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1. INTRODUCTION

The "GB PoE+ - Ethernet-USB" adapter was developed on the
basis of the reference design "GB-Ethernet-USB Adapter”,
which operates without Power over Ethernet (PoE). The
adapter without PoE is described in detail in Application Note
RDO16; the electromagnetic compatibility tests can be found
in Application Note ANP116.

The "GB PoE+ - Ethernet-USB" adapter has three interfaces,
one USB Type-C™ (USB 3.1), one RJ45/Ethernet 1 Gigabit
interface with integrated Power-over-Ethernet (PoE+) supply,
and one terminal to the DC/DC converter with an adjustable
output voltage of 6 — 18 \V and a maximum output power of
25 W. The board was developed to familiarize users with PoE
technology. As with the design without PoE, the bit error rate
and transmission speed can be investigated using a Windows
application. In addition, the user also has an optimized circuit
design and layout, for both the USB 3.1 and the GB-PoE
Ethernet interface.

WE

2. THE INTERFACE

2.1 Gigabit Power over Ethernet (PoE) interface -
technology, signals

The aspects of signal transmission, data rate, bandwidth and
error correction at T000BASE-T are described in Application
Note RDO16. This is complemented here with a detailed
explanation on the “Power over Ethernet” power supply.

Power over Ethernet (PoE) is generally specified for systems
with @ maximum supply voltage of 57 Voc and consumer-side
power up to 73 W. At the moment of switch-on, the voltage is
>42 \/. In normal operation, itis in the range of 36 to 57 V.
However, there are different power classes, which are also
designated or abbreviated differently:

= |EEE 802.3af (PoE) provides 15 W output power or up to
12.95 W at the terminal device.

= |EEE 802.3at (PoE+) provides 30 W output power or up to
25.5 W at the terminal device.

= |EEE 802.3bt (4PPoE) provides 90 W output power or up
to 71.3 W at the terminal device.

= |EEE 802.3bu (PoDL) for single-pair Ethernet

Table 1 below shows an overview of the characteristic data.

Max. output
current
: : Output ) Max. Power Max. Power Max. cable
Standard Designation during ;
Voltage (V) : at PSE (W) at PD (W) resistance (Q)
operation
(mA)

0 15.4 0.44 - 12.95
1 IEEE PoE 4.0 0.44 — 384 From Max. 20 Q per

) 36-57 350 ) )
2 802.3af (2 pairs) 7.0 3.84 - 6.49 Cat-30on wire pair
3 15.4 6.49 - 12.95

IEEE PoE+ From Max. 12.5 Q per
4 ) 42.5-57 600 30 12.95 - 25.50 ) )
802.3at (2 or 4 pairs) Cat-50on wire pair
5 Type 3 45 40 2.
i 425-57 2600 Max. 12.5 @ per

6 IEEE (4 pairs) 60 51 From wire pair or 6.25 Q
7 802.3bt Type 4 75 62 Cat-50n | for two pairs with

) 42.5-57 2-960
8 (4 pairs) 90 - 100 73 4PPoE

Table 1: Overview of the most important characteristic data of the Ethernet standards and the associated classes
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PoE systems encompass Power Sourcing Equipment (PSE)
and the Powered Device (PD, load) and have a recommended
maximum cable length of 100 m. Due to the small conductor
cross-sections, long cable lengths and low system voltage,
there is significant power loss in the cable, which can lead to a
poor system efficiency. For example, at Class 4, 25.5 W can be
drawn at the PD, at 100 m length the line can have up to

12.5 Q loop resistance, and a maximum current of 600 mA is
permitted. This results in up to 4.5 W power loss in the cable,
which equates to an efficiency of just 82%!

PoE is specified in the IEEE 802.3af-2003 standards (Section
33in IEEE 802.3-2005) or the 2009 update, IEEE 802.3at.
Different power supply techniques are used depending on the
system.

= Phantom power supply: Power transmission is via the
signal-carrying wire pairs.
= Spare-pair power supply Power transmission is via the

unused wire pairs.

In conventional 10BASE-T and T00BASE-TX Ethernet, only
two of the four wire pairs are used for data transmission. The
other two free wire pairs can be used for PoE (power). Data is
transmitted via one path, power via the other, which
corresponds to “spare pair power supply”

When PoE was first introduced, it was the safest way (Table 2
below), to transmit data and power simultaneously via one

cable.
Speed
Ethernet PoE
(Mbit/s)
: : : : 2 pairs 2 pairs
Lpefp g (& wires)
| | I I 10/100
| | I | 1,2 4,5
123 45/6|7 3,6 7,8
4 pairs 4 pairs
: : : : (8 wires)
Fprpnrgi 10/100/ 1,2 1,2
A HE 1000 3,6 3,6
1234567 4,5 4,5
7.8 7.8

Table 2: Wire configuration in the Ethernet cable for TOBASE-T,

TO00BASE-TX and 1000BASE-T (Gigabit Ethernet)

In the case of T000BASE-T (Gigabit Ethernet), all four pairs

are used for data transmission. Here, the data and power are

transmitted via the same wire pairs (Table 2 above), so this

corresponds to the “phantom power supply”. This method is
possible here, because with Ethernet over twisted pair cables,
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differential data transmission takes place over each pair with
decoupling via a transformer. The signal transmission itself
does not differ from transmission without PoE; the data rates
and signal amplitudes are the same.

2.2 Gigabit Ethernet interface with PoE interface
structure

The “GB PoE+ - Ethernet-USB" adapter works according to
the IEEE 802.3at standard (PoE+) with up to 25.5 W at the
PD. Figure 1 shows the basic circuit of a PoE+ system.

