Information technology —
Telecommunications and information exchange between systems—

Local and metropolitan area networks —Specific requirements —

Part 3: Carrier Sense Multiple Access with
Collision Detection (CSMA/CD) access method
and physical layer specifications

SECTION THREE: This section includes Clauses 34 through 43 and Annexes 36A through 43C.

34. Introduction to 1000 Mb/s baseband network

34.1 Overview

Gigabit Ethernet couples an extended version of the ISO/IEC 8802-3 (CSMA/CD MAC) to a family of
1000 Mb/s Physical Layers. The relationships among Gigabit Ethernet, the extended ISO/IEC 8802-3 (CSMA/
CD MAC), and the ISO/IEC Open System Interconnection (OSI) reference model are shown in Figure 34—1.

Gigabit Ethernet uses the extended ISO/IEC 8802-3 MAC layer interface, connected through a Gigabit
Media Independent Interface layer to Physical Layer entities (PHY sublayers) such as 1000BASE-LX,
1000BASE-SX, and 1000BASE-CX, and 1000BASE-T.

Gigabit Ethernet extends the ISO/IEC 8802-3 MAC beyond 100 Mb/s to 1000 Mb/s. The bit rate is faster,
and the bit times are shorter—both in proportion to the change in bandwidth. In full duplex mode, the mini-
mum packet transmission time has been reduced by a factor of ten. Achievable topologies for 1000 Mb/s full
duplex operation are comparable to those found in 100BASE-T full duplex mode. In half duplex mode, the
minimum packet transmission time has been reduced, but not by a factor of ten. Cable delay budgets are sim-
ilar to those in 100BASE-T. The resulting achievable topologies for the half duplex 1000 Mb/s CSMA/CD
MAC are similar to those found in half duplex 100BASE-T.

34.1.1 Reconciliation Sublayer (RS) and Gigabit Media Independent Interface (GMII)

The Gigabit Media Independent Interface (Clause 35) provides an interconnection between the Media
Access Control (MAC) sublayer and Physical Layer entitics (PHY) and between PHY Layer and Station
Management (STA) entities. This GMII supports 1000 Mb/s operation through its eight bit wide (octet wide)
transmit and receive paths. The Reconciliation sublayer provides a mapping between the signals provided at
the GMII and the MAC/PLS service definition.
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Figure 34—-1— Architectural positioning of Gigabit Ethernet (1000 Mb/s operation)

34.1.2 Physical Layer signaling systems

This standard specifies a family of Physical Layer implementations. The generic term 1000 Mb/s MAC
refers to any use of the 1000 Mb/s ISO/IEC 8802-3 CSMA/CD MAC (the Gigabit Ethernet MAC) coupled
with any physical layer implementation.

The term 1000BASE-X refers to a specific family of physical layer implementations specified in Clauses
36-39. The 1000BASE-X family of physical layer standards has been adapted from the ANSI X3.230-1994
[B20] (Fibre Channel) FC-0 and FC-1 physical layer specifications and the associated 8B/10B data coding
method. The 1000BASE-X family of physical layer implementations is composed of 1000BASE-SX,
1000BASE-LX, and 1000BASE-CX.

All 1000BASE-X PHY devices share the use of common PCS, PMA, and Auto-Negotiation specifications
(sce Clauses 36 and 37). The 1000BASE-T PHY (Clause 40) uses four pairs of Category 5 balanced copper
cabling. Clause 40 defines its own PCS, which does not use 8B/10B coding.

Specifications unique to the physical operation of each physical layer device are shown in the following
table:
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1000BASE-SX Short Wave Length Duplex multimode fibers Clause 38
Optical
1000BASE-LX Long Wave Length Duplex single-mode fibers or Clause 38
Optical Duplex multimode fibers
1000BASE-CX Shielded Jumper Two pairs of specialized balanced Clause 39
Cable cabling
1000BASE-T Category 5 UTP Advanced multilevel signaling over | Clause 40
four pairs of Category 5 balanced
copper cabling.

34.1.3 Repeater

A repeater set (Clause 41) is an integral part of any Gigabit Ethernet network with more than two DTEs in a
collision domain. A repeater set extends the physical system topology by coupling two or more segments.
Only one repeater is permitted within a single collision domain.

34.1.4 Auto-Negotiation, type 1000BASE-X

Auto-Negotiation (Clause 37) provides a 1000BASE-X device with the capability to detect the abilities
(modes of operation) supported by the device at the other end of a link segment, determine common abili-
ties, and configure for joint operation. Auto-Negotiation is performed upon link startup through the use of a
special sequence of reserved link code words. Clause 37 adopts the basic architecture and algorithms from
Clause 28, but not the use of fast link pulses.

34.1.5 Physical Layer line signaling for 10 Mb/s and 100 Mb/s Auto-Negotiation on twisted pair
Auto-Negotiation (Clause 28) is used by 1000BASE-T devices to detect the abilities (modes of operation)
supported by the device at the other end of a link segment, determine common abilities, and configure for

joint operation. Auto-Negotiation is performed upon link startup through the use of a special sequence of fast
link pulses.

34.1.6 Management
Managed objects, attributes, and actions are defined for all Gigabit Ethernet components (Clause 30). That

clause consolidates all IEEE 802.3® management specifications so that 10/100/1000 Mb/s agents can be
managed by existing network management stations with little or no modification to the agent code.

34.2 State diagrams

State machine diagrams take precedence over text.

The conventions of 1.2 are adopted, along with the extensions listed in 21.5.
34.3 Protocol Implementation Conformance Statement (PICS) proforma

The supplier of a protocol implementation that is claimed to conform to any part of IEEE 802.3%, Clauses 35
through 41, shall complete a Protocol Implementation Conformance Statement (PICS) proforma.

A completed PICS proforma is the PICS for the implementation in question. The PICS is a statement of
which capabilities and options of the protocol have been implemented. A PICS is included at the end of each
clause as appropriate. Each of the Gigabit Ethernet PICS conforms to the same notation and conventions
used in 100BASE-T (see 21.6).
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LOCAL AND METROPOLITAN AREA NETWORKS:

34.4 Relation of Gigabit Ethernet to other standards

Suitable entries for Table G1 of ISO/IEC 11801: 1995, annex G, would be as follows:

a)  Within the section Optical Link:

CSMA/CD [000BASE-SX

b)  Within the section Optical Link:

CSMA/CD 1000BASE-LX

CSMA/CD 1000BASE-T*

ISO/IEC 8802-3/ PDAM 26

ISO/IEC 8802-3/PDAM 26
¢)  Within the section Balanced Cabling Link Class D (defined up to 100MHz):
ISO/IEC8802-3/DAD 1995

*To support 1000BASE-T applications, Class D links shall meet the requirements for return loss, ELFEXT

and MDELFEXT specified in 40.7.

A suitable entry for Table G5 of ISO/IEC 11801: 1995, Annex G, would be as follows:

Table 34-1—Table G5 of ISO/IEC 11801

Fibre Optical link per 6
per Clauses 5,7,and 8 Horizontal Building backbone | Campus backbone
62.5/ 50/ 10/ 625 | 50/ 10/ | 625 | 50/ 10/ | 625 | 50/ 10/
125 125 125 M25 | 125 | 125 | A25 | 125 | 125 | /125 | 125 | 125
um wm nm pum um | pm | pm um | pm | pm um | pm
MMF MMF SMF MMF | MMF | SMF | MMF | MMF | SMF | MMF | MMF | SMF
8802-3: I | N N I N I I
1000BASE-S8X
8802-3: I I N N N N N N I I N
1000BASE-LX
NOTE —*N" denotes normative support of the media in the standard.
“I”” denotes that there is information in the International Standard regarding operation on this media.

Suitable entries for table G4 of ISO/IEC 11801:1995 Annex G would be:

Table 34-2—Table G4 of ISO/IEC 11801:1995

Balanced cabling Performance based cabling per 6
per Clauses 5,7, and 8 Class A Class B Class C Class D
c|C C c|Cc|cC
ala| |la|a|a
t |t 5 t |t |t 1|1 |1|]1(1|1|1|1|1]|1 1 (1|1
3|4 1 3/4|5|5|0]2|5|]0|2|5|0|2|5|0/|2)|5
1|1 0 i(f1r|j1,0(0|O0O|jOfO|O|O[O|]O0O|0O]O0 0]O0
00 0 22|12 |Q|lQ|leQlaela|Qa|lQ|a|Q|la|Q|lQ
00 Q 0|00
Q| Q Q| Q| Q
8802-3: 1000BASE-T ® I

38802-3 imposes additional requirements on return loss, ELFEXT and MDELFEXT.

NOTE—"T” denotes that there is information in the International Standard regarding operation on this media.
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35. Reconciliation Sublayer (RS) and Gigabit Media Independent Interface
(GMII)

35.1 Overview

This clause defines the logical and electrical characteristics for the Reconciliation Sublayer (RS) and Gigabit
Media Independent Interface (GMII) between CSMA/CD media access controllers and various PHYs.

Figure 35—1 shows the relationship of the Reconciliation sublayer and GMII to the ISO/IEC OSI reference
model.
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REFERENGE LAYERS
MODEL :
LAYERS _ HIGHER LAYERS
APPLICATION / LLC—LOGICAL LINK CONTROL
PRESENTATION / MAC CONTROL (OPTIONAL)
SESSION / MAC —MEDIA ACCESS CONTROL
{ 7
TRANSPORT | | PLs || RECONCILIATION | | RECONCILIATION | [ RECONCILIATION”)
Mil —y:];r' GMIl —p
NETWORK
PCS PCS PHY
DATALINK |, AUl —» PMA PMA
—— Comau{[ ema | | PMA | PMD PMD
mor —»| | MDI ] MD| —_FI | MDI —P
§ MEDIUM § § MEDIUM § MEDIUM <> MEDIUM
1 Mbls, 10 Mbls 10 Mb/s 100 Mb/s 1000 Mb/s
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AIALS = MR=DiUM ATTACHMERCE TR PMD = PHYSICAL MEDIUM DEPENDENT

Figure 35—1—GMIl location in the OSI protocol stack

The purpose of this interface is to provide a simple, inexpensive, and easy-to-implement interconnection
between Media Access Control (MAC) sublayer and PHYs, and between PHYs and Station Management
(STA) entities.

This interface has the following characteristics:

a) It is capable of supporting 1000 Mb/s operation.

b)  Data and delimiters arc synchronous to clock references.

c) It provides independent eight-bit-wide transmit and receive data paths.
d) It provides a simple management interface.

¢) It uses signal levels, compatible with common CMOS digital ASIC processes and some bipolar
processes.

f) It provides for full duplex operation.
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35.1.1 Summary of major concepts

a) The GMII is based on the MII defined in Clause 22.

b)  Each direction of data transfer is serviced by Data (an eight-bit bundle), Delimiter, Error, and Clock
signals.

¢)  Two media status signals are provided. One indicates the presence of carrier, and the other indicates
the occurrence of a collision.

d)  The GMII uses the MII management interface composed of two signals that provide access to man-
agement parameters and services as specified in Clause 22.

e)  MII signal names have been retained and the functions of most signals are the same, but additional
valid combinations of signals have been defined for 1000 Mb/s operation.

f)  The Reconciliation sublayer maps the signal set provided at the GMII to the PLS service primitives
provided to the MAC.

g) GMI signals are defined such that an implementation may multiplex most GMII signals with the
similar PMA service interface defined in Clause 36.

35.1.2 Application

This clause applies to the interface between the MAC and PHYs, and between PHYs and Station Manage-
ment entities. The implementation of the interface is primarily intended as a chip-to-chip (integrated circuit
to integrated circuit) interface implemented with traces on a printed circuit board. A motherboard-to-daugh-
terboard interface between two or more printed circuit boards is not precluded.

This interface is used to provide media independence so that an identical media access controller may be
used with any of the copper and optical PHY types.

35.1.3 Rate of operation

The GMII supports only 1000 Mb/s operation and is defined within this clause. Operation at 10 Mb/s and
100 Mb/s is supported by the MII defined in Clause 22.

PHYs that provide a GMII shall support 1000 Mb/s operation, and may support additional rates using other
interfaces (e.g., MI1I). PHYs must report the rates at which they are capable of operating via the management
interface, as described in 22.2.4. Reconciliation sublayers that provide a GMII shall support 1000 Mb/s and
may support additional rates using other interfaces.

35.1.4 Allocation of functions

The allocation of functions at the GMII balances the need for media independence with the need for a simple
and cost-effective interface.

While the Attachment Unit Interface (AUI) was defined to exist between the Physical Signaling (PLS) and
Physical Medium Attachment (PMA) sublayers for 10 Mb/s DTEs, the GMII (like the Clause 22 MII) maxi-
mizes media independence by cleanly separating the Data Link and Physical Layers of the ISO/IEC seven-
layer reference model. This allocation also recognizes that implementations can benefit from a close cou-
pling between the PLS or PCS sublayer and the PMA sublayer.

35.2 Functional specifications

The GMII is designed to make the differences among the various media transparent to the MAC sublayer.
The selection of logical control signals and the functional procedures are all designed to this end.
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35.2.1 Mapping of GMII signals to PLS service primitives and Station Management
The Reconciliation sublayer maps the signals provided at the GMII to the PLS service primitives defined in
Clause 6. The PLS service primitives provided by the Reconciliation sublayer, and described here, behave in

cxactly the same manner as defined in Clause 6.

Figure 35-2 depicts a schematic view of the Reconciliation sublayer inputs and outputs, and demonstrates
that the GMII management interface is controlled by the Station Management entity (STA).

PLS Service Primitives Reconciliation sublayer GMII Signals

7/ p TXD<7:0>
PLS_DATA.request v -: K_Eg
/ p GTX_CLK

PLS_SIGNAL.indicate —+V/ A COL

7 | ¢ RXD<7:0>
PLS_DATA.indicate P < RX_ER
< RX_CLK
PLS_DATA_VALID.indicate 4 ¢ RX_DV

PLS_CARRIER.indicate <4—1—

Station Management
MDIO

Figure 35-2—Reconciliation Sublayer (RS) inputs and outputs
and STA connections to GMII

35.2.1.1 Mapping of PLS DATA.request

35.2.1.1.1 Function

Map the primitive PLS _DATA .request to the GMII signals TXD<7:0>, TX_EN, TX_ER and GTX CLK.
35.2.1.1.2 Semantics of the service primitive

PLS_DATA request (OUTPUT_UNIT)

The OUTPUT _UNIT parameter can take one of five values: ONE, ZERO, TRANSMIT COMPLETE,
EXTEND or EXTEND_ERROR. It represents or is equivalent to a single data bit. These values are con-
veyed by the signals TX_EN, TX_ER, TXD<7>, TXD<6>, TXD<5>, TXD<4>, TXD<3>, TXD<2>,
TXD<1> and TXD<0>.

Each of the eight TXD signals conveys either a ONE or ZERO of data while TX_EN is asserted. Eight data
bit equivalents of EXTEND or EXTEND_ERROR are conveyed by a specific encoding of the TXD<7:0>
signals when TX_EN is not asserted, and TX_ER is asserted, see Table 35-1. Synchronization between the
Reconciliation sublayer and the PHY is achieved by way of the GTX CLK signal. The value
TRANSMIT COMPLETE is conveyed by the de-assertion of either TX_EN or TX ER at the end of a
MAC's transmission.
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35.2.1.1.3 When generated

The GTX CLK signal is generated by the Reconciliation sublayer. The TXD<7:0>, TX_EN and TX_ER
signals are generated by the Reconciliation sublayer after every group of cight PLS _DATA request transac-
tions from the MAC sublayer to request the transmission of eight data bits on the physical medium, to extend
the carrier event the equivalent of eight bits, or to stop transmission.

35.2.1.2 Mapping of PLS DATA.indicate

35.2.1.2.1 Function

Map the primitive PLS_DATA .indicate to the GMII signals RXD<7:0>,RX _DV,RX ER,and RX CLK.
35.2.1.2.2 Semantics of the service primitive

PLS_DATA .indicate (INPUT_UNIT)

The INPUT _UNIT parameter can take one of three values: ONE, ZERO or EXTEND. It represents or is
cquivalent to a single data bit. These values arc derived from the signals RX_ DV, RX ER, RXD<7>,
RXD<6>, RXD<5>, RXD<4>, RXD<3>, RXD<2>, RXD<I>, and RXD<0>. The value of the data trans-
ferred to the MAC is controlled by GMII error indications, see 35.2.1.5.

Each of the eight RXD signals conveys either a ONE or ZERO of data while RX_DV is asserted. Eight data
bit equivalents of EXTEND are conveyed by a specific encoding of the RXD<7:0> signals when RX_DV is
not asserted, and RX_ER is asserted; see Table 35-2. Synchronization between the Reconciliation sublayer
and the PHY is achieved by way of the RX CLK signal.

35.2.1.2.3 When generated

This primitive is generated to all MAC sublayer entities in the network after a PLS DATA request is issued.
Each octet transferred on RXD<7:0> will result in the generation of eight PLS_DATA .indicate transactions.

35.2.1.3 Mapping of PLS CARRIER.indicate

35.2.1.3.1 Function

Map the primitive PLS_CARRIER .indicate to the GMII signal CRS.
35.2.1.3.2 Semantics of the service primitive

PLS_CARRIER.indicate (CARRIER STATUS)
The CARRIER_STATUS parameter can take one of two values: CARRIER ON or CARRIER OFF.
CARRIER_STATUS assumes the value CARRIER_ON when the GMII signal CRS is asserted and assumes
the value CARRIER_OFF when CRS is de-asserted.
35.2.1.3.3 When generated

The PLS_CARRIER.indicate service primitive is generated by the Reconciliation sublayer whenever the
CARRIER _STATUS parameter changes from CARRIER_ON to CARRIER OFF or vice versa.

8 Copyright © 2002 IEEE. All rights reserved.
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35.2.1.4 Mapping of PLS SIGNAL.indicate

35.2.1.4.1 Function

Map the primitive PLS SIGNAL.indicate to the GMII signal COL.
35.2.1.4.2 Semantics of the service primitive

PLS SIGNAL.indicate (SIGNAL_STATUS)

The SIGNAL STATUS parameter can take one of two values: SIGNAL ERROR or
NO_SIGNAL_ERROR. SIGNAL_STATUS assumes the value SIGNAL_ERROR when the GMII signal
COL is asserted, and assumes the value NO SIGNAL ERROR when COL is de-asserted.

35.2.1.4.3 When generated

The PLS_SIGNAL.indicate service primitive is generated whenever SIGNAL STATUS makes a transition
from SIGNAL ERROR to NO SIGNAL ERROR or vice versa.

35.2.1.5 Response to error indications from GMIl

If, during frame reception, both RX DV and RX_ER are asserted, the Reconciliation sublayer shall ensure
that the MAC will detect a FrameCheckError in that frame.

Carrier is extended when RX DV is not asserted and RX ER is asserted with a proper encoding of
RXD<7:0>. When a Carrier Extend Error is received during the extension, the Reconciliation sublayer shall
send PLS_DATA .indicate values of ONE or ZERO and ensure that the MAC will detect a FrameCheckError
in the sequence.

These requirements may be met by incorporating a function in the Reconciliation sublayer that produces a
received frame data sequence delivered to the MAC sublayer that is guaranteed to not yield a valid CRC
result, as specified by the algorithm in 3.2 8. This data sequence may be produced by substituting data deliv-
ered to the MAC.

Other techniques may be employed to respond to Data Reception Error or Carrier Extend Error provided that
the result is that the MAC sublayer behaves as though a FrameCheckError occurred in the received frame.

35.2.1.6 Conditions for generation of TX ER

If, during the process of transmitting a frame, it is necessary to request that the PHY deliberately corrupt the
contents of the frame in such a manner that a receiver will detect the corruption with the highest degree of
probability, then Transmit Error Propagation shall be asserted by the appropriate encoding of TX ER, and
TX_EN. Similarly, if during the process of transmitting carrier extension to a frame, it is necessary to
request that the PHY deliberately corrupt the contents of the carrier extension in such a manner that a
receiver will detect the corruption with the highest degree of probability, then Carrier Extend Error shall be
signalled by the appropriate encoding of TXD<7:0>.

This capability has additional use within a repeater. For example, a repeater that detects an RX_ER during

frame reception on an input port may propagate that error indication to its output ports by asserting TX_ER
during the process of transmitting that frame.
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35.2.1.7 Mapping of PLS DATA VALID.indicate

35.2.1.7.1 Function

Map the primitive PLS DATA_VALID.indicate to the GMII signals RX DV, RX ER and RXD<7:0>.
35.2.1.7.2 Semantics of the service primitive

PLS DATA VALID.indicate (DATA VALID STATUS)

The DATA_VALID _STATUS parameter can take one of two values: DATA_VALID or DATA NOT_VALID.
DATA_VALID_STATUS assumes the value DATA_VALID when the GMII signal RX_DV is asserted, or when
RX DV is not asserted, RX ER is asserted and the values of RXD<7:0> indicate Carrier Extend or Carrier
Extend Error. DATA VALID STATUS assumes the value DATA NOT VALID at all other times.

35.2.1.7.3 When generated

The PLS_DATA VALID.indicate service primitive is gencrated by the Reconciliation sublayer whenever
DATA_VALID_STATUS parameter changes from DATA_VALID to DATA_NOT_VALID or vice versa.

35.2.2 GMII signal functional specifications
35.2.2.1 GTX CLK (1000 Mb/s transmit clock)

GTX_CLK is a continuous clock used for operation at 1000 Mb/s. GTX_CLK provides the timing reference
for the transfer of the TX_EN, TX_ ER, and TXD signals from the Reconciliation sublayer to the PHY. The
values of TX_EN, TX_ER, and TXD are sampled by the PHY on the rising edge of GTX CLK.GTX CLK
is sourced by the Reconciliation sublayer.

The GTX_CLK frequency is nominally 125 MHz, one-eighth of the transmit data rate.
35.2.2.2 RX_CLK (receive clock)

RX_CLK is a continuous clock that provides the timing reference for the transfer of the RX_DV, RX_ER
and RXD signals from the PHY to the Reconciliation sublayer. RX DV, RX_ER and RXD are sampled by
the Reconciliation sublayer on the rising edge of RX_CLK.RX_CLK is sourced by the PHY.

The PHY may recover the RX_CLK from the received data or it may derive the RX CLK reference from a
local clock (e.g., GTX_CLK). When derived from the received data, RX_CLK shall have a frequency equal
to one-cighth of the data rate of the received signal, and when derived from a local clock a nominal fre-
quency of 125 MHz.

When the signal received from the medium is continuous and the PHY can recover the RX CLK reference and
supply the RX CLK on a continuous basis, there is no need to transition between the recovered clock reference
and a local clock reference on a frame-by-frame basis. If loss of received signal from the medium causes a PHY
to lose the recovered RX CLK reference, the PHY shall source the RX CLK from a local clock reference.

Transitions from local clock to recovered clock or from recovered clock to local clock shall be made only
while RX_DV and RX_ER are de-asserted. During the interval between the assertion of CRS and the asser-
tion of RX_DV at the beginning of a frame, the PHY may extend a cycle of RX_CLK by holding it in either
the high or low condition until the PHY has successfully locked onto the recovered clock. Following the de-
assertion of RX_ DV at the end of a frame, or the de-assertion of RX_ER at the end of carrier extension, the
PHY may extend a cycle of RX CLK by holding it in cither the high or low condition for an interval that
shall not exceed twice the nominal clock period.
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35.2.2.10 COL (collision detected)

COL is driven by the PHY and shall be asserted upon detection of a collision on the medium, and shall
remain asserted while the collision condition persists.

COL is not required to transition synchronously with respect to either the GTX CLK or the RX CLK.
The behavior of the COL signal is unspecified when the PHY is in full duplex mode.

Figure 35-13 and Figure 35-14 show the behavior of COL during a frame transmission with a collision.
35.2.2.11 MDC (management data clock)

MDC is specified in 22.2.2.11.

35.2.2.12 MDIO (management data input/output)

MDIO is specified in 22.2.2.12.

35.2.3 GMII data stream

Data frames transmitted through the GMII shall be transferred within the data stream shown in
Figure 35-15.

<inter-frame><preamble><sfd><data><efd><extend>

Figure 35-15—GMIl data stream

For the GMII, transmission and reception of cach octet of data shall be as shown in Figure 35-16.

First Bit W MAC's Serial Bit Stream

/JDO[D1[D2[D3[D4[D5’DB[DT‘

T T T T T T T

/p‘ TXDd);-‘ 17(D<1:-‘ TXD<2>‘ 17(D<3:-‘ TXD<4>‘ TXD<5:-‘ TXD<6>‘ TXD<7> }\

LSB GMII Data Bundles - MSB

\\‘ HXD<O>‘F{XD<1>‘HXD<2>‘RXD<3>‘RXD<¢>‘HXD¢E:>‘RXD<6>‘F{XD<?>“/
\\‘Do‘m‘nz‘oa‘m‘ns‘ns‘m%/

First Bit (J MAC's Serial Bit Stream

Figure 35—16—Relationship of data bundles to MAC serial bit stream
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35.2.3.1 Inter-frame <inter-frame>

The inter-frame <inter-frame> period on a GMII transmit or receive path is an interval during which no data
activity occurs on the path. Between bursts or single frame transmissions, the absence of data activity on the
receive path is indicated by the de-assertion of both RX DV and RX_ER or the de-assertion of the RX DV
signal with an RXD<7:0> value of 00 hexadecimal. On the transmit path the absence of data activity is indi-
cated by the de-assertion of both TX_EN and TX_ER.

Between frames within a burst, the inter-frame period is signalled as Carrier Extend on the GMII. As shown
in Figure 35-7, this is done by asserting TX_ER with the appropriate encoding of TXD<7:0> simultancous
with the de-assertion of TX_EN on the transmit path; and, as shown in Figure 35-10, by asserting RX_ER
with the appropriate encoding of RXD<7:0> simultaneous with the de-assertion of RX_DV on the receive
path.

Within a burst, the MAC interFrameSpacing parameter defined in Clause 4, is measured from the de-asser-
tion of the TX_EN signal to the assertion of the TX_EN signal, and between bursts measured from the de-
assertion of the CRS signal to the assertion of the CRS signal.

35.2.3.2 Preamble <preamble> and start of frame delimiter <sfd>

35.2.3.2.1 Transmit case

The preamble <preamble> begins a frame transmission. The bit value of the preamble ficld at the GMII is
unchanged from that specified in 4.2.5 and when generated by a MAC shall consist of 7 octets with the fol-
lowing bit values:

10101010 10101010 10101010 10101010 10101010 10101010 10101010

The SFD (Start Frame Delimiter) <sfd> indicates the start of a frame and immediately follows the preamble.
The bit value of the SFD at the GMII is unchanged from that specified in 4.2.6, and is the following bit
sequence:

10101011

The preamble and SFD are shown above with their bits ordered for serial transmission from left to right. As
shown, the leftmost bit of each octet is the LSB of the octet and the rightmost bit of each octet is the MSB of
the octet.

The preamble and SFD shall be transmitted through the GMII as octets starting from the assertion of TX_EN.
35.2.3.2.2 Receive case

The conditions for assertion of RX_DV are defined in 35.2.2.6. The operation of 1000 Mb/s PHY's can result
in shrinkage of the preamble between transmission at the source GMII and reception at the destination
GMIIL. Table 35-3 depicts the case where no preamble bytes are conveyed across the GMII. This case may

not be possible with a specific PHY, but illustrates the minimum preamble with which MAC shall be able to
operate. Table 354 depicts the case where the entire preamble is conveyed across the GMII.
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Table 35-3—Start of receive with no preamble preceding SFD

Signal Bit values of nclf!fs n:x*.ived
through GMIE

RXDO X X 1 | Do®
RXD1 X X 0 D1
RXD2 X X 1 D2
RXD3 X X 0 D3
RXD4 X X 1 D4
RXD5 X X 0 D5
RXD6 X X 1 D6
RXD7 X X 1 D7
RX_DV 0 0 1 1

#Leftmost octet is the first received.

bStart Frame Delimiter octet.

D0 through D7 is the first octet of the PDU
(first octet of the Destination Address).

Table 35-4—Start of receive with entire preamble preceding SFD

Signal Bit values of octets received through GMII?

RXDO X 1 1 1 1 1 1 1 1 | Do*
RXD1 X 0 0 0 0 0 0 0 0 D1
RXD2 X 1 I 1 1 1 1 1 D2
RXD3 X 0 0 0 0 0 0 0 0 D3
RXD4 X 1 1 1 1 1 1 1 1 D4
RXD5 X 0 0 0 0 0 0 0 0 D5
RXD6 X 1 I 1 1 1 1 1 D6
RXD7 X 0 0 0 0 0 0 0 1 D7
RX_DV 0 1 1 1 1 1 1 1 1 1

ALeftmost octet is the first received.
bStart Frame Delimiter octet.
‘DO through D7 is the first octet of the PDU (first octet of the Destination Address).

35.2.3.3 Data <data>
The data <data> in a well-formed frame shall consist of a set of data octets.
35.2.3.4 End-of-Frame delimiter <efd>

De-assertion of the TX_EN signal constitutes an End-of-Frame delimiter <efd> for data conveyed on
TXD<7:0>, and de-assertion of RX DV constitutes an End-of-Frame delimiter for data conveyed on
RXD<7:0>.
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35.2.3.5 Carrier extension <extend>

The Reconciliation sublayer signals carrier extension <extend> on the transmit path by the assertion of the
TX_ER signal with the appropriate valuc of TXD<7:0> simultancous with the de-assertion of the TX_EN
signal. Carrier extension is signaled on the receive path by the assertion of the RX_ER signal with the appro-
priate encoding on RXD<7:0> simultancous with the de-assertion of RX_DV. Carrier extension may not be
present on all frames.

35.2.3.6 Definition of Start of Packet and End of Packet Delimiters

For the purposes of Clause 30 layer management, the Start of Packet delimiter is defined as the rising edge
of RX DV; and the End of Packet delimiter is defined as the falling edge of RX DV. (See
Clause 30.2.222)

35.2.4 MAC delay constraints (with GMII)

A Gigabit Ethernet MAC with a GMII shall comply with the delay constraints in Table 35-5.

Table 35-5—MAC delay constraints (with GMII)

Lswen: s Min | Max | "R Output timing
TR e Ve (bits) | (bits) PRI reference
points reference

MAC <> GMII MAC transmit start to TX_EN =1 48 GTX_CLK rising
sampled
CRS assert to MAC detect® 0 48
CRS de-assert to MAC detect® 0 48
CRS assert to TX_EN = 1 sampled 112 GTX_CLK rising
(worst-case nondeferred transmit)
COL assert to MAC detect 0 48
COL de-assert to MAC detect 0 48
COL assert to TXD = Jam sampled 112 GTX_CLKrising;
(worst-case collision response) first octet of jam

“For any given implementation: Max de-assert — Min. assert < 16 bits.

35.2.5 Management functions

The GMII shall use the MII management register set specified in 222 4. The detailed description of some
management registers are dependent on the PHY type and are specified in either 28.2.4 or 37.2.5.

35.3 Signal mapping

The GMII is specified such that implementors may share pins for implementation of the GMII, the MII spec-
ified in Clause 22 and the TBI specified in Clause 36. A recommended mapping of the signals for the GMII,
MII, and TBI is shown in Table 35-6. Implementors using this recommended mapping arec to comply with
the GMII electrical characteristics in 35 4, MII electrical characteristics in 22.3, and the TBI electrical char-
acteristics in 36.3 as appropriate for the implemented interfaces.
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In an implementation supporting the M1l and GMII, some signal pins are not used in both interfaces. For exam-
ple, the TXD and RXD data bundles are four bits wide for the MII and eight bits wide for the GMIL. Also, the
GTX CLK is only used when operating as a GMII while TX_CLK is used when operating as an MII.

Similarly, an implementation supporting both the GMII and TBI interfaces will map TBI signals onto the
GMII control signal pins of TX_ER,TX EN,RX ER,and RX DV.The COL and CRS signals of the GMII
have no corollary in the TBI.

It is recommended that unused signal pins be driven to a valid logic state.

Table 35-6—Signal mapping

GMmII MII TBI GMII Mil TBI
TX_ER TX_ER TX<9> RX_ER RX_ER RX<9>
TX_EN | TX_EN | Tx<8> RX DV | RXDV | RX<8>
TXD<T> | | Tx<7> RXD<7> | | Rx<7>
TXD<6> | | TX<6> RXD<6> | | RX<6>
TXD<5> | | TX<5> RXD<5> | | RX<5>
TXD<4> | | Tx<a> RXD<d> | | RX<d>
TXD<3> | TXD<3> | TX<3> RXD<3> | RXD<3> | RX<3>
TXD<2> | TXD<2> | TX<2> RXD<2> | RXD<2> | RX<2>
TXD<I> | TXD<I> | TX<I> RXD<I> | RXD<I> | RX<I>
TXD<0> | TXD<0> | TX<0> RXD<0> | RXD<0> | RX<0>
coL | coL ' CRS | crs '

35.4 Electrical characteristics

The electrical characteristics of the GMII are specified such that the GMII can be applied within a variety of
1000 Mb/s equipment types. The electrical specifications are optimized for an integrated circuit to integrated
circuit application environment. This includes applications where a number of PHY integrated circuits may
be connected to a single integrated circuit as may be found in a repeater. Though specified for use on a single

circuit board, applications to a motherboard-to-daughterboard interconnection are not precluded.

The electrical characteristics specified in this clause apply to all GMII signals except MDIO and MDC. The
electrical characteristics for MDIO and MDC are specified in 22.3 4.

35.4.1 DC characteristics

All GMII drivers and receivers shall comply with the dc parametric attributes specified in Table 35-7.

The potential applied to the input of a GMII receiver may exceed the potential of the receiver’s power supply
(i.., a GMII driver powered from a 3.6 V supply driving V(y into a GMII receiver powered from a 2.5 V sup-
ply). Tolerance for dissimilar GMII driver and receiver supply potentials is implicit in these specifications.

35.4.2 AC characteristics

The GMII ac electrical characteristics are specified in a manner that allows the implementor flexibility in select-
ing the GMII topologies its devices support and the techniques used to achieve the specified characteristics.
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Table 35-7—DC specifications

Symbol Parameter Conditions Min Max | Units
Vou Qutput High Voltage | Iy =-1.0 mA Vee=Min | 2.10 360 |V
Vor - Qutput Low Voltage [ Ipp=10mA [ Vee=Min . GND - 0.50 | \Y%
Viu Input High Voltage 1.70 \Y
Vi Input Low Voltage 090 |V
Ly Input High Current Vee = Max Vin=2.1V 40 HA

| Iy Input Low Current Vee = Max Viy=05V | -600 uA

All GMII devices are required to support point-to-point links. The electrical length of the circuit board traces
used to implement these links can be long enough to exhibit transmission line effects and require some form
of termination. The implementor is allowed the flexibility to select the driver output characteristics and the
termination technique and components to be used with its drivers for point-to-point links.

Implementors may elect to support other GMII topologies in addition to the point-to-point topology and may
specify different termination techniques and components for each supported topology.

Since the output characteristics and output voltage waveforms of GMII drivers depend on the termination
technique and the location of the termination components, the ac output characteristics of GMII drivers are
not explicitly specified. Rather, the ac characteristics of the signal delivered to a GMII receiver are specified.
These characteristics are independent of the topology and termination technique and apply uniformly to all
GMII applications.

35.4.2.1 Signal Timing measurements

All GMII ac timing measurements are made at the GMII receiver input and are specified relative to the
Va’L_AC(max) and VfH_/!.C{min) thresholds.

The GTX CLK and RX CLK parameters tppriop. tmcn, @nd tow are defined in Figure 35-17. The
GTX CLK and RX CLK parameters tg and tr and other transient performance specifications are defined in
Figure 35-18. These parameters and the GTX_CLK and RX CLK rising and falling slew rates are measured
using the “GMII Point-to-Point Test Circuit” shown in Figure 35-20.

