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1.0 Introduction
NWay Auto-Negotiation is a technology which was intro-

duced by National Semiconductor to the IEEE 802.3u

100BASE-T working group in the Spring of 1994 as a result

of the need for a mechanism to accommodate multi-speed

network devices. National’s NWay technology was chosen

as the basis for this mechanism due to its simplicity, low

cost, flexibility, interoperation with the installed base, and

adaptability to future technologies. Currently, the Auto-Ne-

gotiation mechanism is defined in Clause 28 of the D5 draft

of the ANSI/IEEE Std 802.3 MAC Parameters, Physical Lay-

er, Medium Attachment Units and Repeater for 100 Mb/s

Operation. This draft has been approved by the IEEE 802.3

Working Group. Refer to section 8.0 for definitions used in

this document.

2.0 What is Auto-Negotiation?
Auto-Negotiation is a mechanism that takes control of the

cable when a connection is established to a network device.

Auto-Negotiation detects the various modes that exist in the

device on the other end of the wire, the Link Partner, and

advertises it own abilities to automatically configure the

highest performance mode of interoperation. As a standard

technology, this allows simple, automatic connection of de-

vices that support a variety of modes from a variety of man-

ufacturers.

Auto-Negotiation acts like a rotary switch that automatically

switches to the correct technology, such as 10BASE-T,

100BASE-TX, 100BASE-T4, or a corresponding Full Duplex

mode. Once the highest performance common mode is de-

termined, Auto-Negotiation passes control of the cable to

the appropriate technology and becomes transparent until

the connection is broken.

Auto-Negotiation leverages the proven link function of

10BASE-T to provide robust operation over Category 3, 4,

or 5 Unshielded Twisted Pair (UTP.)

2.1 BASIC OPERATION

There are two basic cases that Auto-Negotiation accounts

for as shown in Figure 1:

1. Auto-Negotiation exists at both ends of a twisted-pair

link. (Node A to Hub)

2. Auto-Negotiation exists at only one end of a twisted-pair

link. (Node B to Hub)

Auto-Negotiation is most useful if it exists at both ends of

the link since both ends speak the same ‘‘language’’ at start

up. This allows a rich set of information to be transferred.

The key to Auto-Negotiation’s interoperation with installed,

legacy LANs is the Parallel Detection function. The Parallel

Detection function accounts for the case where only one

end of a twisted-pair link has Auto-Negotiation. For exam-

ple, consider an installed 10BASE-T node connected to a

hub that supports 10BASE-T, 100BASE-TX, and Auto-Ne-

gotiation (seeFigure 1). In this case, the hub recognizes the

unique signals that the 10BASE-T only device produces and

switches to 10BASE-T operation.
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FIGURE 1. Connection Example
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2.2 OPTIONAL OPERATION

In addition to the basic connection mechanism, Auto-Nego-

tiation also provides the following optional additional fea-

tures:

2.2.1 Management Interface

The serial management interface of the Media Independent

Interface (MII) register set provides a mechanism for addi-

tional control of Auto-Negotiation. It also provides a means

to gather network status information.

2.2.2 Next Page Function

After exchanging the Base Page, which contains the infor-

mation to make a connection automatically, if both ends of

the link indicate support for the Next Page function, addi-

tional data may be exchanged. This allows extensions to the

standard and proprietary extensions to exist without affect-

ing interoperability.

2.2.3 Remote Fault Indication

The basic transport mechanism for simple fault information

is built into Auto-Negotiation, but the detection and adver-

tisement of any particular fault is not required. Remote Fault

Indication allows a device that is able to detect faults (e.g.,

wrong cable type, wiring fault, etc.) to advertise the pres-

ence of the fault to the Link Partner.

The Remote Fault Indication may be used in conjunction

with the Next Page function to transfer more information

about the type of fault that occurred.

3.0 Benefits of Auto-Negotiation
3.1 AUTOMATIC CONNECTION

The primary benefit of Auto-Negotiation is the automatic

connection of the highest performance technology available

without any intervention from a user, manager, or manage-

ment software.

