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(57) ABSTRACT 

A method of automatically con?guring media connections 
When operating in forced speed and duplex mode, includes: 
connecting a ?rst pair of connectors to a ?rst pair of 
conductors and a second pair of connectors to a second pair 
of conductors during a ?rst state, and connecting the ?rst 
pair of connectors to the second pair of conductors and the 
second pair of connectors to the ?rst pair of conductors 
during a second state; and holding the ?rst state or the 
second state if operating in forced speed and duplex mode, 
a de?ned time has not expired and another end of a link can 
receive a signal. An apparatus for automatically con?guring 
media connections When operating in forced speed and 
duplex mode, includes: a media sWitch con?gured to con 
nect a ?rst pair of connectors to a ?rst pair of conductors and 
a second pair of connectors to a second pair of conductors 
during a ?rst state, and to connect the ?rst pair of connectors 
to the second pair of conductors and the second pair of 
connectors to the ?rst pair of conductors during a second 
state; and a processor coupled to the media sWitch and 
con?gured to hold the ?rst state or the second state if 
operating in forced speed and duplex mode, a de?ned time 
has not expired and another end of a link can receive a 
signal. 
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APPARATUS & METHOD FOR AUTOMATICALLY 
SWITCHING MEDIA CONNECTIONS WHEN 

OPERATING IN FORCED SPEED AND DUPLEX 
MODE 

TECHNICAL FIELD 

[0001] This disclosure relates generally to communication 
networks, and more particularly to an apparatus and method 
for automatically switching media connections When oper 
ating in forced speed and duplex mode. 

BACKGROUND 

[0002] Many local area netWork products use a 
medium formed by tWisted copper Wire pairs for the trans 
mission and reception of data. For these products, there is 
typically a requirement to use one or more pairs for the 
transmission of data, and one or more pairs to receive the 
data. For LAN technologies Which employ a full-duplex 
medium, many have different pairs for transmission and for 
reception and thereby require that each end of the link use 
a de?ned assignment for its tWisted pair connector to a 
particular pair of Wires. For example, a NetWork Interface 
Card (NIC) is usually employed as an end node device, 
While a sWitch or repeater Will be employed as a concen 
trator or central component in a star-based netWork. In order 
for the link to operate, the NIC must transmit on a pair of 
Wires that is connected to the receiver of the hub or sWitch 
and the NIC’s receiver must be connected to the transmitter 
at the other end of the link. If the transmit pair of Wires of 
a device is connected to the transmit connectors of the 
connected device, the communication link Will typically fail. 

[0003] Most LAN standards address this by assigning 
different connector pins to the Wires in the tWisted pair cable 
Which is typically referred to as the Media Dependent 
Interface (MDI). In the IEEE-802.3’s 10BASE-T standard, 
an end node Will assign pins 1 and 2 to the transmit pair, 
While pins 3 and 6 are for connection to a tWisted pair for 
receiving. The repeater for a 10BASE-T netWork Will assign 
its transmitter to pins 3 and 6, While its receiver Will be 
connected to pins 1 and 2. This Works very Well for general 
con?gurations Where NICs are attached to repeaters. HoW 
ever, there are a feW cases that become more important to 
consider as the emergence of sWitched netWorks takes place. 
First, there is a case Where the NIC is connected directly to 
another NIC, or a repeater is connected to repeater, or a 
repeater is connected to a sWitch. Depending on the assign 
ment of pins at the product’s netWork interface, it may 
become necessary to employ a “crossover” cable to address 
the fact that both products employ the same pin designations 
on their interfaces. 

[0004] Some products Will use a manual “MDIX” (Media 
Dependent Interface Crossover) sWitch that alloWs them to 
connect to other similar devices but requires an installer to 
manually push a button. This approach Works Well for very 
limited applications like a repeater-to-repeater port but it 
Would not Work Well in the general case Where it is desired 
to build a product that attaches to either repeater, NIC, or 
sWitch Without manual intervention. To overcome this draW 
back, a neW approach must be used. 

[0005] In a prior product knoWn as the 100VG Modular 
Transceiver from HeWlett-Packard Company, bus sWitches 
Were employed to make a solid-state version of this type of 
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circuit. HoWever, that prior product used a very loW fre 
quency alternating pin selection to perform its “automatic” 
operation. While the algorithm in the product Was suitable 
for its intended purpose, it had the draWback that if tWo such 
devices Were attached together, they could potentially get 
into a “lock-step” operation Where the necessary connection 
for establishing a communication link became impossible. 
Subsequently, other products came out Which employed a 
similar algorithm and Were forced to use a different alter 
nation rate to avoid the lock-step phenomena. While that 
approach Was suitable for its intended purpose and Worked 
for a very limited set of products, it did not solve the general 
case Whereby a guaranteed connection betWeen nodes Was 
achieved regardless of the manufacturer or the model of the 
product that Was being used. Therefore, to guarantee (or at 
least assure a very high probability of) connection, another 
method is needed to avoid the “lock-step” interaction 
betWeen automatic crossover circuits. 