Switch/ Hub, Power
Source Equipment (PSE)

Data E
processsing

and <
power source E

—— Negative voltage ——

Powered Device (PD)

"""" g Data
processsing

< and

g power load

Positive voltage

Figure 1: Basic circuit of a systern according to IEEE 802.3at or PoE+

The DC supply and load connections can be taken from the
center taps of the transformers on both the PSE and PD
sides. Each wire pair operates in common mode through the
center taps as one side of the DC power supply (plus or
minus), so two pairs are required to complete the circuit. The
polarity of the DC supply is not important, as rectification is
provided on the PD side. The powered device must be
operated with one of the two pairs: Spare pairs 4-5 and 7-8
or data pairs 1-2 and 3-6.

2.3 Power-up process, PoE detection

Before the PSE (Power Sourcing Equipment) supplies power,
it must first classify the terminal device. Damage to non-PoE-
capable terminal devices is avoided this way and the power
provided by the PSE is limited to the necessary power by
classifying the PD (Powered Device) to limit damage. The
power source of the PSE uses a classification current and a
low voltage to determine whether the terminal device is PoE-
capable at all and then which class it belongs to.

2|20
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Depending on the terminal device, an exchange of information
(handshake procedure) is therefore necessary between the
power source and the terminal device, whereby the terminal
device communicates its PD class.

In order to distinguish PoE-capable terminal devices from
unsuitable ones in the first step, a process called "resistive
power discovery" is used in the PoE power source. A PoE-
capable terminal device has an input circuit with passive
components for this purpose. The PSE current source checks
the internal resistance of this PD circuit with a measuring
circuit. If the resistance is between 19 kQ and 26.5 kQ and the
line has a capacitance of = 150 nF, the power supply is
activated. In a second detection phase, the performance class
is determined (Table 1). Here the PD is supplied with a rising
voltage until it signals to which of the four performance
classes defined in the 802.3af standard it belongs. The correct
power is then supplied. This detection takes about one
second in total. To prevent damage to terminal devices, the
PSE automatically turns off power to the relevant port as
soon as a PD is removed from the LAN. The power-up
process is shown graphically in Figure 2, the power-up steps
with the associated process and voltage range in Table 3.

Detection, Classification, Turn ON

PSE Voltage (V)

57 4—————— For the [EEE 80230t |~ — e
| standard for Type 3 and Type ll .
| 4, several classification steps , |  Operating
| take place here I | voltage range
6 4 —|—————— o T ——— :
| 1 S | | IOperatlonaI phase
T
[ -7 |
[ I & | |
[w} Classificat
145-205 o —|— — — — — —| 4= |__J__ ___I_VDE;::é:amn
| Detection | I | |
(19 - 26.5k0)
' oy |
27-101 _I - I I ————I— Test voltage
B | | T i 3
1 T T f >
| | > I Time (ms)

| Turn on rise time
for power,

depending on class

Turn on time for|
power ramp up |

| =3 Power up in PD

Figure 2: Power-up sequence for operation between PSE and PD.

Table 4 shows the breakdown of the classes (classification
according to Table 3) and the necessary loop current ranges
between PSE and PD for detecting or assigning the classes.
The gray lines, i.e., the intermediate values, are ignored by the
classification system.

Available power at the Classification current

Class PD (W) through PD (mA)
0 0.44 —12.96 0-5
Oor1 - >5and <8
1 0.44 —3.84 8-13
0,1o0r2 - >8and <16
2 3.84 - 6.49 16 - 21
0,20r3 - >21and <25
3 6.49 - 12.95 25-31
0,3or&4 - >31and <35
4 12.95 — 25.50 35-45
Oor4 - >45 and <51
0 = =51

Table 4: Division of the classes (classification according to Table 3)
and the associated necessary ranges of the loop currents between
the PSE and PD; intermediate values are [gnored; classification

current = defined load resistance through PD.

Power-up sequence Process Voltage range (V)
Detection Measuring the loop resistance 2.7-10.1
Measuring the classification resistance and
Classification determination of the power class (0-3) 145 -20.5
based on the classification current
Start-up Activate power supply >42
Operation With power supply activated 36-57

Table 3: Power-up sequence with the associated voltage ranges.
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With 802.3bt (PoE++), two new PoE types (Type 3 and

Type &) and four additional classes were introduced in
September 2018. The standard is completely backward
compatible with previous PoE standards to work with older
Type-1 and Type-2 devices without problems. The power
output was increased to 90 W - 100 W at a current of 600 mA
- 960 mA. All four wire pairs are required for the power supply
in this case in order to limit losses on the lines. In order to
keep the losses in the lines between PSE and PD low and also
to achieve the high data rate, high demands are placed on the
cables; an overview is shown in Table 5.

3. HARDWARE DESIGN

3.1 Block diagram of the PD interface

Figure 3 shows the block diagram of the PD interface, one of
four channels is shown. As far as the signal is concerned, the
circuitis identical to the interface without PoE. In order to
realize the power supply via the Ethernet cable to power the
device at the same time, some extensions to the circuitry
have to be implemented.

Magnetics Module

RJ45 (Transformer and CMC) PHY
. 1:1 ‘.
- T = DJ|[C = +
YE - == — | e
= O DG S —l —]
= 12nF7 100V |10 A —
750 w1 M2
H X1 750
— o2 o2
VDD_Pof] 41— oa o3 —
— X4 Y4 -T
POE 1nF/ 2KV
1nF/ 2KV
—_L_DGND 1 oono

= SGND = SGND

- Impedance: 100 Q differential, 50 Q to GND

Figure 3: Basic circuit of the GB-Ethernet interface with PoE: one of
the four channels is shown.

Another common-mode choke is added to the PHY (Ethernet
physical layer). This choke decouples the PHY-HF.
Interference going from the cable to the interface is in
common mode on the secondary side of the transformer.
When operating with PoE, the DC/DC converter generates

additional interference that can impair data transmission. The
CM2 choke in Figure 3 reduces this interference.

