woO 2007/070234 A1 |10 0 00O O R0 0O 0

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
21 June 2007 (21.06.2007)

lﬂfb A0 00 P

(10) International Publication Number

WO 2007/070234 Al

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

(21) International Application Number:
PCT/US2006/045242

(22) International Filing Date:
22 November 2006 (22.11.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/749,048
11/406,334

Us
Us

12 December 2005 (12.12.2005)
19 April 2006 (19.04.2006)

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

(72) Inventor; and

(75) Inventor/Applicant (for US only): HERBOLD, Jacob
[US/US]; 1027 Cacique Street, Santa Barbara, CA 93103
(US).

(74) Agents: BECKER, Stephen, A. et al.; McDermott Will &
Emery LLP, 600 13th Street, N.W., Washington, DC 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, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
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, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: POWER SOURCING EQUIPMENT HAVING BIPOLAR JUNCTION TRANSISTOR FOR CONTROLLING SUP-
PLY AND SUPPORTING AC DISCONNECT-DETECTION FUNCTION

POS. SUPPLY

(57) Abstract: A power supply system
for providing power to a powered
device over a communication link
includes a power supply device capable
of supporting an AC disconnect-detect

function. The power supply device has
a controller (120), an output port (122)

/122 coupled to the communication link, and
1/26 a bipolar junction transistor (BJT) (124)
controlled by the controller (120) to
————O provide power to the output port (122).
D’SCONNECT‘J l | The BIT (124) may be tumned off to
present a high impedance required to
PSE CONTROLLER support the AC disconnect-detection
120 -~ DETECT function.
CONTROL ~ 1
SENSE
128
NEG. SUPPLY



WO 2007/070234 Al

Published:
—  with international search report

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 Gagzette.



WO 2007/070234 PCT/US2006/045242

POWER SOURCING EQUIPMENT HAVING BIPOLAR JUNCTION
TRANSISTOR FOR CONTROLLING SUPPLY AND SUPPORTING AC
DISCONNECT-DETECTION FUNCTION

[0001] This application claims priority of provisional U.S. patent application No. 60/749,048
filed on December 12, 2005, and entitled “SYSTEM AND METHOD FOR SUPPORTING
ADVANCED POWER OVER ETHERNET SYSTEM.”

Technical Field

[0002] This disclosure relates to power supply systems, and more particularly, to circuitry
and methodology for controlling application of power and supporting an AC disconnect

function in Power Sourcing Equipment (PSE) of a Power over Ethernet (PoE) system.

Background Art

[0003] 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 a 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
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
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[0004] 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
deviee. 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.

[0005] The main functions of the PSE 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 PoE detection signature defined by the IEEE
802.3af standard.

[0006] If the detection 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. Based on
the determined class of the PD, the PSE applies the required power to the PD.

[0007] In typical 802.3af PoE applications, MOSFETs are used to control application of
power to the PSE output port. MOSFETs are chosen because they cause low power loss. A
properly sized MOSFET may have an on-resistance (Ron) below 0.5 and thus causes a
power loss such as 60mW. In many 802.3af-compliant PSE implementations, sense resistor
Rgense used for sensing port current causes more loss than the MOSFET.

[0008] However, the IEEE 802.3af standard requires a PSE to monitor the link for the
Maintain Power Signature (MPS) from a PD in order to remove power supplied to the PD if
the MPS is absent for more than a predefined time period. Conventional circuitry combined
with the MOSFET for supporting this function causes a substantial power loss.

{0009] The MPS consists of two components — an AC MPS component and a DC MPS
component. A PSE may optionally monitor the AC MPS component only, the DC MPS
component only, or both the AC and the DC MPS components. A PSE considers the AC

MPS component to be present when it detects an AC impedance at its output port equal to or
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lower than 27k). A PSE considers the AC MPS component to be absent when it detects an
AC impedance at its output port greater than 27kQ. A PSE should remove power from its
output port when the AC MPS component has been absent for a time duration greater than
the MPS drop out time limit, which is in the range from 300ms to 400ms.

[0010] The IEEE 802.3af standard requires a PSE that monitors the AC MPS component to
meet certain parameter requirements. In order to comply with these requirements, a PSE with
an AC disconnect-detection function conventionally has a diode in series with the MOSFET.
The purpose of the diode is to provide the PSE output port with a high impedance when the
port voltage is greater than the PSE power supply voltage. The diode achieves this goal by
having a high impedance when reversed biased.

