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1. FROM ETHERNET TO SPE

Multi Pair Ethernet Automotive Ethernet
2- Pairs: 100BASE-TX (/EEE802.3 Clause 25) 1- Pair: T00BASE-T1 (1EEE 802.3bw)
L4- Pairs: T000BASE-T (IEEE802.3 Clause 40) 1- Pair: 1000BASE-T1 (/EEEB02.38p)

Cost reduction W

3 | 10 MBIT SINGLE PAIR ETHERNET OVER SHORT RANGE — MDI DESIGN
DIGITAL DAYS 2024 | SIMON MARK



1. FROM ETHERNET TO SPE
1.1 Single Pair Ethernet History

> 10 Ghit/s
ﬂ 10 Mbit/s 1OBASE'T1 L el T, >
(1000 m) G ™

802.3cg “ &
100 mbit/s 100BASE-T1

10mbit/s 1OBASE-T1M
(15/40 m)

e A ey (50 m) 802.3da
10 Mbit/s 10BASE-T1s
(15/25 m) 802.3cg

ﬂ 100 mbit/s T1O00BASE-T1L

510 Gbit/s MultiGigBASE-T1 iy 802.3dg
(15m) 802.3cy

ey

10 Mbit/

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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2. SPE — TECHNICAL DATA
2.1 Wiring length

>10GBASE-T1

. 15
>10 Gbit/s |
_ 10GBASE-T1 15 |
10 Gbit/s
. 1GBASE-T1
1 Gbit/s —c
100BASE-T1 40 |
100 Mbit/s :
T00BASE-T1L 500 [] Shielded
] Unshielded
10BASE-T1M |
| 1OBASET1525| ............
10 Mbit/s ; [ :
10BASE-T1L
1 10 100 1000
LENGTHIN M
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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-TAL
60
10BASE-T1M
40
: 10BASE-T1s =
10 Mbit/s
10BASE-T1L
20
1 10 100 1.000 10.000

1 Bandwidth (MHz)
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.1 MDI circuits in comparison

Automotive 10/100/1000BASE-T1 Industrial Multi Pair Ethernet 100BASE-TX

Common Mode 100Base-T1 o
Choke IEEE 802.3bw 250 750 M
— —e— p
J5
Automotive P
| Connector RJ45
l Cannector
JR
Ju [)»
750 750 J7
' Common Mode 1 e "
Termination
J6
p— R;
Cs =—— 1000pF/ 2kV
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.2 Design requirements - Automotive

Automotive Requirements Circuit
' common ModeI | 100Base-T1
I|  Choke | = 1 IEEE8023bw
U,
1 i
Isolation 60V :c,: 0 Automotive
. I I I Connecor
CM Attenuation v A -
¢l g
- e - - - - - rr —_I— —-— - —I
Return Loss v I R |
|
IL Common Mode
Mode Conversion v | Termination :
| Rs |
v ' l
! |
' |
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
. T1 C3 L1
Isolation TR+ » 3 é I w——(ConnectoH >
. [ I
Isolation DC TR- I ML Connector- >
CM Attenuation §R1
A
Return Loss c1 c2
D1 T T
Mode Conversion < N
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
_ T c3 L
Isolation 1500 V TR+ " | 3 é : I aw——<Connector+>
| 3” g\ ! %4 L
{TR-> ; 7 1 Connector- »
|
L , §R1
/N el il
c1 . |c2 |
D1 T .
< A4
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
. :_ 1 E L1
Isolation 1500 V TR+ » : 3 OB H °L\_A_A_J__< Connector+ »
| 3 g\ ! (|:|4 m_ﬁ
{TIR-> | : 1] Connector-
o §R1
/N Sl et
et ' |c2 !
D1 T N
< A4
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
R
T1 ' C3 : L1
TR+ » D @ T aw——<Connector+ )
: %H%} ' ca i e
Isolation DC 60V (TR- L) : ML Connector->

r
1
|

§R1

D1
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
T1 Cc3 L1
TR+ » 3” @ I uLMdJ——\’Connectoﬁ >
;—‘ ca c':
(TR 3 g\ ”———fWVL Connector- >
CM Attenuation V4 £R1
VAN
|ct |c2
D1 T T
< %
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
. - - - - -/ T-T-T/ T 7 === -==-==== |
|
| T1 c3 L1 |
TR+ " : o I —< Connector+ >
BEEL @ L
{TR-> : I | Connector- >
| |
““““““““ §?ﬂ""""""
/N
Return Loss v C1 c2
D1 T T
< A4
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
T1 c3 1 11
TR+ " 3 @ I : w——i—( Connector+ »
|
3” g\j ca ~ :
{TR-> I : ~Connector- »
|
|
§R1 b
/N
et |c2
D1 T T
Mode Conversion v V4 %
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3. FROM AUTOMOTIVE TO INDUSTRIAL

