06/0811 12 A1 IR OO0 00RO OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

72
(19) World Intellectual Property Organization f 5"" | [ )

525 | 00 R0 O

International Bureau

(43) International Publication Date
3 August 2006 (03.08.2006)

(10) International Publication Number

WO 2006/081112 A1l

(51) International Patent Classification:
HO4L 12/10 (2006.01)

(21) International Application Number:
PCT/US2006/001731

(22) International Filing Date: 19 January 2006 (19.01.2006)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
60/646,509
11/273,255

UsS
Us

25 January 2005 (25.01.2005)
15 November 2005 (15.11.2005)

(71) Applicant (for all designated States except US): LINEAR
TECHNOLOGY CORPORATION [US/US]; 1630 Mc-
Carthy Boulevard, Milpitas, California 95035-7417 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): DWELLEY, David,
McLean [US/US]; 2932 CIliff Drive, Santa Barbara, Cali-
fornia 93109 (US). STINEMAN, John, Arthur; 4413-B
Catlin Circle, Carpinteria, California 93013 (US).

(74) Agents: BECKER, Stephen, A. et al.; MCDERMOTT
WILL & EMERY LLP, 600 13th Street, NW, Washington,
District Of Columbia 20005-3096 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PROVIDING DATA COMMUNICATION BETWEEN POWER SUPPLY DEVICE AND POWERED DEVICE IN
SYSTEM FOR SUPPLYING POWER OVER COMMUNICATION LINK

PSE [oH
1061 ACKNOWLEDGE
EVENT CONTROLLER  {—
GENERATOR
/
0 10 10 1
/ / /
SIGNATURE SIGNATURE
CONTROLLER DETECTOR SOURCE [ |
108 4
/ /
ATTENTION ACKNOWLEDGE
EVENT L RENT
DETECTOR DETECTOR
116
/
ATTENTION
Lt ey M
GENERATOR

& (57) Abstract: Novel circuitry and methodology for providing data communication between a power supply device and a powered

e
=

device in a system for supplying power over a communication link.The power supply device, such a device for supplying power over
Ethernet, receives from the powered device detection information for detecting the powered device and classification information
for determining a power level of the powered device. Information circuitry may be provided for handling information presented by
the powered device in addition to the detection and classification information.



WO 2006/081112 PCT/US2006/001731

070386-0152

PROVIDING DATA COMMUNICATION
BETWEEN POWER SUPPLY DEVICE AND
POWERED DEVICE IN SYSTEM FOR SUPPLYING
POWER OVER COMMUNICATION LINK

This application claims priority of provisional U.S. patent application No. 60/646,509 filed
on January 25, 2005, and entitled “SYSTEM AND METHOD FOR SUPPORTING
ADVANCED POWER OVER ETHERNET SYSTEM.”

Technical Field

[0001] This disclosure relates to power supply systems, and more particularly, to a circuitry
and methodology for providing data communications between a power supply device and a

powered device supplied with power over a communication link.

Background Art

[0002] Over the years, Ethernet has become the most commonly used method for local area
networking. The IEEE 802.3 group, the originator of the Ethernet standard, has developed an
extension to the standard, known as IEEE 802.3af, that defines supplying power over
Ethernet cabling. The IEEE 802.3af standard defines a Power over Ethernet (PoE) system
that involves delivering power over unshielded twisted-pair wiring from Power Sourcing
Equipment (PSE) to a Powered Device (PD) located at opposite sides of a link. Traditionally,
network devices such as IP phones, wireless LAN access points, personal computers and

Web cameras, have required two connections: one to a LAN and another to a power supply
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system. The PoE system eliminates the need for additional outlets and wiring to supply
power to network devices. Instead, power is supplied over Ethernet cabling used for data
transmission.