The CM1 and CM2 chokes are trifilar wound; i.e., all three
windings are on a common core to attenuate common-mode
interference. On the primary side to the cable, the center tap
of the transformer to decouple the supply current and the
Bob-Smith termination are also routed via the choke to
decouple the power supply from the Ethernet cable.

The trifilar winding structure achieves magnetic field
compensation, thus avoiding magnetization of the core by the
supply current. On the secondary side, the trifilar structure of
the CM 2 choke decouples the PHY in the high-frequency
range (typically above 10 kHz). Figure 4 shows the insertion
loss (S21) in common mode between J7/]8 (input at RJ45 jack)
to D3 pins (output at D4+/CD4/D4-). Measurement was
made at"1 Port RJ45 Through Hole 10/100/1000 Base-T,
AutoMDIX, Power-over-Ethernet+ (PoE+) Module,
WE-RJ45LAN HPLE, Order no: 7499511001A.

Raf 9.4 diim A tEd T HgE Mk A dim
-

Log WS HED dBm)
LT ] r M W00 NHz 3843 dBm)
Tree
LgPwr

Sinp 100 MHz
EWT 123.47 s

a5l
Biart 500 kg
REIW 100 kHI

Center 50,25 MHz

VI 100 kHE Span  BE.O MHE

Figure 4: Insertion loss 521 up to 500 MHz, of a channel according to
Figure 3 between input and output, measured with a network

analyzer (impedance 50 1)),

The insertion loss is at least 20 dB in the frequency range up
to 100 MHz and can thus effectively attenuate interference
typically in the frequency range between a few kHz and

50 MHz via the Ethernet cable.

Type 1 Type 2 Type 3 Type &
Name PoE PoE+ PoE++ High Power PoE
PoE standard IEEE 802.3af IEEE 802.3at IEEE 802.3bt IEEE 802.3bt
Pmax at one port (W) 15.4 30 60 100
Max. Power to PD (W) 12.95 25.5 51 73
Twisted pair used 2 pairs 2 pairs 4 pairs 4 pairs
Supported cables Cat5e Cat5e Cat6A Cat6A

Table 5: Overview of the PoE standards, with associated power per port, the wire pairs used and the cable categories.
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The measurement setup with spectrum analyzer is shown in

Figure 5.
S21via SA
O O
1:1
D WANS 17
:
DIIla U cable
AYY YL 8
4-12nF/ 100V
4-750
rectifiers [
0.001 pF/ 2KV ==
/47 shield

Figure 5: Measurement setup (schematic) for measuring the insertion
loss 5217 of a channel up to 100 MHz.

3.2 Basic setup of the primary-side power supply

The power supply for the PD (Powered Device) is decoupled
via the common mode chokes. The chokes prevent
attenuation of the useful signal. In Figure 6 the basic circuit is
shown.

" ™, TR,
-
B

Module 2

RJ45

TD.

T

TDur
TD.-

Module 3

Se__

~— SGND
VDD _PoE

1nF/2kV

— SGND

Figure 6: Basic circuit of the network for current decoupling.

Presentation of two out of four channels.

Four pairs of Diodes are arranged in parallel to the Bob-Smith
impedance termination to decouple the power supply from at
least two pairs of lines, depending on the supply topology.
The DC/DC converter is then supplied via the Diodes.

In Figure 7, the voltage from the Diode pairs then passes
through an EMI filter to the PoE DC/DC controller. The
controller uses flyback topology.

The power supply for the controller electronics must meet the
isolation requirements of IEEE 802.3-2005, Section 10,
Reference 4. To meet this requirement, the secondary side
“Vour” of the power supply system must be isolated from the
primary side (Ethernet cable) with a dielectric strength of at
least 1500 Vrws. The unregulated voltage passes to the EMI
filter, which attenuates high-frequency interference and
includes additional transient protection. The PoE DC/DC
controller regulates the input voltage (VDD/VSS), which is
galvanically isolated via the transformer (Figure 7). After the
rectifier, the regulated output voltage (Vour) is available. The
ground reference is isolated by a transformer; the ground
reference is "AGND" on the primary side of the transformer
and "GND" on the secondary side. Transformer no.
750311320 has a dielectric strength of 1,500 Vrus between
the primary and secondary sides. The feedback loop for
controlling the output voltage is galvanically isolated with an
optocoupler.

From TR, Ethernet
cable, wires 1, 2 P VDD_PoE
VOUT
Fr(;ll'n TR, Etgel;net > L PoE-
cable, wires 3, > :
EMI-Filter DC-DC
From TRy Ethernet > > ——»| Controller Ve
cable, wires 5, 6 4_
From TR; Ethernet \/SS_PoE
cable, wires 7,8 > ) aGnD _|
Optocoupler GND —L
4

Figure 7: Basic circuit of the power supply (PoE).
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The optocoupler WL-OCPT, no. 140356145100 used here
has an insulation dielectric strength of 3,750 Vrws. Figure 8

shows a schematic setup of the PCB with respect to the
galvanically isolated areas.

DC-DC
converter ‘

Port with
transformer and

cmc
. .

Figure 8: Schematic representation of the galvanically isolated areas
on the PCB.

4. DESIGN AND SETUP OF THE ADAPTER
BOARD

The GB Ethernet USB adapter with PoE was developed as an
“integrated variant”, so that in the area of the Ethernet
interface, the matching network and the inductance block
(consisting of common-mode chokes and transformers) are
integrated into the RJ-45 jack housing (Figure 9).

Figure 9: GB Ethernet USB adapter with PoE.

