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INFORMATION ABOUT THE WEBINAR

You are muted during the webinar.
However, you can ask us questions using the chat function.

Duration of the presentation 30 Min
Q&A: 10 — 15 Min

Any questions?
No problem! Email us digital-we-days@we-online.com

Please help us to optimize our webinars!
We are looking forward to your feedback.

On our channel Wurth Elektronik Group
And on Digital WE Days 2023 YouTube Playlist
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https://www.youtube.com/playlist?list=PLZJdRX1BvL0zb7pTrVCQrXDdeNECNvwv7

AGENDA

1. From Ethernet to SPE

2. Technical data

3. From automotive to industrial
4, SPE - in detall

5. From PoE to SPoE
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TERMS AND ABBREVIATION

= SPE = Single Pair Ethernet
= PoE = Power over Ethernet
= PoDL = Power over Data Line

= SPoE = Single Pair Power over Ethernet




1. FROM ETHERNET TO SPE

Multi Pair Ethernet Automotive Ethernet
2- Pairs: 100BASE-TX (IFEE802.3 Clause 25) 1- Pair: T00BASE-T1 (1EEE 802.3bw)
L4- Pairs: T000BASE-T (IEEE802.3 Clause 40) 1- Pair: T000BASE-T1 (/EEEB02.38p)

Cost reduction W
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1. FROM ETHERNET TO SPE
1.1 Single Pair Ethernet History

> 10 Gbit/s

ﬂ 10 Mbit/s 10BASE-T1L I B »
(1000 m) G ™

802.3cg B &
100 mbit/s 100BASE-T1 F [s——
(15/40 m)

802.3bw (50 m) 802.3da

10 Mbit/s 10BASE-T1s

o
(15/25 m) 802.3cg P

100 mbit/s T1OOBASE-T1L
(500 m) 802.3dg

10 Mbit/s

2015 2016 2017 2019 2020 2021 2022 2024
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2. SPE — TECHNICAL DATA
2.1 Wiring length

. >10GBASE-T1
>10 Gbit/s l - 5]

. T0GBASE-T1
10 Gbit/s — 5]
1 6bits R
T00BASE-T1
100 Mbit/s —dJ
100BASE-TIL T )] 01 Shielded
10BASE-T1M [ Unshielded
S —
10BASE-T1s
10 Mblt/s AR NN NN EEEEEEEEEEEERASEEAASEEEASAEAASEEEASSSEAASAEAASSSENESSEEEESSEEESSEEEESSEAESSEEEESSEEESEEEEESEEEESEEEEEEEEEEEE.
E 10BASE-T1L

LENGTHIN M




2.SPE — TECHNICAL DATA
2.2 Bandwidth

_ >10GBASE-T1
>10 Gbit/s 10.000
. 10GBASE-T1
10 Gbit/s 5.000
. 1GBASE-T1
1 Gbit/s 600
100BASE-T1
_ 66
100 Mbit/s
100BASE-T1L
60
10BASE-T1M
40
10BASE-T1s =
10 Mbit/s
10BASE-T1L
20
1 10 100 1.000 10.000

1 Bandwidth (MHz)




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.1 MDI circuits in comparison

Automotive 100BASE-T1 Industrial Multi Pair Ethernet T00BASE-TX

Common Mode 100Base-T1
Choke IEEE 802.3bw

1
3
o]
3
]
.+

—s

IEEE
' Common Mode
Termination

R

=—— 1000pF/ 2kV




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.2 Design requirements - Automotive

Automotive Requirements Circuit

-
I} Common Mod | 100Base-T1
Choke o~ = | IEEE802.3bw

Isolation 60V :;

1

CM Attenuation N4 p
| C.L_ Jl

““““ I

Return Loss v I

I

Mode Conversion v :
I

Cheap & small v I
I




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit

. L1
Isolation °LAMJ__< Connector+ »
Isolation DC °rvyV]——<Connector— >
CM Attenuation

Return Loss

Mode Conversion

ESD Protection




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements

Circuit

Isolation 1500 V

—<Connector+ >

TR+ T
TR-

I

—Connector- »

