
| HAO WAKATI MWILI NA HATA KATA MA UT US009853803B1 

( 12 ) United States Patent ( 10 ) Patent No . : US 9 , 853 , 803 B1 
( 45 ) Date of Patent : * Dec . 26 , 2017 Lo 

( 54 ) SINGLE PAIR PHY WITH 
AUTO - NEGOTIATION 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

( 71 ) Applicant : MARVELL INTERNATIONAL LTD . , 
Hamilton ( BM ) 4 , 507 , 779 A 

4 , 594 , 707 A 
4 , 780 , 714 A 
5 , 032 , 819 A 
5 , 224 , 154 A ( 72 ) Inventor : William Lo , Cupertino , CA ( US ) 

3 / 1985 Barner , Jr . et al . 
6 / 1986 Merritt et al . 
10 / 1988 Moustakas et al . 
7 / 1991 Sakuragi et al . 
6 / 1993 Aldridge et al . 

( Continued ) 
@ @ 

( 73 ) Assignee : Marvell International Ltd . , Hamilton 
( BM ) FOREIGN PATENT DOCUMENTS 

( * ) Notice : EP 
EP 

Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U . S . C . 154 ( b ) by 0 days . 
This patent is subject to a terminal dis 
claimer . 

00273080 7 / 1988 
00577435 1 / 1994 

( Continued ) 

OTHER PUBLICATIONS 

( 21 ) Appl . No . : 14 / 845 , 934 
@ S ( 22 ) Filed : Sep . 4 , 2015 

IEEE Std 802 . 3 - 2005 , “ IEEE Standard for Information technol 
ogy — Telecommunications and information exchange between sys 
tems — Local and metropolitan area networks — Specific require 
ments , Part 3 : Carrier sense multiple access with collision detection 
( CSMA / CD ) access method and physical layer specifications , ” The 
Institute of Electrical and Electronics Engineers , Inc . , Sections 1 - 5 , 
2695 pages . ( Dec . 9 , 2005 ) . 

( 63 ) 
Related U . S . Application Data 

Continuation of application No . 13 / 350 , 969 , filed on 
Jan . 16 , 2012 , now Pat . No . 9 , 130 , 746 . 

Primary Examiner — Andrew Chriss 
Assistant Examiner — Ellen A Kirillova 

E 
( 60 ) Provisional application No . 61 / 436 , 806 , filed on Jan . 

27 , 2011 . 

( 51 ) Int . Ci . 
H04L 5 / 16 ( 2006 . 01 ) 
H04L 29 / 06 ( 2006 . 01 ) 
H04B 3 / 02 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . . . . . . . . . . H04L 5 / 16 ( 2013 . 01 ) ; H04B 3 / 02 

( 2013 . 01 ) ; H04L 69 / 24 ( 2013 . 01 ) 
( 58 ) Field of Classification Search 

CPC . . HO4L 5 / 16 ; H04L 69 / 24 ; H04B 3 / 02 ; H04B 
7 / 24 ; H04B 7 / 2606 

USPC . . . . . . . . . . . . . . . . 370 / 296 
See application file for complete search history . 

( 57 ) ABSTRACT 
Systems , methods , and other embodiments associated with 
auto - negotiating over a single pair PHY are described . 
According to one embodiment , an apparatus includes a 
physical layer ( PHY ) transceiver configured to communi 
cate over a single twisted pair channel . The apparatus 
includes a setup logic configured to control the PHY trans 
ceiver to initiate an auto - negotiation sequence over the 
single twisted pair channel with a remote device upon 
detecting a transmission from the remote device on the 
single twisted pair channel . The auto - negotiation sequence 
includes an exchange of parameters with the remote device 
using a half - duplex mode to communicate on the single 
twisted pair channel . 

20 Claims , 4 Drawing Sheets 

Start Start 
210 

Transmit Communication on the twisted pair Channel 

220 
No Detect Transmission 

From 
Remote Device ? 

Yes 230 

Initiate Auto - Negotiate sequence over the channel 

Determine a cable Length Of The Channel 

I denna pin 250 

Change From Half - Duplex Mode to Dual - Duplex Mode 

260 
Transmit And Receive Communications On The 

Channel Simultaneously 



US 9 , 853 , 803 B1 
Page 2 

( 56 ) References Cited NNNN U . S . PATENT DOCUMENTS 

5 , 375 , 051 A 12 / 1994 Decker et al . 
5 , 406 , 260 A 4 / 1995 Cummings et al . 
5 , 410 , 535 A 4 / 1995 Yang et al . 
5 , 414 , 708 A 5 / 1995 Webber et al . 
5 , 577 , 023 A 11 / 1996 Marum et al . 
5 , 586 , 117 A 12 / 1996 Edem et al . 
5 , 737 , 108 A 4 / 1998 Bunch et al . 
5 , 799 , 041 A * 8 / 1998 Szkopek . . . . . . . . . . . . . H04L 12 / 6418 