4.1 Block circuit

The Gigabit Ethernet controller LAN7800 USB 3.1 connects
the USB interface with the Ethernet interface, as a "bridge”
(Figure 10). So the signal adaptation and decoupling have to
be realized for switching the interfaces. The power supply
must be decoupled via the Ethernet cable and regulated with
a DC/DC controller. The DC/DC controller also handles the
detection and classification of the power device (PD). On the
USB side, a linear DC/DC controller (low drop regulator, LDO)
generates the 3.3 V supply voltage required for the LAN7800
and the EEPROM. The LAN7800 requires an additional 4 kbit
EEPROM for the firmware.

4.2 Circuitry, current flow in the adapter

The circuit of the complete adapter is shown in Figure 11 and
Figure 12. Figure 11 shows the USB and Ethernet interfaces
with the PoE rectifier section, the LAN7800 controller and the
small DC/DC controller for the 3.3 VV supply voltage. The
complete DC/DC converter is shown in Figure 12.

4USB Dat; 4USB Datal LAN7800 |« Ethernet Data > 2= =

USB C USB 3.1 USB3.1to 1GB ey
Port Filter Ethernet nt :
Controller ..

jH

|

Power | ;

_1_SGND : - from
PSE
4 Kbit
+3.3V power EEPROM v
to board ?
TLV75733
PDRVR DC-DC — AGND
DC-DC Converter
Controller
A Vour
1 _GND
Vour=6V =18V / 28 Wax
GND

Figure 10: Block diagram of the GB-Ethernet-USB adapter with Power over Ethernet (PoE) circuit diagram, current flow in the adapter.
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USB TYPE-C Port

3V3_Board
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Figure 11: Circuit of the GB Ethernet adapter with PoE, signal section.
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Figure 12: Circuit of the GB Ethernet adapter with PoE, DC/DC converter.
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4.3 USB-Ethernet controlle

The LAN7800 is a high-performance USB 3.1 to GB-Ethernet controller with integrated Ethernet-PHY. An external 4 kbit
EEPROM was connected for the onboard software. The circuit is shown in Figure 13 and Figure 14. The upper part of the

r

controller in the figure is the signal section, clocked with a 25-MHz quartz; the lower part is the controller's relatively complex

chip-internal power supply.

3V3_Board
R5
10k
0603 ICIA
VBUS_DET TROP
TRON
usB2_DP
usB2_DM TR1P
TRIN
USB3_TXDP
3V3_Board USB3_TXDM TR
USB3_RXDP
R6 USB3_RXDM TR3P
10k TR3N
0603
RESET_N/PME_CLEAR
REF_REXT
REF_FILT

X
PME_N/GPIO4

SUSPEND_N/LED2/GPIOS

Zum

Ethernet-

Ubertrager
R7

2k
0603

C29 TuF
16V

 — l
— 3V3_Board

GND

X0 LED3_GPIOB
USBRBIAS PME_MODE/GPIO7 ——— O TP1
TEST
EECS/GPIO0
EEDI'GPIO1
EEDO/LEDO/GPIO2
03 o o EECLK/LED1/GPIO3
8 LAN7800
vee  cs
a0 [ g NC CLK QFN-48 (7X7)
Cuo 8 orRG DI
=Ry VSS DO
10k 93AA66C-I/SN
0603 6C-|
9605 | o603 s R18
ok
0603
GND
GND
Figure 13: Circuit of the controller: Signal section.
VDD25
A
VDD12
A
ICIB vDDI2
VDD25A VDD12_SW_FB
VDD25A
VDD25A
VDD25A
FB3
120R 3V3?§%oard
0603 VDD12CORE VDD_SW_IN
2.0A
VDD12A
Lo N
1uF VDD12A VDD12_SW_OUT LN
XTR 3uH
o 15A cla cis cl6 c17
100nF ==220F == 100nF == 10uF
GNp'oY RORI2ECRE X7R X5R X7R X5R
3V3_Board 0603 0805 0603 0603
VDD12A VDD33_REG_IN cig 25V 6.3V 25V 63V
LuF GND
3V3_Board X7R
a VDD25 0603
VDDVARIO  VDD25_REG_OUT ﬁ e GND16V
VDDVARIO o
VDDVARIO o
0603
GNDI6V
VDD33A VSS(FLAG)
LAN7800
QFN-48 (7X7) GND

Figure 14: Circuit of the controller: On-board power supply. L4: 744046032033, WE-LQS SMT semi-shielded storage choke, FB3: 742792625,

WE-CBF SMT ferrite.
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4.4 USB 3.1 interface

The LAN7800 chip integrates a USB 3.1 SuperSpeed
controller with USB-PHY. The circuit diagram of the USB 3.1
interface with associated signal filter is shown in. The power
supply via the USB interface is not used here, because the
supply is via the Ethernet interface (PoE).

The circuit of the USB interface is described in detail in
Application Note RDO16. The following is a summary.

The data lines in the circuit diagram(Figure 15) are connected
with current-compensated chokes with TVS Diode arrays
against transient overvoltages. The PCB ground (GND) is
connected to the GND terminals of the cable at component
X1, but the connection is made to the package via a capacitor
(C19) and a resistor (R1). If the capacitor C19 is fitted, the
connection between GND and the package/shielding
connection is also high-frequency and low-impedance. If the
circuitis installed in a metal package, it may be advantageous
for improving EMC (emission and immunity) to fit an SMD
ferrite (e.g., 742792642) instead of C19. R1 is then omitted.
The connection remains galvanic via the package and the PCB
mounting holes.