3.3 Design requirements - Industry

Industry Requirements Circuit
T1 c3 L1
TR+ » 3 é H w——( Connector+ »
I o |
{TR-> T H Connector- >
§R1
/N
|c1 |c2
D1 T T
< A4
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4. T0BASE-T1S IN DETAIL
T0BASE-T1s and 10BASE-T1L - Summary and comparison

10BASE-T1L 10BASE-T1s
= Data transmission: Full duplex = Data transmission : Half duplex [ [
= System: Point to point = System: Bus — | |
= Number of nodes: 2 = Number of nodes : 8-40 [ e[
= Length: up to over 1000 m = Length:upto.25m —Jmm[ |
L
B ] | = Data transmission : Half duplex / Full duplex

= System: Point to Point

= Number of nodes: 2

= Length:15m Jmm ]
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4. T0BASE-T1S IN DETAIL
How it Works — PLCA (Physical Layer Collision Avoidance)

Node O

= Every Node has a specific Number
= Every Node has a specific Time so send Data

= |nthe Time a node is sending Data, all other Nodes are high impendant at the PHY

Beacon Long Silence
Node 0 sends Data Node 3 sends Data (32 Bit long)

Signal

B 0 2 3 4 B
N/

Long Silence Long Silence
(32 Bit long) (32 Bit long)

Silence Silence
(16 Bit (16 Bit
long) long)
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4. 1T0BASE-T1S IN DETAIL

Circuit Design

T1

74930030 1500VAC . 3| Ca 100 nF

T1

%H%} 9:4/

(Connect0r+ >

<C0nnect0r— >

C2 1nF
885342208024 1500VAV

3.3V D1 f C1
0.27 pF 824012823 N 100 nF

885012205086
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4. T0BASE-T1S IN DETAIL
Limits according IEEE 802.3cg

10BASE-T1_Limits Ansys
2023 R2
0
] Limit Sdd22 10BASE-T1s
-10
] - == == LimitSdd22 10BASE-T1L
‘LLUUJ-'LQ
- Iy e
20 LU 000U L
1 Limit Scd22 10BASE-T1s
30
- i !
T 40 jift
i .LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLJLJLH]—H‘ Sdd22
i J P
i it —_—
50 A Scd22
60 —
70
'80 T T T T T T T T I T T T T T T T T | T T T T T T T T | T T T
0.1 1.0 10.0 100.0 500.0
Freq [MHz]
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4. T0BASE-T1S IN DETAIL
Circuit Design with CMC to archive OPEN Alliance limts

TRT>—n | ———m {Connector+ >
1 a Y Y 2 C4
TR = H — {Connector- >
744235100 | |

X A . Sha

_. .—
7 cmC R4 Implementing a
i Z§ 744235101 100pH 100k .

ICM Termination Circuit
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4. 1T0BASE-T1S IN DETAIL

Return Loss

Sdd11 Ansys
2023 R2
0
=10
-20
T
=]
] i
-30
40
-50 T T T T T T | T T T T T T T T | T T I T T T
0.3 1 10 100 500.0
Freq [MHz]
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4. 1T0BASE-T1S IN DETAIL

Return Loss

Scd11 Ansys
2023 R2
0
=20
40
T
Q
7]
-100 T T | T T T T T T T T I T T I T T T T T T T T
0.3 1 10 100 1000
Freq [MHz]
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4. 1T0BASE-T1S IN DETAIL

Return Loss

24 |

Sdd21

Ansys
2023 R2

Sdd21

1 10
Freq [MHz]
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1000

— Sdd21
LinearFrequency
Ciso="100nF'