3.2 BACKWARDS COMPATIBILITY

If Auto-Negotiation exists at only one end of a twisted-pair

link, it determines that the Link Partner does not support the

Auto-Negotiation mechanism. Instead of exchanging config-

uration information, it examines the signal it is receiving. If

Auto-Negotiation discovers that the signal matches a tech-

nology that the device supports, it will automatically connect

that technology. This function, known as Parallel Detection,

gives Auto-Negotiation the ability to be compatible with any

device that does not support Auto-Negotiation, yet sup-

ports: 10BASE-T, 100BASE-TX, or 100BASE-T4. Connec-

tion to any technology via Parallel Detection other than

those listed above is not supported by Auto-Negotiation.

3.3 NETWORK PROTECTION

In the event that no common technology exists, Auto-Nego-

tiation will not make a connection. This ensures preserva-

tion of network integrity and minimization of network down

time.

In particular, Hubs are a primary beneficiary of this feature.

For example, if a user connects a 100BASE-T4 device into

a 10BASE-T/100BASE-TX switch, the result could be cata-

strophic for all the users connected through that switch.

However, if the hub has Auto-Negotiation, it would refuse

the connection and allow the rest of the network to proceed

as usual. In fact, with Auto-Negotiation in the hub, the net-

work users are protected from any connection that the hub

cannot recognize or accept.

3.4 TECHNOLOGY EXTENSIONS

If Auto-Negotiation exists on both ends of a twisted-pair link,

then both ends advertise their abilities to the other. Auto-

Negotiation incorporates a robust handshake that ensures

data integrity. The devices compare their abilities and con-

nect at the highest performance common technology

shared.

Auto-Negotiation has been defined for flexibility. Standard

technologies can use the basic Auto-Negotiation logic with

their own definitions for the information to be exchanged

(see section 5.0 for details). Currently, IEEE 802.3 and

802.9 Working Groups each have their own, independent

codes which allows the technologies to define which abili-

ties can be advertised; In total, 32 of these codes can exist.

IEEE 802.3 currently supports: 10BASE-T, 10BASE-T Full

Duplex, 100BASE-TX, 100BASE-TX Full Duplex, and

100BASE-T4. Even within the IEEE 802.3 code space there

is room for future technologies or enhancements.

3.5 UPGRADE PATH

New nodes on the market will have 100Mb/s functionality

as well as the traditional 10BASE-T. This means that there

will be some latent performance available as these new

nodes are added to an old 10BASE-T network. When the

performance issue becomes critical, the latent ability can be

tapped into by upgrading the hub. Auto-Negotiation enables

the upgrade to occur without reconfiguring each node and/

or each port on the new hub.

3.6 MANAGEMENT INTERFACE

While no management intervention is required for automatic

connection, a management interface has been provided to

give optional control and status of Auto-Negotiation. The

management interface provides the following capabilities:

1. Determine why a connection was refused

2. Determine which abilities exist on the network

3. Change connection speed

4. Retrieve fault status

5. Exchange arbitrary configuration information with a Link

Partner (in conjunction with the Next Page function)

These capabilities are useful in a managed-hub application

since they give the manager remote access to all the above

information and control. These functions are useful for node

solutions with Auto-Negotiation as well. However, in the

case of a node, the information is only available to the user

of that node and not to the network at large. This informa-

tion would be useful in installation and diagnostic software

to help guide the user in resolving any difficulties.

3.7 Proprietary Extension

Auto-Negotiation has the option to send additional pieces of

information after the ‘‘base’’ negotiation that determines the

network connection before enabling the data service. This is

known as the Next Page function. Among other things, it

can be used to send information that corresponds to an

Organizationally Unique Identifier so that extra features

could be implemented on a proprietary basis, yet not conflict

with standard operation. Both ends of a twisted-pair link

must have Auto-Negotiation with support for the Next Page

function in order to take advantage of this feature.

Specific remote fault type information transfer can also be

supported using this flexible mechanism.

2



4.0 Architecture
To support the many different technologies that are on the

market today or will be available in the future, Auto-Negotia-

tion has been architected in a way that provides extensibility

and flexibility.

