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FAST ETHERNET COMBINATION CHAINING OF
AUTO-NEGOTIATIONS FOR MULTIPLE PHYSICAL LAYER CAPABILITY

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The pfesent invention relates to the field of local area networks (LANs) using
the Ethernet communication protocol (e.g., the IEEE 802.3 Standard). Specifically,
the present invention relates to an arbitration mechanism and process for multiple

circuits having auto-negotiation sessions.

RELATED ART

Communication networks for computer systems are an extremely popular form
of providing network computing today. Figure 1A illustrates a high level block
diagram of the communication levels within a typical communication network system
5. System 5 has a first communication level 6 including communication adapters
(“cards") that are inserted into computer systems to provide them with networking
capability. The computer systems interface with users 4. The second
communication level 7 is the workgroup level and includes hubs (e.g., repeater hubs,
switching hubs, etc.). The hubs provide communication pathways between computer
systems of the same or multiple local area networks (LANs). Computer systems
coupled to a common hub share the same collision domain. A collision domain is a
group of computer systems logically connected to share the same physical
bandwidth (e.g. 10 Megabits/sec or 100 Megabits/sec) of a cdmmunication pathway.
In the field of twisted pair cable repeater hubs, a collision domain is managed by a
repeater interface controller (RIC). The third level 8 is often called the backbone or

backplane level and can include segment switches. Among other functions, the
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components of level 8 provide communication pathways bétween hubs and between
different collision domains. _ |

Figure 1B illustrates an exemplary prior art communication configuration 12
including a hub 10 {or switch) and a computer system 30. The computer system 30
typically contains one adapter card 35 which contains physical layer communication
circuitry for establishing and maintaining communication over a communication line
20 (e.q., twisted pair wires). In the configuration 12 of Figure 1B, the other end of the
communication line 20 is cqupfed to port circuitry 15 of the unmanaged hub 10. The
port circuitry 15 also contains physical layer communication circuitry for establishing
and maintaining communication over communication line 20. The port circuitry 15
and the adapter card 35 can each contain physical layer circuitry that support
multiple communication rate capabilities. For instance, port circuitry 15 and the
adapter card 35 each can contain circuitry for communicating at 10 Base T (10
Megabits per second) capability and also 100 Base TX (100 Megabits per second)
capability. Also, half or full duplex communication is typically supported.
Alternatively, port circuitry 15 and the adapter card 35 each can contain circuitry for
communicating at 10 Base T capability and also 100 Base T2 capability; again, half
or full duplex is also supported.

With respect to the examples above, an auto-negotiation session is performed
in accordance with the well known IEEE 802.3 standard in which the port circuitry 15
and the adapter card 35 engage in communication negotiation (“negotiation") to
select between 10 Base T and 100 Base TX (half or full duplex) in one example, or
between 10 Base T and 100 Base T2 (half or full duplex) in another example. The
auto-negotiation session is generally performed such that the best obtainable
communication speed is selected that can be supported by both ends of the
communication line 20. As is well known within the |IEEE 802.3 auto-negotiation

processes, the physical layer communication circuits located on either end of the
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communication line 20 broadcast special data packets ("link packets") specifically
designed to contain an identification of the communication capabilities of the data
packet originator.

Auto-negotiation problems arise, however, when two or more physical layer
capabilities are combined in a single circuit device, e.g., either combined in the
adapter card 35 and/or combined in the port circuitry 15. For instance, problems
arise when 100 Base TX physical layer circuits and also 100 Base T2 physical layer
circuits are combined in the adapter card 35 and/or combined in the port circuitry 15.
This type of physical layer combination is implemented ostensibly to provide robust
physical layer capabilities for the devices in a network system. In these cases having
combined physical layer capability, separate auto-negotiation circuits are
implemented in each device. Problem occur because each physical layer circuit
attempts to perform auto-negotiation {(e.g., as between 10 M and 100M
communication and as between full and half duplex) on its own, e.g., autonomously,
irrespective of the other circuit to which it is combined. When two or more physical
layer communication circuits (that are combined) attempt to perform auto-negotiaiion
simultaneously on the same communication line 20, the auto-negotiation sessions
fail for both devices thereby impeding communication over line 20.

For instance, in an adapter having both 100 Base TX and 100 Base T2
physical layers in combination over a single communication line 20, a firs_t auto-
negotiation session performed over line 20 as between 100 Base TX and 10 Base T
will interfere with a second auto-negotiation session performed over line 20 as
between 100 Base T2 and 10 Base T; the 100 Base TX and the 100 Base T2
physical layer circuits each having a respective 10 Base T capability and supporting
full and half duplex. In effect, the IEEE 802.3 standard state machines were not

designed to take into account the possibility of having multiple physical layer
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communication circuit capabilities combined on the same cbmmunication device and
sharing the same end of a communication line 20. |

Accordingly, what is needed is a circuit and method for allowing auto-
negotiation processes to occur within devices that have combined physical layer
capabili‘ties that also share a same end of a communication line. What is needed
further is a circuit and method for allowing auto-negotiation processes to occur within
devices that have combined 100 Base T2 and 100 Base TX physical layer
capabilities and that also share a same end of a communication line. What is
needed yet further is a circuit and method for allowing auto-negotiation processes to
occur within devices that have a 1000 Base T physical layer circuit combined with
either 100 Base T2 physical layer capability or 100 Base TX physical layer capability
and that also share a same end of a communication line. The present invention
provides such advantageous functionality. These and other advantages of the
present invention not specifically mentioned above will become clear within

discussions of the present invention presented herein.