SUMMARY 

[0006] In accordance With an embodiment of the inven 
tion, a method of automatically con?guring media connec 
tions When operating in forced speed and duplex mode, 
includes: connecting a ?rst pair of connectors to a ?rst pair 
of conductors and a second pair of connectors to a second 
pair of conductors during a ?rst state, and connecting the 
?rst pair of connectors to the second pair of conductors and 
the second pair of connectors to the ?rst pair of conductors 
during a second state; and holding the ?rst state or the 
second state if operating in forced speed and duplex mode, 
a de?ned time has not expired and another end of a link can 
receive a signal. 

[0007] In another embodiment of the invention, an appa 
ratus for automatically con?guring media connections When 
operating in forced speed and duplex mode, includes: a 
media sWitch con?gured to connect a ?rst pair of connectors 
to a ?rst pair of conductors and a second pair of connectors 
to a second pair of conductors during a ?rst state, and to 
connect the ?rst pair of connectors to the second pair of 
conductors and the second pair of connectors to the ?rst pair 
of conductors during a second state; and a processor coupled 
to the media sWitch and con?gured to hold the ?rst state or 
the second state if operating in forced speed and duplex 
mode, a de?ned time has not expired and another end of a 
link can receive a signal. 

[0008] In another embodiment of the invention, a method 
of using an existing auto-MDI/MDIX function When oper 
ating in forced speed and duplex mode, includes: putting a 
chip an auto-negotiation mode, and advertising a desired 
state; performing the auto-MDI/MDIX function; When a link 
is up, reading a MDI/MDIX state from a status register, 
Where the MDI/MDIX state indicates the state of the other 
end of the link; dropping the link; forcing the MDI/MDIX 
state to the state found in the status register; and forcing the 
speed and duplex mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Non-limiting and non-exhaustive embodiments of 
the present invention are described With reference to the 
folloWing ?gures, Wherein like reference numerals refer to 
like parts throughout the various vieWs unless otherWise 
speci?ed. 
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[0010] FIG. 1 is a schematic diagram showing a media 
dependent interface (MDI) 10BASE-T network interface 
card (NIC) connected to a similar hub interface card. 

[0011] FIG. 2 is a schematic diagram showing tWo 
10BASE-T media dependent interface hubs connected 
together With a crossover connection to establish and main 
tain the communication links. 

[0012] FIG. 3 is a schematic diagram of a netWork inter 
face card coupled to a media sWitch, in accordance With an 
embodiment of the invention. 

[0013] FIG. 4 is a table identifying the assignment of PHY 
signals to MDI and MDIX pin identi?cation and con?gu 
ration. 

[0014] FIG. 5 is a state diagram illustrating an operation 
of an embodiment of the invention. 

[0015] FIG. 6 is a chart illustrating the probability of not 
establishing a communication link versus time. 

[0016] FIG. 7 is a ?oWchart illustrating a method in 
accordance With another embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] In the description herein, numerous speci?c details 
are provided, such as examples of components and/or meth 
ods, to provide a thorough understanding of embodiments of 
the invention. One skilled in the relevant art Will recogniZe, 
hoWever, that an embodiment of the invention can be 
practiced Without one or more of the speci?c details, or With 
other apparatus, systems, methods, components, materials, 
parts, and/or the like. In other instances, Well-knoWn struc 
tures, materials, or operations are not shoWn or described in 
detail to avoid obscuring aspects of embodiments the inven 
tion. 

[0018] Referring in detail noW to the draWings Where 
similar parts or actions of an embodiment of the invention 
are identi?ed by like reference numerals, and initially ref 
erencing FIGS. 1 and 2 for background information only, 
FIG. 1 shoWs a schematic diagram of a 10BASE-T media 
dependent interface (MDI), With a netWork interface card 
indicated generally at 10, being shoWn on the left, and With 
a similar hub interface indicated generally at 12 shoWn on 
the right. The transmit pair of connectors of the NIC 10 has 
pins 1 and 2 connected to pins 1 and 2 of the hub 12 by a 
tWisted pair cable 14. The receive connectors for the NIC 10 
are pins 3 and 6 Whereas the transmit pair of the hub 12 are 
pins 3 and 6 and are interconnected With a tWisted pair cable 
16. 

[0019] As shoWn in FIG. 2, another con?guration is 
illustrated With a hub (repeater or sWitch) 18 being inter 
connected With another similar hub (repeater or sWitch) 20. 
In this instance, a crossover connection is typically neces 
sary so that the receive pins 1 and 2 of the hub 18 are 
connected by the tWisted pair 22 to the transmit pair 3 and 
6 of the hub 20. Similarly, transmit connectors 3 and 6 of the 
hub 18 are connected to receive connectors 1 and 2 of the 
hub 20 by the tWisted pair 24. 

