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Agenda

 Single Pair Technology

e Standards and speeds

 Single Pair Ethernet (SPE) is not just automotive
* Challenges and benefits

* SPE solutions

e Use cases
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What is Single Pair Ethernet (SPE)?

- Traditional ethernet uses 2 ° SPE = Single Pair Ethernet
or 4 twisted pairs * T1 =1-Twisted Pair

Just a new Ethernet transceiver (PHY)
Network layers 2-7 remain the same
Independent of speed; 10BASE-T1, 100BASE-T1, NGBASE-T1...
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Why Single Pair Ethernet?

Single Pair Ethernet Reduces:

* System cost
* Weight

* Wiring complexity
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Single-Pair (T1) Ethernet IEEE® Standards

* |IEEE 802.3cg — 10BASE-T1S and 10BASE-T1L
10 Mbit/s connection over a single two-conductor cable

IEEE 802.3bw — 100BASE-T1
100 Mbit/s over single twisted pair

IEEE 802.3bp — 1000BASE-T1
1000 Mbit/s over single twisted pair cable

Increasing Speeds

IEEE 802.3ch — NGBASE-T1
2.5Gbit/s, 5Gbit/s, 10Gbit/s over single twisted pair cable

IEEE 802.3cy — 10G+ (in progress)
25Gbit/s, 50Gbit/s, 100Gbit/s over cable
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Scalable from Low to High Bandwidths

Legacy

Pi¥ EtherCAT® FieldBus UART RS-485 ISLED® CAN...
Stack

Ethernet . : .

PHY 10BASE-T1S ! 100BASE-T1 : 1000BASE-T1 ' NGBASE-T1 !

10BASE-T : 100BASE-TX : 1000BASE-T : NGBASE-T .

Stack Ethernet, IP, SomelP

e Common network
software stacks

* Physical layer
independent
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100BASE-TX vs 100BASE-T1

IR TS R TTTOS A - 302.3bw 100BASE-T1

Specification |IEEE 802.3u |IEEE 802.3bw . .
, primary focus is
Bandwidth 100Mbps 100Mbps )
Line Coding MLT3 PAM3 automotive
DSP N/A Echo cancelation * Trades off cable reach for
Cable Type 2-Pair (CAT5) 1-Pair single pair
Cable Reach 100m 15m (4x in-line connectors)
Power over cable PoE PoDL
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1000BASE-T vs 1000BASE-T1

| 1000BASE-T 1000BASE-T1 - 802.3bp

Specification |IEEE 802.3ab |IEEE 802.3bp

Banwidth 1000Mbps 1000Mbps (IPOOBASE-T]').

Line Coding PAMS PAM3 primary focus is
DSP Echo cancelation FEC, Echo cancelation ) UtomOtive

Cable Type 4-Pair (CATSe) 1-Pair <15 m for passenger
Cable Reach 100m 15m (type A), 40m (type B) vehicles and < 40 m for

(4x in-line connectors) . .
commercial vehicles

Power over cable PoE PoDL
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NBASE-T, 10GBASE-T vs NGBASE-T1

| NeaseT | 0eBaseT | naeaseTi RTINS

Specification IEEE 802.3bz |EEE 802.3an IEEE 802.3ch

Bandwidth 2.5G/5Gbps 10Gbps 2.5G/5G/10Gbps NG. BASE-T1 .
Line Coding PAM16 PAM16 PAMA4 primary focus is
DSP FEC, Echo cancelation  FEC, Echo cancelation FEC. Echa.cancelation d utomoti\[e

Cable Type 4-Pair (CATSe) 4-Pair (CAT6a/6) 1-Pair e Trades off cable
Cable Reach 100m 55m / 100m 15m (4x in-line connectors) reach for single
Power over cable PoE PoE PoUL pair
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is Everywhere

SPE

@ MICROCHIP
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Networking Mega Trends
loT/Edge Computing

Data-centers process large Push to “loT/Edge” Increasing number of loT devices
amounts of device data in the computing and data
cloud

The vehicle is just another loT device

@ MICROCHIP
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Automotive Networking Architecture

Single Pair Ethernet . =
in-vehicle network e

Sensor to Cloud
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Factory Networking Architecture

10BASE-T1L 10BASE-T1L Fa cto ry N etwo rk (OT)

Ethernet connectivity

Sensor to Cloud

@ MICROCHIP
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SPE Challenges and Benefits

* Removes gateways e Extended reach PHYs * Cables, connectors
* Technology shrinks * New IEEE® standards* * Industrial devices
* 10T1S bus topology * 10T1S bus topology * Ref designs, EVB, tools

There are also many benefits for non-automotive applications!