370 / 265 
5 , 799 , 069 A 8 / 1998 Weston et al . 
5 , 809 , 026 A 9 / 1998 Wong et al . 
5 , 809 , 249 A 9 / 1998 Julyan 
5 , 848 , 376 A 12 / 1998 Steiner et al . 
5 , 859 , 979 A 1 / 1999 Tung et al . 
5 , 883 , 894 A 3 / 1999 Patel et al . 
5 , 892 , 926 A 4 / 1999 Witkowski et al . 
5 , 922 , 052 A 7 / 1999 Heaton 
5 , 923 , 663 A 7 / 1999 Bontemps et al . 
5 , 943 , 404 A 8 / 1999 Sansom et al . 
6 , 026 , 494 A 2 / 2000 Foster 
6 , 115 , 389 A 9 / 2000 Mahale et al . 
6 , 175 , 865 B1 1 / 2001 Dove et al . 
6 , 215 , 816 B1 4 / 2001 Gillespie et al . 
6 , 243 , 756 B1 6 / 2001 Whitmire et al . 
6 , 272 , 552 B1 8 / 2001 Melvin et al . 
6 , 285 , 673 B1 9 / 2001 Blackburn et al . 
6 , 349 , 331 B1 2 / 2002 Andra et al . 
6 , 457 , 055 B1 9 / 2002 Hwong et al . 
6 , 504 , 849 B1 1 / 2003 Wang et al . 
6 , 538 , 994 B13 / 2003 Horspool et al . 
6 , 834 , 085 B1 12 / 2004 Leonowich et al . 
6 , 876 , 696 B1 . 4 / 2005 Goodson et al . 
6 , 883 , 025 B2 4 / 2005 Andra et al . 
6 . 912 . 209 BL 6 / 2005 Thi et al . 
6 , 917 , 594 B2 7 / 2005 Feuerstraeter et al . 
6 , 975 , 637 B1 12 / 2005 Lenell 
6 , 993 , 667 B1 1 / 2006 Lo 
7 , 061 , 937 B1 6 / 2006 Wada 
7 , 065 , 075 B1 6 / 2006 Lo 
7 , 161 , 911 B1 1 / 2007 Fang et al . 
7 , 173 , 191 B2 2 / 2007 Prescott 
7 , 203 , 851 B1 4 / 2007 Lo et al . 

7 , 415 , 013 B1 8 / 2008 Lo 
7 , 561 , 592 B1 7 / 2009 Acharya et al . 
7 , 660 , 272 B1 2 / 2010 Lo 
7 , 724 , 692 B1 5 / 2010 Fang et al . 
7 , 751 , 350 B1 7 / 2010 Pabst 
7 , 778 , 313 B2 8 / 2010 Agazzi 
7 , 924 , 750 B1 4 / 2011 Lo 
8 , 027 , 270 B1 9 / 2011 Campana et al . 
8 , 665 , 901 B1 . 3 / 2014 Lo et al . 
9 , 130 , 746 B1 * 9 / 2015 Lo . . . . . . . H04L 5 / 14 

2001 / 0038674 AL 11 / 2001 Trans 
2001 / 0044914 Al 11 / 2001 Nakano et al . 
2002 / 0027888 Al 3 / 2002 
2002 / 0041571 Al 4 / 2002 Huff 
2002 / 0046267 AL 4 / 2002 Andra et al . 
2003 / 0126486 A1 7 / 2003 Bui 
2004 / 0105467 A1 * 6 / 2004 Goodman . . . . . . . . . . . . . H04L 49 / 351 

370 / 395 . 53 
2004 / 0196849 A1 10 / 2004 Aksu et al . 
2005 / 0128056 A16 / 2005 Browning 
2005 / 0129052 A1 6 / 2005 Hurwitz et al . 
2005 / 0207360 AL 9 / 2005 Costo et al . 
2005 / 0207460 A1 9 / 2005 Koda 
2006 / 0077995 A1 * 4 / 2006 Lenell . . . . . . . . . . . . . . . . . H04L 12 / 2602 

370 / 412 
2006 / 0184813 A18 / 2006 Bui 
2006 / 0290356 A1 * 12 / 2006 Pharn . . . . . . . . . . . . . . . . . . GO1R 31 / 11 

324 / 533 
2008 / 0033670 AL 2 / 2008 Rakshani et al . 
2010 / 0171521 A1 7 / 2010 Binder 
2011 / 0243206 A1 * 10 / 2011 Shalita . . . . . H04B 3 / 462 

375 / 224 
2012 / 0026922 A1 * 2 / 2012 Diab . . . . . . . . . . . . . . . . . . . . H04L 1 / 0001 

370 / 296 

FOREIGN PATENT DOCUMENTS 
EP 
WO 
Wo 
WO 
wo 

00596523 
WO - 9413072 
WO - 9619877 
WO - 0054419 
WO - 0111861 

5 / 1994 
6 / 1994 
6 / 1996 
9 / 2000 
2 / 2001 

* cited by examiner 



U . S . Patent Dec . 26 , 2017 Sheet 1 of 4 US 9 , 853 , 803 B1 

Apparatus 100 Remote 
Device 
150 Setup 

Logic 
120 

Cable 140 PHY 
Transceiver 

110 

PHY 
155 

Duplex 
Logic 
130 

FIG . 1 



U . S . Patent Dec . 26 , 2017 Sheet 2 of 4 US 9 , 853 , 803 B1 

200 

Start 

Transmit Communication on the twisted pair Channel 

220 
No Detect Transmission 

From 
Remote Device ? 