[0011] When the PSE supplies power to its output port, the diode is forward biased. In the
forward biased condition, power loss in the diode is defined by Vgg X Iport, Where Iporr is
the output current, and Vpgg is the voltage across the diode equal to 0.7V at 25°C and to 0.6V
at 75°C. As a result, the power loss may be in the range from 200mW to 250mW depending
on temperature. Hence, the diode causes far more power loss than the MOSFET used for
switching power to the port.

{0012] Therefore, it would be desirable to provide a PSE with a power-efficient output port

arrangement that does not use a diode for supporting an AC disconnect-detect function.

Summary of the Disclosure

{00137 The present disclosure offers a novel system and methodology for supplying power to
a powered device over a communication link. In accordance with one aspect of the
disclosure, the power supply system includes a power supply device having a controller and
an output port coupled to the communication link, and a bipolar junction transistor (BJT)
controlled by the controller to provide power to the output port,

[0014] The power supply device may have an AC disconnect-detection pin for detecting an
AC impedance at the output port. The BJT may be turned off to present a high impedance

required to support detection of the AC impedance at the output port.
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[0015] In accordance with an embodiment of the disclosure, sensing capacitance may be
coupled to the AC disconnect-detection pin. The controller may supply a probing signal to
the sensing capacitance for detecting the AC impedance at the output port.

(0016] The sensing capacitor may be coupled to a first electrode of the BJT to turn the BJT
off in response to the probing signal supplied to the sensing capacitor.

[0017] A base of the BJT may be controlled by the controller to provide power to the output
port when the BJT is on. A sense resistor 1ﬁay be connected to a second electrode of the BJT
to monitor output current of the power supply device.

[0018] The power supply device may have a detection input for monitoring a prescribed
parameter of the powered device. When the BJT is on, the detection input may be used for
monitoring voltage on the output port. When the BJT is off, signals involved in detection and
classification of the powered device may be monitored.

{00197 In accordance with another aspect of the disclosure, a Power over Ethernet (PoE)
system comprises a Power Source Equipment (PSE) coanoller for controlling power applied
to a Powered Device (PD) via an Ethernet link, and a PSE port connected to the Ethernet
link. The controller is capable of detecting an AC component of a PD signature. The PoRE
system has a BJT controlled by the PSE controller to apply power to the PSE port, and
configured to support detection of the AC component of the PD signature.

[0020] In accordance with an embodiment of the disclosure, the BJT may have a first
electrode coupled to sensing capacitance that supports detection of the AC component of the
PD signature. Further, the BJT may have a base driven by the PSE controller to control
application of power to the PSE port, and a second electrode coupled to a sense resistor
arranged for monitoring current in the PSE port. )

[0021] The BJT may be configured to turn on to support application of power to the PSE
port, and to turm off to support detection of the AC component of the PD signature.

[0022] In accordance with a method of the present disclosure, the following steps are carried
out to supply power from a power supply port to a powered device over a communication
link:

-driving a base of a BJT to control application of power to the power supply port, and
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-turning the BJT off to support detection of an AC impedance at the power supply port.
[0023] The BJT may be turned off in response to a probing signal produced to detect the AC
impedance at the power supply port.

[0024] The AC impedance at the power supply port may indicate a state of the powered
device coupled to the power supply port over the Ethernet link,

[0025] Additional advantages and aspects of the disclosure will become readily apparent to
those skilled in t'he 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
capablé 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

[0026] 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:

FIG. 1 is a diagram illustrating a PoE system of the present disclosure, and

FIG. 2 is a diagram illustrating arrangement of a BJT for supporting power switching and an

AC disconnect-detect function.

Detailed Disclosure of the Embodiments

[0027] The present disclosure will be made using the example of a power supply device
having a bipolar-junction transistor in a PoE system. It will become apparent, however, that
the concepts described herein are applicable to any power supply system that monitors a state

of a powered device. For example, the system of the present disclosure may be provided in a
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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 having a bipolar junction transistor for
controlling application of power to a load over the communication cabling, and supporting
detection of a required parameter of the load.

[0028] FIG. 1 shows a simplified block-diagram illustrating a Power over Ethernet (PoE)
system 10 including Power Sourcing Equipment (PSE) 12 having multiple ports 1 to 4
connectable to Powered Devices 14 (PD1 to PD4) via respective links, each of which may
be provided using 2 or 4 sets of twisted pairs within an Ethernet cable 16. 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.

[0029] 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.

[0030] If the signature is valid, the PD has an option of pfesenting 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. Based on the determined class of the PD, the PSE
applies the required power to the PD.