* IEEE 802.3da, IEEE 802.3dg

y A8\ MicrocHIp
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SPE Solutions

10BASE-T1S 10BASE-T1S
PHY Controller

100BASE-T1 Gigk

PHY

AVB/TSN
Switch

10/100T1
AVB/TSN
Endpoint

1000BASE-T1
PHY

15

* Flexible and scalable system solutions

Extended cable reach

* Smallest packages

* Lowest power, wake/sleep
* Security support

* Functional safety ready

 Ambient temperatures up to 125 °C

 Comprehensive software & tool support

© 2023 Microchip Technology Inc. and its subsidiaries
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Link Quality Wiring Defect Detection

Enhanced Features—Diagnostics and Safety

* Signal quality indicator
* Extended cable reach
* Forward error correction

* Short/open defect detection
* Polarity detect/correct
* Error and link drop counters

Health Checks Functional Safety

* Under voltage, over temperature
* Loopbacks, interrupts, diagnostic
* Performance monitor counters

+

* TUV certified 1SO26262 ASIL B Ready

* FMEDA and safety manual %

16

FMEDA: Failures modes, effects and diagnostic analysis

© 2023 Microchip Technology Inc. and its subsidiaries
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Enhanced Features — Wake and Sleep (TC10)

VBAT Initiator | +e1 0 STATE MACHINE | Receiver
INH
Voltage : :
Regulator VDD NORMAL ! 1 NORMAL
: :
SLEEP ! LPs -
i (Request '
l | ACKNOWLEDGE

: I i
0 | |

se) SLEEP

SoC MicRocHIP i y i REQUEST
XBASE-T1 PHY SLEEP SILENT | :
TX off | | SLEEP SILENT

: D X off
: :
] |

 PHY Sleep < 35 uA SLEEP | | SLEEP

. ! TINH
« Switch Sleep < 25 uA + 10 uA/port i on o
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Bill of Materials

= C'S3 Replace With Transformer Optional Common
" i . " -
= " z for Galvanic Isolation Mode Termination
= s
SMI l
MDI- =
100/1000 Sl
Ethernet bl [==1e= ]~
MDI+
MAC XBASE-T1 PHY r >

25 MHz

Crystal or
Oscillator

PSE or PD

IEEE® 802.3bu PoDL

ﬁ@\ MICROCHIP
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SPE PHY and Switch Evaluation Platforms

Modular MCU + SPE kits Standalone boards

e 100BASE-T1 to 100BASE-
TX media converter

rrrereeerer LI

e 10BASE-T1S & 100BASE-T1 PHY and
Switch daughter cards

R~

AVB/TSN 100T1

Xplained SAMV7x MCU board GigE Switch

e SAMA5 MPU board
« AVB/TSN End Point board

. A8\ MicrocHIp
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Plug in SPE PHY Kits

c\ MICROCHIP

AVB Audio Endpoint

AVB Endpoints

10BASE-T1S

o

o
o
0
0
0
o
o
o
o
o
o
o
o
o

100BASE-T1

00000000 00000000 0000

150000804
= .

100BASE-TX
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Total System Solutions

SAME70 MCU

Xplained EVB

AN3854

Smart Headuest Demonsirator

@MICROCHIP
1 HHEEEN TEELEREEE

LAN9370

betitti111 i1
Bhbpp agbibitiitl,y giLiitiidl,

o1
l ememanind

@ o B

100T1 TSN GigE Switch

LAN8770
100T1 PHY

LAN9360

AVB Endpoint

© 2023 Microchip Technology Inc. and its subsidiaries
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Multi-Rate SPE Evaluation Kits

9x 100BASE-T1 Ports

Managed TSN GigE
Switch

b . S & L

,I I W t

Cascaded Multi-Port
GigE TSN Switch

10BASE-T1S Port #3

E.Ez,m- B M——g'c r:; ug:

- K188 e
e .._5—.‘ K i‘é‘sl‘

[’? 1
f{’!f

8=

(LR

E

L.' sl

10BASE-T1S Port #2

100/1000BASE-T Uplink

10BASE-T1S Port #1
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Software and Tools