The selection of filter components for the USB 3.1 signals is
critical. The following components were selected for the
circuit according to Figure 15:
= |2, L3: WE-CNSW-HF current-compensated SMT line
filter (high frequency), 7442335600
= |5: WE-CNSW current-compensated SMT line filter,
744232090
= D2, D3, D4: WE-TVS TVS-Diode - Super Speed,
824012823
= (7, (8: WCAP-CSGP ceramic capacitor 100V,
885012207128

The current-compensated choke in the USB 3.1 data lines
must not influence the useful signal if possible. The choke
used here has a differential-mode impedance of approx. 10 Q
at 500 MHz, so the influence at the super-speed data rate is
not too high yet. The common-mode impedance for
interference signal attenuation is 60 Q at 100 MHz and
increases to 140 Q at 1000 MHz.

For the USB 2.0 compatible signal pair, D- and D+, a
common-mode choke with higher impedance was chosen.
Choke L5, a WE-CNSW current-compensated SMT line filter,
has a differential-mode impedance of 30 Q at 500 MHz, at
100 MHz itis 100 Q, and at 1000 MHz it is already 350 Q. The
TVS Diode array used is the "WE-TVS TVS Diode - Super
Speed” array with no. 824012823.

X1
VBUS —x
VBUS —=
VBUS —= _
VBUS —X Lo 7442335600 C8 || 100nF
USB3TX1 P_1e 2
SSTXp1 - —
T USBSIXI N 4 o3 c7 HlOOnF
USB3RX1 N 4e 3
SSRXp1 —
USB TYPE-C Port SSRXn1 USBIRXI P 1 o 2
o o o I3 7442335600
SSRXn2 —x
SSRXp2 — )g
SSTXn2 — § % ;§ To the
SSTXp2 —=
' Controller
D5 2?224012823 “Lyenp D3
D- ’ 824012823 “L{GND
GND} GND
GND D-
bk G > Ls
::100nF[]R1 cc USBIDI N 4oy 3
X7R [ |330R USB2DI P_1 =— 2
0603 | 0603 o €2 —  Mre 1= o —
25V 5k1 744232090
o e ?? 0603 90R @ 100MI1z _
/77 GND
USB-C Receptacle
D4 -
824012823 “L{GND
Figure 15: Circuit diagram of the USB 3.1 interface.
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The coupling capacitors C7 and C8 in Figure 15 should have a
capacitance between 75 nF and 200 nF. It should also be
ensured that these coupling capacitors have sufficient
dielectric strength to drain any transmit overvoltages coming
from the interface to the downstream TVS Diode array
without causing damage.

The balanced USB signal traces have an impedance of 90 Q
(+/-15%). Typically, a trace width of 0.11 mm and spacing
between trace pairs of 0.13 mm should be maintained. All
USB 3.1 traces must be routed on one level of the board and
be referenced to a continuous ground plane. Vias and acute
angles should be avoided wherever possible. An SMD variant
should be selected for the USB jack in order to be able to
dispense with vias for the USB 3.1 signal lines. The layout for
this area is shown in Figure 16.

Figure 16: Layout, schematic representation of the USB 3.7 area.
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4.5 Ethernet interface

The Ethernet jack includes the transformers, the input and

output common-mode chokes, and the Bob-Smith

terminations. Figure 17 shows part of the circuit diagram.
CMC trifilar

WE-RJ45 LAN HPLE

74995110027 metal housing

————————] D1+ o, DQ .,
Secondary r R CT‘E%E.H. 0
termination —— D
D2+ . i } Ethernet port
L sy H a
D2-
D3+- o, DG o,
BRI CTZEZEEEBH B
D3-
D4+
e B
D4-
P13
Powerdecoupling{ b Bob-Smith
(PoE) P16 circuit
3
Ground/ Cassis

S

connection

Figure 17: Part of the circuit diagram of the Ethernet front end,

The transformer provides the functional galvanic isolation
between the device and the cable; the required isolation
voltage is 1,500 Vims. On the primary side, impedance
matching is achieved with the Bob-Smith network, on the
secondary side with 75-Q resistors. C1 provides galvanic
isolation to prevent equalizing currents between devices. On
the primary side, the supply voltage is decoupled via the
center taps of the transformers. The Ethernet module is
connected to "ground” via the S1 and S2 solder connections.
Depending on the ground concept, this connection can be
directly to a metal package or to the PCB ground (GND). For a
detailed explanation, please refer to Application Notes RDO16
and ANP116. The layout of the Ethernet interface area is
shown in Figure 18.

Shield ground

1GE-USBE Adapter with POE V1.3
Wilirth Elektronik

4 of the rectifiers
> to
DC-DC converter

a8

Dy,
S,
[:] j ‘

neocooe

o000

Signal pairs to PHY with TVS-
diodes arrays on bottom layer

Figure 18: Layout of the area around the Ethernet interface.
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Package/socket ground to the electronics GND is isolated in Figure 20 shows the layout extract and component
all four layers, the areas of the package ground do not overlap  placement.

with other layers. The ground planes are connected to each
other with vias with a pitch of approx. &4 mm. The Ethernet

signal pairs have a trace width of 0.154 mm and are spaced
0.125 mm apart. The TVS arrays must be connected directly
into the signal path and to GND so as to avoid a voltage drop
due to parasitic inductance. That is the reason why two arrays
were used here, which are not fully connected. An extract of

the circuit diagram is shown in Figure 19.

TROP.
TRON

RN

\

TRsP
TRIN

[—
REF_REXT &0

ot et T 0 WY

Py NGPIO!
SUSPEND_NILED2IGPIOS 3¢

Leos_apios | ———x V2 o

To the ethernet front end

PME_MODE/GPIO7 [ ———OTP1

A el o el Figure 20: Layout extract and component placement of the signal
% ZH path between the Ethernet front end and PHY.
il

|

Figure 19: Circuit diagram excerpt of the Ethernet signal feed with the 4,6 Power supply, Power-over-Ethernet (PoE)
TVS Diode arrays WE-TVS TVS Diode - Super Speed series,

0, 824014885 The power supply part of the board is constructed on the

basis of the TPS23754EVM-383 evaluation module from
Texas Instruments. The circuit is shown in Figure 21.