\ Vi AC(min)
V,
y \ IL_AC(max)

thigH tLow
"~ - -

tpERIOD

5
rg

Figure 35-17—GTX_CLK and RX_CLK timing parameters at receiver input

The tgpryup and tyorp parameters are defined in Figure 35-19. These parameters are measured using the
“GMII Setup and Hold Time Test Circuit™ shown in Figure 35-21.
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Figure 35—-18—GMII receiver input potential template

/Iﬁ\ fﬁ\ ViH_Ac(min)
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TXD<7:0>, TX_EN, TX_ER or Vi a
RXD<7:0>, RX_DV, RX_ER LLAN LANN e
tseTup —>; <—
—>| <— thop
Figure 35-19—GMII signal timing at receiver input
= - & === T =
| PHY |
| i |
Reconciliation
Vendor Vendor
[ Sublayer | _Specified o Specified
Termination Transmission Line Termination GMII
| GMIl | Network 1.00 ns delay Network “Receiver
| Driver | (Optional) 50 Q + 15% (Optional) Load”
| ] f)—'\
\ J
| |
| | —~5pF
| |
| ' =
L oz g mem o om o0 oml
Input

Measurement Point

Figure 35-20— GMII point-to-point test circuit

35.4.2.2 GMII test circuit topology

The “GMII Point-to-Point Test Circuit” is defined in Figure 35-20. All parameter measurements made with
this circuit are made at the “Input Measurement Point™ defined in Figure 35-20. The 5 pF capacitor is included
to approximate the input load of a GMII receiver. The termination networks used to implement the “GMII
Point-to-Point Test Circuit” shall be those specified by the implementor of the GMII driver for 50  + 15%
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impedance transmission line point-to-point links. One or both of the termination networks specified by the
implementor of the GMII driver may be straight-through connections if the networks are not needed to comply
with the GMII ac and transient performance specifications.

The “GMII Point-to-Point Test Circuit” specifies a 1 ns transmission line. In a GMII implementation, the cir-
cuit board traces between the PHY and Reconciliation sublayer are not restricted to a delay of 1 ns.

The “GMII Setup and Hold Time Test Circuit” is defined in Figure 35-21. The circuit is comprised of the
source of the synchronous GMII signal under test and its clock (the Reconciliation Layer or the PHY) and
two “GMII Point-to-Point Test Circuits.” One of the test circuits includes the GMII driver for the signal
under test, the other test circuit includes the GMII driver for the clock that provides timing for the signal
under test. The signal under test is measured at the “Signal Measurement Point” relative to its clock, which is
measured at the “Clock Measurement Point” as defined in Figure 35-21.

r— — — — 7
| PHY |
or Clock
| Reconciliation | Measurement Point
| Sublayer |
| | Clock Test Circuit \
' [ .
| | )
| | b4} pF
| | & <
| |
GMII Clock Vendor Vendor
! Driver l Specified Matched Specified __GMil
| | Termination Transmission Lines Termination Receiver
GMII Signal Networks 1.00 ns delay Networks Loads”
| Driver | (Optional) 50 Q = 15% (Optional)
| |
| |
| | L
—~5pF
| |
| :
5 Signal Test Circuit / -

Signal
Measurement Point

Figure 35-21—GMIl setup and hold time test circuit

35.4.2.3 GMII ac specifications

A GMII driver, when used in combination with the termination networks specified by the implementor of the
driver for a specific GMII topology, shall produce a potential at the input pin of any GMII receiver in that
topology that complies with the input potential template shown in Figure 35-18. This requirement applies
for all GMII signals and any GMII topology.

To ensure that all GMII devices support point-to-point links, a GMII driver, when driving the “GMII Point-to-
Point Test Circuit” shown in Figure 35-20, shall produce a potential at the “Input Measurement Point™ of the
“GMII Point-to-Point Test Circuit” that complies with the input potential template shown in Figure 35-18.

All GMII signal sources, including the GMII drivers, GMII receivers and GMII signals shall comply with
the ac specifications in Table 35-8.
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Table 35-8— AC specifications

Symbol Parameter Conditions Min Max Units
ViL ac | Input Low Voltage ac 0.70 v
Vin_ac | Input High Voltage ac 1.90 v
frrEQ GTX_CLK Frequency 125 125 + MHz
100 ppm | 100 ppm
tPER]OD GTX_CLK Period 7.50 8.50 ns
tperiop | RX CLK Period 750 ns
tHIGH GTX_CLK,RX_CLK Time High 250 ns
tLow GTX_CLK,RX CLK Time Low 2.50 ns
tg G'I'X_CLK, RX_CLK Rise Time V.'L_AC(max) to VJH_AC(min) 1.00 ns
ty GTX_CLK,RX CLK Fall Time V”_f_Ac(mm) to VIL_AC(max) 1.00 ns
Magnitude of GTX_CLK, V."L_AC(max) to VJH_AC(:nin) 0.6 Vins
RX_CLK Slew Rate (rising)*
Magnitude of GTX_CLK, Vitr_a€(min) 1 Vir_acimax) 0.6 Vins
RX_CLK Slew Rate (falling)*
tspTUP TXD, TX_EN, TX_ER Setup to 1 2.50 ns
GTX_CLK and RXD,RX DV,
RX ER Setupto t RX CLK
tHoLD TXD, TX_EN, TX_ER Hold from 0.50 ns
1 GTX_CLK and RXD.RX_DV,
RX_ER Hold from t RX_CLK
tspTUPR TXD, TX_EN, TX_ER Setup to 1 - 2.00 : ns
(RCVR) GTX_CLK and RXD,RX_DV,
RX_ER Setupto t RX_CLK
tHoLD TXD,TX _EN,TX ER Hold from - 0.00 - ns
(RCVR) 1 GTX_CLK and RXD,RX_DV,
RX_ER Hold from 1 RX_CLK

4Clock Skew rate is the instantaneous rate of change of the clock potential with respect to time (dV/dt), not an average
value over the entire rise or fall time interval. Conformance with this specification guarantees that the clock signals
will rise and fall monotonically through the switching region.

Two sets of setup and hold time parameters are specified in Table 35-8. The first set, tggrp and tgorp,
applies to the source of a synchronous GMII signal and its clock and is measured using the “*GMII Setup and
Hold Time Test Circuit,” which has transmission lines with matched propagation delays in the “clock™ and
“signal” paths. The second set, tggryprevr) and tHoLDRCVR) @pplies to the GMII receiver and specifies
the minimum setup and hold times available to the GMII receiver at its input pins. The difference between
the two sets of setup and hold time parameters provides margin for a small amount of mismatch in the prop-
agation delays of the “clock™ path and the “signal” paths in GMII applications.

The GMII ac specifications in Table 35-8 and the transient performance specifications in Figure 35—18 shall
be met under all combination of worst-case GMII driver process and supply potential variation, ambient

temperature, transmission line impedance variation, and termination network component impedance variation.

Designers of components containing GMII receivers should note that there is no upper bound specified on
the magnitude of the slew rate of signals that may be applied to the input of a GMII receiver. The high-
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frequency energy in a high slew rate (short rise time) signal can excite the parasitic reactances of the receiver
package and input pad to such a degree that the signal at the receiver input pin and the signal at the input pad
differ significantly. This is particularly true for GTX_CLK and RX_CLK, which transition at twice the rate
of other signals in the interface.

35.5 Protocol Implementation Conformance Statement (PICS) proforma for Clause 35,
Reconciliation Sublayer (RS) and Gigabit Media Independent Interface (Gmny?

35.5.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 35, Reconciliation Sublayer
(RS) and Gigabit Media Independent Interface (GMII), shall complete the following Protocol Implementa-

tion Conformance Statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

35.5.2 Identification

35.5.2.1 Implementation identification

Supplier

Contact point for enquiries 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 operating
systems; System Names(s)

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

NOTE 2-—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

lCopyrighf release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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35.5.2.2 Protocol summary

Identification of protocol standard IEEE Std 8(}2.3-2002@, Clause 35, Reconciliation Sub-
layer (RS) and Gigabit Media Independent Interface
(GMII)

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

Have any Exception items been required? No[] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802 3-2002%))

Date of Statement

35.5.2.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support

*HI. GMII electrical interface 354 0 Yes | |
No []

*Gl PHY support of GMII 35.1.3 (0] Yes|[]
No []

G2 Reconciliation sublayer sup- 3513 (0] Yes|[]
port of GMII No []

*HD Half duplex capability 35226 (0] Yes|[]
No []

35.5.3 PICS proforma tables for reconciliation sublayer and Gigabit Media Independent
Interface

35.5.3.1 Mapping of PLS service primitives

Item Feature Subclause Value/Comment Status Support

PL1 Response to error in frame 35215 Must produce FrameCheckEr- | M Yes|[]
ror when RX_DV and RX_ER
are asserted

PL2 Response to error in extension | 35.2.1.5 Must produce FrameCheckEr- | M Yes|[]
ror on received Carrier Extend
Error

PL2a Propagation of errors in frame | 35.2.1.6 Assert TX_ER while TX_EN 0] Yes[]
asserted

PL3 Propagation of errors in 352.1.6 Must send ONE or ZERQO and 0] Yes[]

extension assert Carrier Extend Error to No[]
propagate error within carrier
extension
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Item Feature Subclause Value/Comment Status Support
SF1
SF2 RX_CLK frequency 35222 One eighth of received data M Yes|[]
rate or nominal 125 MHz.
SF3 RX_CLK source on loss of 35222 Nominal clock reference (e.g., | M Yes | ]
signal GTX CLK)
SF4 RX_CLK transitions between 35222 While RX_DV de-asserted M Yes [ 1]
recovered and nominal clock
SF5 RX_CLK max high/low time 35222 Maximum 2 times the nominal | M Yes [ 1]
following de-assertion of period
RX_DV
SF6 TX_EN assertion 35223 On first octet of preamble M Yes[]
SF7 TX_EN remains asserted 35223 Stay asserted while all octets M Yes [ 1]
are transmitted over GMII
SF8 TX_EN negation 35223 Before first GTX_CLK afier M Yes[1]
final octet of frame
SF9 TX_EN transitions 35223 Synchronous with GTX CLK M Yes[ 1]
SF10 TXD <7:0> transitions 35224 Synchronous with GTX_CLK M Yes [ ]
SF11 TXD <7:0> effect on PHY 35224 No effect M Yes|[]
while TX_EN and TX_ER are
de-asserted
SF12 Signalling carrier extension 35224 Only immediately following M Yes|[]
frame
SF13 TX_ER transitions 35225 Synchronous with GTX_CLK M Yes [ 1]
SF14 TX_ER effect on PHY while 35225 Cause PHY to emit invalid M Yes | ]
TX_EN is asserted code-group
SF15 Transmission of end-of-packet | 35.2.2.5 On de-assertionof TX ENand M Yes [ 1]
delimiter simultaneous assertion of
TX_ER
SF16 TX_ER implementation 35225 At GMII of PHY M Yes [ 1
SF17 TX_ER implementation 35225 Implemented if hall duplex HD:M Yes|[]
operation supported. N/AT]
SF18 TX_ER driven 35225 To valid state even if constant M Yes [ 1]
SF19 RX_DV transitions 35226 Synchronous with RX_CLK M Yes[]
SF20 RX_DV assertion 35226 From first recovered octet to M Yes[1]
final octet of a frame
SF21 RX_DV negation 35226 Before the first RX CLK fol- M Yes[ 1]
lowing the final octet of the
frame
SF22 RXD <7:0> transitions 35227 Synchronous with RX_CLK M Yes [ ]
SF22a RXD loopback 35227 No loopback unless loopback M Yes|[]
mode selected
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35.5.3.2 GMII signal functional specifications (continued)

Item Feature Subclause Value/Comment Status Support
SF23 Signalling carrier extension 35227 Only immediately following M Yes|[]
frame
SF24 RX_ER transitions 35228 Synchronous with RX_CLK M Yes [ 1]
SF25 RX_ER assertion 35228 By PHY to indicate error M Yes | ]
SF26 Generation of EXTEND 35228 In response to simultaneous M Yes [ 1]
de-assertion of RX_DV and
assertion of RX_ER by PHY
SF27 CRS assertion 35229 By PHY when either transmit M Yes [ 1]
or receive is NON-IDLE
SF28 CRS de-assertion 35229 By PHY when both transmit M Yes [ 1]
and receive are IDLE
SF29 CRS assertion during collision | 35229 Remain asserted throughout M Yes|[]
SF30 CRS assertion—repeater 35229 By repeater when receive is M Yes|[ ]
NON-IDLE
SF31 CRS de-assertion —repeater 35229 By repeater when medium is M Yes|[ ]
IDLE
SF32 COL assertion 35.2.2.10 By PHY upon collision on M Yes|[]
medium
SF33 COL remains asserted while 352210 M Yes [ ]
collision persists
35.5.3.3 Data stream structure
Item Feature Subclause Value/Comment Status Support
D51 Format of transmitted data 3523 Per Figure 35-15 M Yes [ 1]
stream
D52 Transmission order 3523 Per Figure 35-16 M Yes [ 1]
DS3 Preamble 7 octets long 35232 10101010 10101010 10101010 | M Yes|[]
10101010 10101010 10101010
10101010
D54 Preamble and SFD 35232 Starting at assertion of TX_EN | M Yes[]
transmission
DS5 Minimum preamble 35232 MAC operates with minimum M Yes|[ ]
preamble
DSs6 Data length 35233 Set of octets M Yes | |
35.5.3.4 Delay constraints
Item Feature Subclause Value/Comment Status Support
DC1 MAC delay 3524 Comply with Table 35-5 M Yes|[]
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Item Feature Subclause Value/Comment Status Support
MF1 Management registers 3525 GMII base registers as defined | M Yes|[]
in224
35.5.3.6 Electrical characteristics
Item Feature Subclause Value/Comment Status Support
EC1 DC specifications 354.1 All drivers and receivers per EL:M Yes|[]
Table 35-7 N/AT]
EC3 AC and transient specifications | 35423 Under all combinations of EL:M Yes [ 1]
worst case parameters N/AT]
EC4 Topology input potential 35423 Complies with Figure 35-18at | EL:M Yes|[]
each receiver of topology N/AT]
EC5 Tested driver input potential 35423 Complies with Figure 35-18 EL:M Yes|[]
as tested per Figure 35-20 N/AT]
EC6 Test circuit termination 35422 As specified by GMII driver EL:M Yes|[]
implementor N/AT]
EC7 AC specifications 35423 Per Table 35-8 EL:M Yes[ 1]
N/AT]
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36. Physical Coding Sublayer (PCS) and Physical Medium Attachment (PMA)
sublayer, type 1000BASE-X

36.1 Overview
36.1.1 Scope

This clause specifies the Physical Coding Sublayer (PCS) and the Physical Medium Attachment (PMA) sub-
layer that are common to a family of 1000 Mb/s Physical Layer implementations, collectively known as
1000BASE-X. There are currently three embodiments within this family: 1000BASE-CX, 1000BASE-LX,
and 1000BASE-SX. The 1000BASE-CX embodiment specifies operation over a single copper media: two
pairs of 150 Q balanced copper cabling. 1000BASE-LX specifies operation over a pair of optical fibers
using long-wavelength optical transmission. 1000BASE-SX specifies operation over a pair of optical fibers
using short-wavelength optical transmission. The term 1000BASE-X is used when referring to issues com-
mon to any of the subvariants.

1000BASE-X is based on the Physical Layer standards developed by ANSI X3.230-1994 (Fibre Channel
Physical and Signaling Interface). In particular, this standard uses the same 8B/10B coding as Fibre
Channel, a PMA sublayer compatible with speed-enhanced versions of the ANSI 10-bit serializer chip, and
similar optical and electrical specifications.

1000BASE-X PCS and PMA sublayers map the interface characteristics of the PMD sublayer (including
MDI) to the services expected by the Reconciliation sublayer. 1000BASE-X can be extended to support any
other full duplex medium requiring only that the medium be compliant at the PMD level.

36.1.2 Objectives
The following are the objectives of 1000BASE-X:

a)  To support the CSMA/CD MAC;

b)  To support the 1000 Mb/s repeater;

¢)  To provide for Auto-Negotiation among like 1000 Mb/s PMDs;

d)  To provide 1000 Mb/s data rate at the GMII;

e) To support cable plants using 150 € balanced copper cabling, or optical fiber compliant with ISO/
IEC 11801: 1995;

f)  To allow for a nominal network extent of up to 3 km, including
1) 150 Q balanced links of 25 m span;
2) one-repeater networks of 50 m span (using all 150 € balanced copper cabling);
3) one-repeater networks of 200 m span (using fiber); and
4) DTE/DTE links of 3000 m (using fiber);

g) To preserve full duplex behavior of underlying PMD channels;

h) To support a BER objective of 10712,

36.1.3 Relationship of 1000BASE-X to other standards

Figure 36-1 depicts the relationships among the 1000BASE-X sublayers (shown shaded), the CSMA/CD
MAC and reconciliation layers, and the ISO/IEC 8802-2 LLC.
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36.1.4 Summary of 1000BASE-X sublayers
The following provides an overview of the 1000BASE-X sublayers 2
36.1.4.1 Physical Coding Sublayer (PCS)

The PCS interface is the Gigabit Media Independent Interface (GMII) that provides a uniform interface to
the Reconciliation sublayer for all 1000 Mb/s PHY implementations (e.g., not only 1000BASE-X but also
other possible types of gigabit PHY entities). 1000BASE-X provides services to the GMII in a manner anal-
ogous to how 100BASE-X provides services to the 100 Mb/s MII.

The 1000BASE-X PCS provides all services required by the GMII, including

a)  Encoding (decoding) of GMII data octets to (from) ten-bit code-groups (8B/10B) for communica-
tion with the underlying PMA;

b)  Generating Carrier Sense and Collision Detect indications for use by PHY’s half duplex clients;

c¢) Managing the Auto-Negotiation process, and informing the management entity via the GMII when
the PHY is ready for use.

36.1.4.2 Physical Medium Attachment (PMA) sublayer

The PMA provides a medium-independent means for the PCS to support the use of a range of serial-bit-ori-
ented physical media. The 1000BASE-X PMA performs the following functions:

a) Mapping of transmit and receive code-groups between the PCS and PMA via the PMA Service
Interface;

b)  Serialization (deserialization) of code-groups for transmission (reception) on the underlying serial
PMD;

¢) Recovery of clock from the 8B/10B-coded data supplied by the PMD;

d)  Mapping of transmit and rececive bits between the PMA and PMD via the PMD Service Interface;

e) Dataloopback at the PMD Service Interface.

36.1.4.3 Physical Medium Dependent (PMD) sublayer

1000BASE-X physical layer signaling for fiber and copper media is adapted from ANSI X3.230-1994 (FC-
PH), Clauses 6 and 7 respectively. These clauses define 1062.5 Mb/s, full duplex signaling systems that
accommodate single-mode optical fiber, multimode optical fiber, and 150 €2 balanced copper cabling.
1000BASE-X adapts these basic physical layer specifications for use with the PMD sublayer and mediums
specified in Clause 38 and Clause 39.

The MDI, logically subsumed within each PMD subclause, is the actual medium attachment, including con-
nectors, for the various supported media.

Figure 36—1 depicts the relationship between 1000BASE-X and its associated PMD sublayers.

36.1.5 Inter-sublayer interfaces

There are a number of interfaces employed by 1000BASE-X. Some (such as the PMA Service Interface) use
an abstract service model to define the operation of the interface. An optional physical instantiation of the

PCS Interface has been defined. It is called the GMII (Gigabit Media Independent Interface). An optional
physical instantiation of the PMA Service Interface has also been defined (see 36.3.3). It is adapted from

2The 1000BASE-X PHY consists of that portion of the Physical Layer between the MDI and GMII consisting of the PCS, PMA, and
PMD sublayers. The 1000BASE-X PHY is roughly analogous to the 100BASE-X PHY.
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LOCAL AND METROPOLITAN AREA NETWORKS:
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PRESENTATION MAC CONTROL (OPTIONAL)
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MDI=MEDIUM DEPENDENT INTERFACE
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PHY=PHYSICAL LAYER DEVICE

PMD=PHYSICAL MEDIUM DEPENDENT

LX-PMD=PMD FOR FIBER—LONG WAVELENGTH, Clause 38
SX-PMD=PMD FOR FIBER—SHORT WAVELENGTH, Clause 38

CX-PMD=PMD FOR 150 2 BALANCED COPPER CABLING, Clause 39

NOTE—The PMD sublayers are mutually independent.
+ GMII is optional.

Figure 36—1—Relationship of 1000BASE-X and the PMDs

ANSI Technical Report TR/X3.18-1997 (Fibre Channel — 10-bit Interface). Figure 36-2 depicts the relation-
ship and mapping of the services provided by all of the interfaces relevant to 1000BASE-X.

It is important to note that, while this specification defines interfaces in terms of bits, octets, and code-
groups, implementors may choose other data path widths for implementation convenience. The only
exceptions are a) the GMII, which, when implemented at an observable interconnection port, uses an
octet-wide data path as specified in Clause 35, b) the PMA Service Interface, which, when physically imple-
mented as the TBI (Ten-Bit Interface) at an observable interconnection port, uses a 10-bit wide data path as
specified in 36.3.3, and ¢) the MDI, which uses a serial, physical interface.

36.1.6 Functional block diagram

Figure 36-2 provides a functional block diagram of the 1000BASE-X PHY.

36.1.7 State diagram conventions

The body of this standard is comprised of state diagrams, including the associated definitions of variables,
constants, and functions. Should there be a discrepancy between a state diagram and descriptive text, the
state diagram prevails.

The notation used in the state diagrams follows the conventions of 21.5. State diagram timers follow the con-
ventions of 14.2.3.2.
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GMII
TXD<7:0> & A & RXD<7:0>
TX_EN RX |
TX_ER COL CRS RX_ER
GTX_CLK RX_CLK
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A
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A
tx_code-group<9:0> rx_code-group<9:0=
v
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A
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PMD
Transmit Receive
% MDI QE

Figure 36—2—Functional block diagram

36.2 Physical Coding Sublayer (PCS)

36.2.1 PCS Interface (GMII)

The PCS Service Interface allows the 1000BASE-X PCS to transfer information to and from a PCS client.
PCS clients include the MAC (via the Reconciliation sublayer) and repeater. The PCS Interface is precisely

defined as the Gigabit Media Independent Interface (GMII) in Clause 35.

In this clause, the setting of GMII variables to TRUE or FALSE is equivalent, respectively, to “asserting” or
“de-asserting” them as specified in Clause 35.
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36.2.2 Functions within the PCS

The PCS comprises the PCS Transmit, Carrier Sense, Synchronization, PCS Receive, and Auto-Negotiation
processes for 1000BASE-X. The PCS shields the Reconciliation sublayer (and MAC) from the specific
nature of the underlying channel. When communicating with the GMII, the PCS uses an octet-wide, syn-
chronous data path, with packet delimiting being provided by separate transmit control signals (TX_EN and
TX_ER) and receive control signals (RX DV and RX ER). When communicating with the PMA, the PCS
uses a ten-bit wide, synchronous data path, which conveys ten-bit code-groups. At the PMA Service Inter-
face, code-group alignment and MAC packet delimiting are made possible by embedding special non-data
code-groups in the transmitted code-group stream. The PCS provides the functions necessary to map packets
between the GMII format and the PMA Service Interface format.

The PCS Transmit process continuously generates code-groups based upon the TXD <7:0>, TX_EN, and
TX_ER signals on the GMII, sending them immediately to the PMA Service Interface via the
PMA_UNITDATA request primitive. The PCS Transmit process generates the GMII signal COL based on
whether a reception is occurring simultaneously with transmission. Additionally, it generates the internal
flag, transmitting, for use by the Carrier Sense process. The PCS Transmit process monitors the Auto-
Negotiation process xmit flag to determine whether to transmit data or reconfigure the link.

The Carrier Sense process controls the GMII signal CRS (see Figure 36-8).

The PCS Synchronization process continuously accepts code-groups via the PMA_UNITDATA. indicate
primitive and conveys received code-groups to the PCS Receive process via the SYNC_UNITDATA .indicate
primitive. The PCS Synchronization process sets the sync_status flag to indicate whether the PMA is func-
tioning dependably (as well as can be determined without exhaustive error-rate analysis).

The PCS Receive process continuously accepts code-groups via the SYNC_UNITDATA. .indicate primitive.
The PCS Receive process monitors these code-groups and generates RXD <7:0>, RX_DV, and RX_ER on
the GMII, and the internal flag, receiving, used by the Carrier Sense and Transmit processes.

The PCS Auto-Negotiation process sets the xmit flag to inform the PCS Transmit process to either transmit
normal idles interspersed with packets as requested by the GMII or to reconfigure the link. The PCS Auto-
Negotiation process is specified in Clause 37.

36.2.3 Use of code-groups

The PCS maps GMII signals into ten-bit code groups, and vice versa, using an 8B/10B block coding
scheme. Implicit in the definition of a code-group is an establishment of code-group boundaries by a PMA
code-group alignment function as specified in 36.3.2.4. Code-groups are unobservable and have no meaning
outside the PCS. The PCS functions ENCODE and DECODE generate, manipulate, and interpret code-
groups as provided by the rules in 36.2 4.

36.2.4 8B/10B transmission code

The PCS uses a transmission code to improve the transmission characteristics of information to be trans-
ferred across the link. The encodings defined by the transmission code ensure that sufficient transitions are
present in the PHY bit stream to make clock recovery possible at the receiver. Such encoding also greatly
increases the likelihood of detecting any single or multiple bit errors that may occur during transmission and
reception of information. In addition, some of the special code-groups of the transmission code contain a
distinct and easily recognizable bit pattern that assists a receiver in achieving code-group alignment on the
incoming PHY bit stream. The 8B/10B transmission code specified for use in this standard has a high transi-
tion density, is a run-length-limited code, and is dc-balanced. The transition density of the 8B/10B symbols
ranges from 3 to § transitions per symbol.
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The definition of the 8B/10B transmission code in this standard is identical to that specified in ANSI
X3.230-1994 (FC-PH), Clause 11. The relationship of code-group bit positions to PMA and other PCS con-
structs is illustrated in Figure 36-3.

GMII Management Registers GMII
TXD<7:0> tx_Config_Reg<D7:D0> rx_Config_Reg=<D7:D0> RXD<7:0>
tx_Config_Reg<D15:D8> rx_Config_Reg<D15:D8>

76543210 76543210
(125 million octets/s) D:[[]:D] D]I]:I:I:I (125 million octets/s)
F 9
¥ 8+ control £ 8 + control
Input to ENCODE functon HGFEDCBA HGFEDGCBA Output of DECODE function
8BHOB 8B/10B )
PCS ENCODE function Encoder Decoder PCS DECODE function
Output of ENCODE function abecdeifghj abcdeifghj Input to DECODE function
r 10 + 10
0011111xxx Properly aligned comma+ symbol
h 4
PMA Service Interface EH] [EEE[ PMA Service Interface
(125 million code-groups/s) (125 million code-groups/s)
ix_code-group<9:0>| 0123456789 0123456789 x_code-group<9:0>
PMD Service Interface PMD Service Interface
(1250 million tx_bils/s) {1250 million rx_bits/s)
bit 0 is transmitted first bit 0 is received first

Figure 36—-3—PCS reference diagram

36.2.4.1 Notation conventions

8B/10B transmission code uses letter notation for describing the bits of an unencoded information octet and
a single control variable. Each bit of the unencoded information octet contains either a binary zero or a
binary one. A control variable, Z, has either the value D or the value K. When the control variable associated
with an unencoded information octet contains the value D, the associated encoded code-group is referred to
as a data code-group. When the control variable associated with an unencoded information octet contains the
value K, the associated encoded code-group is referred to as a special code-group.

The bit notation of A,B,C,D E ,FG H for an unencoded information octet is used in the description of the 8B/
10B transmission code. The bits AB,C.D.E,F,G H are translated to bits a,b,c.d.e.i.f,g,h,j of 10-bit transmis-
sion code-groups. 8B/10B code-group bit assignments are illustrated in Figure 36-3. Each valid code-group
has been given a name using the following convention: /Dx.y/ for the 256 valid data code-groups, and /Kx.y/
for special control code-groups, where x is the decimal value of bits EDCBA, and y is the decimal value of
bits HGF.

36.2.4.2 Transmission order

Code-group bit transmission order is illustrated in Figure 36-3.

Code-groups within multi-code-group ordered_sets (as specified in Table 36-3) are transmitted sequentially
beginning with the special code-group used to distinguish the ordered_set (e.g., /K28.5/) and proceeding

code-group by code-group from left to right within the definition of the ordered_set until all code-groups of
the ordered_set are transmitted.
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The first code-group of every multi-code-group ordered_set is transmitted in an even-numbered code-group
position counting from the first code-group after a reset or power-on. Subsequent code-groups continuously
alternate as odd and even-numbered code-groups.

The contents of a packet arc transmitted sequentially beginning with the ordered sct used to denote the
Start of Packet (the SPD delimiter) and proceeding code-group by code-group from left to right within the
definition of the packet until the ordered_set used to denote the End_of Packet (the EPD delimiter) is
transmitted.

36.2.4.3 Valid and invalid code-groups

Table 36-1a defines the valid data code-groups (D code-groups) of the 8B/10B transmission code. Table
36-2 defines the valid special code-groups (K code-groups) of the code. The tables are used for both gener-
ating valid code-groups (encoding) and checking the validity of received code-groups (decoding). In the
tables, each octet entry has two columns that represent two (not necessarily different) code-groups. The two
columns correspond to the valid code-group based on the current value of the running disparity (Current
RD — or Current RD +). Running disparity is a binary parameter with either the value negative (—) or the
value positive (+). Annex 36B provides several 8B/10B transmission code running disparity calculation
examples.

36.2.4.4 Running disparity rules

After powering on or exiting a test mode, the transmitter shall assume the negative value for its initial
running disparity. Upon transmission of any code-group, the transmitter shall calculate a new value for its
running disparity based on the contents of the transmitted code-group.

After powering on or exiting a test mode, the receiver should assume either the positive or negative value for
its initial running disparity. Upon the reception of any code-group, the receiver determines whether the code-
group is valid or invalid and calculates a new value for its running disparity based on the contents of the
received code-group.

The following rules for running disparity shall be used to calculate the new running disparity value for code-
groups that have been transmitted (transmitter's running disparity) and that have been received (receiver’s
running disparity).

Running disparity for a code-group is calculated on the basis of sub-blocks, where the first six bits (abedei)
form one sub-block (six-bit sub-block) and the second four bits (fghj) form the other sub-block (four-bit sub-
block). Running disparity at the beginning of the six-bit sub-block is the running disparity at the end of the
last code-group. Running disparity at the beginning of the four-bit sub-block is the running disparity at the
end of the six-bit sub-block. Running disparity at the end of the code-group is the running disparity at the
end of the four-bit sub-block.

Running disparity for the sub-blocks is calculated as follows:

a)  Running disparity at the end of any sub-block is positive if the sub-block contains more ones than
zeros. It is also positive at the end of the six-bit sub-block if the six-bit sub-block is 000111, and it is
positive at the end of the four-bit sub-block if the four-bit sub-block is 0011;

b) Running disparity at the end of any sub-block is negative if the sub-block contains more zeros than
ones. It is also negative at the end of the six-bit sub-block if the six-bit sub-block is 111000, and it is
negative at the end of the four-bit sub-block if the four-bit sub-block is 1100;

¢)  Otherwise, running disparity at the end of the sub-block is the same as at the beginning of the sub-
block.
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NOTE— All sub-blocks with equal numbers of zeros and ones are disparity neutral. In order to limit the run length of 0’s
or 1's between sub-blocks, the 8B/10B transmission code rules specify that sub-blocks encoded as 000111 or 0011 are
generated only when the running disparity at the beginning of the sub-block is positive; thus, running disparity at the end
of these sub-blocks is also positive. Likewise, sub-blocks containing 111000 or 1100 are generated only when the run-
ning disparity at the beginning of the sub-block is negative; thus, running disparity at the end of these sub-blocks is also
negative.

36.2.4.5 Generating code-groups

The appropriate entry in either Table 36—1a or Table 36-2 is found for each octet for which a code-group is
to be generated (encoded). The current value of the transmitter’s running disparity shall be used to select the
code-group from its corresponding column. For each code-group transmitted, a new value of the running dis-
parity is calculated. This new value is used as the transmitter’s current running disparity for the next octet to
be encoded and transmitted.

36.2.4.6 Checking the validity of received code-groups
The following rules shall be used to determine the validity of received code groups:

a)  The column in Tables 36-1a and 36-2 corresponding to the current value of the receiver’s running
disparity is searched for the received code-group;

b) If the received code-group is found in the proper column, according to the current running disparity,
then the code-group is considered valid and, for data code-groups, the associated data octet deter-
mined (decoded);

¢)  If the received code-group is not found in that column, then the code-group is considered invalid;

d) Independent of the code-group’s validity, the received code-group is used to calculate a new value of
running disparity. The new value is used as the receiver’s current running disparity for the next
received code-group.

Detection of an invalid code-group does not necessarily indicate that the code-group in which the invalid
code-group was detected is in error. Invalid code-groups may result from a prior error which altered the run-
ning disparity of the PHY bit stream but which did not result in a detectable error at the code-group in which
the error occurred.

The number of invalid code-groups detected is proportional to the bit-error-rate (BER) of the link. Link error
monitoring may be performed by counting invalid code-groups.

36.2.4.7 Ordered_sets

Eight ordered_sets, consisting of a single special code-group or combinations of special and data code-
groups are specifically defined. Ordered_sets which include /K28.5/ provide the ability to obtain bit and
code-group synchronization and establish ordered set alignment (see 36.2.4.9 and 36.3.2.4). Ordered_sets
provide for the delineation of a packet and synchronization between the transmitter and receiver circuits at
opposite ends of a link. Table 36-3 lists the defined ordered_sets.

36.2.4.7.1 Ordered_set rules
Ordered_sets are specified according to the following rules:

a)  Ordered_sets consist of either one, two, or four code-groups;

b)  The first code-group of all ordered_sets is always a special code-group;

¢) The second code-group of all multi-code-group ordered_sets is always a data code-group. The
second code-group is used to distinguish the ordered set from all other ordered sets. The second
code-group provides a high bit transition density.

Table 363 lists the defined ordered_sets.