Switch Configurator 10BASE-T1S Spy Tool

. +
Ethernet Editor ¢
+
5 4
Network Overview DESCRIPTION ¥ 1
|typefi|ter text | NETWORK STREAM INFO & TRANSPORT PROTOCOL ® 3
+
v ‘ Microchip Automotive Ethernet Solution Up Listener Stream Mame: ‘ Radio v | :
w [E Switch (LANG3Tx) . +
Listener Sty D: M
v @ 100BASE-T1 Port ISTener stream \00 04 25 1C RO 80 00 01 | $
~ BE Head Unit Content Protection: ‘ None v | b
. +
~ &8 Talker Endpoint V0.0.4 (AVTP) Transport Protocol: ‘ EEE1722 (AVTP) v | ¢
Talker] Radio :
43 [Talker] Announcement AVTP Static Multicast Address: ‘ 91:E0:F0:00:FE:01 | i
~ @ 100BASE-T1 Port Media Clock Source: [Stream v| i
w B Amplifier / s
~ 0 Listener Endpoint V0.0.4 (RTP/AVTP) AUDIO PROPERTIES * ! :
I - wd
Cf[LEE e Nurmber of Channels: [2 | [5 bt T | ¢
d- [Listener] Announcement [T — -] 4
~ @ 100BASE-T1 Port Sampling Rate: ‘43 kHz v | / :
4
v B Door Module Sampling Resolution: ‘ 16 bits W |
% AVE Endpoint (LANI3E0) -
« [@ 100BASE-T1 Part PCM Sample Endianness: ‘ Big-Endian W | == il
v BE Mic Array Local Streaming Pert: ‘TDM-SSC v |
Ba AVE Endpoint (LANI360)
Streaming Overview
[ type filter text
State Stream Mame  Listeners  Additional Info °
@ Linked Radio 1 Stream|D: 00 04 25 1C AD 2000 01
@ Linked Announcement 1 StreamlD: 00 04 25 1C AD 80 00 02 W

it CREATOR

(N .
Linux®, Autosar®, FreeRTOS 0

. A8\ MicrocHIp
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SPE Connector Standard — Current Status

ISO/IEC 63171 CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT

_ IEC 63171 IEC 63171-1 IEC 63171-2 IEC 63171-3 IEC 63171-4 IEC 63171-5 IEC 63171-6 IEC 63171-7

Initiator

Picture

Type
Variants

IP-class

Status Norm

Target markets

Available products

24

N/A

Published

N/A

Commscope

i, A
e i

A §
LC-Style
1

P20

ED1 published
ED2 in progress

Building

N

A

Rectangle

1

P20

Published

Building/
Industry

Sockets,
Patchcables

SIEMON

o

TERA 1P

P20

ﬁggﬁ‘ .
ey ﬁ‘

Square-
shaped

1

P20

CDV

Building/
Data Center

Phoenix Contact

IP67

2. CDhV
publish in 2022

Industry

M8 sockets,
M8 Patchcable

150/ IEC

Harting
Rectangle/M8/ .
M8 Hybrid/m12 V112 Hybrid

4 7
IP20 / IP67 IP67

ED1 published D
ED2 in progress

Industry Industry

P20 sockets,
Patchcables
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Use Cases

Passenger vehicles

Industrial vehicles

Transportation

Robotics & warehouse automation
Industrial automation

lloT

Building automation

Energy management (030‘\
Media transmission ?,&\6

o
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Hybrid Topology

Central Office IT Network

1000BASE-T
100BASE-T1 - = E Energy Mmanagement
! T_l 1 el Building automation
.an g Lighting

Industrial automation

S @ H @ m
$o@m H - m
$om B o om
S @ H @ m
$om S - @
$ @ H @ m

@ MICROCHIP

© 2023 Microchip Technology Inc. and its subsidiaries



BMW 10BASE-T1S Proof of Concept

y ’ - Presented on IEEE® Ethernet
10BASE-T1S ' | Tech Days, Munich, 2021

Cooperation between BMW,
- Microchip and KPIT

10BA 1S enables the expansion of the Ethernet
network Within the vehicle for applications with
increasing bandwidth requirement.

=» Suppression of gateways such as CAN/LIN to
Ethernet and reduction of switches.