D1




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements

Isolation

1500V

TR+

{aR->

D1

Circuit

Isolated

1500 VV AC
2250 DC




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements

Isolation DC

60V

TR+ T
TR-

Circuit

D1

r
|

§R1

- I

L= >
! Connector+

: ! : °LAMJ_

I ——

C4 o

i | rv\N]——<Connector->




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit

CM Attenuation N4




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit

————————————————————————

—<Connector+ >

TR+ T
TR-

Return Loss v

D1




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit

TR+ T
TR-

D1

Mode Conversion v




3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements

Circuit

—<Connector+ >

I

—Connector- »

ESD Protection v




3. FROM AUTOMOTIVE TO INDUSTRIAL
3.4 SPE Circuit — DCisolation capacitor

7D
T1 7 c3\
T y I —<Cemese
1
3H§\j I ca |
{TR-> ‘-\ |[=——Connector- >
/
§R1\/
€1 €2
< "%

Design with two Capacitors
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3. FROM AUTOMOTIVE TO INDUSTRIAL
3.4 SPE Circuit — DCisolation capacitor

P
TR+ = T A——<Connector+ »
%HE/ ca
TS T ) s
TR- \\ 7 Connector-
L
§R1
] c2
AV N

Design with center tap capacitor
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.4 SPE Circuit — DC isolation capacitor

\
T3 'l c3 \
TR+ 3 g,/ \ H }——< Connector+ >
s s A
TR- Connector-
§R1
& =
V N

Design with one capacitor
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4.SPE — IN DETAIL
4.1 Demo Board for 1T0BASE-T1L
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4. SPE — IN DETAIL
4.1 Demo Board for 1T0BASE-T1L

CONNECTIVITY

MAGNETICS

PHYSICAL
LAYER DEVICES
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4,

SPE — IN DETAIL

4.2 PHY ICs for SPE

25 |

10BASE-T1L

Analog Devices
= PHY

= ADIN7700

= ADINT770 (MAC-PHY)
= 2-Port Switch

= ADIN2777 (MAC-PHY)

Texas Instruments
» DPBITD510F
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10BASE-T1s

ONSEMI
= NCN260170 (MAC-PHY)

Microchip

= [ANB650 (MAC-PHY)
= [AN8B657 (MAC-PHY)
= [ANE670

= LANES6717

= [ANB672



4. SPE — IN DETAIL
4.3 SPE Design suggestions

= Before the design: Decide whether pure data transmission or SPoE.

= For only SPE:

—> small size possible

- .Upgrading" to SPoE possible, but depending on the power class not useful

= [For SPoE:

—> Depending on the power class selection of components
- ,Rule of thumb “:
* |ncrease Transformer inductance

e This allows a smaller inductance of the DMC
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4. SPE — IN DETAIL
4.4 Limits for TOBASE-T1 according IEEE802.3cg

0

™~~~ _tomaseis

-10

Attenuation [dB]
w
o
\
\

0,1 1 10 100 1000
Frequency [MHz]

—Sdd11 (10BASE-T1L) ——Sdd11 (10BASE-T1s) — = Scd11 (10BASE-T1L) — = Scd11 (10BASE-T1s)




10BASE-T1L
4.5 MDI Components (10BASE-T1L)

T c3 Limits
1 §, | <Connector+ >
K IEEE 802.3cg
fing\ c4
TR- H < Connector- > 0
-10
R1
-20
N E -30
_C1 c2 5
D1 T T § 0
2
N 2 -850
< / =
-60
-70
100 nF 50V 0402 885012205086 ; e . HR
-80 LH L HER i o H 1 2%
Cc2 1nF 2 kV 1206 885342208024 0,01 0,1 1 10 100
C4,C5 470nF 100V 0603 885012207130 Frequency [MHz]
T1 600 pH 1500V 535x655mm 74930200 =~ ~LMITSdd22  ——5dd22_600uH - Sdd22_350uH
- = = LIMIT SCD11 Scd22_600pH - Scd22_350uH
T1 350 pH 1500V 1812 74930000
R1 100 Q 0603
D1 33V 8/15 DFN1210-6L 824012823
0.27 pF kV
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10BASE-T1S
4.6 MDI Components (10BASE-T1s)