[0003] As defined in the IEEE 802.3af standard, PSE and PD are non-data entities allowing
network devices to supply and draw power using the same generic cabling as is used for data
transmission. A PSE is the equipment electrically specified at the point of the physical
connection to the cabling, that provides the power to a link. A PSE is typically associated
with an Ethernet switch, router, hub or other network switching equipment or midspan
device. A PD is a device that is either drawing power or requesting power. PDs may be
associated with such devices as digital IP telephones, wireless network access points, PDA or
notebook computer docking stations, cell phone chargers and HVAC thermostats.

[0004] PSE’s main functions are to search the link for a PD requesting power, optionally
classify the PD, supply power to the link if a PD is detected, monitor the power on the link,
and disconnect power when it is no longer requested or required. A PD participates in the PD
detection procedure by presenting a valid or non-valid detection signature to request power
and indicate that power has been received. The PD detection signature has electrical
characteristics measured by the PSE.

[0005]) Traditional data transmission over Ethernet is carried out between the Ethernet
twisted pairs in a differential mode, where one pair is used for transmitting data from a first
node to a second node, and the other pair is used for receiving data sent from the second node
to the first node. In a PoE system, power between a PSE and a PD is transmitted in a
common mode as a voltage between two of the Ethernet twisted pairs, typically by powering
the center-taps of the isolation transformers used to couple the Ethernet data signals to the
wire. Since Ethernet data are sent differentially, the power transmitted in a common mode
between the Ethernet transmit pairs and receive pairs does not affect the Ethernet data
transmitted in a differential mode.

[0006] Although PSE and PD are non-data entities, which are not involved in transmission of
Ethernet data, it may be desirable to communicate information between the PSE and the PD.

For example, it may be desirable for a PD to request a level of power greater than the power
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level allowed by the original IEEE 802.3af specification that gives a PD an option of
presenting a classification signature to the PSE to indicate how much power it will draw
when powered up. A PD may be classified as class 0 to class 4. A PD of class 1 requires that
the PSE supplies at least 4.0W, a PD of class 2 requires that the PSE supplies at least 7.0W,
and a PD of class 0, 3 or 4 requires at least 15.4W. Based on the determined class of the PD,
the PSE applies the required power to the PD.

[0007] Currently, a PD has no ability to communicate with a PSE beyond this classification
protocol. Therefore, there is a need for a communication scheme to support an information

exchange between the PSE and the PD.

Summary of the Disclosure

[0008] The present disclosure offers novel circuitry and methodology for providing data
communication between a power supply device and a powered device in a system for
supplying power over a communication link.

[0009] In accordance with one aspect of the disclosure, the power supply device, such as a
device for supplying power over Ethernet, receives from the powered device detection
information for detecting the powered device and classification information for determining a
power level of the powered device. Information circuitry may be provided for handling
information presented by the powered device in addition to the detection and classification
information. The additional information may be presented after the power is supplied from
the power supply device to the powered device or before the power is provided.

[0010] The power supply device may comprise detection circuitry for detecting an event
associated with presenting the additional information from the powered device. In particular,
the detection circuitry may detect a predefined electrical parameter of the powered device
corresponding to the additional information.

[0011] In accordance with an embodiment of the present disclosure, the detection circuitry
may detect a predefined amount of current drawn by the powered device in response to a

predefined event and/or for a predefined time period to present the additional information.
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[0012] For example, the powered device may be configured to draw the predefined amount
of current in response to applying power from the power supply device.

[0013] The power supply device may comprise an acknowledgement event generator for
producing an acknowledgement event to acknowledge receipt of the additional information
presented by the powered device. The power supply device may modify a power supply
signal applied to the powered device to create the acknowledgement event.

[0014] In accordance with an embodiment of the disclosure, a power supply voltage applied
to the powered device may be reduced to a predefined level for a predefined period of time to
acknowledge receipt of the additional information.

[0015] The detection circuitry may detect a further event corresponding to the additional
information presented by the powered device after the acknowledgement event is produced.
This further event may be accompanied by an attention event created by the powered device
before presenting the additional information. An attention event detector may be provided in
the power supply device for detecting the attention event.

[0016] In accordance with an embodiment of the disclosure, the attention event detector may
detect an overcurrent condition corresponding to the attention event.