[0020] It is noted that U.S. Pat. No. 6,175,865, by Daniel 
J. Dove and Bruce W. Melvin, issued on Jan. 16, 2001, 
discloses a method and apparatus for solving the problem of 
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lock-step interaction of the automatic crossover circuits by 
introducing a pseudo-random and a random element to the 
crossover sWitch control. US. Pat. No. 6,175,865 is fully 
incorporated herein by reference. The method and apparatus 
disclosed in US. Pat. No. 6,175,865 use the pseudo-random 
element, in addition to the actual random element, to provide 
an implementation of an auto-MDI/MDIX algorithm that is 
virtually impossible to be placed in a lock step condition. 

[0021] HoWever, there are particular devices that do not 
folloW the IEEE 802.3 Auto-Negotiation Protocol, and are 
instead forced into either 10 Mbps or 100 Mbps operation. 
Customers Who use the Auto-MDI/MDIX algorithm have 
groWn used to not requiring special crossover cables With 
products that implement the algorithm. When they force 
speed/duplex for some limited applications, the algorithm 
breaks doWn and link is not established. The root of the 
problem lies in the Auto-Negotiation state machine Which 
turns off an auto-negotiating transmitter if it detects 
non-FLP (non Fast Link Pulse) energy on the Wire (as 
occurring during forced mode). When that AN transmitter is 
turned off, it Will cause the Auto-MDI/MDIX node to 
incorrectly determine its link state and cycle endlessly. The 
logical elements described beloW Will alloW operation of 
Auto-MDI/MDIX With nodes that are Auto-Negotiating 
even When the node in question is operated in forced mode. 

[0022] As shoWn in FIG. 3, in an embodiment of the 
invention, a hub (repeater or sWitch) 120 is shoWn on the 
right being connected via tWisted pairs 140 and 160 to a 
media sWitch 30. The media sWitch 30 has tWisted pairs 32 
and 34 that can be connected to another node (not shoWn in 
FIG. 3) in the netWork. The pair 32 has arroWs in the 
rightWard direction indicating transmission of data to the 
right, While the pair 34 shoWs data transmission to the left. 
In an embodiment, the media sWitch 30 has four sets of 
contact 26 Which in the position illustrated interconnect the 
pair 32 With the pins 1 and 2, the pair 34 to the pins 3 and 
6. As illustrated, the four contacts 26 are adapted to be 
sWitched from the position as shoWn to the loWer position 
responsive to a suitable controlling signal applied to the 
media sWitch 30. In the loWer position, the hub 120 contacts 
1 and 2 are connected to the tWisted pair 34 and the contacts 
3 and 6 are connected to the tWisted pair 32. It should be 
apparent that the contact 26 of the media sWitch 30 Will 
effectively sWitch the receive and transmit contacts betWeen 
the pairs 32 and 34. 

[0023] The decision to operate the sWitch 30 and change 
the contact position, as Well as the timing thereof, is typi 
cally controlled by an 11-bit scrambler, generally indicated 
at 130, Which is typically a linear feedback shift register. The 
shift register includes an exclusive OR gate 132 Which 
generates a Zero (0) if both inputs are equal and a one (1) if 
they are not equal. The inputs to the exclusive OR gate 132 
are bits 8 and 10 of the shift register. The user can initially 
load the shift register With a set of values that may be any 
combination of ones and Zeros With the exception that they 
cannot all be Zeros. The scrambler 130 executes the poly 
nomial 1+x9+x11, and it Will repeat its pseudo-random 
sequence every 2,048 clock cycles. 

[0024] If there is a similar shift register in another media 
sWitch associated With a device that is on the other end of the 
link, then the possibility of both shift registers having the 
same value at any one time is 1 in 222. While a shorter or 
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longer shift register may be used, the illustrated 11 bit shift 
register that implements the above polynomial is also used 
to scramble data in the 100BASE-T speci?cation and is 
therefore commonly available in the node devices being 
used. Since they are available, they can be used for the 
purpose of controlling the sWitching of the media sWitch 30. 
In essence, the shift register 130 has its 10th bit connected to 
the exclusive OR gate 132 as Well as to the control of the 
sWitch 30. When the 10th bit is high or a 1, combined With 
other logic conditions as stated beloW, the sWitch is placed 
in a position opposite that shoWn in FIG. 3, and correspond 
ing to the table of FIG. 4. Thus, contacts 1 and 2 Will be 
connected to pair 34 and contacts 3 and 6 Will be connected 
to pair 32. 