ap

PROPRIETARY IIFOREAT

ROCK-97RS$S013 ROCKWELL |

1




10

15

20

25

SUMMARY OF THE INVENTION

A circuit and method are described herein for Ethernet combination chaining
of auto-negotiation sessions for multiple physical layer capabilities. The present
invention provides control circuitry for arbitrating between different physical layer
circuit types that heretofore were allowed autonomous auto-negotiation processes
because only one type of physical layer circuitry was applied at each end of a
communication line. The present invention operates effectively within a managed or
an unmanaged hub of a local area network (LAN) communication system where
multiple communication standards can be employed within circuitry that
communicates at different ends of a cofnmunication line, e.g., twisted pair wire. In
the environment of the invention, different types of physical layer circuits are
integrated within communication devices. As such, the invention provides a
mechanism whereby, at each end of the communication line, a first physical layer
circuit {e.g., the master) of a first type is allowed to auto-negotiate under the IEEE
802.3 standard with the other end of the communication line. On failure, the
invention asserts signals causing a second physical layer circuit of a second type,
heretofore dormant, to auto-negotiate under the IEEE 802.3 standard with the other

end of the communication line. On failure again, if there are more than two physical

~layer circuit types, signals are asserted causing a third physical layer circuit of a third

type, heretofore dormant, to auto-negotiate under the IEEE 802.3 standard, and so
forth. If the last physical layer circuit's auto-negotiation falils, signals are asserted to
return control to the master physical layer circuit which attempts auto-negotiation
again, etc. This process continues until an auto-negotiation session is successful at
which time normal communication commences with the selected technology. While
one circuit is in auto-negotiation, the other circuits in the combination are always

dormant.
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Specifically, embodiments of the present invention include a communication
circuit comprising: (a) a master physical layer circuit coupled to communicate over a
communication line at a first communication rate and a second communication rate,
the master physical layer circuit comprising: a first auto-negotiation controlier
coupled to a first auto-in pin and coupled to a first auto-out pin; and a first auto-
negotiation circuit for performing auto-negotiation over the communication line, the
first auto-negotiation controller for allowing the first auto-negotiation circuit to auto-
negotiate in response to a pulse over the first auto-in pin and in response to a reset
signal; (b} a slave physical layer circuit coupled o communicate over the
communication line at the first communication rate and the second communication
rate, the slave physical layer circuit comprising: a second auto-negotiation controller

coupled to a second auto-in pin and coupled to a second auto-out pin; and a second

auto-negotiation circuit for performing auto-negotiation over the communication line,

the second auto-negotiation controller for allowing the second auto-negotiation
circuit to auto-negotiate in response to a pulse over the second auto-in pin; and (c)
wherein the first auto-out pin is coupled to the second auto-in pin and the second
auto-out pin is coupled to the first auto-in pin.

Embodiments of the present invention include the above and wherein the first
auto-negotiation controller is for generating the puise over the second auto-in pin
upon an auto-negotiation failure of the first auto-negotiation circuit and the second
auto-negotiation controller is for generating the pulse over the first auto-in pin upon

an auto-negotiation failure of the second auto-negotiation circuit.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a prior art diagram of three levels of an Ethernet communication
network including one level at the adapter of a computer system, a second
workgroup level including repeater hubs and a third backbdne level including
segment switches.

Figure 1B illustrates communication circuitry positioned at each end of a
communication line in accordance with the prior art.

Figure 2 illustrates communication circuitry and arbitration control circuitry in
accordance with one embodiment of the present invention

Figure 3 illustrates communication circuitry and arbitration control circuitry in

accordance with a second embodiment of the present invention

Figure 4 illustrates a timing diagram of signals generated in accordance with
the present invention when the master physical layer communication circuitry is
successful in its auto-negotiation processes.

Figure 5 illustrates a timing diagram of signals generated in accordance with
the present invention when the master physical layer communication circuitry is not
successful in its auto-negotiation processes but the second physical layer
communication circuitry is successfuli in its auto-negotiation processes.

Figure 6 illustrates a timing diagram of signals generated in accordance with
the present invention when the master physical Iayér communication circuitry is not
successful in its auto-negotiation processes and the second physical layer
communication circuitry is not successful in its auto-negotiation processes.

| Figure 7 is a flow chart of steps performed by the present invention for an
exemplary embodiment having a master physical layer communication circuit type

and two other slave physical layer communication circuit types.
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DETAILED DESCRIPTION OF THE {INVENTION

In the following detailed description of the present invention, a circuit and
method for Ethernet combination chaining of auto-negotiation sessions for multiple
physical layer capability, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. However, it will be recognizéd by
one skilled in the art that the present invention may be practiced without these
specific details or with equivalents thereof. In other instances, well known methods,
procedures, components, and circuits have not been described in detail as not to
unnecessarily obscure aspects of the present invention. |

Figure 2 illustrates a communication circuit 100 embodying the present
invention. Circuit 100 can reside within an adapter card of a computer system (e.g.,
within a network interfac_e circuit or "NiC") and/or can reside as part of the physical
layer of the port circuitry of a managed or an unmanaged hub or a switch. Circuit
100 contains a first physical layer corﬁmunication circuit 150 containing a 10
megabits per second physical layer capability (e.g., 10 Base T) integrated with a 100
megabits per second physical layer capability (e.g., 100 Base TX). Typically,
physical layer circuit 150 is an integrated circuit device or “chip." Circuit 100 also
contains a second physical layer communication circuit 160 containing a 10 mega
bits per second physical layer capability (e.g., 10 Base T) integrated with another
100 mega bits per second physical layer capability (e.g., 100 Base T2). Typically,
phyéical layer circuit 160 is an integrated circuit device or “chip." It is appreciated
that the 100 megabits per second physical layer capability of circuit 150 or circuit 160
can also be of the 100 Base T4 standard. Alternatively, the 100 megabits per second
physical layer capability of circuit 150 or circuit 160 can also be replaced with a 1000
megabits per second capability, e.g., 1000 Base T. Circuit 150 and circuit 160 also
support full and haif duplex communication and utilize well known circuitry to

implement these communication techniques.
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Communication circuit 100 advantageously combines several physical layer
communication capabilities together to provide a more robust design which aliows
circuit 100 to support communication with a wider varisty of equipment over
communication line 130. However, in the past, communication circuits of different
100 megabit physical layer capability were not typically implemented in a single
communication circuit sharing the same communication line 130, as done in circuit
100. Therefore, the present invention addresses the problem of arbitrating between
the otherwise autonomous auto-negotiation circuits included within circuit 100 (e.g.,
located within each physical layer circuit, as described in more detail below).