[0031] After the power is provided, the IEEE 802.3af standard requires the PSE 12 to
monitor the respective link for the Maintain Power Signature (MPS) from the PD in order to
remove power supplied to the PD if the MPS is absent for more than a predefined time
period. The MPS consists of two components — an AC MPS component and a DC MPS
component. A PSE may optionally monitor the AC MPS component only, the DC MPS
component only, or both the AC and the DC MPS components.
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[0032] The PSE 12 of the present disclosure is configured to perform an AC disconnect-
detection function defined by the IEEE 802.3af standard by monitoring the AC MPS
component and remove power from the port is the AC MPS component is absent for a
predetermined time period. The AC MPS component may be monitored with or without the
DC MPS component.

[0033] The PSE 12 considers the AC MPS component to be present when it detects an AC
impedance at the respective port equal to or lower than 27kQ2. The PSE 12 considers the AC
MPS component to be absent when it detects an AC impedance at the respective port greater
than 27kQ. The PSE 12 should remove power from the port when the AC MPS component
has been absent for a time duration greater than the MPS drop out time limit, which is in the
range from 300ms to 400ms.

[0034] The AC disconnect-detection function performed by the PSE 12 involves applying an
AC probing signal in addition to the 48 V DC operating voltage. Thereafter, an AC signal
returned from the PD is sensed to determine whether the AC impedance at the port exceeds a
threshold value set above 27k(2, thereby indicating that the PD has been unplugged from the
link or that the PD has removed its AC MPS component. When the AC impedance at the
port is above the threshold value, the PSE 12 removes power supplied to the port.

[0035] FIG. 2 schematically illustrates an example of the PSE 12 that supports an AC
disconnect-detect function. The PSE 12 may include a PSE controller 120 and a PSE port
122 connected to the Ethernet link. The PSE controller 120 controls operations required to
detect and classify a PD, supply it with power and monitor the PD when the power is
supplied.

[0036] 1In particular, the PSE controller 120 controls supplying power to a powered device
via the PSE port 122. A bipolar-junction transistor (BJT) 124 is connected between the PSE
controller 120 and the PSE port 122 to enable the PSE controller 120 to control applying
power to the PSE port 122. When the BJT 124 is in an on-state, power is applied to the PSE
port 122. The BJT 124 may be controlled to modify the amount of the port current. When the
BJT 124 is in an off-state, power is removed from the PSE port 122. As discussed in more

detail below, the base of the BJT 124 is supplied with a power control signal produced by the
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PSE controller 120 to control current in the PSE port 122 or to remove the power from the
PSE port 122 in response to prescribed events.

[0037] Further, the PSE controller 120 has an AC disconnect pin for monitoring an AC
impedance at the PSE port 122. Via this pin, the PSE controller 120 applies an AC probing
signal supplied via the PSE port 122 to the PD 14 in addition to the 48 V DC operating
voltage. For example, the AC probing signal may be a time-varying voltage signal having
sinusoidal, trapezoidal or any other waveform with a controlled slope. The PSE controller
120 applies the AC probing signal to an AC disconnect sensing capacitor 126 connected
between the AC disconnect pin and the PSE port 122. The AC disconnect pin monitors the
peak current flowing in the AC disconnect sensing capacitor 126 in response to the AC
probing signal to enable the PSE controller 120 to detect when the AC impedance at the PSE
port 122 exceeds a threshold value indicating that the AC MPS component is absent.

[0038] The emitter of the BJT 124 is connected to a current sense input of the PSE
controller 120. The current sense input monitors the output current of the PSE 12 using a
sense resistor 128 connected to the emitter of the BJT 124. When power is supplied to the
PD, the PSE controller 120 may monitor the output current with respect to certain current
limit thresholds, such as the maximum output current of the-PSE at a short circuit condition
(ILmv), and the overload current detection range (Icyt). In particular, the PSE should be able
to withstand without damage the application of short éircuits of anj/ wire to any other wire
within a power supply cable, if the magnitude of the current through such a short circuit does
not exceed I . Further, an overload condition may be detected when an output current of
the PSE exceeds Icyr for a time period exceeding an overload time limit (Toyiq). For example,
the value of Iy may be maintained at 425mA, while the value of Icyr may be kept at
375mA.

[0039] The PSE control circuit 120 monitors the output current by monitoring voltage
Vsense across the sense resistor 128 coupled to the emitter of the BJT 124, The PSE
controller 120 may control the base voltage of the BJT to reduce the emitter current of the
BJT 124 when the monitored voltage Vsense exceeds the threshold voltage Vi which may

