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1. INTRODUCTION

This reference design note describes a system that can
transmit data between two points via a two-wire line. The
main unit supplies the peripheral unit with power via the
same two-wire line over which the data is transmitted. This
method is called "Single Pair Ethernet" with "Power over Data
Lines".

Thus, SPE (Single Pair Ethernet) with PoE (Power over
Ethernet) - PoDL (Power over Data Lines) is a technology that
combines data transmission and power delivery over a single
twisted pair cable. Single Pair Ethernet (SPE) is an emerging
standard for Ethernet communication that utilizes only one
pair of wires for data transmission, unlike traditional Ethernet
which typically uses four pairs. This makes SPE suitable for
applications where space and weight are constrained, such as
in automotive, industrial, and loT (Internet of Things) devices.

Power over Ethernet (PoE) is a technology that allows
electrical power to be transmitted alongside data over
Ethernet cables. This eliminates the need for separate power
cables, simplifying installation and reducing costs, especially
in applications like IP cameras, VolP phones, and wireless
access points.

Power over Data Lines (PoDL) extends the concept of PoE to
Single Pair Ethernet (SPE) by enabling power delivery over

WE

the single twisted pair used for data transmission in SPE
systems. This allows devices connected via SPE to be
powered over the same cable used for data communication,
further simplifying cabling infrastructure and reducing
complexity in deployments.

2. BASIC SET-UP, FEATURES AND
REQUIREMENTS OF A SPOE SYSTEM

The single pair with PoE, or SPoE as it is abbreviated in some
literature, is different in definition and implementation
compared to PoE. It contains,

= A unique power coupling technique used in
a 2-wire circuit.
= Asimultaneous transmission of power and data

over a balanced twisted pair.

The data connections are realized via single pair of wires,
AC-coupled at each end to avoid ground loops. The PoE
systems transmit power in common mode to the data, the
SPoE systems diplex power and data over a single pair of
conductors. Figure 1 shows a principal diagram of the SPoE

system.

On the left side of the diagram in Figure 1 is the power source
equipment (PSE) with the PHY.

Twisted Pair Cable
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Figure 1: Principal diagram of the SPoE system.
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On the right side there is the powered equipment (PD, load)
and another PHY. The PHYs provide the data link and the PSE
provides the power to the PD. The data link is decoupled
capacitively (C1 — C4) and the power inductively (L1 — L&).
Both, data, and power are transferred via the twisted pair
cable. The interface is called "Media dependent interface” or
“port interface” (MDI/PI).

The integration of power delivery alongside data transmission
demands a robust classification-based Power Delivery
Protocol, designed to ensure compatibility between Power
Sourcing Equipment (PSE) and Powered Devices (PD). The
protocol employs a series of steps to establish compatibility
and safety before delivering power, thus mitigating the risk of
potential hazards such as short circuits or open circuits. The
protocol initiates with the detection phase by the PSE, where
it identifies the presence of connected PDs within the
network. Following this, the PSE proceeds to classify the PD,
requesting essential information such as class and type.
Additionally, the protocol incorporates Cable Resistance
Measurement (CRM), supported by the PD, to further assess
the integrity of the connection. The protocol is defined in

IEEE 802.3cg (SPoE, 2019), which is an extension of the
802.3bu Power over Data Lines (PoDL, 2016) standard. PoDL
defines protocols for detection, classification, and

Shielded and
unshielded available

Two-pair Ethernet cable
100 Megabit

Figure 2: Layout of cables for standard Ethernet and for SPoE.

Four-pair Ethernet cable
Gigabit

power-up procedures, ensuring a standardized approach
across various networking environments. Moreover, SPoE
extends its capabilities to encompass long-reach protocals,
exemplified by TOBASE-T1L, with the potential to span cable
lengths of up to 1 kilometer. This opens doors to a multitude
of applications, particularly in scenarios where traditional
power delivery methods may be impractical or inefficient.

The SPoE electrical requirements are specified in the
following IEEE standards:

= |EEE 802.3cg (10BASE-T1): Bandwidth 0.1 to
20 MHz, reach up to 1000 m.

= |EEE 802.3bw (100BASE-T1): Bandwidth 0.3 to
66 MHz, reach up to 40 m.

=  |EEE 802.3bp, (1000BASE-T1): Bandwidth 1 to
600 MHz, reach up to 40 m.

As shown in Figure 2, the cables used for SPoE differ from the
standard cables used for Ethernet.

SPoE requires cables which are defined in IEC 61156 which is
~multicore and symmetrical pair/quad cables for digital
communications”. Standard CAT 6 or CAT 7 cables even if
shielded, are not suitable.

As with the Ethernet classes, there are different variants of
SPoE, which are shown in Table 1 below.

Shield

Single-pair Ethernet cable
Gigabit

10BASE-T1S . 25m utp 12.5 MHz 1% 10° HD No
2019 802.3cg 10 Mbit/s
10BASE-T1L 1000 m STP 7.5 MHz
) 15 m utp 1x 10710
2015 802.3bw 100BASE-T1 100 Mbit/s 66.6 MHz
25m STP
) 15 m Type A
2016 802.3bp 1000BASE-T1 1000 Mbit/s 750 MHz FD Yes
40m Type B
2.5GBASE-T1 2.5 Ghit/s 1.4 GHz 1x 10710
2020 802.3ch 5GBASE-T1 5 Gbit/s 15m STP 2.8 GHz
10GBASE-T1 10 Gbit/s 5.6 GHz
Table 1: Overview of SPE/SPOE available variants and their capabilities.
BER: Bit error rate, the number of bit errors per unit time (s). UTP: Unshielded Twisted Pair. STP: Shielded Twisted Pair.
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IEEE 802.3bu is a standard adopted by the IEEE in 2016 for
powering devices over a single-pair Ethernet connection. The
cables vary depending on the application, cables type A
include solid wires for permanent installation, type B cables
have wires with stranded conductors for flexible applications
or vibrations.

SPoE can be integrated into a mixed system with common
industrial Ethernet protocols such as Ethernet/IP, Profinet,
and EtherCAT and can deliver a simultaneous power supply to
end devices. Figure 3 shows a possible set-up.

Existing IT System

The PSE tests the link before turning on the power. Checking,
using a 10 mA test current, if the voltage drop is within a
specified range. If the PD is found, the device class is
determined by a so called “Serial Communication
Classification Protocol” (SCCP). After having determined the
PD-class the power is ramped up. Depending on the system,
supply voltages can be 12V, 24V, 48 \/ and power classes
reach from 0.5 W to 50 W at a maximum current of 2 A. When
not providing full power, the PSE continuously sources below
1mA at 3.3 V (Sleep Mode). Table 2 shows the physical layer
parameters of SPoE systems.

Engineering Administration
Workstation Server
SPoE
—a [
=
= Control System /\
—
— D
——————— |
TCP/IP

Sensor, Actuator

SPE Subnetwork

SPoE - Field Switch

Sensors, Actuators

Figure 3: Extension of an existing IT-system by SPoE.

IEEE 802.3bu IEEE 802.3cg Unit
12V 12V 24\ 24\ 48V
Class 24V 55V
unregulated regulated unregulated regulated regulated
Casst | o | 1 [ 23 [ s 5] 67 8]o[w]n]n2][13]1n]:s
\/psE(max) 18 36 60 30 58 V
\/psemin) 6 4.4 12 26 48 20 50 v
IPi(max) 101 227 | 249 | 471 97 339 | 215 | 461 735 | 1360 | 92 240 | 632 231 600 | 1579 | mA
Pro(max) 0.5 1 3 5 1 3 5 10 30 50 123 | 32 83 7.7 20 52 W
\/PD(min) 494 | 4.41 12 106 | 103 | 886 | 233 | 21.7 | 40.8 | 36.7 14 14 14 35 35 35 V
Cable 24 22 18 22 20 16 | AWG
Cable
1000 | 1000 | 1000 | 1000 | 1000 | 300 m
lenght

Table 2: Physical layer parameters of SPoE systems.
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3. THEHARDWARE TOPOLOGY OF A SPoE
SYSTEM

Figure 4 shows the hardware topology of a SPoE system. On
the left side is the PSE, on the right the PD and in between
the transmission path, i.e. the cable. The interfaces with
primary transient protection, CM chaokes, transformers, and
secondary transient protection to PHY are the same for the
PSE and the PD.

