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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
26 May 2016 (26.05.2016)

WO 2016/081759 A4
P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
H04L 12/10 (2006.01) H02H3/16 (2006.01) kind of national protection available): AE, AG, AL, AM,
H04L 12/40 (2006.01) H04L 12/24 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
G01R 31/02 (2006.01) H04L 25/08 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
B60L 3/00 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, N , IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

PCT/US20 15/06 1661 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

1 November 2015 (19.1 1.2015) SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every

(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,

(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

62/081,724 19 November 2014 (19. 11.2014) US TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

14/945,260 18 November 2015 (18. 11.2015) US TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(71) Applicant: LINEAR TECHNOLOGY CORPORA¬ LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
TION [US/US]; 1630 McCarthy Blvd., Milpitas, Califor SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
nia 95035-7417 (US). GW, KM, ML, MR, NE, SN, TD, TG).

(72) Inventors: GARDNER, Andrew J.; 3807 Mariana Way, Declarations under Rule 4.17 :
Santa Barbara, California 93105 (US). HEATH, Jeffrey

— as to the identity of the inventor (Rule 4.1 7(Ϊ))
L.; 2919 Kenmore PL, Santa Barbara, California 93 105
(US). — as to applicant's entitlement to apply for and be granted a

patent (Rule 4.1 7(H))
(74) Agent: OGONOWSKY, Brian D.; Patent Law Group

LLP, 465 Fairchild Dr., Suite 125, Mountain View, Cali Published:
fornia 94043 (US). — with international search report (Art. 21(3))

— with amended claims (Art. 19(1))

[Continued on next page]

(54) Title: DETECTING GROUND ISOLATION FAULT IN ETHERNET PoDL SYSTEM

<

00
©

(57) Abstract: Circuits and techniques are described for detecting a ground fault leak between the PSE (10) and the PD (12). Prior
v to PoDL voltage being applied to the PD (12), a test switch (24) is temporarily closed for sensing a voltage drop in a loop between
o the positive terminal of the PSE voltage source and any ground leakage path between the PSE (10) and the PD (12). If the resistance,

(Rleak) of the ground leakage path is below a certain threshold, a fault is declared. A similar test may be performed without a test
switch by supplying a known test current through the loop and sensing the voltage drop. Another test is to connect the positive ter
minal of the PSE voltage source to the loop and sense the resulting current. After the full PoDL voltage is applied to the PD (12), a
ground fault may be detected by sensing the equivalence between the source and return PSE currents.
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AMENDED CLAIMS
received by the International Bureau on 11 May 201 6 ( 1 1.05.201 6)

1. A Power over Data Lines, PoDL, system including Power Sourcing Equipment

(10), PSE, coupled to a Powered Device (12), PD, via a wire pair (18), wherein the PSE

includes a DC voltage source (20) having a positive terminal selectively coupled to one of the

wires (14) in the wire pair and a reference terminal selectively coupled to the other wire (16) in

the wire pair to enable the DC voltage source to fully power the PD, wherein differential data

signals and DC power are conducted over the same wire pair when the DC voltage source is

connected across the wire pair, the system further comprising:

a sense circuit (26, 28, 34, 38, 42, 48) within the PSE coupled to sense a first

signal related to a leakage current in a current loop due to a ground isolation fault

between the PD and a ground of the PSE, prior to the DC voltage source (20) being

connected across the wire pair,

the positive terminal of the DC voltage source (20) supplying power to only a

first one of the wires (16, 18) in the wire pair during sensing of the ground isolation

fault, while the DC voltage source (20) is not connected across the wire pair; and

wherein the current loop is formed between the positive terminal of the DC

voltage source (20), supplying all the current, the first one of the wires in the wire pair,

and the ground isolation fault;

wherein the sense circuit is coupled to the current loop and measures a level of

the leakage current in the current loop to identify if the sensed leakage current

indicative of the ground isolation fault is above a threshold value.

2. The system of Claim 1 wherein the DC voltage source (20) in the PSE is

coupled to the wire pair via one or more power switches (21, 22), wherein the sense circuit

senses the leakage current in the current loop when the one or more power switches are open.

3. The system of Claim 1 wherein the DC voltage source (20) in the PSE is

coupled to the wire pair via one or more power switches (21, 22), wherein the sense circuit

comprises:



a fault test switch (40) that is temporarily closed, while the one or more power

switches are open, to complete the current loop between the positive terminal of the

DC voltage source (20) and the ground of the PSE through one of the wires in the wire

pair (18) and through any ground isolation fault; and

a detector circuit (26, 28, 34, 48) that detects a level of a first signal

corresponding to a current through the current loop and identifies when the current in

the current loop is above a threshold level indicative of a ground isolation fault

between the PSE and the PD.

4. The system of Claim 3 further comprising:

a sense resistor (Rsense) in series with the fault test switch (40) and any ground

isolation fault;

a differential amplifier (42) coupled to detect a voltage drop across the sense

resistor corresponding to a current through the current loop; and

the detector circuit (28) coupled to an output of the differential amplifier to

determine whether an output of the differential amplifier is outside of a threshold

indicative of a ground isolation fault.

5. The system of Claim 1 further comprising:

the DC voltage source (20) in the PSE coupled to the wire pair (18) via one or

more power switches (21, 22);

a current source (32, 46) coupled to a-the positive terminal of the DC voltage

source (20), the current source supplying a temporary test current through the current

loop;

wherein the sense circuit comprises:

a differential amplifier (34, 48) coupled to detect a voltage difference

related to a resistance of the ground isolation fault while the test current is

supplied; and



a detector circuit (28) coupled to an output of the differential amplifier

to determine whether an output of the differential amplifier is outside of a

threshold indicative of a ground isolation fault.

6. The system of Claim 5 wherein the current loop includes a path through a PD

load (Rpo) via one of the wires in the wire pair (18).

7. The system of Claim 5 wherein the current loop does not include a path

through a PD load (Rpo) via one of the wires in the wire pair (18).

8. The system of Claim 1 wherein the sense circuit comprises:

a current sensor (38) outputting a value corresponding to a current in the

current loop; and

a detector circuit (28) coupled to detect whether the current in the current loop

is above the threshold level indicative of a ground isolation fault between the PSE and

the PD.

9. The system of Claim 1 further comprising coupling inductors (L1-L4)

connected between the DC voltage source (20) and the wire pair (18), wherein the current

loop includes at least one of the coupling inductors.
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