4. 1T0BASE-T1S IN DETAIL

Return Loss

Common Mode Attenuation

Ans [ — Scc21

10

2023R2 |LinearFrequency
Ciso="100nF'

25 |
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4. 1T0BASE-T1S IN DETAIL

Droop
Clause 146.5.4.2 (10BASE-T1L) Clause 147.5.4.2 (10BASE-T1s)
= While in test mode 2, the positive and negative droop = While in test mode 2, the positive and negative droop
of the transmitter should measure below 10%. of the transmitter should measure below 30%.
= This measurement is referenced to an initial value = This measurement is referenced to an initial peak
taken at 133.3 ns after the zero crossing and a final value taken after the zero crossing and the value 800
value measured at 800 ns after the zero crossing. ns after the initial peak value.
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4. T0BASE-T1S IN DETAIL A< o
TR- n S s <Connector- »
Drooptest with different capacitors

R4

4.7nF 100k

Droop 10BASE-T1s

1.00 -
0.75
] @ 100nF: Droop =13 %
0.50 7 (=aTz— —
=
Ti02s (@ 220nF: Droop =9,4 %
2
-
S {1 0.0078 |
g 000 @ 470nF: Droop=7,8"%
E i
|
5 .0.25
=
S b
-0.50
] 10BASE-T1s 10BASE-T1L
-0.75
1 Capacitor:
-1.00 T T T T T T T T T T T T T T T T T T T T T T T T T T T
80.00 so.|25 so.‘so ao.|?5 81.|00 a1.|25 81.‘50 81.|?5 82.00 470 nF
Time [us]
2 23103&03?8 0.8000
80.8494
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4. 1T0BASE-T1S IN DETAIL

SPE Circuit — DCisolation capacitor

,\
T1 7 c3d
TR+ ﬂi ?/ T H ‘I < Connector+ >
|
P
{TR- +—{——<Connector- >
\ Vi
§R1\/
¢ <2
N NV

Design with two Capacitors
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4. 1T0BASE-T1S IN DETAIL

SPE Circuit — DCisolation capacitor

T1 7
TR+ 5 —1 - { Connector+ >
ng/ﬂcf
{ TR-> § g\_“?\I 4—Connector- »
rd
§R1
__C1 __C2
<V NV

Design with center tap capacitor
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4. 1T0BASE-T1S IN DETAIL

DC Isolation Capacitors — Satturation

AC/Covs. DC Voltage

10,00
0,00 \ =——
-10,00 \ S \
-20,00 S~
BN \\ \
< 30,00 N \
= 40,00 \ \\ S~
o ’ \ \ —NPO
g -50,00 N \ —X7R
< .60,00 \ —X5R
\\ — Y5V
-70,00 ~_ =
-80,00 —~
-90,00
-100,00
0 5 10 15 20 25 30 35 40

DC Voltage [V]
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4. 1T0BASE-T1S IN DETAIL

DC Isolation Capacitors — Temperature behaviour

AC/CO vs. Temperature

31 |

40
20 //’\\

— O ——

= \

O -20 \

9 A

<40 N

60 N

\\
-80
.55 -40 -25 -10 5 20 35 50 65 80 95 110 125
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Temperature [°C]

—NPO
—X7R
—X5R
—Y5V



4. 1T0BASE-T1S IN DETAIL

DC Isolation Capacitors — Aging

32 |

-2,00

ACICo vs. Time

—~

-4,00

-6,00

S~

-8,00

-10,00

ACICo [%]

-12,00

-14,00

-16,00

-18,00

-20,00

10
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Time [h]

100

1000

=—=NPO
=—XT7R
—X5R
—Y5V



4. 1T0BASE-T1S IN DETAIL

DC Isolation Capacitor — Calculation Example

= (apacitor for TOBASE-T1L (885012207130 | 885012207128):

= C 470 nF =10% | 100 nF £10%
= Nennspannung: 100V | 100V 470 nk (100 V) 100 nF (100 V)
= Typ: X7R | X7R
= DC Saturation: 58 VV both = 24 \/ per Capacitor |
C.7one > -38% 95 nF :
CioonF 2>-5% =
= Environment Temperature ca. 65 °C .:
" Coronr > -1.84% S
c100n|: 9 -3-8 % -
===1 =1
= Aging after 1000 h 2> -2 % : :
I I
Croonr 2-2% o -