Basically, an Auto-Negotiation device advertises its abilities

and detects the abilities of the remote device that it is con-

nected to, known as the Link Partner. Once Auto-Negotia-

tion has received the Link Partner’s abilities in a robust man-

ner and it receives acknowledgment that its abilities have

also been received by the Link Partner, Auto-Negotiation

compares the two sets of abilities and decides which tech-

nology to connect. This decision is based upon a pre-

agreed priority of technologies. Auto-Negotiation attaches

the highest performance common technology to the medi-

um and becomes transparent until the link goes down or is

reset.

4.1 ABILITY TRANSPORT MECHANISM

The basic mechanism that Auto-Negotiation uses to adver-

tise a device’s abilities is a series of link pulses which en-

code a 16 bit word, known as a Fast Link Pulse (FLP) Burst.

An FLP Burst is composed of 17 to 33 link pulses which are

identical to the link pulses used in 10BASE-T to determine

whether a link has a valid connection (sometimes referred

to as Normal Link Pulses or NLPs). FLP Bursts occur at the

same interval as NLPs, 16 g8 ms. An FLP Burst has a

nominal duration of 2 ms.Figure 2 shows the nominal timing

of FLP Bursts.
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FIGURE 2. FLP Burst Timing

An FLP Burst interleaves clock pulses with data pulses to

encode a 16 bit word. The absence of a pulse within a time

window following a clock pulse encodes a logic zero and a

pulse within the time window following a clock pulse en-

codes a logic one.

4.2 DATA ENCODING

The key to Auto-Negotiation’s flexibility and expandability is

the encoding of the 16 bit word. The 16 bit word is referred

to as the Link Code Word (LCW). The LCW is encoded as

shown in Figure 3.
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FIGURE 3. Base Link Code Word Encoding

The Selector Field, S[4:0], allows 32 different definitions of

the Technology Ability Field to coexist. The intention is to

allow standard technologies to leverage the basic Auto-Ne-

gotiation mechanism. Currently, S[4:0]ek00001l is as-

signed to IEEE 802.3 and S[4:0]ek00010l is assigned to

IEEE 802.9. Two more codes are reserved for expansion of

Auto-Negotiation. The remaining codes are reserved to be

assigned to standard technologies that wish to leverage this

mechanism, yet fall outside the scope of the currently de-

fined Selector Field values.

The Technology Ability Field, A[7:0], is defined relative to

the Selector Field value of the Link Code Word. For IEEE

802.3 there are bits defined to advertise:

1 – 100BASE-TX Full Duplex

2 – 100BASE-T4

3 – 100BASE-TX

4 – 10BASE-T Full Duplex

5 – 10BASE-T

The above list also defines the priority hierarchy for resolv-

ing multiple common abilities. That is, if both devices sup-

port both 10BASE-T and 100BASE-TX, Auto-Negotiation at

both ends will connect 100BASE-TX instead of 10BASE-T.

Priority resolution works such that when the 3 remaining bits

in the Technology Ability Field are eventually defined, the

new technology can be inserted anywhere in the list without

disturbing the existing hierarchy. This means that the 3 re-

served bits can be assigned without causing interoperability

problems with any Auto-Negotiation device produced before

these bits were defined.

The Remote Fault bit, RF, allows transmission of simple

fault information to the Link Partner.

The Acknowledge bit, Ack, is used by the synchronization

mechanism to ensure robust data transfer.

The Next Page bit, NP, advertises to the Link Partner wheth-

er the Next Page function is supported. The Next Page func-

tion is used to send additional information beyond the basic

configuration information. Both ends must have this ability in

order to exchange this type of information.

4.3 AUTO-NEGOTIATION SYNCHRONIZATION

Auto-Negotiation must ensure that the Link Partner receives

the Link Code Word correctly and that the Link Partner’s

Link Code Word is received correctly in order to make a

connection decision. Auto-Negotiation uses the Arbitration

function to accomplish this. Figure 4 illustrates the following

example.
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j Transmit LCW[LD], Ack e 0

k Receives same LCW[LP] 3 times (ignore Ack). Transmits LCW[LD],
Ack e 1. (Local Device has received LCW[LD] OK)

l Receives same LCW[LP] 3 times w/ Ack e 1. (Link Partner has re-

ceived LCW OK)

m Transmit LCW[LD], Ack e 1 6–8 more times.

n Stop transmitting LCW[LD]. Configure highest performance common

technology.