[0025] A signal detector (in processor 134) can determine 
Whether any link pulses, or technology signals are present at 
the receiver. The shift register 130 is typically clocked With 
a signal that is derived from a 25 MHZ clock With 100 
parts-per-million accuracy, Which is typically used for 
100BASE-T and IOBASE-T devices. It should be under 
stood that other clock frequencies may be used in the 
apparatus 101 With the operation of the netWork, if the 
reliability of consistently determining the presence of link 
pulses or link data is provided. The 25 MHZ clock develops 
a time unit that can conveniently be termed a “time slot” 
Which is de?ned to be preferably about 55 milliseconds 
+—5%. This “time slot” duration is suf?ciently long to insure 
accurate sampling of the link pulses Which have a maximum 
spacing of about 26 milliseconds. The time slot duration is 
slightly more than tWice the spacing of link pulses and 
thereby reliably insures that a link pulse Will be detected, 
even though the relative timing of the shift registers of 
adjacent node devices may be slightly different. 

[0026] If an embodiment of the present invention is 
installed in a LAN Where existing node devices that are not 
sWitched are present, the embodiment Will properly con?g 
ure the device so that tWo Way communication Will occur in 
about tWo time slots. HoWever, if both devices are of the 
sWitching type and each includes the shift register 130, then 
the proper con?guration of both devices Will occur Within 10 
time slots. This is shoWn in the probability chart versus run 
length in time slots illustrated in FIG. 6. 

[0027] The processor 134 is connected to the media sWitch 
30 and the shift register 130. In an embodiment, the pro 
cessor 134 includes a signal detector for detecting signals of 
predetermined threshold values on the tWisted pairs 32 and 
34 When connected to the sWitch 30. The processor 134 also 
typically includes a clock for clocking the shift register 130 
as Well as an analog free-running timer, identi?ed as an 
A_timer, for resetting the apparatus 101 including the shift 
register 130. The shift register 130 reduces the probability of 
a lock step condition on the basis of tWo devices Which have 
been initialiZed at different times. 

[0028] If both devices have a shift register 130, then there 
is only a 1 in 222 chance that both shift registers Will be in 
the exact same state at the same time. This is the only 
condition in Which a lock step situation may exist for tWo 
adjacent node devices. Other than this single instance, the 
tWo node devices are guaranteed to acquire a communica 
tion link Within ten time slots as shoWn in the probability 
chart in FIG. 6. This is mandated by the fact that tWo 11 bit 
shift registers Will not go more than 10 cycles in a roW With 
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equal values unless they are completely synchroniZed. Thus, 
the maximum time required for tWo node devices to estab 
lish a link is approximately 620 milliseconds. While the 
length of the shift register may be increased to reduce the 
probability of synchroniZation betWeen nodes, the maximum 
link establishment time Will be necessarily increased. The 
length of the shift register may also be reduced, but that 
Would increase the probability that a lock step condition 
could occur. 

[0029] The processor 134 may be a separate microproces 
sor or other types of processing devices such as a digital 
state machine and the like. The processor 134 may also be 
a special chip that incorporates the media sWitch 30 as Well 
as the shift register 130. The shift register functionality may 
be implemented in the processor 134 rather than as an 
independent circuit as shoWn in the draWings, and the 
processor may be supplied by an interface processor that is 
part of the node device. Similarly, the node device may 
include signal detectors Which Will provide the necessary 
information to indicate When a communication link has been 
established or broken, in Which case, the physical overhead 
for implementing an embodiment of the invention may be 
minimiZed, With the apparatus 101 operating With softWare 
routines of the type knoWn to those skilled in the art given 
the description of the functionality that is provided herein. 

[0030] The logic used to operate an embodiment of the 
invention is illustrated by the state diagram shoWn in FIG. 
5. It is noted that an analog one-shot timer may be used 
Which acts to reset the state machine (Which is typically in 
the processor 134 or implemented as the processor 134) after 
a long (relative to the state machine) time to provide a truly 
random interaction betWeen nodes. 

[0031] The processor 134 includes an A_timer Which may 
be an analog timer that has a time base that is provided by 
a sloppy RC time constant so as to insure that every node 
device has a random component that is different from all 
others. Thus, this method provides Wide disparity betWeen 
devices and therefore reduces the probability of tWo nodes 
having an identical re-initialiZation time base. This is most 
easily achieved by the RC time constant and the timer times 
out, for example, approximately every 1.4 seconds, plus or 
minus 25%. The length of the time is sufficient to ensure that 
each end of the link Will exercise its maximum run length in 
MDI and MDIX mode at least once. 

