
6 1000BASE-T MASTER-SLAVE Seed Bit 6 (SB6)
5 1000BASE-T MASTER-SLAVE Seed Bit 5 (SB5)
4 1000BASE-T MASTER-SLAVE Seed Bit 4 (SB4)
3 1000BASE-T MASTER-SLAVE Seed Bit 3 (SB3)
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2 1000BASE-T MASTER-SLAVE Seed Bit 2 (SB2)
1 1000BASE-T MASTER-SLAVE Seed Bit 1 (SB1)
0 1000BASE-T MASTER-SLAVE Seed Bit 0 (SB0)

40.6.3.5 MASTER-SLAVE Configuration Resolution

Since both PHYs that share a link segment are capable of being MASTER or SLAVE, a prioritization
scheme exists to ensure that the correct mode is chosen. The MASTER-SLAVE relationship shall be deter-
mined during Auto-Negotiation using table 40-9 with the 1000BASE-T Technology Ability Next Page bit
values specified in table 40-8 and information received from the link partner.

A 1000BASE-T PHY must be capable of operating either as the master or slave. In the scenario of a link
between a DTE and a repeater, the preferred relationship is for the repeater to be the master PHY and the
DTE to be the slave. However, other topologies may result in contention, and a resolution function is defined
to resolve any relationship conflicts. This function is shown in table 40-9.

Table 40-9—1000BASE-T MASTER-SLAVE Configuration Resolution table

Local Device Type

Remote Link Partner Type

Resolution Function result

Local Device Remote Link Partner
DTE Repeater SLAVE MASTER
(U2=0 & U3=0) or (U2=1& U3=0) or
manual SLAVE manual MASTER
(U3=1 & U4=0) (U3=1 & U4=1)
Repeater Manual MASTER
(U2=1&U3=0) Us=1&U4=1)
Manual SLAVE DTE
(U3=1&U4=0) (U2=0&U3=0)
Repeater DTE MASTER SLAVE

(U2=1&U3=0)or
Manual MASTER
(U3=1land U4 =1)

(U2=0 & U3=0) or
manual SLAVE
(U3=1 & U4=0)

DTE
(U2=08&U3=0)

Manual SLAVE
(U3=1&U4=0)

Manual MASTER
(U3=1&U4=1)

Repeater
U2=1&U3=0)

PHY with higher MASTER-SLAVE seed value i
configured as the MASTER.
If the seeds are equal, the MASTER-SLAVE re$o-
lution is unsuccessful.

Repeater Repeater
(U2=1 & U3=0) (U2=1 & U3=0)
DTE DTE

(U2=0 & U3=0) (U2=0 & U3=0)

Set link_status_T2 = FAIL, forcing Auto-Negotig
tion to restart.
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Resolution Function result
Local Device Type Remote Link Partner Type
Local Device Remote Link Partner
Manual SLAVE Manual SLAVE Fault detected.
(U3=1 & U4=0) (U3=1 & U4=0) Set link_status_T2 = FAIL, forcing Auto-Negotig-
tion to restart.
Manual MASTER Manual MASTER
(U3=1 & U4=1) (U3=1 & U4=1)

The rationale for this hierarchy is straightforward. A 1000BASE-T repeater has higher priority than a DTE

to become the MASTER. In the case where both devices are of the same type, e.g., both devices are Repeat-
ers, the device with the higher MASTER-SLAVE seed bits (SB0..SB 10), where SB 15 is the MSB, becomes
the MASTER and the device with the lower seed value becomes the SLAVE. In case both devices have the
same seed value, both should assert link_status_1000T--FAIL (as defined in 28.3.1) and restart Auto-Nego-
tiation. Successful completion of the MASTER-SLAVE resolution shall be treated as MASTER-SLAVE
con-figuration resolution complete and the 1000BASE-T Status Register bit 10.14 shall be set to logical one

The method of generating a random seed is left to the implementor. The generated random seeds should
belong to a sequence of independent, identically distributed integer numbers with a uniform distribution in
the range of 0 to XXXXX. The algorithm used to generate the integer should be designed to minimize the
correlation between the number generated by any two devices at any given time. A seed counter shall be
provided to track the number of seed attempts. The seed counter shall be set to zero at start-up and shall be
incremented each time a seed is generated. A MASTER-SLAVE resolution fault shall be declared if resolu-
tion is not reached after the generation of seven seeds.

The MASTER-SLAVE Manual Configuration Enable bit (control register bit 9.12) is used to manually set a
device to become the MASTER or the SLAVE. In case both devices are manually set to become the MAS-
TER or the SLAVE, this condition shall be flagged as a MASTER-SLAVE Manual Configuration fault con-
dition, thus the MASTER-SLAVE Manual Configuration fault bit (status register bit 10.15) shall be set to
logical one. The MASTER-SLAVE Manual Configuration fault condition shall be treated as MASTER-
SLAVE configuration resolution complete and status register bit 10.14 shall be set to logical one. In this
case, link~status_10000BASE-T will be set to FAIL, because the MASTER-SLAVE relationship was not
resolved. This will force Auto-Negotiation to restart after the link_fail_inhibit_timer has expired. Determi-
nation of MASTER-SLAVE values occur on the entrance to the FLP LINK GOOD CHECK state (figure 28-
16) when the highest common denominator (HCD) technology is 1000BASE-T. The resulting MASTER-
SLAVE value is used by the 1000BASE-T PHY control (40.3).

40.6.3.6 Priority Resolution

Since two devices may have multiple abilities in common, a prioritizing scheme exists to ensure that the
highest common denominator ability is chosen. The following list represents the relative priorities of the
technologies supported by the IEEE 802.3 Selector Field Value, where priorities are listed from highest to
lowest. This list, from Annex 28B.3, is updated in table 40-10 to reflect the addition of the 1000BASE-T

PHY as a supported technology for IEEE 802.3. 1000BASE-T is prioritized higher than 100BASE-T PHYs
because it provides a higher level of performance.

This clause defines the electrical characteristics of the PHY at the MDI
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Table 40-10—Priority Table

Priority Level Technology
a ** (highest) 1000BASE-T Full Duplex
b** 1000BASE-T Half Duplex
c 100BASE-T2 Full Duplex
d 100BASE-TX Full Duplex
e 100BASE-T
f 100BASE-T4
g 100BASE-TX
h 10BASE-T Full Duplex
i (lowest) 10BASE-T

** represents changes requested
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40.7 PMA electrical specifications

The ground reference point for all common-mode tests is the GMII ground circuit. Implementations without
an GMII use the chassis ground. The values of all components in test circuits shall be accurate to within
+1% unless otherwise stated.

40.7.1 PMA-to-MDI interface characteristics
40.7.1.1 Isolation requirement

The PHY shall provide electrical isolation between the DTE or repeater circuits, including frame ground and
all MDI leads. This electrical separation shall withstand at least one of the following electrical strength tests:

a) 1500V rms at 50 Hz to 60 Hz for 60 s, applied as specified in Section 5.3.2 of IEC Publication 950.

b) 2250 Vdc for 60 s, applied as specified in Section 5.3.2 of IEC Publication 950.

c) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 s.
The shape of the impulses shall be 1.2450(1.2us virtual front time, 5Qus virtual time or half
value), as defined in IEC Publication 60.

There shall be no insulation breakdown, as defined in Section 5.3.2 of IEC Publication 950, during the test.
The resistance after the test shall be at least 2 Megaohms, measured at 500 Vdc.

40.7.1.1.1 Test channel

To perform the transmitter master/slave timing jitter tests described in this clause, a test channel is required
to ensure that jitter is measured under conditions of poor signal to echo ratio. This test channel shall be con-
structed by combining 100 and 120 ohm cable segments which meet or exceed ISO/IEC 11801 category 5
specifications for each pair as shown in figure 40-16 with the lengths and additional restrictions on parame-
ters described in table 40-11. The ends of the test channel shall be connectorized with connectors meeting or
exceeding ISO/IEC 11801 category 5 specifications. The return loss of the resulting test channel shall meet
the return loss requirements of 40.8.2.3 and the crosstalk requirements of 40.8.3 on each pair.

C Cy Cs Cy Cs Cs
A SO DO TS > > B

I L BRI

Identical for each of the 4 pairs.

Figure 40-16—Test Channel Topology For Each Cable Pair
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Table 40-11—Test Channel Cable Segment Specifications

Cable Segment Length Characteristic Attenuation

(meters) Impedance (at | (per 100 meters
frequencies>1| at31.25 MHz)
MHz)

1 L,=1.20 120 +/- 5 ohms 7.8t08.8dB

2 Lo=x 100 +/- 5 ohms 10.8 to 11.8 dB|

3 L3=1.48 120 +/- 5 ohms 7.8t08.8dB

4 L=y 100 +/- 5 ohms 10.8 to 11.8 dB|

802.3ab/D1.1
December 10, 1997

Note: x is chosen such that the total delay of segments C1, C2 and C3 is equal to 570 ns at 31.25 MHz unless
this would cause the total attenuation of segments C1, C2 and C3 to exceed the worst case insertion loss
specified in 40.8.2.1 in which case x is chosen so that the total attenuation of segments C1, C2 and C3 just

meets 40.8.2.1 at all frequencies. y is chosen so that the total attenuation of segments C1, C2, C3 and C4 just
meets 40.8.2.1 at all frequencies (y may be 0).

40.7.1.1.2 Test modes

The test modes described below shall be provided to allow for testing of the transmitter waveform, transmit-
ter distortion and transmitted jitter.

For a PHY with a GMII interface, these modes shall be enabled by setting bits 9:13-15 (1L000BASE-T Con-
trol Register) of the GMII Management register set as shown in table 40-12 below. These test modes shall
only change the data symbols provided to the transmitter circuitry and shall not alter the electrical and jitter
characteristics of the transmitter and receiver from those of normal operation. A PHY without an GMII shall
provide a means to provide these functions. The vendor shall provide a means to enable these modes for
conformance testing.

Table 40-12— GMII management register settings for Test Modes

Bit 1 (9:15) Bit 2 (9:14) Bit 3 (9:13) Mode

Normal Operation

Test Mode 1 -
Transmit Waveform
Test

Test Mode 2 -
Transmit Jitter Testin
MASTER mode

Test Mode 3 -
Transmit Jitter Testin
SLAVE mode

Test Mode 4 -
Transmitter Distor-
tion Test
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When test mode 1 is enabled, the PHY shall transmit the following sequence of data symbols (TBD-Refer-
ence to PCS nomenclature for symbols) continually from all four transmitters:

{{+2 followed by 127 0 symbols}, {-2 followed by 127 0 symbols},{+1 followed by 127 0 symbols}, {-1
followed by 127 0 symbols}, {128 +2 symbols, 128 -2 symbols, 128 +2 symbols, 128 -2 symbols},{1024 0
symbols}}

This sequence is repeated continually without breaks between the repetitions when the test mode is enabled.
A typical transmitter output is shown below in figure 40-17. The transmitter

time the transmitted symbols from a 125.000 MH2.01% clock in the MASTER timing mode.

When test mode 2 is enabled, the PHY shall transmit the data symbol sequence {+2,-2} repeatedly on all
channels. The transmitter shall time the transmitted symbols from a 125.00¢: \Al1% clock in the
MASTER timing mode.

When test mode 3 is enabled, the PHY shall transmit the data symbol sequence {+2,-2} repeatedly on all
channels. The transmitter shall time the transmitted symbols from a 125.00@ Wdzlock in the SLAVE
timing mode.

EDITOR’S NOTE: | don't like the above test mode much since the receive PLL is not locked to anything but | need a
test that verifies that no jitter sources are introduced between TX-TCLK (see below) and the four transmitter outputs
in the slave mode. Since the clocking is done differently in slave mode than master mode, | believe the slave test is
required in addition to the master test. Alternate suggestions are encouraged.--JLC

When test mode 4 is enabled, the PHY shall transmit the sequence of symbols generated by the following
scrambler generator polynomial, bit generation and level mappings:

9_ 11
Ogp = 1+X +X

The maximum-length shift register used to generate the sequences defined by this polynomial shall be
updated once per symbol interval (8 ns). The bits stored in the shift register delay line at a particular time n
are denoted by Sgi1:0]. The bit sequences, ¥X1,, and x2, generated from combinations of the scram-

bler bits as shown below, shall be used to generate the quinary sympbasgssisown in table 40-13. The qui-

nary symbol sequence shall be presented simultaneously to all transmitters. The transmitter shall time the
transmitted symbols from a 125,000 MH0.01% clock in the MASTER timing mode.

x1, = Scr,[1] O Scr,[4]

n

x0,, = Scr,[0]

X2

Scr[2] O Scr[4]

n
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Table 40-13—Transmitter Test Mode 4
Symbol Mapping

x2n x1n x0n quinary
Symbol, s,
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 -1
1 0 0 0
1 0 1 1
1 1 0 -2
1 1 1 -1

EDITOR’S NOTE: The above polynomials and mapping result in a level distribution where the +/-2 levels have 1/2
the probability of occurrence of any of the other levels. An alternate approach that results in equi-probable levels
would be to use a single scrambler with a generator polynomial in GF(5) but it is not necessary for the purposes of

this test.--JLC

802.3ab/D1.1
December 10, 1997
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Transmitter Test Mode Output

Transmitter Test Mode 1 Output Waveform Example - 1 Cycle
! H ! ! !