Note: Process is symmetric (i.e. both the Local Device and the Link Partner

follow the same procedure.)

FIGURE 4. Synchronization Example

The Local Device begins by transmitting its Link Code Word,

(LCW[LD]), with the Ack bit not set. Once 3 consecutive,

matching Link Code Words are received from the Link Part-

ner (LCW[LP]), (ignoring Ack), the Local Device sets the

Ack bit in the transmitted Link Code Word to indicate that it

has received the Link Partner’s Link Code Word correctly.

The Local Device continues transmitting its Link Code

Word. Upon receiving 3 consecutive, matching Link Code

Words from the Link Partner with the Ack bit set, the Local

Device knows that the Link Partner has also received the

Link Code Word correctly. The Local Device transmits the

Link Code Word with the Ack bit set 6-8 additional times to

ensure that a complete handshake has taken place.

Now, both the Local Device and the Link Partner have ex-

changed their base Link Code Words. Each device com-

pares their abilities and the highest performance common

technology as determined by priority resolution is connected

to the medium.

4.4 PARALLEL DETECTION

To account for technologies that existed prior to Auto-Nego-

tiation, Auto-Negotiation passes the signals present on the

receiver to the 100BASE-TX and 100BASE-T4 Link Monitor

functions. If Auto-Negotiation determines that exactly one

Link Monitor function indicates that the link is good, then it

can connect that technology to the media. Note, however,

that this function is only implemented for 10BASE-T,

100BASE-TX, and 100BASE-T4. Future multi-mode devices

will use Auto-Negotiation as the basis of automatic mode

switching.

Auto-Negotiation incorporates a modified 10BASE-T Link

Integrity Test function in order to interoperate properly with

installed 10BASE-T devices. The modifications ensure that

Auto-Negotiation can control the function such that

10BASE-T devices are always correctly detected.

4.5 NEXT PAGE FUNCTION

If the Next Page bit is set in both the outgoing and incoming

Link Code Words, then both the Local Device and the Link

Partner are able to support the Next Page function and will

participate in Next Page exchange. Once the first Link Code

Word has been exchanged, both sides have the information

required to configure the highest common technology. How-

ever, if Next Page exchange occurs then Auto-Negotiation

does not configure the highest common technology until

Next Page exchange has completed.

Next Page exchange works in the same way that the ‘‘base’’

Link Code Words were exchanged. The main difference is

the encoding of the exchanged Link Code Words which is

shown in Figure 5.
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FIGURE 5. Next Page Link Code Word Encoding

The Next Page bit, NP, indicates that an additional Next

Page will be exchanged.

The Acknowledge, Ack bit works the same as for the base

Link Code Word exchange.

Message Page, MP, indicates whether the Message Code

Field, M[10:0], will be interpreted as a Message Code or an

Unformatted Code. Message Codes are pre-defined mes-

sages in the IEEE 802.3 standard, Clause 28. Unformatted

Codes are arbitrary pieces of data. Following a base Link

Code Word exchange with the IEEE 802.3 Selector Field

value, Unformatted Codes follow Message Codes with infor-

mation required by the Message Code.

There are two different ways of interpreting a received Next

Page. If the Message Page bit is set, then the Message

Code Field, M[10:0], is a binary code that corresponds to a

pre-defined message in the IEEE 802.3 standard, Clause

28. There are 2048 possible message codes. Of these, 8

codes are defined (all other codes are undefined at pres-

ent): 2 codes are reserved for Auto-Negotiation expansion

and the remaining 6 codes are defined as follows:

Null Message: Code exchanged if there is no further

information to be transmitted while the Link Partner is

still transmitting information.

One Unformatted Page containing a Technology Ability

Field follows: Provides extension of the base Link

Code Word.

Two Unformatted Pages containing Technology Ability

Field information follows: Provides extension of the

base Link Code Word.

