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(7) ABSTRACT

A low cost mechanism that may be used to extend Ethernet
capability to low end devices provides sufficient capacity to
support Ethernet communications using only a single
twisted pair medium. Because only a single twisted pair is
used, the overall cost, complexity and size associated with
the integrating Ethernet functionality into an end device is
reduced. A distributed power system delivers power to a
Data Terminal Equipment (DTE) device over the single
twisted pair medium. With such an arrangement, Ethernet
capability and power may be simultaneously delivered to
low end devices at a reduced cost.

DTE f- 14
38 ; 35 i
13 A 3 i
1R | | fo TXRX | Processing i
] Circuitry i
i | acioc
a2

Ex.1068 / Page 1 of 7
Cisco Systems, Inc.



Patent Application Publication Apr. 14,2005 Sheet 1 of 3 US 2005/0078700 A1

2 2
© mm mm
|z © =
=1~ =
3| 3a
Y
T |z 7
X . o
BE ~ BL[E al —
3a _ SalD .
A w » :
— ~— w
©
=
™ je] [ie] [m] [a]

10»\
f12
1

r

PSE

Central
Ethernet
Device

Ex.1068 / Page 2 of 7
Cisco Systems, Inc.



US 2005/0078700 A1

Patent Application Publication Apr. 14,2005 Sheet 2 of 3

7 In31y
| kiddns N\
== _ m omod | 92 i
€7 | i m
.| oaov | | ov0a
: : ce Ia[jonuo) m
Aynonp I ,
Buisseoold |y __m X w __ XH/X L m
ee | 8¢ el 8z | - \re i

awdinba Buioinos lamod Yup
82IA8(Q 18uidylg [enus)

Ex.1068 / Page 3 of 7
Cisco Systems, Inc.



Patent Application Publication Apr. 14,2005 Sheet 3 of 3 US 2005/0078700 A1

©
—

DTE
DTE

o0
T

> Low End
» Low End

Low End
DTE
L2

r 14
Low End
DTE

(17

15
19

=] (=] [w] e

13

\

51

l—»|Repeater
Figure 3

<>

['50-

Interface

10/100
o

[— 52
Legacy
Ethernet
Network

Ex.1068 / Page 4 of 7
Cisco Systems, Inc.



US 2005/0078700 Al

ULTRA LOW COST ETHERNET ARCHITECTURE

RELATED APPLICATIONS

[0001] This application claims priority to previously filed
U.S. Provisional application Ser. No. 60/486,999 filed Jul.
14, 2003, and entitled “Ultra Low Cost Ethernet Architec-
ture”.

FIELD OF THE INVENTION

[0002] This invention relates generally to the field of
networking and more particularly to a low cost communi-
cation method and apparatus.

BACKGROUND OF THE INVENTION

[0003] Ethernet (IEEE Std 802.3) and especially twisted-
pair Ethernet (10BASE-T, 100BASE-TX & 1000BASE-T
has become the ubiquitous means for connecting to data
communication networks. Because Ethernet interfaces have
historically been expensive, it has not been previously
desirable to add Ethernet functionality to low margin prod-
ucts. However, in accordance with Moore’s law, the costs
and power consumption associated with connecting a
device, such as a Data Terminal Equipment (DTE) end
station, to a network has been dropping rapidly. As a result,
an increasing variety of DTE’s are being made available to
a consumer.

[0004] Traditionally network devices, such as IP phones,
wireless LAN access points, laptop computers and Web
cameras, which desire to connect to a network, have
required both AC and LAN connectors. As the number and
types of LAN devices available in corporations has
increased, providing wiring for both AC and LAN connec-
tions to support the devices has become a costly task.

[0005] A design standard that has been introduced to
overcome the problem is specified in IEEE Std 802.3af,
commonly known as the “Power Over Ethernet” (PoE)
standard. This standard provides an integrated power and
data network connection so that devices with only modest
power requirements (<12 watts) can get/draw power and
communicate LAN data over the same connection. Such an
arrangement removes the need for independent power and
LAN connections for each DTE device by enabling DTEs
that are 802.3af compliant to receive data and power from
802.3af compliant Ethernet Media Access Units (MAUS).
This, in turn, ultimately lowers the cost of attaching a device
to the LAN.

