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 Introduction Single Pair Ethernet

 Signal filtering

 SPE filter solutions
 10BASE-T1
 100BASE-T1
 1000BASE-T1

 Power over Data Line (PoDL)
 Function of components
 Improvements of PoDL design
 Solutions for high currents
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IT level Control level Field level

Industrial Ethernet Standard 

Ethernet
Sensors & ActuatorsController

Single Pair Ethernet

IT area OT area

Office

Simple switch

converts from Industrial 

Ethernet to SPE

SPE factory automation
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ONE PAIR IS ENOUGH

FAST 

ETHERNET

GIGABIT 

ETHERNET

SINGLE PAIR 

ETHERNET

SPE Single Twisted

Pair Cabling

STANDARD GBit 

Ethernet 4 Pair Cabling

SPE Cables
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01
Data Rate

10Mbps-1000Mbps

02 ~100 Meters

01 100/1000Mbps

03Full Duplex

02
Reach

up to 1km. 

03

04
Intrinsically 

Safe
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10
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10/100/1000BASE-Tx

Full Duplex

10BASE-T1L

SPE Standards 2022
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.avonmore-electrical.com%2Fwp-content%2Fuploads%2F2019%2F02%2Fex-logo.png&imgrefurl=https%3A%2F%2Fwww.avonmore-electrical.com%2Fworkshop%2Fworkshop-services%2Fex-motor-repair%2F&docid=7xAd9uPsCcEZyM&tbnid=Mff-kUFUM_G8wM%3A&vet=10ahUKEwjt_-S8mvTlAhWoSt8KHQ8ID2EQMwhXKAcwBw..i&w=1800&h=1575&bih=1208&biw=2133&q=Ex%20image&ved=0ahUKEwjt_-S8mvTlAhWoSt8KHQ8ID2EQMwhXKAcwBw&iact=mrc&uact=8
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SPE Connectors
IEC 63171-6 (e.g. Harting)
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2.1 Verkabelungslänge

AUSLEGUNG DER MDI BEI SINGLE PAIR ETHERNET UND POWER OVER DATALINE 

2. SPE - Technische Daten

EXTERNAL | SIMON MARK | 12.05.2023
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>10 Gbit/s

10 Gbit/s
1 Gbit/s

100 Mbit/s

10 Mbit/s

AUSLEGUNG DER MDI BEI SINGLE PAIR ETHERNET UND POWER OVER DATALINE 

2. SPE - Technische Daten
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10BASE-T1 
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Mode Conversion Loss
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10BASE-T1
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100BASE-T1 Automotive Ethernet
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50 VDC isolation

-> Not sufficient for safety according

to IEC 62368-1 (old: IEC 60950-1) 

200 µH

100 K4700 pF

1 K1 K

100 nF

100 nF
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10BASE-T1L
Comparison of different solutions
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50 V Capacitors 2000 V Capacitors Signal Transformer

TRx+

TRx-

DA+

DA-

50 VDC 2000 VDC

50 VDC 2000 VDC
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10BASE-T1L
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Name Value Isolation Size Article number

C1 100 nF 50 V 0402 885012205086

C2 1 nF 2 kV 1206 885342208024

C4, C5 470 nF 100 V 0603 885012207130

T1 600 µH 1500 V 5.35 x 6.55 mm 74930200 

T1 350 µH 1500 V 1812 74930000

R1 100 Ω 0603

Limits

Ci
rc

uit Return Loss

Mode Conversion Loss



16

Droop measurement

Source: IEEE802.3cg

𝑈∆% =
100 %

𝑉133𝑛𝑠
∗ ሺ𝑈133𝑛𝑠 − 𝑈800𝑛𝑠)

=
100 %

612,5 𝑚𝑉
∗ ሺ612,5 𝑚𝑉 − 550 𝑚𝑉) = 10,2 %
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10Base-T1L
Physical size
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100BASE-T1L
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100BASE-T1L
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50 VDC 2000 VDC

50 VDC 2000 VDC
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100BASE-T1L
Required space on PCB
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50 V

2000 V

Transformer
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100BASE-T1 vs.10BASE-T1s
Schematic for 100BASE-T1 can be used for 10BASE-T1s!
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100BASE-T1L
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Ci
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uit

Name Value Isolation Size Article number
C1 100 nF 50 V 0402 885012205086
C2 1 nF 2 kV 1206 885342208024
C4, C5 470 nF 100 V 0603 885012207130
T1 350 µH 1500 V 1812 74930030
L1 2.57 µH 50 V (DC)