Droop =9.34 % Droop=17 %
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4. 1T0BASE-T1S IN DETAIL

DC Isolation Capacitor — Redexpert Tool

koK EXPERT  wMultilayer Ceramic Chip Capacitors (MLCCs)

100/ 1221 items

%" Order Code " Spec [i] Series %" Description 5 Size W Ce. Wy € WoTole.. Y Ve W R W O DF W Q%W Tmin W Tmax U TCC %7 Length % Width 5 Height “ Technic
- 885012207128 [i] WCAP-CSGP General Purpose 0805 100 nF 10 % 100V >1.00G0 25 -55.0°C 125°C $15% 2.00 mm 1.25 mm 1.25 mm )(TROBD
m-mmmm-m-mmmmmm—
<> 885012208001 y [3] WCAP-CSGP  General Purpose 1206 220puF #*10% 630V =50.0M0 -55.0°C 125°C +15% 3.20 mm 1.60 mm 1.15mm  X7R120
o 885012208002 Fon [i] WCAP-CSGP  General Purpose 1206 X7R 4T70pF +10% 630V =>200MO 10 % -55.0°C 125%C +15% 320mm 1.60 mm 1.60mm X7R120
W
<. 885012208003 [i] WCAP-CSGP  General Purpose 1206 X7R 100puF +10% 630V =500M0 10% -55.0°C 125°C *15% 320 mm 1.60 mm 1.60mm X7R120
>
885012207128 W ADD i
WOAP-CSGI - X/R - 0805
|
Show Panel Cvs T
Capacitance change / DC-Bias Voltage =0 Capacitance / DC-Bias Volage =E O Capacitance Change / Temperature =0
10 % 500 nF 15 %
0% o
10%
o -100% 4 400 nF A @
L= L=
& -20.0% @ & 5%
5 2 300 nF =
ﬁ -30.0 % = " (;
o = 53 0%
5 -400% 8 =
= w200 nF =
T 50.0% 4 Q T 500%
3 3
-80.0 % 100 nF -10.0% 4
70.0% \
-30.0 % : : . : : i oF . : : . : | 150 % . . . . : : |
ov 0V 40y g0V 0V 100V 120V ov 20V 40V 80V 20V 100V 120 W SE0C -3509C -18.0°C §°C  25°C  45°C  BE°C  859C  105°C  125°C
DC-bias Voltage DC-bias Voltage Temperature
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4. 1T0BASE-T1S IN DETAIL

Termination on Bus Line for 10BASE-T1s

Ui

Shield

==

GND

TRX+
TRX

10BASE-T1s

Shield

GND

TRX+

10BASE-T1s
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Shield

us3

GND

TRX+
TRX

10BASE-T1s

Shield

GND

TRX+

10BASE-T1s

Shield

GND

TRX+
TRX]

10BASE-T1s

R3
50

R4
20



4. 10BASE-T1S IN DETAIL
Termination at MDI for T0BASE-T1s

3
4
Con-|
d\/
]| Co

Shiel
J| Con+

Il Con-|
J|_ Con+
II Con|

I o
Co :
! i
Co

ND
T n+|
) ] 3
F
3
¢4l
] _|_ -
—F‘
ND

Shield
Shield
Shield
Shield

N

us

JE

GND

D

RX

L.C [ s W

G
G

R
R¥
R¥

TRX+
T
TRX+
T
TRX+
T
TRX+
T
TRX+
TRX

10BASE-T1s
10BASE-T1s

10BASE-T1s
10BASE-T1s
10BASE-T1s

x x x X : = X > x > <
o o o o : o o o o o o
= = = = ; ~ = = ~ = ~
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4. 10BASE-T1S IN DETAIL
4.2 PHY ICs for SPE

10BASE-T1L 10BASE-T1s
= Analog Devices = ONSEMI
= PHY = NCN260170 (MAC-PHY)
= ADIN7700
= ADIN7770 (MAC-PHY) = Microchip
= 2-Port Switch = [ANB650 (MAC-PHY)
= ADIN271717 (MAC-PHY) = [ANB657T (MAC-PHY)
= [ANB670
= Texas Instruments = [ANB6717
= DP83TD570E = [ANB672
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Questions

& Answers

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