Power and data are coupled together at the interface through
a power coupling network. The PHY is AC-coupled by the data
transformer T1. CMC+ attenuates common mode noise from
the data line to the PHY and vice versa. The PSE DC power is
coupled onto the differential data lines and decoupled by
CMCa CMCz is a double choke with an air gap. It decouples the
data signal in the direction of the PSE power supply unit.

The magnetics (T4, T2, CMCy, CMC3) must be selected to meet
the droop, return loss, and mode conversion specifications
according to IEEE 802.3cg. For the transient protection at the
input of the interface, thus at the primary side of the
transformers T+ and T2, the ground reference is

the housing, “earth ground”. For the transient protection at
the secondary side of the transformers, the reference ground
GND_sec. is the ground for the PHY protection.

Conventional IEEE 802.3 multipair Ethernet (including PoE)
requires galvanic isolation from the chassis ground. According
to IEEE 802.3bu (PoDL) and IEEE 802.3cg (SPoE) standards,
PSE/PDs must provide at least 1 MQ (@ 5 V = 20%) isolation
between all accessible external conductors and the interface
(MDI). Depending on the application, the equipment must
comply with relevant standards such as IEC 61010-1 (Safety
regulations for electrical measuring, control, and laboratory
equipment) or IEC 62368-1 (Safety requirements for
equipment for audio/video, information, and communication
technology). Devices with no electrically conducting pins,
except the twisted-pair Ethernet MDI, can meet isolation
requirements by using a nonconductive chassis enclosure.

For SPoE applications requiring galvanic isolation from the
chassis, an isolated power supply must be utilized. Relevant
safety standard requirements including clearance and
creepage distances, as well as protective distances, must be
adhered to.

PSE Power Supply [ I
Mains From Tx-PSU I | Rx-PSU Power
—> PSE —> ‘ | to PD
System [ [ |:> s
ystem
Power | |
g | | qQ
U System CMC; g | | g CMCs
Power I ‘ N
I
. Sec. T Prim. } L | T
Phy-Transceiver Transient ! Transient Data | , 2
Protection Protection | | | ol
cmcC
0o—| B —I-WJ} \ [ [ § %
> |[]= =c 2= \ | |
. o—| 1 p)|[a | | | Sl
T T I | |
GND cec. = ? T T
E R: \ I [
=+ C : : Same hardware as the PSE,
! I : | | incl. transient protections.
L GND _sec. = |

GND _sec.

Figure 4: General interface block diagram of the SPoE system.
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4. THE WURTH ELEKTRONIK SPOE-SYSTEM

The block diagram of the system is shown in Figure 5. The
System is powered from an external power supply at the PSE
(connector X4, +24V / < 80 mA). By definition, the power
supply system is not galvanically isolated. If galvanic isolation
is necessary due to the application, this must be ensured by
the external 24 \V/ supply.

The following devices can be connected to the PSE and PD for

data communication:
= PSE/X7: 10 Mbit/s Ethernet > PD/X7: 10 Mbit/s

Ethernet
= PSE/X1: USB 3.1 - PD/X1: USB 3.1

The interfaces can be in mixed or cross configuration and
operated at the same time. Additionally, the operating status
can be monitored on the PSE/X9. X9 is a serial interface and
for simple operation a serial/USB converter should be used,
which is then connected to the USB interface of a PC. The set-
up is explained in more detail in chapter 6.

The SPE transmission path operates at a data rate of

10 Mbit/s with an amplitude of approx. 2.5 Vss, the operating
voltage on the two-wire line is 20 to 24 Vioc. The
recommended max cable length is 100 m. Figure 6 shows the
voltage and data under operating condition.

T +24 \/jy <80 MA
| X4
- X7 PC
WiFi Router PSE PD
10 Mbit/s X7 X3 X3 10 Mbit/s (Notebook)
Ethernet Ethernet
X1 X9 X1
PC USB 3.1 I:I USB 3.1 PC
USB/Ser. Converter
(Notebook) (Notebook)
X1 and X7 can run X1 and X7 can run
at the same time at the same time
USB - Port
PC (Notebook) M COMS3 - Tera Term VT - a x

with Serial Terminal

Figure 5: Block diagram of the Wirth Elektronik SPoE-system.

T +24 /)y < 80 mA
[ %
WiFi Router PSE
10 Mbit/s X7 X3
Ethernet

T ——

{10:1 Probe
—

Vpp: 20...24 Vpc

H1.00us°A Ch2 S

Figure 6: Voltage and data on the SPE-wires.

RDO41d | 2026/03/23
WURTH ELEKTRONIK eiSos

PD X7 PC
X3 10 mbitzs | (Notebook)
Ethernet

| 10:1 Probe “f : “20zmv
!

1

TN
I ! |

Vsigt 2.4...2.6 Vss

5|34
www.we-online.com



REFERENCE DESIGN

RDO41 | Design of a Single Pair Ethernet System with Power over Data Lines (SPoE)

5. HARDWARE DESCRIPTION
5.1 PSE (Power Source Equipment)

Block diagram and features of the PSE

The data is transferred from the SPoE interface to the PHY
ADIN1100. The PHY converts the data and forwards it to the
LAN9S355 Ethernet switch. The multiport Ethernet switch
forwards the data to both the Ethernet port and the LAN7800
Ethernet/USB converter (see Figure 7).

The power supply for the PD is coupled into the SPoE
interface via a network. The IEEE 802.3cg-compliant control
of the power supply takes place via the LTC4296 controller
and is managed by the STM32G03C8T6 microcontroller. The
power supply as such is fed into the LTC4296. A DC-DC
converter generates a +3.3 VV voltage from the +24 V to
supply the onboard SPE electronics.

The characteristics of the PSE can be summarized as follows:

= Supports multiple power levels of Power over
Ethernet

= Detecting and classifying the PD, sourcing the right
amount of power to the PD

= PoDLclass12upto30V/83W

= USB 3.1 port (no power)

= 10/ 100 Mbit/s Ethernet port

= 10 Mbit/s SPE port

=  Data transfer between USB 3.1 and 10 / 100 Mbit/s
Ethernet

= Data transfer between USB 3.1 and SPE (10 Mbit/s)

= Data transfer between SPE (10 Mbit/s) and
10 / 100 Mbit/s Ethernet

3-Port 10/100 DC-DC Conv.3.3V/1A

Ethernet Switch 7-28V Input
10BASE-T1L Eth ¢ P |
Coupling/ IEEE 802.3¢cg-2019 (1071"(‘)‘;) 0‘2’2'\1"
Decoupling compliant Phy *
. 173010378
Magnetics and | €— “—>
SPE/PoDL | pebr oo ADIN1100 LAN9355
3.3V Out
Power Out ﬁ 1
Power In STM32G03 Magnetics <«—>
ey LTC4296 postats Interface LAN7800 <:> USB 3.1
IEEE 802.3cg- MCU, 64 kB Flash, LAN 100BaseT USB 3.1 Gen 1 to
compliant 8 kB RAM, 64 MHz Transformer 10/100/1000

SPE-PSE Controller

Figure 7: Block diagram of the PSE board.
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The pi Isosh hat the el i h
In Figure 8 the top side of the PSE board is shown. The SPoE @ picture also shows that the electronic ground has been

ted fi th tor/housi dandth
interface is located on the left-hand side. The connection can separated from the connector7housing ground and the

. . . . : ti b de vi ts. As with
be made either via a 3-pin plug-in terminal (X3) or an SPE Er?mGeBc :Eotr;] can tsz’i ¢ v:‘;@meroui compﬁnen S ° (\;\” :
connector (X2). The 24 V power supply connection (X4) is & bE-Eernet designs, this concept was chosen in orderto
located at the bottom left of the image and the Ethernet (X7)

and USB interfaces (X1) are located on the right-hand side.

be able to choose between different grounding concepts
depending on the housing (metal/plastic). The variations are
explained in more detail in the following chapters.

caz cal 20
20

W
ELEKTRONIK
MORE THAN
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Figure & Top side of the PSE board, on the left is the SPE-Interface, connection can be made alternatively via 3-pin plug in terminal or SPE-
connector.

RDO41d | 2026/03/23 7|34
WURTH ELEKTRONIK eiSos www.we-online.com



REFERENCE DESIGN

RDO41 | Design of a Single Pair Ethernet System with Power over Data Lines (SPoE)

PSE-Interface to SPoE

Figure 9 shows the schematic of the SPoE interface at PSE
side. On the primary side at the center tap of the transformer
T1, capacitors C33 and C119 are used for galvanic isolation to
prevent direct current from the applied supply voltage of

+24 \ through the transformer. Furthermore, resistor R42
ensures termination with an impedance of 100 Q via
capacitors C42, C116 and C41. The circuit also ensures

balancing in the event of any imbalance in the signal voltage.

