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IT level Control level Field level

Complex communication
by Gateways

Industrial EthernetStandard

Ethernet

Sensors & Actuators

Controller

Fieldbus Systems

IT area OT area

Office

Sensors & Actuators

• Profibus

• CANopen

• CC-Link

• ControlNet

• DeviceNet

• …

Variety of Fieldbus Systems:

DIVERSE, LAGACY COMMUNICATION IR
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IT level Control level Field level

Industrial Ethernet Standard 

Ethernet

Sensors & Actuators

Controller

Single Pair Ethernet

IT area OT area

Office

Simple switch

converts from Industrial 

Ethernet to SPE

SEAMLESS CONNECTIVITY ACROSS 

FACTORY AUTOMATION
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SPE TECHNOLOGY
ONE PAIR IS ENOUGH

FAST 

ETHERNET

GIGABIT 

ETHERNET

SINGLE PAIR 

ETHERNET

SPE Single Twisted

Pair Cabling

STANDARD GBit 

Ethernet 4 Pair Cabling
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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

04

10
BA

SE
-T

1L
10/100/1000BASE-Tx

Full Duplex

NEW SPE IEEE STANDARD: IEEE802.3cgTM

10BASE-T1L

MARTIN LEIHENSEDER | SIMON MARK | 22.02.2022
SINGLE PAIR ETHERNET FILTER DESIGN8

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


9
9

PHYSICAL
LAYER DEVICES

MAGNETICSCONNECTIVITY

SIMPLIFY DEVELOPMENT, SPEED TIME TO MARKET, REDUCE RISK

PROVEN SOLUTIONS FROM INDUSTRY LEADRS
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WHAT IS THE SPE 
FILTERING?
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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-T1
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10BASE-T1

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-T1

C3

C4
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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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C3

C4

C1
C2
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100BASE-T1

50 VDC 2000 VDC

50 VDC 2000 VDC
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100BASE-T1
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100BASE-T1
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100BASE-T1 vs.10BASE-T1s
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Schematic for 100BASE-T1 can be used for 10BASE-T1S!
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100BASE-T1

50 V

2000 V

Transformer
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Power over Ethernet

PSE
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Power over Ethernet

PSE

Signals

Signals
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Power over Ethernet

PSE

V+

V-
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Power over data line

V+

V-

C3

C4
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Power over data line

470 nF/100 V

C3

C4

SINGLE PAIR ETHERNET FILTER DESIGN
MARTIN LEIHENSEDER | SIMON MARK | 22.02.2022



37

Power over data line
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Power over data line
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PoDl Performance (Standard Design)

-45 dB violation: high mode conversion
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Design improvements
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Design improvements

Patent US000008044747B2
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Design improvements

Patent US000008044747B2 Alternative
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Design improvements (Sdd11)

Patent US000008044747B2 Alternative

SINGLE PAIR ETHERNET FILTER DESIGN
MARTIN LEIHENSEDER | SIMON MARK | 22.02.2022



45

Design improvements (Scd11)

Patent US000008044747B2 Alternative
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Droop Simulation

Droop:
Max: 10%
WE Design: 8 %
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PoDL layout
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All PoDL Classes
Class 0 - 15

Imax = 1600 mAPoDL 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

T1

L2

L1
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Power classes

Source: IEEE802.3bu

7448990470

744870471
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Power classes

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
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1000BASE-T1
Return Loss
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1000BASE-T1
Mode Conversion
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Landing Page Webinar

Video
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www.we-online.com/ANP085

SINGLE PAIR ETHERNET FILTER DESIGN
MARTIN LEIHENSEDER | SIMON MARK | 22.02.2022



57

We are here for you now! 

Ask us directly via our chat 

or via E-Mail.

eiSos-webinar@we-online.com  

Martin.Leihenseder@we-online.de

Simon.Mark@we-online.de