Each of the physical layer circuits 150 and 160 of Figure 2 contains well
known auto-negotiation features and circuits of the IEEE 802.3 standard, e.g., circuit
183 and circuit 143. According to this standard, the auto-negotiation circuits enter
into auto-negotiation processes that negotiate for the highest bit rate, as between 10
megabits and 100 megabits per second and as between full and half duplex, that is
supported by the communication circuitry situated at the far end of a communication
line {e.g., line 130). The present invention incorporates auto-negotiation control
circuitry 184 within circuit 150 and auto-negotiation control circuitry 144 within circuit
160 to arbitrate as between the IEEE 802.3 auto-negotiation processes of circuits
150 and 160 so that they do not conflict. Using the auto-negotiation control circuits
184 and 144, the present invention effectively prevents the autonomous auto-
negotiation processes of circuits 150 and 160 from interfering with each other which
would prevent (absent the present invention) any auto-negotiatidn from occurring at
all.

In Figure 2, physical layer circuit 150 is coupled to receive and transmit data
over line 130a to a line transformer circuit (e.g., line driver) 110 also referred to as
magnetic circuitry or "MAGS." The MAGS circuit 110 is coubled to receive signals

from and drive signals over communication line 130. Similarly, physical layer circuit
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160 is coupled to receive and transmit data over line 130b to a line transformer
circuit (e.g., line driver)120 also referred to as magnetic circuitry or "MAGS." The
MAGS circuit 120 is coupled to receive signals from and drive signals over
communication line 130. In this configuration, circuit 150 and circuit 160 are both
able to use communication line 130. It is appreciated that circuit 100 supports a
wider variety of communication equipment by providing multiple physical layer
circuits 150 and 160 coupled to a common communication line 130.

The physical layer circuits 150 and 160 of Figure 2 also reéeive a set of
external input signals over lines 170, 172 and 174. Bus 170 is an external interface,
calied a media independent interface or "MIl," which coub!es to a higher level of
communication above the physical layer. The Ml interface 170 receives information
decoded by the physical layer circuits 150 and 160 when circuit 100 is receiving
information. Also, Mil interface 170 presents information to circuit 100 for encoding
by the physical layer circuits 150 and 160 when circuit 100 is transmitting
information. Often, the Ml interface 170 is coupled to a media access controller or
"MAC," not shown. An external reset signal is applied over line 172 to both physical
layer communication circuits 150 and 160. Lastly, control information is supplied to
phyéical layer communication circuits 150 and 160 over control bus 174. It is
appreciated that in one embodiment, bus 174 is a three bit bus and is controlled by
the contents of an _ext_ernal control register (not shown). However, within the scope of‘
the present invention the bus 174 size can vary.

The auto-negotiation control circuits 184 and 144 communicate with each
other via a first control line 134 and a second control line 132 that form a serial
control chain. Physical layer circuit 150 receives control line 132 and physical layer
circuit 160 receives control line 134. Control line 134 is driven by an auto-out1 line
driver 186 which receives a signal from line 188b originating from auto-negotiation

circuit 184. Control line 134 is received by an auto-in2 receiver circuit 146 which is
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coupled to auto-negotiation circuit 144 via line 148b. Control line 132 is driven by an
auto-out2 line driver 182 which receives a signal from line 148a originating from
auto-negotiation circuit 144. Control line 132 is received by an auto-int receiver

circuit 182 which is coupled to auto-negotiation circuit 184 via line 188a. The auto-

-out pin is set high for a few clock cycles to signal the next physical layer circuit in the

control chain to take control of auto-negotiation in accordance with the present
invention. The auto-out pin is chained to the auto-in pin of the upstream physical
layer circuit in the loop or, if itis the end of the control chain, then chained back to the
first auto-in as shown in Figure 2.

In Figure 2, the auto-negotiation controller 184 of physical layer circuit 150

~enables the IEEE 802.3 auto negotiation circuit 183 to negotiate for speed and

duplex type over line 130 when a pulse is received over line 132 or upon a reset
signal over line 172 if physical layer circuit 150 is the master. Otherwise, controller
184 keeps circuit 150 dormant. Likewise, the auto-negotiation controller 144 of
physical layer circuit 160 enables the IEEE 802.3 auto negotiation circuit 143 to
negotiate for speed and duplex type over line 130 when a pulse is received over line
134 or upon a reset signal over line 172 if physical layer circuit 160 is the master.
Otherwise, controller 144 keeps circuit 160 dormant. As discussed below with
respect to Table | and Table I, the activity of the physical layer circuits 150 and 160
during auto-negotiation can be altered according to the control signals of bus 174.
it is appreciated that when the control line received by a physical layer circuit
is pulsed high, this allows the auto-negotiation circuitry within that physical layer
circuit to have access to communication line 130 and auto-negotiate with the
communication circuitry located at the far end of the communication line 130.
Generally, when the control line received by a physical layer circuit is low, the auto-
negotiation circuits within that physical layer circuit are denied access to

communication line 130 and can optionally be powered down compietely.
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In operation, one particular physical layer circuit within circuit 100 of Figure 2
is selected to be the master and the other physical layer circuits (in this case there is
only one other) is the slave. As an example, the master phySicaI layer circuit can be
assigned to physical layer circuit 150 (e.g., 100 Base TX), but could be any of the
physical layer circuits within circuit 100. On reset, the master physical layer circuit
150 accordlng to the present invention is allowed to auto-negotiate first over Ilne 130
with the communication circuitry (if present) located in the equipment or system
situated at the far end of communication line 130 (the “far communication circuitry").
During the master's auto-negotiation period, the second physical layer circuit 160 is
dormant. The second physical layer circuit 160 receives a pulse over line 134 if and
when the master's auto-negotiation process failed. This pulse initiates the auto-
negotiation process for the second physical layer circuit 160. Likewise, the master
physical layer circuit 150 receives a puise over line 132 if and when the auto-
negotiation process of the second physical circuit 160 failed.