2 ! ! !

g
ke
>
. 8
Time (us)
Figure 40-17—Example of Transmitter Test Mode 1 waveform
1 Transmitter Test Mode 2/3 Output Waveform Example
0.8
b2
ke
>

06 0.07 0.08 0.09 0.1

005 _ 0.
Time ?us)

Figure 40-18—Example of Transmitter Test Modes 2 and 3 waveform
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15 Transmitter Test Mode 4 Output Waveform Example (1 cycle)

Volts

_1.5 Il Il Il Il ]-I Il Il Il

.8
Time (us)

Figure 40-19—Example of Transmitter Test Mode 4 waveform

40.7.1.1.3 Test Fixtures

The following fixtures, or their functional equivalents, shall be used for measuring the transmitter specifica-
tions described later.
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50 ohms

Transmitter
Under
Test Vy

50 ohms

High Impedance
Differential Probe,
or equivalent

Digital Post-Processing
Oscilloscope

or Data

Acquisition
Test Module
Filter Hy(s)

Figure 40-20—Transmitter Test Fixture 1 for Template Measurement

50 ohms

Transmitter
Under
Test Vg

50 ohms

High Impedance
Differential Probe,
or equivalent

Digital Post-Processing
Oscilloscope

or Data
Acquisition
Module

Figure 40-21—Transmitter Test Fixture 2 for Droop Measurement
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50 ohms

Transmitter

Under

Test Vy
50 ohms

High Impedance
Differential Probe,
or equivalent

Digital Post-Processing
Oscilloscope
or Data
Test Acquisition
Filter Hy(s) Module
TX-TCLK

Figure 40-22—Transmitter Test Fixture 3 for Distortion Measurement

Transmitter
Under
Test

100 ohms

High Impedance
Differential Probe,
or equivalent

Jitter
Analyzer

TX-TCLK

Figure 40-23—Transmitter Test Fixture 4 for Transmitter Jitter Measurement
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The test filter, K(s), used in transmitter test fixtures 1 and 3 may be located between the points A and B as
long as the test filter does not significantly alter the impedance seen by the transmitter. The test filter may
instead be implemented as a digital filter in the post processing block. The test filter shall have the following
continuous time transfer function or its discrete time equivilent

He(H) = —L—  finHz
jf +2x10

The disturbing signal, Y shall have the characteristics listed in table 40-14.

Table 40-14—Vd Characteristics

Characteristic Transmit Test Fixture 1 Transmit Test Fixture 2 Transmit Test Fixture 3
Waveform Sine wave

Amplitude 7.0 volts peak-to-peak 7.0 volts peak-to-peak 8.0 volts peak-to-peak
Frequency 31.25 MHz 31.25 MHz 20.833 MHz (125/6 MHgz)
Purity All harmonics >40 dB below fundamental

The post-processing block has two roles. The first is to remove the disturbing signal from the measurement.
A method of removing the disturbing signal is to take a single shot acquisition of the transmitted signal plus
test pattern then remove the best fit of a sine wave at the fundamental frequency of the disturbing signal
from the measurement. It will be necessary to allow the fitting algorithm adjust the frequency (slightly),
phase and amplitude parameters of the sine wave to achieve the best fit.

The second role of the post-processing block is to compare the measured data with the templates, droop
specification or distortion specification.

Trigger averaging of the transmitter output to remove measurement noise and increase measurement resolu-
tion is acceptable provided that it is done in a manner that does not average out possible distortions caused
by the interaction of the transmitter and the disturbing voltage. For transmitter template and droop measure-
ments this can be done by ensuring that the disturbing signal is exactly synchronous to the test pattern so that
the phase of the disturbing signal at any particular point in the test pattern remains cofsgaer averag-

ing also requires a triggering event that is synchronous to the test pattern. A trigger pulse generated by the
PHY would be ideal for this purpose; however, in practice, triggering off the waveform generated by one of
the other transmitter outputs which does not have the disturbing signal present may be possible.

The generator of the disturbing signal must have enough linearity and range so that it does not introduce any
appreciable distortion when connected to the transmitter output. This may be verified by replacing the trans-

1. j denotes the positive square root of -1

2. This may be accomplished by creating the disturbing signal using a source of the transmit clock
for the PHY under test, dividing it down to the proper frequency for the disturbing signal, passing
the result through a high Q bandpass filter to eliminate harmonics and then amplifying the result to
the proper amplitude.

Copyright © 1997 IEEE. All rights reserved.
This is not an approved IEEE Standard.
40-71



O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3 802.3ab/D1.1
1000BASE-T December 10, 1997

mitter under test with another, identical, disturbing signal generator with a different frequency output and
verifying that the resulting waveform’s spectrum does not show significant distortion products.

Additionally, to allow for measurement of transmitted jitter in master and slave modes, the PHY shall pro-
vide access to the 125 MHz symbol clock, TX-TCLK, that times the transmitted symbols. The PHY shall
provide a means to enable this clock output if it is not normally enabled.

40.7.1.2 Transmitter electrical specifications

The PMA shall provide the Transmit function specified in 40.4.1.2 in accordance with the electrical specifi-
cations of this clause.

Where a load is not specified, the transmitter shall meet requirements of this clause with a 100 ohm resistive
differential load connected to each transmitter output.

The tolerance on the poles of the test filters used in this section skdfVhe

Practical considerations prevent measurement of the transmitter performance in the presence of the remote
transmitter signal in this standard; however, the design of the transmitter to tolerate the presence of the
remote transmitter signal without unacceptable distortion or other changes in performance is a critical issue
and must be addressed by the manufacturer. To this end, a disturbing sine wave is used to simulate the pres-
ence of a remote transmitter for a number of the transmitter tests below.

40.7.1.2.1 Peak differential output voltage and level accuracy

When in test mode 1 and observing the differential signal output at the MDI using transmitter test fixture 1,
for each pair, with no intervening cable, the absolute value of the peak of the waveform at points A and B as
defined in figure 40-17 shall fall within the range of 0.67 V to 0.82 V (0.250\83 dB).

EDITOR’S NOTE: This specification is consistent with the desire for a 2 volt peak-to-peak launch level (in the
absence of baseline wander) since the +2 symbol corresponding normally to a +1 volt level is filtered by the partial
response filter 0.75+0.252which means that an isolated +2 symbol will generate +0.75 volts for one symbol time fol-
lowed by +0.25 volts for a subsequent symbol time.--JLC

The absolute value of the peak of the waveforms at points A and B shall differ by less than 1%.

The absolute value of the peak of the waveform at points C and D as defined in figure 40-17 shall differ from
0.5 times the average of the absolute values of the peaks of the waveform at points A and B by less than 2%.

40.7.1.2.2 Maximum output droop

When in test mode 1 and observing the differential signal output at the MDI using transmit test fixture 2, for
either pair, with no intervening cable, the magnitude of the negative peak value of the waveform at point G
as defined in figure 40-17 shall be greater than 73.1% of the magnitude of the negative peak value of the
waveform at point F. Point G is defined as the point exactly 500 ns after point F. Point F is defined as the
point where the waveform reaches it's minimum value at the location indicated in figure 40-17. Addition-
ally, the magnitude of the peak value of the waveform at point J as defined in figure 40-17 shall be greater
than 73.1% of the magnitude of the peak value of the waveform at point H. Point J is defined as the point
exactly 500 ns after point H. Point H is defined as the point where the waveform reaches it's maximum value
at the location indicated in figure 40-17.

EDITOR’S NOTE: This specification is designed to limit the high pass filtering of the transmitter/transformer to the
equivalent of a single pole high pass filter with a pole frequency less than or equal to 100 kHz.--JLC
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40.7.1.2.3 Differential output templates

When in test mode 1 and observing the differential signal output at the MDI using transmitter test fixture 1,
for each pair, with no intervening cable, the voltage waveforms at points A, B, C, D defined in figure 40-17,
after the normalization described below, shall lie within the time domain template 1 defined in figure 40-24
and the piecewise linear interpolation between the points in table 40-15. The waveforms may be shifted in
time as appropriate to fit within the template.

The waveform at point A is normalized by dividing by the peak value of the waveform at A.
The waveform at point B is normalized by dividing by the negative of the peak value of the waveform at A.
The waveform at point C is normalized by dividing by 1/2 the peak value of the waveform at A.

The waveform at point D is normalized by dividing by the negative of 1/2 the peak value of the waveform at
A

When in test mode 1 and observing the differential signal output at the MDI using transmitter test fixture 1,

for each pair, with no intervening cable, the voltage waveforms at points F and H defined in figure 40-17,

after the normalization described below, shall lie within the time domain template 2 defined in figure 40-24

and the piecewise linear interpolation between the points in table 40-16. The waveforms may be shifted in
time as appropriate to fit within the template.

The waveform at point F is normalized by dividing by the peak value of the waveform at F.

The waveform at point H is normalized by dividing by the peak value of the waveform at H.

<EDITOR’S NOTE: The templates were created with the following assumptions about the elements in the transmit
path:

Digital Filter: 0.75 + 0.25 2

Ideal DAC

Single pole continuous time low pass filter with pole varying from 70.2 MHz to 117 MHz.

Single pole continuous time high pass filter (transformer high pass) with pole varying from 1 Hz to 100 kHz.

Single pole continuous time high pass filter (test filter) with pole varying from 1.8 MHz to 2.2 MHz (I could tighten
this to a 1% variation...).

Additionally, +0.02 was added to the upper template and -0.02 was added to the lower template to allow for noise and
measurement error.

--JLC>
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NOTE—The transmit templates are not intended to address electromagnetic radiation limits.
Normalized Time Domain Transmit Template

Normalized Time Domain Transmit Template 1

0.2 0 5 10 _ 15 20 25
Time (ns)

Normalized Time Domain Transmit Template 2

30

-0.2 _1'0 0

. 20 30 40
Time (ns)

Figure 40-24—Normalized transmit templates as measured at MDI using Transmit Test Fix-
ture 1
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Table 40-15— Normalized Time Domain Voltage Template 1
Time, ns Normali;ed Normali;ed Time, ns Normali;ed Normali;ed
transmit transmit transmit transmit
time domain time domain time domain time domain
template, template, lower template, template, lower
upper limit limit upper limit limit
-5.00 0.025 -0.026 12.75 0.332 0.210
-4.75 0.025 -0.026 13.00 0.326 0.208
-4.50 0.025 -0.026 13.25 0.320 0.206
-4.25 0.025 -0.026 13.50 0.315 0.204
-4.00 0.025 -0.026 13.75 0.311 0.202
-3.75 0.025 -0.026 14.00 0.307 0.201
-3.50 0.025 -0.026 14.25 0.303 0.199
-3.25 0.025 -0.026 14.50 0.300 0.186
-3.00 0.025 -0.026 14.75 0.292 0.148
-2.75 0.025 -0.026 15.00 0.278 0.114
-2.50 0.025 -0.026 15.25 0.254 0.084
-2.25 0.026 -0.026 15.50 0.200 0.041
-2.00 0.026 -0.027 15.75 0.157 0.006
-1.75 0.037 -0.027 16.00 0.128 -0.023
-1.50 0.141 -0.028 16.25 0.104 -0.048
-1.25 0.247 -0.028 16.50 0.083 -0.068
-1.00 0.339 -0.028 16.75 0.064 -0.084
-0.75 0.422 -0.006 17.00 0.047 -0.098
-0.50 0.496 0.152 17.25 0.032 -0.110
-0.25 0.584 0.304 17.50 0.019 -0.119
0.00 0.669 0.427 17.75 0.007 -0.127
0.25 0.739 0.505 18.00 -0.004 -0.133
0.50 0.796 0.563 18.25 -0.014 -0.138
0.75 0.844 0.614 18.50 -0.022 -0.143
1.00 0.882 0.660 18.75 -0.030 -0.146
1.25 0.914 0.701 19.00 -0.037 -0.149
1.50 0.940 0.737 19.25 -0.043 -0.151
1.75 0.960 0.769 19.50 -0.048 -0.153
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Table 40-15— Normalized Time Domain Voltage Template 1
Time, ns Normali;ed Normali;ed Time, ns Normali;ed Normali;ed
transmit transmit transmit transmit