Power from v+
PSE controller 2

L10 35 ]
o ;aiﬁ%

L8

The SPE signal pair can be connected to either connector X2
or X3. The Varistor VAR1 reduces any residual charges in the
cable or on the capacitors when the system is not in
operation, or the cable is removed from the interface. Resistor
R19 is fitted as an alternative to VAR1, C41and C116 if the
electronics board is to be installed in a plastic housing, as in
this case there is no stable ground reference for a low-
impedance function of VAR1, C41 and C116.

Figure 9: SPoE interface at PSE side.

The CM choke L1 is connected in such a way that it provides a
high impedance for both, the noise of the DC supply current
and the differential signal current. It should be noted here that
this choke is pre-magnetized by the supply current to the PD
and therefore a choke with an appropriate rated current must
be selected. L8 and L10 are additional inductors to decouple
the power supply from the system to increase the signal to
noise ratio of the Ethernet signal and for EMC reasons due to
the system design. The CM choke L6 reduces CM interference
coming from the cable side (e.g. transients) and reduces any
high-frequency interference generated by the PHY and power
supply system in the direction to the cable. The choke should
have a low leakage inductance so as not to impair the signal
too much. Transient protection is an important task at the
interface, as the possible length of the transmission line
means that the coupling of transient interference must be
taken into account. Effective transient protection that can

RDO41d | 2026/03/23
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absorb high power is therefore required on the primary side. A
three-stage limitation of transient overvoltage is provided in
this design. The first stage is realized with a symmetrical
gas-plasma arrester (D30). The arrester limits the transient
voltage between the signal wires and earth from approx.
350 V and thus absorbs most of the energy of the pulse in
common mode. The second stage is the TVS diode D13 with
its steering diodes D11, D12, D15 and D16. This circuit
clamps at approx. 58 V, in case differential mode transient
overvoltage occurs between the signal wires. The third stage
is constructed after choke L6 with TVS diodes D33, D36 and
diodes D31, 32, 34 and D35.
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Like the second stage, this stage limits at 58 V (plus diode
forward voltage), but with each line to earth, so that the
common-mode voltage remaining behind the choke can be
safely limited to protect the DC-DC controller, which can
withstand a maximum input voltage of 80 V. In the direction
of the signal path, the TVS diode array D17 is provided on the
secondary side of the transformer T1. The ground reference
of the TVS diode array is the PHY IC9, in order to protect the
signal inputs in the event of transient common mode voltages
of >45V.

What is the purpose of the diodes provided in addition to the
TVS diodes? TVS diodes in the high-power range have a high
parasitic capacitance, for example the bidirectional

TVS diode D13 WE-TVSP 824541361, with approx. 700 pF at
24 V. This capacitive load is too high for the signal. Therefore,
the fast recovery diodes D11, 12, 15, 16, S1B-13-F, which
have a parasitic capacitance of only 10 pF, are looped-in to
reduce the total capacitive load in differential mode to reduce
the capacitive load to < 10 pF. As mentioned, the TVS diode
used here has a break down voltage of 42 \/ and a clamping
voltage at 58 V, in case of the transient event, twice the
forward voltage Vr of the Diodes must be added.

Bottom side Top side

It should be pointed out once again that this protection is
differential from line to line. Most transient disturbances will
occur in common mode. Therefore, the additional protection
with D33 and D36 has been implemented, which limits the
common maode transients. The clamping circuit consists of the
TVS Diodes D33, D36 WE-TVSP 824541361 and the Diodes
D31, 32, 34, 35, SID-13-F. The Diodes again reduce the
parasitic capacitance as serial components, the line-to-line
capacitance is approx. 10 pF, which is neglectable. On primary
side of the transformer T1 all circuits are directly connected to
the shield ground (e.g. housing) to achieve a low parasitic
impedance for a low voltage offset which, if too high, may
impair the proper function of the clamping process.

Figure 10 shows the PCB layout of the SPoE interface at PSE
side. X2 and X3 are the connections for the signal/power
supply cable. The transient protection was placed on the
bottom side of the PCB to minimize the length of the tracks to
the diodes. The inductive components L6, T1and L8 / L10 are
positioned next. In this area of the PCB, no ground filling was
used to minimize capacitive coupling and thus achieve a
higher filter/clamping effect.

©) “v‘:/f

Data from/to Phy

=

“WURTH

ELEKTRONIK
MORE THAN
¥OU EXPECT

Figure 10: Layout of the SPoE interface at PSE side.
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PSE-Controller and Power Supply

On the PSE side, the power supply for the system is fed in at
connection X4 (Figure 11). The following transient protection
with D1 limits overvoltage to 33 Vin differential mode, D22
and D29 clamp transient voltages above 28 \in common
mode. The three capacitors before and after the CM choke
L13 form a m-filter with the choke to attenuate high-
frequency interference in both directions, i.e. from the PSE
board to the power supply connection and from the power
supply connection in the direction of the PSE board.

The circuit with the MOSFET T11 and IC6 replaces a Schottky
diode, but with the advantage of generating virtually no
voltage drop. The IC controls the voltage drop in the forward
direction via the MOSFET to ensure uniform current output
without oscillation even at low loads. If a current source fails
or is short-circuited, a fast switch-off minimizes the reverse
current transients. Due to its wide operating voltage range,
the circuit can also withstand a reversed input voltage of up
to 80 V. If the circuit is not required for application reasons, it
can be omitted completely, and a wire jumper can be used at
T11from source to drain.

The LTC4296-1 (IC4) is an IEEE 802.3cg-compliant, five-
channel Power over Ethernet (SPoE) controller with a PSE
power supply unit.

24 \VDCin from

external (isolated) PSU X4
X

The contraoller is designed for interoperability with 802.3cg
powered devices (PDs). In this design, only one of the five
channels is required. High-side protection with MOSFET T2
and analogue current limiting enable controlled switch-on and
short-circuit protection, tapped via RSHO. The low-side
protection with T7 and via RSLO protects the negative output
against regenerative faults and earthing faults. PD
classification via the serial communication classification
protocol (SCCP) ensures that the full operating voltage is only
applied to the cable if a PD is present. The SWO pin switches
off the port power snubber via T5 during detection and
classification. The controller is steered via SPI with the
microcontroller. T3 / T8 and T6 are switched via the
microcontroller and are used for SCCP control.

The capacitor C34 and the resistor R13 represent a defined
impedance when the snubber C35/R14 is switched off via T5.
This reduces resonances and overshoots during load jumps.
Diode D10 protects the circuit in the event of forced reverse
voltages. The m-filter with C110, FB10 and C111 attenuates
high-frequency interference signals, especially in the 10 MHz
range and above. FB10, WE-CBF 742792031, is an SMT
ferrite with a broadband impedance curve.

-]

;

m [
o

PORTO

From MCU t

Figure 11: Schematic of the power supply and PSE controller.
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As only one of the five available channels is used, the four

unused channels must be wired as shown in Figure 12, thus

connected to the power supply + Vese / Lsns as well. This
configuration is essential for the function of the controller.

Unused Ports

Sl HGATE!  OUTP1 Rsts

VPSE +VPSE:
OR OR
1206 1206

HGATE3  OUTP3

HSNSP1
HSNSM1
HGATE1
OuTP1
HSNSP3
HSNSM3
HGATE3
OUPT3

PORT 1 PORT 3

o
=
o
H

swi1

LSNS1/2
ouTM1
LSNS3/4
ouTM3

ICiC ICIE
LTC4296AUK-1 LTC4296AUK-1
QFN-48 LSNS RsL1 QFN-48 LSNS ReL3

OR

OR
1206 1206

RSH2

+VPSE
OR
1206

RSH4

+VPSE
OR
1206

HGATE2  OUTP2 HGATE4  OUTP4

HSNSP2
HSNSM2
HGATE2
outp2
HSNSP4
HSNSM4
HTGATE4

OTP4 ——0O

PORT 2 PORT &4

o
H
o
H

sw2

LSNS1/2
outM2
LSNS3/4
ouTM4

(&) o
LTC4296AUK-1 LTC4296AUK-1
QFN-48 LSNS RsL2 QFN-8 LsNs o4

R R
1206 1206

sw3

swa

The current sense resistors RSHx/RSLx must be routed via

“Kelvin-Sense"” connections like shown in Figure 12 on the
right-hand side. The reason is to achieve the specified
current-threshold accuracy.