12120
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Figure 21: Circuit of the PoE power supply part.
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The TPS23754 controller ICis an IEEE 802.3at compliant PD
and power supply controller. The isolated push-pull converter
has a maximum output power of 25 W. The circuit features an
active snubber (T1) and a synchronous rectifier (T3, 4, 5, 7).
The galvanic isolation required by the standard is provided by
T2 (transformer, no. 750311320) and IC5 (optocoupler,
WL-OCPT no. 140356145100). The output voltage at X3 can
be adjusted between 6 V and 18V using the trimming resistor
VR1. The supply voltage comes from the Ethernet cable pairs,
decoupled via the transformer center taps and the trifler
common-mode chokes (Figure 17) and reaches the 8 Diodes
(Figure 21 bottom left). The Diodes are then used to route the
DC voltage to the filter stage and the controller. The layout
associated with the circuit is shown in Figure 22.

The green line in Figure 22 galvanically isolates the primary
from the secondary power supply area. The gaps and leakage
paths must be observed here, which comply with safety
standards such as IEC 62368. The two areas are isolated by
all four layers of the PCB with a copper layer / trace spacing of
1.5 mm. The required minimum spacing is determined
according to the gaps and leakage paths specified in IEC
62368, which have to be selected depending on

= the peak voltage, i.e., 1,500 Verr 2 2,120 Vpeax)
= insulation grade ("basic or supplementary insulation”)
= degree of contamination, as applicable

Output X3
Optocoupler

Transformer 4

Isolation

Figure 22: Circuit diagram of the USB 3.7 interface.
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Should higher insulation requirements be necessary due to
the application, the components and the isolation spacing
must be adapted accordingly!

In order to keep the interference emission of the DC/DC
converter low, some prerequisites for the layout have to be
observed:

= Generally keep signal lines at least 5 mm away from the
traces of the converter.

= Use wide traces or overlay copper fills in the power path.

= Minimize trace length throughout the power path. Keep
power path traces (incl. L1, T2, L6) away from low level
circuits.

= Keep the switching nodes around T6, T2 (pins 1/2), C45
(including heat dissipating surfaces) as small as possible
(minimize the area of the radiation loop).

= To keep the common-mode interference from the
controller IC4 to the Ethernet front end low, an extensive
filter with C53, L8, C71, C72 and C54 is provided
(Figure 28). SMD ferrites, which were originally intended,
are not sufficient in this regard. EMC design for the

evaluation
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4.7 EMC design for the evaluation

This test board, like the board without PoE (RDO16), has the
option of changing the ground system with the different
component placement locations. For example, connection of
the cable shield on the Ethernet side can be made using wire
bridges, capacitors, or SMD ferrites to evaluate the effect on
cable shield attenuation and bit error rate.

Figure 23 shows the positions of the "EMC components”. On
the top of the board there are component placement
locations that can connect the "digital ground” (GND) to the
package / shield ground. According to the circuit diagram in
Figure 24, the components are C36, C37, C38, C41, C42, C43,
(€73, C74,R1,C19, C75.

Figure 23: GB adapter, position of the "EMC components” on the top
of the board. According to the circuit diagram, (36, (37, (38, (41,
(42,043, (73,074, R1,C19, C75 in Figure 24.
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USB-C Receptacle ><

GND

Figure 24: Excerpt from the circuit diagram of the "EMC components”
on the top of the board according to Figure 23,

The capacitors and the resistor are viewed as “component
placement locations”, which can alternatively be assembled
with capacitors, SMD varistors, 0-Q resistors, or
combinations. It is also possible to leave unassembled. For a
detailed explanation, please refer to Application Note
ANP116.
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The underside of the assembly is shown in Figure 25, the

corresponding "EMC components” are marked here too.

Figure 25: GB adapter, position of the "EMC components” on the

Figure 26 and Figure 27 show the excerpt from the circuit
diagram for the components according to Figure 25.

The 75-Q resistors R3, RS, R10, and R13 with capacitor C1
(Figure 25) are the secondary side impedance termination to
the PHY; the capacitor provides blocking for DC currents that
may result from an offset of the PHY signal. The capacitor
must have a dielectric strength of 2 kV. The D6 and D7 TVS
Diode arrays protect the PHY from transient common-mode
interference. The ground reference here is the PHY (GND)!

The capacitor C32 (Figure 26) connects the primary side
ground (AGND) to the secondary side ground (GND) at the
DC/DC converter. This capacitor provides a low-impedance
return path for currents generated by the switching voltages
between the primary and secondary windings of transformer
T2. Without this low-impedance path, currents return from
the secondary side to ground via stray capacitances, resulting
in an increased conducted interference voltage. The rated
voltage of the capacitor must be at least equal to the isolation

derside. . .
undersige voltage of the transformer. A capacitance of about 2200 pF is
typically selected. C78 also capacitively connects AGND with
GND. But here there is an additional SMD ferrite connected in
series to attenuate an interference emission spectrum
resonant in the range 20 to 30 MHz.
X2
o1 7499511002A
D1+ O DIQ U
ll. R3 :|75R P12 T & |
0603 -% Q
D1- ¢

P10 |
P4
R9 — 75R PG
0603
—P5 |
P3|
R10— 75R __ P1
0603
P2 |
P8 |
R13—— 75R _ P7
0603
—P9 |

D2+—, 5

CT2.