Yes 230 

Initiate Auto - Negotiate sequence over the channel 

240 UND Determine a cable Length Of The Channel 

250 

Change From Half - Duplex Mode to Dual - Duplex Mode 

260 

Transmit And Receive Communications On The 
Channel Simultaneously 

FIG . 2 . 



com - - U . S . Patent Dec . 26 , 2017 Sheet 3 of 4 US 9 , 853 , 803 B1 

350a 
l 350 350 355 355 365 

f or 360 
Device AK 310 315 K - - - - - - - 325 - - - - - - - - - - - - - - - - - 

- 

- 

- www . fb44 _ 
Derien . . . 2 

FIG . 3a 

Device B - < 320 - - - - - - - - - 330 ) 
365 

FIG . 3a 

365 365 

Device A R 325 Y - - - - - - - - - - - - - - - - 335 - - - - - - - - - - 345 Doiceala police h 
w Devicc B - - - - - - - - - - - - 330 - - - - - 340 - - - - - 

365 365 

FIG . 3b 



U . S . Patent Dec . 26 , 2017 Sheet 4 of 4 US 9 , 853 , 803 B1 

- - - - - - - - - - - - - - - - - - - - - - - 

Integrated Circuit 410 | 
- - - - - 

Integrated Circuit 420 | Integrated Circuit 400 1 

I | 
| T 

T 
TI 
| 

- 

- - 

- T - 

- TI - 

- TI - 

Setup - Duplex 
Logic 
130 

PHY 
Transcciyer 

110 
- + 

IT 
IT 

Logic 
120 

- I 
- TI I 
- TI 

TI 
TI 

I 
I - 

- 

- | II 
- 

- - 

- 

TI 
| 

IT 
- - 

- 

- - - - - - - - - - 

Cable 
140 

To Device 
150 

FIG . 4 



US 9 , 853 , 803 B1 
SINGLE PAIR PHY WITH sequence over the twisted pair channel with a remote device 
AUTO - NEGOTIATION upon detecting a transmission from the remote device on the 

twisted pair channel . The auto - negotiation sequence is an 
CROSS REFERENCE TO RELATED exchange of parameters with the remote device using a 

APPLICATIONS 5 half - duplex mode to communicate on the twisted pair chan 
nel . The integrated circuit includes a duplex logic configured 

This disclosure is a continuation of U . S . patent applica - to control the transceiver to switch from the half - duplex 
tion Ser . No . 13 / 350 , 969 , filed Jan . 16 , 2012 and now U . S . mode to a dual - duplex mode to establish a connection over 
Pat . No . 9 , 130 , 746 which claims the benefit of U . S . provi - the twisted pair channel based , at least in part , on the 
sional application Ser . No . 61 / 436 , 806 filed on Jan . 27 , 2011 , 10 parameters from the auto - negotiation sequence . 
which are incorporated herein by reference in their entirety . 

BRIEF DESCRIPTION OF THE DRAWINGS 
BACKGROUND 

The accompanying drawings , which are incorporated in 
The background description provided herein is for the 15 and constitute a part of the specification , illustrate various 

purpose of generally presenting the context of the disclo - systems , methods , and other embodiments of the disclosure . 
sure . Work of the presently named inventor ( s ) , to the extent Illustrated element boundaries ( e . g . , boxes , groups of boxes , 
the work is described in this background section , as well as or other shapes ) in the figures represent one example of the 
aspects of the description that may not otherwise qualify as boundaries . In some examples , one element may be 
prior art at the time of filing , are neither expressly nor 20 designed as multiple elements or multiple elements may be 
impliedly admitted as prior art against the present disclo - designed as one element . In some examples , an element 
sure . shown as an internal component of another element may be 
Home networks and enterprise networks typically use implemented as an external component and vice versa . 

twisted pair cables to connect devices together . A single F IG . 1 illustrates one embodiment of an apparatus asso 
twisted pair cable typically includes four pairs of twisted 25 ciated with auto - negotiation over a single twisted pair chan 
copper wires ( i . e . , 8 total copper wires in one cable ) . As nel . 
technologies advance , protocols used with four twisted pair FIG . 2 illustrates one embodiment of a method associated 
cables have increased bandwidth by orders of magnitude with an auto - negotiating over a single twisted pair channel . 
( e . g . , 10 Megabytes / second , 100 Megabytes / second , 1000 FIG . 3a illustrates an example timing diagram of com 
Megabytes / second ) . However , transceivers that operate over 30 munications over the single twisted pair channel between 
standard four twisted pair cables lack the ability to adapt to two devices . 
certain events associated with the loss of available channels FIG . 3b illustrates an example timing diagram of com 
and so on . munications in an auto - negotiation sequence . 

Thus even though existing protocols seek to improve FIG . 4 illustrates one embodiment of an integrated circuit 
throughput over existing infrastructure , certain aspects of 35 that performs auto - negotiation over a single pair PHY . 
the existing protocols impact adaptability of transceivers . 
For example , existing auto - negotiation protocols use mul DETAILED DESCRIPTION 
tiple twisted pair channels to establish connections . 