be determined as I X Rs, where Rs is resistance of the sense resistor 128,
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[0040] Further, the PSE controller 120 may determine when the monitored voltage Vsense
exceeds the threshold voltage Vcyr = Icyr x Rs for a time period exceeding a predetermined
time interval, in order to remove power supplied to the PSE port 12. In particular, the PSE
controller 120 may have an overload timer activated when the sense voltage Vsense exceeds
the threshold voltage Veur. If the sense voltage Vsense is still above the Veyr level when an
overload time limit defined by the timer expires, the PSE controller 120 may turn off the BJT
124 to remove the power supplied to the PSE port 122. For example, the overload time limit
may be in the range between 50ms and 75ms to comply with the IEEE 802.3af standard.
(0041] Further, the collector of the BJT 124 may be connected to a detect input of the PSE
controller 124. When the BJT 124 is off, the PSE controller 120 may use the detect input for
monitoring signals involved in PD detection and classification procedures. When the BJT
124 is on, the detect input may be used to monitor voltage on the PSE port 122. For example,
this voltage may be monitored to-prevent overheating of the BJT 124.

[0042] In addition to controlling application of power to the PSE port 122, the BJT transistor
124 supports an AC disconnect-detection function. In particular, as discussed above, when
power is applied to the PSE port 122, the BJT 124 is on. In this state, the voltage on the
collector of the BJT 124 is close to the negative supply voltage. When the PSE controller 120
produces an AC probing signal for detecting the AC impedance at the PSE port 122, the AC
probing signal drives the AC disconnect sensing capacitor 126 that 4app1ies a negative
potential to the collector of the BJT 124. When the voltage at the collector of the BJT 124
becomes more negative than the voltage at its base, the BJT 124 turns off and creates a high
impedance required to provide AC disconnect-detection operations. This high imﬁedance
enables the PSE controller 120 to disregard the PSE’s output impedance when it determines
the AC impedance at the PSE port 122. As a result, the PSE controller 120 may detect a high
AC impedance at the PSE port 122 based on the peak current flowing through the AC
disconnect sensing capacitor 126.

[0043]) 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
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combinations, modifications, and environments and is capable of changes or modifications
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.

[0044] 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.

[0045] 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.
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What is Claimed Is:

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

a power supply device having a controller and an output port coupled to the
communication link, and

a bipolar junction transistor (BJT) controlled by the controller to provide power to the

output port.

2. The system of claim 1, wherein the power supply device further comprises an AC

disconnect-detection pin for detecting an AC impedance at the output port.

3. The system of claim 2, wherein the BJT is configured to turn off to support
detection of the AC impedance at the output port.

4. The system of claim 3, further comprising sensing capacitance coupled to the AC

disconnect-detection pin for supporting detection of the AC impedance at the output port.

5. The system of claim 4, wherein the sensing capacitor is coupled to a first electrode
of the BJT to turn the BJT off in response to a probing signal supplied to the sensing

capacitance.

6. The system of claim 5, wherein a base of the BJT is controlled by the controller to

provide power to the output port when the BJT is on.

7. The system of claim 6, wherein a sense resistor is connected to a second electrode

of the BJT to monitor output current of the power supply device.
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8. The system of claim 5, wherein the power supply device further comprises a

detection input for monitoring a prescribed parameter of the powered device.

9. The system of claim 8, wherein the power supply device is configured to monitor

voltage on the output port via the detection input when the BJT is on.

10. The system of claim 9, wherein the power supply device is configured to monitor

signals involved in detecting the powered device when the BJT is off.

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

a Power- Source Equipment (PSE) controller for controlling power applied to a
Powered Device (PD) via an Ethernet link, éhe controller being configured for detecting an
AC component of a PD signature;

a PSE port connected to the Ethernet link; and

a BJT controlled by the PSE controller to apply power to the PSE port, and
configured to support detection of the AC component of the PD signature.

12. The system of claim 10, further comprising sensing capacitance for supporting

detection of the AC component of the PD signature.

13. The system of claim 12, wherein the BJT has a first electrode coupled to the

sensing capacitance,

14. The system of claim 13, wherein the BJT has a base driven by the PSE controller

to control application of power to the PSE port.

15. The system of claim 14, wherein the BJT has a second electrode coupled to a

sense resistor arranged for monitoring current in the PSE port.
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16. The system of claim 11, wherein the BJT is configured to turn off to support

detection of the AC component of the PD signature.

17. The system of claim 16, wherein the BJT is configured to turn on to support

application of power to the PSE port.

18. A method of supplying power from a power supply port to a powered device over
a communication link, comprising the steps of:

driving a base of a BJT having an electrode coupled to the power supply port, to
control application of power to the power supply port, and

increasing impedance of the BJT to support detection of an AC impedance at the

power supply port.
19. The method of claim 18, wherein the BJT is turned off in response to a probing

signal produced to detect the AC impedance at the power supply port.

20. The method of claim 19, the AC impedance indicates a state of the powered
device coupled to the power supply port over an Ethernet link.
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