0
D2-

D3+—, 5
CTr2—eY Y —
0

D3-

D4+ o 3
cT— 1 —
0

D4-

e Y
0

I I
| 4x12nF 100V T

ax75R

= o
(23] 1nF/2kV =

= o
»| o

| of <« w| o ~f «f o - <[ 0| o ~f «of ol
D7 o) D6 o
824014885 | 824014885 1
5V/0.5pF GND  5V/0.5pF ND

Figure 26: Excerpt from the circuit diagram, Part 1 the "EMC components” on the underside according to Figure 25.
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750311320
AGND

C78  rp4

| | | 22R@100MHz |
1nF

AGND

0805
2kV A

1210

GND

Figure 27: Excerpt from the circuit diagram, Part 2 the "EMC components” on the underside according to Figure 25.

The SMD ferrite WE-CBF 742792021 has an impedance of
approx. 4 Q in this frequency range. This impedance does not
affect the discharge of the interference current, but
attenuates the resonance effectively.

In Figure 28, in addition to the active snubber (circuit around
T1), an attenuated resonant circuit was connected between
T6/Drain and T6/Source (AGND) using C76, C77 and L9. This
circuit reduces an interference spectrum around approx.

23 MHz. The interference energy at MOSFET T6 is not high,
so the transistor does not heat up noticeably, but the
interference emission is still significantly reduced by about
6 dB. The excerpt from the circuit diagram and the
corresponding position of the components on the PCB are
shown in Figure 28.
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[ Sy —
=

Figure 28: Passive resonance snubber at switching transistor T6.
Circuit diagram and position on the PCB. L9: WE-LQS, 7440402047,
(76, C77: WCAP-CSGBP 885 0122 08 106..

To reduce common-mode interference, a highly effective filter
was integrated between the DC/DC converter and the Diode

array.
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Figure 29 shows the circuit diagram with the corresponding
detail on the PCB. C53 and C54 reduce differential-mode
interference, C71 and C72 reduce common-mode

interference.

DI§
SMAISSA
VSS_POE

==4.70F

Figure 29: Filter between the DC/DC converter and rectifier, current
flow and position on PCB.
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The WE-SL2 common-mode choke with an inductance of

1 mH per winding is important here, however. The choke's
pronounced resonant frequency is between 2 MHz and 8
MHz, yet the impedance is still 600 Q at 100 MHz, which is
sufficient for high filter insertion loss. By using a common-
mode choke, current compensation is achieved in the power
supply branch such that the ferrite core of the inductor does
not go into magnetic saturation, thus keeping the impedance
high and the component size small compared to having two
separate inductors.

4.8 Software

The functions of the software are identical to those in the
software on the board without PoE, so please refer to the
description in document RDO16.

4.9 EMC

The reference design was tested extensively in the company's
own EMC Iab. The results and a detailed description of the
setup and interference suppression tips can be found in
Application Note ANP122.
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A APPENDIX

A.1 Bill of material

Index Description Size Electrical Properties Part number
C1,C78 Ceramic capacitor 1210 1nF, 2KV, +/-10%, X7R 885342209009
C2,C65 Ceramic capacitor 1206 22 nF, 630V, +/-10%, X7R 885342208014

(3,C4,C5,C6,C10-C14
C16,C19, C21 - C24, C27, Ceramic capacitor 0603 100 nF, 25V, +/-10%, X7R 885012206071
(28, CL0
C7,C8 Ceramic capacitor 0402 100 nF, 25V, +/-20 %, X5R 885012105018
(9, €18, €20, €29, €33, ) .
60 Ceramic capacitor 0603 1pF, 16V, +/-10 %, X7R 885012206052

€15 Ceramic capacitor 0805 22 pF, 6.3V, +/-20 %, X5R 885012107005

C17,C26 Ceramic capacitor 0603 10 pF, 6.3V, +/-20 %, X5R 885012106006

25 Ceramic capacitor 0603 2.2 pF, 16V, +/-20 %, X5R 885012106018

(30, C31 Ceramic capacitor 0402 15 pF, 50V, +/-5 %, COG 885012005056
(32,073, C74 Ceramic capacitor 1812 2.2 nF, 2 kV, +/-10%, X7R 885342210002
(34, (54 Ceramic capacitor 0805 100 nF, 100V, +/-10% 885012207128
(35, C45 Ceramic capacitor 1210 1 pF, 100V, +/-10%, X7R 885012209069
C37,038,C42,C43 Ceramic capacitor 1206 TBE
(39, Ca4 Ceramic capacitor 8 mm - 10.5 mm 22 pF, 100V, +/-20% 865080853006