Described herein are example methods , apparatus , and 
SUMMARY 40 other embodiments associated with improving the establish 

ment of a connection by using auto - negotiation over a single 
In one embodiment , an apparatus includes a physical twisted pair channel . In one embodiment , a physical layer 

layer ( PHY transceiver configured to communicate over a ( PHY ) transceiver initiates and performs an auto - negotiation 
single twisted pair channel . Setup logic is configured to sequence using only a single twisted pair channel . By 
control the PHY transceiver to initiate an auto - negotiation 45 performing the auto - negotiation sequence over the single 
sequence over the single twisted pair channel with a remote twisted pair channel , the PHY transceiver can establish a 
device upon detecting a transmission from the remote device high bandwidth connection with a device without using 
on the single twisted pair channel . The auto - negotiation multiple twisted pair channels . In one example , using only 
sequence includes an exchange of parameters with the one single twisted pair channel can improve the efficiency of 
remote device using a half - duplex mode to communicate on 50 the auto - negotiation sequence by freeing other twisted pair 
the single twisted pair channel . channels for additional uses . In other embodiments , a cable 

In another embodiment , a method includes initiating an connecting the PHY transceiver with a remote device has 
auto - negotiation sequence from a first device with a second only a single twisted pair channel . Thus , the PHY trans 
device over a twisted pair channel . The auto - negotiation ceiver configured in this way provides for greater adaptabil 
sequence is initiated upon detecting a transmission from the 55 ity to differing network configurations and conditions . 
second device on the twisted pair channel . The auto - nego . With reference to FIG . 1 , one embodiment of an apparatus 
tiation sequence is an exchange of parameters with the 100 is shown that is associated with auto - negotiation over a 
second device using a half - duplex mode to communicate on single twisted pair channel . The apparatus 100 includes a 
the twisted pair channel . The method also includes changing physical layer ( PHY ) transceiver 110 , setup logic 120 , and 
from the half - duplex mode to a dual - duplex mode to estab - 60 duplex logic 130 . In one embodiment , the setup logic 120 is 
lish , by the first device , a connection over the twisted pair configured to control the PHY transceiver 110 to establish a 
channel based , at least in part , on the parameters from the connection over the single twisted pair channel . The duplex 
auto - negotiation sequence . logic 130 is configured to change a duplex mode of the PHY 

In one embodiment , an integrated circuit includes a trans - transceiver 110 for communicating on the twisted pair 
ceiver configured to communicate over a twisted pair chan - 65 channel . The PHY transceiver 110 can be connected to a 
nel . The integrated circuit includes a controller configured to cable 140 ( e . g . , via a port ) for communicating with a remote 
control the transceiver to initiate an auto - negotiation device 150 , which also includes a PHY transceiver 155 . In 
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one embodiment , the setup logic 120 and the duplex logic of twisted wire . In another embodiment , the cable 140 
130 include integrated circuits configured to perform the includes one pair of twisted wires and thus one twisted pair 
described functions or equivalent functions . channel . 

In one embodiment , the duplex logic 130 switches the Further details of communications over the single twisted 
duplex mode of the PHY transceiver 110 between a half - 5 pair channel will be discussed in greater detail in conjunc 
duplex mode , a full - duplex mode , and a dual - duplex mode . tion with FIG . 2 . FIG . 2 illustrates one embodiment of a 
When operating in the half - duplex mode to communicate method 200 associated with an auto - negotiation sequence 
between the apparatus 100 and the remote device 150 , only between two devices over a single twisted pair channel . FIG . 
one PHY transceiver on the twisted pair channel can trans 2 is discussed from the perspective that the method 200 is 
mit at a time . Operation in the full - duplex mode permits both th 10 implemented and performed by the apparatus 100 of FIG . 1 
PHY transceivers to transmit at the same time ; however , two to establish a connection with the device 150 over the cable 

140 . In the following discussion , the cable 140 has only a separate twisted pair channels are used to accommodate the single twisted pair channel ( e . g . , a single twisted pair of transmissions . While operating in the dual - duplex mode , wires ) . both PHY transceivers can transmit simultaneously on a 15 At 210 . the PHY transceiver 110 transmits a communi 
single channel . However , before the PHY transceivers can cation on one twisted pair channel to the device 150 . In one 
communicate using the dual - duplex mode , a master / slave embodiment , the communication is transmitted by the PHY relationship for a clock signal needs to be established . Thus , transceiver 110 at the request of the setup logic 120 . The 
in one embodiment , the PHY transceiver 110 communicates communication , in one example , is a beacon that is trans 
an auto - negotiation sequence with the device 150 using the 20 mitted upon the occurrence of an event in apparatus 100 . In 
half - duplex mode to exchange parameters . Once the param one embodiment , the event is a power on event , a plug - in 
eters are exchanged the master / slave relationship is estab - event of the cable 140 into a port of the PHY transceiver 110 , 
lished and the PHY transceiver 110 may be switched to the a request for communications by a process associated with 
dual - duplex mode to communicate over the single twisted the apparatus 100 , and so on . The beacon may be , for 
pair channel ( in cable 140 ) using higher data rates . 25 example , a first communication in the auto - negotiation 