Copyright © 2002 |EEE. All rights reserved. 39

LINKPLAY EXHIBIT 1017
Page 39 of 379



IEEE Std 802.3-2002%, Section Three

LOCAL AND METROPOLITAN AREA NETWORKS:

Table 36—1a—Valid data code-groups

(‘_‘,ode Octet Octet Bits Current RD - Current RD +
Group | voje | HGFEDCBA . .
Name abcedei fghj abedei fghj
D0.0 00 000 00000 100111 0100 011000 1011
D10 01 000 00001 011101 0100 100010 1011
D20 02 000 00010 101101 0100 010010 1011
D30 03 000 00011 110001 1011 110001 0100
D4.0 04 000 00100 110101 0100 001010 1011
D5.0 05 000 00101 101001 1011 101001 0100
D6.0 06 000 00110 011001 1011 011001 0100
D70 07 000 00111 111000 1011 000111 0100
D8.0 08 000 01000 111001 0100 000110 1011
D90 09 000 01001 100101 1011 100101 0100
D100 0A 000 01010 010101 1011 010101 0100
D110 0B 000 01011 110100 1011 110100 0100
D120 0c 000 01100 001101 1011 001101 0100
D130 0D 000 01101 101100 1011 101100 0100
D140 0E 000 01110 011100 1011 0111000100
D150 OF 000 01111 010111 0100 101000 1011
D160 10 000 10000 011011 0100 100100 1011
D170 11 000 10001 100011 1011 100011 0100
D180 12 000 10010 010011 1011 010011 0100
D190 13 000 10011 110010 1011 110010 0100
D200 14 000 10100 001011 1011 001011 0100
D210 15 000 10101 101010 1011 101010 0100
D220 16 000 10110 011010 1011 011010 0100
D230 17 000 10111 111010 0100 000101 1011
D240 18 000 11000 110011 0100 001100 1011
D250 19 000 11001 100110 1011 100110 0100
D260 1A 000 11010 010110 1011 010110 0100
D270 1B 000 11011 110110 0100 001001 1011
D280 1C 000 11100 001110 1011 0011100100
D290 1D 000 11101 101110 0100 010001 1011
D300 1E 000 11110 0111100100 100001 1011
D310 1F 000 11111 101011 0100 010100 1011
DO.1 20 001 00000 100111 1001 011000 1001
DI1.1 21 001 00001 011101 1001 100010 1001
D2.1 22 001 00010 101101 1001 010010 1001
D3.1 23 001 00011 110001 1001 110001 1001
D4.1 24 001 00100 110101 1001 001010 1001
D5.1 25 001 00101 101001 1001 101001 1001
D6.1 26 001 00110 011001 1001 011001 1001
D7.1 27 001 00111 111000 1001 000111 1001
D8.1 28 001 01000 111001 1001 000110 1001
D9.1 29 001 01001 100101 1001 100101 1001
D10.1 2A 001 01010 010101 1001 010101 1001
Di1.1 2B 001 01011 110100 1001 110100 1001
Di12.1 2C 001 01100 001101 1001 001101 1001
D13.1 2D 001 01101 101100 1001 101100 1001
Di4.1 2E 001 01110 011100 1001 011100 1001
Di15.1 2F 001 01111 010111 1001 101000 1001
D16.1 30 001 10000 011011 1001 100100 1001
D17.1 31 001 10001 100011 1001 100011 1001
Di18.1 32 001 10010 010011 1001 010011 1001
D19.1 33 001 10011 110010 1001 110010 1001
D20.1 34 001 10100 001011 1001 001011 1001
D21.1 35 001 10101 101010 1001 101010 1001
D22.1 36 001 10110 011010 1001 011010 1001
D23.1 37 001 10111 111010 1001 000101 1001
D24 .1 38 001 11000 110011 1001 001100 1001
D25.1 39 001 11001 100110 1001 100110 1001
D26.1 3A 001 11010 010110 1001 010110 1001
D27.1 3B 001 11011 110110 1001 001001 1001
{continued)
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Table 36-1b—Valid data code-groups

(‘jgde Octet Octet Bits Current RD - | Current RD +
Group | yv.jue | HGFEDCBA | —— o
Name abedei fghj abedei fghj
D28.1 3C 001 11100 | 001110 1001 001110 1001
D29.1 3D 001 11101 101110 1001 010001 1001
D30.1 3E 001 11110 | 011110 1001 100001 1001
D31.1 3F 001 11111 101011 1001 010100 1001
D02 40 010 00000 100111 0101 011000 0101
D12 41 010 00001 011101 0101 100010 0101
D22 42 010 00010 101101 0101 0100100101
D32 43 010 00011 110001 0101 110001 0101
D42 4 010 00100 110101 0101 001010 0101
D52 45 010 00101 101001 0101 101001 0101
D6.2 46 010 00110 011001 0101 011001 0101
D72 47 010 00111 111000 0101 000111 0101
D82 48 010 01000 111001 0101 0001100101
D92 49 010 01001 100101 0101 100101 0101
D10.2 4A 010 01010 | 0101010101 010101 0101
D112 4B 010 01011 110100 0101 110100 0101
D122 4C 010 01100 001101 0101 001101 0101
D132 4D 010 01101 101100 0101 101100 0101
D142 4E 010 01110 0111000101 0111000101
D152 4F 010 01111 010111 0101 101000 0101
D16.2 50 010 10000 | 0110110101 100100 0101
D172 51 010 10001 100011 0101 100011 0101
D182 52 010 10010 | 0100110101 010011 0101
D192 53 010 10011 110010 0101 110010 0101
D202 54 010 10100 001011 0101 001011 0101
D21.2 55 010 10101 101010 0101 101010 0101
D222 56 010 10110 | 0110100101 0110100101
D232 57 010 10111 111010 0101 000101 0101
D242 58 010 11000 110011 0101 0011000101
D252 59 010 11001 1001100101 100110 0101
D26.2 5A 010 11010 0101100101 0101100101
D272 5B 010 11011 110110 0101 001001 0101
D282 5C 010 11100 | 0011100101 0011100101
D29.2 5D 010 11101 1011100101 010001 0101
D30.2 5E 010 11110 | 0111100101 100001 0101
D312 5F 010 11111 101011 0101 010100 0101
D03 60 011 00000 100111 0011 011000 1100
D13 61 011 00001 011101 0011 100010 1100
D23 62 011 00010 101101 0011 010010 1100
D33 63 011 00011 110001 1100 110001 0011
D43 64 011 00100 110101 0011 001010 1100
D53 65 011 00101 101001 1100 101001 0011
D6.3 66 011 00110 011001 1100 011001 0011
D73 67 011 00111 111000 1100 000111 0011
D83 68 011 01000 111001 0011 000110 1100
D93 69 011 01001 100101 1100 100101 0011
D10.3 6A 011 01010 | 010101 1100 010101 0011
D113 6B 011 01011 110100 1100 110100 0011
D123 6C 011 01100 001101 1100 001101 0011
D133 6D 011 01101 101100 1100 101100 0011
D143 6E 011 01110 011100 1100 0111000011
D153 6F 011 01111 010111 0011 101000 1100
D163 70 011 10000 | 0110110011 100100 1100
D173 71 011 10001 100011 1100 100011 0011
D183 72 011 10010 | 010011 1100 010011 0011
D193 73 011 10011 110010 1100 110010 0011
D203 74 011 10100 001011 1100 0010110011
D213 75 011 10101 101010 1100 101010 0011
D223 76 011 10110 | 011010 1100 0110100011
D233 77 011 10111 111010 0011 000101 1100
{continued)
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Table 36—1c—Valid data code-groups

(‘jgde Octet Octet Bits Current RD - | Current RD +
Group | yv.jue | HGFEDCBA | —— o
Name abedei fghj abedei fghj
D243 78 011 11000 110011 0011 001100 1100
D253 79 011 11001 100110 1100 1001100011
D26.3 TA 011 11010 | 010110 1100 0101100011
D273 7B 011 11011 110110 0011 001001 1100
D28.3 TC 011 11100 001110 1100 0011100011
D293 7D 011 11101 101110 0011 010001 1100
D303 7E 011 11110 0111100011 100001 1100
D31.3 TF 011 11111 101011 0011 010100 1100
D04 80 100 00000 100111 0010 011000 1101
D14 81 100 00001 011101 0010 100010 1101
D24 82 100 00010 101101 0010 010010 1101
D34 83 100 00011 110001 1101 110001 0010
D44 84 100 00100 110101 0010 001010 1101
D54 85 100 00101 101001 1101 101001 0010
D64 86 100 00110 | 011001 1101 011001 0010
D74 87 100 00111 111000 1101 000111 0010
D84 88 100 01000 111001 0010 000110 1101
D94 89 100 01001 100101 1101 100101 0010
D104 BA 100 01010 010101 1101 010101 0010
D114 8B 100 01011 110100 1101 110100 0010
D124 8C 100 01100 | 001101 1101 001101 0010
D134 8D 100 01101 101100 1101 101100 0010
D144 8E 100 01110 | 011100 1101 011100 0010
D154 8F 100 01111 010111 0010 101000 1101
Di64 90 100 10000 011011 0010 100100 1101
D174 91 100 10001 100011 1101 100011 0010
D184 92 100 10010 | 010011 1101 010011 0010
D194 93 100 10011 110010 1101 110010 0010
D20.4 94 100 10100 | 001011 1101 001011 0010
D214 95 100 10101 101010 1101 101010 0010
D224 96 100 10110 011010 1101 011010 0010
D234 97 100 10111 111010 0010 000101 1101
D244 98 100 11000 110011 0010 001100 1101
D254 99 100 11001 100110 1101 100110 0010
D264 9A 100 11010 | 010110 1101 010110 0010
D274 9B 100 11011 110110 0010 001001 1101
D284 9C 100 11100 001110 1101 0011100010
D294 9D 100 11101 101110 0010 010001 1101
D304 9E 100 11110 0111100010 100001 1101
D314 9F 100 11111 101011 0010 010100 1101
DO0.5 A0 101 00000 100111 1010 011000 1010
D15 Al 101 00001 011101 1010 100010 1010
D25 A2 101 00010 101101 1010 010010 1010
D35 A3 101 00011 110001 1010 110001 1010
D45 A4 101 00100 110101 1010 001010 1010
D55 A5 101 00101 101001 1010 101001 1010
D6.5 A6 101 00110 | 011001 1010 011001 1010
D75 AT 101 00111 111000 1010 000111 1010
D85 A3 101 01000 111001 1010 000110 1010
D9.5 A9 101 01001 100101 1010 100101 1010
D105 AA 101 01010 010101 1010 010101 1010
D115 AB 101 01011 110100 1010 110100 1010
D125 AC 101 01100 | 001101 1010 001101 1010
D135 AD 101 01101 101100 1010 101100 1010
D14.5 AE 101 01110 | 011100 1010 011100 1010
D155 AF 101 01111 010111 1010 101000 1010
D165 BO 101 10000 011011 1010 100100 1010
D17.5 Bl 101 10001 100011 1010 100011 1010
D18.5 B2 101 10010 | 010011 1010 010011 1010
D195 B3 101 10011 110010 1010 110010 1010
{continued)
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Table 36-1d—Valid data code-groups

Sode | (ctet | Otet Bits
sTOUP | volwe | HGF EDCBA
Name

Current RD -

abedei fghj

Current RD +

abcdei fghj

D20.5 B4 101 10100
D21.5 B5 101 10101
D225 B6 101 10110

001011 1010
101010 1010
011010 1010

001011 1010
101010 1010
011010 1010

D235 B7 101 10111 111010 1010 000101 1010
D245 B8 101 11000 110011 1010 001100 1010
D255 B9 101 11001 100110 1010 100110 1010
D26.5 BA 101 11010 010110 1010 010110 1010
D275 BB 101 11011 110110 1010 001001 1010
D28.5 BC 101 11100 001110 1010 001110 1010
D29.5 BD 101 11101 101110 1010 010001 1010
D30.5 BE 101 11110 011110 1010 100001 1010
D31.5 BF 101 11111 101011 1010 010100 1010
DO.6 co 110 00000 100111 0110 011000 0110
D1.6 C1 110 00001 011101 0110 100010 0110
D2.6 C2 110 00010 101101 0110 0100100110
D3.6 C3 110 00011 110001 0110 110001 0110
D4.6 Cc4 110 00100 110101 0110 001010 0110
D5.6 C5 110 00101 101001 0110 101001 0110
D6.6 c6 110 00110 011001 0110 011001 0110
D7.6 c7 110 00111 111000 0110 0001110110
D8.6 C8 110 01000 111001 0110 000110 0110
D9.6 c9 110 01001 100101 0110 100101 0110
D10.6 CA 110 01010 010101 0110 010101 0110
D116 CB 110 01011 110100 0110 110100 0110
D126 cC 110 01100 001101 0110 001101 0110
DI136 CD 110 01101 101100 0110 101100 0110
D14.6 CE 110 01110 0111000110 0111000110
DI56 CF 11001111 0101110110 101000 0110
D16.6 DO 110 10000 0110110110 100100 0110
D176 Dl 110 10001 100011 0110 100011 0110
D186 D2 110 10010 010011 0110 0100110110
D19.6 D3 110 10011 110010 0110 110010 0110
D20.6 D4 110 10100 001011 0110 0010110110
D216 D5 110 10101 1010100110 101010 0110
D22.6 D6 110 10110 0110100110 011010 0110
D23.6 D7 110 10111 111010 0110 000101 0110
D246 D8 110 11000 110011 0110 0011000110
D256 D9 110 11001 1001100110 100110 0110
D26.6 DA 110 11010 0101100110 0101100110
D276 DB 110 11011 1101100110 001001 0110
D28.6 DC 110 11100 0011100110 0011100110
D296 DD 110 11101 1011100110 010001 0110
D30.6 DE 110 11110 0111100110 100001 0110
D31.6 DF 110 11111 101011 0110 010100 0110
DO.7 EO0 111 00000 100111 0001 011000 1110
D1.7 El 111 00001 011101 0001 100010 1110
D2.7 E2 111 00010 101101 0001 010010 1110
D3.7 E3 111 00011 110001 1110 110001 0001
D4.7 E4 111 00100 110101 0001 001010 1110
D5.7 ES 111 00101 101001 1110 101001 0001
D6.7 E6 111 00110 011001 1110 011001 0001
D7.7 E7 111 00111 111000 1110 000111 0001
D8.7 E8 111 01000 111001 0001 000110 1110
D9.7 E9 111 01001 100101 1110 100101 0001
D10.7 EA 111 01010 010101 1110 010101 0001
D11.7 EB 111 01011 110100 1110 110100 1000
D12.7 EC 111 01100 001101 1110 001101 0001
D13.7 ED 111 01101 101100 1110 101100 1000
D14.7 EE 111 01110 011100 1110 011100 1000
D15.7 EF 111 01111 010111 0001 101000 1110
{continued)
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Table 36—1e—Valid data code-groups

((‘Jode Octet Octet Bits | Current RD - Current RD +
STOUP | volue | HGF EDCBA . .
Name abedei fghj abedei fghj
D16.7 FO 111 10000 011011 0001 100100 1110
DI17.7 Fl1 111 10001 1000110111 100011 0001
D18.7 F2 111 10010 0100110111 010011 0001
DI19.7 F3 111 10011 110010 1110 110010 0001
D20.7 F4 111 10100 0010110111 001011 0001
D21.7 F5 111 10101 101010 1110 101010 0001
D227 F6 111 10110 011010 1110 011010 0001
D23.7 F7 111 10111 111010 0001 000101 1110
D24.7 F§ 111 11000 110011 0001 001100 1110
D25.7 F9 111 11001 100110 1110 100110 0001
D26.7 FA 111 11010 010110 1110 010110 0001
D27.7 FB 111 11011 110110 0001 001001 1110
D28.7 FC 111 11100 001110 1110 001110 0001
D29.7 FD 111 11101 101110 0001 010001 1110
D30.7 FE 111 11110 0111100001 100001 1110
D31.7 FF 111 11111 101011 0001 010100 1110
(concluded)

Table 36—2—Valid special code-groups

Code Octet Octet Bits | Current RD - Current RD +

abedei fghj | abedei fghj | Notes

QEOUP | Value | HGF EDCBA
K280 | IC 000 11100
K281 | 3C 001 11100
K282 | 5C 010 11100
K283 | 7C |011 11100
K284 | 9C | 100 11100
K285 | BC |101 11100
K286 | DC |110 11100
K287 | FC |111 11100
K237 | FT 111 10111
K277 | FB [111 11011
K297 | FD 111 11101
K307 | FE [111 11110

001111 0100
001111 1001
001111 0101
001111 0011
001111 0010
001111 1010
001111 0110
001111 1000

011110 1000

110000 1011 1
110000 0110 12
110000 1010
110000 1100
110000 1101
110000 0101
110000 1001
110000 0111
111010 1000 | 0001010111
110110 1000 | 001001 0111
101110 1000 | 010001 0111
100001 0111

N

NOTE 1 —Reserved.
NOTE 2 — Contains a comma.

36.2.4.8 /K28.5/ code-group considerations

The /K28.5/ special code-group is chosen as the first code-group of all ordered_sets that are signaled repeat-
edly and for the purpose of allowing a receiver to synchronize to the incoming bit stream (i.e., /C/ and /1/),

for the following reasons:

a)  Bits abedeif make up a comma. The comma can be used to easily find and verify code-group and

ordered_set boundaries of the rx_bit stream.

b) Bits ghj of the encoded code-group present the maximum number of transitions, simplifying

receiver acquisition of bit synchronization.
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Table 36-3 —Defined ordered sets

Code Ordered_Set Lﬁ;’_'(b"r;:;h Encoding

I/ Configuration Alternating /C1/ and /C2/

IC1/ Configuration 1 4 /K28.5/D21.5/Config_Reg®

c2/ Configuration 2 . 4 /K28.5/D2.2/Config_Reg"

n/ IDLE Correcting /I1/, Preserving /12/

1/ IDLE 1| 2 /K28.5/D5.6/

m2f IDLE 2 . 2 /K28.5/D16.2/
Encapsulation

/R/ Carrier_Extend 1 J/K23.7/

18/ Start_of_Packet - 1 /K27.71

T/ End_of Packet . 1 J/K29.7/

NI Error_Propagation - 1 /K30.7/

*Two data code-groups representing the Config_Reg value.

36.2.4.9 Comma considerations

The seven bit comma string is defined as either b’0011111° (comma+) or b’ 1100000’ (comma-). The /1/ and
/C/ ordered_sets and their associated protocols are specified to ensure that commad+ is transmitted with either
equivalent or greater frequency than comma- for the duration of their transmission. This is done to ensure
compatibility with common components.

The comma contained within the /K28.1/, /K28.5/, and /K28.7/ special code-groups is a singular bit pattern,
which, in the absence of transmission errors, cannot appear in any other location of a code-group and cannot
be generated across the boundaries of any two adjacent code-groups with the following exception:

The /K28.7/ special code-group is used by 1000BASE-X for diagnostic purposes only (see Annex 36A).
This code-group, if followed by any of the following special or data code-groups: /K28 x/,/D3.x/,/D11.x/,/
DI12.x/,/D19.x/, /D20.x/, or /D28 x/, where x is a value in the range 0 to 7, inclusive, causes a comma to be
generated across the boundaries of the two adjacent code-groups. A comma across the boundaries of any two
adjacent code-groups may cause code-group realignment (see 36.3.2.4).

36.2.4.10 Configuration (/C/)

Configuration, defined as the continuous repetition of the ordered sets /C1/ and /C2/, is used to convey the
16-bit Configuration Register (Config_Reg) to the link partner. See Clause 37 for a description of the
Config_Reg contents.

The ordered_sets, /C1/ and /C2/, are defined in Table 36-3. The /C1/ ordered _set is defined such that the
running disparity at the end of the first two code-groups is opposite that of the beginning running disparity.
The /C2/ ordered_set is defined such that the running disparity at the end of the first two code-groups is the
same as the beginning running disparity. For a constant Config_Reg value, the running disparity after trans-
mitting the sequence /C1/C2/ will be the opposite of what it was at the start of the sequence. This ensures
that K28.5s containing comma+ will be sent during configuration.
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36.2.4.11 Data (/D/)

A data code-group, when not used to distinguish or convey information for a defined ordered_set, conveys
one octet of arbitrary data between the GMII and the PCS. The sequence of data code-groups is arbitrary,
where any data code-group can be followed by any other data code-group. Data code-groups are coded and
decoded but not interpreted by the PCS. Successful decoding of the data code-groups depends on proper
receipt of the Start_of Packet delimiter, as defined in 36.2.4.13 and the checking of validity, as defined in
36.24.6.

36.2.4.12 IDLE (V)

IDLE ordered_sets (/1/) are transmitted continuously and repetitively whenever the GMII is idle (TX_EN
and TX ER are both inactive). /I/ provides a continuous fill pattern to establish and maintain clock
synchronization. /I/ is emitted from, and interpreted by, the PCS. /I/ consists of one or more consecutively
transmitted /11/ or /I2/ ordered_sets, as defined in Table 36-3.

The /11/ ordered_set is defined such that the running disparity at the end of the transmitted /11/ is opposite
that of the beginning running disparity. The /12/ ordered_set is defined such that the running disparity at the
end of the transmitted /12/ is the same as the beginning running disparity. The first /I/ following a packet or
Configuration ordered_set restores the current positive or negative running disparity to a negative value. All
subsequent /I/s are /12/ to ensure negative ending running disparity.

Distinct carrier events are scparated by /1/s.

Implementations of this standard may benefit from the ability to add or remove /I2/ from the code-group
stream one /I12/ at a time without altering the beginning running disparity associated with the code-group
subsequent to the removed /12/.

A received ordered set which consists of two code-groups, the first of which is /K28.5/ and the second of
which is a data code-group other than /D21.5/ or /D2.2/ is treated as an /I/ ordered_set.

36.2.4.13 Start_of Packet (SPD) delimiter

A Start_of Packet delimiter (SPD) is used to delineate the starting boundary of a data transmission sequence
and to authenticate carrier events. Upon each fresh assertion of TX_EN by the GMII, and subsequent to the
completion of PCS transmission of the current ordered_set, the PCS replaces the current octet of the MAC
preamble with SPD. Upon initiation of packet reception, the PCS replaces the received SPD delimiter with
the data octet value associated with the first preamble octet. A SPD delimiter consists of the code-group /S/,
as defined in Table 36-3.

SPD follows /I/ for a single packet or the first packet in a burst.

SPD follows /R/ for the second and subsequent packets of a burst.

36.2.4.14 End_of_Packet delimiter (EPD)

An End_of Packet delimiter (EPD) is used to delineate the ending boundary of a packet. The EPD is trans-
mitted by the PCS following each de-assertion of TX_EN on the GMII, which follows the last data octet
comprising the FCS of the MAC packet. On reception, EPD is interpreted by the PCS as terminating a
packet. A EPD delimiter consists of the code-groups /T/R/R/ or /T/R/K28.5/. The code-group /T/ is defined

in Table 36-3. See 36.2.4.15 for the definition of code-groups used for /R/. /K28.5/ normally occurs as the
first code-group of the /I/ ordered_set. See 36.2.4.12 for the definition of code-groups used for /I/.
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The receiver considers the MAC interpacket gap (IPG) to have begun two octets prior to the transmission of
/l/. For example, when a packet is terminated by EPD, the /T/R/ portion of the EPD occupies part of the
region considered by the MAC to be the IPG.

36.2.4.14.1 EPD rules

a) The PCS transmits a /T/R/ following the last data octet from the MAC;

b) If the MAC indicates carrier extension to the PCS, Carrier Extend rules are in effect. See
36.24.15.1;

c¢) If the MAC does not indicate carrier extension to the PCS, perform the following:

1) If /R/ is transmitted in an even-numbered code-group position, the PCS appends a single
additional /R/ to the code-group stream to ensure that the subsequent /I/ is aligned on an even-
numbered code-group boundary and EPD transmission is complete;

2) The PCS transmits /1/.

36.2.4.15 Carrier_Extend (/R/)
Carrier_Extend (/R/) is used for the following purposes:

a)  Carrier extension: Used by the MAC to extend the duration of the carrier event. When used for this
purpose, carrier extension is emitted from and interpreted by the MAC and coded to and decoded
from the corresponding code-group by the PCS. In order to extend carrier, the GMII must deassert
TX_EN. The deassertion of TX_EN and simultancous assertion of TX_ER causes the PCS to emit
an /R/ with a two-octet delay, which gives the PCS time to complete its EPD before commencing
transmissions. The number of /R/ code-groups emitted from the PCS equals the number of GMII
GTX CLK periods during which it extends carrier;

b)  Packet separation: Carrier extension is used by the MAC to separate packets within a burst of pack-
ets. When used for this purpose, carrier extension is emitted from and interpreted by the MAC and
coded to and decoded from the corresponding code-group by the PCS;

c) EPD2: The first /R/ following the /T/ in the End_of Packet delimiters /T/R/I/ or /T/R/R//;

d) EPD3: The second /R/ following the /T/ in the End_of Packet delimiter /T/R/R/I/. This /R/ is used,
if necessary, to pad the only or last packet of a burst of packets so that the subsequent /1/ is aligned
on an even-numbered code-group boundary. When used for this purpose, Carrier_Extend is emitted
from, and interpreted by, the PCS. An EPD of /T/R/R/ results in one /R/ being delivered to the PCS
client (sce 36.2.4.14.1).

Carrier_Extend consists of one or more consecutively transmitted /R/ ordered_sets, as defined in Table 36-3.
36.2.4.15.1 Carrier_Extend rules

a) If the MAC indicates carrier extension to the PCS, the initial /T/R/ is followed by one /R/ for each
octet of carrier extension received from the MAC;

b) If the last /R/ is transmitted in an even-numbered code-group position, the PCS appends a single
additional /R/ to the code-group stream to ensure that the subsequent /I/ is aligned on an even-
numbered code-group boundary.

36.2.4.16 Error_Propagation (/V/)

Error_Propagation (/V/) indicates that the PCS client wishes to indicate a transmission error to its peer
entity. The normal use of Error_Propagation is for repeaters to propagate received errors. /V/ is emitted from
the PCS, at the request of the PCS client through the use of the TX ER signal, as described in Clause 35.
Error_Propagation is emitted from, and interpreted by, the PCS. Error Propagation consists of the
ordered_set /V/, as defined in Table 36-3.
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36.2.5

Detailed functions and state diagrams

The notation used in the state diagrams in this clause follow the conventions in 21.5. State diagram variables

follow t

he conventions of 21.5.2 except when the variable has a default value. Variables in a state diagram

with default values evaluate to the variable default in each state where the variable value is not explicitly set.

Timeles

s states are employed as an editorial convenience to facilitate the distribution of transition conditions

from prior states. No actions are taken within these states. Exit conditions are evaluated for timeless states.

Timeles

a)
b)
¢)
d
e)

s states are as follows:

PCS transmit ordered set state TX PACKET;

PCS transmit code-group state GENERATE CODE_GROUPS;
PCS transmit code-group state IDLE _DISPARITY TEST;
PCS receive state RECEIVE;

PCS receive state EPD2 CHECK END.

36.2.5.1 State variables

36.2.5.1.1 Notation conventions

Ix/

|/x/]

Denotes the constant code-group specified in 36.2.5.1.2 (valid code-groups must follow the rules
of running disparity as per 36.2.4.5 and 36.2.4.6).

Denotes the latched received value of the constant code-group (/x/) specified in 36.2.5.1.2 and
conveyed by the SYNC_UNITDATA. indicate message described in 36.2.5.1.6.

36.2.5.1.2 Constants

IC/
The Configuration ordered_set group, comprising either the /C1/ or /C2/ ordered_set, as specified
in 36.2.4.10. Conveys the Config_Reg value as tx_Config Reg<D15:D0> for the PCS Transmit
process and rx_Config_Reg<D15:D0> for the PCS Receive process.

/COMMA/
The set of special code-groups which include a comma as specified in 36.2.4.9 and listed in Table
36-2.

/D/
The set of 256 code-groups corresponding to valid data, as specified in 36.24.11.

/Dx.y/
One of the set of 256 code-groups corresponding to valid data, as specified in 36.2.4.11.

1/
The IDLE ordered_set group, comprising either the /11/ or /I2/ ordered_sets, as specified in
36.2.4.12.

/INVALID/
The set of invalid data or special code-groups, as specified in 36.2.4.6.

/Kx.y/
One of the set of 12 code-groups corresponding to valid special code-groups, as specified in Table
36-2.
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/R/
The code-group used as cither: End_of Packet delimiter part 2; End_of Packet delimiter part 3;
Carrier Extend; and /I/ alignment.
/S/
The code-group corresponding to the Start of Packet delimiter (SPD) as specified in 36.2.4.13.
T/
The code-group used for the End_of Packet delimiter part 1.
v/

The Error_Propagation code-group, as specified in 36.2.4.16.

36.2.5.1.3 Variables

cgbad
Alias for the following terms: ((rx_code-group@E/INVALID/) + (rx_code-group=/COMMA/
*rx_even=TRUE)) * PMA_ UNITDATA .indicate

cggood
Alias for the following terms: !((rx_code-group(E/INVALID/) + (rx_code-group=/COMMA/
*rx_even=TRUE)) * PMA_ UNITDATA .indicate

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

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

EVEN

The latched state of the rx_even variable, when rx_even=TRUE, as conveyed by the
SYNC_UNITDATA . .indicate message described in 36.2.5.1.6.

mr_loopback
A boolean that indicates the enabling and disabling of data being looped back through the PHY .
Loopback of data through the PHY is enabled when Control register bit 0.14 is set to one.

Values: FALSE; Loopback through the PHY is disabled.
TRUE; Loopback through the PHY is enabled.

mr_main_reset
Controls the resetting of the PCS via Control Register bit 0.15.
Values: FALSE; Do not reset the PCS.
TRUE:; Reset the PCS.

0ODD
The latched state of the rx_even variable, when rx_even=FALSE, as conveyed by the
SYNC_UNITDATA. indicate message described in 36.2.5.1.6.

power_on
Condition that is true until such time as the power supply for the device that contains the PCS has
reached the operating region. The condition is also true when the device has low power mode sct
via Control register bit 0.11.

Values: FALSE; The device is completely powered (default).
TRUE; The device has not been completely powered.

NOTE —Power_on evaluates to its default value in each state where it is not explicitly set.
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receiving
A boolean set by the PCS Receive process to indicate carrier activity. Used by the Carrier Sense
process, and also interpreted by the PCS Transmit process for indicating a collision. (See also
36.2.5.1.4, carrier detect(x).)

Values: TRUE; Carrier being received.
FALSE; Carrier not being received.

repedter mode
A boolean used to make the assertion of Carrier Sense occur only in response to receive activity
when the PCS is used in a CSMA/CD repeater. This variable is set to TRUE in a repeater
application, and set to FALSE in all other applications.

Values: TRUE; Allows the assertion of CRS in response to receive activity only.
FALSE; Allows the assertion of CRS in response to either transmit or receive activity.

rx_bit
A binary parameter conveyed by the PMD_UNITDATA .indicate service primitive, as specified in
38.1.1.2, to the PMA.

Values: ZERO; Data bit is a logical zero.
ONE; Data bit is a logical one.

rx_code-group<9:0>
A 10-bit vector represented by the most recently received code-group from the PMA. The element
rx_code-group<0> is the least recently received (oldest) rx_bit; rx_code-group<9> is the most
recently received rx_bit (newest). When code-group alignment has been achieved, this vector
contains precisely one code-group.

rx_Config_Reg<DI15:D0>
A 16-bit array that contains the data bits received from a /C/ ordered_set as defined in 36.2.4.10.
Conveyed by the PCS Receive process to the PCS Auto-Negotiation process. The format of the

data bits is context dependent, relative to the state of the Auto-Negotiation function, and is
presented in 37.2.1.1 and 37.2.4.3.1. For each element within the array:

Values: ZERO; Data bit is a logical zero.
ONE; Data bit is a logical one.

RX DV
The RX_DV signal of the GMII as specified in Clause 35. Set by the PCS Receive process.

RX_ER
The RX_ER signal of the GMII as specified in Clause 35. Set by the PCS Receive process.

rx_even
A boolean set by the PCS Synchronization process to designate received code-groups as either
even- or odd-numbered code-groups as specified in 36.2.4.2.

Values: TRUE; Even-numbered code-group being received.
FALSE; Odd-numbered code-group being received.

RXD<7:0>
The RXD<7:0> signal of the GMII as specified in Clause 35. Set by the PCS Receive process.
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signal _detect
A boolean set by the PMD continuously via the PMD_SIGNAL. indicate(signal _detect) message
to indicate the status of the incoming link signal.

Values: FAIL; A signal is not present on the link.
OK; A signal is present on the link.

sync_status
A parameter set by the PCS Synchronization process to reflect the status of the link as viewed by
the receiver.

Values: FAIL; The receiver is not synchronized to code-group boundaries.
OK; The receiver is synchronized to code-group boundaries.

transmitting
A boolean set by the PCS Transmit process to indicate that packet transmission is in progress. Used
by the Carrier Sense process and internally by the PCS Transmit process for indicating a collision.

Values: TRUE; The PCS is transmitting a packet.
FALSE; The PCS is not transmitting a packet.

tx_bit
A binary parameter used to convey data from the PMA to the PMD via the
PMD_UNITDATA .request service primitive as specified in 38.1.1.1.

Values: ZEROQ; Data bit is a logical zero.
ONE; Data bit is a logical one.

tx_code-group<9:0>
A vector of bits representing one code-group, as specified in Tables 36—1a or 362, which has been
prepared for transmission by the PCS Transmit process. This vector is conveyed to the PMA as the
parameter of a PMD_UNITDATA request(tx_bit) service primitive. The eclement tx_code-
group<0> is the first tx_bit transmitted; tx_code-group<9> is the last tx_bit transmitted.

tx_Config Reg<DI15:D0>
A 16-bit array that contains the data bits to be transmitted in a /C/ ordered_set as defined in
36.2.4.10. Conveyed by the PCS Auto-Negotiation process to the PCS Transmit process. The
format of the data bits is context dependent, relative to the state of the Auto-Negotiation function,
and is presented in 37.2.1.1 and 37.2.4.3.1. For each element within the array:

Values: ZERO; Data bit is a logical zero.
ONE; Data bit is a logical one.

tx_disparity
A boolean set by the PCS Transmit process to indicate the running disparity at the end of code-
group transmission as a binary value. Running disparity is described in 36.2.4.3.

Values: POSITIVE
NEGATIVE

TX_EN
The TX_EN signal of the GMII as specified in Clause 35.

TX_ER
The TX_ER signal of the GMII as specified in Clause 35.
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tx_even
A boolean set by the PCS Transmit process to designate transmitted code-groups as cither even-
or odd-numbered code-groups as specified in 36.2.4.2.

Values: TRUE; Even-numbered code-group being transmitted.
FALSE; Odd-numbered code-group being transmitted.

tx_o_set
One of the following defined ordered_sets: /C/, [T/, /R/,/V/, /S/, /V/, or the code-group /D/.

TXD<T:0>
The TXD<7:0> signal of the GMII as specified in Clause 35.

xmit
Defined in 37.3.1.1.

36.2.5.1.4 Functions

carrier_detect
In the PCS Receive process, this function uses for input the latched code-group (|/x/]) and latched
rx_even (EVEN/ODD) parameters of the SYNC_UNITDATA .indicate message from the PCS
Synchronization process. When SYNC_UNITDATA .indicate message indicates EVEN, the
carrier_detect function detects carrier when either:

a) A two or more bit difference between [/x/] and both /K28.5/ encodings exists (see
Table 36-2); or

b) A two to nine bit difference between [/x/] and the expected /K28.5/ (based on current run-
ning disparity) exists.

Values: TRUE; Carrier is detected.
FALSE; Carrier is not detected.

check end
Prescient End_of_Packet and Carrier_Extend function used by the PCS Receive process to set
RX_ER and RXD<7:0> signals. The check end function returns the current and next two code-
groups in rx_code-group<9:0>.

DECODE (|/x]/)
In the PCS Receive process, this function takes as its argument the latched value of rx_code-
group<9:0> (|/x/]) and the current running disparity, and returns the corresponding GMII
RXD<T7:0>, rx_Config Reg<D7:D0>, or rx_Config_Reg<D15:D8> octet, per Table 36-1a—¢.
DECODE also updates the current running disparity per the running disparity rules outlined in
36244.

ENCODE(x)
In the PCS Transmit process, this function takes as its argument (x), where x is a GMII TXD<7:0>,
tx_Config_Reg<D7:D0>, or tx_Config_Reg<D15:D8> octet, and the current running disparity,
and returns the corresponding ten-bit code-group per Table 36—-1a. ENCODE also updates the
current running disparity per Table 36—1a—c.

signal_detectCHANGE
In the PCS Synchronization process, this function monitors the signal detect variable for a state
change. The function is set upon state change detection.

Values: TRUE; A signal detect variable state change has been detected.
FALSE; A signal_detect variable state change has not been detected (default).
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NOTE—Signal detectCHANGE is set by this function definition; it is not set explicitly in the state dia-
grams. Signal _detectCHANGE evaluates to its default value upon state entry.

VOID(x)
x (E/D/, [T/, /R/, /K28.5/. Substitutes /V/ on a per code-group basis as requested by the GMIL.

If [ITX_EN=FALSE * TX_ER=TRUE * TXD=(0000 1111)],
then return /V/;
Else if [TX_EN=TRUE * TX_ER=TRUE],
then return /V/;
Else return x.
xmitCHANGE
In the PCS Transmit process, this function monitors the xmit variable for a state change. The
function is set upon state change detection.

Values: TRUE; An xmit variable state change has been detected.
FALSE; An xmit variable state change has not been detected (default).

NOTE — XmitCHANGE is set by this function definition; it is not set explicitly in the state diagrams. Xmit-
CHANGE evaluates to its default value upon entry to state TX_TEST_XMIT.

36.2.5.1.5 Counters

good cgs
Count of consecutive valid code-groups received.

36.2.5.1.6 Message

PMA_UNITDATA indicate(rx_code-group<9:0>)
A signal sent by the PMA Receive process conveying the next code-group received over the
medium (see 36.3.1.2).

PMA_UNITDATA request(tx_code-group<9:(0>)
A signal sent to the PMA Transmit process conveying the next code-group ready for transmission
over the medium (see 36.3.1.1).

PMD_SIGNAL .indicate(signal _detect)
A signal sent by the PMD to indicate the status of the signal being received on the MDI.

PUDI

Alias for PMA_UNITDATA .indicate(rx_code-group<9:0>).
PUDR

Alias for PMA_UNITDATA request(tx_code-group<9:0>).
RUDI

Alias for RX_UNITDATA .indicate(parameter).

RX_UNITDATA . .indicate(parameter)
A signal sent by the PCS Receive process to the PCS Auto_Negotiation process conveying the
following parameters:

Parameters: INVALID; indicates that an error condition has been detected while receiving /C/ or
/1/ ordered_sets;
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/C/; the /C/ ordered_set has been received;
/1/; the /1/ ordered_set has been received.

SUDI
Alias for SYNC _UNITDATA .indicate(parameters).

SYNC_UNITDATA .indicate(parameters)
A signal sent by the PCS Synchronization process to the PCS Receive process conveying the
following parameters:

Parameters: |/x/[; the latched value of the indicated code-group (/x/);
EVEN/ODD; The latched state of the rx_even variable;

Value: EVEN; Passed when the latched state of rx_even=TRUE.
ODD; Passed when the latched state of rx_even=FALSE.

TX_OSET.indicate
A signal sent to the PCS Transmit ordered_set process from the PCS Transmit code-group process
signifying the completion of transmission of one ordered_set.

36.2.5.1.7 Timer

cg_timer
A continuous free-running timer.

Values: The condition cg_timer_done becomes true upon timer expiration.

Restart when: immediately after expiration; restarting the timer resets the condition
cg_timer_done.

Duration: 8 ns nominal.

If the GMII is implemented, cg_timer shall expire synchronously with the rising edge of
GTX_CLK (see tolerance required for GTX _CLK in 35.4.2.3). In the absence of a GMII, cg_timer
shall expire every 8 ns +0.01%. In the PCS transmit code-group state diagram, the message
PMA_UNITDATA request is issued concurrently with cg_timer_done.