RSHO
1
LT

O0R24
1206

+VPSE <t

HSNSPO
HSNSMO

Figure 12: Wiring of the unused channels of the L TC4296- 1 and the "Kelvin-Sense” routing of the Sense resistors Rsw/Rsix.

RESET Circuit, DC-DC and PSE-Microcontroller (MCU)

Figure 13 shows the circuit of the +24 V to +3.3 DC-DC
controller and the circuit around IC5, an STM32G030C8T6
microcontroller. IC11 is the reset circuit controlled by the
microcontroller, the red LED D25 shows the RESET status.

The push-button S2 is the RESET for SPoE, LAN and USB
controllers, S3 for the PSE-controller (MCU). S4 is not in
operation during normal mode and only for FW debugging
purpose.

The microcontroller controls the PHY ADIN1100 on the one
hand and the PSU controller LTC4296 (SCCP protocol and
timing) on the other with its firmware.

RDO41d | 2026/03/23
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The DC-DC controller IC2 is a variable step-down module

which offers high efficiency and delivers up to 3 A of output
current. It operates with an input voltage from 3.5 Vto 38 V.

The module includes a “"Spread Spectrum” option which jitters
the switching frequency by +/-5% and thus spreads the

harmonics generated by the converter over a wider
bandwidth per time in order to "relatively” reduce the
interference emission related to a specified measuring
bandwidth of the measurement receiver (9 kHz, 120 kHz).
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Figure 13: Schematics of Microcontroller, Reset circuit and +24 |/ to +3.3 I/ DC-DC controller.
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Let's go back to the +24 V input of the system. The module
has a shield ground (SGND) and a system ground (GND). The
mi-filter refers to the SGND, the electronics after the filter to

,,|SGND
26 Vg in cioe

X4

Fl
1 =
2 0454002 MR
A -
691502710002
Screw Terminal / 2P

il /77 |SGND I

D22
824520241
24V

g
z

DI
824541
ERY

I}

D29
824520241

Top side

w426V

L_10nF ==IuF

GND, as shown in Figure 14. The circuit has placement
options R19 to R23 between SGND and GND.

Bottom side

SGND
HL []R19 H2 []R20 H3 [R21 He []R22 R23
[Ior [ o= [ o= [Jo& oR
0805 0805 0805 0805 0805
éno  GND GND GND GND GND

Figure 14: +24 I/ input of the systerm with SGND-GND connections.

Depending on the housing and grounding system, the system
can be adapted in terms of EMC behavior using different
component variants. The component locations R19 to R23
can be bridged with O Q resistors, so that the SGND has the

same reference potential as the GND.
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However, it is also possible to equip R19 to R23 with SMT
ferrites and thus, e.g. in @ metal housing, keep the housing
ground at SGND, but separate the electronics GND at high
frequency and reduce interference if necessary. The main
purpose of these components here in the reference design is
to test the shielding properties of cables and set-up variants
during the EMC tests.
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Ethernet PHY at PSE side

The ADIN1100 is a T0BASE-T1L transceiver for industrial
Ethernet applications (Figure 15). The controller is compliant
with the IEEE 802.3cg-2019 Ethernet standard for single-pair
Ethernet (SPE) with a long range of 10 Mbit/s. The ADIN1100
supports a cable range of up to 1700 meters with Auto
Negotiation enabled.

Data channel

TVS-Diodes: If header for programming is
assembled

(

The PHY core supports the 1.0 VV p-p operating mode and the
2.4\ p-p operating mode defined in the IEEE 802.3cg
standard; the voltage mode is displayed by LED D23 (yellow).
The MDIO interface is a 2-wire serial interface for
communication with a microcontroller. The interrupt PIN of
the ADIN controller has been connected additionally to X6 for
having the possibility for connection of an external debugger.
The hardware configuration of the PHY is configured via the
dip switches S1. The link up/activity is displayed by LED D24
(green).

Re1 [Re2

+3v3

10 BASE-T1L link up/ activity
: 10 BASE-T1L transmit amplitude 2.4 V
= 51: HW-configuration

23

D: D24
Yellow

Green
H]RSG

10k [ Jak7 10k
0603 T 0603 0603

—QTP3
—OTp4

B

P o

V3 <—5lioka 100NHz
0305

3A

e
i ‘ “{ =
o ) 1cy
g ADIN1100CCPZ
LRCSP-40
#3 5 £
x ¥ 9 GND
s 2 e —
L TXD_1 <TXD 1]
™00 {00
RXN TX_CLKITXC
RXP TX_ENTX CTL S TCEN ]|
ADIN1100CCPZ " rxer TCERT] i
H VBDIO ——— To LAN switch LAN9355
RX_ERMACIF_SELT RXER
RXDV and to S1

RX_DVIRX_CTLSWPD_EN
EX_CLK/RXC/MACIF_SELO
RXD_0/TXZP4_EN

olo]
B

4
i
L

> To SPE/PoDL port

Figure 15: Schematic of the Ethernet-PHY at PSE side.

LAN switch and Ethernet port

The LAN9355 controller is used here to distribute the data
coming from the SPoE-PHY ADIN1100 toa 10 / 100 Mbit/s
Ethernet port and via an Ethernet/USB controller (LAN7800)
to a USB 3.1 interface. Figure 16 shows the circuit diagram.
The LAN9355 isa 3-port 10/ 100 Ethernet switch for
embedded applications. The controller includes all the
features of a 10/ 100 switch system, including the switching
arrangement, packet buffer, buffer manager, media access
controllers (MACs), PHY transceiver and serial management.
Each of the three ports is fully compliant with the IEEE 802.3
standard and all internal MACs and PHYs support
full/half-duplex 10BASE-T and 1T00BASE-TX operation. The
integrated I1°C and SMI slave controllers allow full serial

RDO41d | 2026/03/23
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ADIN1100 HARDWARE CONFIGURATION
S1

MEDIA_CNV
MACIF_SELI

MACIF_SELO
TX2P4 DIS
MS_SEL
PHYAD_0
PHYAD_1

A
T

GND GND GND AT8121270808

LINK ST _R60— 47
(*PHYAD_2 defauli=0 here)

PHYAD_2

management of the controller via the integrated I°C and
MIl interface respectively.

The controller has four power supply connections, each of
which is filtered separately (FB2, FB4, FB6, FB5). The green
LEDs D27 and D28 indicate the data traffic and the link active.
The Ethernet interface includes transient protection with the
TVS diode array D26, which is located between the LAN
transformer and the Ethernet controller.

The task here is to limit the transient overvoltage coming
from the cable, which occur on the secondary side of the
transformer in common mode, against the ground of the
controller. The resistors R77 to R81 are 50 () terminations, on
the signal lines 2 x 50 Q differential to ground via the
capacitors C112,C113 and C126.
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Figure 16: S5chematic diagram of the LAN-switch and the Ethernet port at PSE side.

At the same time, a DC voltage decoupled via
R162/C112/C113/C126 is fed in via the resistors to operate
the controller's output drivers in "current mode".

Figure 17 shows the layout of the Ethernet interface. The
capacitors (85 to C89 (number 3) are optional to reduce high
frequency noise which could be radiated via the Ethernet
cable. The Ethernet connection block X7 contains the
transformers as well as the CM chokes and the Bob Smith
termination.

As already explained in the previous chapter, the ground
system can be configured via the component locations C90 to
C95 (number 4). The termination resistors and the EMC-
capacitors (number 2 and 3) are assembled on the bottom
side to reduce any parasitic impedances as much as possible.
The TVS-diode array D26 is routed directly into the signal
path for optimized effectiveness. As D26 protects the inputs
of the controller, the reference GND must be the GND of the

LED3/GPIOS/EEEEN
LEDA/GPIOA/1588EN
LEDS/GPIOSIPHYADD
GPIOB

Gpio7

VoD TXRY G}

controller.

0603
06 T XTRTTX7R
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an [ e
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o

VORN-8E

T

b
i

D26
24014885

Figure 17: Layout of the Ethernet interface at PSE side.
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Ethernet — USB 3.1 bridge

The used LAN7800 (IC1) is a 1 GB-Ethernet, high-
performance USB 3.1 controller with integrated Ethernet
PHY. An external 4 kbit EEPROM was connected for the
onboard software. The circuit diagram is shown in Figure 18.
The lower part of the controller in the figure is the signal
section (IC1A), clocked with a 25 MHz quartz (Y1); the upper
partis the controller’s relatively complex chip-internal power
supply (IC1B).