[0032] It is noted that the signal, state, or mode names 
used to identify the signals, states, or modes in the draWings 
(e.g., A_timer_done*, NIC_MODE, HUB_MODE, Forced 
NIC_MODE, and the like) are only provided as some 
possible examples to identify the signals, states, or modes, 
and that other names may be used to identify the signals, 
states, or modes shoWn in the draWings and discussed in the 
text. When in the NIC_MODE (block 242), the sWitch 
control signal (from the processor 134) is set so that the 
media sWitch 30 causes the transmitter pair 32 to be directed 
to pins 1,2 and the receiver pair 36 to be directed to pins 3,6. 
The NIC_MODE 242 is entered When either the reset signal 
pma_reset is ON, or if the analog timer (~1.4 s) rolls over (as 
indicated by the “A_timer_done*” signal) and Link_Detect 
is false and Forced_Hold is false. The Link_Detect signal is 
generated by the signal detector mechanism (Which is typi 
cally con?gured Within the processor 134), Where the signal 
detection mechanism determines Whether any link pulses 
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(used for link establishment by 10BASE-T or 100BASE-T) 
are present at the receiver. The Link_Detect signal Will be 
true if the received voltage at the input is, for example, 
greater than approximately 500 millivolts for a duration of, 
for example, greater than approximately 50 nanoseconds. 
The Forced_Hold signal is a created indicator that assists in 
de?ning the direction of How through the state diagram in 
FIG. 5. 

[0033] In the NIC_MODE initialiZation, it starts the 
sample timer (indicated by “start sample_timer”) Which is 
the clock that drives the shift register 130 and at the end of 
each “time slot” (Where, a “time slot” is, e.g., about 55 
milliseconds +—5%), the sample timer is done (indicated by 
“sample_timer_done*”) and if the 10th bit on the shift 
register 130 is a Zero (indicated by “RND(sample_timer)= 
0”) or the Link_Detect signal is true, then the apparatus 101 
is maintained in the NIC_MODE 242 as diagrammatically 
shoWn by line 244. 

[0034] If the Link_Detect signal is true, that is an indica 
tion that communication has been established. More spe 
ci?cally, the Link_Detect signal can be true based upon a 
number of criteria. One is that a link pulse is received. 
Another is if MLT3 data is received, Which is basically the 
signaling for 100BASE-T technology. Another is if 
10BASE-T signaling is received. Another is if a fast link 
pulse (FLP), Which is a series of link pulses that are spaced 
closely together, is received. All of these types of signals can 
establish a true Link_Detect signal if the energies on the 
receiver exceed a certain threshold, for example, a voltage in 
excess of approximately 50 millivolts for a duration of more 
than approximately 50 nanoseconds. 

[0035] If the apparatus is in the NIC_MODE 242 (i.e., a 
?rst state) and at the end of the sample timer slot (sample 
_timer_done*), the tenth bit of the shift register 130 is a one 
(1) (indicated by “RND(sample_timer)=1”) and the Link 
_Detect signal is a false and a T-pulse is also false, the 
apparatus 101 Will sWitch the media sWitch 30 (as shoWn by 
line 245) into the HUB_MODE (i.e., a second state) as 
shoWn by block 246. That Will cause the sample timer to be 
started, Which When done, Will result in staying in the 
HUB_MODE 246 if the tenth bit of the shift register 130 is 
a one (1) or the Link_Detect signal is also true. If the tenth 
bit of the shift register 130 is a Zero at the end of the sample 
timer time slot and Link_Detect is false and the T_Pulse is 
also false, the media sWitch 30 Will sWitch back to the 
NIC_Mode 242 as shoWn by line 250. In all situations, When 
the Link_Detect signal is true, indicating that a communi 
cation link has been established, the logic then ignores the 
sample timer and the value of the tenth bit of the shift 
register 130 until the Link_Detect signal goes false. 

[0036] With regard to the T_Pulse, it is a signal that is 
generated When something is being transmitted onto the Wire 
pair. It is generated to preclude sWitching betWeen NIC 
_MODE 242 and HUB_MODE 246 at that particular point 
in time. The reason for doing so is that if a sWitch betWeen 
modes is performed in the middle of a pulse transmission, it 
is possible that a re?ection of the pulse being transmitted 
could then come into the receiver because of the sWitch 
occurring in the middle of transmission. It could appear to 
the receiver that it detected something When in fact it Was 
merely a re?ection of the pulse that Was transmitted. Thus, 
the T_Pulse is used to eliminate the probability of that pulse 
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coming back and interfering With the receiver. The NIC 
_MODE 242 is the mode that the apparatus 101 initially 
establishes and is the mode that a reset Will drive the 
apparatus to. 

[0037] During operation, if a user Were to unplug one of 
the pairs, the Link_Detect Will go false. At that point, either 
the A_timer Will have reset itself, Which Will cause the 
apparatus 101 to drop into the NIC_MODE 242 and start the 
sequence over again, or sample_timer Will expire and 
depending on the value of the 10th bit of the shift register 
130, the sWitch Will either go back to NIC_MODE or move 
to the HUB_MODE. Since the A_timer is a free running 
timer, it outputs a pulse at the end of its time period of, for 
example, approximately 1.4 seconds. If A_timer is done 
(A_timer_done*), the Link_Detect signal is false, the 
T _pulse is false, and Forced_Hold is false, then the condi 
tions for transitions (via line 240) are true and the state 
machine Will go to the NIC_MODE 242 state. When the 
Link_Detect signal is false, the sample timer Would very 
likely be done Within approximately 62 milliseconds and 
then depending upon the value of the tenth bit of the shift 
register 130, Would either sWitch to the other mode (HUB 
_MODE or state 246) or not. 