Demonstration of multi-rate
real time SPE Network

Objectives :
- Technology evaluation and estimation of the
integration efforts within an Automotive context

|

|
1

o 100 Mbps

- Ramp-up center of competence for series
development

|
|
\

&,

e s

- Preparation of the ecosytem on multiple . . Node 7
development stages AN 4 Logging

- Multivendors

Partners with BMW, EE-3 for this cooperation : R o v & L
- KPIT : SW Integration onthe AUTOSAR 2 fuom b : - B e ST -
Stack, troubleshooting driver implementation ‘ | VY T s
- Microchip Technology: Hardware solution and
driver development

K P I -I Mlc:n\o\cmp
=

i U

il 2 Y (-
AUT O SAm iy AT rere

ANode 5 Node 6

AUTOSAR implementation with
Service oriented communication

o - W -
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Ring or Daisy Chain Topology

Remote
Management

=~
!
B—

i Factory automation

. 1d00l3ASE-T.1 v Building automation
& edundant Ring .
* \..|<—> * |[EEE® 820.1CB (TSN) <A h IIOT

* HSR, DLR
L)<—> x (—‘[

)

2y

o
|
<
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Summary

* Would your Ethernet designs benefit from using a
single twisted pair?
* Reduced weight

* Simpler and quicker installation
* Lower system cost

* If YES, we can help!

@ MICROCHIP



Product Details
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100BASE-T1 PHY: LAN8770

Fully Compliant IEEE® 802.3bw Single-Port PHY
N e * Leading Energy Efficiency

WAKE_IN

* Low Power ~ 130 mW operation
* TC10 Wake up/Sleep (< 15 uA)
* Reduced BOM
* Fully integrated line termination and filtering
*  RGMII, RMII, MIl w/flexPWR®
* 125 MHz RGMII output
* Enhanced LinkMD™ Diagnostics
* OPEN Alliance (TC1) Advanced diagnostics compliant

MII/RMIVRGMII TRXN

Ethernet LAN8770
MAC REF_CLK 100BASE-TI PHY TRXP

JE

CLK125 LED/IRQ N

MODE [3:0]

Crystal or Clock

Oscillator * SQl counter w/MSE, peak, threshold interrupt
* Functional Safety Ready
| SGS » SGS TUV Certified ISO 26262 ASIL B ready
bW A&l BREKI * FMEDA, Safety Manual
Tuv o sy - Smallest T1 PHY
| SAAR * 32-Pin & 36-Pin Wettable QFN (5 x 5 mm, 6 x 6 mm)

 AEC-Q100 Grade 1 (-40 °C to +125 °C)

. A8\ MicrocHIp
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Why LAN8770?
100BASE-T1 Ethernet PHY

LAN8770

100BASE-T1 Ethernet PHY Offering Industry’s
Leading Ultra-Low TC10-Compliant Sleep Current

www.microchip.com @ MicrocHIP

Market Leading sleep current

* <15 uA, 4x lower than the competition!!

Smallest T1 PHY
* 32-Pin/36-Pin QFN

Extended cable reach
Reduced BOM

* AEC-Q100 Grade 1 (-40°Cto +125°C)

@ MICROCHIP
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How Two Low-Power Versions of

Automotive Ethernet are Cutting CO2
Emissions 4 L | ALL ABOUT

gust 05, 2020

Steve Arar

Road vehicles are respo C of global CO2
emissions. Two types of automotlve Ethernet designs may trim that
percentage down.

Global Wake-Up Through the Ethernet Network

The OPEN Alliance has developed a wake-up mechanism where a wake-up signal can distribute throughout
the network and activate all ECUs that were previously in the sleep mode. In this model, a wake-up (WUP)

signal is triggered by the microcontroller. This wake-up signal spreads very quickly to all ECUs in the network.

After a global wake-up, the units that are not needed go back to the sleep mode as quickly as possible. The
advantage of a global wake-up rather than a selective wake-up is that the knowledge of what device is going
to turn on remains in the relevant layer of the communication stack.

Note that the wake-up signal is distributed through the Ethernet link itself rather than a separate wake-up
line. Hence, we need to keep a portion of the PHYs always active to detect any imminent wake-up signals.

Microchip’s Single-Port Ethernet PHY

Microchip’s new single-port T00BASE-T1 Ethernet PHY, the LAN8770, demonstrates the efficiency possible in
global wake-ups through the Ethernet network; specifically, this device supports the OPEN Alliance TC10

slee

standard. It has a sleep current of less than 15 pA that, according to Microchip, is about four times
lower than the sleep current of other products on the market.