Figure 4 illustrates a timing diagram 201 of the operation of the circuits of
Figure 2 assuming physical layer circuit 150 is the master. In the example case of
Figure 4, physical layer circuit 150 is successful in its auto-negotiation processes. At
the start of the diagram 201, control lines 134 and 132 are low and the reset signal
(asserted high) over line 172 goes low at 201c. This causes the auto-negotiation
circuit 184 of physical layer circuit 150 to enter the IEEE 802.3 auto-negotiation
process whereby special auto-negotiation link packets 201a are broadcast over line
130 (and 130a) and also received from the far circuitry over line 130. Itis
appreciated that the master physical layer circuit 150 enters auto-negotiation after
reset regardiess of the state of control line 132, These link packets from an originator
at one end of communication line 130 inform the circuitry coupled to the other end of
communication line 130 as to the capabilities of the originator pursuant to the IEEE

802.3 standard. According to the example of Figure 4, the link packets 201a were
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successful in the auto-negotiation process of circuit 150. Therefore, normal
communication transmissions 201b occur between the physical layer circuit 150 and
the far communication circuitry. In this case, physical layer circuit 160 remains
dormant until another reset condition or an unrecoverable error occurs. As shown in
the diagram 201, no active signals are seen over line 130b and line 134 and 132
remain low throughout.

Figure 5 illustrates a timing diagram 203 of the operation of the circuits of
Figure 2 assuming physical layer circuit 150 is the master. In the example case of

Figure 5, physical layer circuit 150 is not successful in its auto-negotiation processes,

but physical layer 160 is successful. At the start of the diagram 203, control lines 134

and 132 are low and the reset signal (asserted high) over line 172 goes low at 203e.
This causes the auto-negotiation circuit 184 of physical layer circuit 150 to enter the
IEEE 802.3 auto-negotiation process whereby special auto-negotiation link packets
203a are broadcast over line 130 and also received from the far circuitry over line
130. However, in this case, physical layer circuit 150 sither negotiated for only 10
megabits per second communication {e.g., 10 Base T) or did not match the far
communication circuitry at all. This condition can be determined by an inspection of
a specialized register maintained within the IEEE 802.3 auto-negotiation circuit 183
of Figure 2 that indicates if an auto-negotiation process resulted in a match or a
failure.

Upon failure of éircuit 183 to negotiate, the auto-negotiation controliér 184
places circuit 150 into a dormant state and generates a pulse over line 134 shown as
pulse 203d. This pulse 203d causes the auto-negotiation controller 144 of physical
layer circuit 160 to power up its auto-negotiation circuit 143 which subsequently
negotiates over line 130 (via line 130b) as shown by the link packets 203b
generated over line 130b. According to the example of Figure 5, the link packets

203b were successful in the auto-negotiation process of circuit 160, Therefore,
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normal communication transmissions 203c occur between the physical layer circuit
160 and the far communication circuitry. In this case, physical layer circuit 150
remains dormant until another reset condition or an unrecoverable error occurs. As
shown in the diagram 203, line 132 remains low throughout.

Figure 6 illustrates a timing diagram 205 of the operation of the circuits of
Figure 2 assuming physical layer circuit 150 is the master. In the example case of
Figure 6, physical layer circuit 150 is not successful in its auto-negotiation processes
and physical layer 160 is not successful. This state can exist if no far communication
circuitry is present on communication line 130. At the start of the diagram 205,
control lines 134 and 132 are low and the reset signal (asserted high) over line 172
goes low at 209. This causes the auto-negotiation circuit 184 of physical layer circuit
150 to enter the IEEE 802.3 auto-negotiation process whereby special auto-
negotiation link packets 205a are broadcast over line 130 and also received from the
far circuitry (if present) over line 130. Howaever, in this case, physical layer circuit 150
either negotiated for only 10 megabits per second communication (e.g., 10 Base T)
or did not match the far communication circuitry at all or no far communication
circuitry was present. This condition can be determined by an inspection of the
specialized register maintained within the IEEE 802.3 auto-negotiation circuit 183 of
Figure 2.

Upon failure of circuit 183 to negotiate, the auto-negotiation controller 184
places circuit 150 into a dormant state and generates a pulse over line 134 shown as
pulse 207a of Figure 6. This pulse 207a causes the auto-negotiation controlier 144
of physical layer circuit 160 to power up its auto-negotiation circuit 143 which _
subsequently negotiates over line 130 as shown by the link packets 205e generated
over line 130b. However, in this case, physical layer circuit 160 either negotiated for
only 10 megabits per second communication {(e.g., 10 Base T) or did not match the

far communication circuitry at all or no far communication circuitry was present. This -
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condition can be determined by an inspection of a specialized register maintained
within the IEEE 802.3 auto-negotiation circuit 143 of Figure 2 that indicates if an
auto-negotiation process resulted in a match or a failure._ Therefore, auto-negotiation
controller 144 then powers down its auto-negotiation processes and generates a
pulse 207d ovef line 132 causing circuit 150 to power up and negotiate.
Subsequently, link packets 205b are generated over line 130a.

Again, upon failure of circuit 150 to negotiate, pulse 207b of Figure 6 is issued
by auto-negotiation circuit 184 causing circuit 160 to negotiate as shown by link
packets 205f. Again, upon failure of circuit 160 to negotiate, pulse 207e is issued by
auto-negotiation circuit 144 causing circuit 150 to negotiate as shown by link packets
205¢. As shown in‘Figure 6, this process continues indefinitely until the far
communication circuitry auto-negotiates or until circuit 100 powers-down. It is
appreciated that in accordance with the present invention, circuit 100 performs the
timing shown in Figure 6 when no far communication circuitry is present. This is
advantageous because when far communication circuitry is eventually inserted,

auto-negotiation proceeds at the auto-negotiation session.