[0038] Fast Link Pulses (FLPs) are transmitted in the 
Auto-Negotiation Protocol. Most PHY (Physical Layer) IC 
(Integrated Circuit) designs Will send out either NLPs or 
scrambled IDLE symbols (signals) When they have been 
place in Forced Mode. To operate properly, the PHY should 
send out FLPs, Which advertise the speed and duplex capa 
bility that it shall be forced into. When the Auto-MDI/MDIX 
state machine (as de?ned by the state diagram in FIG. 5) 
locks (i.e., Link_Detect=TRUE), the PHY Will begin trans 
mitting either NLPs (Normal Link Pulses—10BASE-T) or 
scrambled IDLE symbols (100BASE-TX) for at least 4 
seconds, as described beloW. By sending this information for 
at least 4 seconds, the auto-negotiating node at the 
other end of the link Will be able to properly perform its 
“parallel detect” function and bring the link up. If the other 
end of the link is unable to link Within 4 seconds, then a fault 
has occurred, and the Auto-MDI/MDI-X function should 
resume from the beginning at NIC_MODE 242. 

[0039] It should be noted that the value of Link_Detect is 
cleared (set to FALSE) upon the transition into any of the 
above states and is latched (held TRUE) if it ever occurs 
While in a state. The Forced_Hold variable is designed to 
over-ride the 1.4 second A_timer that might expire during 
the time that the auto-negotiating node on the other 
end of the link is quiet and preparing to parallel detect. 

[0040] As shoWn in the state diagram in FIG. 5, in 
NIC_MODE 242 and in the HUB_MODE 246, When 
Forced_Hold is false, there is authoriZation to send FLPs, 
and the FLPs are sent based upon the auto-negotiating 
timers. It is noted that in FIG. 5, the assertion to send FLPs 
or NLPs or IDLE applies only When the Link_Detect is 
false. Once link is established, data may be transmitted 
across the link. 

[0041] As also shoWn in the state diagram in FIG. 5, in 
NIC_Mode 242, When Force Mode becomes true (“Forced= 
TRUE” and Link_Detect is true (“Link_Det=TRUE”), there 
Will be a transition 255 into a Forced NIC_MODE 260. A 
timer of, for example, 4 seconds is started and Forced_Hold 
is set to true and NLPs or IDLE signals are transmitted. 
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NLPs are 10 megabit pulses Where only a single pulse is 
transmitted. IDLE is a scrambled 100BASE-T signal. Even 
if the 4-second timer has expired, as long as Link_Detect is 
true (signal is being received from the other end of link), the 
state Will remain in the Forced NIC_Mode 260 as shoWn by 
line 265. This permits the state to remain in Forced NIC 
_MODE 260 When NLPs or IDLE are sent to the other end 
of the link and When the other end of the link is alloWed 
remain silent after receiving the NLPs or IDLE. If the 
4-second timer has expired and Link_Detect is false (no 
signal is being received from the other end of the link), then 
the state Will transition back to the NIC_MODE 242 as 
shoWn by line 270. Thus, When the apparatus 101 is in a 
Forced state, there can be a negotiation for the HUB_MODE 
246 state. 

[0042] In HUB_MODE 246, When Force Mode becomes 
true and Link_Detect is true, there Will be a transition 275 
into a Forced HUB_MODE 280. A timer of, for example, 4 
seconds is started and Forced_Hold is set to true and NLPs 
or IDLE signals are transmitted. Even if the 4-second timer 
has expired, as long as Link_Detect is true (signal is being 
received from the other end of link), the state Will remain in 
the Forced HUB_MODE 280 as shoWn by line 285. If the 
4-second timer has expired and Link_Detect is false (no 
signal is being received from the other end of the link), then 
the state Will transition back to the NIC_MODE 242 as 
shoWn by line 270. 

[0043] Software Embodiment 

[0044] FIG. 7 is a ?oWchart of a method 300 of using an 
existing auto-MDI/MDIX function When operating in 
Forced speed and duplex mode. The method 300 may be 
typically enabled by the softWare executed by components 
or chip in the processor 134. In action (305), a chip is ?rst 
set in the auto-negotiation mode, and the desired state is 
advertised. The chip can noW perform its auto-MDI/MDIX 
function. When the Link_Detect signal is true (the link is 
up), the MDI/MDIX state is read (310) from a status register 
in the chip Where the MDI/MDIX state indicates the state of 
the other end of the link. The status register may, for 
example, typically be implemented in the processor 134. 
The link is then dropped (forced doWn) (315) by the chip. 
The chip Will then force (320) the MDI/MDIX state to the 
state found in the status register. The other end of the link 
Will be in the other MDI/MDIX state. The chip Will then 
force (325) its speed and duplex mode, and the other end of 
the link Will force its speed and duplex mode. If the other 
end of the link is ?xed, then there Will be immediate linking 
of both ends. If in the auto MDI/MDIX function, then both 
ends Will link Within about 2 cycles. If the other end of the 
link includes the above softWare embodiment, then both 
ends Will link immediately and both ends Will force the 
MDI/MDIX state. 