[0017] The power supply device may be configured for presenting information to the
powered device. For example, the power supply device may reduce a power supply voltage
applied to the powered device to a predefined level for a predefined time period to present
information to the powered device.

[0018] In accordance with another aspect of the disclosure, a powered device for receiving
power supplied from a power supply device over Ethernet may be configured for providing
the power supply device with information presented in addition to the detection and
classification information.

[0019] The powered device may have a source of information configured to present a
prescribed electrical parameter as the additional information.

[0020] In accordance with an embodiment of the disclosure, the source of information may

enable the powered device to draw a predefined amount of current for a predefined time
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period. The predefined amount of current may be drawn in response to supplying power from
the power supply device.

[0021] An attention event generator may be provided in the powered device for providing the
power supply device with an attention event before presenting the additional information.
[0022] In accordance with a further aspect of the disclosure, a power supply device in a PoE
system is configured for receiving from the powered device detection information for
detecting the powered device and classification information for determining a power level of
the powered device in accordance with IEEE 802.3af standard. Information circuitry is
provided for handling additional information presented by the powered device in addition to
the detection and classification information in accordance with the IEEE 802.3af standard.
[0023] In paﬁicular, the information circuitry may obtain a power requirement information
from the PD.

[0024] In accordance with a method of the present disclosure, the following steps are carried
out:

-detecting a powered device coupled to the communication link,

-detecting a power requirement of the detected powered device,

-providing power to the powered device and

-detecting information presented by the powered device after the power requirement is
detected.

[0025] In accordance with a further aspect of the disclosure, a local area network (LAN)
comprises a plurality of nodes, a network hub and communication cabling connecting the
nodes to the network hub for providing data communications. The network hub includes a
power supply device for supplying power over the communication cabling to a load. The
power supply device is configured for detecting information presented by the load in addition
to information relating to detecting the load and detecting a power requirement of the load.
[0026] Additional advantages and aspects of the disclosure will become readily apparent to
those skilled in the art from the following detailed description, wherein embodiments of the
present disclosure are shown and described, simply by way of illustration of the best mode

contemplated for practicing the present disclosure. As will be described, the disclosure is
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capable of other and different embodiments, and its several details are susceptible of
modification in various obvious respects, all without departing from the spirit of the
disclosure. Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as limitative.

Brief Description of the Drawings

[0027] The following detailed description of the embodiments of the present disclosure can
best be understood when read in conjunction with the following drawings, in which the
features are not necessarily drawn to scale but rather are drawn as to best illustrate the
pertinent features, wherein:

[0028] FIG. 1 is a diagram illustrating a Power over Ethernet system of the present
disclosure.

[0029] FIG. 2 is a diagram illustrating an exemplary arrangement of circuifry for supporting
data communications between power sourcing equipment and a powered device.

[0030] FIG. 3 is a flow chart illustrating an exemplary procedure for carrying out data

communications between the power sourcing equipment and the powered device.

Detailed Disclosure of the Embodiments

[0031] The present disclosure will be made using the example of a Power over Ethernet
(PoE) system. It will become apparent, however, that the concepts described herein are
applicable to any system for supplying power over a communication link. For example, the
system of the present disclosure may be utilized for providing communications between a
power supply device and a load in a local area network (LAN) having a plurality of nodes, a
network hub and communication cabling connecting the nodes to the network hub for

providing data communications. The network hub may include the power supply device, and
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the communication cabling may be utilized for supplying power from the power supply
device to the load.

[0032] FIG. 1 shows a simplified block-diagram illustrating a PoE system 10 including
Power Sourcing Equipment (PSE) 12 having multiple ports 1 to 4 connectable to Powered
Devices (PD) 1 to 4 via respective links, each of which may be provided using 2 or 4 sets of
twisted pairs within the Ethernet cable. Although FIG. 1 shows four ports of the PSE 12, one
skilled in the art would realize that any number of ports may be provided.