MAJOR STATES

The physical layer circuits 150 and 160 (Figure 2) in accordance with the
present in\)ention can be in one of three possible majbr states of operation: (1)
Running; (2) Dormant; or (3) Auto-Negotiation. The first state is the Running state
and in this state, a physical layer circuit is in its normal power up mode and
communicating over line 130 after a successful auto-negotiation session. In Figure
4, circuit 150 is in the Running state at 201b. In Figure 5, circuit 160 is in the Running
state at 203c.

The second state is the Dormant state. A physical layer circuit can be placed

into the dormant state when reset 172 is asserted o if its auto-negotiation process
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failed and another physical layer circuit has control of line 130. While dormant, its
transmit output pins (e.g., TX+ and TX-) are in their off state (e.g., high impedance for
100 Base TX current drivers and low impedance for 100 Base T2 voltage drivers).
Also, its receive input pins (e.g., RX+ and RX-) are placed into high impedance as is
the hybrid T2 input. The transmitter and receiver circuits of the physical layer circuit
are powered down. In this Dormant state, the physical layer circuit responds to a
reset signal and also an auto-in transition only. The response to the auto-in pin is to
enter the Auto-Negotiation state. If the physical layer circuit is the master, then the
response to the reset is to enter the Auto-Negotiation state. If the physical layer
circuit is not the master, then the response to the reset is to remain in the Dormant
state until auto-in is pulsed. Intemnal register values are retained in the Dormant
state.

The last state is the Auto-Negotiation state. In this state, only enough of the
transmit and receive circuitry are powered up within the bhysical layer circuit to
permit auto-negotiation functionality. Serial Management functioné are also

powered up. In this mode, the normal IEEE 802.3 auto-negotiation processes take

“place over line 130.

SPECIAL PROGRAMMED STATES
In one embodiment, physical layer circuit 150 of Figure 2 is a 100 Base TX
and physical layer circuit 160 is a 100 Base T2. Table I below illustrates various
modes of behavior for auto-negotiation that physical layer 150 can be programmed

to performed based on programming of the control bus 174,
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TABLE |
Control Auto Mode
Bits 174 Usage Negotiation Description
000 NO Isolate
001 NO Force Half Duplex 10 Base T
010 NO Force Half Duplex 100 Base TX
011 Single Phy TX NO Force Full Duplex 100 Base TX
Dumb Hub (For Single Physical Layer Device "PHY"
TX Repeater)
100 YES Offer 100 Base TX Half Duplex Only
101 YES Offer 100 Base TX Full Duplex Only
110 Dumb Hub Dual YES Offer 100 Base TX Modes Only. if Link
Phy Case Partner Does Not Offer 100 Base TX
Then Transfer Control Via Auto Out Line
111 NIC or Switch YES Offer Half or Full Duplex 10 Base T and

Single Phy Fully
Auto-Negotiated
System

100 Base TX

When used as a repeater, the control pins 174 are set to 011 in this embodiment.

This causes the CRS to behave properly in full and half duplex modes. Table Il

below illustrates various modes of behavior for auto-negotiation that physical layer

160 can be programmed to performed based on programming of the control bus 174.

ROCK-97RSS013
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TABLE 1]
Control Auto Mode
Bits 174 Usage Negotiation Description
000 NO Isolate
o001 NO Force Halif Duplex 10 Base T
010 NO Force Half Duplex 100 Base T2
011 Single Phy TX NO Force Full Duplex 100 Base T2
Dumb Hub (For Single Physical Layer Device "PHY"
T2 Repeater)
100 YES ‘Offer 100 Base T2 Half Duplex Only
101 YES Offer 100 Base T2 Fulil Duplex Only
110 Dumb Hub Dual YES Offer 100 Base T2 Modes Only. if Link
Phy Case . Partner Does Not Offer 100 Base T2
o Then Transfer Control Via Auto Out Line
111 NIC or Switch YES Offer Half or Full Duplex 10 Base T and
Single Phy Fully 100 Base T2
Auto-Negotiated
System

MULTIPLE PHYSICAL LAYER CIRCUITS

Figure 3 illustrates an embodiment of the present invention having n physical
layer circuits: 210 (1), .. ., 210(n-1), 210(n) coupled in a serial control chain via
control lines 230, . . .', 240 and 250. Circuit 210(1) is the most downstream circuit in
the chain while circuit 210(n} is the most upstream circuit in the chain. In this case,
100 Base TX, 100 Base T2 and also 1000 Base T can be supported. Each of the
physical layer devices 210 (1), . . ., 210(n-1), 210(n) are coupled to communication
line 130 via a MAGS circuit and each also contains a respective auto-negotiation
controller circuit 220, 232, and 242, respectively. As discussed previously, the auto-
out pin of a physical layer device {e.g., 230, . . ., 240 and 250) is chained to the auto-
in pin of the upstream physical layer circuit in the loop or, if it is the end of the control
chain, then chained back to the first auto-in 222 as shown in Figure 3. The Ml bus
170 as well as the reset line 172 as wells as the control bus 174 are coupled to each

of the physical layer circuits 210 (1), .. ., 210(n-1), 210{(n).
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As discussed with respect to Figure 2, upon failure of an auto-negotiation
process of a downstream physical layer circuit (e.g., circuit 210(n-1) of Figure 3), an
upstream physical layer circuit (e.g., circuit 210(n) of Figure 3) is next granted
authorization to auto-negotiate in accordance with the present invention. Upon auto-
negotiation failure of circuit 210(n), the first physical layer circuit 210(1) is then

allowed to auto-negotiate over line 130.

FLOW DIAGRAM

Figure 7 illustrates steps performed in accordance with the present invention "
for an exemplary circuit having three physical layer circuits: a first physical circuit
serially chained with a first control line to a second physical layer circuit serially
chained with a second control line to a third physical layer circuit which is serially
chained with a third control line to the first physical layer circuit (Figure 3 where n=3).
The first physical layer circuit is the most downstream circuit and is also the master;
the third physical layer circuit is the most upstream circuit It is appreciated that this
flow diagram 300 can be extended to include a circuit having n physical layer circuits
(Figure 3) or abbreviated to fully described the circuit 100 of Figure 2 having two
physical layer circuits 150 and 160.