[0006] Thus the 802.3af solution has provided a way to
simultaneously satisfy the power and Ethernet communica-
tion needs of the low end devices. However, it still requires
a certain amount of overhead, in terms of power supply,
connector circuitry and cabling. The overhead associated
with 802.3af connectivity reduces its potential as a network
solution for distributed low cost, low end devices.

SUMMARY OF THE INVENTION

[0007] 1t is an object of the present invention to further
reduce the costs associated with coupling lower end devices
(ie., those with low/modest computational and power
requirements) to a communications network, and thereby
expand the market for such devices. For example, low end
devices that may be assisted by the present invention include
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light switches, thermostats, remote control repeaters, audio/
video equipment controls, low duty cycle actuators, simple
wired sensors and indicators and other devices characterized
by modest computational requirements. One application of
the present invention is in the building automation market,
which is quite cost sensitive, especially in residential appli-
cations. As will be described in more detail herein, a
combination of several features enables building air condi-
tioning “AC” control by Ethernet at a cost level that is at
least as low as that of traditional AC control for new
construction, even in a residential environment. The pros-
pect of network/remote control/monitoring in new construc-
tion and in building renovation projects is expected to drive
the market for the number of Ethernet ports to a new higher
level.

[0008] According to one aspect of the invention, a device
comprises an interface to a communication link, the com-
munication link comprising a single pair of conductors
enabling Ethernet communication by the device with a Data
Terminal Equipment (DTE) device, the interface including
means for providing power to the DTE over the single pair
of conductors.

[0009] According to another aspect of the invention, a
receiving Data Terminal Equipment (DTE) device includes
an interface to a communication link, the communication
link comprising a single pair of conductors from receiving
communications from an Ethernet transceiver, the receiving
DTE including means for powering the DTE in response to
a current on the pair of conductors.

[0010] A communication link comprising a single pair of
conductors, for providing half-duplex Ethernet communica-
tion between a hub and Data Terminal Equipment (DTE),
and for delivering a current from a power source in the hub
to the DTE for the purposes of powering the DTE.

[0011] A low cost Ethernet network includes an Ethernet
hub or switch coupled to a Data Terminal Equipment (DTE)
device by a single pair of conductors, wherein the hub and
DTE exchange Ethernet communications to the DTE on the
single pair of conductors, and wherein the hub further
comprises power source equipment providing a current for
powering the DTE. With such an arrangement, a low cost
Ethernet connection provides control and power to a remote
DTE.

BRIEF DESCRIPTION OF THE FIGURES

[0012] FIG. 1 illustrates an exemplary network in which
the present invention may be implemented,;

[0013] FIG. 2 is a block diagram illustrating exemplary
components that may be included in an Ethernet device and
Data Terminal Equipment (DTE) using the present inven-
tion; and

[0014] FIG. 3 is a block diagram illustrating the integra-

tion of the present invention into a legacy (e.g. IEEE 802.3)
Ethernet network.

DETAILED DESCRIPTION

[0015] Referring now to FIG. 1, an Ultra Low Cost
Ethernet (UCLE) network 10 is shown to include a number
of low end Data Terminal Equipment (DTE) devices 14, 16,
18 and 20 coupled to an Ethernet device 12, which may be
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a Switch, Hub/Repeater or any other type of device capable
of transmitting an Ethernet signal. Connection between the
Ethernet device 12 and DTEs 14, 16, 18 and 20 is provided
via respective communication links 13, 15, 17 and 19.
According to one aspect of the invention, each of the
communication links 13, 15, 17 and 19 consists of a single
pair of conductors. In one embodiment, the single pair of
conductors are twisted pair cable; a type of cable that
consists of two independently insulated copper wires twisted
around one another. The use of twisted wires helps to reduce
crosstalk and electromagnetic induction at higher frequen-
cies used for Ethernet communications. According to one
aspect of the invention, the Ethernet device 12 includes
power sourcing equipment (PSE) 11 which provides AC
current to the pair of conductors for the purposes of pow-
ering the attached DTE via its included AC/DC converter.