In one example , apparatus 100 performs auto - negotiation sequence , a heart - beat signal , and so on . 
over a single twisted pair channel when multiple channels At 220 , the setup logic 120 listens for a transmission on 
are not available or for a more efficient negotiation process . the twisted pair channel from the remote device 150 using 
While an auto - negotiation sequence may be performed using the PHY transceiver 110 . In one embodiment , the setup logic 
two twisted pair channels , using a single twisted pair chan 30 120 is configured to listen for a predefined time interval for 
nel to auto - negotiate parameters between the apparatus 100 the transmission . In one embodiment , the predefined time 

interval includes a first time interval and a second time and the device 150 may improve efficiency by using fewer interval . The first time interval is a time period to wait in resources ( i . e . , a single channel vs . multiple channels ) . In order to avoid a reflection of the signal on the twisted pair one embodiment , the cable 140 includes only a single gre 35 channel that may interfere with other transmissions . A signal 
twisted pair of wires . Thus , the PHY transceiver 110 does reflection is an artifact of the transmission , which is a 
not have the option of using multiple channels since the portion of the signal that is reflected back to the PHY 
cable 140 includes only the single twisted pair channel ( e . g . , transceiver 110 from an endpoint on the cable 140 . Thus , in 
one pair of twisted wires ) . Accordingly , the PHY transceiver one example , waiting the first time interval may avoid a false 
110 can still establish a connection that uses the dual - duplex 40 detection on the channel . 
mode since the PHY transceiver 110 is configured to per After the first time interval elapses and during the second 
form the auto - negotiation sequence using only the single time interval the setup logic 120 listens for a transmission 
twisted pair channel . from the device 150 . In one embodiment , the second time 

In various embodiments , the PHY transceiver 110 may be interval is a predetermined amount of time during which a 
configured with a port that accepts a cable ( e . g . , cable 140 ) 45 transmission from the device 150 is most probable . The 
with a connector . The cable 140 and connector may , for second time interval is , for example , a time frame sufficient 
example , include multiple twisted pair channels or a single to account for a fixed time interval used as a wait time in the 
twisted pair channel . The single twisted pair channel is also auto - negotiation sequence , a propagation delay of the cable 
referred to herein as a twisted pair channel , a communication 140 , and so on . In this way , the apparatus 100 may avoid 
channel , or simply a channel . The single twisted pair channel 50 collisions between transmissions on the single twisted pair 
is , for example , a communication channel between the PHY channel when using the half - duplex mode . The predefined 
transceiver 110 and the PHY transceiver 155 in the device time interval may account for expected time frames of 
150 . The PHY transceiver 110 is , in one embodiment , a communications from the device 150 and apparatus 100 on 
transceiver that is compatible with the physical layer ( i . e . , the channel . 
the first layer ) of the Open Systems Interconnection ( OSI ) 55 If the setup logic 120 does not detect a transmission from 
model for data communications . The PHY transceiver 110 the remote device 150 on the cable 140 , then the method 200 
may be embodied , for example , in a network interface card proceeds back to 210 where the PHY transceiver 110 trans 
( NIC ) or other communication interface . mits another communication on the twisted pair channel . In 

In one embodiment , the cable 140 is a networking cable one embodiment , this results in the PHY transceiver 110 
that carries communications between two endpoint devices 60 iteratively transmitting on the twisted pair channel until 
( e . g . , apparatus 100 and remote device 150 ) . The single detecting a transmission from the device 150 . 
twisted pair channel is , for example , two physical wires At 220 , if the setup logic 120 detects a transmission while 
enclosed in the cable 140 . In one embodiment , the cable 140 listening then the method 200 proceeds to 230 . In one 
can include four twisted pair channels . The four twisted pair embodiment , the detected transmission from the device 150 
channels can be embodied as four pairs of twisted wire . If 65 is similar to the communication from the PHY transceiver 
the cable 140 includes four twisted pairs , the single twisted 110 transmitted at 210 . Thus , the device 150 may also 
pair channel is implemented using only one of the four pairs operate according to method 200 . 
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At 230 , the setup logic 120 initiates an auto - negotiation eters exchanged during the auto - negotiation sequence . For 
sequence from the PHY transceiver 110 with the remote example , a clock signal and a speed of the connection may 
device 150 over the twisted pair channel . In one embodi - be determined during the auto - negotiation sequence . 
ment , once the setup logic 120 detects the transmission from At 260 , the PHY transceiver 110 transmits and receives 
the device 150 , the setup logic 120 waits a fixed time interval 5 communications on the single twisted pair channel simul 
and then begins the auto - negotiation sequence . In one taneously in the dual - duplex mode . The apparatus 100 and 
embodiment , the fixed time interval ( e . g . , time interval 365 the device 150 are then able to communicate using the single 
from FIG . 3a ) is a predetermined wait time for transmitting channel in the dual - duplex mode . In one embodiment , if the 

cable 140 includes multiple channels ( e . g . , multiple twisted on the single twisted pair channel to avoid transmission 
collisions . Transmission collisions may occur because the 10 pair wires ) , the parameters exchanged during the auto 