125 V (AC)
1206 744232222

R1 100 Ω 0603

Limits



1000BASE-T1L
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1000BASE-T1L
Ci

rc
uit

Name Value Isolation Size Article number
C1 100 nF 50 V 0402 885012205086
C2 1 nF 2 kV 1206 885342208024
C4, C5 470 nF 100 V 0603 885012207130
T1 110 µH 1500 V 1812 74930120
L1 304 nH 50 V (DC)

125 V (AC)
1206 744232261

R1 100 Ω 0603

Limits

19.07.2024
ANNA | STS | CKO EXTERNAL

Sdd22



POWER OVER

DATA LINE (PODL)
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Power over Ethernet
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PSE



34

Power over Ethernet
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PSE

Signals

Signals
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Power over Ethernet
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PSE

V+

V-
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Power over data line
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V+

V-

C3

C4
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Power over data line
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470 nF/100 V

C3

C4
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Power over data line
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Power over data line
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PoDL Performance (Standard Design)
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-45 dB violation: high mode conversion



IMPROVEMENTS

ON THE PODL
DESIGN
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Design improvements
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Design improvements
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Patent US000008044747B2
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Design improvements
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Patent US000008044747B2 Alternative
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Design improvements (Sdd11)
Return loss
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Patent US000008044747B2 Alternative
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Design improvements (Scd11)
Mode conversion loss
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Patent US000008044747B2 Alternative
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Voltage Droop Simulation
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Droop:
Max: 10%
WE Design: 8 %
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PoDL layout
Improvements
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All PoDL Classes
Class 0 - 15

Imax = 1600 mA

PoDL Classes 
0, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14

Imax = 700 mA
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PoDL layout
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30 W

70 m

AWG 22

30 W

100 m

AWG 22

Class 8
𝑈 48…60V

𝐼 0,73A

𝑃 30W
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PoDL layout
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T1

L2

L1 T1

L2

L1
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10BASE-T1L & PoDL
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Name Value Isolation Size Current Rating Article number
C1 100 nF 50 V 0402 885012205086
C2 1 nF 2 kV 1206 885342208024
C3, C4 470 nF 100 V 0603 885012207130
T1 600 µH 1500 V 5.35 x 6.55 mm 74930200
L1 250 µH

250 µH
125 V
80 V

1812
9.2 x 6 x 5 mm

200 mA
1200 mA

744235251
744224

L2 220 µH > 80 V 1280 700 mA 744870221
R1 100 Ω 0603

Limits
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10BASE-T1L & PoDL Class 15 
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Name Value Isolation Size Current Rating Article number
C1 100 nF 50 V 0402 885012205086
C2 1 nF 2 kV 1206 885342208024
C3, C4 470 nF 100 V 0603 885012207130
T1 600 µH 1500 V 5.35 x 6.55 mm 74930200
L2, L3 220 µH 1210 1800 mA 7447709221
R1 100 Ω 0603

Limits

Ci
rc

uit

L3

L2
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100BASE-T1L & PoDL
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Name Value Isolation Size Current Rating Article number
C1 100 nF 50 V 0402 885012205086
C2 1 nF 2 kV 1206 885342208024
C4, C5 470 nF 100 V 0603 885012207130
T1 350 µH 1500 V 1812 74930030
L1 10 µH 80 V 9.2 x 6 x 5 mm 1600 mA 744226
L2 100 µH 80 V 7332 300 mA 744878101
R1 100 Ω 0603

Limits
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1000BASE-T1L & PoDL
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Ci
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uit

Limits

Name Value Isolation Size Current Rating Article number
C1 100 nF 50 V 0402 885012205086
C2 1 nF 2 kV 1206 885342208024
C4, C5 470 nF 100 V 0603 885012207130
T1 110 µH 1500 V 1812 74930120
L1 304 nH 50 V (DC)

125 V (AC)
1206 310 mA 744232261

L2 2.2 µH 80 V (DC) 8018 1340 mA 74489430022
R1 100 Ω 0603
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Power classes up to 1,6A is possible
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Class 0 1 2 3 4 5 6 7 8 9
𝑈 5,5…18V 5,5…18V 14…18V 14…18V 12…36V 12…36V 26…36V 26…36V 48…60V 48…60V
𝐼 0,1A 0,22A 0,25A 0,47A 0,1A 0,34A 0,21A 0,46A 0,73A 1,3A
𝑃 0,5W 1W 3W 5W 1W 3W 5W 10W 30W 50W

Class 10 11 12 13 14 15
𝑈 20…30V 20…30V 20…30V 50…58V 50…58V 50…58V
𝐼 0,092A 0,24A 0,632A 0,231A 0,6A 1,579A
𝑃 1,32W 3,2W 8,4W 7,7W 20W 52W
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PoDL board
WE Ref design
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www.we-online.com/ANP085
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