[0016] The present invention’s use of a single twisted pair
communication link for Ethernet communication differs
significantly from existing Ethernet networks, which gener-
ally use Cat 3 or Cat 5 cable. Both Cat 3 and Cat 5 cable
include four sets of twisted pair conductors. Such cabling
aids Ethernet systems seeking to achieve 100 M/bit perfor-
mance, however, much of the cable capacity can be unused
in lower performance applications. For example, current
standardized implementations of Ethernet use an 8 pin
modular connector (IEC 60603-7) This connector is not
particularly well suited for automatic termination to con-
trolled impedance cable, because of near-end cross-talk
(“NEXT”). NEXT problems arise because of the standard-
ized pin to pair assignments (1-2,3-6, 4-5,7-8). In addition,
in applications such 10BASE-T media system, or Power
over Ethernet systems, only two pairs of wires are used, both
of which are terminated in an eight-pin (RJ-45 style) con-
nector. This means that four pins of the eight-pin MDI
connector are unused. The present invention uses the mini-
mum number of conductors possible for Ethernet operation,
and thereby removes significant costs by reducing the
amount of copper, insulation material and connecting hard-
ware termination points.

[0017] In one embodiment, a new connector including
only two pins (for each pin of the communication link)
would be provided for insertion in a wall jack or the like
coupled to the Ethernet transceiver. In addition, other
embodiments envision that a significant portion of the
stations terminated would be permanently terminated rather
than terminated in a disconnectable plug and jack configu-
ration. Such an arrangement could be achieved as “punch-
downs” in wiring panel termination situations and perma-
nent end devices or other termination methods.

[0018] The twisted pair communication link is capable of
10 Mb/s operation; the well established minimum operating
speed that is considered to be “real Ethernet”. Historically
the size and complexity of hardware necessary to support
this rate of operation made it unfeasible to incorporate
Ethernet functionality in low cost devices. However, in
accordance with Moore’s law, the number of transistors that
fit on a chip has continued to approximately double on a
yearly basis. As a result, the size and cost of the silicon
needed to support Ethernet communication has decreased to
a point that makes it feasible to attach low cost, low end
devices to the Ethernet.

[0019] In particular, according to one embodiment, a ‘low
end’ device may be any device that one may want to
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remotely control in a residence or commercial space. Such
low end devices include light switches, thermostats, remote
control repeaters, audio/video equipment controls, low duty
cycle actuators, simple wired sensors and indicators and
other such devices. The network 10 of the present invention
may be provided within the residence or commercial space
for the purposes of controlling any low end device in the
space. The provision of power as well as data to the
individual DTEs reduces the overall wiring that need be
provided within the structure.

[0020] Communication between the Ethernet device 12
and the DTE’s may be either full-duplex, in one embodiment
or half-duplex in an alternate embodiment using Carrier
Sense Multiple Access with Collision Detection (CSMA/
CD). Half-duplex communication may be preferable if it is
desirable to minimize the transistor count of the attachment
devices.

[0021] Referring now to FIG. 2, a block diagram of
exemplary components that may be included in an Ethernet
transceiver portion of Ethernet transmission device 12 and
the DTE are shown. It should be noted that the block
diagram is provided for illustrative purposes only, and other
devices capable of providing the functionality described
below may be substituted herein.

[0022] Communication signals are exchanged between the
controller 25 and an isolation transformer 26. (An isolation
transformer 36 is also provided in the DTE). According to
one aspect of the invention, the isolation transformers 26 and
36 are single coil transformers. One of the most attractive
features (from a safety standpoint) of twisted pair Ethernet
has been the galvanic isolation that is provided by the
isolation transformer (26, 36) at each end of every twisted
pair Ethernet Link Segment. Unfortunately, this feature has
been one that has been more highly resistant to cost reduc-
tion over the years than other aspects of Ethernet imple-
mentation technology. However, because the present inven-
tion reduces the cabling requirement to a single pair, the
complexity of isolation is concomitantly reduced, poten-
tially by as much as 50%. In addition to cost reduction, this
also reduces the amount of circuit board space required for
each port in a hub or switch.

[0023] Although IEEE Std 802.3af provided the capability
to include power in the data connection, it did not effectively
minimize cost of such a connection. According to one
embodiment of the present invention, the cost of providing
power is minimized by distributing a single power supply
across the transceiver/DTE pair. One advantage of using AC
to transmit the power is that it permits each half of the power
supply to be coupled to the equipment side of the trans-
former at its end, thus maintaining the full isolation feature
of 10BASE-T.

[0024] Power is provided to the twisted pair via power
supply 26 and DC/AC converter 22. The DC/AC converter
may include transistors to convert the DC signal from the
power supply to a square wave AC, which is run though
transformer 26. In one embodiment, a high frequency AC
signal is generated, which increases the efficiency and
reduces the size of the transformer.