negotiation sequence over the single channel may be used to PHY transceiver 110 is using a half - duplex mode . Thus , provide communications over additional available channels . when both devices on the channel transmit simultaneously a FIG . 3a illustrates an example timing diagram of com 
collision occurs and as a result neither device will be able to munications over a single twisted pair channel between a receive a communication . By using the fixed time interval 15 ne interval 15 device A ( e . g . , apparatus 100 ) and a device B ( e . g . , device 
between transmissions , communications from the auto - ne 150 ) . The communications illustrated in FIG . 3a are one gotiation sequence can be traded back and forth while using example of how an auto - negotiation sequence may be ini 
half - duplex mode and avoiding collisions . tiated . FIG . 3b illustrates one example of communications In one embodiment , the auto - negotiation sequence that may occur during an auto - negotiation sequence . FIGS . 
includes a set of communications , for example , transmis - 20 3a and 3b will be discussed using references to method 200 
sions to the remote device 150 and communications received from FIG . 2 . from the remote device 150 . The auto - negotiation sequence As illustrated in FIG . 3a , communications 310 and 315 
includes parameters that identify properties of the apparatus are examples of beacon transmissions such as those from 
100 and the remote device 150 . The properties may include , 210 of method 200 . For example , once device A provides 
for example , compatible protocols , capabilities of the appa - 25 communication 310 on the twisted pair channel , device A 
ratus 100 and / or capabilities the remote device 150 such as waits a first time interval 350 . In one embodiment , device A communication speeds and modes , and so on . The set of waits the first time interval 350 before listening on the 
communications may also provide for determining which channel to avoid detecting a reflection that may interfere 
device provides a master clock signal to coordinate com with detecting a true signal from device B . After the first 
munications in a dual - duplex mode . 30 time interval 350 elapses , device A listens on the twisted pair At 240 , during the auto - negotiation sequence , the setup channel during a second time interval 355 in order to detect 
logic 120 may determine a length of the cable 140 . In one a communication from device B ( e . g . , 220 of method 200 ) . 
embodiment , the length of the cable 140 is , for example , If device A detects no transmission on the twisted pair used as a factor when negotiating the connection . To deter channel during the second time interval 355 then device A 
mine the length of the cable , the setup logic 120 determines 35 transmits a communication 315 ( e . g . , 210 of method 200 ) . In 
the propagation delay ( T ) of a signal / message travelling one example , the communication 315 is identical to the 
through the cable 140 . The length of the cable 140 is , for communication 310 
example , proportional to the propagation delay ( Tn ) . The After device A transmits the communication 315 , device 
setup logic 120 may determine the propagation delay ( Tp ) A once again waits the first interval shown as 350a . After 
from the following equation : 40 time interval 350a elapses , device A listens on the single 

twisted pair channel for a transmission from device B . In 
FIG . 3a , device A detects a transmission 320 from device B TR - To - Tfix at 360 . 
As depicted in FIG . 3a device B is , for example , trans 

45 mitting communication 320 on the twisted pair channel in 
To is transmission time of a first communication from the response to communication 315 from device A . Device B 

apparatus 100 . may also be transmitting communication 320 based on a 
Tr is the time of reception of a subsequent communication different event such as a power on event , and so on . In either 

from the device 150 . case , when device A detects communication 320 , as in 220 
Tor is the fixed time interval between transmissions on the 50 of method 200 , the auto - negotiation sequence with device B 

twisted pair channel . In one example , Thir is known by the is initiated by transmitting communication 325 . Accord 
setup logic 120 before communications begin . ingly , after detecting communication 320 device A does not 

Accordingly , once at least one set of communications is continue listening for the second time interval 355 . Instead , 
exchanged during the auto - negotiation sequence ( e . g . , see device A receives the communication 320 and determines 
signals 325 and 330 shown in FIG . 3b ) , the setup logic 120 55 when the communication 320 is complete . After identifying 
may determine the length of the cable 140 by tracking T , and that the communication 320 is complete , device A waits a 
T , . In one embodiment , the cable length can then be used as fixed time interval 365 before transmitting the first commu 
a parameter that is exchanged in the auto - negotiation nication 325 of the auto - negotiation sequence ( e . g . , 230 of 
sequence or , for example , it may affect other parameters of method 200 ) . 
the connection that are negotiated . 60 FIG . 3b illustrates one example of an auto - negotiation 

With continued reference to FIG . 2 , after completing the sequence as initiated in FIG . 3a between device A and 
auto - negotiation sequence , the method 200 proceeds to 250 . device B . The auto - negotiation sequence begins with the 
At 250 , the duplex logic 130 changes the communication communication 325 from device A . Device A transmits 
mode of the PHY transceiver 110 from the half - duplex mode communication 325 on the single twisted pair channel after 
to a dual - duplex mode . Changing to the dual - duplex mode 65 the fixed time interval 365 elapses . In this way , device A and 
establishes a connection over the single twisted pair channel device B can take turns transmitting communications in the 
with the device 150 . The connection is based on the param auto - negotiation sequence using a half - duplex mode over 

T = 
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the single twisted pair channel . Since transmissions occur - more , repeated use of the phrase " in one embodiment " does 
ring at the same time on the single twisted pair channel in not necessarily refer to the same embodiment , though it may . 
half - duplex mode will result in a collision , using the fixed “ Logic ” , as used herein , includes but is not limited to 
time interval 365 to separate communications between hardware , a memory with stored firmware , a non - transitory 

device A and device B provides for two - way communica - 5 COM 5 computer - readable medium with stored instructions that are 
executable to perform the described functions , and / or com tions on the single twisted pair channel without collisions binations of each to perform the function ( s ) or action ( s ) occurring . described , and / or to cause the function or action to be In one embodiment , using the fixed time interval 365 to performed by another logic , method , and / or system . Logic 

space communications also provides for determining a may include a microprocessor programmed to performed 
propagation delay associated with the cable as at 240 of 10 one or more of the disclosed functions , a discrete logic ( e . g . , 
method 200 . In one embodiment , according to known char - ASIC ) , an analog circuit , a digital circuit , a programmed 
acteristics of the cable ( e . g . cable 140 ) in which the single logic device , a memory device containing instructions , and 
twisted pair channel is embodied , an estimate for the length so on . Logic may include one or more gates , combinations 
of the cable may be determined from the propagation delay . of gates , or other circuit components . Where multiple logics 
The length of the cable may then be used in the auto - 15 are described , it may be possible to incorporate the multiple 
negotiation sequence to negotiate parameters of a connec logics into one physical logic . Similarly , where a single logic 
tion between device A and device B . For example , the cable is described , it may be possible to distribute that single logic 
length may affect a negotiated speed of the connection , error between multiple physical logics . One or more of the 
correction algorithm used with the connection , and so on . components and functions described herein may be imple 