time domain time domain time domain time domain

template, template, lower template, template, lower

upper limit limit upper limit limit
2.00 0.977 0.797 19.75 -0.053 -0.154
2.25 0.990 0.822 20.00 -0.057 -0.155
2.50 1.001 0.845 20.25 -0.061 -0.156
2.75 1.008 0.864 20.50 -0.064 -0.157
3.00 1.015 0.881 20.75 -0.067 -0.157
3.25 1.019 0.896 21.00 -0.070 -0.158
3.50 1.022 0.909 21.25 -0.072 -0.158
3.75 1.024 0.921 21.50 -0.074 -0.158
4.00 1.025 0.931 21.75 -0.076 -0.158
4.25 1.025 0.939 22.00 -0.077 -0.158
4.50 1.025 0.946 22.25 -0.078 -0.158
4.75 1.025 0.953 22.50 -0.079 -0.158
5.00 1.025 0.958 22.75 -0.079 -0.157
5.25 1.025 0.962 23.00 -0.079 -0.157
5.50 1.025 0.966 23.25 -0.080 -0.157
5.75 1.025 0.966 23.50 -0.080 -0.157
6.00 1.025 0.964 23.75 -0.080 -0.156
6.25 1.025 0.960 24.00 -0.080 -0.156
6.50 1.025 0.897 24.25 -0.080 -0.156
6.75 1.025 0.826 24.50 -0.080 -0.156
7.00 1.014 0.763 24.75 -0.080 -0.156
7.25 0.996 0.707 25.00 -0.080 -0.156
7.50 0.888 0.642 25.25 -0.080 -0.156
7.75 0.784 0.570 25.50 -0.080 -0.156
8.00 0.714 0.510 25.75 -0.079 -0.156
8.25 0.669 0.460 26.00 -0.079 -0.156
8.50 0.629 0.418 26.25 -0.079 -0.156
8.75 0.593 0.383 26.50 -0.079 -0.155
9.00 0.561 0.354 26.75 -0.079 -0.155
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Table 40-15— Normalized Time Domain Voltage Template 1
Time, ns Normali;ed Normali;ed Time, ns Normali;ed Normali;ed
transmit transmit transmit transmit
time domain time domain time domain time domain
template, template, lower template, template, lower
upper limit limit upper limit limit
9.25 0.533 0.330 27.00 -0.078 -0.155
9.50 0.507 0.309 27.25 -0.078 -0.155
9.75 0.483 0.292 27.50 -0.078 -0.154
10.00 0.462 0.278 27.75 -0.078 -0.154
10.25 0.443 0.266 28.00 -0.077 -0.154
10.50 0.427 0.255 28.25 -0.077 -0.153
10.75 0.411 0.247 28.50 -0.077 -0.153
11.00 0.398 0.239 28.75 -0.076 -0.153
11.25 0.385 0.233 29.00 -0.076 -0.152
11.50 0.374 0.228 29.25 -0.076 -0.152
11.75 0.364 0.223 29.50 -0.076 -0.152
12.00 0.355 0.219 29.75 -0.075 -0.151
12.25 0.346 0.216 30.00 -0.075 -0.151
12.50 0.339 0.213
Table 40-16— Normalized Time Domain Voltage Template 2
Time, ns Normali;ed Normali;ed Time, ns Normali;ed Normali;ed
transmit transmit transmit transmit
time domain time domain time domain time domain
template, template, lower template, template, lower
upper limit limit upper limit limit
-15.00 0.066 -0.025 18.00 0.891 0.790
-14.50 0.066 -0.025 18.50 0.886 0.784
-14.00 0.066 -0.025 19.00 0.881 0.778
-13.50 0.066 -0.025 19.50 0.876 0.772
-13.00 0.066 -0.025 20.00 0.871 0.767
-12.50 0.066 -0.025 20.50 0.866 0.761
-12.00 0.066 -0.025 21.00 0.861 0.755
-11.50 0.066 -0.025 21.50 0.856 0.750
-11.00 0.066 -0.025 22.00 0.852 0.744
-10.50 0.066 -0.025 22.50 0.847 0.738
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Table 40-16— Normalized Time Domain Voltage Template 2
Time, ns Normali;ed Normali;ed Time, ns Normali;ed Normali;ed
transmit transmit transmit transmit
time domain time domain time domain time domain
template, template, lower template, template, lower
upper limit limit upper limit limit
-10.00 0.216 -0.027 23.00 0.842 0.733
-9.50 0.348 -0.027 23.50 0.838 0.727
-9.00 0.452 -0.013 24.00 0.833 0.722
-8.50 0.535 0.130 24.50 0.828 0.717
-8.00 0.604 0.347 25.00 0.824 0.711
-7.50 0.683 0.490 25.50 0.819 0.706
-7.00 0.737 0.557 26.00 0.815 0.701
-6.50 0.772 0.610 26.50 0.811 0.695
-6.00 0.795 0.651 27.00 0.806 0.690
-5.50 0.810 0.683 27.50 0.802 0.685
-5.00 0.818 0.707 28.00 0.797 0.680
-4.50 0.823 0.725 28.50 0.793 0.675
-4.00 0.825 0.739 29.00 0.789 0.670
-3.50 0.826 0.747 29.50 0.784 0.665
-3.00 0.825 0.752 30.00 0.780 0.660
-2.50 0.823 0.755 30.50 0.776 0.655
-2.00 0.864 0.755 31.00 0.772 0.650
-1.50 0.907 0.758 31.50 0.767 0.645
-1.00 0.941 0.760 32.00 0.763 0.640
-0.50 0.966 0.803 32.50 0.759 0.635
0.00 0.986 0.870 33.00 0.755 0.630
0.50 1.001 0.914 33.50 0.751 0.626
1.00 1.014 0.941 34.00 0.747 0.621
1.50 1.022 0.954 34.50 0.743 0.616
2.00 1.025 0.964 35.00 0.739 0.611
2.50 1.025 0.970 35.50 0.734 0.607
3.00 1.025 0.973 36.00 0.730 0.602
3.50 1.025 0.969 36.50 0.727 0.598
4.00 1.025 0.965 37.00 0.723 0.593
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Table 40-16— Normalized Time Domain Voltage Template 2
Time, ns Normali;ed Normali;ed Time, ns Normali;ed Normali;ed
transmit transmit transmit transmit
time domain time domain time domain time domain
template, template, lower template, template, lower
upper limit limit upper limit limit
4.50 1.023 0.960 37.50 0.719 0.589
5.00 1.020 0.955 38.00 0.715 0.584
5.50 1.017 0.949 38.50 0.711 0.580
6.00 1.014 0.942 39.00 0.707 0.575
6.50 1.010 0.936 39.50 0.703 0.571
7.00 1.005 0.929 40.00 0.699 0.566
7.50 1.001 0.922 40.50 0.695 0.562
8.00 0.996 0.916 41.00 0.692 0.558
8.50 0.991 0.909 41.50 0.688 0.554
9.00 0.986 0.903 42.00 0.684 0.549
9.50 0.981 0.896 42.50 0.680 0.545
10.00 0.976 0.889 43.00 0.677 0.541
10.50 0.970 0.883 43.50 0.673 0.537
11.00 0.965 0.876 44.00 0.669 0.533
11.50 0.960 0.870 44.50 0.666 0.529
12.00 0.954 0.864 45.00 0.662 0.524
12.50 0.949 0.857 45.50 0.659 0.520
13.00 0.944 0.851 46.00 0.655 0.516
13.50 0.938 0.845 46.50 0.651 0.512
14.00 0.933 0.838 47.00 0.648 0.508
14.50 0.928 0.832 47.50 0.644 0.505
15.00 0.923 0.826 48.00 0.641 0.501
15.50 0.917 0.820 48.50 0.637 0.497
16.00 0.912 0.814 49.00 0.634 0.493
16.50 0.907 0.808 49.50 0.631 0.489
17.00 0.902 0.802 50.00 0.627 0.485
17.50 0.897 0.796
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40.7.1.2.4 Transmitter Distortion

Editor’s Note: The status and location of the MATLAB code shown below is in resolution and the code
may be moved, depending on the outcome of the resolution process.

When in test mode 4 and observing the differential signal output at the MDI using transmitter test fixture 3,
for each pair, with no intervening cable, the peak distortion as defined below shall be less than 10 millivolts.

The peak distortion is determined by sampling the differential signal output with the symbol rate TX-TCLK

at an arbitrary phase and processing a block of any 2047 consecutive samples with the Matlab code listed
below or equivalent. Note that this code assumes that the differential signal has already been filtered by the
test filter.

MATLAB code for Distortion Post Processing

%

% Distortion Specification Post Processing
% V1.3 (uses single scrambler instead of 3)
%

% Initialize Variables

clear

symbolRate=125e6; % symbol rate
dataFile=input(‘Data file name: ‘,’s’)

% Generate test pattern symbol sequence

scramblerSequence=ones(1,2047);
for i=12:2047

scramblerSequence(i)=mod(scramblerSequence(i-11) + scramblerSequence(i-9),2);
end

for i=1:2047
temp=scramblerSequence(mod(i-1,2047)+1) + ...
2*mod(scramblerSequence(mod(i-2,2047)+1) + scramblerSequence(mod(i-5,2047)+1),2) + ...
4*mod(scramblerSequence(mod(i-3,2047)+1) + scramblerSequence(mod(i-5,2047)+1),2);
switch temp
case 0,
testPattern(i)=0;
case 1,
testPattern(i)=1;
case 2,
testPattern(i)=2;
case 3,
testPattern(i)=-1;
case 4,
testPattern(i)=0;
case 5,
testPattern(i)=1;
case 6,
testPattern(i)=-2;
case 7,
testPattern(i)=-1;
end
end
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% Input data file
fid=fopen(dataFile,’r’);
sampledData=fscanf(fid, %f");
fclose(fid);
sampledData=sampledData.’;

if (length(sampledData) < 2047)
error(‘Must have 2047 consecutive samples for processing’);
elseif (length(sampledData) > 2047)
fprintf(1,"\n Warning - only using first 2047 samples in data file’);
sampledData=sampledData(1:2047);
end

% Fit a sine wave to the data and temporarily remove it to yield processed data

options=foptions;

options(1)=0;

options(2)=1e-8;

options(3)=1e-8;

options(14)=2000;

gradfun=zeros(0);

P=fmins(‘sinefit’,[2.0 0 125/6.],0ptions,gradfun,sampledData,symbolRate);

P

processedData=sampledData - ...
P(1)*sin(2*pi*(P(3)*1e6*[0:2046]/symbolRate + P(2)*1e-9*symbolRate));

% LMS Canceller

numberCoeff=70; % Number of coefficients in canceller
coefficients=zeros(1,numberCoeff);
delayLine=testPattern;

% Align data in delayLine to sampled data pattern
temp=xcorr(processedData,delayLine);

index=find(abs(temp)==max(abs(temp)));
index=mod(mod(length(processedData) - index(1),2047)+numberCoeff-10,2047);
delayLine=[delayLine((end-index):end) delayLine(1:(end-index-1))];

% Compute coefficients that minimize squared error in cyclic block

for i=1:2047
X(i,:)=delayLine(mod([0:(numberCoeff-1)]+i-1,2047)+1);

end

coefficients=(inv(X.” * X)*(processedData*X).").’;

% Canceller
for i=1:2047

err(i)=processedData(i) - sum(delayLine(1+mod((i-1):(i+numberCoeff-2),2047)).*coefficients);

end
% Add back temporarily removed sine wave

err=err+P(1)*sin(2*pi*(P(3)*1e6+*[0:2046]./symbolRate + P(2)*1e-9*symbolRate));
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% Re-fit sine wave and do a final removal

options=foptions;

options(1)=0;

options(2)=1e-12;

options(3)=1e-12;

options(14)=10000;

gradfun=zeros(0);

P=fmins(‘sinefit’,[2.0 0 125/6.],0options,gradfun,err,symbolRate);

P

processedData=sampledData - ...
P(1)*sin(2*pi*(P(3)*1e6*[0:2046]/symbolRate + P(2)*1e-9*symbolRate));

% Compute coefficients that minimize squared error in cyclic block

coefficients=(inv(X.” * X)*(processedData*X).").’;

% Canceller
for i=1:2047

err(i)=processedData(i) - sum(delayLine(1+mod((i-1):(i+numberCoeff-2),2047)).*coefficients);
end

% SNR Calculation
signal=0.5;
noise=mean(err."2);

SNR=10*log10(signal./noise);
% Output Peak Distortion

peakDistortion=max(abs(err))

% Function for fitting sine wave
function err=sinefit(parameters,data,symbolRate)
err=sum((data- ...
parameters(1)*sin(2*pi*(parameters(3)*1e6*[0:(length(data)-1)]/symbolRate + parameters(2)*1e-9*symbol-
Rate)))."2);

40.7.1.2.5 Transmitter Timing Jitter

When in test mode 2 or test mode 3, the peak-to-peak jitter of the zero crossings of the differential signal
output at the MDI relative to the corresponding edge of TX-TCLK shall be less than 0.100 ns for each trans-
mitter. The corresponding edge of TX-TCLK is the edge of the transmit test clock, in polarity and time, that
generates the zero-crossing transition being measured.

When in the normal mode of operation as the master, receiving valid signal from a compliant PHY operating
as the slave using the test channel defined in 40.7.1.1.1, with test channel port B connected to the slave, the
peak-to-peak value of the slave TX-TCLK jitter relative to the master TX-TCLK shall be less than 2.4 ns
after the receiver is properly receiving the data and has set bit TBD of the GMII management register set to
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1. When the jitter waveform on TX_TCLK is filtered by a high pass filt?lj_,(f)l having the transfer func-
tion below}, the peak-to-peak value of the resulting filtered timing jitter shall be less than 0.250 ns.

. = —Jf— i
HJfl(f) [F+75000 finHz

When in the normal mode of operation as the slave, receiving valid signal from a compliant PHY operating
as the master using the test channel defined in 40.7.1.1.1, with test channel port A connected to the slave, the
peak-to-peak value of the master TX-TCLK jitter relative to an unjittered reference shall be less than 2.4 ns
after the receiver is properly receiving the data and has set bit TBD of the GMII management register set to
1. When the jitter waveform on TX_TCLK is filtered by a high pass fiIt%(i-)I, having the transfer func-

tion below, the peak-to-peak value of the resulting filtered timing jitter shall be less than 0.250 ns greater
than the simultaneously measured peak-to-peak value of the master jitter filterﬁgf()y H

. = —Jf— i
ijz(f) T+ 1500 finHz

For all jitter measurements the peak-to-peak value shall be measured over an unbiased sahfiook 10
edges.

40.7.1.2.6 Transmit clock frequency

The quinary symbol transmission rate on each pair shall be 125.00G:10181%.

40.7.1.3 Receiver electrical specifications

The PMA shall provide the Receive function specified in 40.4.1.3 in accordance with the electrical specifi-
cations of this clause. The patch cabling and interconnecting hardware used in test configurations shall meet
or exceed ISO/IEC 11801 category 5 specifications.

40.7.1.3.1 Receiver differential input signals

Differential signals received on the receive inputs that were transmitted within the specifications given in
40.7.1.2, and have then passed through any link compatibleQkitlse 40shall be translated into one of

the PMA_UNITDATA.indicate messages with an 4-D symbol error rate less thihat@ sent to the PCS

after link bring-up. Since the 4-D symbols are not accessible, this specification shall be satisfied by packet
error rate less than 10for 1000 byte packets.

1. “j" denotes the positive square root of -1.
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40.7.1.3.2 Receiver frequency tolerance

The receive feature shall properly receive incoming data with a 5-level symbol rate within the range 125.000
MHz + 0.01%.

40.7.1.3.3 Common-mode noise rejection

While receiving packets from a compliant L000BASE-T transmitter, connected to all MDI pins, a receiver
shall send the proper PMA_UNITDATA.indicate messages to the PCS for any differential inputEsignal
that results in a sign&ly;; that meets 40.7.1.3.1 even in the presence of common mode véigdepplied

as shown in Figure 40-25—,, shall be a 25 V peak-to-peak square wave, 500 kHz or lower in frequency,
with edges no slower than 4 ns (20%-80%), connected to each of the pairs

Dl RECEIVE

DEVICE
UNDER
TEST

* Resistor matching to 1 part in 1 000.