At step 310, the circuit of the present invention waits for a reset signal over line
172. While at step 310, the three physical layer devices are in the Dormant state.
Upon the reset line 172 going low, step 315 is entered. At step 315, the present
invention allows the master physical layer circuit to commence auto-negotiation over
line 130; at this time the first physical layer circuit is in the Auto-Negotiation state.
Negotiation is made as between 100 and 10 megabits j:)er second and as between
half and full duplex. At step 320, after a predetermined period of time, the present
invention causes the auto-negotiation controller of the first physical device to check

its internal registers and determine if the auto-negotiation process was successful.
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Typically, success is not registered if only 10 Base T is negotiated by the first
physical layer circuit. If success is not reached at step 320, then step 330 is entered.
If success is reached at step 320, then step 325 is entered. At step 325, the first
physical layer circuit is placed into the Running mode and the second and third
physical layer circuits remain in the Dormant state. Process 300 then returns.

At step 330, the auto-negotiation controller of the first phy'sical layer circuit
pulses its auto-out1 pin high which is the auto-in2 pin of the second physical layer
circuit. At step 330, the first physical layer circuit enters the Dormant state and the
second physical circuit enters the Auto-Negotiation State. Nego"tiation is made as
between 100 and 10 megabits per second and as between half and full duplex. At
step 335, after a predetermined amount of time, the present invention causes the
auto-negotiation controller of the second physical device to check its intemal
registers and determine if its auto-negotiation process was successful. Typically,
success is not registered if only 10 Base T is negotiated by the second physical layer
circuit. If success is not reached at step 335,‘then step 345 is entered. |f success is
reached at step 335, then step 340 is entered. At step 340, the second physical layer
circuit is placed into the Running mode and the first and third physical layer circuits
remain in the Dormant state. Process 300 then returns.

At step 345, the auto-negotiation controller of the second physical layer circuit
pulses its auto-out2 pin high which is the auto-in3 pin of the third physical layer
circuit. At step 345, the second physical layer circuit enters the Dormant state and
the third physical circuit enters the Auto-Negotiation State. Negotiation is made as
between 100 and 10 megabits per second and as between half and full duplex. At
step 350, after a predetermined amount of time, the present invention causes the
auto-negotiation controller of the third physical device to check its internal registers
and determine if its auto-negotiation process was successful. Typically, success is

not registered if only 10 Base T is negotiated by the third physical layer circuit. If

ROCK-97RSS013 PROPRIETARY INFORMATION

ROCKWELL INTERNATIONAL



10

16

-21-

success is not reached at step 350, then step 360 is entered. If success is reached at
step 350, then step 355 is entered. At step 355, the third physical layer circuit is
placed into the Running mode and the first and second physical layer circuits remain
in the Dormant state. Process 300 then returns.

At step 360, the auto-negotiation controller of the third physical layer circuit

pulses its auto-out3 pin high which is the auto-in1 pin of the first physical layer circuit.

At step 360, the third physical layer circuit enters the Dormant state and step 315 is

entered. At step 315, the first physical circuit enters the Auto-Negotiation State and
process 300 continues as déscribed above.

It is appreciated that the flow diagram of Figure 7 can also be implemented in
software under control of a computer system that uses the Serial Management
interface to control the functionality of the physical layer circuits.

The preferred embodiment of the present invention, a circuit and method for
Ethermet combination chaining of auto-negotiation sessions for multiple physical
layer capability, are described. While the present invention has been described in
particular embodiments, it should be appreciated that the present invention should
not be construed as limited by such embodiments, but rather construed according to

the below claims.
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CLAIMS
What is claimed is:

1. A communication circuit comprising:

(a) a first physical layer circuit coupled to communicate. over a communication
line at a first communication rate and a second communication rate, said first
physical layer circuit comprising:

a first auto-neg}otiation controller coupled to receive a signal over a first
auto-in pin and coupled to generate a signal over a first auto-out pin; and

a first auto-negotiation circuit for performing auto-negotiation over said
communication line;

(b} a second physical layer circuit coupled to communicate over said
communication line at said first communication rate and said second communication
rate, said second physical layer circuit comprising:

a second auto-negotiation controller coupled to receive a signal over a
second auto-in pin and coupled to generate a signal over a second auto-out
pin, wherein said second auto-out pin is coupled to said first auto-in pin and
said first auto-out pin is coupled to said second auto-in pin; and

a second auto-negotiation circuit for performing auto-negotiation over
said communication line; and

~ (c) wherein said second auto-negotiation controller is for placing said second
physical layer circuit into a dormant mode while said first auto-negotiation circuit
auto-negotiates over said communication line and wherein further said first auto-
negotiation controller is for placing said first physical layer circuit into a dormant
mode while said second auto-negotiation circuit auto-negotiates over said

communication line.
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2. A communication circuit as described in Claim 1 wherein said first auto-
negotiation controller is for genérating a pulse over said first auto-out pin upon a
failure of said first auto-negotiation circuit to auto-negotiate over said communication
line and wherein second auto-negotiation circuit commences auto-negotiation in

response to said pulse over said first auto-out pin.

3. A communication circuit as described in Claim 2 wherein said second
auto-negotiation controller ié for generating a pulse over said second auto-out pin
upon a failure of said second auto-negotiation circuit to auto-negotiate over said
communication line and wherein said first auto-negotiation circuit commences auto-

negotiation in response to said pulse over said second auto-out pin.

4, A communication circuit as described in Claim 1 further comprising a
reset line coupled to said first physical layer circuit and further coupled to said
second physical layer circuit, said reset line supplying a reset signal causing said
first auto-negotiation circuit to first commence auto-negotiation over said

communication line irrespective of the state of any signal over said first auto-in pin.

5. A communication circuit as described in Claim 1 wherein said first
physical layer circuit conforms to the 100 Base TX communication standard and
wherein said first communication rate is 100 megabits per second and wherein said
second communication rate is 10 megabits per second and conforms to the 10 Base

T communication standard.