[0033] The PSE 12 may interact with each PD in accordance with the IEEE 802.3af
standard. In particular, the PSE 12 and the PD participate in the PD detection procedure,
during which the PSE 12 probes a link to detect the PD. If the PD is detected, the PSE 12
checks the PD detection signature to determine whether it is valid or non-valid. The valid and
non-valid detection signatures are defined in the IEEE 802.3af standard. While the valid PD
detection signature indicates that the PD is in a state where it will accept power, the non-
valid PD detection signature indicates that the PD is in a state where it will not accept power.

[0034] If the signature is valid, the PD has an option of presenting a classification signature
to the PSE to indicate how much power it will draw when powered up. For example, a PD
may be classified as class 0 to class 4. A PD of class 1 requires that the PSE supplies at least
4.0W, a PD of class 2 requires that the PSE supplies at least 7.0W, and a PD of class 0, 3 or 4
requires at least 15.4W. Based on the determined class of the PD, the PSE applies the
required power to the PD.

[0035] PSE and PD are non-data entities, which are not involved in transmission of Ethernet
data. However, it may be desirable to communicate information between the PSE and the
PD. For example, a PD may need to request a special operating power level different from
the standard IEEE 802.3af levels, or a power supply system may involve transmitting to a
PSE a system serial number that uniquely identifies the PD.

[0036] In accordance with an exemplary embodiment of the present disclosure, the PoE
system 10 may utilize a predefined third signature presented by a PD after detection and
classification signatures for conveying additional information from the respective PD to the

PSE 12. In particular, as shown in FIG. 2, the PSE 12 may include a controller 102 for
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controlling PSE operations supporting a data exchange with the PD, a signature detector 104
for detecting a predefined signature used for conveying PD information presented to the PSE,
an acknowledgement event generator 106 for producing an event acknowledging the receipt
of the PD signature, and an attention event detector 108 for detecting an attention event
produced by the PD to direct the attention of the PSE 12 to a signature presented thereafter.
[0037] A PD capable of presenting the third signature to the PSE 12 may include a controller
110 for controlling PD operations supporting a data exchange with the PSE 12, a signature
source 112 that originates a predefined signature used for presenting information to the PSE
12, an acknowledgement event detector 114 for detecting the acknowledgement event
produced by the PSE 12, and an attention event generator 116 for producing the attention
event detectable by the PSE 12. One skilled in the art would realize that the elements of the
PSE and PD shown in FIG. 2 are presented only to illustrate the concept of the present
disclosure and may be implemented in a number of different ways.

[0038] Referencing to FIG. 3 that illustrates data exchange operations in accordance with an
exemplary embodiment of the present disclosure, the PSE 12 may probe a PoE link to detect
a PD connected to that link (block 202). If the PD is detected, the PSE 12 checks the PD
detection signature to determine whether it is valid or non-valid. If the signature is valid, the
PD may present a classification signature to indicate how much power it will draw when
powered up. The PD may present a signature corresponding to any one of classes 0 to 4,
which any PSE would recognize. For example, a class 4 signature may be présented. The
PSE performs a classification procedure to detect the classification signature and determine
to which class the PD belongs (block 204). The detection and classification procedures may
be performed in accordance with the IEEE 802.3af specification.

[0039] Thereafter, the PSE 12 may apply a 48V power supply voltage to the PD to provide it
with the requested power (block 206). In response to the power supply voltage, the PD may
present the third signature in any way that carries information that the PD wants to
communicate to the PSE. This information may request, for example, a special operating
power level different from the standard IEEE 802.3af levels, or present a system serial

number that uniquely identifies the PD. The third signature may be produced by the
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signature source 112 of the PD and detected by the signature detector 104 of the PSE.
Although the present disclosure describes that the third signature is presented in response to
supplying power to the PD, one skilled in the art would realize that the third signature may be
presented before power is applied to the PD or after a certain period of time after power is
provided.