36.2.5.2 State diagrams
36.2.5.2.1 Transmit

The PCS Transmit process is depicted in two state diagrams: PCS Transmit ordered_set and PCS Transmit
code-group. The PCS shall implement its Transmit process as depicted in Figures 36-5 and 36-6, including
compliance with the associated state variables as specified in 36.2.5.1.

The Transmit ordered_set process continuously sources ordered_sets to the Transmit code-group process.
When initially invoked, and when the Auto-Negotiation process xmit flag indicates CONFIGURATION, the
Auto-Negotiation process is invoked. When the Auto-Negotiation process xmit flag indicates IDLE, and
between packets (as delimited by the GMII), /I/ is sourced. Upon the assertion of TX_EN by the GMII when
the Auto-Negotiation process xmit flag indicates DATA, the SPD ordered_set is sourced. Following the SPD,
/D/ code-groups are sourced until TX EN is deasserted. Following the de-assertion of TX EN, EPD
ordered_sets are sourced. If TX_ER is asserted when TX_EN is deasserted and carrier extend error is not
indicated by TXD, /R/ ordered_sets are sourced for as many GTX_CLK periods as TX_ER is asserted with a
delay of two GTX_CLK periods to first source the /T/ and /R/ ordered sets. If carrier extend error is
indicated by TXD during carrier extend, /V/ ordered_sets are sourced. If TX_EN and TX_ER are both de-
asserted, the /R/ ordered_set may be sourced, after which the sourcing of /I/ is resumed. If, while TX_EN is
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Figure 36-5—PCS transmit ordered set state diagram
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Figure 36-6—PCS transmit code-group state diagram
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NOTE —Outgoing arcs leading to labeled polygons flow offpage to corresponding incoming arcs leading from
labeled circles on Figure 36-7b, and vice versa.
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Figure 36-7b—PCS receive state diagram, part b
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asserted, the TX_ER signal is asserted, the /V/ ordered_set is sourced except when the SPD ordered set is
selected for sourcing.

Collision detection is implemented by noting the occurrence of carrier receptions during transmissions, fol-
lowing the models of I0BASE-T and 100BASE-X.

The Transmit code-group process continuously sources tx_code-group<9:0> to the PMA based on the
ordered_sets sourced to it by the Transmit ordered_set process. The Transmit code-group process determines
the proper code-group to source based on even/odd-numbered code-group alignment, running disparity
requirements, and ordered_set format.

36.2.5.2.2 Receive

The PCS shall implement its Receive process as depicted in Figure 36—7a and Figure 36—7b, including com-
pliance with the associated state variables as specified in 36.2.5.1.

The PCS Receive process continuously passes RXD<7:0> and sets the RX DV and RX_ER signals to the
GMII based on the received code-group from the PMA.

When the Auto-Negotiation process xmit flag indicates CONFIGURATION or IDLE, the PCS Receive
process continuously passes /C/ and /I/ ordered sets and rx_Config_Reg<D15:D0> to the Auto-Negotiation
process.

36.2.5.2.3 State variable function carrier_detect(x)

The detection of carrier on the underlying channel is used both by the MAC (via the GMII CRS signal and
the Reconciliation sublayer) for deferral purposes, and by the PCS Transmit process for collision detection.
A carrier event, signaled by the assertion of receiving, is indicated by the detection of a difference between
the received code-group and /K28.5/ as specified in 36.2.5.1 4.

A carrier event is in error if it does not start with an SPD. The PCS Receive process performs this function
by continuously monitoring incoming code-groups for specific patterns that indicate non-/I/ activity such as
SPD. The detection of an SPD carrier event causes the PCS to substitute the value (01010101) for the SPD,
set RXD<7:0> to this value, and assert RX_DV. The pattern substituted for the SPD is consistent with the
preamble pattern expected by the MAC. The detection of a non-SPD carrier event (false carrier) causes the
PCS to substitute the value (00001110) for the code-group received, set RXD<7:0> to this value, and assert
RX_ER.

36.2.5.2.4 Code-group stream decoding

Subsequent to the detection of an SPD carrier event, the PCS Receive process performs the DECODE func-
tion on the incoming code-groups, passing decoded data to the GMII, including those corresponding to the
remainder of the MAC preamble and SFD. The GMII signal RX_ER is asserted upon decoding any code-
group following the SPD that neither is a valid /D/ code-group nor follows the EPD rules in 36.2.4.14.1.

Packets are terminated with an EPD as specified in 36.2.4.14. The PCS Receive process performs the
check_end function to preserve the ability of the MAC to properly delimit the FCS at the end of a packet.

Detection of /T/R/R/ or /T/R/K28.5/ by the check_end function denotes normal (i.e. non-error) packet termi-
nation. Detection of /R/R/R/ by the check end function denotes packet termination with error and
Carrier Extend processing. Detection of /K28.5/D/K28.5/ by the check end function denotes packet
termination with error. Detection of /K28.5/(D21.5 or D2.2)/D0.0 by the check_end function denotes packet
termination with error.
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36.2.5.2.5 Carrier sense

The Carrier Sense process generates the signal CRS on the GMII, which (via the Reconciliation sublayer)
the MAC uses for deferral.

The PCS shall implement the Carrier Sense process as depicted in Figure 36—8 including compliance with
the associated state variables as specified in 36.2.5.1.

power_on=TRUE + mr_main_reset=TRUE
(repeater_mode=FALSE =
l transmitting=TRUE) +
receiving=TRUE

hd

CARRIER_SENSE_OFF CARRIER_SENSE_ON

CRS <= FALSE CRS =TRUE

F Y

(ref —mode=TRUE +
transmitting=FALSE) +
receiving=FALSE

Figure 36-8—Carrier sense state diagram

36.2.5.2.6 Synchronization

The PCS shall implement the Synchronization process as depicted in Figure 36-9 including compliance with
the associated state variables as specified in 36.2.5.1. The Synchronization process is responsible for
determining whether the underlying receive channel is ready for operation. Failure of the underlying channel
typically causes the PMA client to suspend normal actions.

A recciver that is in the LOSS_OF_SYNC state and that has acquired bit synchronization attempts to acquire
code-group synchronization via the Synchronization process. Code-group synchronization is acquired by the
detection of three ordered sets containing commas in their leftmost bit positions without intervening invalid
code-group errors. Upon acquisition of code-group synchronization, the receiver enters the
SYNC ACQUIRED 1 state. Acquisition of synchronization ensurcs the alignment of multi-code-group
ordered_sets to even-numbered code-group boundaries.

Once synchronization is acquired, the Synchronization process tests received code-groups in sets of four
code-groups and employs multiple sub-states, effecting hysteresis, to move between the
SYNC ACQUIRED 1 and LOSS_OF_SYNC states.

The condition sync_status=FAIL existing for ten ms or more causes the PCS Auto-Negotiation process to
begin and the PCS Transmit process to begin transmission of /C/. Upon reception of three matching /C/s
from the link partner, the PCS Auto-Negotiation process begins. The internal signal receiving is de-asserted
in the PCS Receive process LINK_FAILED state when sync_status=FAIL and a code-group is received.

36.2.5.2.7 Auto-Negotiation process

The Auto-Negotiation process shall provide the means to exchange configuration information between two
devices that share a link segment and to automatically configure both devices to take maximum advantage of
their abilities. See Clause 37 for a description of the Auto-Negotiation process and Config_Reg contents.
Upon successful completion of the Auto-Negotiation process, the xmit flag is set to DATA and normal link

operation is enabled. The Auto-Negotiation process utilizes the PCS Transmit and Receive processes to con-
vey Config_Reg contents.
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(PUDI = signal_detect=FAIL +
mr_loopback=FALSE) +
PUDI(![/COMMA/])

ﬁ' h 4 h 4 i

LOSS_OF_SYNC

sync_status < FAIL
r®%_even <! n_even

SuDI

L]

 PUDI(/GOMMAY))

COMMA_DETECT_1

rx_even <= TRUE

power_on=TRUE + mr_main_reset=TRUE +
(signal_detectCHANGE=TRUE +
mr_loopback=FALSE = PUDI)

(signal_detect=0K + mr_loopback=TRUE) *

4

62

&

Figure 36-9—Synchronization state diagram
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36.3 Physical Medium Attachment (PMA) sublayer

36.3.1 Service Interface

The PMA provides a Service Interface to the PCS. These services are described in an abstract manner and do
not imply any particular implementation. The PMA Service Interface supports the exchange of code-groups
between PCS entities. The PMA converts code-groups into bits and passes these to the PMD, and vice versa.
It also generates an additional status indication for use by its client.

The following primitives arc defined:

PMA _ UNITDATA request(tx_code-group<9:0>)
PMA_UNITDATA .indicate(rx_code-group<9:0>)

36.3.1.1 PMA_UNITDATA.request

This primitive defines the transfer of data (in the form of code-groups) from the PCS to the PMA.
PMA_UNITDATA request is generated by the PCS Transmit process.

36.3.1.1.1 Semantics of the service primitive

PMA_UNITDATA request(tx_code-group<9:0>)

The data conveyed by PMA_UNITDATA request is the tx_code-group<9:0> parameter defined in
36.2.5.1.3.

36.3.1.1.2 When generated

The PCS continuously sends, at a nominal rate of 125 MHz, as governed by GTX CLK, tx_code-
group<9:0> to the PMA.

36.3.1.1.3 Effect of receipt

Upon receipt of this primitive, the PMA generates a series of ten PMD_UNITDATA request primitives,
requesting transmission of the indicated tx_bit to the PMD.

36.3.1.2 PMA_UNITDATA.indicate

This primitive defines the transfer of data (in the form of code-groups) from the PMA to the PCS.
PMA_UNITDATA. indicate is used by the PCS Synchronization process.

36.3.1.2.1 Semantics of the service primitive

PMA_UNITDATA .indicate(rx_code-group<9:0>)

The data conveyed by PMA_UNITDATA indicate is the rx_code-group<9:0> parameter defined in
362.5.13.

36.3.1.2.2 When generated
The PMA continuously sends one rx_code-group<9:0> to the PCS corresponding to the receipt of cach

code-group aligned set of ten PMD_UNITDATA .indicate primitives received from the PMD. The nominal
rate of the PMA_UNITDATA .indicate primitive is 125 MHz, as governed by the recovered bit clock.
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36.3.1.2.3 Effect of receipt
The effect of receipt of this primitive by the client is unspecified by the PMA sublayer.
36.3.2 Functions within the PMA

Figure 36-3 depicts the mapping of the octet-wide data path of the GMII to the ten-bit-wide code-groups of
the PMA Service Interface, and on to the serial PMD Service Interface. The PMA comprises the PMA
Transmit and PMA Receive processes for 1000BASE-X.

The PMA Transmit process serializes tx_code-groups into tx_bits and passes them to the PMD for transmis-
sion on the underlying medium, according to Figure 36-3. Similarly, the PMA Receive process deserializes
rx_bits received from the PMD according to Figure 36-3. The PMA continuously conveys ten-bit code-
groups to the PCS, independent of code-group alignment. After code-group alignment is achieved, based on
comma detection, the PCS converts code-groups into GMII data octets, according to 36.2.5.2.2.

The proper alignment of a comma used for code-group synchronization is depicted in Figure 36-3.

NOTE—Strict adherence to manufacturer-supplied guidelines for the operation and use of PMA serializer components
1s required to meet the jitter specifications of Clauses 38 and 39. The supplied guidelines should address the quality of
power supply filtering associated with the transmit clock generator, and also the purity of the reference clock fed to the
transmit clock generator.

36.3.2.1 Data delay

The PMA maps a nonaligned one-bit data path from the PMD to an aligned, ten-bit-wide data path to the
PCS, on the receive side. Logically, received bits must be buffered to facilitate proper code-group alignment.
These functions necessitate an internal PMA delay of at least ten bit times. In practice, code-group align-
ment may necessitate even longer delays of the incoming rx_bit stream.

36.3.2.2 PMA transmit function

The PMA Transmit function passes data unaltered (except for serializing) from the PCS directly to the PMD.
Upon receipt of a PMA_UNITDATA request primitive, the PMA Transmit function shall serialize the ten
bits of the tx_code-group<9:0> parameter and transmit them to the PMD in the form of ten successive
PMD_UNITDATA request primitives, with tx_code-group<O> transmitted first, and tx_code-group<9>
transmitted last.

36.3.2.3 PMA receive function

The PMA Receive function passes data unaltered (except for deserializing and possible code-group slipping
upon code-group alignment) from the PMD directly to the PCS. Upon receipt of ten successive
PMD_UNITDATA .indicate primitives, the PMA shall assemble the ten received rx_bits into a single ten-bit
value and pass that value to the PCS as the rx_code-group<9:0> parameter of the primitive
PMA_UNITDATA .indicate, with the first received bit installed in rx_code-group<0> and the last received
bit installed in rx_code-group<9>. An exception to this operation is specified in 36.3.2.4.

36.3.2.4 Code-group alignment

In the event the PMA sublayer detects a comma+ within the incoming rx_bit stream, it may realign its cur-
rent code-group boundary, if necessary, to that of the received comma+ as shown in Figure 36-3. This pro-
cess is referred to in this document as code-group alignment. The code-group alignment function shall be
operational when the EN_CDET signal is active (see 36.3.3.1). During the code-group alignment process,
the PMA sublayer may delete or modify up to four, but shall delete or modify no more than four, ten-bit
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code-groups in order to align the correct receive clock and code-group containing the comma-+. This process

is referred to as code-group slipping.

In addition, the PMA sublayer is permitted to realign the current code-group boundary upon receipt of a

comma-pattern.

36.3.3 A physical instantiation of the PMA Service Interface

The ten-bit interface (TBI) is defined to provide compatibility among devices designed by different
manufacturers. There is no requirement for a compliant device to implement or expose the TBI. A TBI

implementation shall behave as described in 36.3.3 through 36.3.6.

Figure 3610 illustrates the TBI functions and interfaces.
PMA Service Interface

PMD Service Interface

I
I 1Bl
I I
I Transmitter I
I I
tx_code-group<9:0> Te, T—
: » Fiso R >
| PMA_UNITDATA. request o—re PMD_UNITDATA.request |
I I
| PMA TX CLK I
I - » TXCMU |
| EWRAP . |
| SO D — I F— I
| |
: -LCK_REF N |
I L
|, PMA RX CLK<0:1> RXCRU [
4
I | |
I v |
| rx_code-group<9:0> | g— |
[ 2 SIPO el R+, R— ;
| PMA_UNITDATA.indicate @ < PMD_UNITDATA.indicate :
L COM_DET |
& oM Receiver
[ EN_CDET .| DETECTOR s I
I I
l PISO = Parallel In Serial Out I
l TXCMU = Transmit Clock Multiplier Unit l
I RXCRU = Receive Clock Recovery Unit |
| SIPO = Serial In Parallel Out |
e !
1 1

PMD_SIGNAL .indicate(signal_detect)

Figure 36—-10—TBI reference diagram

As depicted in Figure 36-10, the TBI connects the PCS and PMD sublayers. It is equipped for full duplex
transmission of code-groups at 125 MHz. The PCS provides code-groups on tx_code-group<9:0> to the
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PMA transmit function, which latches the data on the rising edge of the 125 MHz PMA_TX CLK. An inter-
nal Clock Multiplier Unit uses PMA_TX CLK to generate the internal 1250 MHz bit clock that is used to
serialize the latched data out of the PMA outputs, if EWRAP is Low, or internally loop it back to the Receive
function input, if EWRAP is High.

The PMA Receive function accepts 1250 Mb/s serial data from cither the PMD, if EWRAP is Low, or the
PMA transmit function, if EWRAP is High, and extracts a bit clock and recovered data from the serial inputs
in a clock recovery unit. The recovered data is deserialized and conveyed to the PCS on rx_code-
group<9:0>. Two recovered clocks, PMA RX CLK<(0> and PMA_RX CLK<I>, which are at 1/20th the
baud (62.5 MHz), and 1807 out-of-phase with one another, are used by the PMA to latch the received 10-bit
code-groups. Even and odd-numbered code-groups are latched on successive rising edges of
PMA RX CLK<I>and PMA RX CLK<0>, respectively.

Code-group alignment occurs in the PMA Receive function, if enabled by EN_ CDET, when a comma pat-
tern occurs in the PHY bit stream. Upon recognition of the comma pattern, the PMA Receive function out-
puts the ten-bit code-group containing the comma on rx_code-group<9:0> with the alignment specified in
Figure 36-3, and clocked on the rising edge of PMA_RX_CLK<I>.

This TBI provides a Lock_to_Reference Clock (LCK_REF) input, which may be used to lock the clock
recovery unit to PMA_TX_CLK rather than incoming serial data. In the absence of serial data or invalid
serial data, the PMA Receive function passes many 8B/10B invalid code-groups across to the PCS. A circuit
may be constructed to detect those errors and, using LCK_REF, re-center the receiver clock recovery unit to
PMA_TX_CLK in preparation for reacquiring lock on the incoming PHY bit stream.

36.3.3.1 Required signals

In the event this TBI is made accessible, the signals listed in Table 364 are provided, with the meanings
described elsewhere in this section. Note that not all of these signals are used by the PCS.

Table 36—4—TBI required signals

Symbol Signal Name Signal Type Active Level
tx_code-group<9:0> Transmit Data Input H
PMA TX CLK Transmit Clock Input 1
EWRAP Enable Wrap Input H
rx_code-group<9:0> Receive Data Qutput H
PMA_RX CLK<0> Receive Clock 0 Qutput 1
PMA_RX CLK<l> Receive Clock 1 Output 1
COM_DET Comma Detect Qutput H
-LCK_REF Lock to Reference Input L
EN_CDET Enable Comma Detect Input H

tx_code-group<9:0>
The 10-bit parallel transmit data presented to the PMA for serialization and transmission onto the
media. The order of transmission is tx_bit<0> first, followed by tx_bit<1> through tx_bit<9>.
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PMA TX CLK
The 125 MHz transmit code-group clock. This code-group clock is used to latch data into the PMA
for transmission. PMA_TX_ CLK is also used by the transmitter clock multiplier unit to generate
the 1250 MHz bit rate clock. PMA_TX CLK is also used by the receiver when -LCK_REF is
active. PMA_TX CLK has a +100 ppm tolerance. PMA_ TX CLK is derived from GMII
GTX CLK.

EWRAP
EWRAP enables the TBI to electrically loop transmit data to the receiver. The serial outputs on
the transmitter are held in a static state during EWRAP operation. EWRAP may optionally be tied
low (function disabled).

rx_code-group<9:0>
Presents the 10-bit parallel receive code-group data to the PCS for further processing. When code-
groups are properly aligned, any received code-group containing a comma is clocked by
PMA RX CLK<I>.

PMA RX CLK<0>
The 62.5 MHz receive clock that the protocol device uses to latch odd-numbered code-groups in
the received PHY bit stream. This clock may be stretched during code-group alignment, and is not
shortened.

PMA RX CLK<I>
The 62.5 MHz receive clock that the protocol device uses to latch even-numbered code-groups in
the received PHY bit stream. PMA_RX_CLK<I> is 180° out-of-phase with PMA_RX CLK<(>.
This clock may be stretched during code-group alignment, and is not shortened.

COM DET
An indication that the code-group associated with the current PMA_RX CLK<I> contains a valid
comma. When EN_CDET is asserted, the TBI is required to detect and code-group-align to the
comma+ bit sequence. Optionally, the TBI may also detect and code-group-align to the comma-
bit sequence. The TBI provides this signal as an output, but it may not be used by the PCS.

-LCK_REF
Causes the TBI clock recovery unit to lock to PMA_TX CLK. The TBI attains frequency lock
within 500 ms. This function is not used by the PCS.

NOTE — Implementors may find it necessary to use this signal in order to meet the clock recovery require-
ments of the PMA sublayer.

EN_CDET
Enables the TBI to perform the code-group alignment function on a comma (see 36.2.49,
36.3.2.4). When EN_CDET is asserted the code-group alignment function is operational. This
signal is optionally generated by the PMA client. The PMA sublayer may leave this function
always enabled.

36.3.3.2 Summary of control signal usage

Table 365 lists all possible combinations of control signals on this TBI, including the valid combinations as
well as the undefined combinations.

36.3.4 General electrical characteristics of the TBI

In the event this TBI is made accessible, the following subclauses specify the general electrical characteris-
tics of the TBI.
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Table 36-5—TBI combinations of control signals

EWRAP -LCK_REF EN_CDET Interpretation

L L Undefined

L. L. H . Lock receiver clock recovery unit toPMA_TX_CLK
L H L - Normal operation; COM_DET disabled

L H H . Normal operation; COM_DET enabled

H L L . Undefined

H L H . Undefined

H H 1L . Loop transmit data to receiver; COM_DET disabled
H H H . Loop transmit data to receiver; COM_DET enabled

36.3.4.1 DC characteristics

Table 36—6 documents the required dc parametric attributes required of all inputs to the TBI and the dc para-
metric attributes associated with the outputs of the TBI. The inputs levels to the TBI may be greater than the
power supply level (i.e., 5 V output driving Vy into a 3.3 V input), tolerance to mismatched input levels is
optional. TBI devices not tolerant of mismatched inputs levels that meet Table 36-6 requirements are still
regarded as compliant.

Table 36-6—DC specifications

Symbol Parameter Conditions Min Typ Max . Units
Vou Qutput High Voltage Iop=-400uA | Voe=Min 22 30 Vee

VoL - Output Low Voltage - IgL=1mA . Vee =Min - GND | 0.25 . 0.6 Vv
Vi . Input High Voltage . . . 20 . Ve + 10% . v
Vi . Input Low Voltage . GND . 0.8 . Vv
I . Input High Current . Ve = Max . Vin=24V . . 40 . pA
I . Input Low Current . Vee = Max . Vin=04V . . 600 . nA
Ciny . Input Capacitance . . . . 40 . pf
tp . Clock Rise Time . 08Vio20V . 0.7 . 24 . ns
tp - Clock Fall Time - 20V 08V - 0.7 . 24 ns
tp . Data Rise Time . 08Vto20V . 0.7 . ns
tp Data Fall Time - 20V 08V - 0.7 ns

Refers to the driving device power supply.

36.3.4.2 Valid signal levels

All ac measurements are made from the 1.4 V level of the clock to the valid input or output data levels as
shown in Figure 36-11.
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14V — —_— 14V
CLK
20V — — 20V
DATA
08V —— — 08V

Figure 36—-11—Input/output valid level for ac measurements

36.3.4.3 Rise and fall time definition

The rise and fall time definition for PMA TX-CLK,PMA RX CLK<0> PMA RX CLK<I> and DATA is
shown in Figure 36-12.

20V 20V

08y — — 08V
tg —] L 4>| — 1

Figure 36—12—Rise and fall time definition

36.3.4.4 Output load
All ac measurements are assumed to have the output load of 10 pF.
36.3.5 TBI transmit interface electrical characteristics

In the event this TBI is made accessible, the electrical characteristics of the TBI transmit interface are speci-
fied in the following subclauses.

36.3.5.1 Transmit data (ix_code-group<9:0>)

The tx_code-group<9:0> signals carry data from the PCS to PMA to be serialized to the PMD in accordance
with the transmission order shown in Figure 36-3. All tx_code-group<9:0> data conforms to valid code-
groups.

36.3.5.2 TBI transmit interface timing

The TBI transmit interface timings in Table 367 defines the TBI input. All transitions in Figure 36—13 arc
specified from the PMA_TX CLK reference level (1.4 V), to valid input signal levels.
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Figure 36—13—TBI transmit interface timing diagram

Table 36-7—Transmit ac specification

Parameter Description Min Typ Max Units
LPERIOD PMA_TX CLK Period® 8 ns
tSETUP Data Setup to } PMA_TX _CLK 20 ns
H10LD Data Hold from 1 PMA_TX_CLK 1.0 ns
tpuTY PMA_TX_ CLK Duty Cycle 40 60 %

* £100 ppm tolerance on PMA_TX_CLK frequency.

36.3.6 TBI receive interface electrical characteristics

In the event this TBI is made accessible, the electrical characteristics of the TBI receive interface are speci-
fied in the following subclauses.

The TBI receive interface timings in Table 36-8 define the TBI output. All transitions in Figure 3614 are
specified from the Receive Clock reference level (1.4 V) to valid output signal levels.

36.3.6.1 Receive data (rx_code-group<9:0>)

The 10 receive data signals rx_code-group<9:0> carry parallel data from the PMA sublayer to the PCS sub-
layer during the rising edge of the receive clock (i.e., PMA_RX CLK<I> transitions from Low to High).
When properly locked and aligned, data transferred across this interface conforms to valid code-groups.

36.3.6.2 Receive clock (PMA_RX CLK<0>, PMA RX CLK<1>)

The receive clocks supplied to the PCS and GMII are derived from the recovered bit clock.
PMA RX CLK<0> is 180° out-of-phase with PMA_RX CLK<l1>.

Table 36-8 specifics a receive clock drift (tpgper), which is applicable under all input conditions to the
receiver (including invalid or absent input signals). However, the restriction does not apply when the receiver
is realigning to a new code-group boundary and the receive clocks are being stretched to a new code-group
boundary to avoid short pulses. During the code-group alignment process the receive clocks may slow a
fixed amount, depending on the bit oftset of the new comma and then return to the nominal frequency.
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Figure 36—14—TBI receive interface timing diagram
Table 36—8 —Receive bus ac specification
Parameter Description Min Typ Max Units
lFREQ PMA_RX_CLK Frequency 62.5 MHz
R PMA_RX_CLK Drift Rate® 02 ps/MHz
tspTUP Data Setup Before tPMA RX CLK 25 ns
HGiE Data Hold After 1PMA_RX_CLK 15 ns
thuTY PMA_RX_CLK Duty Cycle 40 60 %
tAB PMA_RX_CLK Skew 15 85 ns

Y%pgyer is the (minimum) time for PMA_RX_CLK to drift from 63.5 MHz to 64.5 MHz or 60 MHz to
59 MHz from the PMA_RX_CLK lock value. It is applicable under all input signal conditions (except
where noted in 36.3.2.4), including invalid or absent input signals, provided that the receiver clock re-
covery unit was previously locked to PMA_TX_CLK or to a valid input signal.

36.3.7 Loopback mode

Loopback mode shall be provided, as specified in this subclause, by the transmitter and receiver of a device
as a test function to the device. When Loopback mode is selected, transmission requests passed to the trans-
mitter are shunted directly to the receiver, overriding any signal detected by the receiver on its attached link.
A device is explicitly placed in Loopback mode (i.e., Loopback mode is not the normal mode of operation of
a device). The method of implementing Loopback mode is not defined by this standard.

NOTE—Loopback mode may be implemented either in the parallel or the serial circuitry of a device.
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36.3.7.1 Receiver considerations

A receiver may be placed in Loopback mode. Entry into or exit from Loopback mode may result in a tempo-
rary loss of synchronization.

36.3.7.2 Transmitter considerations

A transmitter may be placed in Loopback mode. The external behavior of a transmitter (i.c., the activity of a
transmitter with respect to its attached link) in Loopback mode is specified in 22.2.4.1.2.

36.3.8 Test functions

A limited set of test functions may be provided as an implementation option for testing of the transmitter
function.

Some test functions that are not defined by this standard may be provided by certain implementations. Com-
pliance with the standard is not affected by the provision or exclusion of such functions by an implementa-
tion. Random jitter test patterns for 1000BASE-X are specified in Annex 36A.

A typical test function is the ability to transmit invalid code-groups within an otherwise valid PHY bit
stream. Certain invalid PHY bit streams may cause a receiver to lose word and/or bit synchronization. See
ANSI X3.230-1994 | B20] (FC-PH), subclause 5.4, for a more detailed discussion of receiver and transmitter
behavior under various test conditions.

36.4 Compatibility considerations

There is no requirement for a compliant device to implement or expose any of the interfaces specified for the
PCS or PMA. Implementations of a GMII shall comply with the requirements as specified in Clause 35.
Implementations of a TBI shall comply with the requirements as specified in 36.3.3.

36.5 Delay constraints

In half duplex mode, proper operation of a CSMA/CD LAN demands that there be an upper bound on the
propagation delays through the network. This implies that MAC, PHY, and repeater implementors must
conform to certain delay minima and maxima, and that network planners and administrators conform to con-
straints regarding the cable topology and concatenation of devices. MAC constraints are contained in 35.2.4
and Table 36-5. Topological constraints are contained in Clause 42.

In full duplex mode, predictable operation of the MAC Control PAUSE operation (Clause 31, Annex 31B)
also demands that there be an upper bound on the propagation delays through the network. This implies that
MAC, MAC Control sublayer, and PHY implementors must conform to certain delay maxima, and that net-
work planners and administrators conform to constraints regarding the cable topology and concatenation of
devices.

The reference point for all MDI measurements is the 50% point of the mid-cell transition corresponding to
the reference bit, as measured at the MDI.

36.5.1 MDI to GMII delay constraints
Every 1000BASE-X PHY associated with a GMII shall comply with the bit time delay constraints specified
in Table 36-9a for half duplex operation and Table 36-9b for full duplex operation. These figures apply for

all 1000BASE-X PMDs. For any given implementation, the assertion and deassertion delays on CRS shall
be equal.
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Table 36—9a—MDI to GMII delay constraints (half duplex mode)
Sublayer Min Max Input timing QOutput
measurement Event (bit (bit P £ timing
3 s : reference
points time) | time) reference
GMII <= MDI | TX_EN=I1 sampled to MDI output 136 PMA_TX CLK rising | 1stbitof /S/
MDI input to CRS assert 192 Ist bit of /S/
MDI input to CRS de-assert 192 Ist bit of /K28.5/
MDI input to COL assert 192 Ist bit of /S/
MDI input to COL de-assert 192 Ist bit of /K28.5/
TX_EN=1 sampled to CRS assert 16 PMA_TX_CLK rising
TX_EN=0 sampled to CRS de-assert 16 PMA_TX_ CLKrrising
Table 36-9b—MDI to GMII delay constraints (full duplex mode)
Sublayer Min Max — sy
measurement Event (bit (bit laput tining Dixtpi tming
A 3 3 reference reference
points time) | time)
GMII <+ MDI | TX EN=1 sampled to MDI output 136 PMA TX CLKrising | 1stbitof /S/
MDI input to RX_DV de-assert 192 1st bit of /T/ RX_CLK rising

36.5.2 DTE delay constraints (half duplex mode)

Every DTE with a 1000BASE-X PHY shall comply with the bit time delay constraints specified in
Table 36—10 for half duplex operation. These figures apply for all 1000BASE-X PMDs.

Table 36-10—DTE delay constraints (half duplex mode)

Sublayer Min Max g % Qutput
. o s P Input timing 3
measurement Event (bit (bit timing
i v i reference
points time) | time) reference
MAC < MDI | MAC transmit start to MDI output 184 1st bit of /S/
MDI input to MDI output 440 Ist bit of /S/ 1t bit of /S/
(worst-case nondeferred transmit)
MDI input to collision detect 240 Ist bit of /S/
MDI input to MDI output = Jam 440 Ist bit of /S/ 1st bit of jam
(worst-case collision response)

36.5.3 Carrier de-assertion/assertion constraint (half duplex mode)

To ensure fair access to the network, each DTE operating in half duplex mode shall, additionally, satisfy the
following:

(MAX MDI to MAC Carrier De-assert Detect) — (MIN MDI to MAC Carrier Assert Detect) < 16 bits
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36.6 Environmental specifications

All equipment subject to this clause shall conform to the requirements of 14.7 and applicable sections of

ISO/IEC 11801: 1995.

36.7 Protocol Implementation Conformance Statement (PICS) proforma for Clause 36,
Physical Coding Sublayer (PCS) and Physical Medium Attachment (PMA) sublayer,
type 1000BASE-X3

36.7.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 36, Physical Coding Sub-
layer (PCS) and Physical Medium Attachment (PMA) sublayer, type 1000BASE-X, shall complete the
following Protocol Implementation Conformance Statement (PICS) proforma. A detailed description of the
symbols used in the PICS proforma, along with instructions for completing the PICS proforma, can be found
in Clause 21.

36.7.2 Identification

36.7.2.1 Implementation identification

Supplier (Note 1)
Contact point for enquirics about the PICS (Note 1/
Implementation Name(s) and Version(s) (Notes 1 and 3)

Other information necessary for full identification—e.g.,

name(s) and version(s) for machines and/or operating

systems; System Names(s) (Note 2)

NOTE 1—Required for all implementations.

NOTE 2—May be completed as appropriate in meeting the requirements for the identification.

NOTE 3 —The terms Name and Version should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

3Ca,r:lyri(;-;'m‘ release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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36.7.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3-2002%, Clause 36, Physical Coding
Sublayer (PCS) and Physical Medium Attachment
(PMA) sublayer, type 1000BASE-X

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

Have any Exception items been required? No [ | Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802 3-2002%))

Date of Statement

36.7.3 Major Capabilities/Options

Item Feature Subclause Value/Comment Status Support
*PMA Ten-bit interface (TBI) 364 0 Yes [ ]
Nol[]
*GMII PHY associated with GMII 364 0 Yes [ ]
Nol[]
*DTE DTE with PHY not associated 3652 0 Yes [ ]
with GMII No[]
*FDX PHY supports full duplex 36.5 (0] Yes|[]
mode No[]
*HDX | PHY supports hall duplex 36.5 (0] Yes|[]
mode Nol]
NOTE — The following abbreviations are used:
*HDGM: HDX and GMII
*FDGM: FDX and GMII
*HDTE: HDX and DTE

36.7.4 PICS proforma tables for the PCS and PMA sublayer, type 1000BASE-X

36.7.4.1 Compatibility considerations

Item Feature Subclause Value/Comment Status Support
ccCi Test functions 3638 0 Yes[ 1]
Annex 36A support No[]
cCc2 Environmental specifications 36.6 M Yes[ 1]
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36.7.4.2 Code-group functions

Item Feature Subclause Value/Comment Status Support
CG1 Transmitter initial running 36244 Transmitter initial running dis- | M Yes|[]
disparity parity assumes negative value
CG2 Transmitter running disparity 36244 Running disparity is calculated | M Yes|[]
calculation after each code-group
transmitted
CG3 Validating received 36246 M Yes [ 1]
code-groups
CG4 Running disparity rules 36244 Running disparity is calculated | M Yes|[]
after each code-group
reception
CG5 Transmitted code-group is 36245 M Yes|[]

chosen from the corresponding
running disparity

36.7.4.3 State diagrams

Item Feature Subclause Value/Comment Status Support
SD1 Transmit ordered_set 362521 Meets the requirements of Figure 36-5 M Yes[]
SD2 Transmit code-group 36.2.5.2.1 Meets the requirements of Figure 36-6 . M Yes[]
SD3 Receive 362522 Meets the requirements of Figures - M Yes[]

36-7a and 36-7b
SD4 Carrier sense 362525 Meets the requirements of Figure 36-8 - M Yes[]
SD5 Synchronization 36.2526 Meets the requirements of Figure 36-9 M Yes[]
SDe6 Auto-Negotiation 362527 Described in Clause 37 . M Yes[]

36.7.4.4 PMA functions

Item Feature Subclause Value/Comment Status Support
PMAI1 Transmit function 36322 M Yes | |
PMA2 - Receive function 36323 - M - Yes[ 1]
PMA3 . Code-group alignment 36324 When EN_CDET is active . M . Yes|[]
PMA4 . Loopback mode 36.3.7 . M . Yes[ 1]
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Item Feature Subclause Value/Comment Status Support
PMTI cg_timer expiration 36.25.1.7 See354.23 GMII:M | Yes|[]
N/AT]
PMT2 cg_limer expiration 36.25.1.7 8ns+001% IGMIL: Yes|[]
M N/AT]
36.7.4.6 PMA code-group alignment function
Item Feature Subclause Value/Comment Status Support
CDT1 Code-group alignment to 36324 0] Yes|[]
comma- N/AT]
CDT2 Code-group slipping limit 36324 Deletion or modificationofno | M Yes[]
more than four code-groups
CDT3 Code-group alignment to 36324 0] Yes|[]
comma+ N/AT]
36.7.4.7TBI
Item Feature Subclause Value/Comment Status Support
TBI1 TBI requirements 3633 PMA:M Yes [ 1]
N/AT]
36.7.4.8 Delay constraints
Item Feature Subclause Value/Comment Status Support
TIM1 Equal carrier de-assertion and 36.5.1 HDGM:M | Yes|[]
assertion delay on CRS N/AT]
TIM2 MDI to GMII delay constraints | 36.5.1 Table 36-9a HDGM:M | Yes|[]
for half duplex N/AT]
TIM3 MDI to GMII delay constraints | 36.5.1 Table 36-9b FDGM:M | Yes[]
for full duplex N/A[]
TIM4 DTE delay constraints for hall | 36.5.2 Table 36-10 HDTE:M Yes|[]
duplex N/AT]
TIMS Carrier de-assertion/assertion 3653 HDTE:M Yes|[]
constraints N/AT]
77
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37. Auto-Negotiation function, type 1000BASE-X

37.1 Overview
37.1.1 Scope

Clause 37 describes the 1000BASE-X Auto-Negotiation (AN) function that allows a device (local device) to
advertise modes of operation it possesses to a device at the remote end of a link segment (link partner) and to
detect corresponding operational modes that the link partner may be advertising.