Once the auto - negotiation sequence completes with com - 20 mented using one or more of the logic elements . 
munications 330 , 335 , 340 , and 345 , device A and device B While for purposes of simplicity of explanation , illus 

trated methodologies are shown and described as a series of may , for example , switch to a dual - duplex mode ( e . g . , 250 blocks . The methodologies are not limited by the order of the of method 200 ) and transmit communications on the single blocks as some blocks can occur in different orders and / or twisted pair channel simultaneously ( e . g . , 260 of method 
200 ) . In one embodiment , the dual - duplex mode is a com - 25 25 concurrently with other blocks from that shown and 

described . Moreover , less than all the illustrated blocks may munication mode that is compatible with 1000baseT com 
munications . Additionally , the communications in the dual be used to implement an example methodology . Blocks may 
duplex mode and the half - duplex mode between the device be combined or separated into multiple components . Fur 
A and the device B may use , for example , differential thermore , additional and / or alternative methodologies can 

employ additional , not illustrated blocks . Manchester encoding , Pulse - amplitude Modulation ( PAM ) 30 To the extent that the term “ includes ” or “ including ” is coding , and so on . 
FIG . 4 illustrates an additional embodiment of the appa employed in the detailed description or the claims , it is 

ratus 100 from FIG . 1 that is configured with separate intended to be inclusive in a manner similar to the term 
" comprising ” as that term is interpreted when employed as integrated circuits and / or chips . In this embodiment , the a transitional word in a claim . PHÝ transceiver 110 from FIG . 1 is embodied as a separate 35 

integrated circuit 410 . Additionally , the setup logic 120 is 35 While example systems , methods , and so on have been 
illustrated by describing examples , and while the examples embodied on an individual integrated circuit 420 . Duplex 

logic 130 is also embodied on an individual integrated have been described in considerable detail , it is not the 
intention of the applicants to restrict or in any way limit the circuit 400 . The circuits are connected via connection paths scope of the appended claims to such detail . It is , of course , to communicate signals . While integrated circuits 400 , 410 , 

and 420 are illustrated as separate integrated circuits , they 40 not possible to describe every conceivable combination of 
components or methodologies for purposes of describing the may be integrated into a common circuit board . Addition systems , methods , and so on described herein . Therefore , the ally , integrated circuits 400 , 410 , and 420 may be combined disclosure is not limited to the specific details , the repre into fewer integrated circuits or divided into more integrated 

circuits than illustrated . Additionally , in another embodi sentative apparatus , and illustrative examples shown and 
ment , the logics 120 and 130 illustrated in integrated circuits 45 45 described . Thus , this application is intended to embrace 
400 and 420 may be combined into a separate application alterations , modifications , and variations that fall within the 
specific integrated circuit . In other embodiments , the func scope of the appended claims . 
tionality associated with the logics 120 and 130 may be What is claimed is : 
embodied as firmware executable by a processor . Addition 1 . An apparatus , comprising : 
ally , in one embodiment , integrated circuit 410 may include 50 a physical layer ( PHY ) transceiver configured to commu 
a port for connecting a cable ( e . g . , cable 140 ) that includes nicate over a single twisted pair channel ; and 
a connector for a single channel twisted pair channel . In a setup logic configured to control the PHY transceiver to 
another embodiment , integrated circuit 410 may include a initiate an auto - negotiation sequence over the single 
port for connecting a cable with a connector that includes twisted pair channel with a remote device upon detect four twisted pair channels . ing a transmission from the remote device on the single The following includes definitions of selected terms twisted pair channel , wherein the auto - negotiation employed herein . The definitions include various examples sequence i ) utilizes a half - duplex mode for both send and / or forms of components that fall within the scope of a 
term and that may be used for implementation . The ing and receiving on the single twisted pair channel , 
examples are not intended to be limiting . Both singular and and ii ) includes an exchange , with the remote device , of 
plural forms of terms may be within the definitions . 60 parameters that identify properties of the apparatus and 

References to “ one embodiment ” , “ an embodiment ” , “ one the remote device . 
example " , " an example ” , and so on , indicate that the 2 . The apparatus of claim 1 , further comprising : 
embodiment ( s ) or example ( s ) so described may include a a duplex logic configured to control the PHY transceiver 
particular feature , structure , characteristic , property , ele to switch from the half - duplex mode to a dual - duplex 
ment , or limitation , but that not every embodiment or 65 mode to establish a connection with the remote device 
example necessarily includes that particular feature , struc over the single twisted pair channel based , at least in 
ture , characteristic , property , element or limitation . Further part , on the parameters from the auto - negotiation 
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sequence , wherein the PHY transceiver is configured to second device , wherein the predefined time interval 
simultaneously transmit and receive communications includes a first time interval to wait in order to avoid a 
on the single twisted pair channel when switched to the reflection on the single twisted pair channel and a 
dual - duplex mode . second time interval for listening for the transmission 