[0045] The embodiments mentioned above for determin 
ing the state of the crossover is not limited to Ethernet 
applications. The method can be used for example, in 
FireWire, In?niband, Token Ring, or other suitable technolo 
gies. While the examples shoWn are directed toWards the 
IEEE 802.3 and IEEE 802.3u standards, the methods 
described herein may be used With other technologies and 
media than those shoWn. The conditions for Link_detect and 
timer values may differ. 

[0046] Reference throughout this speci?cation to “one 
embodiment”, “an embodiment”, or “a speci?c embodi 
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ment” means that a particular feature, structure, or charac 
teristic described in connection With the embodiment is 
included in at least one embodiment of the present invention. 
Thus, the appearances of the phrases “in one embodiment”, 
“in an embodiment”, or “in a speci?c embodiment” in 
various places throughout this speci?cation are not neces 
sarily all referring to the same embodiment. Furthermore, 
the particular features, structures, or characteristics may be 
combined in any suitable manner in one or more embodi 
ments. 

[0047] Other variations and modi?cations of the above 
described embodiments and methods are possible in light of 
the foregoing teaching. 

[0048] Further, at least some of the components of an 
embodiment of the invention may be implemented by using 
a programmed general purpose digital computer, by using 
application speci?c integrated circuits, programmable logic 
devices, or ?eld programmable gate arrays, or by using a 
netWork of interconnected components and circuits. Con 
nections may be Wired, Wireless, by modem, and the like. 

[0049] It Will also be appreciated that one or more of the 
elements depicted in the draWings/?gures can also be imple 
mented in a more separated or integrated manner, or even 
removed or rendered as inoperable in certain cases, as is 
useful in accordance With a particular application. 

[0050] It is also Within the scope of the present invention 
to implement a program or code that can be stored in a 
machine-readable medium to permit a computer to perform 
any of the methods described above. 

[0051] Additionally, the signal arroWs in the draWings/ 
Figures are considered as exemplary and are not limiting, 
unless otherWise speci?cally noted. Furthermore, the term 
“or” as used in this disclosure is generally intended to mean 
“and/or” unless otherWise indicated. Combinations of com 
ponents or actions Will also be considered as being noted, 
Where terminology is foreseen as rendering the ability to 
separate or combine is unclear. 

[0052] As used in the description herein and throughout 
the claims that folloW, “a”, “an”, and “the” includes plural 
references unless the context clearly dictates otherWise. 
Also, as used in the description herein and throughout the 
claims that folloW, the meaning of “in” includes “in” and 
“on” unless the context clearly dictates otherWise. 

[0053] The above description of illustrated embodiments 
of the invention, including What is described in the Abstract, 
is not intended to be exhaustive or to limit the invention to 
the precise forms disclosed. While speci?c embodiments of, 
and examples for, the invention are described herein for 
illustrative purposes, various equivalent modi?cations are 
possible Within the scope of the invention, as those skilled 
in the relevant art Will recogniZe. 

[0054] These modi?cations can be made to the invention 
in light of the above detailed description. The terms used in 
the folloWing claims should not be construed to limit the 
invention to the speci?c embodiments disclosed in the 
speci?cation and the claims. Rather, the scope of the inven 
tion is to be determined entirely by the folloWing claims, 
Which are to be construed in accordance With established 
doctrines of claim interpretation. 
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What is claimed is: 
1. A method of automatically con?guring media connec 

tions When operating in forced speed and duplex mode, the 
method comprising: 

connecting a ?rst pair of connectors to a ?rst pair of 
conductors and a second pair of connectors to a second 
pair of conductors during a ?rst state, and connecting 
the ?rst pair of connectors to the second pair of 
conductors and the second pair of connectors to the ?rst 
pair of conductors during a second state; 

holding the ?rst state or the second state if operating in 
forced speed and duplex mode, a de?ned time has not 
expired and another end of a link can receive a signal. 

2. The method of claim 1 Wherein the de?ned time is 
approximately four (4) seconds. 

3. The method of claim 1, Wherein Normal Link Pulses 
(NLPs) are transmitted during the de?ned time. 

4. The method of claim 1, Wherein an IDLE signal is 
transmitted during the de?ned time. 

5. The method of claim 1, further comprising: 

preventing a transition betWeen the ?rst state and the 
second state When a transmission is occurring in the 
link as indicated by a T _pulse signal. 