In order to maintain signal integrity, a transformer module for
matching (X8) was inserted between the Ethernet port of the
LAN7800 and the LAN switch. On the primary side towards
LAN7800 of the Transformer module the Bob-Smith
termination is included, on the secondary side 50 Q-resistors
are implemented to match the necessary system impedance.

The capacitors C114and C115 connect the resistors
HF-technically to the reference ground. The connection to the
supply voltage via the SMT ferrite FB8 supplies the
input/output of the LAN switch, which is operating in current
mode here. For a detailed description of the USB 3.1. to
Ethernet bridge, please refer to the Design-Note RDO16 on
the WE-homepage.

USB TYPE-C Port

Signal part

The USB 3.7 interface is critical in terms of immunity to fast
transients such as ESD or burst. For this reason, several
points must be taken into account in the design, which are
explained next (refer to Figure 19). The power supply
connection is not needed here, the “Vaus” pins of the
connector are left open. Transient protection is provided
directly at the connector plug, the reference ground for the
TVS diodes D2 to D4 is the ground of the connector and the
housing, i.e. the floor of the room in relation to the ESD
interference source.

The board fastenings H1 to Hs must be made with screws
with low impedance to the housing. The resistors R19 to R23
are placeholders; if a metal housing is used, 10 nF / 200 V
capacitors can be used; if a plastic housing is used, 0 Q
resistors should be soldered in. Depending on the ground
concept of the overall device, it may also be necessary to use
an SMT varistor in places where the reference ground has a
high interference potential due to interfering electronics, for
example.

Option (skip magnetic)

VBUS_DET

o

TRzP
RN

TROP =
G TR%
™I =
RIN
=
=
el
=

—] 0P
TR — e — <y ] RSP
TRIN

RESET_NPME_CLEAR

S
e rext
et TR Y
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SUSPEND 5 ——x
—x s
PE o

IC3: 4 kBit-EEPROM
for Onboard-Software

Figure 18: Schematic of the USB 3. 1. to Ethernet bridge at PSE side.
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Figure 19: Schematic of the USB 3.1. interface at PSE side.
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90R @ 100MHz

To LAN 7800

This is also the reason why the resistor R1 (330 Q) is not used
when a metal housing is used and the filtering of the GND line
in the USB cable takes place via FB13 and C19. Here too, the
reference ground for C19 is the housing.

The signal trances are guided directly via the TVS-Diodes to
minimize parasitic inductances between the ground
connection of the TVS-Diodes and the housing ground
(SGND). The signal trances need to meet the symmetrical

Figure 20 shows the layout of the USB 3.1. interface. The system impedance of 90 .

components are routed in signal flow to achieve the lowest

possible parasitic coupling. 5.2 PD (Powered Device)

Block diagram and features of the PD
The signal flow at PD side is the same as in the PSE-design.

As shown in Figure 21, the data, coming from the PSE is
transferred from the SPoE interface to the PHY ADIN1100.

Recommended Land Pattern: [mm]

44

5
1 vsmps X 4iy vsmm x
s SR, e
E o [ o ias20%0
TR S =z
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S —
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Figure 20: Layout considerations of the USB 3. 1. interface.
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The PHY then converts the data and forwards it to the
LAN9355 Ethernet switch.

10BASE-T1L
Coupling/ IEEE 802.3cg-2019
Decoupling compliant Phy

The multiport Ethernet switch then forwards the data to both
the Ethernet port and the LAN7800 Ethernet/USB converter.

The power supply, coming via cable from the PSE is coupled
into the SPoE PD controller LTC9111. The IEEE 802.3cg-
compliant controller takes care of the SCCP-based
classification. A DC-DC converter generates a 3.3 \/ voltage
from the +24 V to supply the onboard PD electronics.

3-Port 10/100
Ethernet Switch

Ethernet
(10/100)

LAN9355

Magnetics and
SPE/PoDL <:> Filter Interface ADIN1100
Power In u
3.3V Out
LTC9111 173010378
DC-DC Conv.
PoE PD Controller 33V/1A
7-28YV Input

Figure 21: Block diagram of the PD board.

The characteristics of the PD can be summarized as follows:

= QOperating voltage: 24 V/, power classification via
SCCP protocol.

= USB 3.1 port, self-powered device (no power on
port).

= 10/ 100 Mbit/s Ethernet port.

= 10 Mbit/s SPE port.

=  Data transfer between USB 3.1 and 10 / 100 Mbit/s
Ethernet.

=  Data transfer between USB 3.1 and SPE (10 Mbit/s)

= Data transfer between SPE (10 Mbit/s) and
10 / 100 Mbit/s Ethernet.
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Magnetics

Interface LAN7800

> usB3.1

USB 3.1 Gen 1to
10/100/1000
Ethernet Controller

LAN 100BaseT
Transformer

In Figure 22 the top side of the PD board is shown. The SPoE
interface is located on the left-hand side. The connection can
be made either via a 3-pin plug-in terminal or an SPE
connector. The Ethernet and USB interfaces are located on
the right-hand side.
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Figure 22: Top side of the PD board.

PD-Interface to SPoE The only difference is that the PD separates the signal from
Figure 23 shows the SPoE interface of the PD, which is in the power supply, unlike the PSE, where the two components
principle identical to the PSE interface. signal and power supply are "mixed".
B D14, 18, 20, 21, 19, 31
L o
L1 Do BfsDasE o
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Figure 23: SPoE interface at PD side.

RDO41d | 2026/03/23 19|34
WURTH ELEKTRONIK eiSos www.we-online.com



REFERENCE DESIGN
RDO41 | Design of a Single Pair Ethernet System with Power over Data Lines (SPoE)

SPoE-PD controller and Power Supply

The supply current decoupled in the filter is fed to the power

supply system with the SPoE controller LTC9111, the

schematic is shown in Figure 24.

The Schottky diodes D1and D6 provide a "correction” of the
DC polarity. The MOSFET T2 isolates the output from the
input during SCCP classification. IC2 is the DC-DC buck
converter with spread spectrum, explained in the chapter 5.1
about the SPE already.

The filters marked with red boxes in the circuit diagram

decouple the circuit at high frequency and thus reduce EMC

interference caused by the controller and by the following

electronics.

= EMC - filters
= PD class classification

The classification of the PD class is set by the PINs 4, 5 and
10 at the controller, the table in Figure 24 shows the
corresponding PD class. Figure 25 shows a section of the
circuit shown in Figure 24. The MOSFETs T6 and T7 are for
the low side power rectification, SNS1and SNS2 are the port
voltage sense before the power rectification for the SCCP and
state machine voltage thresholds. T3 and T5 are used for the
SCCP signaling. R3 is the wire termination for damping
resonances, C2 blocks DC current.

C1 is an additional AC ripple attenuation, R9 with C32is a
snubber for damping resonance with the differential
inductance of the power coupling network. The total
capacitance (C1and C32) should be more than 150 nF, a too
small capacitance creates resonances with the parasitic
inductances of the system (magnetics, wires/cables).
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T
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Figure 24: PoE-PD power supply with controller LTC97171.

FBY
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o
B

Pk B \
= 500R @ 1 GOMFTZ 14
10nF o808 R3 PMEGI0020AELRX| RS9
0805 100R 40R2
2007 0805 (o} 1206
GND T 4mF
C2 0503 C32
4TnF 10y T 150nF
FBI2 0805 D6 1206 IN
PWR- A 100V Al 100V
o SUokia ooz 14
10nF 3A PMEG10020AELRX
0805 T
00V
GND 3
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oo 1ot
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MSOP-12.

Figure 25: Section on left-hand side of the circuit shown in Figure 24.
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The next figure (Figure 26) shows the right-hand side of the
circuit shown in Figure 24.

To DC-DC
controller
T2 PSMNO075-100MSEX .’_M
LFPAK33 FB10 PWR OUT
a1 Y . 4
I 300R@100MHz
W C96 | C97
i 100nF 100nF
X7R X7R
0603 0603
GND100V  GND100V
IN GATE OUT
—— SNs1
R10 R13
— SNs2 10k 3R3
0603 1206
— scep eNn —X |34 == =+ (35
220F 47uF
0805 50V
100V
—— LGATE1 STBY
CLASSC
—— LGATE2 CLASSV
L _c36
GND T 2.2F
0805
e o 63V
LTCI11RMSE &)
MSOP-12 [

GND
Figure 26: Section on right-hand side of the circuit shown in

Figure 24.