The Auto-Negotiation function exchanges information between two devices that share a link segment and auto-
matically configures both devices to take maximum advantage of their abilities. Auto-Negotiation is performed
with /C/ and /I/ ordered_sets defined in Clause 36, such that no packet or upper layer protocol overhead is
added to the network devices. Auto-Negotiation does not test the link segment characteristics (see 37.1.4).

The function allows the devices at both ends of a link segment to advertise abilities, acknowledge receipt and
understanding of the common mode(s) of operation that both devices share, and to reject the use of opera-
tional modes that are not shared by both devices. Where more than one common mode exists between the
two devices, a mechanism is provided to allow the devices to resolve to a single mode of operation using a
predetermined priority resolution function (see 37.2.4.2). The Auto-Negotiation function allows the devices
to switch between the various operational modes in an ordered fashion, permits management to disable or
enable the Auto-Negotiation function, and allows management to select a specific operational mode.

The basic mechanism to achieve Auto-Negotiation is to pass information encapsulated within /C/
ordered_sets. /C/ ordered_sets are directly analogous to FLP Bursts as defined in Clause 28 that accomplish
the same function. Each device issues /C/ ordered_sets at power up, on command from management, upon
detection of a PHY error, or due to user interaction.

37.1.2 Application perspective/objectives

This Auto-Negotiation function is designed to be expandable and allows 1000BASE-X devices to self-
configure a jointly compatible operating mode.

The following are the objectives of Auto-Negotiation:

a) To be reasonable and cost-effective to implement;
b)  Must provide a sufficiently extensible code space to
3) Meet existing and future requirements;
4) Allow simple extension without impacting the installed base;
5) Accommodate remote fault signals; and
6) Accommodate link partner ability detection.
c¢)  Must allow manual or Network Management configuration to override the Auto-Negotiation;
d)  Must be capable of operation in the absence of Network Management;
e)  Must allow the ability to renegotiate;
f)  Must operate when
1) The link is initially connected;
2) A device at either end of the link is powered up, reset, or a renegotiation request is made.
g)  May be enabled by automatic, manual, or Network Management intervention;
h) To complete the base page Auto-Negotiation function in a bounded time period;
i)  To operate using a peer-to-peer exchange of information with no requirement for a master device
(not master-slave);
1) Must be robust in the 1000BASE-X MDI cable noise environment;
k)  Must not significantly impact EMI/RFI emissions.
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37.1.3 Relationship to ISO/NEC 8802-3

The Auto-Negotiation function is provided at the PCS sublayer of the Physical Layer of the OSI reference
model as shown in Figure 36—1. Devices that support multiple modes of operation may advertise this fact
using this function. The transfer of information is observable only at the MDI or on the medium.

LAN
os| CSMA/CD
REFERENCE LAYERS
MODEL
LAYERS : HIGHER LAYERS
APELIGATION. LLC—LOGICAL LINK CONTROL
PRESENTATION i MAC CONTROL (OPTIONAL)
SESSION / MAC—MEDIA ACCESS CONTROL
SRR K RECONCILIATION
« GMIIl —
NETWORK
V./"// "/ PCS,INCLUDING AUTO-NEGOTIATION ///// /]
DATALINK | / PMA 1000BASE-X
[ xpvD | [ sxpMD | Ry
EEYSICAL LX MDI —p SX MDI —p cxmpl —p| |
To 10000Mbis Baseband —p- w MEDIUM MEDIUM
Repeater Set or to
1000BASE-X PHY . y N ) \ )
(point-to-point link)
1000BASE-LX 1000BASE-SX 1000BASE-CX
(PCS, PMA, and LX-PMD) (PCS, PMA, and SX-PMD) (PCS, PMA, and CX-PMD)
MDI-MEDIUM DEPENDENT INTERFACE PHY=PHYSICAL LAYER DEVICE
GMII-GIGABIT MEDIA INDEPENDENT INTERFAGE ~ PMD=PHYSICAL MEDIUM DEPENDENT
PCS=PHYSICAL CODING SUBLAYER LX-PMD=PMD FOR FIBER—LONG WAVELENGTH, Clause 38
PMA=PHYSICAL MEDIUM ATTACHMENT SX-PMD=PMD FOR FIBER—SHORT WAVELENGTH, Clause 38

CX-PMD=PMD FOR 150 © BALANCED COPPER CABLING, Clause 39

NOTE—The PMD sublayers are mutually independent.
* GMII is optional.

Figure 37-1—Location of the Auto-Negotiation function

37.1.4 Compatibility considerations

37.1.4.1 Auto-Negotiation

1000BASE-X devices provide the Auto-Negotiation function. Auto-Negotiation does not perform cable
tests, such as cable performance measurements. Some PHY's that explicitly require use of high-performance
cables, may require knowledge of the cable type, or additional robustness tests (such as monitoring invalid
code-groups, CRC, or framing errors) to determine if the link segment is adequate.

37.1.4.2 Management interface

Manual or automatic invocation of Auto-Negotiation may result in frame loss. Exit from Auto-Negotiation to

normal MAC frame processing may also result in frame loss as one link end may resume normal MAC
frame processing ahead of its link partner.
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37.1.4.2.1 GMIl management interface

Auto-Negotiation signaling does not occur across the GMII. Control of the Auto-Negotiation function may
be supported through the Management Interface of the GMII or equivalent. If an explicit embodiment of the
GMII is supported, the Control and Status registers to support the Auto-Negotiation function shall be imple-
mented in accordance with the definitions in Clause 22 and 37.2.5.

37.1.4.3 Interoperability between Auto-Negotiation compatible devices

An Auto-Negotiation compatible device decodes the base page from the received /C/ ordered_sets and
examines the contents for the highest common ability that both devices share. Both devices acknowledge
correct receipt of each other’s base page by responding with base pages containing the Acknowledge Bit set.
After both devices complete acknowledgment, and any desired next page exchange, both devices enable the
highest common mode negotiated. The highest common mode is resolved using the priority resolution hier-
archy specified in 37.2.4.2.

37.1.4.4 User Configuration with Auto-Negotiation

Rather than disabling Auto-Negotiation, the following behavior is suggested in order to improve interopera-
bility with other Auto-Negotiation devices. When a device is configured for one specific mode of operation
(e.g. 1000BASE-X Full Duplex), it is recommended to continue using Auto-Negotiation but only advertise
the specifically selected ability or abilities. This can be done by the Management agent only setting the bits
in the advertisement registers that correspond to the selected abilities.

37.2 Functional specifications

The Auto-Negotiation function includes the Auto-Negotiation Transmit, Receive, and Arbitration functions
specified in the state diagram of Figure 376 and utilizes the PCS Transmit and Receive state diagrams of
Clause 36.

The Auto-Negotiation function provides an optional Management function that provides a control and status
mechanism. Management may provide additional control of Auto-Negotiation through the Management
function, but the presence of a management agent is not required.

37.2.1 Config_Reg encoding

The Config_Reg base page, transmitted by a local device or received from a link partner, is encapsulated
within a /C/ ordered_set and shall convey the encoding shown in Figure 37-2. Auto-Negotiation supports
additional pages using the Next Page function. Encodings for the Config_Reg(s) used in next page exchange
are defined in 37.2.4.3.1. Config_Reg bits labeled as “rsvd” are reserved and shall be set to a logic zero.

LSB MSB

DO DI D2 D3 D4 D5 D6 D7 D8 D9 Di10 D11 D12 D13 D14 Di5

rsvd [rsvd | rsvd | rsvd | rsvd | FD | HD | P51 |PS2 | rsvd |rsvd | rsvd | RF1 [ RF2| Ack | NP

Figure 37-2—Config Reg base page encoding

37.2.1.1 Base page to management register mapping

Several base page bits shown in Figure 37-2 indicate capabilities that are sourced from management regis-
ters. Table 37—1 describes how the management registers map to the management function interface signals.
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The bit format of the rx_Config Reg<D15:D0> and tx_Config Reg<D15:D0> variables is context depen-
dent, relative to the state of the Auto-Negotiation function, and is presented here and in 37.2.4.3.1.

Table 37-1—Config Reg base page to management register mapping

Config_Reg base page bits . Management register bit
Full Duplex (FD) 4.5 Full Duplex
Half Duplex (HD) - 4.6 Half Duplex
PAUSE (PS1) . 4.7 PAUSE
ASM_DIR (PS2) . 4.8 ASM_DIR
Remote Fault (RF2, RF1) 4.13:12 Remote Fault

37.2.1.2 Full duplex

Full Duplex (FD) is encoded in bit D5 of the base Config_Reg.

37.2.1.3 Half duplex

Half Duplex (HD) is encoded in bit D6 of the base Config_Reg.

37.2.1.4 Pause

Pause (PS1, PS2) is encoded in bits D7 and D8 of the base Config_Reg. Pause provides a pause capability

exchange mechanism. Pause encoding is specified in Table 37-2.

Table 37-2—Pause encoding

PAUSE (D7) ASM_DIR(DS) Capability
0 0 No PAUSE
0 1 Asymmetric PAUSE toward link partner
1 0 Symmetric PAUSE
1 1 Both Symr‘nctri(: PAUSE and )
Asymmetric PAUSE toward local device

The PAUSE bit indicates that the device is capable of providing the symmetric PAUSE functions as defined
in Annex 31B. The ASM_DIR bit indicates that asymmetric PAUSE operation is supported. The value of the
PAUSE bit when the ASM_DIR bit is set indicates the direction PAUSE frames are supported for flow across
the link. Asymmetric PAUSE configuration results in independent enabling of the PAUSE receive and
PAUSE transmit functions as defined by Annex 31B. See 37.2.4.2 for PAUSE configuration resolution.

37.2.1.5 Remote fault

Sensing of faults in a device as well as subsequent association of faults with the Remote Fault function
encodings is optional. Remote Fault (RF) is encoded in bits D12 and D13 of the base page. The default value
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is 0b00. Remote Fault provides a standard transport mechanism for the transmission of simple fault and error
information. The Remote Fault function may indicate to the link partner that a fault or error condition has
occurred. The two Remote Fault bits, RF1 and RF2, shall be encoded as specified in Table 37-3.

Table 37-3—Remote Fault encoding

RF1 | RF2 Description
0 0 No error, link OK (default)
0 . | . Offline
1 . 0 . Link_Failure
1 . 1 . Auto-Negotiation_Error

If the local device has no mechanism to detect a fault or associate a fault condition with the received Remote
Fault function encodings, then it shall transmit the default Remote Fault encoding of 0b00.

A local device may indicate it has sensed a fault to its link partner by setting a nonzero Remote Fault encod-
ing in its base page and renegotiating.

It the local device sets the Remote Fault encoding to a nonzero value, it may also use the Next Page function
to specify information about the fault that has occurred. Remote Fault Message Page Codes may be specified
for this purpose (see Annex 28C).

The Remote Fault encoding shall remain set until after the Auto-Negotiation process transitions into
IDLE DETECT state with the base page, at which time the Remote Fault encoding is reset to Ob00. On
receipt of a base page with a nonzero Remote Fault encoding, the device shall set the Remote Fault bit in the
Status register (1.4) to logic one if the GMII management function is present.

37.2.1.5.1 No error, link OK

A Remote Fault encoding of 0b00 indicates that no remote fault or error condition has been detected by the
local device.

37.2.1.5.2 Offline

A Remote Fault encoding of Ob01 indicates that the local device is going Offline. A local device may indi-
cate Offline prior to powering off, running transmitter tests, or removing the local device from the active
configuration. A local device need not successfully complete the Auto-Negotiation function from the receive
perspective after completing the Auto-Negotiation function indicating Offline from its transmit perspective
before further action is taken (e.g., powering off, running transmitter tests, removing the local device from
the active configuration, etc.).

37.2.1.5.3 Link_Failure

A Remote Fault encoding of Ob10 indicates that the local device has detected a Link_Failure condition indi-
cated by loss of synchronization. While sync_status = FAIL, remote fault information is not signaled. When
sync_status becomes OK, stored remote fault information is signaled (see 36.2.5.1.3 and 36.2.5.2.6).
Another indication of a link failure condition is provided by the reception of /C/ ordered sets having
rx_Config_Reg<D15:D0> = 0 for a duration exceeding link_timer.
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37.2.1.5.4 Auto-Negotiation Error

A Remote Fault encoding of Obl1 indicates that the local device has detected a Auto-Negotiation Error.
Resolution which precludes operation between a local device and link partner shall be reflected to the link
partner by the local device by indicating a Remote Fault code of Auto-Negotiation Error.

37.2.1.6 Acknowledge

Acknowledge (Ack) is encoded in bit D14 of the base and next pages (see Figures 37-2, 37-3, and 37-4).
The Ack bit is used by the Auto-Negotiation function to indicate that a device has successfully received its
link partner’s base or next page.

This bit is set to logic one after the device has successfully received at least three consecutive and matching
rx_Config Reg<D15:D0> values (ignoring the Acknowledge bit value), and, for next page exchanges,
remains set until the next page information has been loaded into the AN next page transmit register (register
7). After the Auto-Negotiation process COMPLETE ACKNOWLEDGE state has been entered, the
tx_Config Reg<D15:D0> value is transmitted for the link_timer duration.

37.2.1.7 Next page

The base page and subsequent next pages may set the NP bit to a logic one to request next page transmis-
sion. Subsequent next pages may set the NP bit to a logic zero in order to communicate that there is no more
next page information to be sent (see 37.2.4.3). A device may implement next page ability and choose not to
engage in a Next Page exchange by setting the NP bit to a logic zero.

37.2.2 Transmit function requirements

The Transmit function provides the ability to transmit /C/ ordered_sets. After Power-On, link restart, or rene-
gotiation, the Transmit function transmits /C/ ordered_sets containing zeroes indicating the restart condition.
After sending sufficient zeroes, the /C/ ordered_sets contain the Config Reg base page value defined in
37.2.1. The local device may modify the Config Reg value to disable an ability it possesses, but shall not
transmit an ability it does not possess. This makes possible the distinction between local abilities and adver-
tised abilities so that devices capable of multiple modes may negotiate to a mode lower in priority than the
highest common local ability.

The Transmit function shall utilize the PCS Transmit process specified in 36.2.5.2.1.
37.2.2.1 Transmit function to Auto-Negotiation process interface requirements

The variable tx_Config Reg<DI15:D0> is derived from mr_adv_abilities<16:1> or mr_np_tx<16:1>. This
variable is the management representation of the AN advertisement register during base page exchange and
the AN next page transmit register during next page exchange.

When the xmit variable is set to CONFIGURATION by the Auto-Negotiation process, the PCS Transmit
function encodes the contents of the tx_Config_Reg<D15:D0> into the appropriate /C/ ordered_set for trans-
mission onto the MDI. When the xmit variable is set to IDLE by the Auto-Negotiation process, the PCS
Transmit function transmits /I/ ordered_sets onto the MDI. When the xmit variable is set to DATA by the
Auto-Negotiation process, the PCS Transmit function transmits /1/ ordered_sets interspersed with packets
onto the MDI.

37.2.3 Receive function requirements
The PCS Receive function detects /C/ and /I/ ordered sets. For received /C/, the PCS Receive function

decodes the information contained within, and stores the data in rx_Config Reg<D15:D0>.
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The Receive function shall utilize the PCS Receive process specified in 36.2.5.2.2.
37.2.3.1 Receive function to Auto-Negotiation process interface requirements

The PCS Receive function provides the Auto-Negotiation process and management function with the results
of rx Config Reg<D15:D0>. The PCS Auto-Negotiation function generates the ability match,
acknowledge match, consistency match, and idle_match signals.

The PCS Receive process sets the RX UNITDATA indicate(/C/) message when a /C/ ordered_set is
received.

The PCS Receive process sets the RX_UNITDATA .indicate(/1/) message when a /I/ ordered_set is received.

The PCS Receive process sets the RX_UNITDATA .indicate(INVALID) message when an error condition is
detected while not in normal receive processing (when the xmit variable is set to CONFIGURATION). The
error conditions are specified in the PCS Receive state diagram of Figure 36-7a.

37.2.4 Arbitration process requirements

The Arbitration process ensures proper sequencing of the Auto-Negotiation function using the Transmit
function and Receive function. The Arbitration process enables the Transmit function to advertise and
acknowledge abilities. Upon completion of Auto-Negotiation information exchange, the Arbitration process
determines the highest common mode using the priority resolution function and enables the appropriate
functions.

37.2.4.1 Renegotiation function

A renegotiation request from any entity, such as a management agent, causes the Auto-Negotiation function
to be restarted from Auto-Negotiation process statc AN _ENABLE.

37.2.4.2 Priority resolution function

Since a local device and a link partner may have multiple common abilities, a mechanism to resolve which
mode to configure is necessary. Auto-Negotiation shall provide the Priority Resolution function that defines
the hierarchy of supported technologies.

Priority resolution is supported for pause and half/full duplex modes of operation. Full duplex shall have pri-
ority over half duplex mode. Priority resolution for pause capability shall be resolved as specified by
Table 37-4. Resolution that precludes operation between a local device and link partner is reflected to the
link partner by the local device by indicating 2 Remote Fault code of Auto-Negotiation_Error, if the remote
fault function is supported (see 37.2.1.5).

37.2.4.3 Next Page function

Support for transmission and reception of additional page encodings beyond the base page (next pages) is
optional. The Next Page function enables the exchange of user or application specific data. Data is carried by
next pages of information, which follow the transmission and acknowledgment procedures used for the base
pages. Two types of next page encodings are defined:

a) Message Pages (contain an eleven-bit formatted Message Code Field);
b)  Unformatted Pages (contain an eleven-bit Unformatted Code Field).
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Table 37-4—Pause priority resolution
Local Device Link Partner
T | T Local Resolution Link Partner Resolution
PAUSE |ASM_DIR | PAUSE | ASM_DIR

0 0 Disable PAUSE Disable PAUSE
Transmit and Receive Transmit and Receive

0 1 0 Disable PAUSE Disable PAUSE
Transmit and Receive Transmit and Receive

0 1 1 0 Disable PAUSE Disable PAUSE
Transmit and Receive Transmit and Receive

0 1 1 1 Enable PAUSE transmit, Enable PAUSE receive,
Disable PAUSE receive Disable PAUSE transmit

| 0 0 Disable PAUSE Disable PAUSE
Transmit and Receive Transmit and Receive

| 0 i Enable PAUSE Enable PAUSE
Transmit and Receive Transmit and Receive

| 1 0 0 Disable PAUSE Disable PAUSE
Transmit and Receive Transmit and Receive

I 1 0 1 Enable PAUSE receive, Enable PAUSE transmit,
Disable PAUSE transmit Disable PAUSE receive

1 1 1 Enable PAUSE Enable PAUSE
Transmit and Receive Transmit and Receive

A dual acknowledgment system is used. Acknowledge (Ack) is used to acknowledge receipt of the informa-
tion (see 37.2.1.6). Acknowledge 2 (Ack2) is used to indicate that the receiver is able to act on the informa-
tion (or perform the task) defined in the message (see 37.2.4.3.5).

Next page operation is controlled by the same two mandatory control bits, NP and Ack, used in the base
page. The Toggle bit is used to ensure proper synchronization between the local device and the link partner.

Next page exchange occurs after the base page exchange has been completed. Next page exchange consists
of using the Auto-Negotiation arbitration process to send Message or Unformatted next pages. Unformatted
Pages can be combined to send extended messages. Any number of next pages may be sent in any order.

Subsequent to base page exchange, a next page exchange is invoked only if both the local device and its link
partner have advertised next page ability during the base page exchange.

If the Next Page function is supported by both link ends and a next page exchange has been invoked by both
link ends, the next page exchange ends when both ends of a link segment set their NP bits to logic zero, indi-
cating that neither link end has further pages to transmit. It is possible for the link partner to have more next
pages to transmit than the local device. Once a local device has completed transmission of its next page
information, if any, it shall transmit Message Pages with a Null Message Code (see Annex 28C) and the NP
bit set to logic zero while its link partner continues to transmit valid next pages. A device shall recognize
reception of Message Pages with a Null Message Code and the NP bit set to logic zero as the end of its link
partner’s next page information. If both the local device and its link partner advertise Next Page ability in
their base pages, then both devices shall send at least one Next Page. If a device advertises Next Page ability
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and has no next page information to send but is willing to receive next pages, and its link partner also adver-
tises Next Page ability, it shall send a Message Page with a Null Message Code. The variable mr_np_loaded
is set to TRUE to indicate that the local device has loaded its Auto-Negotiation next page transmit register
with next page information for transmission.

A local device that requires or expects an Ack2 response from its link partner (to indicate a next page
transaction has been received and can be acted upon), must terminate the next page sequence with a Null
Message Code, in order to allow the link partner to transport the final Ack2 status.

37.2.4.3.1 Next page encodings

The next page shall use the encoding shown in Figure 37-3 and Figure 374 for the NP, Ack, MP, Ack2, and
T bits. The eleven-bit field <D10:D0> is encoded as a Message Code Field if the MP bit is logic one and an
Unformatted Code Field if MP is set to logic zero. The bit format of the rx_ConfigReg<D15:D0> and
tx_Config Reg<D15:D0> variables is context dependent, relative to the state of the Auto-Negotiation func-
tion, and is presented here and in 37.2.1.1.

LSB MSB

Do DI D2 D3I D4 D5 D6 D7 D8 D9 D10 D1 D12 Di3 Di4 Di5

MO | M1 | M2 | M3 | M4 | M5 | ME | M7 | MB | M3 |MI0| T |Ack2| MP | Ack | NP

Message Code Field

F Y

Figure 37-3—Message page encoding

LSB MSB

Do D1 D2 D3 D4 D5 D6 D7 D8 D9 Di0o DiI1 Di2 DI3 D14 Di5

Uo [ U1 | U2 | U3 | U4 | U5 | U6 | U7 | U8B | U9 (UIO| T |Ack2| MP | Ack | NP

Unformatted Code Field

A

Figure 37-4—Unformatted page encoding
37.2.4.3.2 Next page

The Next Page (NP) bit is used by the Next Page function to indicate whether or not this is the last next page
to be transmitted. NP shall be set as follows:

logic zero = Last page.
logic one = Additional next page(s) to follow.

37.2.4.3.3 Acknowledge
As defined in 37.2.1.6.

37.2.4.3.4 Message page

The Message Page (MP) bit is used by the Next Page function to differentiate a Message Page from an
Unformatted Page. MP shall be set as follows:

logic zero = Unformatted Page.
logic one = Message Page.
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37.2.4.3.5 Acknowledge 2

The Acknowledge 2 (Ack2) bit is used by the Next Page function to indicate that a device has the ability to
comply with the message. Ack2 shall be set as follows:

logic zero = Cannot comply with message.
logic one = Can comply with message.

37.2.4.3.6 Toggle

The Toggle (T) bit is used by the Arbitration function to ensure synchronization with the link partner during
next page exchange. This bit takes the opposite value of the Toggle bit in the previously exchanged page.
The initial value of the Toggle bit in the first next page transmitted is the inverse of tx_Config Reg<D11> in
the base page that preceded the next page exchange and, therefore, may assume a value of logic one or zero.
The Toggle bit is set as follows:

logic zero = Previous value of tx_Config_Reg<DI > equalled logic one.
logic one = Previous value of tx_Config_ Reg<D1 1> equalled logic zero.

37.2.4.3.7 Message page encoding

Message Pages are formatted pages that carry a single predefined Message Code, which is enumerated in
Annex 28C. There are 2048 Message Codes available. The allocation of these codes is specified in Annex
28C. If the Message Page bit is set to logic one, the bit encoding of the Config_Reg value is interpreted as a
Message Page.

37.2.4.3.8 Message Code Field

Message Code Field (M<10:0>) is an cleven-bit wide ficld, encoding 2048 possible messages. Message
Code Ficeld definitions are shown in Annex 28C. Combinations not specified are reserved for future use.
Reserved combinations of the Message Code Field shall not be transmitted.

37.2.4.3.9 Unformatted page encoding

Unformatted Pages carry the messages indicated by Message Pages. Five control bits are predefined, the
remaining eleven bits are interpreted based on the preceding message page. If the Message Page bit is set to
logic zero, then the bit encoding of the Config_Reg value is interpreted as an Unformatted Page.

37.2.4.3.10 Unformatted Code Field
Unformatted Code Field (U<10:0>) is an eleven-bit wide field, which may contain an arbitrary value.
37.2.4.3.11 Use of next pages
The following rules for next page usage shall be observed:
a) A next page exchange is invoked when the local device and the link partner advertise (in their base
pages) that they have next page information to transmit;
b)  Next page exchange continues until neither device on a link has more pages to transmit as indicated
by the NP bit. A Message Page with a Null Message Code Field value is sent if the device has no
other information to transmit;

¢) A Message Code can carry cither a specific message or information that defines how following
Unformatted Page(s) should be interpreted;
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d) If a Message Code references Unformatted Pages, the Unformatted Pages immediately follow the
referencing Message Code in the order specified by the Message Code;

¢)  Unformatted Page users are responsible for controlling the format and sequencing for their Unfor-
matted Pages.

37.2.4.3.12 Management register requirements

The AN next page transmit register defined in 37.2.5.1.6 holds the next page to be sent by Auto-Negotiation.
Received next pages are stored in the AN link partner ability next page register defined in 37.2.5.1.7.

37.2.5 Management function requirements

The management interface is used to communicate Auto-Negotiation information to the management entity.
Mandatory functions specified here reference bits in GMII registers 0, 1,4, 5,6, 7, 8, 15. Where an imple-
mentation does not use a GMII, equivalent functions to these bits must be included.

37.2.5.1 Management registers
The Auto-Negotiation function shall utilize six dedicated management registers:
a)  Control register (Register 0);
b)  Status register (Register 1);
c¢) AN advertisement register (Register 4);
d) AN link partner ability base page register (Register 5);
e) AN expansion register (Register 6);
f)  Extended Status register (Register 15).

If Next Page is supported, the Auto-Negotiation function shall utilize an additional two management registers:

g) AN next page transmit register (Register 7);
h) AN link partner ability next page register (Register 8).

37.2.5.1.1 Control register (Register 0)

This register provides the mechanism to enable or disable Auto-Negotiation, restart Auto-Negotiation, and
allow for manual configuration when Auto-Negotiation is not enabled. The definition for this register is pro-
vided in Clause 22.

When manual configuration is in effect at a local device, manual configuration should also be effected for the
link partner to ensure predictable configuration. When manual configuration is in effect, values for the PAUSE
bits (PS1, PS2) should result in a valid operational mode between the local device and the link partner.

37.2.5.1.2 Status register (Register 1)

This register includes information about all modes of operations supported by the local device and the status
of Auto-Negotiation. The definition for this register is provided in Clause 22.

37.2.5.1.3 AN advertisement register (Register 4) (R/W)

This register contains the advertised ability of the local device (see Table 37-5). Before Auto-Negotiation
starts, this register is configured to advertise the abilities of the local device.
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Table 37-5—AN advertisement register bit definitions
Bit(s) Name Description | R/'W
4.15 Next Page See 372.17 | RIW
4.14 Reserved Write as zero, ignore on read RO
4.13:12 | Remote Fault . See 37.2.1.5 ; R/W
4.11:9 Reserved . Write as zero, ignore on read RO
4.8:7 Pause . See37.2.14 R/W
4.6 Half Duplex . See37.2.13 RW
45 Full Duplex . See372.12 R/W
4.4:0 Reserved . Write as zero, ignore on read RO

37.2.5.1.4 AN link partner ability base page register (Register 5) (RO)

All of the bits in the AN link partner ability base page register are read only. A write to the AN link partner

ability base page register has no effect.

This register contains the advertised ability of the link partner (see Table 37-6). The bit definitions are a
direct representation of the link partner’s base page. Upon successful completion of Auto-Negotiation, the
Status register Auto-Negotiation Complete bit (1.5) is set to logic one.

The values contained in this register are guaranteed to be valid either once Auto-Negotiation has success-
fully completed, as indicated by bit 1.5 or when the Page Received bit (6.1) is set to logic one to indicate that

a new base page has been received and stored in the Auto-Negotiation link partner ability base register.

Table 37-6— AN link partner ability base page register bit definitions

Bit(s) Name Description R/W
5.15 Next Page See37.2.1.7 | RO
5.14 Acknowledge . See37.2.1.6 ? RO
5.13:12 | Remote Fault . See372.15 -' RO
5.11:9 Reserved Ignore on read ? RO
587 Pause See372.14 RO
5.6 Half Duplex . See37.2.1.3 RO
55 Full Duplex . See37.2.12 RO
54:0 Reserved . Ignore on read : RO

37.2.5.1.5 AN expansion register (Register 6) (RO)

All of the bits in the Auto-Negotiation expansion register are read only; a write to the Auto-Negotiation
cxpansion register has no effect.
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Table 37-7—AN expansion register bit definitions

Bit(s) Name Description R/W Default
6.15:3 . Reserved Ignore on read RO 0
62 Next Page Able 1 = Local device is next page able RO 0
0 = Local device is not next page able

6.1 Page Received 1 = A new page has been received RO/ 0
0 = A new page has not been received LH

6.0 Reserved Ignore on read RO 0

Bits 6.15:3 and 6.0 are reserved for future Auto-Negotiation expansion.
The Next Page Able bit (6.2) is set to logic one to indicate that the local device supports the Next Page func-
tion. The Next Page Able bit is set to logic zero if the Next Page function is not supported by the local

device.

The Page Received bit (6.1) is set to logic one to indicate that a new page has been received and stored in the
applicable AN link partner ability base or next page register.

The Page Received bit shall be reset to logic zero on a read of the AN expansion register (Register 6). Subse-
quent to the setting of the Page Received bit, and in order to prevent overlay of the AN link partner ability
next page register, the AN link partner ability next page register should be rcad before the AN next page
transmit register is written.

37.2.5.1.6 AN next page transmit register (Register 7)

This register contains the next page value to be transmitted, if required. The definition for this register is pro-
vided in 22.2.4.1.6.

37.2.5.1.7 AN link partner ability next page register (Register 8)

This register contains the advertised ability of the link partner’s next page. The definition for this register is
provided in 32.5.4.2 for changes to 28.2.4.1 4.

37.2.5.1.8 Extended status register (Register 15)

This register includes additional information about all modes of operations supported by the local device.
The definition for this register is provided in Clause 22.

37.2.5.1.9 State diagram variable to management register mapping

The state diagram of Figure 37-6 generates and accepts variables of the form “mr_x]" where x is an
individual signal name. These variables comprise a management interface that may be connected to the
GMII management function or other equivalent function. Table 37—8 describes how PCS state diagram vari-
ables in both Clauses 36 and 37 map to management register bits.

37.2.5.2 Auto-Negotiation managed object class

The Auto-Negotiation Managed Object Class is defined in Clause 30.
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Table 37-8 —PCS state diagram variable to management register mapping

State diagram variable Management register bit
mr_adv_ability<16:1> . 4.15:0 Auto-Negotiation advertisement register
mr_an_complete -' 1.5 Auto-Negotiation complete
mr_an_enable : 0.12 Auto-Negotiation enable
mr_loopback -' 0.14 Loopback (see 36.2.5.1.3)
mr_lp adv_ability<16:1> -' 5.15:0 AN link partner ability register
mr_lp_np_rx<16:1> -' 8.15:0 AN link partner next page ability register
mr_main_reset -' 0.15 Reset
mr_np_able -' 6.2 Next page able
mr_np_loaded . Set on write to the AN next page transmit register; cleared by

Auto-Negotiation state diagram
mr_np_tx<16:1> . 7.15:0 AN next page transmit register
mr_page_rx -' 6.1 Page received
mr_restart_an -' 0.9 Auto-Negotiation restart
xmit=DATA ! 1.2 Link status

37.2.6 Absence of management function

In the absence of any management function, the advertised abilities shall be provided through a logical
equivalent of mr_adv_ability<16:1>.

37.3 Detailed functions and state diagrams

The notation used in the state diagram in Figure 37-6 follows the conventions in 21.5. State diagram vari-
ables follow the conventions of 21.5.2 except when the variable has a default value. Variables in a state dia-
gram with default values evaluate to the variable default in each state where the variable value is not
explicitly set. Variables using the “mr_x" notation do not have state diagram defaults; however, their appro-
priate initialization conditions when mapped to the management interface are covered in 22.2.4. The vari-
ables, timers, and counters used in the state diagrams are defined in 37.3.1.

Auto-Negotiation shall implement the Auto-Negotiation state diagram and meet the Auto-Negotiation state
diagram interface requirements of the Receive and Transmit functions. Additional requirements to these
state diagrams are made in the respective functional requirements sections. In the case of any ambiguity
between stated requirements and the state diagrams, the state diagrams take precedence. A functional refer-
ence diagram of Auto-Negotiation is shown in Figure 37-5.

37.3.1 State diagram variables
Variables with <16:1> or <D15:D0> appended to the end of the variable name indicate arrays that can be
mapped to 16-bit management registers. For these variables, “<x>" indexes an element or set of elements in

the array, where “x” may be as follows:

— Any integer or set of integers.
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Management Interface
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. Function
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P tx_Config_Reg<D15:D0= n¢_Config_Reg<D15:D0=>
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16 L
PMA/PMD Transmit PMA/PMD Receive

Figure 37-5—Functional reference diagram

—  Any variable that takes on integer values.

—  NP; represents the index of the Next Page bit.

—  ACK; represents the index of the Acknowledge bit.
—  RF; represents the index of the Remote Fault bits.

Variables of the form “mr _x,” where x is a label, comprise a management interface that is intended to be
connected to the GMII Management function. However, an implementation-specific management interface
may provide the control and status function of these bits.

37.3.1.1 Variables

an_sync_status
Qualified version of sync_status for use by Auto-Negotiation to detect a sync_status timeout
condition.

Values: OK; The variable sync_status defined in 36.2.5.1.3 is OK.
FAIL; The variable sync_status defined in 36.2.5.1.3 is FAIL for a duration greater than
or equal to the link timer.
mr_adv_ability<16:1>
A 16-bit array that contains the advertised ability base page of the local device to be conveyed to
tx_Config Reg<D15:D0> for transmission to the link partner. For each element within the array:
Values: ZEROQ; Data bit is logical zero.
ONE; Data bit is logical one.
mr_an_complete
Status indicating whether Auto-Negotiation has completed or not.

Values: FALSE; Auto-Negotiation has not completed.
TRUE; Auto-Negotiation has completed.

mr_an_enable
Controls the enabling and disabling of the Auto-Negotiation function for 1000BASE-X. Auto-
Negotiation function for 1000BASE-X is enabled when Control register bit 0.12 is set to one.

Values: FALSE; Auto-Negotiation is disabled.
TRUE; Auto-Negotiation is enabled.
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mr_lp_adv_ability<16:1>
A 16-bit array that contains the advertised ability base page of the link partner conveyed from
rx_Config Reg<D15:D0>. For each element within the array:

Values: ZEROQ; Data bit is logical zero.
ONE; Data bit is logical one.

mr_lp_np_rx<16:1>
A 16-bit array that contains the advertised ability of the link partner’s next page conveyed from
rx_Config_Reg<DI15:D0>. For each element within the array:

Values: ZERO; Data bit is logical zero.
ONE; Data bit is logical one.

mr_main_reset
Controls the resetting of the Auto-Negotiation function.

Values: FALSE; Do not reset the Auto-Negotiation function.
TRUE; Reset the Auto-Negotiation function.

mr_np_able
Status indicating whether the local device supports next page exchange.

Values: FALSE; The local device does not support next page exchange.
TRUE; The local device supports next page exchange.
mr_np_loaded
Status indicating whether a new page has been loaded into the AN next page transmit register
(register 7).

Values: FALSE; A new page has not been loaded.
TRUE; A new page has been loaded.

mr_np_tx<16:1>
A 16-bit array that contains the new next page to transmit. If a next page exchange is invoked, this
array is conveyed to tx_Config _Reg<D15:D0> for transmission to the link partner. For each
clement within the array:

Values: ZEROQ; Data bit is logical zero.
ONE:; Data bit is logical one.

mr_page_rx
Status indicating whether a new page has been received. A new page has been successfully
received when acknowledge _match=TRUE and consistency _match=TRUE and the
rx_Config_Reg<DI15:D0> value has been written to mr_lp_adv_ability<16:1> or
mr_lp_np_rx<16:1>, depending on whether the page received was a base or next page,
respectively.
Values: FALSE; A new page has not been received.