[0040] In accordance with an exemplary embodiment of the disclosure, when the PD is
provided with a 48V power supply voltage, the signature source 112 presents the third
signature by drawing a predefined amount of current for a predefined time period, e.g., for
100 ms. The amount of the drawn current may represent a particular information to be
presented. For example, the signature source 112 may include a current source controlled by
the controller 110 to draw the predefined current for a predefined time period. Alternatively,
the third signature may be presented by a PD as a particular resistance, voltage, or a power
load for a defined period of time and/or in response to a defined electrical stimulus. Also, the
third signature may be applied as a data stream transmitted on a common-mode or a
differential-mode channel of the PoE system,

[0041] The third signature may consist of a single piece or bit of information or may include
multiple pieces or bits created by modulating the respective parameter of the PD. For
example, the amount of current drawn by the PD may be modulated to represent multiple bits
of information.

[0042] The third signature is detected by a PSE designed to recognize additional information
represented by the third signature (block 208). The signature detector 104 of the PSE may be
configured to detect any PD’s characteristic utilized as the third signature. For example, the
signature detector 104 may include a current sensor and a timer for detecting the predefined
current drawn by the PD for the predefined period of time. The signature detector 104 may
be controlled by the controller 102 to observe current drawn when a 48V power supply
voltage is applied by the PSE.

[0043] The signature detector 104 may utilize a regular current sensing mechanism of a PSE
that includes a sense resistor connected in series to a power line. Any impedance circuitry,

e.g. a diode circuit, may be utilized instead of the sense resistor.
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[0044] If the signature detector 104 detects the predefined signature, it may send a respective
signal to the controller 102 that decodes the information represented by the third signature.
Alternatively, the controller 102 may analyze the current measured by the signature detector
104 to determine whether the third signature is received and to decode the presented
information.

[0045] When the third signature is detected, the controller 102 may control the
acknowledgement event generator 106 to produce a predefined acknowledgement event
confirming the receipt of information from the PD. Also, the acknowledgement event may be
used by the controller to accept or deny a request made by the PD. The acknowledgement
event may be any event recognizable by the PD. For example, the acknowledgement event
generator 106 may reduce a 48V power supply voltage applied by the PSE to a lower level
for a predefined time period and then restore the power supply voltage to a full 48V level
(block 210). For instance, to acknowledge the receipt of information from the PD, the 48V
power supply voltage may be reduced to a level lower than 30V for 10ms.

[0046] Alternatively, an acknowledgement event may be produced using any other
characteristic of the PSE, for example, by interrupting or modifying power supplied to the
PD for a predefined period of time or by altering the timing of the power supply. Also, an
acknowledgement event may be made by sending a data stream back to the PD either via a
common-mode or a differential-mode channel of the PoE system.

[0047] If a predefined third signature is not detected by the PSE, it assumes that a
conventional, 802.3af standard complying PD is connected to its port. Therefore, the PSE
will continue operations prescribed by the 802.3af standard.

[0048] The acknowledgement event may be detected by the acknowledgement event detector
114 of the PD capable of recognizing a predefined acknowledgement event. For example, the
acknowledgement event detector 114 may include a voltage detector and a timer to detect the
reduction of power supply voltage to a predefined level for a predefined time period.

[0049] If a predefined acknowledgement event is not detected by the PD, it may repeat the

third signature after a predetermined time period. If no acknowledgement is still received, the
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PD may assume that the PSE is not able to recognize the predefined signature. Therefore, the
PD will continue operations prescribed by the 802.3af standard.

[0050] Based on the acknowledgement event or its absense, the PD may provide a
communication to the end user, for example, to indicate that the PD is capable to modify its
behavior. This communication may be carried out as a visual or audio feedback to the user,
or a data transmission to the host system.

[0051] In response to the acknowledgement event, the PD may initiate another data
communication session with the PSE, for example, to present another piece of information or
to provide robustness of the data communication system. The data communication session
may be handled in the same manner as the initial session or in a different manner. For
example, the PD may draw a predefined amount of current for a predefined time period
(block 212), where the amount of current may represent the information being presented.
Alternatively, the information may be presented as another predefined characteristic of the
PD, such as a particular resistance, voltage, or a power load; or as a data stream transmitted
to the PSE via a common-mode or differential-mode channel of the PoE.