FB10 and C96/C97 is the already mentioned EMC filter, for
attenuation of AC dynamics, compensation of large transient
load changes and buffering energy supply fluctuations from
the PSE. R13 with C35 have been implemented as a bypass
filter.

+

3 +3V3

R10 with C34 form a low pass for smoother switching of the
Gate of the MOSFET T2.

Ethernet PHY at PD side

The controller ADIN1100 has already been described in the
chapter 5.1 on the PSE the circuit diagram for the PD side is
shown in Figure 27.

Here are just a few additional comments on the circuit
diagram. Like most highly integrated controllers, this one also
has several supply connections. These should be individually
blocked or buffered with capacitors as close as possible to the
PINs. Furthermore, as here with the FB1, the IC supply should
be decoupled from the voltage system via an inductor (SMT
ferrite, RFI inductor) so that interference signals generated by
the controller are kept away from other circuits. Which
inductor is best suited here is explained in detail in Application
Note ANP 129, which can be downloaded from the WE

homepage.

+3v3

Noise decoupling of the analogue { LeD LED = LED : 10 BASE-TAL transmit amplitude 2.4 V
voltage AVDD_H and AVDD_L o2 Erad : -
4 - - Yellow Green = LED : 10 BASE-T1L link up/ activity
e ez o = S1: HW-configuration
0603 | 0603 0603
3
P4
Re4 SIXD S 3
- T X0 2
QozurlNo>y, 19
Z_CH ol o'0B o ADINI100CCPZ
/B oA aE
o HF.?Z Eégﬂ‘#%ﬂg‘é LFCSP-40
J5 £ 8
g° o =
3 < 9 GND
E] e — T
»— DNC = TXD_1 TXD_1
™N 00 XD 0
RXN TX_CLKITXC TX CIK
RXP TX_ENTX_CTL TXEN
™ TX_El TXER ;
—] AvDD_H VooID —— > To LAN switch
AVDD_H RX_ERMACIF_SEL1 RCER
n 4 one RX_DVIRX_CTLISWPD_J RX DV LAN9355 and to 51
CEXT 2 EX_CLKIRXCIMACIF_SELO RX CLK
H cexrs RXD_0/TX2 RXD 0
FB1 -2
3 v3 <R Yoo - 232 s avs
0805 B Tas
Less Loss Leso Lo Lee iz Lea Lce
Data channel 34 1000~ 100F =T~ 100nF ]~ 1uF ° 8‘8‘8‘ oo % 0ul =T 10nF =T~ 1000F
0603 | 0603 0603 | 0603 =8 0603 | 0603
23V | 16v 25V | 16V Zzzalz8S82% | 16v | 25v
GND  GND N> GND J( | D GND
RXD 1
RXD 2
RXD 3
—Lces L cea cés 7
=T 1000F T 10nF 680ni v
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v | 1ev 16V
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2
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D17
824012823
33V

@

Figure 27: S5chematic of Ethernet PHY at PD side.
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D7 N

ADIN1100 HARDWARE CONFIGURATION

S1

16
75

MDIO
management
interface

v |

824500500

D8

+3v3

MEDIA_CNV

ND  GND  GND MACIF_SEL1

4

418121270808

PHYAD_2

(*PHYAD_2 default=0 here)
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Figure 28 shows the setting options for the hardware configuration via the switches on S1.

Switch
wite Switch Name Position Description
Position|

ADIN1100 HARDWARE CONFIGURATION

MEDIA_CNV Media converter (only for RMIlinterface mode, not used on this board) S1 +3V3
2 MACIF_SEL1 On MAC Interface Select 1 b3 Re2— ! 6 1 vEbia ony
X ER 53 —1aK7 29951 MACIF SELI
3 SWPD_N On Software power-down XDV :{54E K7 == 7t sweb N
[==J e o
4 MACIF_SELO On MAC Interface Select 0 R o= (3¢ YACE SELO
1 [ R =
Transmit amplitude 2.4 V/ disable XD 57 (==1 4k 8 o [l § MS SEL
5 TX2P4_DIS Off - ) XD! RE8 == 4k7 O | J0_{ PHYAD 0
B (always turn this switch on if AVDD_H = 1.8 V) XD! 59 == 47 8 |, —— [9 ] PHYAD I
MS_SEL Off Master/slave select (used as preference for auto negotiation) 418121270808
7 PHYAD_O off PHY Address O f tinterface (MDIO) B FHYAD.2
_ ress O for management interface (*PHYAD, 2 defonltet here)
8 PHYAD_1 Off PHY Address 1 for management interface (MDIO)

Figure 28: Setting options for the HW-configuration via 5.

With regard to the layout, short and symmetrical 50 Q tracks
should be used in the 25 MHz crystal range, as shown in
Figure 29.

ResM W C58

Figure 29: Layout area around the crystal of the ADIN7100.

The area around the crystal and the decoupling capacitors
should be filled with GND, which should then be plated
through several times to the GND layer so that it does not
float.

L

NS
é >
Note: ~ & %
0OSCVSS need to connect to Chip GND § =5
C82|| 15pF 2 a8
| [a)a)
GND >>
~ - _—
I/ v3 »— OSCVDD12
LN PV o5¢]
- 0OSCO
<+ I— GND|—— 0OSCvSsSs
GND _
cs3llTspr ‘ REG_EN

Figure 30: 25 MHz crystal oscillator of the LAN switch LAN9355.
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LAN switch and Ethernet port at PD side

The circuit diagrams are identical to those of the PSE but let
us say a few words about the power supply circuit around the
switch. The LAN switch LAN9S355 has two internal voltage
regulators:

= (ore regulator for the main core digital logic, the I/0
pads, PHYs' digital logic and for the PHY analogue
sections.

= Regulator for the internal oscillator.

The internal DC-DC regulators can be activated via the
REG_EN pin (7). Accordingly, a voltage of 1.2 VV is applied to
the VDDCR (6) and OSCVDD12 (3) outputs (Figure 30).

Additionally, there are five different voltage supply sections to
be connected and decoupled to each other. For an overview of
the power supply connections refer to Figure 31.

The LAN switch also has a 25 MHz crystal whose layout area
must be carefully designed (Figure 31). See also the
description of the Ethernet PHY ADIN1100 here.

The rules for the component selection are the same as
mentioned in the chapter about the Ethernet PHY ADIN1100.

Y3: WE-XTAL 830055299
25.0 MHz 30 ppm 3.2 x 2.5 mm

+3V3

A

~ 0 foa) = — o

o o o o [ [

O Of Of O] O ©

o© [sa) [sa) (s [sa) [sa)

el e el e e

S| SO|e S|e S| S|e S|

e
ND
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FB2, &4, 5, 6: WE-CBF 742792031 To back up voltage drops
and buffer transients from
the PoDL cable supply (from PSE)
FB2

N
HVIS—300R@I00MHZ] C77
0805

100nF

3A X7R
0603 VDDCR TP5
FB4 GND25V VDD}}[;FXRXZ A ?