3 . The apparatus of claim 1 , wherein the single twisted 5 from the second device . 
pair channel is established in a cable including one twisted 12 . The method of claim 8 , wherein the auto - negotiation 
pair of wires , wherein the setup logic is configured to sequence between the first device and the second device is 
determine a length of the cable based , at least in part , on a communicated using the single twisted pair channel . 
time to receive a message from the remote device in the 13 . The method of claim 8 , wherein the auto - negotiation 
auto - negotiation sequence and wherein one or more of the 10 sequence includes transmitting and receiving a set of com 
parameters are based , at least in part , on the length of the munications spaced at fixed time intervals with the second 
cable . device over the single twisted pair channel . 

4 . The apparatus of claim 1 , wherein the setup logic is 14 . The method of claim 8 , wherein the single twisted pair 
configured to control the PHY transceiver to iteratively channel is one of a plurality of channels in a cable . 
transmit a communication on the single twisted pair channel 15 15 . An integrated circuit , comprising : 
at a predefined time interval until detecting the transmission a transceiver configured to communicate over a single 
from the remote device , wherein the predefined time interval twisted pair channel ; 
includes a wait interval for listening for the transmission a controller configured to control the transceiver to initiate 

from the remote device . an auto - negotiation sequence over the single twisted 
5 . The apparatus of claim 1 , wherein the setup logic is 20 pair channel with a remote device upon detecting a 

configured to control auto - negotiation sequence between the transmission from the remote device on the single 
PHY transceiver and the remote device to be communicated twisted pair channel , wherein the auto - negotiation 

over the single twisted pair channel with the PHY trans sequence i ) utilizes a half - duplex mode for both send 
ceiver operating in the half - duplex mode , wherein signals ing and receiving on the single twisted pair channel , 
transmitted in the half - duplex mode are encoded with dif - 25 and ii ) is an exchange , with the remote device , of 
ferential Manchester encoding . parameters that identify properties of the apparatus and 

6 . The apparatus of claim 1 , wherein the setup logic is the remote device ; and 
configured to control the PHY transceiver to transmit and a duplex logic configured to control the transceiver to 
receive a set of communications spaced at fixed time inter switch from the half - duplex mode to a dual - duplex 
vals with the remote device over the single twisted pair 30 mode to establish a connection over the single twisted 
channel during the auto - negotiation sequence . pair channel based , at least in part , on the parameters 

7 . The apparatus of claim 1 , wherein the single twisted from the auto - negotiation sequence . 
pair channel is one of a plurality of channels in a cable . 16 . The integrated circuit of claim 15 , wherein the trans 

8 . A method , comprising : ceiver is configured to transmit and receive communications 
initiating an auto - negotiation sequence from a first device 35 on the single twisted pair channel simultaneously when 

switched to the dual - duplex mode . duplex mode . 
with a second device over a single twisted pair channel 
upon detecting a transmission from the second device 17 . The integrated circuit of claim 15 , wherein the single 

twisted pair channel is established in a cable including one on the single twisted pair channel , wherein the auto 
negotiation sequence i ) utilizes a half - duplex mode for twisted pair of wires , and wherein the setup logic is con 
both sending and receiving on the single twisted pair 40 vir 40 figured to determine a length of the cable based , at least in 
channel , and ii ) is an exchange , with the remote device , part , on a reception time of a message from the remote 
of parameters that identify properties of the apparatus device in the auto - negotiation sequence , wherein one or 
and the remote device ; and more of the parameters are based , at least in part , on the 

changing from the half - duplex mode to a dual - duplex length . 
mode to establish , by the first device , a connection over 45 : 45 18 . The integrated circuit of claim 15 , wherein the setup 
the single twisted pair channel based , at least in part , on logic is configured to control the transceiver to iteratively 
the parameters from the auto - negotiation sequence . transmit a communication on the single twisted pair channel 

9 . The method of claim 8 , further comprising : at a predefined time interval until detecting the transmission 
transmitting and receiving communications on the single from the remote device , wherein the predefined time interval 

twisted pair channel simultaneously by the first device 50 evin 50 includes a wait interval for listening for the transmission 
when using the dual - duplex mode . from the remote device . 

10 . The method of claim 8 , further comprising : 19 . The integrated circuit of claim 15 , wherein the setup 
determining a length of a cable used to establish the single logic is configured to control the auto - negotiation sequence 

twisted pair channel , wherein the length is determined between the transceiver and the remote device to be com 
based , at least in part , on a reception time of a message 55 accade 55 municated over the single twisted pair channel with the 
from the second device during the auto - negotiation transceiver operating in the half - duplex mode . 

20 . The integrated circuit of claim 15 , wherein the setup sequence , wherein one or more of the parameters are 
based , at least in part , on the length . logic is configured to control the transceiver to transmit and 

11 . The method of claim 8 , further comprising : receive a set of communications spaced at fixed time inter 
iteratively transmitting a communication from the first 60 the first 60 vals with the remote device over the single twisted pair 

device on the single twisted pair channel at a predefined channel during the auto - negotiation sequence . 
time interval until detecting the transmission from the * * * * * 