TRUE:; A new page has been received.

NOTE —For the first setting of mr_page rx, mr_lp_adv_ability is valid but need not be read as it is pre-
served through a next page operation. On subsequent settings of mr_page rx, mr_Ip_np_rx must be read
prior to loading mr_np_tx register in order to avoid the overlay of next page information.

mr_restart_an
Controls renegotiation via management control.

Values: FALSE; Do not restart Auto-Negotiation.
TRUE; Restart Auto-Negotiation.

np_rx
Flag to hold value of rx_Config_Reg<NP> upon entry to state COMPLETE ACKNOWLEDGE.
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This value is associated with the value of rx_Config Reg<NP> when acknowledge match was
last set.
Values: ZERO; The local device np_rx bit equals logic zero.

ONE; The local device np_rx bit equals logic one.

power_on
Condition that is true until such time as the power supply for the device that contains the Auto-
Negotiation function has reached the operating region. The condition is also true when the device
has low power mode set via Control register bit 0.11.
Values: FALSE; The device is completely powered (default).
TRUE; The device has not been completely powered.

NOTE — Power_on evaluates to its default value in each state where it is not explicitly set.
resolve_priority
Controls the invocation of the priority resolution function specified in Table 37-4.

Values: OFF; The priority resolution function is not invoked (default).
ON; The priority resolution function is invoked.

NOTE — Resolve_priority evaluates to its default value in each state where it is not explicitly set.

rx_Config_Reg<D15:D0>
Defined in 36.2.5.1.3.
sync_status
Defined in 36.2.5.1 3.

toggle rx
Flag to keep track of the state of the link partner Toggle bit.
Values: ZERO; The link partner Toggle bit equals logic zero.
ONE; The link partner Toggle bit equals logic one.

toggle tx
Flag to keep track of the state of the local device Toggle bit.
Values: ZERO:; The local device Toggle bit equals logic zero.
ONE; The local device Toggle bit equals logic one.
tx_Config_Reg<D15:D0>
Defined in 36.2.5.1.3. This array may be loaded from mr_adv_ability or mr_np_tx.
xmit
A parameter set by the PCS Auto-Negotiation process to reflect the source of information to the
PCS Transmit process.
Values: CONFIGURATION: Tx_Config Reg<D15:D0> information is being sourced from the
PCS Auto-Negotiation process.
DATA: /I/, sourced from the PCS, is interspersed with packets sourced from the MAC.
IDLE: /I/ is being sourced from the PCS Auto-Negotiation process.

37.3.1.2 Functions

ability_match
For a stream of /C/ and /1/ ordered_sets, this function continuously indicates whether the last three
consecutive rx_Config_Reg<D15,D13:D0> values match. Three consecutive
rx_Config_Reg<DI15,D13:D0> values are any three rx_Config_Reg<D15,D13:D0> values
received one after the other, regardless of whether the rx_Config_Reg<D15,D13:D0> value has
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already been used in a rx_Config Reg<D15,D13:D0> match comparison or not. The match count
is reset upon receipt of /1/. The match count is reset upon receipt of a second or third consecutive
rx_Config Reg<D15,D13:D0> value which does not match the rx_Config Reg<D15,D13:D0>
values for which the match count was set to one.

Values: FALSE; Three matching consecutive rx_Config_Reg<D15,D13:D0> values have not
been received (default).
TRUE; Three matching consecutive rx_Config Reg<D15,D13:D0> values have been
received.

NOTE — Ability_match is set by this function definition; it is not set explicitly in the state diagrams.
Ability_match evaluates to its default value upon state entry.

acknowledge match
For a stream of /C/ and /1/ ordered_sets, this function continuously indicates whether the last three
consecutive rx_Config Reg<D15:D0> values match and have the Acknowledge bit set. Three
consecutive rx_Contig Reg<D15:D0> values are any three rx_Config Reg<D15:D0> values
contained within three /C/ ordered_sets received one after the other, regardless of whether the
rx_Config_Reg<DI15:D0> value has already been used in a rx_Config_Reg<D15:D0> match
comparison or not. The match count is reset upon receipt of /I/. The match count is reset upon
receipt of a second or third consecutive rx_Config_Reg<D15:D0> value which does not match the
rx_Config_Reg<D15:D0> values for which the match count was set to one.

Values: FALSE; Three matching and consecutive rx_Config_Reg<D15:D0> values have not
been received with the Acknowledge bit set (default).
TRUE; Three matching and consecutive rx_Config_Reg<D15:D0> values have been
received with the Acknowledge bit set.

NOTE — Acknowledge _match is set by this function definition; it is not set explicitly in the state diagrams.
Acknowledge_match evaluates to its default value upon state entry.

an_enableCHANGE
This function monitors the mr_an_enable variable for a state change. The function is set to TRUE
on state change detection.
Values: TRUE; A mr_an_enable variable state change has been detected.
FALSE; A mr_an_enable variable state change has not been detected (default).

NOTE — An_enableCHANGE is set by this function definition; it is not set explicitly in the state diagrams.
An_enableCHANGE evaluates to its default value upon state entry.

consistency_match
Indicates that the rx_Config_Reg<D15,D13:D0> value that caused ability _match to be set, for the
transition from states ABILITY DETECT or NEXT PAGE_WAIT to state
ACKNOWLEDGE_DETECT, is the same as the rx_Config_Reg<D15,D13:D0> value that
caused acknowledge_match to be set.

Values: FALSE; The rx_Config_Reg<D15,D13:D0> value that caused ability _match to be set
is not the same as the rx_Config_Reg<D15,D13:D0> value that caused
acknowledge_match to be set, ignoring the Acknowledge bit value.

TRUE; The rx_Config_Reg<D15,D13:D0> value that caused ability_match to be set is
the same as the rx_Config_Reg<D15,D13:D0> value that caused acknowledge _match
to be set, independent of the Acknowledge bit value.

NOTE — Consistency_match is set by this function definition; it is not set explicitly in the state diagrams.
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idle_match
For a stream of /C/ and /I/ ordered_sets, this function continuously indicates whether three
consecutive /I/ ordered_sets have been received. The match count is reset upon receipt of /C/.

Values: FALSE; Three consecutive /I/ ordered_sets have not been received (default).
TRUE:; Three consecutive /I/ ordered_sets have been received.

NOTE —Idle_match is set by this function definition; it is not set explicitly in the state diagrams. Idle_match
evaluates to its default value upon state entry.

37.3.1.3 Messages

RUDI
Alias for RX_UNITDATA .indicate(parameter). Defined in 36.2.5.1.6.

RX UNITDATA. indicate
Defined in 36.2.5.1.6.

37.3.1.4Timers
All timers operate in the manner described in 14.2.3.2.
link_timer
Timer used to ensure Auto-Negotiation protocol stability and register read/write by the
management interface.
Duration: 10 ms, tolerance +10 ms, -0 s.

37.3.1.5 State diagrams

The Auto-Negotiation state diagram is specified in Figure 37-6.

37.4 Environmental specifications

All equipment subject to this clause shall conform to the requirements of 14.7 and applicable sections of
ISO/IEC 11801: 1995.

37.5 Protocol Implementation Conformance Statement (PICS) proforma for
Clause 37, Auto-Negotiation function, type 1000BASE-X*

37.5.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 37, Auto-Negotiation func-
tion, type 1000BASE-X, shall complete the following Protocol Implementation Conformance Statement

(PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

37.5.2 Identification

4Copyrighf release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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power_on=TRUE + mr_main_reset=TRUE + ) S S "
mr_restart_an=TRUE + an_sync_status=FAIL + | Optional Implementation 1
an_enableCHANGE=TRUE + RUDI{INVALID) ability_match-TRUE * 1 #n—
rx_Config_Reg<D15:D0>=0 ' !
l NEXT_PAGE_WAIT 1
AL ﬁ : mr_np_loaded < FALSE :
AN_ENABLE ABILITY_DETECT : “r;:i::rlfx—geé&1 ks :
mr_page_rx < FALSE toggle_tx = mr_adv_ability<12>| I | tx_Config_Reg<D14=<=10 !
mr_an_complete < FALSE te_Config_Reg<D15> < : tx_Config_Reg<D13:D12> « :
IF mr_an_enable=TRUE, mr_adv_ability<16> | mr_np_tx<14:13> 1
THEMN tx_Config_Reg<D14= <0 1 | tx_Config_Reg<D11>< 1
tx_Config_Reg<D15:D0><0) tx_Config_Reg<D13:D0> < I | toggle_tx 1
xmit < CONFIGURATION. mr_adv_ability<14:1> I [tx_Config_Reg<D10:D0><= | 1
ELSE ability_match-TRUE = | Bt :
xmit = IDLE m_Config_Reg<D15:D0>=0 . | _________ L
| mr_an_enable
mr_an_enable —=FE
~EAESE ¥ ability_match-TRUE +
T ¥ ACKNOWLEDGE_DETECT ((toggle_x  rx_Config_Reg<D11>)-1) +
= " x_Config Reg<D15:D0>=0
start fink_timer tx_Config_Reg<D14> « 1
mr_np_loaded <= FALSE
tx_Config_Reg<D15:00> < 0
xmit < CONFIGURATION (acknowledge_match-TRUE = ackRowISage. Talch-TRLIE +
[ fink_timer_done mfgf;;ht‘:f;‘:}i?s E)+ consistency_match=TRUE

rx_Config_Reg<D15:D0>=0)

—¢ ) 4

AN_DISABLE_LINK_OK COMPLETE_ACKNOWLEDGE

g Start link_timer link_timer_done =
sdbailals toggle_tx < 'oggle_tx mr_adv_ability<16>=1 *
toggle_rx = mir_lp_adv_ability<16>=1 =
rx_Config_Reg<D11> mi_np_loaded=TRUE =
np_rx <= x_Config_Reg<NP> | (1x_Config_Reg<NP>=1 + np_rx=1) +
mr_page_rx < TRUE (ability_match-FALSE +
@ | rx_Config_Reg<D15:D0==0)

ability_match=TRUE = " ;
rx_Config_Reg<D15:D0>=0 ((link_timer_done *
(mr_adv_ability<16>=0 + mr_lp_adv_ability<16>=0)} +
(link_timer_done
mr_adv_ability<16>=1 = mr_Ip_adv_ability<16>=1 *
tx_Config_Reg<NP>=0 * np_rx=0)) *
(ability_match=FALSE + rx_Config_Reg<D15:D0>=0)

k.
IDLE_DETECT

start link_timer
xmit <= IDLE
resolve_priority <= ON

ability_match=TRUE = @ idle_match=TRUE *
rx_Config_Reg<D15:D0>=0 link_timer_done

h A
LINK_OK

xmit == DATA

mr_an_complete <= TRUE

resolve_priority <= ON

ability_match-TRUE @

NOTE—Ii the oplional Next Page function is not supported, the transition
from COMPLETE ACKNOWLEDGE to IDLE_DETECT can be simplified to:
link_timer_done * (ability_match=FALSE + rx_Config_Reg<D15:D0>-0)

Figure 37-6— Auto-Negotiation state diagram
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37.5.2.1 Implementation identification

Supplier (Note 1)
Contact point for enquiries about the PICS (Note 1)
Implementation Name(s) and Version(s) (Notes 1 and 3)

Other information necessary for full identification —e.g.,
name(s) and version(s) for machines and/or operating
systems; System Names(s) (Note 2)

NOTE 1—Required for all implementations.
NOTE 2—May be completed as appropriate in meeting the requirements for the identification.

NOTE 3— The terms Name and Version should be interpreted appropriately to correspond with a supplier’s termi-
nology (e.g., Type, Series, Model).

37.5.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3-2002%, Clause 37, Auto-Negotiation
function, type 1000BASE-X

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

Have any Exception items been required? Nol] Yes|[]
(See Clause 21; the answer Yes means that the implementation does not conform to TEEE Std 8023-?1}02‘9.}

Date of Statement

37.5.3 Major Capabilities/Options

Item Feature Subclause Value/Comment Status Support
*GMII | GMII Management Interface 37.1421 0 Yes[ ]
No[]
*RF Remote Fault function 37215 (8] Yes[ ]
No[]
*NP Next Page [unction 37243 0 Yes[ ]
No[]

In addition, the following predicate name is defined for use when different implementations from the set
above have common parameters:

*NPM: GMII and NP
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37.5.4 PICS proforma tables for the Auto-Negotiation function, type 1000BASE-X

37.5.4.1 Compatibility considerations

Item Feature Subclause Value/Comment Status Support
CC1 Provision of logical equivalent 3726 In the absence of any M Yes[]
of mr_adv_ability<16:1> management function
cCc2 Environmental specifications 374 M Yes[]
37.5.4.2 Auto-Negotiation functions
Item Feature Subclause Value/Comment Status Support
AN1 Config_Reg encoding 37.2.1 M Yes[]
AN2 Priority Resolution function 37242 M Yes[]
AN3 Avuto-Negonan(m state 373 M Yes[]
diagram
37.5.4.2.1 Config Reg
Item Feature Subclause Value/Comment Status | Support
CR1 | Reserved bits 3721 Set to zero M Yes|[]
CR2 Dciau]t_ encoding of Remote 17215 0h0O M Yes[]
Fault bits
37.5.4.2.2 Remote Fault functions
Item Feature Subclause Value/Comment Status | Support
RF1 Remote Fault encoding 37215 . RF:M Yes[]
N/AT]
RF2 | Use of Remote Fault Message | 37.2.1.5 To signal additional fault RF:0 Yes[]
Page code information Nol]
RF3 Notification duration 37215 Remains set until transition to RFEM Yes[ ]
IDLE_DETECT state, then reset to N/AT]
0b00
RF4 | Status Register RF bit (1.4) 37215 Upon detection of nonzero Remote RFEM Yes[]
Fault encoding N/IAT]
RF5 Offline indication 372152 0b01 RF:0 Yes [ ]
Nol]
RF6 | Link_Failure indication 372153 0b10 RF:0 Yes[]
Nol]
RF7 Auto-Negotiation_Error 372154 Obl1 RF:M Yes [ ]
N/AT]
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37.5.4.2.3 AN transmit functions

LOCAL AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Value/Comment Status Support
TX1 PCS Transmit function support | 37.2.2 M Yes|[]
TX2 Transmission of 3722 A device shall not transmit an M Yes [ ]

non-possessive abilities ability it does not possess.
37.5.4.2.4 AN receive functions

Item Feature Subclause Value/Comment Status Support
RX1 PCS Receive function support | 3723 M Yes|[]

37.5.4.2.5 Priority resolution functions
Item Feature Subclause Value/Comment Status Support

PRI Full duplex priority over half 37242 M Yes|[]

duplex

PR2 Priority resolution for pause 37242 Specified in Table 37-4 M Yes[]

capability
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Item Feature Subclause Value/Comment Status Support
Transmission of Message 37243 Upon local device completion NP:-M Yes|[]
Pages with a Null Message of next page requests N/AT]
Code
Recognition of Message Pages | 37.24.3 Signifies the end of link NP:M Yes|[ ]
with a Null Message Code partner next page information N/AT]
Initial Next Page Exchange 37243 Upon advertisement of NP NP:M Yes[]
ability by both devices N/AT]
Next Page Receipt Ability 37243 Indicated by advertising NP NP:M Yes|[]
ability via the NP bit N/AT]
Next page Config_Reg 372431 NP:-M Yes|[]
encoding N/AT]
Next Page (NP) bit setting 372432 For link_timer after entry into NP:M Yes[ ]
COMPLETE_ACKNOWLED N/AT]
GE state
Message Page (MP) bit 372434 NP:-M Yes [ ]
setting N/AT]
Acknowledge 2 (Ack2) bit 372435 NP:M Yes [ ]
setting N/IAT]
Message Code Field 372438 Reserved combinations shall NP:M Yes [ ]
combinations not be transmitted. N/IAT]
Next Page usage rules 3724311 NP:-M Yes|[]
N/AT]
37.5.4.2.7 Management registers
Item Feature Subclause Value/Comment Status Support
MR1 Control and Status registers 37.142.1 GMII:M Yes [ ]
N/AT]
MR2 Register usage 37251 Logical equivalent of Registers | GMII:M Yes|[]
0,1,4,5,6and 15 N/AT]
MR3 Next Page Register usage 37251 Logical equivalent of Registers | NPM:M Yes|[]
7 and 8 N/AT]
MR4 Page Received resetting 372515 Reset upon read to AN M Yes|[]
expansion register
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38. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 1000BASE-LX (Long Wavelength Laser) and 1000BASE-SX (Short
Wavelength Laser)

38.1 Overview

This clause specifies the I000BASE-SX PMD and the 1000BASE-LX PMD (including MDI) and baseband
medium for multimode and single-mode fiber. In order to form a complete Physical Layer, it shall be inte-
grated with the 1000BASE-X PCS and PMA of Clause 36, and integrated with the management functions
which are accessible through the Management Interface defined in Clause 35, which are hereby incorporated
by reference.

38.1.1 Physical Medium Dependent (PMD) sublayer service interface

The following specifies the services provided by the 1000BASE-SX and 1000BASE-LX PMD. These PMD
sublayers are described in an abstract manner and do not imply any particular implementation. It should be

noted that these services are based on similar interfaces defined in ANSI X3.230-1994 [B20] (FC-PH).

The PMD Service Interface supports the exchange of encoded 8B/10B characters between PMA entities.
The PMD translates the encoded 8B/10B characters to and from signals suitable for the specified medium.

The following primitives are defined:
PMD_UNITDATA request
PMD_UNITDATA .indicate
PMD_SIGNAL.indicate

NOTE—Delay requirements from the MDI to GMII that include the PMD layer are specified in Clause 36. Of this bud-
get, 4 ns is reserved for each of the transmit and receive functions of the PMD.

38.1.1.1 PMD_UNITDATA.request

This primitive defines the transfer of data (in the form of encoded 8B/10B characters) from the PMA to the
PMD.

38.1.1.1.1 Semantics of the service primitive
PMD_ UNITDATA .request (tx_bit)

The data conveyed by PMD_UNITDATA request is a continuous sequence of encoded 8B/10B characters.
The tx_bit parameter can take one of two values: ONE or ZERO.

38.1.1.1.2 When generated

The PMA continuously sends the appropriate encoded 8B/10B characters to the PMD for transmission on
the medium, at a nominal 1.25 GBd signaling speed.

38.1.1.1.3 Effect of receipt

Upon receipt of this primitive, the PMD converts the specified encoded 8B/10B characters into the appropri-
ate signals on the MDI.
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38.1.1.2 PMD_UNITDATA.indicate

This primitive defines the transfer of data (in the form of encoded 8B/10B characters) from the PMD to the
PMA.

38.1.1.2.1 Semantics of the service primitive
PMD UNITDATA .indicate (rx_bit)

The data conveyed by PMD_UNITDATA .indicate is a continuous sequence of encoded 8B/10B characters.
The rx_bit parameter can take one of two values: ONE or ZERO.

38.1.1.2.2 When generated

The PMD continuously sends encoded 8B/10B characters to the PMA corresponding to the signals received
from the MDI.

38.1.1.2.3 Effect of receipt
The effect of receipt of this primitive by the client is unspecified by the PMD sublayer.
38.1.1.3 PMD_SIGNAL.indicate
This primitive is generated by the PMD to indicate the status of the signal being received from the MDI.
38.1.1.3.1 Semantics of the service primitive

PMD_SIGNAL.indicate(SIGNAL DETECT)
The SIGNAL DETECT parameter can take on one of two values: OK or FAIL, indicating whether the PMD is
detecting light at the recciver (OK) or not (FAIL). When SIGNAL_DETECT = FAIL, then rx_bit is undefined,
but consequent actions based on PMD_UNITDATA .indicate, where necessary, interpret rx_bit as a logic ZERO.

NOTE—SIGNAL_DETECT = OK does not guarantee that rx_bit is known good. It is possible for a poor quality link to
provide sufficient light for a SIGNAL DETECT = OK indication and still not meet the 1072 BER objective.

38.1.1.3.2 When generated

The PMD generates this primitive to indicate a change in the value of SIGNAL_DETECT.
38.1.1.3.3 Effect of receipt

The effect of receipt of this primitive by the client is unspecified by the PMD sublayer.
38.1.2 Medium Dependent Interface (MDI)

The MDI, a physical interface associated with a PMD, is comprised of an electrical or optical medium
connection.

38.2 PMD functional specifications

The 1000BASE-X PMDs perform the Transmit and Receive functions that convey data between the PMD
service interface and the MDI.
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38.2.1 PMD block diagram

For purposes of system conformance, the PMD sublayer is standardized at the following points. The optical
transmit signal is defined at the output end of a patch cord (TP2), between 2 and 5 m in length, of a type con-
sistent with the link type connected to the transmitter receptacle defined in 38.11.2. If a single-mode fiber
offset-launch mode-conditioning patch cord is used, the optical transmit signal is defined at the end of this
single-mode fiber offset-launch mode-conditioning patch cord at TP2. Unless specified otherwise, all trans-
mitter measurements and tests defined in 38.6 are made at TP2. The optical receive signal is defined at the
output of the fiber optic cabling (TP3) connected to the receiver receptacle defined in 38.11.2. Unless speci-
fied otherwise, all receiver measurements and tests defined in 38.6 are made at TP3.

TP1 and TP4 are standardized reference points for use by implementers to certify component conformance.
The electrical specifications of the PMD service interface (TP1 and TP4) are not system compliance points
(these are not readily testable in a system implementation). It is expected that in many implementations, TP1
and TP4 will be common between 1000BASE-SX, 1000BASE-LX, and 1000BASE-CX (Clause 39).

MDI MDI

1 |

| |

(1) () (ws) (1)

| |
p T+ Optical Optical R+ P
M PMD PMD M
A Patch A

T= — Transmitter Cord Receiver [— = R

Fiber Optic Cabling

(Channel)
| Signal_Detect

/( |

Figure 38-1—1000BASE-X block diagram

System Bulkheads

38.2.2 PMD transmit function

The PMD Transmit function shall convey the bits requested by the PMD service interface message
PMD_UNITDATA request(tx_bit) to the MDI according to the optical specifications in this clause. The
higher optical power level shall correspond to tx_bit = ONE.

38.2.3 PMD receive function

The PMD Receive function shall convey the bits received from the MDI according to the optical specifica-
tions in this clause to the PMD service interface using the message PMD_UNITDATA .indicate(rx_bit). The
higher optical power level shall correspond to rx_bit = ONE.

38.2.4 PMD signal detect function
The PMD Signal Detect function shall report to the PMD service interface, using the message

PMD_SIGNAL.indicate(SIGNAL_DETECT), which is signaled continuously. PMD_SIGNAL.indicate is
intended to be an indicator of optical signal presence.
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The value of the SIGNAL_DETECT parameter shall be generated according to the conditions defined in
Table 38—1. The PMD receiver is not required to verify whether a compliant 1000BASE-X signal is being
received. This standard imposes no response time requirements on the generation of the SIGNAL _DETECT
parameter..

Table 38-1—SIGNAL_DETECT value definition

Signal detect

Receive conditions
value

Input_optical_power < -30 dBm FAIL

Input_optical_power = Receive sensitivity | OK
AND
compliant 1000BASE-X signal input

All other conditions Unspecified

As an unavoidable consequence of the requirements for the setting of the SIGNAL_DETECT parameter,
implementations must provide adequate margin between the input optical power level at which the
SIGNAL_DETECT parameter is set to OK, and the inherent noise level of the PMD due to cross talk, power
supply noise, etc.

Various implementations of the Signal Detect function are permitted by this standard, including implementa-
tions which generate the SIGNAL_DETECT parameter values in response to the amplitude of the 8B/10B
modulation of the optical signal and implementations that respond to the average optical power of the 8B/
10B-modulated optical signal.

38.3 PMD to MDI optical specifications for 1000BASE-SX

The operating range for 1000BASE-SX is defined in Table 38-2. A 1000BASE-SX compliant transceiver
supports both multimode fiber media types listed in Table 38-2 (i.e., both 50 um and 62.5 um multimode
fiber) according to the specifications defined in 38.11. A transceiver that exceeds the operational range
requirement while meeting all other optical specifications is considered compliant (e.g., 2 50 pm solution
operating at 600 m meets the minimum range requirement of 2 to 550 m).

Table 38—-2— Operating range for 1000BASE-SX over each optical fiber type

Modal bandwidth @ 850 nm o .
Fiber type (min. overfilled launch) Dl rangs

(MHz - km) (meters)
62.5 pm MMF 160 210220
62.5 pm MMF 200 210275
50 pum MMF 400 2 to 500
50 um MMF 500 2to 550

10 pm SMF N/A Not supported
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38.3.1 Transmitter optical specifications

LOCAL AND METROPOLITAN AREA NETWORKS:

The 1000BASE-SX transmitter shall meet the specifications defined in Table 38-3 per measurement tech-
niques defined in 38.6. It shall also meet a transmit mask of the eye measurement as defined in 38.6.5.

Table 38-3—1000BASE-SX transmit characteristics

Description

62.5 ym MMF 50 pm MMF

Unit

Transmitter type

Signaling speed (range)

Wavelength (A, range)

T e/ Tran (max; 20%-80%; A > 830 nm)
Tﬁs.cfl‘m" (max; 20%-80%; X < 830 nm)
RMS spectral width (max)

Average launch power (max)

Average launch power (min)

Average launch power of OFF transmitter (ma.x)b
Extinction ratio (min)

RIN (max)

Coupled Power Ratio (CPR) (min)©

Shortwave Laser
1.25 = 100 ppm
770 to 860
0.26
0.21
0.85
See footnote *
95
30
9

117
9 <CPR

GBd
nm
ns
ns
nm
dBm
dBm
dBm
dB
dB/Hz
dB

“The 1000BASE-SX launch power shall be the lesser of the class 1 safety limit as defined by 38.7.2 or the av-

erage receive power (max) defined by Table 38-4.

Examples of an OFF transmitter are: no power supplied to the PMD, laser shutdown for safety conditions,
activation of a “transmit disable” or other optional module laser shut down conditions. During all conditions
when the PMA is powered, the ac signal (data) into the transmit port will be valid encoded 8B/10B patterns
(this is a requirement of the PCS layers) except for short durations during system power-on-reset or diagnos-

tics when the PMA is placed in a loopback mode.

“Radial overfilled launches as described in 38A.2, while they may meet CPR ranges, should be avoided.

The CPR specification provides sufficient mode volume so that individual multimode fiber (MMF) modes do
not dominate fiber performance. This reduces the effect of peak-to-peak differential mode delay (DMD)
between the launched mode groups and diminishes the resulting pulse-splitting-induced nulls in the fre-

quency response.
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38.3.2 Receive optical specifications
The 1000BASE-SX receiver shall meet the specifications defined in Table 38—4 per measurement techniques

defined in 38.6. The sampling instant is defined to occur at the eye center. The receive sensitivity includes
the extinction ratio penalty.

Table 38—-4—1000BASE-SX receive characteristics

Description 62.5 pm MMF 50 pm MMF Unit
Signaling Speed (range) 1.25 = 100 ppm GBd
Wavelength (range) 770 to 860 nm
Average receive power (max) 0 dBm
Receive sensitivity 17 dBm
Return loss (min) 12 dB
Stressed receive sensitivity™ b 125 135 dBm
Vertical eye-closure penalty® 2.60 220 dB
Receive electrical 3 dB upper 1500 MHz
cutoff frequency (max)

AMeasured with conformance test signal at TP3 (see 38.6.11) for BER = 1072 at the eye center.

PMeasured with a transmit signal having a 9 dB extinction ratio. If another extinction ratio is
used, the stressed receive sensitivity should be corrected for the extinction ratio penalty .

“Vertical eye-closure penalty is a test condition for measuring stressed receive sensitivity. It is
not a required characteristic of the receiver.

38.3.3 Worst-case 1000BASE-SX link power budget and penalties (informative)

The worst-case power budget and link penalties for a I000BASE-SX channel are shown in Table 38-5.

Table 38-5—Worst-case 1000BASE-SX link power budget and penalties?

Parameter 62.5 pym MMF 50 pym MMF Unit
Modal bandwidth as measured at 850 nm 160 200 400 500 MHz - km
(minimum, overfilled launch)
Link power budget 7.5 75 75 75 dB
Operating distance 220 275 500 550 m
Channel insertion loss® © 238 2.60 337 3.56 dB
Link power penalties® 427 429 407 3.57 dB
Unallocated margin in link power budget® 084 0.60 0.05 037 dB

4Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.

bOperating distances used to calculate the channel insertion loss (see 1.4) are the maximum values specified in
Table 38-2.

€A wavelength of 830 nm is used to calculate channel insertion loss, link power penalties, and unallocated margin.
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LOCAL AND METROPOLITAN AREA NETWORKS:

38.4 PMD to MDI optical specifications for 1000BASE-LX

The operating range for 1000BASE-LX is defined in Table 38-6. A 1000BASE-LX compliant transceiver
supports all media types listed in Table 38-6 (i.c., 50 um and 62.5 pm multimode fiber, and 10 pm single-
mode fiber) according to the specifications defined in 38.11. A transceiver which exceeds the operational
range requirement while meeting all other optical specifications is considered compliant (e.g., a single-mode
solution operating at 5500 m meets the minimum range requirement of 2 to 5000 m).

Table 38-6— Operating range for 1000BASE-LX over each optical fiber type

Modal bandwidth @ 1300 nm
(min. overfilled launch) Minimum range
Fiber type (MHz - km) (meters)
62.5 pm MMF 500 2 to 550
50 pm MMF 400 2 to 550
50 pm MMF 500 2 to 550
10 pm SMF N/A 2 to 5000

38.4.1 Transmitter optical specifications

The 1000BASE-LX transmitter shall meet the specifications defined in Table 38—7 per measurement tech-
niques defined in 38.6. It shall also meet a transmit mask of the eye measurement as defined in 38.6.5. To
ensure that the specifications of Table 38—7 are met with MMF links, the 1000BASE-LX transmitter output
shall be coupled through a single-mode fiber offset-launch mode-conditioning patch cord, as defined in

38.114.

Table 38-7—1000BASE-LX transmit characteristics

Description 62.5 um MMF 50 pm MMF 10 pm SMF Unit
Transmitter type Longwave Laser
Signaling speed (range) 1.25 = 100 ppm | GBd
Wavelength (range) 1270 to 1355 | nm
Tise/ Tgan (max, 20-80% response time) 0.26 | ns
RMS spectral width (max) 4 | nm
Average launch power (max) 3 | dBm
Average launch power (min) 115 11.5 110 | dBm
Average launch power of OFF transmitter 30 ‘ dBm
(max) |
Extinction ratio (min) 9 | dB
RIN (max) 120 | dB/Hz
Coupled Power Ratio (CPR)* 28 < CPR< 40 12<CPR <20 N/A | dB

Due to the dual media (single-mode and multimode) support of the LX transmitter, fulfillment of this specification re-
quires a single-mode fiber offset-launch mode-conditioning patch cord described in 38.11.4 for MMF operation. This
patch cord is not used for single-mode operation.
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Conditioned launch (CL) produces sufficient mode volume so that individual multimode fiber (MMF) modes
do not dominate fiber performance. This reduces the effect of peak-to-peak differential mode delay (DMD)
between the launched mode groups and diminishes the resulting pulse-splitting-induced nulls in the fre-
quency response.

A CL is produced by using a single-mode fiber oftfset-launch mode-conditioning patch cord, inserted at both
ends of a full duplex link, between the optical PMD MDI and the remainder of the link segment. The single-
mode fiber offset-launch mode-conditioning patch cord contains a fiber of the same type as the cable (i.e.,
62.5 um or 50 pm fiber) connected to the optical PMD receiver input MDI and a specialized fiber/connector
assembly connected to the optical PMD transmitter output.

38.4.2 Receive optical specifications
The 1000BASE-LX receiver shall meet the specifications defined in Table 38-8 per measurement techniques

defined in 38.6. The sampling instant is defined to occur at the eye center. The receive sensitivity includes
the extinction ratio penalty.

Table 38-8—1000BASE-LX receive characteristics

Description Value Unit
Signaling speed (range) 1.25 = 100 ppm GBd
Wavelength (range) . 1270 to 1355 . nm
Average receive power (max) . 3 . dBm
Receive sensitivity 19 dBm
Return loss (min) 12 dB
Stressed receive sensitivity™ b - 144 . dBm
Vertical eye-closure penalty® . 2.60 . dB
Receive electrical 3 dB upper - 1500 . MHz
cutoff frequency (max)

Measured with conformance test signal at TP3 (see 38.6.11) for BER
=102 at the eye center.

PMeasured with a transmit signal having a 9 dB extinction ratio. If an-
other extinction ratio is used, the stressed receive sensitivity should
be corrected for the extinction ratio penalty.

“Vertical eye-closure penalty is a test condition for measuring stressed
receive sensitivity. It is not a required characteristic of the receiver.
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38.4.3 Worst-case 1000BASE-LX link power budget and penalties (informative)

The worst-case power budget and link penaltics for a 1000BASE-LX channel are shown in Table 38-9.

Table 38-9—Worst-case 1000BASE-LX link power budget and penalties?

625pum 10 pm
Parameter MMF 50 um MMF SMF Unit

Modal bandwidth as measured at 1300 nm 500 400 500 N/A MHz - km
(minimum, overfilled launch)

Link power budget 15 7.5 7.5 80 dB
Operating distance 550 550 550 5000 m
Channel insertion loss® ¢ 235 235 235 4.57 dB
Link power penalties® 348 5.08 3.96 3.27 dB
Unallocated margin in link power budget® 1.67 0.07 1.19 0.16 dB

*Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.
Operating distances used to calculate the channel insertion loss (see 1.4) are the maximum values specified in
Table 38-6.

€A wavelength of 1270 nm is used to calculate channel insertion loss, link power penalties, and unallocated margin.

38.5 Jitter specifications for 1000BASE-SX and 1000BASE-LX
Numbers in the Table 38—10 represent high-frequency jitter (above 637 kHz) and do not include low-fre-

quency jitter or wander. Implementations shall conform to the normative values highlighted in bold in
Table 3810 (see measurement procedure in 38.6.8). All other values are informative.

Table 38-10—1000BASE-SX and 1000BASE-LX jitter budget

Total jitter® Deterministic jitter
Compliance point T
Ul ps Ul ps
TP1 0.240 192 0.100 80
TP1 to TP2 - 0.284 227 0.100 80
P2 . 0.431 . 345 0.200 160
TP2 to TP3 . 0.170 136 0.050 40
P3 . 0.510 . 408 0.250 200
TP3 to TP4 . 0.332 266 0212 170
TP4" - 0.749 - 599 0462 370

2 Total jitter is composed of both deterministic and random components. The
allowed random jitter equals the allowed total jitter minus the actual deter-
ministic jitter at that point.

easured with a conformance test signal at TP3 (see 38.6.11) set to an aver-
age optical power (.5 dB greater than the stressed receive sensitivity from
Table 38-4 for 1000BASE-SX and Table 38-8 for I000BASE-LX.
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38.6 Optical measurement requirements

All optical measurements shall be made through a short patch cable, between 2 and 5 m in length. If a sin-
gle-mode fiber offset-launch mode-conditioning patch cord is used, the optical transmit signal is defined at
the output end (TP2) of the single-mode fiber offset-launch mode-conditioning patch cord.

38.6.1 Center wavelength and spectral width measurements

The center wavelength and spectral width (RMS) shall be measured using an optical spectrum analyzer per
ANSI/EIA/TIA-455-127-1991 |B8]. Center wavelength and spectral width shall be measured under modu-
lated conditions using a valid 1000BASE-X signal.

38.6.2 Optical power measurements

Optical power shall be measured using the methods specified in ANSI/EIA-455-95-1986 |B7]. This mea-
surement may be made with the node transmitting any valid encoded 8B/10B data stream.

38.6.3 Extinction ratio measurements

Extinction ratio shall be measured using the methods specified in ANSI/TIA/EIA-526-4A-1997 [B13]. This
measurement may be made with the node transmitting a data pattern defined in 36A.2. This is a repeating
K28.7 data pattern. The extinction ratio is measured under fully modulated conditions with worst-case
reflections.

NOTE—A repeating K28.7 data pattern generates a 125 MHz square wave.
38.6.4 Relative Intensity Noise (RIN)

RIN shall be measured according to ANSI X3.230-1994 [B20] (FC-PH), Annex A, A.5, Relative intensity
noise (RIN) measuring procedure. Per this FC-PH annex, “This procedure describes a component test which
may not be appropriate for a system level test depending on the implementation.” RIN is referred to as RIN{,
in the referenced standard. For multimode fiber measurements, the polarization rotator referenced in ANSI
X3.230-1994 should be omitted, and the single-mode fiber should be replaced with a multimode fiber.