One Unformatted Page with a binary encoded Remote

Fault follows: Unformatted Page contains Remote

Fault type; Remote Fault Test, Link Loss, Jabber, or

Parallel Detection Fault

OUI Tagged Message: Organizationally Unique Identifi-

er followed by one Unformatted Page (defined by the

transmitting organization).

PHY ID Tagged Message: PHY ID followed by one Un-

formatted Page (defined by the transmitting organiza-

tion).

The Acknowledge 2 bit, Ack2, is set by the receiving device

to indicate that the device supports the function indicated by

the message.

The Toggle bit, T, is set by the Arbitration function within

Auto-Negotiation to ensure proper synchronization with the

Link Partner during Next Page exchange.

4.6 REMOTE FAULT SENSING

4.6.1 Simple Remote Fault Transport Mechanism

A basic remote fault status transport mechanism is built into

the Auto-Negotiation function (i.e., mandatory). However,

the ability to sense and categorize fault types is not re-

quired. To transfer simple remote fault status, a device

which has detected a remote fault will set the Remote Fault

bit in the Auto-Negotiation Advertisement Register (ANAR),

and renegotiate. This will advertise to the Link Partner that a

remote fault has been detected. If negotiation subsequently

completes, the Remote Fault bit in the ANAR will be reset to

clear the fault condition.
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Upon detection of the Remote Fault bit in the Auto-Negotia-

tion Link Partner Advertisement Register (ANLPAR), the de-

vice will set the Remote Fault bit in the MII status register.

Note: All registers are defined as part of the MII register set.

4.6.2 Simple Remote Fault Sensing

Devices may implement any remote fault detection mecha-

nism desired and use this transport mechanism to inform

the Link Partner of a fault. The meaning of the fault to the

receiver is limited, however. Reception of remote fault

status only informs a device that something is wrong with

the link rather than specifying the type of fault that has oc-

curred.

As an example, a device could detect a fault as follows. If a

device is attempting to Auto-Negotiate yet ‘‘never’’ receives

a valid set of signals that will allow it to connect, manage-

ment software could detect this as being caused by a fault

in making a connection. The device could then set the Re-

mote Fault bit in the ANAR and renegotiate. The scenario

described above could be caused by: (see Figure 6)

1. The Local Device has a fault in the wiring of the receive

pair.

The Link Partner would have received the remote fault

information and set the status bit informing management

that a fault has occurred.

2. The Local Device has a fault in the wiring of the transmit

pair.

The Link Partner could never receive the remote fault

information. If the Link Partner also supported this type

of remote fault sensing, then the situation would be

equivalent to example 1, where the Local Device would

inform management of the fault status.

In this case, the Local Device will detect that the Link

Partner is Auto-Negotiation able and set its outgoing Ack

bit. The Local Device will ‘‘never’’ receive Ack set from

the Link Partner. Since the Local Device’s management

agent knows that both devices are Auto-Negotiating, but

cannot complete since there is no acknowledgment from

the Link Partner, there must be something wrong with the

transmission path.

3. The Link Partner is not transmitting FLP Bursts and in-

stead transmits signals of a technology that the Local

Device cannot support.

Since the Link Partner does not support Auto-Negotia-

tion, the remote fault information is not received by the

Link Partner. Note that no connection should be allowed

since there are no common technologies between the

devices. The Local Device will continue to send link puls-

es indefinitely. Software may determine that a fault con-

tinues to persist and notify any local management agent.

TL/F/12389–6

FIGURE 6. Remote Fault Scenarios

4.6.3 Specific Remote Faults via Next Page

It is possible for Auto-Negotiation to complete, even though

some type of remote fault is present that can be detected.

For example, a device may be jabbering, the wire may not

support the 100Mb/s technology, or there is excessive

noise present.

While this type of fault could be transferred using the simple

Remote Fault transport mechanism, it may be beneficial to

inform the Link Partner which type of fault is being experi-

enced. This can be accomplished if both ends of the link

participate in a Next Page exchange to transfer the fault

type information. The wire connection must be such that an

Auto-Negotiation page exchange can complete.