Figure 40-25—Receiver common-mode noise rejection test

40.7.1.4 MDI Specifications
40.7.1.4.1 MDI differential impedance

The differential impedance as measured at the MDI for each transmit/receive channel shall be such that any
reflection due to differential signals incident upon the MDI from a balanced cabling having an impedance of
100 ohms is at least 17 dB below the incident signal over the frequency range of 2.0 MHz to 31.25 MHz and
at least 12.9 - 20lgg(f/50) dB over the frequency range 31.25 MHz to 125 MHz (f in MHz). This return

loss shall be maintained at all times when the PHY is transmitting data.

<EDITOR'’S Note - this is a scaled version of the T2 spec and is consistent with the return loss of the Pulse Inc. pre-
sentation “KEA 4.0 Second Generation 1000BaseT Hybrid Transformer” by Henry Hinrichs>--JLC

40.7.1.4.2 MDI impedance balance

Over the frequency range 2.0 MHz to 125.0 MHz the common-mode to differential-mode impedance bal-
ance of each channel of the MDI shall exceed:

where f is the frequency in MHz when the transmitter is transmitting random or pseudo random data. Test
mode 4 may be used to generate an appropriate transmitter output.

The balance is defined as:
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29— 17109%—05 4B

20log Femn

[E ;¢

whereE,,is an externally applied sine wave voltage as shown in figure 40-26gmslthe resulting wave-
form due only to the applied sine wave and not the transmitted data

NOTE—The balance of the test equipment (such as the matching of the test resistors) must be insignificant relative to

MDI
DEVICE .
UNDER
TEST
~ Boit =143 0
. £
147 Q C) cm
PG
1

* Resistor matching to 1 part in 1 000.

Figure 40-26—MDI impedance balance test circuit

the balance requirements.

<EDITOR'’S Note - this is a scaled version of the T2 spec and is consistent with the return loss of the Pulse Inc. pre-
sentation “KEA 4.0 Second Generation 1000BaseT Hybrid Transformer” by Henry Hinrichs>--JLC

40.7.1.4.3 MDI common-mode output voltage
The implementor should consider any applicable local, national, or international regulations. Driving bal-

anced cable pairs with high-frequency common mode voltages may cause radiated emissions which may
result in interference to other equipment. FCC conducted and radiated emissions tests may require that the

1. Triggered averaging can be used to separate the component due to the applied common mode sine
wave from the transmitted data component.

Copyright © 1997 IEEE. All rights reserved.
This is not an approved IEEE Standard.
40-85



O©oOoO~NOOUOhWNPE

Draft Supplement to IEEE Std 802.3 802.3ab/D1.1
1000BASE-T December 10, 1997

magnitude of the total common mode output voltdgg, o, On any transmit circuit, when measured as
shown in figure 40-27, be less than a few millivolts when transmitting data.

MDI

DEVICE
UNDER 475 Q
TEST

O

475 Q
499 Q| Ecm out

PG

Figure 40-27—Common-mode output voltage test circuit

NOTE—The balance of the test equipment (such as the matching of the test resistors) must be insignificant relative to
the balance requirements.

40.7.1.4.4 MDI fault tolerance

Transmitters and receivers shall withstand without damage the application of short circuits across any MDI
port for an indefinite period of time and shall resume normal operation after such faults are removed. The
magnitude of the current through such a short circuit shall not exceed 300 mA.

Transmitters shall withstand without damage a 1000 V common-mode impulse appigd @it either
polarity (as indicated in figure 40-28). The shape of the impulse shall be Q3(300 ns virtual front time,
50 us virtual time of half value), as defined in IEC Publication 60.

MDI
DEVICE o
UNDER 402
TEST
> 110 Q
402 Q"
ECm

PG

5

*Resistor matching to 1 part in 100.

Figure 40-28—MDI fault tolerance test circuit
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40.8 Link Segment Characteristics

1000BASE-T uses a duplex transmission system. Four full duplex channels are required to transport data
between two PMDs. Each duplex channel supports an effective data rate of 250 Mbps in each direction
simultaneously. The term ‘link segment’ used in this clause refers to four duplex channels and the term
‘duplex channel’ will be used to refer a single channel with full duplex capability. Specifications for a link
segment applies equally to each for the four duplex channels.

1000BASE-T is designed to operate over a 4-pair Category 5 cabling system.

40.8.1 Cabling System Characteristics

The cabling system used to support 1000BASE-T requires 4 pairs of Category 5 balanced cabling with a
nominal impedance of 100 ohms. The cabling system components (cables, cords and connectors) used to
provide the link segment shall consist of Category 5 components as specified in ISO/IEC 11801:1995.

a) 1000BASE-T uses a star topology with category 5 balanced cabling used to connect PHY entities. b)
1000BASE-T is an ISO/IEC 11801 Class D application, with additional installation requirements and
transmission parameters specified in . ¢) The width of the PMD transmit signal spectrum is
MHz. d) The use of shielding is outside the scope of this standard.

40.8.2 Link Transmission Parameters
The transmission parameters contained in this section are specified to ensure a Category 5 link segment of at
least 100 meters will provide a reliable transmission media for 1000BASE-T. The transmission parameters

include insertion loss, link delay, characteristic impedance, NEXT loss, ELFEXT loss and return loss.

Unless otherwise specified, link segment testing shall be conducted using source and load impedance’s of
100 ohms. Also, the tolerance on the poles of the test filter used in this section shall be 1%.

40.8.2.1 Insertion Loss
The insertion loss of each duplex channel shall be less than

Insertion_Loss(f) < 2.1°°2%+ 0.4/f  (dB)
at all frequencies from 1 to 100 MHZThis includes the attenuation of the balanced cabling pairs, connector
losses, and patch cord losses of the duplex channel. The insertion loss specification shall be met when the
duplex channel is terminated in 100 ohms.
40.8.2.2 Differential Characteristic Impedance
The nominal differential impedance of each link segment duplex channel, which includes cable cords and
connecting hardware, shall be 100 ohms for all frequencies between 1 and 100 MHz. The tolerance of the

characteristic impedance shall not exceed the nominal impedance by more than 15 ohms over the frequency
range 1-100 MHz.

1. This equation approximates the insertion loss specification at discrete frequencies for Category 5 100
meter links specified in ANSI/TIA/EIA-568-A Annex E and in TSB-67.
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40.8.2.3 Return Loss

In order to limit the amount of echo noise signals at the input to each duplex channel receiver, each link seg-
ment duplex channel shall meet the return loss specified below at all frequencies from 1-100 MHz.

40.8.2.3.1 Channel Return Loss

15 (1-20 MHz)

Return_Loss(f) (dB)

5-10Log(f/20) (2-100 MHz)
where f is the frequency in MHz.

Note: Return Loss as specified in IEC 11801 meets these specifications.

40.8.3 Coupling Parameters

In order to limit the noise coupled into a duplex channel from adjacent duplex channels, Near-End Crosstalk
(NEXT) loss and Equal Level Fair-End Crosstalk (ELFEXT) loss are specified for each link segments. In
addition, since each duplex channel can disturbed by more than one duplex channel, Multiple Disturber
Near-End Crosstalk (MDNEXT) noise and Multiple Disturber Equal Level Far-End Crosstalk
(MDELFEXT) noise are also specified.

40.8.3.1 Differential Near-End Crosstalk (NEXT) Loss

In order to limit the crosstalk noise at the near end of a link segment, the differential pair-to-pair Near-End
Crosstalk (NEXT) loss between a duplex channel and the other three duplex channels is specified to meet
the symbol error rate specified in ____ and the noise specifications specified in ____. The NEXT loss between
all duplex channels of a link segment shall be at least 27.1 - 16 &f/ag0)".

Where: fis the frequency in MHz over the frequency range 1 to 100 MHz.

40.8.3.2 Equal Level Far-End Crosstalk (ELFEXT) Loss

Equal Level Far-End Crosstalk (ELFEXT) loss is specified in order to limit the crosstalk noise at the far end
of each link segment duplex channel and meet the BER objective specified in ___ and the noise specification
in . Far-End Crosstalk (FEXT) noise is crosstalk noise that appears at the far end of a duplex channel
(disturbed channel) which is coupled from another duplex channel (disturbing channel) with the noise
source (transmitters) at the near end. FEXT loss is defined as

FEXT_Loss(f) = 20Log10(Vpds(f)/Vpen(f))

and ELFEXT_Loss is defined as

ELFEXT_Loss(f) = 20Log10(Vpds(f)/Vpen(f)) - SLS_Loss(f)

where: Vpds = peak voltage of disturbing signal (near-end transmitter),

1. This equation approximates the NEXT loss specification at discrete frequencies for Category 5
100 meter links specified in ANSI/TIA/EIA-568-A Annex E and in TSB-67.
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Vpcn = peak crosstalk noise at far end of disturbed channel,
SLS Loss = insertion loss of disturbed channel in dB.

To limit the FEXT noise from the adjacent duplex channels, The ELFEXT loss between each duplex channel
shall be greater then 19 - 20L,g¢/100) dB (where f is the frequency in MHz) over the frequency range 1 to
100 MHz.

40.8.4 Delay

In order to send data over four duplex channels in parallel simultaneously, the propagation delay of each
duplex channel as well as the difference in delay between any two of the four channels are specified. This
ensures the 1000 Mbps data that is divided across four channels is properly assembled at the far end receiver.
This also ensures the round trip delay requirement for effective collision detection is met.

40.8.4.1 Maximum Link Delay

The propagation delay of a link segment shall not exceed 570 ns at all frequencies between 2 MHz and 100
MHz.

40.8.4.2 Link Delay Skew

The difference in propagation delay, or skew, between all duplex channel pair combinations of a link seg-
ment, under all conditions, shall not exceed 50 ns at all frequencies from 1 MHz to 100 MHz. It is a further
functional requirement that once installed, the skew between any two of the four duplex channels due to
environmental conditions shall not vary more than 10 ns, within the above requirement.

40.8.5 Common Mode Tolerance (note: this should probably go into the receiver section)
40.8.6 Noise Environment

The 1000BASE-T link segment noise environment consists primarily of echo signals, multi-disturber NEXT
noise, multi-disturber FEXT noise and noise from external sources. Each duplex channel is exposed to this
noise. Since each receiver will contain both a NEXT noise canceler and echo canceler it expected the result-
ing residual noise will be due to FEXT noise and external noise.

40.8.6.1 Echo Noise

In order to achieve simultaneous bi-directional transmission a transmitter and receiver (PMD) are connected
to each end of a duplex link segment using a hybrid type network. The impedance mismatches at the PMD-
duplex link interface and at other locations in the duplex link segment cause some the transmitted signal
energy to be reflected into the receiver, which are referred to as echo noise signals. Controlling the return
loss of the duplex link and the trans-hybrid loss of the hybrid will minimize this echo signal. 40.x.x defines
the specification for canceling the echo signals.

The Echo Noise on each duplex channel of a link segment should not exceed xx mVp. This assumes the link
segment meets the Return Loss specification of 6.2.3.
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40.8.6.2 Crosstalk Noise.

40.8.6.2.1 Multiple Disturber Near-End Crosstalk (NEXT) Noise

Since four duplex links, each carrying 250 Mb/s data, are used to provide 1000 Mb/s, the NEXT noise from
three near-end duplex channel transmitters will be present at each near-end duplex channel receiver. The
NEXT noise canceler specification contained in 40.x.y defines the method for the receiver to cancel the
MDNEXT noise signals.

The MDNEXT noise on a duplex channel should not exceed xx mVp.

This specification is compatible with the assumption that:

a) The NEXT loss between all duplex channels of a link segment shall be at least 27.1 -
16.8Logo(f/100)*.

40.8.6.2.2 Multiple Disturber Far-end Crosstalk (FEXT) Noise

Since four duplex links, each carrying 250 Mb/s data, are used to provide 1000 Mb/s, the FEXT noise from
three near-end duplex channel transmitters will be present at each far-end duplex channel receiver.

The MDFEXT noise on a duplex channel should not exceed __ mVp.
This specification is compatible with the assumption for each disturbed pair that:

a) One disturbing pair-to-disturbed pair with ELFEXT (Equal Level Far-End Crosstalk) loss shall
be at least 19 - 20Lqg(f/100) dB.

b) One disturbing pair-to-disturbed pair with ELFEXT (Equal Level Far-End Crosstalk) loss shall
be at least 21 - 20Lqg(f/100) dB.

¢) One disturbing pair-to-disturbed pair with ELFEXT (Equal Level Far-End Crosstalk) loss shall
be at least 27 - 20Lqg(f/100) dB.

The composite FEXT noise is the noise measured at the output of a filter connected to the output of the far
end of a disturbed duplex channel using maximum level 1000BASE-T transmitters attached to the near end
of the three disturbing duplex channels.

The filter is a 5th order Butterworth filter with a 3 dB cutoff at 100 MHz.

40.8.6.3 External Coupled Noise

The noise coupled from external sources, measured at the output of a filter connected to the output of the
near end of disturbed duplex channel should not exceed xx mV peak.

The filter is a 5th order Butterworth filter with a 3 dB cutoff at 100 MHz.MDI specification

Editor’s Note: We may need update to reference latest connectors

1. This equation approximates the NEXT loss specification at discrete frequencies for Category 5
100 meter links specified in ANSI/TIA/EIA-568-A Annex E and in TSB-67.
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40.9 MDI specification

This clause defines the MDI. The link topology requires a crossover function between PMAs. Implementa-

tion and location of this crossover are also defined in this clause.

40.9.1 MDI connectors

Eight-pin connectors meeting the requirements of section 3 and figures 1-4 of IEC 603-7, Detail Specifica-
tion for Connectors, 8-Way shall be used as the mechanical interface to the balanced cabling. The plug con-
nector shall be used on the balanced cabling and the jack on the PHY. These connectors are depicted (for
informational use only) in figure 40-29 and figure 40-30. The assignment of PMA signals to connector con-

tacts for PHYs is shown in table 40-17.