6. A communication circuit as described in Claim 5 wherein said second

physical layer circuit conforms to the 100 Base T2 communication standard.
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7. A communication circuit as described in Claim 5 wherein said second

physical layer circuit conforms to the 1000 Base T communication standard.

8. A communication circuit comprising:

(a) a master physical layer circuit coupled to communicate over a
communication line at a first communication rate and a second communication rate,
said master physical layer circuit comprising: |

a first auto—neg:aotiation controller coupled to a first auto-in pin and to a
first auto-out pin; and

a first auto-negotiation circuit for performing auto-negotiation over said
communication line, said first auto-negotiation controller for allowing said first
auto-negotiation circuit to auto-negotiate in response to a pulse over said first
auto-in pin and in response to a reset signal;

(b) a first slave physical layer circuit coupled to communicate over said
communication line at said first communication rate and said second communication
rate, said first slave physical layer circuit comprising:

a second auto-negotiation controller coupled to a second auto-in pin
and to a second auto-out pin; and

a second auto-negotiation circuit for performing auto-negotiation over
said communication Iiné, said second auto-negotiation controller for allowing
said second auto-negotiation circuit to auto-negotiate in response to a pulse
over said second auto-in pin; and

(c) a second slave physical layer circuit coupled to communicate over said
communication line at said first communication rate and said second communication

rate, said second upstream slave physical layer circuit comprising:
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a third auto-negotiation controller coupled to a third auto-in pin and
coupled to a third auto-out pin; and

a third auto-negotiation circuit for performing auto-negotiation over said
communication line, said third auto-negotiation controller for allowing said
third auto-negotiation circuit to auto-negotiate in response to a pulse over said

third auto-in pin.

9. A communication circuit as described in Claim 8 wherein said first auto-
out pin is coupled to said second auto-in pin, said second auto-out pin is coupled to

said third auto-in pin, and said third auto-out pin is coupled to said first auto-in pin.

10. A communication circuit as described in Claim 8 wherein said first auto-
negotiation controller is for génerating said pulse over said second auto-in pin upon
an auto-negotiation failure of said first auto-negotiation circuit, said second auto-
negotiation controller is for generating said pulse-over said third auto-in pin upon an
auto-negotiation failure of said second auto-negotiation circuit and said third auto-
negotiation controller is for generating a pulse over said first auto-in pin upon an

auto-negotiation failure of said third auto-negotiation circuit.

11. A communication circuit as described in Ciaim 10 further comprising a
reset line coupled to said master physical layer circuit, said first slave physical layer
circuit and said second slave physical layer circuit, said reset line for supplying said
reset signal céusing said first auto-negotiation circuit to first commence auto-
negotiation over said communication line irrespective of the state of any signal over

said first auto-in pin.
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12. A communication circuit as described in Claim 10 wherein said master
physical layer circuit communicates in conformance with the 100 Base TX
communication standard and wherein said first communication rate is 100 megabits
per second and wherein said second communication rate is 10 megabits per second

in conformance with the 10 Base T communication standard.

13. A communication circuit as described in Claim 10 wherein said master
physical layer circuit communicates in conformance with the 100 Base T2
communication standard an-d wherein said first communication rate is 100 megabits
per second and wherein said second communication rate is 10 megabits per second

in conformance with the 10 Base T communication standard.

14. A communication circuit as described in Claim 10 wherein said master
physical layer circuit communicates in conformance with the 1000 Base T

communication standard.

15. A communication circuit comprising:

(a) a master physical layer circuit coupled to communicate over a |
communication line at a first communication rate and a second communication rate,
said master physical layer circuit comprising:

a first auto-negotiation controller coupled to a first aute-in pin and
coupled to a first auto-out pin; and

a first auto-negotiation circuit for performing auto-negotiation over said
communication line, said first auto-negotiation controller for allowing said first
auto-negotiation circuit to auto-negotiate in response to a pulse over said first

auto-in pin and in response to a reset signal;
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(b) a slave physical layer circuit coupled to communicate over said
communication line at said first communication rate and said second communication
rate, said slave physical layer éircuit comprising:

a second auto-negotiation controller coupled to a second auto-in pin
and coupled to a second auto-out pin; and

a second auto-negotiation circuit for performing auto-negotiation over
said communication line, said second auto-negotiation controller for allowing
said second auto-negotiation circuit to auto-negotiate in response to a pulse
over said second aut-o-in pin; and

(c) wherein said first auto-out pin is coupled to said second auto-in pin and

said second auto-out pin is coupled to said first auto-in pin.

16. A communication c_:ircuit as described in Claim 15 wherein said first
auto-negotiation controller is for generating said pulse over said second auto-in pin
upon an auto-negotiation failure of said first auto-negotiation circﬁit and said second
auto-negotiation controller is for generating said pulse over said first auto-in pin

upon an auto-negotiation failure of said second auto-negotiation circuit.

17. A communication circuit as described in Claim 16 further comprising a
reset line coupled to said rhaster physical layer circuit and to said slave physical
layer circuit, said réset line for supplying séid reset signal causing said first auto-
negotiation circuit to first commence auto-negotiation over said communication line

irrespective of the state of any signal over said first auto-in pin.

18. A communication circuit as described in Claim 16 wherein said master
physical layer circuit communicates in conformance with the 100 Base TX

communication standard and wherein said first communication rate is 100 megabits
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per second and wherein said second communication rate is 10 megabits per second
and conforms with the 10 Base T communication standard and wherein said slave
physical layer circuit communicates in conformance with the 100 Base T2

communication standard.

19. A communidation circuit as described in Claim 16 wherein said master
physical layer circuit communicates in conformance with the 100 Base T2 _
communication standard and wherein said first communication rate is 100 megabits
per second and wherein sai-d second communication rate is 10 megabits per second
and conforms with the 10 Base T communication standard and wherein said slave
physical layer circuit communicates in conformance with the 100 Base TX

communication standard.