V3 300R@I00MHZ]_C78 1 1 %

0805 100nF

3A X7R
0603

FB6 GND25V vnmsl;r) RX1

V3 300R@I00MTZ]_C79 ]

0805 100nF
3A X7R
0603

GND25V

FB5
300R@100MHz
0805

3A

+
S
<
<
+
)
<
<

C80 C81
100nF

_]_ 100nF
X7R X7R
0603 0603

GND25V  GND25V

vDD33 p—m-
=i
—

5Y 23 53838 gBE &Y
o8 A8oao QOO
§ Er B9 88888 g5 a3
2| °c 338 ¢ 8¢S
o2 = oss 7
mg%m@gﬁa
e
SEEsE
GND
Figure 31: Power supply connections of the LAN switch LAN9355.
Regarding the Ethernet port (Figure 32), C85 to C88 R164 (number 1) should be a 0 Q resistor otherwise in case of
capacitors for HF attenuation (number 4) are also provided, a ferrite bead to the controllers internal DC voltage causes
same as in the schematic of the PSE. The capacitors C126, EMI issues. R77 to R80 (number 3) are firstly for the power
C45, C52 and €89 (number 2) block the RF signals against supply of the push-pull drivers in the LANS355 and secondly
GND to provide a clean current for the current mode load for the respective impedance termination of 50 Q, i.e.2 x 50 Q
resistors (number 3). balanced to GND. Accordingly, the Ethernet conductor paths
must also be designed symmetrically with an impedance of
2 x50 Q toground, i.e. 100 Q to each other.
(FB7)l  EEE—
T
TOm® NV R Intergated LAN-Transformer
°“%%k@@%@% WE-RIGSLAN 10/100BaseT
0805 0603 0603 0603 0603 0603 0603 0603 74990112116A
F stk &
3DENA FXSDA/FXLOSA :IRBZ
oads OO
TXNA =
TXPA
RXNA
RXPA
T = ]
] S
R88
31 431 — Y_LED
szexc] 1, Mt mal
X X X ) 5 3
74990112116A
- ﬁ R90 [ Re1 . l | mibuibendh I nPwdbedbadiudh B
2 AEEE Bl e VAP
o X DT,
| Lanosss B & ™ o ' tow aw ' -
WE-TVS, 824014885 (AR I PN
TVS-Diode, Super Speed series | X | |ITBE —ITBE |
VAN TR,
122 _nZ_ 27
RF decoupling (00 or FB up to 3000Q) B Impedance matching and Pull-Up for current mode ARSI TR 0 0.1uF
ﬂ RF grounding RF filtering
Figure 32: Ethernet port of the PD, with LAN switch LANS355.
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be made here to this section of the document about the PSE.
For reference the schematic of the Ethernet — USB 3.1. bridge
is shown in Figure 33.

Ethernet — USB 3.1 bridge at PD side

The section is identical to that of the SPE, and the component

designations have also been adopted, so that reference can

ssTxp1

ssTxnt

ssRxp1

USB TYPE-C Port

SsRxm
sz
Ssg2
ssmz
ssTip2

o
o

o
o

2= usini

PSU-part of
LAN7800

Option (skip magnetic)

AP

voovARID
VDDVARID
VDDVARID
vop3sA

voDz5n
VoDz5A
VDDZ5A
VoDz5A

VoDI2CORE
voDizA
voDizA
voDI2CORE

voDIzA

VoD12_SW_FB

VoD_SW_IN

VoD12_SW_ouT

VDD3:_REG_IN

VDD25 REG_OUT

VSSIFLAG)

cor B —=
& S0 — s
TXAN g
saur e
Saie
war
s
wcnpiace PN
s [is [Jeiss [Jrise
Jox s [Jiors [Jiors
O3 Toss Toss Toms Toms
o
Veus_DET TR LI Fou
TRo J G
usez pe — —toad 22l oo | To LAN
Use D ®ip g .
TRIN xt- or. switch
usea e 0355
LSBT TR2e [ .
T R e o5
usa e J
USBo0m TP [ ol 2L o [ 4
TRIN X ]
x o2
RESET NPHE CLEAR 12 Tovaorion
ReE RexT i )
Rer_pir [——CH oo Magnetics for
x i
P NGPIos | —EME NCONNECT impedance
SusPEND_NLED2IGRIOS [——LED25¢ matching
Loon riso[ Tris
o0 LED3 Gpiop [—LEDY 5 Wi eyl
Gaos | o005
USBRBIAS. PME_MODE/GPIO7 [—LME MODE o rpy
Test @b @b ab ab oo

rit Lz
r2x [ Jrox
]

P
EEDIGPIO1

DOLEDOIGPI02
EECLKLEDIIGPIOS

Figure 33: Schematic, Ethernet — USB 3. 1. bridge at PD side.

In case of a metal housing again R1 should not be placed,
R19, VAR2 and C19 should be placed like shown in the
schematic. In the end the assembly variants depend on the
overall system and need to be tested in the EMC lab with the

For the layout, which differs a bit from the PSE, some hints
should be given regarding the GND/SGND configuration. As
shown in Figure 34, the shielding concept may be configured
in dependance of the housing. In case of a plastic housing R19
and C19 should be 0 Q-resistors, C108 and VAR2 can remain

unpopulated.

whole product.

C
' o Al enD [ {
e ; 0000 :r
1 GND C = il
VAR2 c19 clos | =12 Gnp QO ol
Seet . . cc
82551600 10nF 10nF SH1 SH1 cc
1206 1206 1206 [SH2 | oy
100V 100V S :3 SH3 SBL
= SH4 SBL
SGND ND
USB-C Receptacle
SGND
e e
\®; e
Hl R18 H R18 R22 — SGND
= S I O I I ehalenk T eetenatet T
GND GND GND 1 1 ] ] | | ] I\
@ ! ! 'X :
o ' GJN-D l lGJN-D GJN_D l
) X = 1 T — I T L
0805
GJN_D GND ' . ' I t
1 h |
@ e b @ )
HS —-—— — —— ———
4.7uF / 10uF 470pF to 0.1uF SGND

Figure 34: Layout of the USB 3.1 interface area at PD side.
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6. INSTALLATION, SET-UP DESCRIPTION

6.1 Equipment to prepare

= 1 xPSE board

= 1 xPDboard

= 1 x USB-to-serial adapter with cable
= 1 x WiFi-router

= 1xPC/NB

= 1 x LAN/Ethernet cable

= 1 xUSB3.2type Cto type A cable

6.2 Setup the WiFi-router and connect to internet

6.3 Setup the PSE board

1. Connect power +24 \/ to X4.
2. Connect PSE board to router via LAN cable.
Connect USB-to-serial adapter with cable to X9.

adapter
to PC

power

mx’ @'z
e

L E

133dX3 N0A
NVYHL 3HOW

Router

HUOLYOIF Y
P'LA3Sd - 10
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6.4 Set up serial terminal on PC

1. Use "Tera Term” or any similar terminal.

https://teratermproject.github.io/index-en.html

Tera Term

2. After opened Tera Term, select COM port to “USB-
SERIAL" then click "OK"

5<f Tera Term: New connection

OTCP{IP myhost.example.com
History
Telnet 22
SSH S8H2

Other
AUTO

@ Serial Port: [COM1: Communications Port (COM1) |
COM1: Communications Port (COM1
COM3: USB-SERIAL CH340 [COM3)
COMS: Standard Serial over Bluetooth link [COM5)
COM10: Standard Serial over Bluetooth link [COM10)
COM11: Standard Serial over Bluetooth link [COM11)

3. Selecttap "Setup” and then “Serial port”

¥ COM3 - Tera Term VT - O
File Edit Setup | Control Window Help
Terminal...

Window...

Font

Keyboard...

Serial port...
Proxy..

SSH...

SSH Authentication...
S5H Forwarding...
SSH KeyGenerator...
TCR/IP...
General...

Additional settings...

Save setup...
Restore setup...
Setup directory...

Load key map..

4. Select speedto “115200" then click “New setting”.

SetU Tera Term: Serial port setup and connection X

Cancel

Port: COM3

Speed: 9600|

. 110

Data: 200

600

1200

Stop bits: 2400 Help
4800

Flow control: 9600
14400
19200

Parity:

Transmit

EI msed/line

L CH340 (COM3)
w9&PID_7523162D0DC2F0&0¢

Device Friendly Na

Device Instance 1D:'vow —
Device Manufacturer: wch.cn
Provider Name: wch.cn

Driver Date: 1-30-2019
Driver Version: 3.5.2019.1

<
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71 COMS3 - Tera Term VT
File Edit | Setup | Control Window Help
Terminal...

Window...

Font
Keyboard
Serial port.

Proxy.

SSH.

SSH Authentication...
SSH Forwarding...
SSH KeyGenerstor...
TCP/IP...

General...

Additional settings..
Save setup.

Restore setup,

Setup directory.

Load key map...

Tera Term: Terminal setup

Terminal size New-line

5. Select tap "Setup” and then “Terminal”.

6. At "Receiver”, select "AUTO" then click "OK".

x Receive: [CR

Term size = win size Transmit: |C

Auto window resize LF

R
CR+LF

Terminal ID:  ¥T100 ~ [ Local echo

Answerback: || Clauto switch VT<->TEK]

Coding [transmif)

Coding [receive]

UTF8 UTF8
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6.5 Power on the PSE board (+24 V)

If the settings are correct, the serial terminal will print-out the status as below. The message shows that the PSE works in

SCCP mode, no PD device connected.