Fiaure 40-29—MDI connector

)

pin1

Figure 40-30—Balanced cabling connector

Table 40-17— Assignment of PMA signals to MDI pin-outs

Contact PHY MDI
Iapeling
requirement
1 BI_DA+ BI_DA+
2 BI_DA- BI_DA-
3 BI_DB+ BI_DB+
4 BI_DC+ BI_DC+
5 BI_DC- BI_DC-
6 BI_DB- BI_DB-
7 BI_DD+ BI_DD+
8 BI_DD- BI_DD-
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40.10 System considerations

The repeater unit specified in clause 41 forms the central unit for interconnecting 1000BASE-T twisted-pair
links in networks of more than two nodes. The proper operation of a CSMA/CD network requires that net-
work size be limited to control round-trip propagation delay as specified in clause 42.

When operated in Full Duplex mode where CSMA/CD requirements do not apply, 1000BASE-T balanced
cabling links are limited to 100 meters as per ISO/IEC11801.
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40.11 Environmental specifications

40.11.1 General safety

All equipment meeting this International Standard shall conform to IEC Publication 950.
40.11.2 Network safety

This clause sets forth a number of recommendations and guidelines related to safety concerns; the list is nei-
ther complete nor does it address all possible safety issues. The designer is urged to consult the relevant
local, national, and international safety regulations to ensure compliance with the appropriate requirements.

LAN cabling systems described in this clause are subject to at least four direct electrical safety hazards dur-
ing their installation and use. These hazards are as follows:

a) Direct contact between LAN components and power, lighting, or communications circuits.

b) Static charge buildup on LAN cabling and components.

c) High-energy transients coupled onto the LAN cabling system.

d) \oltage potential differences between safety grounds to which various LAN components are con-
nected.

Such electrical safety hazards must be avoided or appropriately protected against for proper network instal-
lation and performance. In addition to provisions for proper handling of these conditions in an operational
system, special measures must be taken to ensure that the intended safety features are not negated during
installation of a new network or during modification or maintenance of an existing network.

40.11.2.1 Installation

It is @ mandatory functional requirement that sound installation practice, as defined by applicable local codes
and regulations, be followed in every instance in which such practice is applicable.

40.11.2.2 Grounding

Any safety grounding path for an externally connected PHY shall be provided through the circuit ground of
the MII connection.

WARNING—It is assumed that the equipment to which the PHY is attached is properly grounded, and not left floating
nor serviced by a “doubly insulated, ac power distribution system.” The use of floating or insulated equipment, and the
consequent implications for safety are beyond the scope of this standard.

40.11.2.3 Installation and maintenance guidelines

It is @ mandatory functional requirement that, during installation and maintenance of the cabling plant, care
be taken to ensure that non-insulated network cabling conductors do not make electrical contact with unin-
tended conductors or ground.

40.11.2.4 Telephony voltages

The use of building wiring brings with it the possibility of wiring errors that may connect telephony voltages
to 1000BASE-T equipment. Other than voice signals (which are low voltage), the primary voltages that may
be encountered are the “battery” and ringing voltages. Although there is no universal standard, the following
maximums generally apply.
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Battery voltage to a telephone line is generally 56 Vdc applied to the line through a balanced 400 ohm
source impedance.

Ringing voltage is a composite signal consisting of an AC component and a DC component. The ac compo-
nentis up to 175 V peak at 20 Hz to 60 Hz with a 100 ohm source resistance. The DC component is 56 Vdc
with a 300 ohm to 600 ohm source resistance. Large reactive transients can occur at the start and end of each
ring interval.

Although 1000BASE-T equipment is not required to survive such wiring hazards without damage, applica-
tion of any of the above voltages shall not result in any safety hazard.

NOTE—Wiring errors may impose telephony voltages differentially across 1000BASE-T transmitters or receivers.
Because the termination resistance likely to be present across a receiver’s input is of substantially lower impedance than
an off-hook telephone instrument, receivers will generally appear to the telephone system as off-hook telephones. There-
fore, full-ring voltages will be applied for only short periods. Transmitters that are coupled using transformers will simi-
larly appear like off-hook telephones (though perhaps a bit more slowly) due to the low resistance of the transformer
coil.

40.11.3 Environment
40.11.3.1 Electromagnetic emission

The twisted-pair link shall comply with applicable local and national codes for the limitation of electromag-
netic interference.

40.11.3.2 Temperature and humidity
The twisted-pair link is expected to operate over a reasonable range of environmental conditions related to
temperature, humidity, and physical handling (such as shock and vibration). Specific requirements and val-

ues for these parameters are considered to be beyond the scope of this standard.

It is recommended that manufacturers indicate in the literature associated with the PHY the operating envi-
ronmental conditions to facilitate selection, installation, and maintenance.

40.11.4 Cabling specifications

All equipment subject to this clause shall conform to the requirements of 14.7 and applicable sections of
ISO/IEC 11801.
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40.12 PHY labeling

It is recommended that each PHY (and supporting documentation) be labeled in a manner visible to the user
with at least these parameters:

a) Data rate capability in Mb/s.

b) Power level in terms of maximum current drain (for external PHYs).
c) Porttype (i.e., 1000BASE-T)

d) Any applicable safety warnings.
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40.13 Delay constraints

Proper operation of a CSMA/CD LAN, operating in half duplex mode, demands that there be an upper
bound on the propagation delays through the network. This implies that MAC, PHY and repeater implemen-
tors must conform to certain delay minima and maxima, and that network planners and administrators con-
form to constraints regarding the cabling topology and concatenation of devices. MAC constraints are
contained in clause ****. Topological constraints are contained in clause 42. In the full duplex mode of
operation, DTEs are not required to conform to the constraints specified in this section.

The reference point for all MDI measurements is the peak point of the mid-cell transition corresponding to
the reference code-bit, as measured at the MDI.

40.13.1 PHY delay constraints (exposed GMII)

Every 1000BASE-T PHY with an exposed GMII shall comply with the bit delay constraints specified in
table 40-18. These figures apply for all L0OOOBASE-T PMDs.

Table 40-18— MDI to MII delay constraints (exposed GMII) ****REVISE

Sublayer . . -
Measurement Event l\/I_m M_ax Input Timing Output Timing
. (bits) (bits) Reference Reference
Points
MIl = MDI TX_EN Sampled to MDI Output 7 9 TX_CLK 1st symbol of
rising SSD
MDI input to CRS assert 25 1st symbol of
SSD
MDI input to CRS de-assert 29 1st ONE
MDI input to COL assert 25 1st symbol of
SSD
MDI input to COL de-assert 29 1st symbol of
SSD
TX_EN sampled to CRS assert 0 4 TX_CLK
rising
TX_EN sampled to CRS 0 16 TX_CLK
de-assert rising

Editor’s Note: Delay constraints not yet updated.--CKM
40.13.2 DTE delay constraints (unexposed GMII)

Every 1000BASE-T DTE with no exposed GMII shall comply with the bit delay constraints specified in
table 40-19. These figures apply for all L0O0O0BASE-T PMDs.
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Table 40-19— DTE delay constraints (unexposed GMII)**REVISE
Sublayer . - .
Measurement Event Mln M_ax Input Timing Output Timing
. (bits) (bits) Reference Reference
Points
MAC < MDI MAC transmit start to MDI output 13 1st symbol of
SSD
MDI input to MDI output 50 1st symbol of 1st Symbol of
(worst case non-deferred transmit) SSD SSD
MDI input to collision detect 33 1st symbol of
SSD
MDI input to MDI output = Jam 50 1st symbol of 1st symbol of
(worst case collision response) SSD SSD

Editor’s Note: Delay constraints not yet updated.--CKM
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40.14 Protocol implementation conformance statement (PICS) proforma for clause

40, physical coding sublayer (PCS), physical medium a

and baseband medium, type 1000BASE-T

ttachment s ublayer (PMA)

The supplier of a protocol implementation that is claimed to conform to IEEE 802.3ab physical coding sub-
layer (PCS) or physical medium attachment sublayer (PMA) type 1000BASE-T complete the following Pro-
tocol Implementation Conformance Statement (PICS) proforma.

Instructions for interpreting and filling out the PICS proforma may be found in clause 21.

Permission is hereby granted for users of this International Standard to reproduce this PICS Proforma

subclause for any purpose.
40.14.1 Identification

40.14.1.1 Implementation identification

Supplier

Contact point for queries about the PICS

Implementation Name(s) and Version(s)

Other information necessary for full identification - e.g
name(s) and version(s) for machines and/or operatin
systems;

System Name(s)

nology (e.g., Type, Series, Model).

NOTE—(1) Only the first three items are required for all implementations; other information may be compl
appropriate in meeting the requirements for the identification.

NOTE—(2) The terms Name and Version should be interpreted appropriately to correspond with a supplie

bted as

s termi-

40.14.1.2 Protocol summary

Identification of protocol specification

IEEE Std 802.3ab-1998 Physical coding sublayer (PQ
physical medium attachment sublayer (PMA) and ba:
band medium, type 1000BASE-T

S),
e_

Identification of amendments and corrigenda to this
PICS proforma which have been completed as part o
this PICS

Have any Exceptions items been required?

No[] Yes[]

(See clause 21; The answer Yes means that the implementation does not conform to the standard)

Date of Statement
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Item Feature Subclause | Status | Support Value/Comment
*GMII Exposed GMII interface Fkkkk (0] Yes [] Devices supporting this optior]
No [] must also support the PCS
option.
PC PHY Control Functions 40.3 M Yes [] Required for proper operation
of the PHY.
*PCS PCS Functions 40.4 (0] Yes [] Required for integration with
No ] DTE or GMIL.
*PMA Exposed PMA service inter- | 40.5 (0] Yes [] Required for integration into
face No [] symbol level repeater core.
NWY Support for Auto-Negotiation | 40.6 M Yes [] Required
(clause 28)
*INS Installation / cabling 40.8 (0] Yes [] Items marked with INS includg
No [] installation practices and
cabling specifications not
applicable to a PHY manufacH
turer.
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Item Feature Subclause | Status | Support Value/Comment
CCO1 | Compatibility at the MDI 40.1.3.1 M Yes []
CCO2 | Auto-Negotiation required 40.1.3.4 M Yes []
CCO3 | State diagrams prevail 40.1.4 M Yes [] in discrepancy between text
and state diagram.
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Item

Feature

Subclause

Status

Support

Value/Comment

PCO1

PHY Control shall

40.3.1

M

Yes []

comply with the state diagram

descriptions given in figure 40t

4.

PC02

PHY Control shall

40.3.2.1.2

Yes []

generate
PHYC_CONFIG.indicate mes|
sages synchronously with
every GMII TX_CLK cycle.

PCO03

Upon receipt of the
PHYC_CONFIG primitive,
PCS and PMA Clock Recovery
shall

40.3.2.1.3

Yes []

perform their functions in mast

ter or slave configuration
according to the value of the
parameter config.

PC04

PCS Transmit function shall

40.3.2.2

Yes []

be capable of convolutionally
encoding the data stream as p
the link partner’s decoding
ability.

PCO05

PHY Control shall

40.3.2.2.2

Yes []

generate
PHYC_CODING.indicate
messages synchronously with
every GMII RX_CLK cycle.

PCO06

Upon reception of the
PHYC_CODING.indicate
primitive, the PCS shall

40.3.2.2.3

Yes []

perform its encoding functiong
according to the value assumg
by the parameter
coding_enable.

PCO7

PHY Control shall

40.3.2.2.2

Yes []

generate
PHYC_TXMODE.indicate
messages synchronously with
every GMII TX_CLK cycle.

PCO08

Upon receipt of the
PHYC_TXMODE.indicate
primitive, the PCS shall

40.3.2.2.3

Yes []

perform its Transmit function
as described in 32.3.1.2.

PC9

The PCS shall

40.3.2.4.2

Yes []

generate
PHYC_RXSTATUS.request
messages synchronously with
signals received at the MDI.

PC10

The PCS shall

40.3.2.4.2

Yes []

prevent that the value of the
parameter loc_rcvr_status is
modified while TX_EN=1 in
order to avoid that a transition
from data to idle mode or fron]
idle to data mode occurs whilg
a packet is being presented td
the PCS at the GMII.

PC11

The PCS shall

40.3.2.5.2

Yl

generate PHYC-REMRXTA-
TUS.request messages syn-
chronously with signals
received at the GMII.
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Item Feature Subclause | Status | Support Value/Comment
PC12 PCS Transmit shall 40.3.3 M Y] send quinary symbols accord-
ing to the value assumed by
tx_mode.
PC13 When tx_mode assumes the | 40.3.3 M Y] transmission of sequences of
value of SEND_N qguinary symbols representing
an GMII data stream, the idle
mode, or control sequences
shall take place.
PC14 When tx_mode assumes the | 40.3.3 M Y] transmission of sequences of
value of SEND_I qguinary symbols representing
the idle mode shall take place]
PC15 When tx_mode assumes the | 40.3.3 M Y] transmission of zero symbols
value of SEND_I shall take place.
PC16 The maxwait_timer shall 40.3.3 M Y] 750 ms after entering the
expire SLAVE DFC CONVER-
GENCE state.
PC17 The minwait_timer shall expirg 40.3.3 M Y] 128T=1.024us after being
started.
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=4

Item Feature Subclause | Status | Support Value/Comment
PCTO01 | The PCS shall 40.4.5.2 M Y] implement the Transmit pro-
cess as depicted in figure 40-
including compliance with the
associated state variables sp4
ified in 40.4.4

PCTO02 | PCS Transmit function shall | 40.4.1.2 M Y] conform to the PCS Transmit
state diagram in figure 40-9.