[0052] The PSE may respond to the presented information by providing an
acknowledgement event, for example, by reducing a power supply voltage to a predefined
level for a predefined period of time (block 214).

[0053] During a normal power supply operation (block 216), when a requested power is
supplied from the PSE to the PD, the PD is still may be able to communicate information to
the PSE. For example, if the PD changes its power requirement, it may present the respective
request to the PSE.

[0054] To direct the PSE’s attention to the information to be presented, the attention event
generator 116 of the PD may produce an attention event detectable by the PSE. For example,
the PD may create a short-term overcurrent condition by drawing an amount of power
exceeding an allowed limit for a short period of time, e.g. for 10ms.

[0055] The attention event detector 108 of the PSE may detect the attention event and
indicate to the controller 102 that new information is going to be presented by the PD (block

218). For example, the attention event detector 108 may be triggered by the current sensing
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mechanism of the PSE when the overload current is detected. The attention event detector
108 may use a timer to determine the duration of the detected overcurrent condition. If the
duration of the overcurrent condition corresponds to the time period defined for attention
events, the attention event detector 108 indicates that the overcurrent condition represents the
attention event to be followed by information presented by the PD. The overcurrent condition
does not exceed the overload time limit established by the IEEE 802.3af standard, to prevent
the PSE from removing power in response to the overcurrent condition.

[0056] After presenting the attention event, the PD may present new information to the PSE,
for example, by drawing a predefined amount of current for a predefined time period. When
the PSE detects new information (block 220), it may produce an acknowledgement event to
acknowledge the receipt of the new information, for example, by reducing a power supply
voltage to a predefined level for a predefined time period (block 222). This data exchange
may be repeated every time when the PD needs to present information to the PSE.

[0057] Similarly, during a normal power supply operation, the PSE may be able to
communicate to the PD. For example, the PSE may request the PD to limit its power
consumption when the amount of power available from the PSE is limited. When more
power becomes available, the PSE may suggest the PD to return to a higher power
consumption mode.

[0058] The PSE may present its information to the PD by modifying any of its parameters.
For example, it may reduce a power supply voltage to a predefined level for a predefined
amount of time. The reduced level of the power supply voltage may represent the
information being presented. The PD may acknowledge the receipt of the information from
the PSE by modifying any of its parameters. For example, the PD may produce an
acknowledgement event by drawing a predefined amount of current for a predefined time .
period.

[0059] The foregoing description illustrates and describes aspects of the present invention.
Additionally, the disclosure shows and describes only preferred embodiments, but as
aforementioned, it is to be understood that the invention is capable of use in various other

combinations, modifications, and environments and is capable of changes or modifications
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within the scope of the inventive concept as expressed herein, commensurate with the above
teachings, and/or the skill or knowledge of the relevant art.

[0060] For example, the present disclosure discloses presenting information by a PD in
response to a power supply voltage from a PSE after the detection and classification
procedures are completed. However, the PD’s information may be presented before the PSE
applies a power supply voltage to the PD. In particular, the PD may present information by
modifying its detection and/or classification signatures defined by the IEEE 802.3af standard
s0 as to keep these signatures valid. For example, the PD may perform time and/or amplitude
modulation of the class current presented during the classification interval so as to maintain
the class current within the valid range for the respective class. For instance, an IEEE
802.3af-compliant class 3 PD must maintain a current between 26mA and 30mA for the
duration of the class test. Therefore, the PD may rapidly switch the current between, for
example, 27mA and 29mA to present additional information to the PSE capable of
recognizing this information. In this case, the PS will remain a valid IEEE 802.3af-compliant
class 3 PD.

[0061] The embodiments described hereinabove are further intended to explain best modes
known of practicing the invention and to enable. others skilled in the art to utilize the
invention in such, or other, embodiments and with the various modifications required by the
particular applications or uses of the invention.

[0062] Accordingly, the description is not intended to limit the invention to the form
disclosed herein. Also, it is intended that the appended claims be construed to include

alternative embodiments.