52 Ceramic capacitor 0603 100 pF, 50V, +/-10%, X7R 885012206077

53 Ceramic capacitor 0805 1nF, 100V, +/-10%, X7R 885012207116

(55 Electrolytic capacitor 6.3mm-7.7mm 100 pF, 16 V, +/-20% 865230345005

56 Ceramic capacitor 1210 22 pF, 25V, +/-20%, X5R 885012109014

57 Ceramic capacitor 0805 1pF, 25V, +/-10%, X7R 885382207003

€58 Electrolytic capacitor 50mm:55 mm 22 pF, 25V, +/-20% 865060442002

59 Ceramic capacitor 0603 47 pF, 50V, +/-5% 885012006055

61 Ceramic capacitor 0603 22 nF, 50V, +/-10% X7R 885012206091

62 Ceramic capacitor 0603 10 pF, 100V, +/-5%, COG 885012006073

Ce3 Ceramic capacitor 0603 15nF, 50V, +/-10%, X7R 885012206090

64 Ceramic capacitor 0805 1pF, 16V, +/-10%, X7R 885382207001

C71,C72 Ceramic capacitor 1812 4.7 nF, 2 kV, +/-10%, X7R 885342211008
C76,C77 Ceramic capacitor 1206 1nF, 100V, +/-10%, X7R 885012208106
D1,D8 -D14 Diode, Schottky SMA 100V, 1A
D2 -D4 Diode, TVS Super Speed DFN1210-6L 33V 824012823
D5, D25 LED 572NM GREEN SMD 0603 150060V/575020
D6, D7 Diode, TVS Super Speed DFN1210-6L 5V,8CH 824014885
D15-D17,D19, D20 Diode, Switching SOT-23 75V,0.2A BAS16LT1G Onsemi
D18,D23 Diode, TVS SMAJ58A 58V, 400 W, Unidirectional 824500581
D21,D22 Diode, ZENER SOT-23 12V, 300 mW BzX84(C12, Vishay
D24 Diode, Dual SO0T-23 70V,02A BAVQ?RF’ Tawan
Semiconductor
FB3 Ferrite Bead 0603 120R @ 100 MHz /2.0 A 742792625
FB4 Ferrite Bead 0805 22R @ 100 MHz /6.0 A 742792021
ic1 ICUSB3.1 t(lj 1G Ethernet QFN-48 (7X7) S LAN'7800/'Y9X
Bridge Microchip
Ic2 PC/DC Converters, Non- SIP-3 7 - 28Vin 33 Vow, 33W 173010378
Isolated
IC3 IC EEPROM, SPI SO-8 4 kb, 16 MHz, 1.8-55V 93AA,66C_!/SN
Microchip
IC4 ICIEEE 802.3at POE/DC-DC HTSSOP20 1P523754PWP-1
Texas Instruments
IC5 Optocoupler, WL-OCPT SOP-4 3.75kV, 50 mA 140356145100
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WHITEPAPER

“GB PoE+ - Ethernet-USB" adapter

TL431ACDBZR
IC6 IC VREF SERIES 2.495V SOT-23 2.495V
Texas Instruments
L1 Inductor 4828 33uH/215A 744043003
L2, L3 Common mode choke 1-1.2mm 60R @ 100 MHz/ 600 mA 7442335600
L4 Inductor 3015 33pH/15A 74404032033
L5 Common mode choke 1206 90R @ 100 MHz / 370 mA 744232090
L6 Inductor 1280 22puH/ 4 A 744770122
L7 Inductor 7332 1mH/02A 74477830
L8 Common mode choke 9.2-6-5mm 2x1000 pH /800 mA 744222
L9 Inductor 4018 47uH/1.7A 74404042047
R1, R&4 Resistor 0603 330Q, 1% 0.1TW WRIS-PSMB Series
R2 Resistor 0603 5.1kQ, 1%, 0.1TW WRIS-PSMB Series
R3,R9,R10,R13 Resistor 0603 750, 1%, 0.1 W WRIS-PSMB Series
R5,R6,R12, R14,R17, . ;
Resistor 0603 10kQ, 1%, 0.1 W WRIS-PSMB Series
R18, R38, R42
R7 Resistor 0603 2kQ, 1%, 0.1 W WRIS-PSMB Series
R11 Resistor 0603 12 kQ, 1%, 0.1 W WRIS-PSMB Series
R15 Resistor 0603 0Q,1% 0.1TW WRIS-PSMB Series
R16, R29 Resistor 1210 2kQ, 1%, 05 W WRIS-PSMB Series
R19, R20 Resistor 0402 0Q, 1%, 0.063 W WRIS-PSMB Series
R27 Resistor 0603 24.9kQ, 1%, 0.1 W WRIS-PSMB Series
R28 Resistor 0603 69.8 kQ, 1%, 0.1 W WRIS-PSMB Series
R30 Resistor 0603 80.6 kQ, 1%, 0.1 W WRIS-PSMB Series
R31 Resistor 0603 63.4 kQ, 1%, 0.1 W WRIS-PSMB Series
R32 Resistor 0603 10Q, 1% 0.1TW WRIS-PSMB Series
R33 Resistor 0805 63.40, 1% 0.125 W WRIS-PSMB Series
R34 Resistor 0603 1kQ, 1%, 0.1W WRIS-PSMB Series
R35 Resistor 1206 0120, 1%, 1TW WRIS-PSMB Series
R36 Resistor 0603 4990,1% 0.1W WRIS-PSMB Series
R37 Resistor 0603 3480, 1%, 0.1 W WRIS-PSMB Series
R39 Resistor 0603 2.49kQ, 1%, 0.1 W WRIS-PSMB Series
R40 Resistor 0603 1.5kQ, 1%, 0.1 W WRIS-PSMB Series
R41 Resistor 0603 41.2kQ, 1%, 0.1 W WRIS-PSMB Series
R43 Resistor 0603 6.2kQ, 1%, 0.1 W WRIS-PSMB Series
T Mosfet SOT-23 20V,0.69 A SI2325DS, Vishay
T2 Transistor, POE, SMT 30W 750311320
. MMBTAO6LT1G
T3,T5 Transistor SOT-23 80V,05A .
Onsemi
T4 Mosfet, N-CH S0-8 60V,85A SI4850EY, Vishay
T6 Mosfet, N-CH SO-8 150V, 3.7A S14848DY, Vishay
T7 Mosfet, N-CH PowerPAK-S0-8 80V, 125A SI17852DP, Vishay
. 4,83-9,53
VR1 Trimmer 20kQ, 10%, 0.5 W Bourns
10.03 mm
CON, USB, Type C, Female,
X1 632723300011
24P, Hor, SMT
CON, Ethernet, Int Magnetics,
X2 7499511002A
POE+, 8P, 1x1 Tab-Up, INS
CON, Terminal Block, Screw, .
X3 Pitch 3.5 mm 6912141100025
2P, 10A, INS
CON, Header, Male, 2P, )
X4 ) Pitch 2.54 mm 61300211821
Straight, INS
Y1 Crystal 25 MHz / 18 pF / 30 ppm 830055299
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