PCTO3 | If the parameter config pro- 40.4.1.2.1 M Y] employ the transmitter side-
vided to the PCS by the PHY stream scrambler generator
Control function via the polynomial specified for use
PHYC_CONFIG.indicate mes with MASTER in 40.4.1.2.1.
sage assumes the value MAS|
TER, PCS Transmit shall

PCTO04 | If the parameter config pro- 40.4.1.2.1 M Y] employ the transmitter side-
vided to the PCS by the PHY stream scrambler generator
Control function via the polynomial specified for use
PHYC_CONFIG.indicate mes with SLAVE in 40.4.1.2.1.
sage assumes the value
SLAVE, PCS Transmit shall

PCTO5 | Transmission of quinary sym-| 40.4.1.2 M Y] Symbols A, B, C,and O, are
bol pairs over wire pairs transmitted over BI_DA,

BI_DB, BI_DC and BI_DD
respectively.

PCTO06 | Iftx_error,=1is asserted whery 40.4.1.25 | M Y] ignored by PCS Transmit and
the condition (tx_enable* the symbols corresponding to
tx_enablg.) = 1, where “*” the row denoted as “Xmt_Err”
denotes the logic AND opera- in table 40-1 and table 40-2
tor, error indication is signaled shall be used.
by means of symbol substitu-
tion, the values of $fb:0]
shall be

PCTO7 | If tx_error,=0 is asserted whery 40.4.1.25 | M Y]

the variablecsresef = 1, the
convolutional encoder reset
condition is normal. This con-
dition is indicated by means o
symbol substitution, where the
values of Sg5:0] are ignored
by PCS Transmit and the sym
bols corresponding to the row
denoted as “CSReset” in tablg
40-1 and table 40-2 shall be
used.
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Item

Feature

Subclause Status

Support

Value/Comment

PCTO8

If tx_error,=1 is asserted wher
the variablecsresef = 1, the
convolutional encoder reset
condition must indicate carrie
extension. In this condition, the¢
values of Sg5:0] are ignored
by PCS Transmit and the sym
bols corresponding to the row
denoted as “CSExtend” in
table 40-1 and table 40-2 shal
be used when Txp= 0x’0OF,
and the row denoted as
“CSExtend_Err” in table 40-1
and table 40-2 shall be used
when TxDO, = Ox’1F. The latter
condition denotes Carrier
Extension with Error. In case
Carrier Extension with Error is
indicated during the first byte
of csreset, the Error condition
shall be encoded during the
second byte of csreset, and
during the subsequent two
bytes of the End-of-Stream
delimiter as well.

404125 | M

Yl

PCTO09

The symbols corresponding tq
the SSD1 row in table 40-1
shall be used when the condi-
tion (tx_enablg) *

(! tx_enablg_y) = 1.

404125 | M

Yl

PCT10

The symbols corresponding tq
the SSD2 row in table 40-1
shall be used when the condi-
tion (tx_enablg_1)*(!
tx_enablg.)) = 1.

404125 | M

Yl

PCT11

If Carrier Extend Error is indi-
cated during ESD, that is,
when tx_errgs =1 and Tx_[}
= Ox’1F, the symbols corre-
sponding to the ESD_Ext_Err
row in table 40-1 shall be use

404125 | M

Yl

PCT12

The symbols corresponding tq
the ESD1 row in table 40-1
shall be used when the condi-
tion (Itx_enablg.,) *
(tx_enablg_g) = 1, in the
absence of Carrier Extend
Error indication at time n.

404125 | M

Yl
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Item Feature Subclause | Status | Support Value/Comment

PCT13 | The symbols corresponding t¢ 40.4.1.25 | M Y]
the ESD2_Ext_0 row in table
40-1 shall be used when the
condition ('tx_enablgs) *

(tx_enablg_,) * ('tx_error,) *
('tx_error,.9) = 1.

PCT14 | The symbols corresponding t¢ 40.4.1.25 | M Y]
the ESD2_Ext_1 row in table
40-1 shall be used when the
condition ('tx_enablgs) *

(tx_enablg_,) * (Itx_error,) *
(tx_error,_q) = 1.

PCT15 | The symbols corresponding t¢ 40.4.1.25 | M Y]
the ESD2_Ext_2 row in table
40-1 shall be used when the
condition ('tx_enablgs) *

(tx_enablg_) * (tx_error,) *
(tx_error,.) = 1, in the
absence of Carrier Extend
Error indication.
40.14.5.1 PCS receive functions
Item Feature Subclause | Status | Support Value/Comment
PCRO1 | PCS Receive function shall 40.4.1.3 M Y] conform to the PCS Receive
state diagram shown in figure
40-10
PCRO02 | The PCS shall 40.4.5.3 M Y] implement the Receive proceg
as depicted in figure 40-10,
including compliance with the
associated state variables as
specified in 40.4.4.

PCRO3 | For side-stream descrambling 40.4.1.3.1 M Y] the receiver scramber genera:
the MASTER PHY shall tor polynomial specified for
employ MASTER operation in

40.4.1.3.1.

PCRO04 | For side-stream descrambling 40.4.1.3.1 M Y] the receiver scrambler generd

the SLAVE PHY shall employ

tor polynomial specified for
SLAVE operation in
40.4.1.3.1.
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Item Feature Subclause | Status | Support Value/Comment

PCO1 | The PCS Reset function shall| 40.4.1.1 M Y] be executed any time “power
on”, receipt of a request for
reset from the management
entity, or receipt of a request
for reset from the PHY Contro
occur.

PCO2 | THE PCS shall 40.4.1.2.1 M Y] employ the appropriate side-
stream scrambler shown in
40.4.1.2.1, as determined by
the value (MASTER/SLAVE)
assumed by the PHY.

PCO3 | The PCS shall 40.4.5.4 M Y] implement the Carrier Sense
process as depicted in figure
40-11, including compliance
with the associated state vari-
ables as specified in 40.4.4.

PCO4 | PCS Carrier Sense function | 40.4.1.4 M Y] comply with the PCS Carrier

shall Sense state diagram shown in
figure 40-11 including compli-
ance with the associated statg
variables specified in 40.4.4.

PCO5 | GMII COL signal shall be 40.4.1.5 M Y] a PCS collision is being

asserted while detected.

PCO6 | The GMII signal COL shall 40.4.1.5 M Y] a PCS collision is not being

remain de-asserted. detected.

PCO7 | No spurious PCS managemer 40.4.2.2 M Y]

entity signals shall be emitted
onto the MDI while the PHY is
held in power down mode as
defined in 22.2.4.1.5, indepen
dently of the value of TX_EN,
or when released from power
down mode, or when power is
first applied to the PHY.
PCO8 | Frames passed from the PCS| 40.4.3 M Y] have the structure shown in
the PMA sublayer shall figure 40-7.

PC09 The PCS shall 40.4.5.2 implement the Data Transmis
sion Enabling process as
depicted in figure 40-8 includ-
ing compliance with the asso-|
ciated state variables as
specified in 40.4.4.

PCO10 | TX_CLK shall be generated | 40.4.4.2 M Y] Synchronously with

symb_timer with tolerance as
specified in ****,
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40.14.6 PICS proforma tables for the Physical Medium Attachment (PMA)

Item Feature Subclause | Status | Support Value/Comment
PMF1 PMA Reset function shall be | 40.5.1.1.1 M Y] at power on and upon receipt
executed of a reset request from the
management entity.

PMF2 | PMA transmit shall transmit | 40.4.1.2 M Yl symbols A, By, C,, D, over
wire pairs BI-DA, BI_DB,
Bl_DC and BI_DD respec-
tively.

PMF3 PMA Transmit shall 40.5.1.1.2 M Y] continuously transmit onto thg
MDI pulses modulated by the
qguinary symbols given by
tx_symb_vector[BI_DA],
tx_symb_vector[BI_DB],
tx_symb_vector[BI_DC] and
tx_symb_vector[BI_DD],
respectively.

PMF4 | The four transmitters shall be| 40.5.1.1.2 M Y]

driven by the same transmit
clock.

PMF5 PMA Transmit function will 40.5.1.1.2 M Y] follow the mathematical
description given in 40.5.1.2.1].

PMF6 PMA Transmit shall comply 40.5.1.1.2 M Y] the electrical specifications

with givenin 40.7.

PMF7 PMA Receive function shall | 40.5.1.1.3 M Y] translate the signals received
on pairs BI_DA BI_DB,
Bl_DC and BI_DD into the
PMA_UNITDATA.indicate
parameter rx_symb_vector
with a symbol error rate of les
than one part in 176.

PMF8 | The Link Monitor function 40.5.1.1.4 M Y] comply with the state diagram

shall shown in figure 40-13.
PMF9 Clock Recovery function shall| 40.5.1.1.5 M Y] a clock suitable for synchro-
provide nous signal sampling on each
line so that the symbol-error
rate indicated in 40.5.1.1.3 is
achieved.
PMF10 | The symbol response shall 40.5.1.2.1 M Y] the electrical specifications
comply with given in 40.7.
PMF11 | The four signals received on | 40.5.1.2.2 M Y] the quinary received symbols

pairs BI_DA, BI_DB, BI_DC
and Bl_DD shall be processe(
within the PMA Receive func-
tion to yield

rx_symb_vector[BI_DA],
rx_symb_vector[BI_DB],
rx_symb_vector[BI_DC] and
rx_symb_vector[BI_DD].
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Item Feature Subclause | Status | Support Value/Comment
PMS1 | Continuous generation of 40.5.2.1.2 M Y]
PMA_TYPE
PMS2 | The PMA shall generate 40.5.2.5.2 M Y] PMA_LINK.indicate to indi-
cate the value of link_status.
PMS3 | Effect of receipt of 40.5.2.4.3 M Y] while

PMA_LINK.request messages

link_control=SCAN_FOR_CA
RRIER or link_control=DIS-
ABLE, the PMA shall report
link_status=fail; while
link_control=ENABLE, PHY
determines operations to be
performed by the PHY.
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o

Item Feature Subclause | Status | Support Value/Comment
MF1 A 1000BASE-T PHY shall 40.6 M Y] provide equivalents to Mll reg
isters 9 and 10 for its control
and status functions.
MF2 On power-up the Auto-Negotiy 40.6.1.1 M Y] have the configuration speci-
ation advertisement register fiedin 40.6.1.1
shall
MF3 Bits UO-U6 of Next Page 1 40.6.1.1 M Y] be copied from GMII register
shall 9:12-6.
MF4 Bits UO-U10 of Next Page 2 | 40.6.1.1 M Y] shall be used to define the seg
shall bits for the MASTER-SLAVE
negotiation process as define(l
in 40.6.1.1
MF5 A 1000BASE-T PHY shall 40.6.3 M Y] used register addresses 9 ang
10 for its control and status
functions.
MF6 Register 9 shall 40.6.3.1 M Y] provide values as specified in
table 40-6.
MF7 A PHY with 1000BASE-T 40.6.3.1.1 M Y] be placed in transmitter test
capability shall mode 1 when bit 9:15 is set tg
logic zero, bit 9:14 is set to
logic zero and bit 9:13 is set t¢
logic one.
MF8 A PHY with 1000BASE-T 40.6.3.1.1 M Y] be placed in transmitter test
capability shall mode 2 when bit 9:15 is set tg
logic zero, bit 9:14 is set to
logic one and bit 9:13 is set tg
logic zero.
MF9 A PHY with 1000BASE-T 40.6.3.1.1 M Y] be placed in transmitter test
capability shall mode 3 when bit 9:15 is set tg
logic zero, bit 9:14 is set to
logic one and bit 9:13 is set tg
logic one.
MF10 A PHY with 1000BASE-T 40.6.3.1.1 M Y] be placed in transmitter test
capability shall mode 4 when bit 9:15 is set tg
logic one, bit 9:14 is set to
logic zero and bit 9:13 is set t¢
logic zero.
MF11 MASTER-SLAVE configura- | 40.6.3.1.2 M Y] bit 9.12 is set to logic zero.
tion negotiation will determine
PHY configuration if
MF12 Manual MASTER-SLAVE 40.6.3.1.2 M Y] bit 9.12 is set to logic one.
configuration will be set manu
ally using bit 9:11 to set the
value if
MF13 Bit 9:11 shall be used to repor 40.6.3.1.3 M Y]

the results of manual MAS-
TER-SLAVE configuration.
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MF14 Bit 9:10 shall 40.6.3.1.4 M Y] be set to logic zero if the PHY)
is a DTE device and be set to
logic one if the PHY is a
repeater device port.

MF15 Bit 9:9 shall 40.6.3.1.5 M Y] be used to indicate the full-
duplex ability that will be
advertised to the link partner.

MF16 Bit 9:8 shall 40.6.3.1.6 M Y] be used to indicate the half-
duplex ability that will be
advertised to the link partner.

MF17 Bit 9:7 shall 40.6.3.1.7 M Y] be used to determine what thq
link partner should use for its
coding method.

MF18 Bit 9:6 shall 40.6.3.1.8 M Y] be used to determine the valu
for the asymmetric pause
direction bit.

MF19 Bits 9:5:0 shall 40.6.3.1.9 M Y] be set to logic zero.

MF20 Bits 9.9:0 shall be ignored 40.6.3.1.9 Y]

when read

MF21 A PHY shall return a value of | 40.6.3.1.9 M Y]
zero for bits 9.9:0.

MF22 Register 10 shall 40.6.3.2 Y] be used as shown in table 4047.

MF23 The MASTER-SLAVE Man- | 40.6.3.2.1 Y] with a latching function, such
ual Configuration Fault bit that the occurrence of a MAS
shall be implemented TER-SLAVE Manual Configu-

ration Fault will cause the
MASTER-SLAVE Manual
Configuration Fault bit to be
set and remain set until
cleared.

MF24 The MASTER-SLAVE Man- | 40.6.3.2.1 M Y] each time register 10 is read b
ual Configuration Fault bit the management interface.
shall be cleared

MF25 The MASTER-SLAVE Man- | 40.6.3.21 | M Y1 a 1000BASE-T PMA reset.

agement Configuration Fault
bit shall also be cleared by

Copyright © 1997 IEEE. All rights reserved.