38.6.5 Transmitter optical waveform (transmit eye)

The required transmitter pulse shape characteristics are specified in the form of a mask of the transmitter eye
diagram as shown in Figure 38—2. The transmit mask is not used for response time and jitter specification.

Normalized amplitudes of 0.0 and 1.0 represent the amplitudes of logic ZERO and ONE, respectively.

The eye shall be measured with respect to the mask of the eye using a fourth-order Bessel-Thomson filter
having a transfer function given by

105

H(p) = 2 3 4
105+ 105y +45y + 10y +y

where

f. = 09375GHz

Copyright © 2002 IEEE. All rights reserved. 111

LINKPLAY EXHIBIT 1017
Page 111 of 379



IEEE Std 802.3-2002%, Section Three LOCAL AND METROPOLITAN AREA NETWORKS:

and where the filter response vs. frequency range for this fourth order Bessel-Thomson filter is defined in
ITU-T G.957 , along with the allowed tolerances for its physical implementation.

NOTE 1 —This Bessel-Thomson filter is not intended to represent the noise filter used within an optical receiver, but is
intended to provide uniform measurement conditions at the transmitter.

NOTE 2 - The fourth-order Bessel-Thomson filter is reactive. In order to suppress reflections, a 6 dB attenuator may be
required at the filter input and/or output.

Normalized Time (Unit Interval)
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1 I L 1
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[ | | |
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e | | | | o
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5 | | I | =z
=
0 f j i ] 0.0
o0 | | | | —
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0 22 37.5 62.5 78 100

Normalized Time (% of Unit Interval)

Figure 38-2—Transmitter eye mask definition

38.6.6 Transmit rise/fall characteristics

Optical response time specifications are based on unfiltered waveforms. Some lasers have overshoot and
ringing on the optical waveforms which, if unfiltered, reduce the accuracy of the measured 20-80% response
times. For the purpose of standardizing the measurement method, measured waveforms shall conform to the
mask defined in Figure 38-2. If a filter is needed to conform to the mask, the filter response should be
removed using the equation:

2 2
Triseran = Aj (T eise gat measurod) —( Tise fatl_ier)
where the filter may be different for rise and fall. Any filter should have an impulse response equivalent to a
fourth order Bessel-Thomson filter. The fourth-order Bessel-Thomson filter defined in 38.6.5 may be a con-
venient filter for this measurement; however, its low bandwidth adversely impacts the accuracy of the
Tiie fa1 MEAsUrements.

38.6.7 Receive sensitivity measurements

The receive sensitivity shall be measured using a worst-case extinction ratio penalty while sampling at the
eye center.
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The stressed receive sensitivity shall be measured using the conformance test signal at TP3, as specified in
38.6.11. After correcting for the extinction ratio of the source, the stressed receive sensitivity shall meet the
conditions specified in Table 38—4 for 1000BASE-SX and in Table 38-8 for 1000BASE-LX.

38.6.8 Total jitter measurements

All total jitter measurements shall be made according to the method in ANSI X3.230-1994 |B20] (FC-PH),
Annex A, A.4.2, Active output interface eye opening measurement. Total jitter at TP2 shall be measured uti-
lizing a BERT (Bit Error Rate Test) test set. References to use of the Bessel-Thomson filter shall substitute
use of the Bessel-Thomson filter defined in this clause (see 38.6.5). The test shall utilize the mixed frequency
test pattern specified in 36A.3.

Total jitter at TP4 shall be measured using the conformance test signal at TP3, as specified in 38.6.11. The
optical power shall be 0.5 dB greater than (to account for eye opening penalty) the stressed receive sensitiv-
ity level in Table 38—4 for 1000BASE-SX and in Table 38-8 for 1000BASE-LX. This power level shall be
corrected if the extinction ratio differs from the specified extinction ratio (min) of 9 dB. Measurements shall
be taken directly at TP4 without additional Bessel-Thomson filters.

Jitter measurement may use a clock recovery unit (commonly referred to in the industry as a “golden PLL")
to remove low-frequency jitter from the measurement as shown in Figure 38-3. The clock recovery unit has
a low pass filter with 20 dB/decade rolloff with —3 dB point of 637 kHz. For this measurement, the recovered
clock will run at the signaling speed. The golden PLL is used to approximate the PLL in the deserializer
function of the PMA. The PMA deserializer is able to track a large amount of low-frequency jitter (such as
drift or wander) below its bandwidth. This low-frequency jitter would create a large measurement penalty,
but does not affect operation of the link.

Serial Data Stream Jitter
| Measurement
Instrument
Recovered clock for use as trigger
» Clock Recovery &

Programmable Counter

Figure 38-3 —Utilization of clock recovery unit during measurement

38.6.9 Deterministic jitter measurement (informative)

Deterministic jitter should be measured according to ANSI X3.230-1994 [B20] (FC-PH), Annex A, A 4.3,
DJ Measurement. The test utilizes the mixed frequency test pattern specified in 36A.3. This method utilizes
a digital sampling scope to measure actual vs. predicted arrival of bit transitions of the 36A.3 data pattern
(alternating K28.5 code-groups).

It is convenient to use the clock recovery unit described in 38.6.8 for purposes of generating a trigger for the
test equipment. This recovered clock should have a frequency equivalent to 1/20th of the signaling speed.

38.6.10 Coupled Power Ratio (CPR) measurements
Coupled Power Ratio (CPR) is measured in accordance with ANSI/EIA/TIA-526-14A [B14]. Measured

CPR values are time averaged to eliminate variation from speckle fluctuations. The coupled power ratio shall
be measured for compliance with Table 38-3 and Table 38-7.
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38.6.11 Conformance test signal at TP3 for receiver testing

Receivers being tested for conformance to the stressed receive sensitivity requirements of 38.6.7 and the
total jitter requirements of 38.6.8 shall be tested using a conformance test signal at TP3 conforming to the
requirements described in Figure 38—4. The conformance test signal shall be generated using the short con-
tinuous random test pattern defined in 36A.5. The conformance test signal is conditioned by applying deter-
ministic jitter (DJ) and intersymbol interference (ISI). The conditioned conformance test signal is shown
schematically in Figure 38-4. The horizontal eye closure (reduction of pulse width) caused by the duty cycle
distortion (DCD) component of DJ shall be no less than 65 ps. The vertical eye-closure penalty shall be
greater than or equal to the value specified in Table 384 for 1000BASE-SX and Table 38-8 for 1000BASE-
LX. The DJ cannot be added with a simple phase modulation, which does not account for the DCD compo-
nent of DJ.

Average Optical Power (not necessarily at eye crossing)

A
Vertical MNominal
Eys Amplitude
Opening without
with 1S1 (An)
IS (Ag)

Y

Horizontal Eye Closure —— -—

Measured at Average Optical Power

Figure 38-4—Required characteristics of the conformance test signal at TP3

The vertical eye-closure penalty is given by

A
Vertical eye-closure penalty [dB] = 10 - Ingﬂ—o
N

where Ag is the amplitude of the eye opening, and Ay is the normal amplitude without ISI, as measured in
Figure 38-4.

Figure 38-5 shows the recommended test set up for producing the conformance test signal at TP3. The coax-
ial cable is adjusted in length to produce the correct DCD component of DJ. Since the coaxial cable can pro-
duce the incorrect 181, a limiting amplifier is used to restore fast rise and fall times. A Bessel-Thomson filter
is selected to produce the minimum ISI induced eye closure as specified per Table 38—4 for 1000BASE-SX
and Table 38-8 for 1000BASE-LX. This conditioned signal is used to drive a high bandwidth linearly mod-
ulated laser source.
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The vertical and horizontal eye closures to be used for receiver conformance testing are verified using a fast
photodetector and amplifier. The bandwidth of the photodetector shall be at least 2.5 GHz and be coupled
through a 1.875 GHz fourth-order Bessel-Thomson filter to the oscilloscope input. Special care should be
taken to ensure that all the light from the fiber is collected by the fast photodetector and that there is negligi-
ble mode selective loss, especially in the optical attenuator.

Serial Bit
Stream
Generator
Limiting
P 4th-order
Amplifier BT filter
Coaxial Linear laser Optical
cable \ > source [P attenuator
TP3

Receiver
under test - TP4

Figure 38-5— Apparatus for generating receiver conformance test signal at TP3

38.6.12 Measurement of the receiver 3 dB electrical upper cutoff frequency

The receiver 3 dB electrical upper cutoff frequency shall be measured as described below. The test setup is
shown in Figure 38—6. The test is performed with a laser that is suitable for analog signal transmission. The
laser is modulated by a digital data signal. In addition to the digital modulation, the laser is modulated with
an analog signal. The analog and digital signals should be asynchronous. The data pattern to be used for this
test is the short continuous random test pattern defined in 36A.5. The frequency response of the laser must
be sufficient to allow it to respond to both the digital modulation and the analog modulation. The laser
should be biased so that it remains linear when driven by the combined signals.

. MMF :
RF signal RF power Optical
generator L combiner > ol B attenuator L our

Pattern J

generator | BERT
Clock

Figure 38-6—Test setup for receiver bandwidth measurement

The 3 dB upper cutoff frequency is measured using the following steps a) through e):

a)  Calibrate the frequency response characteristics of the test equipment including the analog radio fre-
quency (RF) signal generator, RF power combiner, and laser source. Measure the laser’s extinction
ratio according to 38.6.3. With the exception of extinction ratio, the optical source shall meet the
requirements of Clause 38.

b)  Configure the test equipment as shown in Figure 38—6. Take care to minimize changes to the signal
path that could affect the system frequency response after the calibration in step a. Connect the laser
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output with no RF modulation applied to the receiver under test through an optical attenuator and
taking into account the extinction ratio of the source, set the optical power to a level that approxi-
mates the stressed receive sensitivity level in Table 38—4 for 1000BASE-SX and in Table 38-8 for
1000BASE-LX.

¢) Locate the center of the eye with the BERT. Turn on the RF modulation while maintaining the same
average optical power cstablished in step b.

d)  Measure the necessary RF modulation amplitude (in dBm) required to achieve a constant BER (e.g.,
lU_s) for a number of frequencies.

e) The receiver 3 dB electrical upper cutoff frequency is that frequency where the corrected RF modu-
lation amplitude (the measured amplitude in “d” corrected with the calibration data in “a”) increases
by 3 dB (electrical). If necessary, interpolate between the measured response values.

38.7 Environmental specifications

38.7.1 General safety

All equipment meeting this standard shall conform to IEC-60950: 1991.

38.7.2 Laser safety

1000BASE-X optical transceivers shall be Class 1 laser certified under any condition of operation. This
includes single fault conditions whether coupled into a fiber or out of an open bore. Transceivers shall be

certified to be in conformance with IEC 60825-1.

Conformance to additional laser safety standards may be required for operation within specific geographic
regions.

Laser safety standards and regulations require that the manufacturer of a laser product provide information about
the product’s laser, safety features, labeling, use, maintenance and service. This documentation shall explicitly
define requirements and usage restrictions on the host system necessary to meet these safety certifications.’
38.7.3 Installation

Sound installation practice, as defined by applicable local codes and regulations, shall be followed in every
instance in which such practice is applicable.

38.8 Environment

Normative specifications in this clause shall be met by a system integrating a 1000BASE-X PMD over the
life of the product while the product operates within the manufacturer’s range of environmental, power, and

other specifications.

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

It is recommended that manufacturers indicate, in the literature associated with the components of the opti-

cal link, the distance and operating environmental conditions over which the specifications of this clause will
be met.

A host system that fails to meel the manufacturers requirements and/or usage restrictions may emit laser radiation in excess of the
siafety limits of one or more safety standards. In such a case, the host manufacturer is required to obtain its own laser safety certification.
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38.8.1 Electromagnetic emission

A system integrating a 1000BASE-X PMD shall comply with applicable local and national codes for the
limitation of clectromagnetic interference.

38.8.2 Temperature, humidity, and handling
The optical link is expected to operate over a reasonable range of environmental conditions related to tem-

perature, humidity, and physical handling (such as shock and vibration). Specific requirements and values
for these parameters are considered to be beyond the scope of this standard.

38.9 PMD labeling requirements

It is recommended that each PHY (and supporting documentation) be labeled in a manner visible to the user
with at least the following parameters, according to the PMD-MDI type.

PMD MDI type 1000BASE-SX:

a) 1000BASE-SX
b)  Applicable safety warnings

PMD MDI type 1000BASE-LX:

a) 1000BASE-LX
b)  Applicable safety warnings

Labeling requirements for Class 1 lasers are given in the laser safety standards referenced in 38.7.2.

38.10 Fiber optic cabling model
The fiber optic cabling model is shown in Figure 38-7.
MDI MDI

| |
|-1 Fiber optic cabling (channel) PI

J J
PMD |- é;nggr — Connection ~@— Building Cable —# Connection |-— g?ggr —| PMD

Figure 38-7—Fiber optic cabling model

The channel insertion loss is given in Table 38—11. Insertion loss measurements of installed fiber cables are
made in accordance with ANSI/TIA/EIA-526-14A |B14], method B; and ANSI/TIA/EIA-526-7 [B15],
method A-1. The fiber optic cabling model (channel) defined here is the same as a simplex fiber optic link
segment. The term channel is used here for consistency with generic cabling standards.
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Table 38—-11—Channel insertion loss

Description 62.5 pm MMF 50 pm MMF 10 pm SMF Unit
Wavelength 850 850 1300 850 850 1300 1310 nm
Modal bandwidth (min; 160 200 500 400 500 400 or N/A MHz - km
overfilled launch) 500
Operating distance 220 275 550 500 550 550 5000 m
Channel insertion loss? ? 233 253 232 325 343 232 4.5 dB

“These channel insertion loss numbers are based on the nominal operating wavelength.
hOpcmling distances used to calculate channel insertion loss are those listed in this table.

38.11 Characteristics of the fiber optic cabling

The 1000BASE-SX and 1000BASE-LX fiber optic cabling shall meet the specifications defined in
Table 38—12. The fiber optic cabling consists of one or more sections of fiber optic cable and any
intermediate connections required to connect sections together. It also includes a connector plug at each end
to connect to the MDI. The fiber optic cabling spans from one MDI to another MDI, as shown in Figure
38-7.

38.11.1 Optical fiber and cable
The fiber optic cable requirements are satisfied by the fibers specified in IEC 60793-2:1992. Types Ala (50/

125 pm multimode), Alb (62.5/125 pm multimode), and B1 (10/125 pm single-mode) with the exceptions
noted in Table 38—12.

Table 38-12—Optical fiber and cable characteristics

Description 62.5 um MMF 50 pm MMF 10 pm SMF Unit
Nominal fiber
specification 850 1300 850 1300 1310 nm
wavelength
Fiber cable attenu- I 375% 1.5 3.5 155 0.5 dB/km
ation (max)
Modal Bandwidth 160 500 400 400 N/A MHz - km
(min; overfilled [ T
launch) 200 500 500 500 N/A MHz - km
Zero dispersion 1320 = &, = 1365 1295 = A, < 1320 1300 = A, < 1324 nm
wavelength (Ag)
Dispersion slope 0.11 for 0.11 for 0.093 ps/ nm? - km
(max) (Sy) 1320 = A= 1348 and 1300 = Ay = 1320 and
0.001(1458 — Ay) for 0.001(A, — 1190) for
1348 = )= 1365 1295 = by = 1300

*This value of attenuation is a relaxation of the standard (IEC 60793-2, type Alb, category less than or equal to 3.5 dB/km).
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38.11.2 Optical fiber connection

An optical fiber connection as shown in Figure 38-7 consists of a mated pair of optical connectors. The
1000BASE-SX or 1000BASE-LX PMD is coupled to the fiber optic cabling through a connector plug into
the MDI optical receptacle, as shown in 38.11.3.

38.11.2.1 Connection insertion loss
The insertion loss is specified for a connection, which consists of a mated pair of optical connectors.

The maximum link distances for multimode fiber are calculated based on an allocation of 1.5 dB total con-
nection and splice loss. For example, this allocation supports three connections with an average insertion
loss equal to 0.5 dB (or less) per connection, or two connections (as shown in Figure 38-7) with a maximum
insertion loss of 0.75 dB. Connections with different loss characteristics may be used provided the require-
ments of Table 38—11 and Table 38—12 are met.

The maximum link distances for single-mode fiber are calculated based on an allocation of 2.0 dB total con-
nection and splice loss. For example, this allocation supports four connections with an average insertion loss
per connection of 0.5 dB. Connections with different loss characteristics may be used provided the require-
ments of Table 38—11 and Table 38—12 are met.

38.11.2.2 Connection return loss
The return loss for multimode connections shall be greater than 20 dB.

The return loss for single-mode connections shall be greater than 26 dB.

38.11.3 Medium Dependent Interface (MDI)

The 1000BASE-SX and 1000BASE-LX PMD is coupled to the fiber optic cabling through a connector plug
into the MDI optical receptacle. The 1000BASE-SX and 1000BASE-LX MDI optical receptacles shall be
the duplex SC, meeting the following requirements:

a) Meet the dimension and interface specifications of IEC 61754-4 |B25] and 1EC 61754-4, Interface
4-2.

b)  Meet the performance specifications as specified in ISO/IEC 11801.

c¢)  Ensure that polarity is maintained.

d) The receive side of the receptacle is located on the left when viewed looking into the transceiver
optical ports with the keys on the bottom surface.
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A sample drawing of a duplex SC connector and receptacle is provided in Figure 38-8.

Slots for keys

NOTE—Connector keys are used for transmit/receive polarity only. The connector keys do not dif-
ferentiate between single-mode and multimode connectors.

Figure 38—8—Duplex SC connector and receptacle (informative)

38.11.4 single-mode fiber offset-launch mode-conditioning patch cord for MMF operation of

1000BASE-LX

This subclause specifies an example embodiment of a mode conditioner for 1000BASE-LX operation with
MMF cabling. The MMF cabling should meet all of the specifications of 38.10. For 1000BASE-LX the
mode conditioner consists of a single-mode fiber permanently coupled off-center to a graded index fiber.
This example embodiment of a patch cord is not intended to exclude other physical implementations of off-
set-launch mode conditioners. However, any implementation of an offset-launch mode conditioner used for
1000BASE-LX shall meet the specifications of Table 38—13. The offset launch must be contained within the
patch cord assembly and is not adjustable by the user.

Table 38—-13 —single-mode fiber offset-launch mode conditioner specifications

Description

62.5 um MMF 50 pm MMF Unit

Maximum insertion loss

0.5 0.5 dB

Coupled Power Ratio (CPR)

28 <CPR <40 12<CPR <20 dB

Optical center offset between
SMF and MMF

17 < Offset <23 | 10 < Offset < 16 um

Maximum angular offset

1 1 degree
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All patch cord connecting ferrules containing the single-mode-to-multimode offset launch shall have single-
mode tolerances (IEC 61754-4 |B25] grade | ferrule).

The single-mode fiber used in the construction of the single-mode fiber offset-launch mode conditioner shall
meet the requirements of 38.11.1. The multimode fiber used in the construction of the single-mode fiber off-
set-launch mode conditioner shall be of the same type as the cabling over which the 1000BASE-LX link is to
be operated. If the cabling is 62.5 um MMF then the MMF used in the construction of the mode conditioner
should be of type 62.5 um MMF. If the cabling is 50 um MMF, then the MMF used in the construction of the
mode conditioner should be of type 50 um MMEFE.

Figure 38-9 shows the preferred embodiment of the single-mode fiber offset-launch mode-conditioning
patch cord. This patch cord consists of duplex fibers including a single-mode-to-multimode offset launch
fiber connected to the transmitter MDI and a second conventional graded index MMF connected to the
receiver MDI. The preferred configuration is a plug-to-plug patch cord since it maximizes the power budget
margin of the 1000BASE-LX link. The single-mode end of the patch cord shall be labeled “To Equipment.”
The multimode end of the patch cord shall be labeled “To Cable.” The color identifier of the single-mode
fiber connector shall be blue. The color identifier of all multimode fiber connector plugs shall be beige. The
patch cord assembly is labeled “Offset-launch mode-conditioning patch cord assembly.” Labelling identifies
which size multimode fiber is used in the construction of the patch cord. The keying of the SC duplex optical
plug ensures that the single-mode fiber end is automatically aligned to the transmitter MDI.

Beige Color Identifier Beige Color Identifier
(¢]
2 &
s o
5 5
2 2
[1T)
Blue Color Identifier Beige Color Identifier
Figure 38-9—1000BASE-LX single-mode fiber offset-launch mode-conditioning
patch cord assembly
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38.12 Protocol Implementation Conformance Statement (PICS) proforma for
Clause 38, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 1%00BASE-LX (Long Wavelength Laser) and 1000BASE-SX (Short Wavelength
Laser)

38.12.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 38, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 1000BASE-LX (Long Wavelength Laser) and
1000BASE-SX (Short Wavelength Laser), shall complete the following Protocol Implementation Conform-
ance Statement (PICS) proforma. A detailed description of the symbols used in the PICS proforma, along
with instructions for completing the PICS proforma, can be found in Clause 21.

38.12.2 Identification

38.12.2.1 Implementation identification

Supplier
Contact point for enquiries 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 operating
systems; System Names(s)

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

NOTE 2— The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminol-
ogy (e.g., Type, Series, Model).

38.12.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3-2002®, Clause 38, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
1000BASE-LX (Long Wavelength Laser) and
1000BASE-SX (Short Wavelength Laser)

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

Have any Exception items been required? No[] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802 .3-2(K}2®.}

Date of Statement

GC(}pyrighf release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Item Feature Subclause Value/Comment Status | Support
*LX 1000BASE-LX PMD 38.1 | Device supports long wave- 0/1 Yes|[]
length operation No []
(1270-1355 nm).
*SX 1000BASE-SX PMD 38.1 Device supports short wave- 0/1 Yes|[ ]
length operation (770-860 nm). No [1]
Either this option, or option LX,
must be checked.
*INS Installation / cable 38.10 Items marked with INS include 0 Yes[]
installation practices and cable No []
specifications not applicable to a
PHY manufacturer.
*OFP | Single-mode offset-launch mode- | 38.114 Items marked with OFP include 0 Yes [ 1]
conditioning patch cord installation practices and cable No []
specifications not applicable to a
PHY manufacturer.
*TP1 Standardized reference point TP1 | 38.2.1 This point may be made available | O Yes[]
exposed and available for testing. for use by implementors to cer- No []
tify component conformance.
*TP4 | Standardized reference point TP4 | 38.2.1 This point may be made available | O Yes|[]
exposed and available for testing. for use by implementors to cer- No [1]
tify component conformance.
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38.12.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and baseband
medium, type 1000BASE-LX (Long Wavelength Laser) and 1000BASE-SX (Short Wavelength

Laser)

38.12.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Status | Support
FN1 Integration with 1000BASE-X 38.1 M Yes[]
PCS and PMA and management
functions
FN2 | Transmit function 382.2 Convey bits requested by M Yes[]
PMD_UNITDATA request() to the
MDI
FN3 | Mapping between optical signal 3822 Higher optical power is a logical 1. | M Yes[]
and logical signal for transmitter
FN4 | Receive function 3823 Convey bits received from the M Yes|[]
MDI to
PMD_UNITDATA .indicate()
FN5 | Mapping between optical signal 3823 Higher optical power is a logical 1. | M Yes[]
and logical signal for receiver
FN6 | Signal detect function 3824 Report to the PMD service inter- M Yes[1]
face the message
PMD_SIGNAL.indi-
cate(SIGNAL_DETECT)
FN7 | Signal detect behavior 3824 Meets requirements of Table 38-1 M Yes[]
38.12.4.2 PMD to MDI optical specifications for 1000BASE-SX
Item Feature Subclause Value/Comment Status | Support
PMS1 | Transmitter meets 383.1 Per measurement techniques m 38.6 | SXtM | Yes|[]
specifications in Table 38-3 N/AT]
PMS2 | Transmitter eye measurement 38.3.1 Per 38.6.5 SX:M Yes [ ]
N/AT]
PMS3 | Launch power 383.1 Lesser of class 1 safety limit per SX:M | Yes[]
38.7.2 or maximum receive power N/AT]
in Table 38-4
PMS4 | Receiver meets specifications 3832 Per measurement techniques in 386 | SX:M | Yes[]
in Table 38-4 N/AT]
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38.12.4.3 PMD to MDI optical specifications for 1000BASE-LX

Item Feature Subclause Value/Comment Status Support
PMLI Transmitter meets specifica- 38.4.1 Per measurement techniques in | LX:M Yes|[]
tions in Table 38-7 38.6 N/AT]
PML2 Transmitter eye measurement 384.1 Per 38.6.5 LX:M Yes [ 1]
N/AT]
PML3 Offset-launch mode-condition- | 38.4.1 Required for LX multimode LX:M Yes [ 1]
ing patch cord operation N/AT]
PML4 Receiver meets specifications 3842 Per measurement techniquesin | LX:M Yes|[]
in Table 38-8 386 N/AT]
38.12.4.4 Jitter specifications
Item Feature Subclause Value/Comment Status Support
JT1 Total jitter specification at TP1 | 38.5 Meets specification of bold TPI:M Yes|[]
entries in Table 38-10 N/AT]
T2 Total jitter specification at TP2 | 38.5 Meets specification of bold M Yes[]
entries in Table 38-10
T3 Total jitter specification at TP3 | 38.5 Meets specification of bold INS:M Yes[]
entries in Table 38-10 N/AT]
T4 Total jitter specification at TP4 | 38.5 Meets specification of bold TP4AM Yes|[]
entries in Table 38-10 N/AT]
38.12.4.5 Optical measurement requirements
Item Feature Subclause Value/Comment Status Support
OR1 Length of patch cord used for 38.6 2to5m M Yes|[]
measurements
OR2 Center wavelength and spectral | 38.6.1 Using optical spectrum ana- M Yes|[]
width measurement conditions lyzer per ANSI/EIA/TTA-455-
127-1991 [BS8]
OR3 Center wavelength and spectral | 38.6.1 Under modulated conditions M Yes|[]
width measurement conditions using a valid 1000BASE-X
signal
OR4 Optical power measurement 38.6.2 Per ANSI/EIA-455-95-1986 M Yes[]
conditions IB7]
OR5 Extinction ratio measurement 38.63 Per ANSI/TIA/EIA-526-4A- M Yes[ 1]
conditions 1997 [B13] using patch cable
per 38.6
OR6 RIN test methods 3864 ANSI X3.230-1994 [B20] M Yes|[]
(FC-PH), Annex A, A.5 using
patch cable per 38.6
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38.12.4.5 Optical measurement requirements (continued)

Item Feature Subclause Value/Comment Status Support
OR7 . Transmit eye mask 38.6.5 Using fourth-order Bessel- M Yes|[]
measurement conditions Thomson filter per 38.6.5,
using patch cable per 38.6
ORSE Transmit rise/fall measurement | 38.6.6 ‘Waveforms conform to mask M Yes | ]
conditions in Figure 38-2, measure from
20% to 80%, using patch cable
per 38.6
ORY9 Receive sensitivity 38.6.7 Worst-case extinction ratio M Yes [ 1]
measurement conditions penalty while sampling at the
eye center using patch cable
per 38.6
OR10 Stressed receive sensitivity 38.6.7 Per 38.6.11, using patch cable | M Yes|[]
per 38.6
OR11 Stressed receive sensitivity 3867 Meet Table 38-4 SX:M Yes [ 1]
N/AT]
OR12 Stressed receive sensitivity 38.6.7 Meet Table 38-8 LX:M Yes[1]
N/AT]
OR13 Total jitter measurement 38.68 ANSI X3.230-1994 [B20] M Yes[ 1]
conditions (FC-PH), Annex A, Subclause
A42
OR14 Total jitter measurement 3868 Using BERT M Yes|[]
conditions at TP2
ORI15 Total jitter measurement 38.6.8 Using Bessel-Thomson filter M Yes|[]
conditions at TP2 defined in 38.6.5
ORI16 Total jitter measurement 3868 Using mixed frequency pat- M Yes|[1]
conditions tern specified in 36A.3
OR17 Total jitter measurement 38.6.8 Using conformance test signal | M Yes|[]
conditions at TP4 at TP3 (see 38.6.11)
ORI18 Optical power used for total 38.6.8 0.5 dB greater than stressed M Yes|[]
jitter measurement at TP4 receive sensitivity given in
Table 38-4 (for SX) or
(for LX)
OR19 Optical power used for total 38.6.8 Corrected for extinction ratio M Yes|[]
jitter measurement at TP4
OR20 Total jitter measurement 38.6.8 Measured without Bessel- M Yes[]
conditions at TP4 Thomson filters
OR21 Coupled power ratio 38.6.10 Measured using TIA/EIA-526- | M Yes|[ ]
14A [B14]. meets values in
Table 38-3 (for SX) or (for
LX)
OR22 Compliance test signal at TP3 38.6.11 Meets requirements of M Yes|[]
Figure 38-4
OR23 Compliance test signal at TP3 38.6.11 Pattern specified in 36A.5 M Yes|[]
OR24 Compliance test signal at TP3 38.6.11 DI eye closure no less than M Yes|[]
65 ps
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38.12.4.5 Optical measurement requirements (continued)

Item Feature Subclause Value/Comment Status Support
OR25 Compliance test signal at TP3 38.6.11 Vertical eye-closure penalty SXeM Yes|[]
meets requirements of Table N/AT]
38-4
OR26 Compliance test signal at TP3 38.6.11 Vertical eye-closure penalty LX:M Yes|[]
meets requirements of Table N/AT]
38-8
OR27 Compliance test signal at TP3 38.6.11 Bandwidth of photodetector M Yes|[]
>2.5 GHz, and couple through
4th order Bessel-Thomson fil-
ter
OR28 Receiver electrical cutoff 38.6.12 As described in 38.6.12 M Yes|[ 1]
frequency measurement
procedure
OR29 Optical source used for cutoff 38.6.12 With the exception of extinc- M Yes|[]
frequency measurement tion ratio, meets requirements
of Clause 38
OR30 Compliance with IEC 60950- 38.7.1 M Yes | |
1991
OR31 Laser safety compliance 3872 Class 1 M Yes|[]
OR32 Laser safety compliance test 3872 IEC 60825-1 M Yes|[]
conditions
OR33 Documentation explicitly 3872 M Yes|[]
defines requirements and usage
restrictions on the host system
necessary to meet after
certifications
OR34 Sound installation practices 38.73 INS:M Yes [ 1]
N/AT]
OR35 Compliance with all require- 38.8 M Yes|[]
ments over the life of the
product
OR36 Compliance with applicable 38.8.1 M Yes|[]
local and national codes for the
limitation of electromagnetic
interference
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38.12.4.6 Characteristics of the fiber optic cabling

Item Feature Subclause Value/Comment Status Support
LIl Fiber optic cabling 38.11 Meets specifications in INS:M Yes|[]
Table 38-11 N/AT]
LI2 Return loss for multimode 38.1122 >20dB INS:M Yes[]
connections N/AT]
LI3 Return loss for single-mode 38.1122 >26dB INS:M Yes[]
connections N/AT]
L4 MDI optical plug 38.11.3 Duplex SC meeting [EC 61754- | INS:M Yes[]
4, 1EC 61754-4: 1997 [B25]
Interface 4-2, and ISO/IEC
11801, maintains polarity and
ensures orientation.
LI5 MDI optical receptacle 38.11.3 Duplex SC meeting IEC M Yes|[]
61754-4: 1997 [B25] Interface
4-2 and ISO/IEC 11801,
maintains polarity and ensures
orientation.
LI6 Offset-launch mode-condition- | 38.11.4 Meet conditions of OFP:M Yes [ ]
ing patch cord Table 38-13 N/AT]
LI7 Single-mode ferrules in offset- 38.114 IEC 61754-4: 1997 [B25] OFP:M Yes[]
launch mode-conditioning grade 1 ferrule N/AT]
patch cords
LI8 Single-mode fiber in offset- 38.114 Per 38.11.1 OFP:M Yes [ 1]
launch mode-conditioning N/AT]
patch cords
L9 Multimode fiber in offset- 38.114 Same type as used in LX cable | OFP:M Yes|[]
launch mode-conditioning plant N/A[]
patch cords
LI10 Label on single-mode end of 38.11.4 Labeled “To Equipment™ OFP:M Yes [ ]
offset-launch mode-condition- N/AT]
ing patch cords
LIT1l Label on multimode end of off- | 38.11.4 Labeled “To Cable™ OFP:-M Yes [ ]
set-launch mode-conditioning N/AT]
patch cords
LI12 Color identifier of single-mode | 38.11.4 Blue OFP:-M Yes [ ]
fiber connector N/AT]
LI13 Color identifier of multimode 38.114 Beige OFP:-M Yes [ ]
fiber connector N/AT]
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39. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 1000BASE-CX (short-haul copper)

39.1 Overview

This clause specifies the 1000BASE-CX PMD (including MDI) and baseband medium for short-haul cop-
per. In order to form a complete 1000BASE-CX Physical Layer it shall be integrated with the 1000BASE-X
PCS of Clause 36 and the PMD of Clause 38, which are hereby incorporated by reference. As such, the
1000BASE-CX PMD shall comply with the PMD service interface specified in 38.1.1.

1000BASE-CX has a minimum operating range of 0.1 to 25 m. Jumper cables, described in 39 4, are used to
interconnect 1000BASE-CX PMDs. These cables shall not be concatenated to achieve longer distances. A
1000BASE-CX jumper cable assembly consists of a continuous shielded balanced cable terminated at each
end with a polarized shielded plug described in 39.5.1. The jumper cable assembly provides an output signal
on contacts R+/R— meeting the requirements shown in Figure 39—5 when a transmit signal compliant with
Figures 39-3 and 39—4 is connected to the T+/T— contacts at the near-end MDI connector.

The links described in this clause arc applied only to homogenous ground applications such as between
devices within a cabinet or rack, or between cabinets interconnected by a common ground return or ground
plane. This restriction minimizes safety and interference concerns caused by any voltage differences that
could otherwise exist between equipment grounds.

39.2 Functional specifications

The 1000BASE-CX PMD performs three functions, Transmit, Receive, and Signal Status according to the
service interface definition in 38.1.

39.2.1 PMD transmit function

The PMD Transmit function shall convey the bits requested by the PMD service interface message
PMD_UNITDATA .request(tx_bit) to the MDI according electrical specifications in 39.3.1. The higher output
voltage of T+ minus T— (differential voltage) shall correspond to tx_bit = ONE.

39.2.2 PMD receive function

The PMD Receive function shall convey the bits received at the MDI in accordance with the electrical spec-
ifications of 39.32 to the PMD service interface using the message PMD_UNITDATA .indicate(rx_bit). The
higher output voltage of R+ minus R— (differential voltage) shall correspond to rx_bit = ONE.

39.2.3 PMD signal detect function

The PMD Signal Detect function shall report to the PMD service interface, using the message
PMD_SIGNAL.indicate(SIGNAL_DETECT), which is signaled continuously. PMD_ SIGNAL.indicate is
intended to be an indicator of electrical signal presence.

The value of the SIGNAL_DETECT parameter shall be generated according to the conditions defined in
Table 39—1. The PMD receiver is not required to verify whether a compliant 1000BASE-X signal is being
received. This standard imposes no response time requirements on the generation of the SIGNAL_DETECT
parameter.

As an unavoidable consequence of the requirements for the setting of the SIGNAL _DETECT parameter,
implementations must provide adequate margin between the input signal level at which the
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Table 39-1—SIGNAL DETECT value definition

Receive Conditions Sl Detect
Value
Vinpur Receiver < (receiver sensitivity + worst-case local system noise)? FAIL
Minimum differential sensitivity = V;,,,, Receiver = Maximum differential input OK
AND
compliant 1000BASE-X signal input
All other conditions Unspecified

*Worst-case local system noise includes all receiver coupled noise sources (NEXT, power supply noise, and any
reflected signals). Receive sensitivity is the actual sensitivity of the specific port (as opposed to the minimum
differential sensitivity).

SIGNAL_DETECT parameter is set to OK, and the inherent noise level of the PMD due to cross talk, power
supply noise, etc.

Various implementations of the Signal Detect function are permitted by this standard, including implementa-
tions which generate the SIGNAL_DETECT parameter values in response to the amplitude of the 8B/10B
modulation of the electrical signal

39.3 PMD to MDI electrical specifications

All interface specifications are valid only at the point of entry and exit from the equipment. These points are
identified as points TP2 and TP3 as shown in Figure 39-1. The specifications assume that all measurements
are made after a mated connector pair, relative to the source or destination.

TP1 and TP4 are standardized reference points for use by implementers to certify component conformance.
The electrical specifications of the PMD service interface (TP1 and TP4) are not system compliance points
(these are not readily testable in a system implementation). It is expected that in many implementations TP1
and TP4 will be common between 1000BASE-SX (Clause 38), 1000BASE-LX (Clause 38), and
1000BASE-CX.