[0025] At the DTE, the AC/DC converter 32 rectifies the
new voltage of AC from the output side of the transformer
35. The received voltage is used to power the processing
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logic of the DTE. In one embodiment of the invention, the
maximum power delivered to a DTE is relatively low, for
example in the 1 to 2 watt level. Such a power level is
sufficient to power many low end devices. It should be
noted, however, that the present invention is not limited to
the delivery of any specific power level and may be easily
adapted by one of skill in the art to provide the appropriate
power level for any desired device with low computational
requirements. One advantage of providing a lower power is
that it lessens any safety and/or regulatory concerns and
reduces the withstand energy requirements of the front end
of the chip.

[0026] Inoneembodiment of the invention, the end device
packaging for a DTE that is used in the present invention is
expected to fit easily in a plastic outlet box that will be sized
to match the traditional NEMA duplex or simplex outlet
enclosure (or its metric equivalent). In one embodiment, the
enclosure has the traditional switch “look and feel”,
although this is expected to evolve to greater functionality in
the same size enclosure.

[0027] Although the above description has focused only
on the single twisted pair communication medium, it will be
appreciated that similar network functionality may be pro-
vided using legacy Ethernet constructs, such as using IEEE
standard 802.3. For example, referring now to FIG. 3, one
method by which an Ultra Low Cost Ethernet network 51
may be incorporated into an existing Ethernet network 52 is
shown. A low cost interface device 50 is provided between
ULCE 51 and a legacy based core network 52. This interface
device is capable of providing 10/100 connection to the core
and a 2 port non-filtering bridge to a 10 Mb/s repeater 53 that
provides the ULCE connectivity via punch-downs directly
mounted on a motherboard. With such an arrangement,
ULCE compatible devices may be controlled using legacy
Ethernet devices.

[0028] Accordingly, a low cost mechanism that may be
used to extend Ethernet capability to low end devices has
been shown and described. The low cost mechanism pro-
vides sufficient capacity to support Ethernet communica-
tions using only a single twisted pair medium. Because only
a single twisted pair is used, the overall cost, complexity and
size associated with the integrated Ethernet functionality is
reduced. A distributed power system delivers power to a
Data Terminal Equipment (DTE) device over the single
twisted pair medium. With such an arrangement, Ethernet
capability and power may be simultaneously delivered to
low end devices at a reduced cost.

[0029] The above description and figures have included
various process steps and components that are illustrative of
operations and functions that are performed by the present
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invention. However, although certain components and steps
have been described, it is understood that the descriptions
are representative only, other functional delineations or
additional steps and components can be added by one of skill
in the art, and thus the present invention should not be
limited to the specific embodiments disclosed. In addition it
is understood that the various representational elements may
be implemented in hardware, software or a combination
thereof.

[0030] While the invention is described through the above
exemplary embodiments, it will be understood by those of
ordinary skill in the art that modification to and variation of
the illustrated embodiments may be made without departing
from the inventive concepts herein disclosed. Accordingly,
the invention should not be viewed as limited except by the
scope and spirit of the appended claims.

What is claimed is:
1. A transceiver comprising:

an interface to a communication link, the communication
link comprising a single pair of conductors enabling
Ethernet communication with a receiving Data Termi-
nal Equipment (DTE) device, the interface including
means for providing power to the DTE over the single
pair of conductors.

2. AData Terminal Equipment (DTE) device comprising:

an interface to a communication link, the communication
link comprising a single pair of conductors from receiv-
ing communications from an Ethernet transceiver, the
receiving DTE including means for powering the DTE
in response to a current on the pair of conductors.

3. A communication link comprising:

a single pair of conductors, for providing Ethernet com-
munication between power sourcing equipment and a
powered device, and for delivering a current from the
power sourcing equipment device to the powered
device for the purposes of powering the device.

4. A low cost Ethernet network comprising:

an Ethernet device coupled to a Data Terminal Equipment
(DTE) device by a single pair of conductors, wherein
the hub and DTE exchange Ethernet communications
to the DTE on the single pair of conductors, and
wherein a power sourcing element at the hub further
provides a current for powering the DTE.
5. The low cost Ethernet network of claim 4, wherein the
Ethernet device is a hub.
6. The low cost Ethernet network of claim 4, wherein the
Ethernet device is a switch.
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