WO 2006/081112 PCT/US2006/001731

14

What is Claimed Is:

1. A system for supplying power over a communication link, comprising:

a power supply device for providing power to a powered device via the
communication link, said power supply device being configured for receiving from the
powered device detection information for detecting the powered device and classification
information for determining a power level of the powered device, and

information circuitry for handling additional information presented by the powered

device in addition to the detection and classification information.

2. The system of claim 1, wherein the information circuitry is configured for handling
the additional information after the power is supplied from the power supply device to the

powered device.

3. The system of claim 1, wherein the power supply device is configured for

providing power to the powered device over Ethernet.

4. The system of claim 1, wherein the power supply device comprises detection
circuitry for detecting an event associated with presenting the additional information from the

powered device.

5. The system of claim 4, wherein the detection circuitry is configured to detect a
predefined electrical parameter of the powered device corresponding to the additional

information.
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6. The system of claim 5, wherein the detection circuitry is configured to detect a
predefined amount of current drawn by the powered device to present the additional

information.

7. The system of claim 6, wherein the predefined amount of current is drawn by the
powered device in response to providing power from the power supply device to the powered

device.

8. The system of claim 4, wherein the power supply device comprises an
acknowledgement event generator for producing an acknowledgement event to acknowledge

receipt of the additional information presented by the powered device.

9. The systém of claim 8, wherein the power supply device is configured to modify a
power supply signal applied to the powered device to acknowledge receipt of the additional

information.

10. The system of claim 9, wherein the power supply device is configured to reduce a
power supply voltage applied to the powered device to acknowledge receipt of the additional

information.

11. The system of claim 8, wherein the detection circuitry is configured for detecting
a further event corresponding to the additional information presented by the powered device

after the acknowledgement event is produced.

12. The system of claim 1, wherein the power supply device comprises an attention
event detector for detecting an attention event provided by the powered device before

presenting the additional information.
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13. The system of claim 12, wherein the attention event detector is configured to

detect an overcurrent condition corresponding to the attention event.

14, A power supply device for providing power to a powered device over Ethernet,
comprising information detection circuitry for detecting information presented by the

powered device after supplying power to the powered device.

15. The device of claim 14, wherein the detection circuitry is configured for detecting
a predefined amount of current drawn by the powered device to present the additional

information.

16. The device of claim 15, wherein the predefined amount of current is drawn by the

powered device in response to supplying power to the powered device.

17. The device of claim 14, wherein the power supply device further comprising

circuitry for presenting information to the powered device.

18. A powered device for receiving power supplied from a power supply device over
Ethernet, the powered device is configured for providing the power supply device with
additional information presented in addition to detection and classification information

according to IEEE 802.3af standard.

19. The device of claim 18, comprising a source of information configured to present

a prescribed electrical parameter as the additional information.

20. The device of claim 19, wherein the source of information is configured to draw a

predefined amount of current.
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21. The device of claim 20, wherein the predefined amount of current is drawn in

response to supplying power from the power supply device.
22. The device of claim 19, further comprising an attention event generator for
providing the power supply device with an attention event before presenting the additional

information.

23. A method of supplying power over a communication link, comprising the steps

of:

detecting a powered device coupled to the communication link,

detecting a power requirement of the detected powered device,

providing power to the powered device and

detecting information presented by the powered device after the power requirement is
detected.

24. The method of claim 23, wherein the information is presented by the powered

device after the power is provided.

25. The method of claim 23, wherein the step of detecting information comprises

detecting a predefined electrical characteristic of the powered device.

26. The method of claim 25, wherein the step of detecting information comprises

detecting a predefined amount of current drawn by the powered device.

27. The method of claim 23, further comprising the step of acknowledging the

detected information.

28. The method of claim 23, further comprising the step of detecting an attention

event provided by the powered device before presenting the information.
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29. The method of claim 28, wherein the attention event includes an overcurrent

condition provided for a predefined period of time.