PMD specifications shall be measured using the measurement techniques defined in 39.6.
The reference points for all connections are those points TP2 and TP3 where the cabinet Faraday shield tran-
sitions between the cabinet and the jumper cable shield. If sections of transmission line exist within the Fara-

day shield, they are considered to be part of the associated transmit or receive network, and not part of the
jumper cable assembly.
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NOTE —dJumper cable assembly shielding is attached to the system chassis via the connector shroud.

Figure 39-1—1000BASE-CX link (half link is shown)

Schematics in the diagrams in this clause are for illustration only and do not represent the only feasible
implementation.

39.3.1 Transmitter electrical specifications

The output driver is assumed to have output levels approximating those of Emitter Coupled Logic (ECL), as
measured at TP1. The transmitter shall meet the specifications in Table 39-2.

Table 39-2—Transmitter characteristics at TP2

Description Value Unit
Type (P)ECL
Data rate 1000 Mb/s
Clock tolerance =100 ppm
Nominal signalling speed 1250 MBd
Differential amplitude (p-p)
Max (worst case p-p) 2000 mV
Min (opening) 1100 mVy
Max (OFF)* 170 mV
Rise/Fall time (20-80%)
maximum 327 ps
minimum 85 ps
Differential skew (max) 25 ps

“Examples of an OFF transmitter are no power supplied to the PMD
and PMA transmit output being driven to a static state during loop-

back.

For all links, the output driver shall be ac-coupled to the jumper cable assembly through a transmission net-
work, and have output levels, measured at the input to the jumper cable assembly (TP2), meeting the eye dia-
gram requirements of Figure 39-3 and Figure 39—4, when terminated as shown in Figure 39-2. The symbols

X1 and X2 in Figure 39-3 and Figure 39—4 are defined in Table 39-3.

The normalized amplitude limits in Figure 39-3 are set to allow signal overshoot of 10% and undershoot of
20% , relative to the amplitudes determined to be a logic 1 and 0. The absolute transmitter output timing and
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Figure 39-2—Balanced transmitter test load

amplitude requirements are specified in Table 39-2, Table 39-3, and Figure 39—4. The normalized transmit-
ter output timing and amplitude requirements are specified in Table 39-2, Table 39-3, and Figure 39-3. The
transmit masks of Figure 39-3 and Figure 39—4 are not used for response time and jitter specifications.

NOTE 1 — The relationship between Figure 39-3 and Figure 39-4 can best be explained by a counter example. If a trans-
mitter outputs a nominal 600 mV-ppd logic one level with overshoot to 900 mV-ppd, it will pass the absolute mask of
Figure 39-4 but will not pass the normalized mask of Figure 39-3. Normalized, this signal would have 50% overshoot.
This exceeds the 10% overshoot limit defined by the normalized eye mask.
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Figure 39-3—Normalized eye diagram mask at TP2

Table 39-3—Normalized time intervals for TP2

Symbol Value Units
X1 0.14 Unit Intervals (UT)
X2 034 Unit Intervals (UI)

The recommended interface to clectrical transmission media is via transformer or capacitive coupling.
NOTE 2 — All specifications, unless specifically listed otherwise, are based on differential measurements.

NOTE 3 —All times indicated for TDR measurements are recorded times. Recorded times are twice the transit time of
the TDR signal.

132 Copyright © 2002 IEEE. All rights reserved.

LINKPLAY EXHIBIT 1017
Page 132 of 379



CSMA/CD IEEE Std 802.3-2002%, Section Three

1000 mV
o
ke
2 550mV [ - - - - ammme — - - -
a B
E
E 0 V [ L |
= 1 |
§ 1 I
L -550mV |- -1- - g =i
Fa) 1 1 1 |
1 I 1 I
1 1 1 I
1 1 1 I
—1000 mV t t 1 +
1 1 [ [
0 X1 X2 1-X2 1-=X1 1

Normalized Time (% of Unit Interval)

Figure 39-4—Absolute eye diagram mask at TP2

NOTE 4—The transmit differential skew is the maximum allowed time difference (on both low-to-high and high-to low
transitions) as measured at TP2, between the true and complement signals. This time difference is measured at the mid-
way point on the signal swing of the true and complement signals. These are single-ended measurements.

NOTE 5—The transmitter amplitude maximum specification identifies the maximum p-p signal that can be delivered
into a resistive load matching that shown in Figure 39-2.

NOTE 6—The transmitter amplitude minimum specification identifies the minimum allowed p-p eye amplitude opening
that can be delivered into a resistive load matching that shown in Figure 39-2.

NOTE 7—The normalized 1 is that amplitude determined to be the average amplitude when driving a logic 1. The nor-
malized 0 is that amplitude determined to be the average amplitude when driving a logic 0.

NOTE 8 —Eye diagram assumes the presence of only high-frequency jitter components that are not tracked by the clock
recovery circuit. For this standard the lower cutoff frequency for jitter is 637 kHz.

39.3.2 Receiver electrical specifications

The receiver shall be ac-coupled to the media through a receive network located between TP3 and TP4 as
shown in Figure 39—1. The receiver shall meet the signal requirements listed in Table 39—4.
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Figure 39-5—Eye diagram mask at point-TP3
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Table 39-4—Receiver characteristics (TP3)

Description Value Units
Data rate 1000 Mb/s
Nominal signalling speed 1250 MBd
Tolerance =100 ppm
Minimum differential sensitivity (peak-peak) 400 mV
Maximum diflerential input (peak-peak) 2000 mV
Input Impedance @ TP3
TDR Rise Time 85 ps
Exception_window" 700 ps
Through_connection 150 =30 Q
At Termination? 150 + 10 Q
Differential Skew 175 ps

2Within the Exception_window no single impedance excursion shall exceed the

Through_Connection-impedance tolerance for a period of twice the TDR rise time
specification.

e input impedance at TP3, for the termination, shall be recorded 4.0 ns follow-

ing the reference location determined by an open connector between TP3 and TP4.

The minimum input amplitude to the receiver listed in Table 39—4 and Figure 39-5 is a worst case specifica-
tion across all environmental conditions. Restricted environments may allow operation at lower minimum
differential voltages, allowing significantly longer operating distances.

NOTE 1— All specifications, unless specifically listed otherwise, are based on differential measurements.

NOTE 2 —The receiver minimum differential sensitivity identifies the minimum p-p eye amplitude at TP3 to meet the
BER objective.

NOTE 3 —Eye diagrams assume the presence of only high-frequency jitter components that are not tracked by the clock
recovery circuit. For this standard the lower cutofl frequency for jitter is 637 kHz.

NOTE 4— All times indicated for TDR measurements are recorded times. Recorded times are twice the transit time of
the TDR signal.

NOTE 5—Through_Connection impedance describes the impedance tolerance through a mated connector. This toler-
ance is greater than the termination or cable impedance due to limits in the technology of the connectors.

39.3.3 Jitter specifications for 1000BASE-CX

The 1000BASE-CX PMD shall meet the total jitter specifications defined in Table 38—10. Normative values
are highlighted in bold. All other values are informative. Compliance points are defined in 39.3.

Jitter shall be measured as defined in 38.6.8 with the exception that no measurement will require the use of
an optical to electrical converter (O/E).

Deterministic jitter budgetary specifications are included here to assist implementers in specifying compo-

nents. Measurements for DJ are described in 38.6.9 with the exception that no measurement will require the
use of an O/E.
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Table 39-5—1000BASE-CX jitter budget

Compliance Total ‘-jitter‘“ Determin-istic jitter

point Ul ps ul ps
TP1 0240 192 0.120 96
TP1 to TP2 0.090 - 72 0.020 . 16
TP2 0279 . 223 0.140 : 112
TP2 to TP3 0480 . 384 0.260 208
TP3 0.660 . 528 0.400 : 320
TP3 to TP4 0.050 . 40 0.050 40
TP4 0.710 . 568 0.450 360

*Total jitter is composed of both deterministic and random components. The allowed ran-
dom jitter equals the allowed total jitter minus the actual deterministic jitter at that point.

39.4 Jumper cable assembly characteristics

A 1000BASE-CX compliant jumper cable assembly shall consist of a continuous shielded balanced cable
terminated at each end with a polarized shielded plug as described in 39.5.1. The jumper cable assembly
shall provide an output signal on contacts R+/R— meeting the requirements shown in Figure 39—5 when a
transmit signal compliant with Figures 39-3 and 39—4 is connected to the T+/T— contacts at the near-end
MDI connector. This jumper cable assembly shall have electrical and performance characteristics as
described in Table 39—6. Jumper cable assembly specifications shall be measured using the measurement
techniques defined in 39.6. The jumper cable assembly may have integrated compensation networks.

NOTE 1 —Jumper cable assemblies that meet the requirements for ANSI X3.230-1994 [B20] (FC-PH) may not meet the
requirements of this clause.
NOTE 2—Through_Connection impedance describes the impedance tolerance through a mated connector. This toler-

ance is greater than the termination or cable impedance due to limits in the technology of the connectors.

To produce jumper cable assemblies capable of delivering signals compliant with the requirements of 39.4,
the assemblies should generally have characteristics equal to or better than those in Table 39-7.

39.4.1 Compensation networks

A jumper cable assembly may include an equalizer network to meet the specifications and signal quality
requirements (e.g., receiver eye mask at TP3) of this clause. The equalizer shall need no adjustment. All
jumper cable assemblies containing such circuits shall be marked with information identifying the specific
designed operational characteristics of the jumper cable assembly.

39.4.2 Shielding

The jumper cable assembly shall provide class 2 or better shielding in accordance with IEC 61196-1.

39.5 MDI specification

This clause defines the Media Dependent Interface (MDI). The 1000BASE-CX PMD of 39.3 is coupled to
the jumper cable assembly by the media dependent interface (MDI).
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Table 39-6—Jumper cable assembly characteristics (normative)

Description Value Unit
Differential skew (max) 150 ps
Link Impedance @ TP2/TP3?
Through_connection 150 =30 w
Cable 150 = 10 w
TDR rise time 85 ps
E)u:epti()ﬂ_\.\-'indowb 700 ps
Round-trip delay (max)© 253 bit times
253 ns

2The link impedance measurement identifies the impedance mismatches present in the
jumper cable assembly when terminated in its characteristic impedance. This measurement
includes mated connectors at both ends of the Jumper cable assembly (points TP2 and
TP3). The link impedance for the jumper cable assembly, shall be recorded 4.0 ns follow-
ing the reference location determined by an open connector at TP2 and TP3.

bWithin the Exception_window no single impedance excursion shall exceed the
Through_Connection-impedance tolerance for a period of twice the TDR rise time speci-
fication. The Exception_window (used with specilic impedance measurements) identifies
the maximum time period during which the measured impedance 1s allowed to exceed the
listed impedance tolerance. The maximum excursion within the Exception_window at TP3
shall not exceed =33% of the nominal cable impedance.

“Used in Clause 42. This delay is a budgetary requirement of the upper layers. It is easily
met by the jumper cable delay characteristics in this clause.

Table 39-7 —Jumper cable assembly characteristics (informative)

Description Value Unit
Attenuation (max.) at 625 MHz 8.8 dB
Minimum NEXT loss @ 85 ps Tr (max) 6 %
245 dB

39.5.1 MDI connectors

LOCAL AND METROPOLITAN AREA NETWORKS:

Connectors meeting the requirements of 39.5.1.1 (Style-1) and 39.5.1.2 (Style-2) shall be used as the
mechanical interface between the PMD of 39.3 and the jumper cable assembly of 39.4. The plug connector
shall be used on the jumper cable assembly and the receptacle on the PHY. Style-1 or style-2 connectors may
be used as the MDI interface. To limit possible cross-plugging with non-1000BASE-CX interfaces that make
use of the Style-1 connector, it is recommended that the Style-2 connector be used as the MDI connector.

39.5.1.1 Style-1 connector specification

The style-1 balanced connector for balanced jumper cable assemblies shall be the 9-pin shielded D-submin-
iature connector, with the mechanical mating interface defined by 1EC 60807-3, having pinouts matching
those in Figure 39-6, and the signal quality and electrical requirements of this clause. The style-1 connector
pin assignments are shown in Figure 39-6 and Table 39-8.
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1l O 1 =Transmit +
O\6 .
0 6 = Transmit -
O
Q 0 5 = Receive +
9 O )9 9 = Receive -
5| © Shell = Cable Shield

Figure 39-6—Style-1 balanced connector
receptacle pin assignments

39.5.1.2 Style-2 connector specification

The style-2 balanced cable connector is the 8-pin shielded ANSI Fibre Channel style-2 connector with the
mechanical mating interface defined by IEC 61076-3-103, having pinouts matching those shown in
Figure 39—7, and conforming to the signal quality and electrical requirements of this clause.

1 =Transmit +

3 = Transmit -

6 = Receive -
8 = Receive +

Shell = Cable Shield

Onnonmniri
ONOO AN =

Figure 39-7—Style-2 balanced connector
receptacle pin assignments

The style-1 or style-2 connector may be populated with optional contacts to support additional functions. The
presence of such contacts in the connector assemblies does not imply support for these additional functions.

NOTE 1—Style-1 pins 2 and 8 (Style-2 pins 7 and 2) are reserved for applications that assign these pins to power and
ground.

NOTE 2 —Style-1 pin 3 (Style-2 pin 4) is reserved for applications that assign this pin to a Fault Detect function.

NOTE 3 —Style-1 pin 7 (Style-2 pin 5) is reserved for applications that assign this pin to an Qutput Disable function.
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Table 39-8 —MDI contact assignments

Contact
PMD MDI signal
Style-1 Style-2

1 1 Transmit +
7 Reserved
4 Reserved
Mechanical key
Receive +
Transmit
Reserved

Reserved

Loee | N | n LS W | 2
=3 ] th (¥ o

Receive

39.5.1.3 Style-2 connector example drawing (informative)

Figure 39-8—Style-2 connector, example drawing

39.5.2 Crossover function

The default jumper cable assembly shall be wired in a crossover fashion as shown in Figure 39-9, with each
pair being attached to the transmitter contacts at one end and the receiver contacts at the other end.

T+ T+

j = T

R+ R+

R— R—
Shleld «.— —.— —y— — — — —> Shield

Figure 39-9—Balanced cable wiring
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39.6 Electrical measurement requirements
Electrical measurements shall be performed as described in this subclause.
39.6.1 Transmit rise/fall time

Rise time is a differential measurement across the T+ and T— outputs with a load present (including test
equipment) equivalent to that shown in Figure 39-2. Both rising and falling edges are measured. The 100%
and 0% levels are the normalized 1 and 0 levels present when sending an alternating K28.5 character stream.

Once the normalized amplitude is determined, the data pattern is changed to a continuous D21.5 character
stream. The rise time specification is the time interval between the normalized 20% and 80% amplitude levels.

39.6.2 Transmit skew measurement

The transmitter skew is the time difference between the T+ and T— outputs measured at the normalized 50%
crossover point with a load present (including test equipment) equivalent to that shown in Figure 39-2. This
measurement is taken using two single ended probes. Skew in the test set-up must be calibrated out.

Normalized amplitudes can be determined using the method described in 39.6.1.

A continuous D21.5 or K28.7 data pattern is transmitted by the device under test. The data is averaged using
an averaging scope. An easy method to view and measure the skew between these signals is to invert one.

39.6.3 Transmit eye (normalized and absolute)

This test is made as a differential measurement at the bulkhead connector. The scope trigger must either be a
recovered clock as defined in 38.6.8 or a character clock internal to the equipment. The data pattern for this
is the alternating K28.5.

If a character trigger is used, the overshoot/undershoot percentages must be measured at all ten bit positions.
The load for this test is that shown in Figure 39-2.

39.6.4 Through connection impedance

This is a differential TDR or equivalent measurement that must be made through a mated connector pair or
pairs. Any lead-in trace or cable to the connector that is part of the test fixture should provide a reasonable
impedance match so as to not effect the actual measurement. All TDR measurements must be filtered to the
TDR rise time specification. Any test fixture used with these TDR tests must be calibrated to remove the
effects of the test fixture, and verified to produce accurate results.

The impedance Through_connection interval starts at the first point where the measured impedance exceeds
the limits for the termination and ends at the point that the impedance returns to within the termination
impedance limits and remains there.

Within this Through_connection interval, an Exception_window exists where the impedance is allowed to
exceed the Through connection impedance limits up to a maximum deviation of +33% of the nominal link
impedance. The Exception_window begins at the point where the measured impedance first exceeds the
impedance tolerance limits for Through_connection.

39.6.5 Jumper cable intra-pair differential skew

The jumper cable intra-pair differential skew measurement is conducted to determine the skew, or difference in
velocity, of each wire in a cable pair when driven with a differential source. This measurement requires two

Copyright © 2002 |EEE. All rights reserved. 139

LINKPLAY EXHIBIT 1017
Page 139 of 379



IEEE Std 802.3-2002%, Section Three LOCAL AND METROPOLITAN AREA NETWORKS:

mated connectors, one at the signal source and one at the opposite end of the cable. A pair of matched, compli-
mentary signals (S+, S-) are driven into the T+ and T— contacts of the connector. These signals are time condi-
tioned to start at the same point. This test shall be performed at both ends of the jumper cable assembly.

The jumper cable intra-pair skew is the time difference between the R+ and R— outputs of the excited pair
within the jumper cable assembly measured at the normalized 50% crossover point with a load present
(including test equipment) equivalent to that shown in Figure 39-2. This measurement is taken using two
single ended probes. Skew in the test set-up must be calibrated out.

Normalized amplitudes can be determined using the method described in 39.6.1.

A continuous square wave is used for S+, S—. The data is averaged using an averaging scope. An easy
method to view and measure the skew between these signals is to invert one. A differential TDR can provide
a convenient method to time condition the input signals.

39.6.6 Receiver link signal

This differential measurement is made at the end of the jumper cable assembly, through mated connectors
with a load present (including test equipment) equivalent to that shown in Figure 39-2. The signal is mea-
sured with an alternating K28.5 character stream and is tested to the mask requirements of Figure 39-5.

39.6.7 Near-End Cross Talk (NEXT)

NEXT Loss tests are conducted using a differential TDR (or equivalent) filtered to the rise time limit (near-
end cross talk at a maximum T; of 85 ps) in Table 39—6. The T+ and T— inputs of the jumper cable connector
are excited to create a disturber pair while the R+ and R— contacts of the disturbed pair are measured within
the same connector. The far-end R+/R— outputs of the disturber pair are terminated per Figure 39-2. The R+
and R— signals of the disturbed pair are terminated with a load (including test equipment) equivalent to that
shown in Figure 39-2. The T+ and T— inputs of disturbed pair shall be terminated per Figure 39-2. This test
shall be performed at both ends of the jumper cable assembly.

39.6.8 Differential time-domain reflectometry (TDR) measurement procedure

The differential TDR test setup measures the reflected waveform returned from a load when driven with a
step input. It is obtained by driving the load under test with a step waveform using a driver with a specified
source impedance and rise time. The reflected wavetorm is the difference between (a) the observed wave-
form at the device under test when driven with the specified test signal, and (b) the waveform that results
when driving a standard test load with the same specified test signal. From this measured result we can infer
the impedance of the device under test. The derivative of a time-domain reflectometry measurement is the
time-domain equivalent of S;; parameter testing used in carrier-based systems.

For the measurement of 1000BASE-CX jumper cables, the following test conditions apply:
a)  The driving waveform is sourced from a balanced, differential 150 € source with an 85 ps rise time
(see 39.6.8.1).
b)  The test setup is calibrated (see 39.6.8.2).
39.6.8.1 Driving waveform
It the natural differential output impedance of the driving waveform is not 75 €2, it may be adjusted to within
75 = 5 Q by an attenuating resistive pad. When the driving point resistance is 100 £ (as would be the case

with a differential signal source having two independent, antipodal, 50 Q sources), a good pad design is
shown in Figure 39-10, where R1 = 173.2 € and R2 = 43.3 Q. All resistors arc surfacc-mount packages
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soldered directly to the test fixture with no intervening leads or traces, and the whole structure is mounted on
a solid ground plane (used in three places).

R2

50 @ Driving Signal —(—) AN _— 75 Q Load
Signal Return { \

= R1 150 @ Differential Load

Signal Return R2 Ground for Twinax Cable

50 Q Driving Signal f_\\ z AN 75 Q Load

Figure 39-10—Differential TDR pad adapter

If the natural rise time of the driver is less than 85 ps, the resulting measured time-waveforms must be fil-
tered to reduce the apparent rise time to 85 = 10 ps.

39.6.8.2 Calibration of the test setup

Three measurements are made, with a short, and open, and a known test load. The value of the test resistance
should be constant to within 1% over the frequency range dc to 6 GHz, and of known value. The value of the
test resistance should be within the range 75 = 5 Q.

The differential voltages measured across the device-under-test terminals in these three cases are called
Vsh()rl" ‘Vupen, and V.. respectively. From these three measurements we will compute three intermediate
quantitics:

A= {Vr.)pen = Vihon ) 12

B= (Vopen + Vshurl )12

Zy=Lyey" (Vupen = Viest(Viest = Vshort)
The value of Z is the actual driving point impedance of the tester. It must be within 75 = 5 Q.
For any device under test, the conversion from measured voltage V e cureq t© impedance is as follows:
Measured impedance =Zg - (1 + V)/(1 -V")

where V'=(V B)/A.

measured —

39.7 Environmental specifications

All equipment subject to this clause shall conform to the requirements of 14.7 and applicable sections of
ISO/IEC 11801: 1995. References to the MAU or AUI should be replaced with PHY or DTE and AUI to
jumper cable assembly, as appropriate. Subclause 14.7.2.4, Telephony voltage, should be ignored. Should a
case occur where, through a cabling error, two transmitters or receivers are directly connected, no damage
shall occur to any transmitter, receiver, or other link component in the system. The link shall be able to with-
stand such an invalid connection without component failure or degradation for an indefinite period of time.

Systems connected with 1000BASE-CX links shall meet the bonding requirements (common ground con-
nection) of ISO/IEC 11801: 1995, subclause 9.2, for shielded cable assemblies. Cable shield(s) shall be
earthed (chassis ground) through the bulkhead connector shell(s) on both ends of the jumper cable assembly
as shown in Figure 39-1.
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39.8 Protocol Implementation Conformance Statement (PICS) proforma for
Clause 39, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 1000BASE-CX’

39.8.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 39, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 1000BASE-CX, shall complete the following Pro-
tocol Implementation Conformance Statement (PICS) proforma. A detailed description of the symbols used
in the PICS proforma, along with instructions for completing the PICS proforma, can be found in Clause 21.

39.8.2 Identification

39.8.2.1 Implementation identification

Supplier
Contact point for enquiries 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 operating

systems; System Names(s)

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

NOTE 2—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminol-
ogy (e.g., Type, Series, Model).

39.8.2.2 Protocol summary

Identification of protocol standard IEEE Std 802 .3-2002®, Clause 39, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
1000BASE-CX

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

Have any Exception items been required? Nol] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802‘3-20(]'2@.}

Date of Statement

TCopyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Item Feature Subclause Value/Comment Status Support

*INS Installation / cable 394 Items marked with INS include | O Yes [ ]

installation practices and cable No []
specifications not applicable to
a PHY manufacturer
*STY1 | Style-1 MDI 395 Either the style-1 or the style-2 | O/1 Yes|[]
MDI must be provided No []
*STY2 | Style-2 MDI 395 071 Yes|[]
No []

*TP1 Standardized reference point 393 This point may be made avail- | O Yes|[]
TP1 exposed and available for able for use by implementors No[]
testing. to certify component

conformance.

*TP4 Standardized reference point 393 This point may be made avail- | O Yes|[]
TP4 exposed and available for able for use by implementors No[]
testing. to certify component

conformance.

39.8.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and baseband
medium, type 1000BASE-CX (short-haul copper)

39.8.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Status | Support
FNI1 Integration with 1000BASE-X | 39.1 M Yes[]
PCS and PMA
FEN2 Complies with PMD service 39.1 M Yes | ]
interface of 38.2
FN3 Jumper cables not 39.1 INS:M | Yes[]
concatenated N/AT]
FN5 Transmit function 3921 Convey bits requested by M Yes[]
PMD_UNITDATA request() to the
MDI
FN6 Transmitter logical to electri- 392.1; Logical one equates to electrical M Yes|[]
cal mapping high
FN7 Receive function 3922 Convey bits received from the M Yes[]
MDI to
PMD_UNITDATA .indicate()
FN8 Receiver logical to electrical 3922 Logical one equates to electrical M Yes[]
mapping high.
FN9 Signal detect function 3923 Report to the PMD service inter- M Yes[]
face the message
PMD_SIGNAL.indi-
cate(SIGNAL_DETECT)
FN10 Signal detect behavior 3923 | Mects requirements of Table 39-1 | M Yes|[]
Copyright © 2002 IEEE. All rights reserved. 143

LINKPLAY EXHIBIT 1017

Page 143 of 379



IEEE Std 802.3-2002%, Section Three

39.8.4.2 PMD to MDI electrical specifications

LOCAL AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Value/Comment Status | Support
PM1 Measurement requirements 393 Electrical measurements are M Yes [ ]
made according to the tests spec-
ified in 39.6.
PM2 Transmitter characteristics 393.1 Transmitters meets requirements | M Yes|[]
of Table 39-2
PM3 Transmitter coupling 393.1 AC-coupled M Yes[]
PM4 Transmitter eye diagram 393.1 Meets requirements of Figure M Yes[1]
39-3 and Figure 39-4 when ter-
minated as shown in Figure 39-2
PM5 Receiver coupling 3932 AC-coupled M Yes[]
PM6 Receiver characteristics 3932 Meet requirements of Table 39-4 | M Yes[]
PM7 Measurement conditions for 3932 4 ns following reference location | M Yes[1]
input impedance at TP3
PMB Total jitter specification at TP1 3933 Meets specification of bold TPI:M | Yes[]
entries in Table 38-10 N/A]
PM9 Total jitter specification at TP2 3933 Meets specification of bold M Yes[1]
entries in Table 38-10
PM1Q | Total jitter specification at TP3 3933 Meets specification of bold INS:M | Yes[]
entries in Table 38-10 N/AT]
PM11 | Total jitter specification at TP4 3933 Meets specification of bold TPAM | Yes|[]
entries in Table 38-10 N/AT]
PMI12 | Measurement conditions for jitter | 3933 Per 38.6.8 (with exceptions) M Yes[]
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39.8.4.3 Jumper cable assembly characteristics

Item Feature Subclause Value/Comment Status Support
LIl Two polarized, shielded plug 394 As defined in Table 39-6 INS:M Yes|[]
per 39.5.1 and shielded with
electrical characteristics per
Table 39-6
LI2 Delivers compliant signal 394 Transmit signal compliant with Fig- | INS:M Yes|[]
when driven with worst case ures 39-3 and 39-4, receive signal
source signal complaint with Figure 39-5, into a
load compliant with Figure 39-2
LI3 Measurement requirements 394 Electrical measurements are made INS:M Yes|[]
according to the tests specified in
39.6.
LI4 Maximum excursion during 394 + 33% of nominal cable impedance | INS:M Yes|[]
Exception_window of cable
impedance measurement
LI5 Measurement conditions for 394 4 ns following the reference loca- INS:M Yes | |
link impedance tion between TP3 and TP4
LI6 Equalizer needs no 3941 INS:M Yes | ]
adjustment N/AT]
LI7 Cables containing equalizers 394.1 INS:M Yes|[]
shall be marked N/AT]
LIR Cable shielding 3942 Class 2 or better per IEC 61196-1 INS:M Yes|[]
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39.8.4.4 Other requirements

LOCAL AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Value/Comment Status Support

OR1 Style-1 connector 395.1.1 9-pin shielded D-subminiature STYI:M | Yes[]
with the mechanical mating inter- N/AT]
face defined by IEC 60807-3.

OR2 Style-2 connector 395.1.2 8-pin ANSI Fibre Channel style- | STY2ZIM | Yes|[]
2 connector with mechanical N/AT]
mating interface defined by IEC
61076-3-103.

OR3 Default cable assembly wired in | 39.5.2 INS:M Yes[]

a crossover assembly
OR4 Transmit rise/fall time 396.1 Meet requirements of M Yes[ ]
measurement Table 39-2 with load equivalent
to Figure 39-2

OR5 Transmit skew measurement 3062 Meet requirements of M Yes [ ]
Table 39-2 with load equivalent
to Figure 39-2

ORG6 Transmit eye measurement 39.63 Meet requirements of M Yes[]
Figure 39-3 and Figure 39-4
with load equivalent to
Figure 39-2

OR7 Through_connection imped- 3964 Meet requirements of Table 39-4 | M Yes[]

ance measurement with load equivalent to
Figure 39-2
ORB Jumper cable assembly differen- | 39.6.5 Meet requirements of M . Yes|[]
tial skew measurement Table 39-6 with load equivalent
to Figure 39-2

OR9 Receiver link signal 39.6.6 Meet requirements of M Yes[]
Figure 39-5 with load equiva-
lent to Figure 39-2

OR10 | NEXT Loss measurement 39.6.7 Meet requirements of M Yes[]
Table 39-6 with load equivalent
to Figure 39-2

ORI11 | Conformance to 14.7 and appli- | 39.7 M Yes|[]

cable sections of ISO/IEC
11801:1995.
OR12 | Cabling errors shall cause no 307 M Yes [ ]
damage to transmitter, receiver,
or other link components

OR13 | Withstand invalid connection for | 39.7 M Yes[1]

indefinite period

OR14 | System meets common ground 39.7 Per ISO/EC 11801, INS:M Yes[]

requirements of ISO/TEC 11801 subclause 9.2
OR15 | Cable shields earthed on both 39.7 INS:M Yes [ 1]
ends of cable
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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 Gigabit Ethernet family of high-speed CSMA/CD network
specifications. The 1000BASE-T Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
and baseband medium specifications are intended for users who want 1000 Mb/s performance over Category
5 balanced twisted-pair cabling systems. 1000BASE-T signaling requires four pairs of Category 5 balanced
cabling, as specified in ISO/IEC 11801:1995 and ANSI/EIA/TIA-568-A (1995) and tested for the
additional performance parameters specified in 40.7 using testing procedures defined in proposed
ANSI/TIA/EIA TSB95.

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). Provided in this document are fully functional, electrical, and mechanical specifica-
tions for the type 1000BASE-T PCS, PMA, and MDI. This clause also specifies the baseband medium used
with 1000BASE-T.

40.1.1 Objectives
The following are the objectives of 1000BASE-T:

a)  Support the CSMA/CD MAC

b)  Comply with the specifications for the GMII (Clause 35)

¢)  Support the 1000Mb/s repeater (Clause 41)

d)  Provide line transmission that supports full and half duplex operation

e) Meet or exceed FCC Class A/CISPR or better operation

f)  Support operation over 100 meters of Category 5 balanced cabling as defined in 40.7
g)  Bit Error Rate of less than or equal to 10710

h)  Support Auto-Negotiation (Clause 28)

40.1.2 Relationship of 1000BASE-T to other standards

Relations between the 1000BASE-T PHY, the 1SO Open Systems Interconnection (OSI) Reference Model,
and the IEEE 802.3%® CSMA/CD LAN Model are shown in Figure 40-1. The PHY sub-layers (shown
shaded) in Figure 401 connect one Clause 4 Media Access Control (MAC) layer to the medium.

40.1.3 Operation of 1000BASE-T

The 1000BASE-T PHY employs full duplex baseband transmission over four pairs of Category 5 balanced
cabling. 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 cancellers enables full duplex transmission
by allowing symbols to be transmitted and received on the same wire pairs at the same time. Baseband sig-
naling with a modulation rate of 125 Mbaud 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-tuple (A, B,, C,. D,) of one-dimensional quinary symbols taken from the set {2, 1, 0, -1, -2}.
1000BASE-T uses a continuous signaling system; in the absence of data, Idle symbols are transmitted. 1dle
mode is a subset of code-groups in that each symbol is restricted to the set {2, 0, —2}to improve synchroniza-
tion. Five-level Pulse Amplitude Modulation (PAMS5) is employed for transmission over each wire pair. The
modulation rate of 125 MBaud matches the GMII clock rate of 125 MHz and results in a symbol period of
8 ns.
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REFERENCE
MODEL I
LAYERS | HIGHER LAYERS
y LLC - LOGICAL LINK CONTROL
/ OR OTHER MAC CLIENT
/
APPLICATION / MAC CONTROL (OPTIONAL)
7
PRESENTATION / MAC - MEDIA ACCESS CONTROL
s
SESSION ) / ) RECONCILIATION
i i
TRANSPORT / e
¢ ’
/ 7/
NETWORK T
/ 5% 7]
/
DATALINK | ,° LR A e
AUTONEG
PHYSICAL MDI —
""""""""""""" MEDIUM To 1000BASE-T PHY (point to point link)
1000 Mbis
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER

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

*GMII is optional.

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

A 1000BASE-T PHY can be configured either as a MASTER PHY or as a SLAVE PHY. The MAS-
TER-SLAVE relationship between two stations sharing a link segment is established during Auto-
Negotiation (see Clause 28, 40.5, and Annex 28C). The MASTER PHY uses a local clock to determine the
timing of transmitter 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 multiport to single-port connection, the multiport device is typically set to be MASTER and the single-port
device is set to be SLAVE.

The PCS and PMA subclauses of this document are summarized in 40.1.3.1 and 40.1.3.2. Figure 40-3
shows the functional block diagram.
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Figure 40—-2—1000BASE-T topology
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LOCAL AND METROPOLITAN AREA NETWORKS:

Technology Dependent Interface (Clause 28)
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40.1.3.1 Physical Coding Sublayer (PCS)

The 1000BASE-T 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 code-groups to be transmitted
over four channels and the processing of code-groups received from the remote PHY. The process of con-
verting data bits to code-groups is called 4D-PAMS, which refers to the four-dimensional 5-level Pulse
Amplitude Modulation coding technique used. Through this coding scheme, eight bits are converted to one
transmission of four quinary symbols.

During the beginning of a frame’s transmission, when TX_EN is asserted from the GMII, two code-groups
representing the Start-of-Stream delimiter are transmitted followed by code-groups representing the octets
coming from the GMII. Immediately following the data octets, the GMII sets TX_EN=FALSE, upon which
the end of a frame is transmitted. The end of a frame consists of two convolutional state reset symbol periods
and two End-of-Stream delimiter symbol periods. This is followed by an optional series of carrier extend
symbol periods and, possibly, the start of a new frame during frame bursting. Otherwise, the end of a frame
is followed by a series of symbols encoded in the idle mode. The nature of the encoding that follows the end
of a frame is determined by the GMII signals TX_ER and TXD<7:0> as specified in Clause 35.

Between frames, a special subset of code-groups using only the symbols {2, 0, -2} is transmitted. This is
called idle mode. Idle mode encoding takes into account the information of whether the local PHY is operat-
ing reliably or not (see 40.4.2.4) and allows this information to be conveyed to the remote station. During
normal operation, idle mode is followed by a data mode that begins with a Start-of-Stream delimiter.

Further patterns are used for signaling a transmit error and other control functions during transmission of a
data stream.

The PCS Receive processes code-groups provided by the PMA. The PCS Receive detects the beginning and
the end of frames of data and, during the reception of data, descrambles and decodes the received code-
groups into octets RXD<7:0> that are passed to the GMII. The conversion of code-groups to octets uses an
8B1Q4 data decoding technique. PCS Receive also detects errors in the received sequences and signals them
to the GMII. Furthermore, the PCS contains a PCS Carrier Sense function, a PCS Collision Presence func-
tion, and a management interface.

The PCS functions and state diagrams are specified in 40.3. The signals provided by the PCS at the GMII
conform to the interface requirements of Clause 35. The PCS Service Interfaces to the GMII and the PMA
are abstract message-passing interfaces specified in 40.2.

40.1.3.2 Physical Medium Attachment (PMA) sublayer

The PMA couples messages from the PMA service interface onto the balanced cabling physical medium and
provides the link management and PHY Control functions. The PMA provides full duplex communications
at 125 MBaud over four pairs of balanced cabling up to 100 m in length.

The PMA Transmit function comprises four independent transmitters to generate five-level, pulse-amplitude
modulated signals on each of the four pairs BI_DA, BI_DB, Bl_DC, and BI_DD, as described in 40.4.3.1.

The PMA Receive function comprises four independent receivers for five-level pulse-amplitude modulated
signals on cach of the four pairs BI DA, BI DB, BI DC, and BI_DD, as described in 40.4.3.2. This signal
encoding technique is referred to as 4D-PAMS. The receivers are responsible for acquiring clock and provid-
ing code-groups to the PCS as defined by the PMA_UNITDATA .indicate message. The PMA also contains
functions for Link Monitor.
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