6. An article of manufacture, comprising: 

a machine-readable medium having stored thereon 
instructions to: 

connect a ?rst pair of connectors to a ?rst pair of con 
ductors and a second pair of connectors to a second pair 
of conductors during a ?rst state, and connect the ?rst 
pair of connectors to the second pair of conductors and 
the second pair of connectors to the ?rst pair of 
conductors during a second state; and 

hold the ?rst state or the second state if operating in forced 
speed and duplex mode, a de?ned time has not expired 
and another end of a link can receive a signal. 

7. A method of using an existing auto-MDI/MDIX func 
tion When operating in forced speed and duplex mode, the 
method comprising: 

setting a chip into an auto-negotiation mode, and adver 
tising a desired state; 

performing the auto-MDI/MDIX function; 

When a link is up, reading an MDI/MDIX state from a 
status register, Where the MDI/MDIX state indicates 
the state of the other end of the link; 

dropping the link; 

forcing the MDI/MDIX state to the state found in the 
status register; and 

forcing the speed and duplex mode. 
8. An apparatus for automatically con?guring media 

connections When operating in forced speed and duplex 
mode, the apparatus comprising: 

means for connecting a ?rst pair of connectors to a ?rst 
pair of conductors and a second pair of connectors to a 
second pair of conductors during a ?rst state, and 
connecting the ?rst pair of connectors to the second 
pair of conductors and the second pair of connectors to 
the ?rst pair of conductors during a second state; 
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coupled to the connecting means, means for holding the 
?rst state or the second state if operating in forced 
speed and duplex mode, a de?ned time has not expired 
and another end of a link can receive a signal. 

9. An apparatus for automatically con?guring media 
connections When operating in forced speed and duplex 
mode, the apparatus comprising: 

a media sWitch con?gured to connect a ?rst pair of 
connectors to a ?rst pair of conductors and a second 
pair of connectors to a second pair of conductors during 
a ?rst state, and to connect the ?rst pair of connectors 
to the second pair of conductors and the second pair of 
connectors to the ?rst pair of conductors during a 
second state; and 

a processor coupled to the media sWitch and con?gured to 
hold the ?rst state or the second state if operating in 
forced speed and duplex mode, a de?ned time has not 
expired and another end of a link can receive a signal. 

10. The apparatus of claim 9, further comprising: 

a scrambler coupled to the processor and con?gured to 
generate an output for use by the processor to deter 
mine a transition betWeen the ?rst state and the second 
state. 

11. The apparatus of claim 11, Wherein the scrambler is an 
11 bit shift register. 

12. The apparatus of claim 9, Wherein the processor 
includes a signal detector to detect if the other end of the link 
can receive a signal. 

13. The apparatus of claim 9, further comprising: 

a reset signal generator coupled to the processor and 
con?gured to reset the state to the ?rst state. 

14. The apparatus of claim 9, Wherein the de?ned time is 
approximately four (4) seconds. 

15. The apparatus of claim 9, Wherein Normal Link Pulses 
(NLPs) are transmitted during the de?ned time. 

16. The apparatus of claim 9, Wherein an IDLE signal is 
transmitted during the de?ned time. 

17. The apparatus of claim 9, Wherein the processor is 
con?gured to prevent a transition betWeen the ?rst state and 
the second state When a transmission is occurring in the link 
as indicated by a T _pulse signal. 

18. An apparatus for using an existing auto-MDI/MDIX 
function When operating in forced speed and duplex mode, 
the apparatus comprising: 

means for setting a chip into an auto-negotiation mode, 
and for advertising a desired state; 

coupled to the means for setting and for advertising, 
means for performing the auto-MDI/MDIX function; 

coupled to the performing means, means for reading a 
MDI/MDIX state from a status register, Where the 
MDI/MDIX state indicates the state of the other end of 
the link When a link is up; 

coupled to the reading means, means for dropping the 
link; 

coupled to the dropping means, means for forcing the 
MDI/MDIX state to the state found in the status reg 
ister; and 

coupled to the means for forcing the MDI/MDIX state, 
means for forcing the speed and duplex mode. 
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19. An article of manufacture, comprising: 

a machine-readable medium having stored thereon 
instructions to: 

set a chip into an auto-negotiation mode, and advertise 
a desired state; 

perform the auto-MDI/MDIX function; 

When a link is up, read an MDI/MDIX state from a 
status register, Where the MDI/MDIX state indicates 
the state of the other end of the link; 

drop the link; 

force the MDI/MDIX state to the state found in the 
status register; and 

force the speed and dupleX mode. 
20. An apparatus for using an eXisting auto-MDI/MDIX 

function When operating in forced speed and duplex mode, 
the apparatus comprising: 
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a processor con?gured to execute softWare to enable a 

method comprising: 

setting a chip into an auto-negotiation mode, and adver 
tising a desired state; 

performing the auto-MDI/MDIX function; 

When a link is up, reading an MDI/MDIX state from a 
status register, Where the MDI/MDIX state indicates 
the state of the other end of the link; 

dropping the link; 

forcing the MDI/MDIX state to the state found in the 
status register; and 

forcing the speed and dupleX mode. 