M COM3 - Tera Term VT
File Edit Setup Control Window Help

rogram started

ow port iz in Disabhle state

ain Task SCCPF Mode

annot detect the valid signature,. do sccp classification
PD NOT present

annot detect the valid signature,. do sccp classification
PD HOT present

6.6 Connect the PD board to the PSE

1. Connect X2 of both boards via SPE-cable
or alternatively:

2. Connect X3 of both boards via 2 wire cable, like shown in the figure below.

RDO41d | 2026/03/23
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27|34
www.we-online.com




REFERENCE DESIGN
RDO41 | Design of a Single Pair Ethernet System with Power over Data Lines (SPoE)

3. If the power +24 V from the PSE board is supplied to the PD board correctly, LED D20 (PRTPWRO) on PSE board (left
figure) will light-up, LED D5 (+3.3 V) on PD board (right figure) will light-up
N

R
%

O

and serial terminal will show the status as on the figure below.

T COM3 - Tera Term VT — O X

File Edit Setup Control Window Help

Program started
Mow port iz in Disable state

detect the valid signature. do sccp classification
present
detect the valid signature. do sccp classification
present
detect the valid signature. do sccp classification
read
read
read

PD present

scratchpad = BxCAA3,. class = BxBAA3 CRC = BxFY?

PSE class = 12, PD class =

Compatible = 1

PESE and PD have compatible class

Complete power up port

iEEE—BB2.3cg Classification Done

RDO41d | 2026/03/23 28|34
WURTH ELEKTRONIK eiSos www.we-online.com



REFERENCE DESIGN
RDO41 | Design of a Single Pair Ethernet System with Power over Data Lines (SPoE)

6.7 Connect PD board to PC

= \/ia LAN cable
1. Connecta LAN cable between PD board and PC.

1J3dX3 NOA
NYHL JHOW
INOHLNETE

LAN cable

HuonNe(3 YUDM
€1A ad - Naod

2. Checkif the PC can get the IP address from the router.

| § & | Network Connection Details X
General Metwork Connection Details
Connection Praperty Value 2
IPv4 Connectivity: Internet Comnection-gpeciic DN...
[Pv6 Connectivity: Intemet Description Realtek PCle GbE Family Cortroller #
Physical Address 9C-6B-00-18-5C-70
Media State: Enabled DHCP Enabled Yes
Duration: 00:02:07 |Pv4 Address 152.168.1.122
Speed: 100.0 Mbps IPw4 Subnet Mask 255 255 2550
Lease Obtained 03 February 2024 01:46:51
IEEEo Lease Expires 10 February 2024 01:55:39
|Pv4 Default Gateway 192168.11
IPw4 DHCP Server 152.168.1.1
Activity IPv4 DNS Servers 115.178.58.10
- 115.178.58.26
Sent — .L- ——  Received 192.168.1.1
T IPu4 WINS Server
Bytes: 1,973,531 I 5,440,861 NetBIOS over Tepip En...  Yes
IPw6 Address 2405:5800:6900:58bd: 76dc:713b efc
e P i — 5
) Properties D Disable Diagnose
Close
.

= \/ia USB-C cable.
1. Connectan USB 3.2 type C to type A cable between PD board and PC.

133dX3 NOA
I}

HL JHON

USB cable
to PC

AUOIPIBIT YHOM
£'1A Qd - 1aod

]

RDO41d | 2026/03/23 29|34
WURTH ELEKTRONIK eiSos www.we-online.com



REFERENCE DESIGN
RDO41 | Design of a Single Pair Ethernet System with Power over Data Lines (SPoE)

2. OnPC, open the Device Manager to make sure if the PD board is connected and works properly.

i Device Manage — O X

File Action View Help
e D HE =
[ Monitors ~
v [P Network adapters
Bluetooth Device fPersonalAﬂ W etwiork)
[ LANT20D USB 3.0 to Ethernet 10/100/1000 Adapter I
Realtek 2811CU Wireless LAN 802.11ac USB MIC
P Realtek PCle GBE Family Controller
? WAN Miniport (IKEvZ)
? WAN Minipert (IP]
? WAN Minipert (IPvE)
? WAN Miniport (L2TP)
I WAN Minipert (Netwark Menitor)
? WAN Minipert (PPPOE)
? WAN Miniport (PPTP)
! WAN Minipert (SSTP)

3. Open "Network connections” and make sure that the PC connects to the “LAN7800 USB 3.0 to Ethernet
10/ 100/ 1000 Adapter”.

&/ Network Connections

- O x
4 & Control Panel > Metwork and Internet > Network Connections v|®| | SearchNetwork Connections 0
Organize +  Disablethis network device  Diagnose this connection  Renamethis connection - O @
[ W g\uetwthetwwkCunnEctmn Ny Ghems2 W
_ > Network cable unplugged S5 Enabled
X & Notconnected % @7 Realtek PCle GbE Family Cont... ] e v
= | Ehemetd
..:5 cream_choc 246

@7 LANTE0D USB 30 to Ethemet ...

4. Checkifthe PC can get an IP address from the router.

@ Ethernet 4 Status | Metwork Connection Details X
General Network Connection Detais
Pr Val 2
Connection cmpert:‘ i DN e
] onnection specic
IPv4 C tivity: Internet
v Comnecthiy e Desciption LAN7800 USB 3.0to Ethemet 10/10(
| IPv6 Connectivity: Internet Physical Aderess 00-80:0F-1170:00
Media State: Enabled DHCP Enabled Yes
Duration: 00:04:59 Py4 Address 182.168.1.123
Speed: 100.0 Mps P4 Subnet Mask 255.255.255.0
Lease Obtained 09 February 2024 02:02:13
Detals... Lease Expires 10 February 2024 02:02:11
Pu4 Defauk Gateway 15216811
IPy4 DHCF Server 192.168.1.1
Activity Py4 DNS Servers 115.17858.10
. 115.17858.26
sent — gl Recered 18218311
et Pv4 WINS Server
fytes: 529,287 585,458 NetBIOS aver Tepip En... Yes
Py6 Address 2405:9800b300-56bd 73c-ea82act ,,
Wproperties || E)Disable Diagnose
Close

5. Open any internet browser and check if the internet connection works.
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6.8 PSE and PD HW-Configurations

PSE and PD On-Board Dip-Switch for HW configuration (S1)

Switch Position Switch Name Description
1 MEDIA_CNV Off Media converter (only for RMIl interface mode, not used on this board)
2 MACIF _SEL1 On MAC Interface Select 1
3 SWPD_N On Software power-down
4 MACIF_SELO On MAC Interface Select 0
5 TX2P4_DIS Off Transmit amplitude 2.4 V disable (always turn this switch on if AVDD_H = 1.8 V)
6 MS_SEL Off Master/slave select (used as preference for auto negotiation)
7 PHYAD_O Off PHY Address 0 for management interface (MDIO)
8 PHYAD_1 Off PHY Address 1 for management interface (MDIO)

PSE On-Board LEDs status

Name ‘ Designator ‘ Color Description
Power D5 Green +3V3 Power on

PoDL D20 Green Port0 Power Good (+24 \/ Output)

SPE D23 Yellow In firmware managed modes: 10BASE-T1L transmit amplitude 2.4
SPE D24 Green 10BASE-T1L link up/activity

ETH D27 Green Port1 status (Gigabit to USB-C converter): Speed
ETH D28 Green Port1 status (Gigabit to USB-C converter): Link/Act
RJ45 X7 Yellow Port2 status (Lan): Speed

RJ45 X7 Green Port2 status (Lan): Link/Act

MCU D21 Blue User LED

Reset D25 Red SPE Communication & Ethernet Reset status

PD On-Board LEDs status

Name ‘ Designator ‘ Color Description
Power D5 Green +3V3 Power on

SPE D23 Yellow In firmware managed modes: 10BASE-T1L transmit amplitude 2.4 V
SPE D24 Green 10BASE-T1L link up/activity

ETH D27 Green Port1 status (Gigabit to USB-C converter): Speed

ETH D28 Green Port1 status (Gigabit to USB-C converter): Link/Act

RJ45 X7 Yellow Port2 status (Lan): Speed

RJ45 X7 Green Port2 status (Lan): Link/Act

Reset D25 Red SPE Communication & Ethernet Reset status

Further information

For further information about the system set-up and EMC tests please refer to the Application Note ANP141 available for
download at the Wirth Elektronik Home Page.
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A APPENDIX

A.1 References
1 GB Ethernet design: RDO16

[2 GB Ethernet design with PoE: RD022

Bl Links to Description of the Firmware, Altium Job Files:

RDO41
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