T1 c3 Limits
F—Gonmesiorr> R
€] L Connectort 10BASE-T1s Ansys
2023 R2
55 o :
TR- H {Connector- »
|l
§R1 10 -] s
] L0000 A0 LA AL LA LTLL AL
N 20
c1 c2 wuﬂ
D1 T T g ] JJJ_IIJ‘J'|
=0 _-\//' 1Jl|lJJI
< A\ 2 ] W
5 W
£ 40 MUJ
£ L0 LLLFLALN L0 LONLFLLPLALFALLAN LU LT ALFAAN L 11
100 nF 50V 0402 885012205086 50 ]
Cc2 1nF 2 kV 1206 885342208024
60
C4,C5 100 nF 100V 0603 885012206120 .
T 350 pH 1500V 1812 74930000 P71 N | NEREN | 6| NS N 1 [ S——
0.1 10 10.0 100.0 500.0
D1 33V 8/15 DFN1210-6L 824012823 L
= = = Limit Scd22 Scd22

29 | OCTOBER 18, 2023



100BASE-T1
4.7 MDI Components (100BASE-T1)

ng/} H ., IEEE 802.3b
J— . w
c5 .
|TX- § g\ H m RX-I 0
-10
R1
§ -20

C1 Cc2 -30

-40

Attenuation [dB]

-50

mmm“ Article number

100 nF 50 V 0402 885012205086 -70

Cc2 1nF 2 kV 1206 885342208024 -80
1 10 100 1000
Ca4, C5 100 nF 100V 0603 885012206120 Frequency [MHz]
T 350 pH 1500 V 1812 74930000 - - -LUMITSdd22 ——Sdd22 - - - LIMIT Scd22 Scd22
L1 2.57 pH 50V (DC) 1206 744232222
125V (AC)

R1 100 Q 0603
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5. FROM POE TO SPOE
5.1 PoE in standard Ethernet

| 4X 22 nFfSOV o= == == ——

4X750 |

1
1000 pF 1

| kv

! i

o
Shield




5. FROM POE TO SPOE

5.1 PoE in standard Ethernet

4X 22 nFfSOV o= == == ——
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5. FROM POE TO SPOE
5.2 Data in SPoE

T1 C3

PHY —

JRYM

w
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L1
I_I 1 1 >
UAEL SPE
"v'q Connector
— l_<| I
Load

Lowpass Filter

Data

Power




5. FROM POE TO SPOE

5.3 Power over SPoE

5"
T W

SPE Data

Connector Power

Lo o
™)

>

JE R B o N

Inductor gets saturated trough

DC Isolation common mode current
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5. FROM POE TO SPOE
5.4 The coupled inductor

T1

Differential signal

Data signal and power supply come as

PHY — |

§j|i3
Ejl}

L._
: o
J%m_

3 5 DIGITAL WE DAYS
OCTOBER 18, 2023

SPE

Connector

Data signal and power should be as
Common mode signal run through the
coupled inductor.

Load

Data

Power




RATED CURRENT # RATED CURRENT
Ir according IEC 62024-2

Designed for 3A
Traces Dimension:
- 3 mm width
- 35 pm height
Ir=1.36A
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RATED CURRENT # RATED CURRENT
Ir according IEC 62024-2

Class B
Traces Dimension: .
- 40 mm width De5|gned for 3A
- 35 pm height Tr3aces qu:jigsmn:
- - 3 mm wi
Ir=1.601A e
Ir=1.36 A
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RATED CURRENT # RATED CURRENT
Ir according IEC 62024-2

Class B
Traces Dimension: .
- 40 mm width De5|gned for 3A
- 35 pm height Tr3aces qu;igsmn:
- - 3 mm wi
Ir=1.601A e e
Ir=1.36 A

Class ?
“Traces” Dimension:
- 19 mm width
- 6.5 mm height

Ir>19A

DIGITAL WE DAYS
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5. FROM POE TO SPOE

5.5 SPOE Power classes

Class (0] 1 2 3 4 5 6 7 8 9

U 55..18V |55..18V | 14..18V | 14.18V | 12..36V | 12..36V | 26..36V | 26..36V | 48..60V | 48...60V
I 0,1A 0,22A 0,25A 0,47A 0,1A 0,34A 0,21A 0,46A 0,73A 1,3A

P 0,5W TW 3W 5W TW 3W 5W 10W 30W 50W

Class 10 11 12 13 14 15

U 20..30V | 20..30V | 20..30V |50..58V |50..58V |50...58V

I 0,092A 0,24A 0,632A 0,231A 0,6A 1,579A

P 1,32W 3,2W 8,4W 7,7W 20W 52W

OCTOBER 18, 2023
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5. FROM POE TO SPOE