This is not an approved IEEE Standard.
40-110



=
QWO ~NOOUTPA~,WNPE

U UDADDAMADNDADRNDADRNWWWWWWWWWWRNRNNNNNNNNNRPRRERERRERRR
WNPRPOOONOUDRWNRPRPOOONOONRMNPROOONOURWNROWOONO®UDAOWNER

Draft Supplement to IEEE Std 802.3
1000BASE-T

40.14.7.1 100BASE-T2 Specific Auto-Negotiation Requirements

802.3ab/D1.1
December 10, 1997

AN1 Base Page shall be followed with 40.6.1.1 M Y a Next Page with a message code
containing the 1000BASE-T Techno
ogy Ability Message Code (9).
AN2 Message Next Page shall be fol-| 40.6.3.2.1 M Y two Unformatted Message Next
lowed with Pages containing the 1000BASE-T
Technology Ability fields as
described in table 40-8.
AN3 MASTER-SLAVE relationship 40.6.3.5 M Y using table 40-9 with the 1000BASH
shall be determined by T Technology Ability Next Page bit
values specified in table 40-8.
AN4 Successful completion of MAS- | 40.6.3.5 M Y be treated as MASTER-SLACE con}
TER-SLAVE resolution shall figuration resolution complete and
the 1000BASE-T Status Register bi
10:14 shall be set to logical one.
AN5 Upon successful completion of | 40.6.3.5 M Y the 1000BASE-T Status Register bi
MASTER-SLAVE resolution shall 10:14 shall be set to logical one.
ANG6 A seed counter shall be provided 40.6.3.5 M Y track the generation of seeds.
to
AN7 At start-up, the seed counter sha| 40.6.3.5 M Y zero.
be set to
ANS8 The seed counter shall be incre-| 40.6.3.5 M Y every time a new random seed is s€
mented
AN9 Maximum seed attempts before | 40.6.3.5 M Y seven.
declaring a MASTER_SLAVE
configuration Resolution Fault
AN10 | During MASTER_SLAVE config-| 40.6.3.5 M Yl become the SLAVE.
uration, the device with the lower
seed value shall
AN11 | Both PHYs setin manual mode t{ 40.6.3.5 M Y MASTER-SLAVE resolution fault
be either MASTER or SLAVE (Failure) condition
shall be treated as
AN12 | MASTER-SLAVE resolution fault| 40.6.3.5 M Y[l MASTER-SLAVE Configuration
(failure) condition shall result in Resolution Fault bit (10.15) to be se
to logical one.
AN13 | MASTER-SLAVE Configuration | 40.6.3.5 M Y MASTER-SLAVE Configuration
resolution fault condition shall be Resolution complete.
treated as
AN14 | MASTER-SLAVE Configuration | 40.6.3.5 M Y cause status register bit 10:14 to be
resolution fault condition shall set to logical one.
cause
AN15 | MASTER-SLAVE Configuration | 40.6.3.5 M Yl cause link_status_1000BASE-T to b
resolution fault condition shall set to FAIL.
AN16 | MASTER-SLAVE Configuration | 40.6.3.5 M Y force Auto-Negotiation to restart aftg

resolution fault condition shall

the link_fail_inhibit_timer has

expired.
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ltem Feature Subclause Status | Support Value/Comment

PME1 The value of all components in 40.7 M Y] +1%.
test circuits shall be accurate t|
within

PME2 The PHY shall provide electri-| 40.7.1.1 M Y] the DTE or repeater circuits
cal isolation between including frame ground, and

all MDI leads.

PME3 PHY-provided electrical sepa-| 40.7.1.1 M Y] a) 1500 V rms at 50Hz to 60H3
ration shall withstand at least for 60 s, applied as specified ip
one of three electrical strength section 5.3.2 of IEC Publica-
tests tion 950.

b) 2250 Vdc for 60 s, applied
as specified in Section 5.3.2
IEC Publication 950.

c) a sequence of ten 2400 V
impulses of alternating polar-
ity, applied at intervals of not
less than 1 s. The shape of th
impulses shall be 1.2/50s.
(1.2ps virtual front time, 5Qus
virtual time or half value), as
defined in IEC Publication
950.

PME4 There shall be no insulation 40.7.1.1 M Y]
breakdown as defined in Sec-
tion 5.3.2 of IEC publication
950, during the test.

PMES5 The resistance after the test | 40.7.1.1 M Y] 2 Megaohms, measured at 5(
shall be at least Vdc.

PME6 The transmitter MASTER/ 40.7.1.1.1 M Y] be constructed by combining
SLAVE timing jitter test chan- 100 ohm and 120 ohm cable
nel shall segments that meet or exceeq

ISO.IEC 11801 category 5
specifications for each pair as
shown in figure 40-16 with the
lengths and additional restric-
tions on parameters describeg
in table 40-11.

PME7 The ends of the MASTER/ 40.7.1.1.1 M Y] be connectorized with connecg
SLAVE timing jitter test chan- tors meeting or exceeding IS(
nel shall IEC 11801 category 5 specifi-

cations.

PMES8 The return loss of the MAS- 40.7.1.1.1 M Y] meet the return loss require-
TER/SLAVE timing jitter test ments of 40.8.2.3.
channel shall

PME9 The return loss of the MAS- 40.7.1.1.1 M Y] meet the crosstalk require-

TER/SLAVE timing jitter test
channel shall

ments of 40.8.3 on each pair.
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Item Feature Subclause | Status | Support Value/Comment
PME10 | The test modes described in | 40.7.1.1.2 M Y]
40.7.1.1.2 shall be provided fo
testing of the transmitted wave
form, transmitter distortion and
transmitted jitter.
PME11 | For a PHY with a GMIl inter- | 40.7.1.1.2 M Y] setting bits 9:13-15
face the test modes shall be (1LO00BASE-T Control Regis-
enabled by ter) of the GMII Management
register set as shown in table
40-12.
PME12 | The test modes shall only 40.7.1.1.2 M Y]
change the data symbols pro-
vided to the transmitter cir-
cuitry and shall not alter the
electrical and jitter characteris
tics of the transmitter and
receiver from those of normal
operation.
PME13 | A PHY without a GMII shall 40.7.1.1.2 M Y1
provide a means to provide th¢
test mode functions.
PME14 | Vendors shall provide a meang 40.7.1.1.2 M Y]
to enable test modes for con-
formance testing.
PME15 | When transmit test mode 1is | 40.7.1.1.2 M Y] the sequence of data symbols
enabled, the PHY shall transm specified in 40.7.1.1.2 continu
ously from all four transmit-
ters.
PME16 | When in test mode 1, the trans 40.7.1.1.2 M Y from a 125.000 MHz 0.01%
mitter shall time the transmitteg clock.
symbols
PME17 | When test mode 2 is enabled,| 40.7.1.1.2 M Y] the data symbol sequence
the PHY shall transmit {+2,-2} repeatedly on all four
channels.
PME18 | When in test mode 2, the trans 40.7.1.1.2 M Y from a 25.000 MHz: 0.01%
mitter shall time the transmitteg clock.
symbols
PME19 | When transmit test mode 3 is | 40.7.1.1.2 M Y] the data symbol sequence
enabled, the PHY shall transm {+2,-2} repeatedly on all four
channels.
PME20 | When in test mode 3, the trans 40.7.1.1.2 M Y from a 125.000 MHz 0.01%
mitter shall time the transmitteg clock.
symbols
PME21 | When test mode 4 is enabled,| 40.7.1.1.2 M Y] the data symbols generated b

the PHY shall transmit

the scrambler polynomial spe
ified in 40.7.1.1.2.

~
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Item Feature Subclause | Status | Support Value/Comment
PME22 | When test mode 4 is enabled,| 40.7.1.1.2 M Y] use the bit sequences generated
the PHY shall by the scrambler bits shown i
40.7.1.1.2 to generate the qui
nary symbols sas shown in
table 40-13.
PME23 | When in test mode 4, the trans 40.7.1.1.2 M Y from a 125.000 MHz 0.01%
mitter shall time the transmitteg clock.
symbols

PME24 | The test fixtures defined in fig-| 40.7.1.1.3 M Y]

ure 40-20, figure 40-21, figure

40-22 and figure 40-23 or thei

functional equivalents shall be

used for measuring transmitte

specifications.

PME25 | The test filter used in transmit4 40.7.1.1.3 M Y] have the continuous time trang-

ter test fixtures 1 and 3 shall fer function specified in
40.7.1.1.3 or its discrete time
equivalent.

PME26 | The disturbing signal yshall 40.7.1.1.3 M Y] have the characteristics listed
in table 40-14.

PME27 | To allow for measurement of | 40.7.1.1.3 M Y]

transmitted jitter in master and
slave modes the PHY shall pr¢
vide access to the 125 MHz
symbol clock, TX-TCLK that
times the transmitted symbols.

PME28 | To allow for measurement of | 40.7.1.1.3 M Y] have the characteristics listed
transmitted jitter in master and in table 40-14.
slave modes the PHY shall pr¢
vide a means to enable the TX
TCLK output if it is not nor-
mally enabled.

PME29 | The PMA shall 40.7.1.2 M Y] provide the Transmit function
specified in 40.4.1.2 in accor-
dance with the electrical spec
fications of this clause.

PME30 | Where a load is not specified, | 40.7.1.2 M Y] meet the requirements of

the transmitter shall clause 40 with a 100 ohm resig
tive differential load connected
to each transmitter output.

PME31 | The tolerance on the poles of | 40.7.1.2 M Y]

the test filters used in 40.7 sha
be+ 1%.
PME32 | When in transmit test mode 1 | 40.7.1.2.1 M Y] the range of 0.67 V t0 0.82 V

and observing the differential
signal output at the MDI using
test fixture 1, for each pair, with
no intervening cable, the abso
lute value of the peak of the
waveform at points A and B as
defined in figure 40-17 shall
fall within

(0.75 V+ 0.83 dB).
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ltem Feature Subclause Status | Support Value/Comment

PME33 | The absolute value of the pealf 40.7.1.2.1 M Y] differ by less than 1%.
of the waveforms at points A
and B shall

PME34 | The absolute value of the pealf 40.7.1.2.1 M Y] from 0.5 times the average of
of the waveform at points C an the absolute values of the
D as defined in figure 40-17 peaks of the waveform at
shall differ points A and B by less than

2%.

PME35 | When in transmit test mode 1 | 40.7.1.2.2 M Y be greater than 73.1% of the
and observing the differential magnitude of the negative
transmitted output at the MDI, peak value of the wavefornj
for either pair, with no interven at point F. Point G is
ing cabling, the peak value of defined as the point exactly
the waveform at point F as 500 ns after point F. Point F
defined in figure 40-17 shall bg is defined as the point

where the waveform
reaches it's minimum valug
at the location indicated in
figure 40-17.

PME36 | When in transmit test mode 1 | 40.7.1.2.2 M Y be greater than 73.1% of th
and observing the differential magnitude of the peak valu
transmitted output at the MDI, of the waveform at point H,
for either pair, with no interven Point J is defined as the
ing cabling, the peak value of point exactly 500 ns after
the waveform at point J as point H. Point H is defined
defined in figure 40-17 shall bg as the point where the

waveform reaches it's max
imum value at the location
indicated in figure 40-17.

PME37 | When in test mode 1 and 40.7.1.2.3 M Y] lie within the time domain tem
observing the differential signa plate 1 defined in figure 40-24
output at the MDI using trans- and the piecewise linear inter{
mitter test fixture 1, for each polation between the points in
pair, with no intervening cable, table 40-15. The waveforms
the voltage waveforms at point; may be shifted in time as
A, B, C, D defined in figure 40- appropriate to fit within the
17, after the normalization template.
described below, shall

PME38 | When in test mode 1 and 40.7.1.2.3 M Y] lie within the time domain tem
observing the differential signa plate 2 defined in figure 40-24
output at the MDI using trans- and the piecewise linear inter{
mitter test fixture 1, for each polation between the points in
pair, with no intervening cable, table 40-16. The waveforms
the voltage waveforms at point; may be shifted in time as
F and H defined in figure 40- appropriate to fit within the
17, after the normalization template.
described below, shall

PME39 | The time span of the wave- 40.7.1.2.4 M Y] be less than 10 millivolts.

forms so processed shall be
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PME40 | When in test mode 2 or test 40.7.1.2.5 M Y] be less than 0.100 ns for eacl
mode 3, the peak-to-peak jitte transmitter. The corresponding
of the zero crossings of the dif edge of TX-TCLK is the edge
ferential signal output at the of the transmit test clock, in
MDI relative to the correspond polarity and time, that gener-
ing edge of TX-TCLK shall ates the zero-crossing transi-

tion being measured.

PME41 | When in the normal mode of | 40.7.1.2.5 M Y] be less than 2.4 ns after the
operation as the master, recei receiver is properly receiving
ing valid signal from a compli- the data and has set bit TBD ¢f
ant PHY operating as the slav¢ the GMII management registe
using the test channel defined setto 1.
in 40.7.1.1.1, with test channe
port B connected to the slave,
the peak-to-peak value of the
slave TX-TCLK jitter relative
to the master TX-TCLK shall

PME42 | When the jitter waveformon 40.7.1.25 | M Y I be less than 0.250 ns
TX_TCLK is filtered by a
high pass filter, H, (f) hav-
ing the transfer function
specified in40.7.1.2.5 the
peak-to-peak value of the
resulting filtered timing jit-
ter shall

PME43 | When in the normal mode o] 40.7.1.25 | M Y] be less than 2.4 ns after th
operation as the slave, receiver is properly receiv-
receiving valid signal from a ing the data and has set bi
compliant PHY operating ag TBD of the GMII manage-
the master using the test ment register set to 1.
channel defined in
40.7.1.1.1, with test channe
port A connected to the
slave, the peak-to-peak
value of the master TX-

TCLK jitter relative to an
unjittered reference shall

PME44 | When the jitter waveformon 40.7.1.25 | M Y] be less than 0.250 ns greatpr
TX_TCLK is filtered by a than the simultaneously
high pass filter, Hy(f), hav- measured peak-to-peak
ing the transfer function value of the master jitter fil
below, the peak-to-peak tered by t, (f).
value of the resulting fil-
tered timing jitter shall

PME45 | For all jitter measurements the 40.7.1.2.5 M Y] measured over an unbiased
peak-to-peak value shall be sample of 18° clock edges.