30. A local area network (LAN) comprising:

a plurality of nodes,

a network hub and

communication cabling connecting the nodes to the network hub for providing data
communications;

the network hub including a power supply device for supplying power over the
communication cabling to a load;

the power supply device being configured for detecting information presented by the
load in addition to information relating to detecting the load and detecting a power

requirement of the load.

31. A Power over Ethernet (PoE) system comprising:

a power supply device for providing power to a powered device, said power supply
device being configured for receiving from the powered device detection information for
detecting the powered device and classification information for determining a power level of
the powered device in accordance with IEEE 802.3af standard, and

information circuitry for handling additional information presenied by the powered
device in addition to the detection and classification information provided in accordance with

the IEEE 802.3af standard.

32. The PoE system of claim 31, wherein the information circuitry is configured for

obtaining power requirement information from the PD.



WO 2006/081112

13

1
/
PORTY
PORT2
PSE
PORT3
PORT4

PD1

PD2

PD3

FIG. 1

PD4

PCT/US2006/001731



PCT/US2006/001731

213

WO 2006/081112

A L

(1 oLy Z '9ld

m ( !

! 9 m G
40L03l3 | m 40193130

“ — INIAS : m INIAZ

m 903 TMONAIY m i NOLNILLY

m { m L7

“ n m P80

P sowos | | wowaa

m FANLYNOIS m “ JNLYNOIS H3TI0HINOD
m / m L /

m h om | 0l 20

m L m

m : t [ vowanan

i —{ Y3TIONINOD | i “ INIA3

m " i | 30aamonay |90



WO 2006/081112

3/3
DETECTING
PO [™N20
CLASSIFYING
P [0
SUPPLYING
POWER TO PD | 206
DETECTING
CURRENT DRAWN BY PD|™~208
REDUCING POWER
SUPPLY VOLTAGE [™~210
DETECTING CURRENT
DRAWNBYPD |22
REDUCING POWER
SUPPLY VOLTAGE [™-214

NORMAL POWER
SUPPLY OPERATIONS|™-215
DETECTING
OVERCURRENT CONDITION| 218
DETECTING CURRENT
DRAWNBYPD | ™-220

REDUCING POWER SUPPLY VOLTAGE

FIG. 3

~~222

PCT/US2006/001731



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/001731

CLASSIFICATIONZ% %UBJECT MATTER

A.
INV. HO4L1

According to International Patent Classification (IPG) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, INSPEC, IBM-TDB, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

X US 2004/164619 Al (PARKER TIMOTHY J ET AL) 1-32
26 August 2004 (2004-08-26)
paragraph [0027]

paragraph [0045]

X "Power over Ethernet: Cisco Intine Power 1-32
and IEEE 802.3af" [Onlinel] :
2004, CISCO SYSTEMS , XP002383688
Retrieved from the Internet:
URL:http://www.cisco.com/warp/public/cc/so
/neso/bbssp/poeie_wp.pdf>

[retrieved on 2006-05-311]

page 3 - page 7

X US 6 496 103 B1 (WEISS TAL ET AL) 1-17,
17 December 2002 (2002-12-17) 23-30

Relevant to claim No.

column 5, Tine 54 - column 6, line 14

-/

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or aiter the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international’ filing date but
later than the priority date claimed

*T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
[nerrllts, guch combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

2 June 2006

Date of mailing of the international search report

23/06/2006

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL -~ 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Hardelin, T

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/001731
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Gategory* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X "IEEE Std 802.3af - 2003" 1-32

18 June 2003 (2003-06-18), IEEE , NEW
YORK, USA , XP002383689

Retrieved from the Internet:

URL :www. ieee.org>

[retrieved on 2006-05-31]

page 40, paragraph 33.2.7 - page 41; table
33.4

page 56, paragraph 33.3.6

Form PCT/154/210 {continuation of second sheet) {April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2006/001731
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004164619 Al 26-08-2004 EP 1597857 A2 23-11-2005
WO 2004077738 A2 10-09-2004
US 6496103 B1 17-12-2002 AU 3102001 A 14-08-2001
WO 0158123 Al 09-08-2001

Form PCTASA/210 {patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