20. A communication circuit as described in Claim 17 wherein said master
physical layer circuit communicates in conformance with the 1000 Base T
communication standard and wherein said slave physical layer circuit communicates

at 100 Megabits per second.
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FAST ETHERNET COMBINATION CHAINING OF
AUTO-NEGOTIATIONS FOR MULTIPLE PHYSICAL LAYER CAPABILITY

ABSTRACT OF THE INVENTION

A circuit and method for Ethernet combination chaining of auto-negotiation
sessions for multiple physical layer capability. The present invention provides
control circuitry for arbitrating between different physical layer circuit types that
heretofore were allowed autonomous auto-negotiation processes because only one
type of physical layer circuit-ry was applied at each end of a communication line. The
present invention operates effectively within a hub of a local area network (LAN)
communication system where muitiple communication standards can be employed
within circuitry that communicate at different ends of a communication line, e.g.,
twisted pair wire. in the environment of the invention, different types of physical layer
circuits are integrated within communication devices. The invention provides a
mechanism whereby, at each end of the communication line, a first physical layer
circuit (e.g., the master) of a first type is allowed to auto-negotiate under the IEEE
802.3 standard with the other end of the communication line. On failure, the
invention asserts signals causing a second physical layer circuit of a second type to
auto-negotiate with the other end of the communication line. On failure again, if
there are more than two physical layer circuit types, signals are asserted causing a
third physical layer circuit of a third type to auto-negotiate, and so forth. If the last
physical layer circuit's auto-negotiation fails, sighals are asserted to return control to
the master physical Iayerr circuit which attempts auto-negotiation again, etc. This

process continues until an auto-negotiation session is successful.

PROPRIETARY INFORMATION

ROCKWELL INTERNATIONAL

ROCK-87RSS013



(o)

ADAPTER IN PERSONAL COMPUTER

(10/100 BASE T) 6
'WORKGROUP LEVEL (HUBS) 7
BACKBONE (SEGMENT SWITCHES) T~ 8

FIG. 1A
(Prior Art) |

PROPRIETARY INFORMATION

ROCKWELL INTERKATIONAL



12

Unmanaged Hub

Port Cnrt

./’-"S

A

A 4

Adapter

125

Computer System (PC) T 4°.

'FIG. 1B
(Prior Art)

- PROPRIETARY INFORMATICN

ROCKWELL INTERHATIONAL



0zl

QA —

4/

(
7
SOV \\
qatl
o5 1 -
on ol
n :
i
SOVIN
auy A

hS1-

7
19|j0Jjuo)
Ban-oiny

L

PROPRIETARY INECPMATION
ROCKWELL INTERNATIONA

Q 2
221
05/
[
s 7 .
ooy 1T —— 1uj-omy
g8/ {
781 12 281 hel
ljoJue)
BaN-oiny ¢ | 4
i 2(
h8! ~ £81-¢ ﬁ \rl 2¢1

oLl




€ DIl

ROCKWELL INTERNATIONAL

0
997 1 b
\ :
7 92 1 2k —
SOV { %__eEoo <
aN-oINYy ‘ Y
| Ihe CANQ-ANY |05 =
o) 1ol . m
h92 (-9INO-0INY 78 m
{ =
y =
r SOV rﬂﬁ 18||0nu0n hEd “ W
BaN-oIny *__ o
T 25C *n &
/ ‘ 1 m
C-woiz 7 _ =
|
. . » _ "
. !
75 11 e — —~
Q2
_ ninQ-oINy Ju[-oIny
272
( | hz2 222
v 240 19]|04ju0D
( BaN-oIny < s— AL
[ T— SOV _ <
aur - 022 — - 244

oL/!



S123IHS 00T to1-TL

PROPRIETARY INFORMATION
ROCKWELL INTERNATIONAL

S133HS 001 Zb1- __._
suaMs 05 ivize | @



. | . ORMATION
i e

. o
300 T | hs|
A | (YOISSIWSVYELL WwW2ory ..v. Ay _ e ﬂwoM \

qsor

— — — e —_—

s e e

Siaus 00z voizr -
S133HS 001 Zti-Ty (uvaiw)
S133HS 05 1vi-zz . N@.



9 OIA

PROPRIETARY INFORMATION

ROCKWELL INTERNATIONAL

, Q

y ¢4
JLog < m%n\hrx ~2Z]
Loz T
o
o =~ . Y 0p I}M\
. g9cof -
G T e
- I AV
o St =905
G G
e 7 4&;\ _,W vy =
fos0E . 4 - A\ AT -~ vos |
el gs0z >
J@MQ“
!- - Zor

S133IHS 007 dri-tz g
SI3IHS 001 Zbi-Zz (uvuiwv)
SIIIHS 05 tri-zz @



N— J

NO RESET

ALLOW MASTER PHYSICAL DEVICE LAYER

RESET
Y

— CIRCUIT TO ENTER AUTO-NEGOTIATION ~ _} 2/¢
| PROCESS
KEEP SECOND AND
: THIRD PHYSICAL
YES®  DEVICE LAYER
CIRCUITS IN
220 Do:emANTr MODE
NO '
A 4 | 348
PULSE AUTO-IN2 HIGH, ALLOW SECOND
PHYSICAL DEVICE LAYER CIRCUIT TO ENTER
AUTO-NEGOTIATION PROCESS 1 ¢20
KEEP MASTER AND
THIRD PHYSICAL
DEVICE LAYER
CIRCUITS IN
PoRMANT
MODE

NO ¢ D

v
24

PULSE AUTO-IN3 HIGH, ALLOW THIRD
PHYSICAL DEVICE LAYER CIRCUIT TO ENTER
AUTO-NEGOTIATION PROCESS 4 395

KEEP MASTER AND
SECOND PHYSICAL
YES 9 LAYER CIRCUITS IN

PULSE
AUTO-IN1 HiGH € NO

¢

1

360

DORMANT
75T MODE

350
[ RETURN 74 ¢

PROPRIETARY INFORMATION

ROCKWELL INTERNATIONAL