5.6 Selection of components for high currents (1.6A)

Coupled Inductivity
220 pH

Coupled Inductivity
56 uH




5. FROM POE TO SPOE

5.7 Design for power class 14

Selection of power class:

Class 14

ﬁ%% cMC DMC
—=>| “l- Ir: min. 600 MA = Ir: min. 600 MA

i |

cCMC DMC
Transformer ﬁl
‘ = L Ir: min. 600 MA = Ir: min. 600 MA
L: 2000 pH




5. FROM POE TO SPOE
5.8 Cable length (@ SPoE class 14

= Depending on Cable type  Cable length [m]
= MDI components AWG18 230
= (able diameter
AWG1T 1
= Power class (voltage and current) a19 53
AWG20 145
AWG21 115

AWG22 91




5. VON POE ZU SPOE

5.9 Design of Power Class 14 - Simulation Results

600 pH Transformer 2000 pH Transformer
0 0
-10 -10
-20 -20

1
w
o
1
w
o

Attenuation [dB]
=
o
Attenuation [dB]
~
o

-50 -50
-60 -60
-70 -70
-80 -80
0,01 0,1 1 10 100 0,01 0,1 1 10 100
Freuquency [MHz] Freuquency [MHz]
e Sdd22_(L=600pH) — — - LIMIT_Sdd11 Scd22_(L=600pH) = == LIMIT_Scd11 —5dd22_(L=2mH) - — -LIMIT_Sdd11 Scd22_(L=2mH) = = LIMIT_Scd11

DIGITAL WE DAYS
43 | OCTOBER 18, 2023



10BASE-T1S & PODL

T c3 Limits
[TX+ N G 1 RX+]
iHE/ 10BASE-T1s Ansys
j C4
0
10 4 I-LuLUJI.IJJ'mLL|J
§R1 ] LA A A

20

c1 c2 ]
=30

Y1

40

L0000 L0000 L0 L LA LAL L0 LL0LLLLL

100nF 50V 0402 885012205086 o]

C2 1nF 2 kv 1206 885342208024 |
70 ] . — T . —
C3,C4 100nF 100V 0603 885012206120 o M o o o
T1 350pH 1500V 1812 74930030 Freq [MHz]
L1 10pH 80V 92x6x5mm 1600 mA 744226 — — — Limit Sdd22 Sdd22
L2 47uH 500V 6x6x4mm  0.6A (both) 7L4L88LLLTO w = = Limit Scd22 Scd22
(AC) (0.9 A single)

R1 100 Q 0603
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100BASE-T1 & PODL

L1
g’/ I nLéj IEEE802.3bw Ansys
2 ™

[TX+ S I} »

i
- i

B

2023 R2

RX-

-10

U0 LU LU L LU LD L U i

)
(=]
]

&
o
|

Attenuation [dB]

mmmm

100nF 50V 0402 885012205086 50 1L UL A0 U0 AL A L

C2 1nF 2 kv 1206 885342208024 :

£0
C3,C4 100nF 100V 0603 885012206120 .
T 350pyH 1500V 1812 74930120 70 ] T T —
L1 10puH 80V 9.2x6x5mm 1600 mA 744226 1 10 100 1000

Freq [MHz]
L2 47pH 1500V 5030 0.49 A (both) 7448841470
(0.7 A single)
— — — Limit Sdd22 Sdd22

R1 100 Q 0603 — = = Limit Scd22 Scd22
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5.

FROM POE TO SPOE

SPoE Controller

46 |

PSE Controller
Company: Analog Devices

Name: LTC4296-1

5 Port Controller
Supported Voltage: 6V-60V
Supported power classes: 10 -15 (1,3 W - 52 W)

Eval - Kit available
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PD Controller
Company : Analog Devices
Name: LTC9111
PD Controller
Supported Voltage: 2,3V-60V
Supported power classes: 10 -15 (1,3 W - 52 W)

Eval - Kit available


https://www.analog.com/en/products/ltc4296-1.html#product-overview
https://www.analog.com/en/products/ltc9111.html#product-overview

Questions . CZ)

& Answers

We are here for you now!
Ask us directly via our chat or via E-Mail.

digital-we-days@we-online.com
Simon.Mark@we-online.de
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