PME46 | The quinary symbol trans- | 40.7.1.2.6 | M Y 125.000 MHz+ 0.01%

mission rate on each pair
shall be
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PME47 | The PMA shall provide the 40.7.1.3 M Y]

Receive function specified in
40.4.1.3 in accordance with th
electrical specifications of this
clause
PME48 | The patch cabling and intercony 40.7.1.3 M Y]
necting hardware used in test
configurations shall meet or
exceed IS).IEC 11801 categor
5 specifications.
PME49 | Differential signals received on 40.7.1.3.1 M Y] one of the
the receive inputs that were PMA_UNITDATA.indicate
transmitted within the specifi- messages with a 4-D symbol
cations given in 40.7.1.2 and rate error less than 10 and
have then passed through a lin sent to the PCS after link
compatible with Clause 40, bring-up. Since the 4-D sym-
shall be translated into bols are not accessible, this
specification shall be satisfied
by a packet error rate less tha
107/ for 1000 byte packets.

PMES50 | The receive feature shall 40.7.1.3.2 M Y] properly receive incoming datg
with a 5-level symbol rate
within the range 125,000 MHZ
+ 0.01%.

PMES5S1 | While receiving packets from g 40.7.1.3.3 M Y] proper

compliant 1000BASE-T trans- PMA_UNITDATA.indicate

mitter connected to all MDI messages to the PCS for any

pins, a receiver shall send the differential input signakg that
results in a signdty;; that
meets 40.7.1.3.1 even in the
presence of common mode
voltagesE., (applied as shown
in figure 40-25).

PMES2 | E;pshall be 40.7.1.3.3 M Y] a 25 V peak-to-peak square
wave, 500 kHz or lower in fre-
guency, with edges no slower
than 4 ns (20%-80%), con-
nected to each of the pairs.

PMES3 | The differential impedance as| 40.7.1.4.1 M Y] any reflection due to differen-

measured at the MDI for each tial signals incident upon the

transmit/receive channel shall MDI from a balanced cabling

be such that having an impedance of 100
ohms is at least 17 dB below
the incident signal, over the
frequency range of 2.0 MHz tq
31.25 MHzand at least 12.9
- 20log;(f/50) dB over the
frequency range 31.25 MHZ%
to 125 MHz (f in MHz)

PME54 | This return loss shall be main-| 40.7.1.4.1 M Y] at all times when the PHY is

tained

transmitting data.
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PMES55 | The common-mode to differen| 40.7.1.4.2 M Y] the value specified by the

tial-mode impedance balance ¢ equations specified in

each transmit output shall 40.7.1.4.2. Test mode 4 may h

exceed used to generate an approprig
transmitter output.

PME56 | Transmitters and receivers shg 40.7.1.4.4 M Y] withstand without damage
the application of short circuits
across any MDI port for an
indefinite period of time with-
out damage.

PMES57 | Transmitters and receivers shg 40.7.1.4.4 M Y] normal operation after such

resume faults are removed.

PMES58 | The magnitude of the current | 40.7.1.4.4 M Y] 300 mA.

through the short circuit speci-
fied in PMES54 shall not exceec

PMES9 | Transmitters shall withstand 40.7.1.4.4 M Y] a 1000 V common mode

without damage impulse of either polarityH.,
as indicated in figure 40-28).
PME®60 | The shape of the impulse shal| 40.7.1.4.4 M Y] 0.3/50ps (300 ns virtual front

be

time, 50us virtual time of half
value), as defined in IEC Pub/
lication 60.
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Item Feature Subclause | Status | Support Value/Comment
LKS1 1000BASE-T links shall 40.8.1 M Y] consist of Category 5 compo-
nents as specified in ISO/IEC
11801:1995.

LKS2 Unless otherwise specified, 40.8.2 M Y] source and load impedances
link segment testing shall be 100 ohms.
conducted using

LKS3 The tolerance on the poles of | 40.8.2 Y] + 1%.
the test filter used in this sec-
tion shall be

LKS4 The insertion loss of each 40.8.2.1 M Y] less than 2.1 9529+ 0.4/f
duplex channel shall be (dB) at all frequencies from 1

to 100 MHz. This includes the]
attenuation of the balanced
cabling pairs, connector losse
and patch cord losses of the
duplex channel.

LKS5 The insertion loss specification 40.8.2.1 M Y] the duplex channel is termi-
shall be met when nated in 100 ohms.

LKS6 The nominal differential 40.8.2.2 M Y] 100 ohms at all frequencies
impedance of each link seg- between 1 and 100 MHz.
ment duplex channel, which
includes cable cords and con-
necting hardware, shall be

LKS7 The tolerance of the charactel 40.8.2.2 M Y] exceed the nominal impedand
istic impedance shall not by more than 15 ohms over th

frequency range 1-100 MHz.

LKS8 Each link segment duplex 40.8.2.3 M Y] meet the return loss specified
channel shall in 40.8.2.3.1 at all frequencieg

from 1-100 MHz.

LKS9 The NEXT loss between all 40.8.3.1 M Y] at least 27.1 - 16.8lqg(f/100)
duplex channels of a link seg- (wheref is the frequency in
ment shall be MHz over the frequency rangg

1-100 MHz.)

LKS10 | The ELFEXT loss between 40.8.3.2 M Y] greater than 19 - 20lqg(f/

each duplex channel shall be 100) (wherd is the frequency
in MHz over the frequency
range 1-100 MHz.)

LKS11 | The propagation delay of alink 40.8.4.1 M Y] not exceed 50 ns at all freque
segment shall cies from 1-100 MHz.

LKS12 | The difference in propagation| 40.8.4.2 M Y] 50 ns at all frequencies

delay, or skew, between all
duplex channel pair combina-
tions of a link segment under
all conditions shall not exceed

between 1 MHz and 100 MHz
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Item

Feature

Subclause

Status

Support

Value/Comment

LKS13

Once installed, the skew
between pairs due to environ-
mental conditions shall not
vary

40.8.4.2

Yl

more thant 10 ns.

LKS14

The MDNEXT noise on a
duplex channels should not
exceed

40.8.6.2.1

Yl

XX mVp.

LKS15

The measurement specified in
LKS14 is compatible with the

assumption that the NEXT los
between all duplex channels g
a link segment shall be

40.8.6.2.1

Yl

at least 27.1 - 16.8lqg(f/100).

LKS16

The MDFEXT noise on a
duplex channel should not
exceed

40.8.6.2.2

Yl

XX mVp

LKS17

The measurement specified in
LKS16 is compatible with the
assumption that for each dis-
turbed pair one disturbing pai
to-disturbed pair with ELF-
EXT (Equal Level Far-End
Crosstalk) loss shall be

40.8.6.2.2

Yl

at least 19 - 20logyf/100) dB.

LKS18

The measurement specified in
LKS16 is compatible with the
assumption that for each dis-
turbed pair one disturbing pai
to-disturbed pair with ELF-
EXT (Equal Level Far-End
Crosstalk) loss shall be

40.8.6.2.2

Yl

at least 21 - 20logyf/100) dB.

LKS19

The measurement specified in
LKS16 is compatible with the
assumption that for each dis-
turbed pair one disturbing pai
to-disturbed pair with ELF-
EXT (Equal Level Far-End
Crosstalk) loss shall be

40.8.6.2.2

Yl

at least 27 - 20logyf/100) dB.

LKS20

The noise coupled from exter
nal sources, measured at the

output of a filter connected to

the output of the near end of g
disturbed channel should not

exceed

40.8.6.3

Yl

XX mV peak.
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Item Feature Subclause | Status | Support Value/Comment
MDI1 MDI connector 40.9.1 M Y] 8-Way connector as per IEC
603-7.
MDI2 Connector used on cabling 40.9.1 M Y] plug.
MDI3 Connector used on PHY 40.9.1 M Y] jack (as opposed to plug).
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Item

Feature

Subclause

Status

Support

Value/Comment

ENV1

Conformance to safety specifi
cations

40.11.1

M

Yl

IEC 950.

ENV2

Installation practice

40.11.2.1

M

Yl

sound practice, as defined by
applicable local codes.

ENV3

Any safety grounding path for
an externally connected PHY
shall be provided through the
circuit ground of the MIl con-
nection.

40.11.2.2

Yl

ENV4

Care taken during installation
to ensure that non-insulated
network cabling conductors d¢
not make electrical contact
with unintended conductors o
ground.

40.11.2.3

Yl

ENV5

Application of voltages speci-
fied in 40.11.2.4

does not result in any safety
hazard.

40.11.2.4

Yl

ENV6

Conformance with local and
national codes for the limita-
tion of electromagnetic inter-
ference.

40.11.3.1

Yl

ENV7

All equipment subject to this
clause shall conform to

40.11.3.2

Yl

the requirements of 14.7 and
the applicable sections of
ISO11801.
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40.14.12 PICS proforma tables for the timing requirements

40.14.12.1 Timing requirements exposed MI| :

Item Feature Subclause | Status | Support Value/Comment
TME1 | TX-EN (sampled to MDI Out- | 40.13.1 M Y] 7 to 9 bit times
put)
TME2 MDI input to CRS assert 40.13.1 M Y] 25 hit times
TME3 MDI input to CRS de-assert | 40.13.1 M Y] 29 bit times
TME4 MDI input to COL assert 40.13.1 M Y] 25 bit times
TMES5 MDI input to COL de-assert | 40.13.1 M Y] 29 bit times
TME6 | TX_EN sampled to CRS asse| 40.13.1 M Y] 0 to 4 bit times
TME7 | TX_EN sampled to CRS de- | 40.13.1 M Y] 0 to 16 bit times
assert
40.14.12.2 Timing requirements unexposed MII :
Item Feature Subclause | Status | Support Value/Comment
TMU1 | MAC transmit start to MDI 40.13.1 M Y] 13 bit times
output
TMU2 | MDI input to MDI output 40.13.1 M Y] 50 bit times
(worst case non-deferred tran
mit)
TMU3 | MDI input to collision detect | 40.13.1 M Y] 33 hit times
TMU4 | MDI input to MDI output = 40.13.1 M Y] 50 bit times
Jam (worst case collision
response)

40.14.12.3 Timing requirements: carrier assertion/deassertion constraint :

Item Feature Subclause | Status | Support Value/Comment
TMC1 | Each DTE shall satisfy the okkk M Y] (MAX MDI to MAC Carrier
relationship De-assert Detect)-(MIN MDI
to MNAC Carrier Assert
Detect).
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ANNEX 40A Additional Cabling Design Guidelines

The intent of this appendix is to provide additional cabling guidelines when installing a new Category 5
cabling system or using an existing Category 5 cabling system. These guidelines are intended to supplement
those in Clause 40. Although the 1 Gb/s specification described in Clause 40 was designed to operate over 4-
pair Category 5 cabling systems as specified in ANSA/TIA/EIA-568-A and ISO/IEC 11801, there are addi-
tional steps that may be taken by network designers that will provide additional operating margins and
ensure the objective BER of 10-10 is achieved.

40A.1 Additional Cabling Specifications
40A.1.1 Multiple-Disturber Power Sum Near-End Crosstalk (PSNEXT) Loss

PSNEXT loss is determined by summing the magnitude of the three individual pair-to-pair differential
NEXT loss values over the frequency range 1-100 MHz as follows.

i=3 i
NL(f)75
PSNEXT_Loss(f) = -10Lo§ 10
i=1

where: NL(f)i = magnitude of NEXT loss at frequency ‘f’ of pair combination ‘7,

i =1, 2 or 3 (pair-to-pair combination).

40A.1.1.1 Multiple-Disturber Power Sum Equal Level Far-End Crosstalk ( PSELFEXT)

PSELFEXT loss is determined by summing the magnitude of the three individual pair-to-pair differential
ELFEXT loss values over the frequency range 1-100 MHz as follows.

=3 —NL(f)li—O
PSELFNEXT_Loss(f) = -1bg § 10
i=1

where: NL(f)i = magnitude of ELFEXT loss at frequency ‘f’ of pair combination ‘",

i =1, 2 or 3 (pair-to-pair combination).
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40A.1.1.2 Alien Crosstalk
40A.1.1.2.1 Multipair Cabling (i.e.; greater than 4-Pair)
Multiple Gigabit Ethernet links ((n*4 -Pair) with n greater than 1) shall not share a common sheath as in a
25-pair binder group in a multipair cable. When the multipair cable is terminated into compliant connecting
hardware (TIA does not specify 25 position connecting hardware) the NEXT loss contributions between the
adjacent 4-Pair gigabit ethernet link, from connecting hardware and the cable combined, cannot be com-
pletely canceled.
40A.1.1.3 Cabling Configurations
The primary application for Clause 40 specification is expected to be between a workstation and the local
telecommunications closet, which is generally referred to as the horizontal cabling subsystem in commercial
building. As specified in ANSI/TIA/EIA-568-A and ISO/IEC 11801 the maximum length of the cables in
the horizontal subsystem is 100 meters, which consists of cords, cables and connecting hardware. The gen-
eral, or maximum, configuration for the horizontal subsystem is shown in figure 40A-1.

Figure 40A-1—Figure

On the other hand a minimum configuration can be achieved by removing the jumper cord and transition
point, which is shown in figure 40A-2.

Figure 40A-2—Figure __

When installing 1000BASE-T it is recommended that the minimum configuration shown in figure 40A-2 be
used. The reasons for using this configurations are:

1. Minimizes the number of interfaces, which minimizes the number of points of component failure.
2. Minimizes crosstalk noise, both near-end and far-end.
3. Minimizes link insertion loss.

4. Minimizes link cost.
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