5.0 Expandability
Auto-Negotiation has been architected to provide extensive

code space that will allow the basic mechanism to be lever-

aged and remain interoperable regardless of the nature of

new technologies.
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5.1 AUTO-NEGOTIATION ON ALTERNATE MEDIA

Auto-Negotiation is easily adaptable to virtually any technol-

ogy that uses twisted pair wiring. While not standardized,

the same mechanism could be used over media types other

than twisted pair by replacing the encoding method with one

that is compatible with the given media. For example, since

link pulses do not directly translate onto fiber, an alternate

coding scheme could be defined to replace the link pulses.

The algorithm and Link Code Word encodings would all re-

main the same.

5.2 NEXT PAGE EXTENSION

The Next Page function is architected to provide virtually

unlimited code space. The Message Code space has 2040

codes that may be defined. Implementations need only con-

sider what is an acceptable time to make a connection.

5.2.1 Technology Ability Field Extension

Within a given Selector Field, the base page has enough

space for 8 different technologies (assuming they are to be

advertised independently). If all of the base page bits are

defined, the Next Page function can be used to extend this

to support additional technologies. Thus far, codes have

been reserved to support up to 16 additional bits dedicated

to providing technology information.

5.2.2 Proprietary Extension

The Next Page function also provides the flexibility for man-

ufacturers to define any additional information that may be

used to provide control and/or status to a management

agent.

5.3 NETWORK TYPE EXTENSION

Through the Selector Field code space, 30 fundamentally

different network types can be accommodated by the Auto-

Negotiation function. Currently, IEEE 802.3, CSMA/CD

LANs, and IEEE 802.9 Integrated Services LAN have adopt-

ed Auto-Negotiation and reside in this code space. Token

Ring, Wireless, and others could conceivably leverage all or

part of Auto-Negotiation to provide a greater level of inter-

operability.

6.0 Conclusion
Auto-Negotiation is a standard, simple, low cost, flexible

mechanism for providing connection interoperability be-

tween IEEE 802.3 LANs. Auto-Negotiation forms the basis

for a highest common performance link configuration mech-

anism. In addition, Auto-Negotiation provides management

control and is a valuable network status tool. Auto-Negotia-

tion’s simplicity facilitates implementing cost effective multi-

function nodes and/or hubs. Auto-Negotiation’s flexible ar-

chitecture ensures that future technology interoperability

needs can be met.

National Semiconductor provided its NWay technology and

expertise to create Clause 28 of ANSI/IEEE Std 802.3u

Draft D5 which embodies the Auto-Negotiation Function.

This draft specifically supports configuring the highest per-

formance common mode between 10BASE-T and

100BASE-T devices, enabling multi-vendor, standard inter-

operability a reality for IEEE 802.3 compatible LANs.

7.0 References
International Standard ISO/IEC 8802-3: 1992, 3rd. ed.,

ANSI/IEEE Std 802.3

IEEE Std 802.3u/D5-1995 (Draft supplement to ISO/IEC

8802-3:1993 ANSI/IEEE Std 802.3-1993 ed.)

8.0 Definitions
Attachment Unit Interface (AUI). In 10BASE-T, the inter-

face between the MAU and the DTE within a data station.

ability. A mode which a device can advertise using Auto-

Negotiation.

advertised ability. An operational mode that is advertised

using Auto-Negotiation.

Auto-Negotiation. The function which allows two devices

at either end of a link segment to negotiate common data

service functions.

Base Link Code Word. The first 16-bit message ex-

changed during Auto-Negotiation.

Base Page. See Base Link Code Word.

Data Terminal Equipment (DTE). Any source or destina-

tion of data connected to the LAN.

Fast Link Pulse (FLP) Burst. A group of no more than 33

and not less than 17 10BASE-T compatible link integrity test

pulses. Each FLP Burst encodes 16 bits of data using an

alternating clock and data pulse sequence.

Full Duplex. A type of networking which supports simulta-

neous reception and transmission.

jabber. A condition wherein a station transmits for a period

of time longer than permissible, usually due to a fault condi-

tion.

link. The transmission path between any two interfaces of

generic cabling.

Link Code Word. The 16 bits of data encoded into a Fast

Link Pulse Burst.

Link Partner. The device at the opposite end of a link seg-

ment from the local device. The Link Partner device may be

either a DTE or repeater.

link pulse. Communication mechanism used in 10BASE-T

and 100BASE-T networks to indicate link status and (in

Auto-Negotiation equipped devices) to communicate infor-

mation about abilities and negotiate communication meth-

ods. 10BASE-T uses Normal Link Pulses (NLPs), which indi-

cate link status only. 10BASE-T and 100BASE-T devices

equipped with Auto-Negotiation exchange information using

a Fast Link Pulse mechanism which is compatible with

10BASE-T.

link segment. The point-to-point full duplex medium con-

nection between two and only two Medium Dependent In-

terfaces (MDIs).

local ability. See ability. Relative to the Local Device.

Local Device. The local station which may attempt to Auto-

Negotiate with a Link Partner. The Local Device may be

either a DTE or repeater.

Medium Attachment Unit (MAU). A device containing an

AUI, PMA, and MDI, used to connect a repeater or DTE to a

transmission medium.

Medium Dependent Interface. The mechanical and elec-

trical interface between the transmission medium and the

MAU (10BASE-T) or PHY (100BASE-T).

Media Independent Interface (MII). A signal interface

which maps to MAC service definitions.

Message Code. The pre-defined 11-bit code contained in

an Auto-Negotiation Message Page.

Message Page. An Auto-Negotiation Next Page encoding

which contains a pre-defined 11-bit message code.
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Next Page function. The algorithm which governs Next

Page communication.

Next Page bit. A bit in the Auto-Negotiation Base Link Code

Word that indicates there are additional Link Code Words

with Next Pages to be exchanged.

NLP Receive Link Integrity Test function. Auto-Negotia-

tion link integrity test function which allows backward com-

patibility with the 10BASE-T Link Integrity Test function (See

Figure 14-6 in IEEE 802.3).

NLP sequence. A Normal Link Pulse sequence, as defined

in IEEE 802.3 section 14.2.1.1.

Normal Link Pulse (NLP). An out-of-band communications

mechanism used in 10BASE-T to indicate link status.

Physical Layer Device (PHY). The portion of the physical

layer between the MDI and MII.

Physical Medium Attachment (PMA) sublayer. The por-

tion of the physical layer that contains the functions for

transmission, collision detection, reception, and (in the case

of 100BASE-T4) clock recovery and skew alignment.

page. In Auto-Negotiation, the encoding for a Link Code

Word. Auto-Negotiation can support multiple Link Code

Word encodings. The base page has a constant encoding

as defined in IEEE 802.3u D4, section 28.2.1.2. Additional

pages may have a pre-defined encoding (see Message

Page) or may be custom encoded (see Unformatted Page.)

parallel detection. In Auto-Negotiation, the ability to detect

100BASE-TX and 100BASE-T4 technology specific link sig-

nalling while also detecting the NLP sequence of a

10BASE-T device.

Priority Resolution function. The mechanism used by

Auto-Negotiation to select the network connection type

where more than one common network ability exists

(100BASE-TX, 100BASE-T4, 10BASE-T, etc). The priority

resolution table defines the relative hierarchy of connection

types from the highest performance to the lowest perform-

ance.

remote fault. The generic ability of a Link Partner to signal

its status even in the event that it may not have an opera-

tional link.

renegotiation. Re-start of the Auto-Negotiation function

caused by a management or user interaction.

segment. The medium connection, including connectors,

between MDIs in a CSMA/CD LAN.

Selector Field. A 5 bit field in the base Link Code Word

encoding that is used to encode up to 32 types of messages

which define basic abilities.

Technology Ability Field. An 8 bit field in the Auto-Negoti-

ation base Link Code Word encoding that is used to indicate

the abilities of a Local Device, such as support for

10BASE-T, 100BASE-TX, 100BASE-T4, as well as Full Du-

plex capabilities.

Unformatted Page. A Next Page encoding which contains

an unformatted 11-bit message field. Use of his field is de-

fined through Message Codes and information contained in

the Unformatted Page message field.
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can

into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life

failure to perform, when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
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