MICROCHIP
LANBT70

Industry Leading Sleep current and Size

Tiny Automotive Ethernet PHY
Transceiver Does the “Big Sleep,”

-Lndustrial ethernet book

Enhancing Automation and Internet Connectivity

extremely low sleep current and size, both major virtues for that
application, and it adheres to the OPEN Alliance TC1o standard.

Single-pair Ethernet PHY

An ubiquitous Ethemnet architecture simplifies the design, configuration, and control of many
diffierent applications. This iz especially true for connected mobility that requires more high-
speed data delivery than ever before. Automofive networks rely heavily on parfial networking in
which some segments are hibernated and woken up on demand. The Microchip LANS770 s an
(OPEN Alliance TC10 sleep standard Ethemet physical layer fransceiver (PHY) with a sleep
current of less than 15 JA.

Bill Schweber
AUG 03, 2020

ElectronicDesign.

Data networks in vehicles rely on sub/partial networks in which some areas are put
into sleep mode and activated when required. With the LAN8770, Microchip
Technology now introduces an Ethernet PHY (Physical Layer Transceiver) that
omplies with the TC10 quiescent current standards of the OPEN Alliance. At less
han 15 pA, it offers the industry’s lowest quiescent current - comparable devices on
the market require about four times more power, Microchip says.

The LAN8770 is a compact 100BASE-T1 Ethernet PHY with one port available in a
5mm x 5mm or 6mm x 6mm QFN package with wettable edges. The compact
housing is ideal for applications with limited space such as the infotainment head

& News

AUTOMOTIVE

Ethernet PHY chip targets space-constrained
applications in the car

© 2023 Microchip Technology Inc. and its subsidiaries
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100BASE-T1 PHY

Real case OEM design; Competitor solution

125 MHz
Oscillator

125 MHz IN
MDC/ E
33V MDIO

Renesas SoC

HBM 4 kV
CDM 750V
Except pin X1 250 V

T 100BASE-T1
Optional
External

Filter

Competitor
53y JINT p
PHY
6 mMmx6 mm
RGMII DATA
25V
Vreg
a
Enable

Sleep/Wake CAN bus

Instrument
Cluster

@ MICROCHIP



100BASE-T1 PHY

Real case OEM design; Microchip LAN8770 solution

A

125 MHz IN E—
MDC / CDM > 1 kV
3.3V DI
Renesas 2y INT LANS8770 100BASE-T1 with < 15 uA TC10 Sleep/Wake Instrument
SoC ~ 24 (L) Cluster
RGMII DATA
25V
Vreg
B LAN8770 offers
Enable

Minimized BOM
Smallest package

Superior ESD
‘TC10’ wake and < 15 UA slee

> 40% power consumption reduction

35
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LAN887x 1000BASE-T1 PHY

LAN8870
100/1000T1
PHY

LAN8871
1000T1
PHY

LAN8872
1000T1
PHY

SerDes

* To be determined

36

Fully compliant IEEE® 802.3bw/bp Single-Port PHY
* Force or auto-negotiation mode
Reduced BOM
*  SGMII, RGMII, RMII, MIl w/flexPWR®
* 125 MHz RGMII output and programmable output clock
IEEE 1588/.1AS Time synchronization support
* 8 ns jitter accuracy
Cable reach
* Type A (15 m) and Type B (40 m)
* Extended reach (> 40 m*)
TC10 Sleep and Wakeup support
e <20 uA standby power consumption
Enhanced Diagnostics
* Cable diagnostics, Signal Quality Indicator

* BIST, link, error, temperature, voltage and clock monitoring

Functional Safety Ready
48-Pin (7 mm x 7 mm) package
AEC-Q100 Grade 2 (-40 °C to +105 °C)

@ MICROCHIP



SPE PHY and Switch Evaluation Platforms

Modular MCU + SPE kits Standalone boards

e 100BASE-T1 to 100BASE-
TX media converter

rrrereeerer LI

e 10BASE-T1S & 100BASE-T1 PHY and
Switch daughter cards

R~

AVB/TSN 100T1

Xplained SAMV7x MCU board GigE Switch

e SAMA5 MPU board
« AVB/TSN End Point board

. A8\ MicrocHIp
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100/1000 BASE-T1 Plug-in Bridge Solutions

MICROCHIP e
MicrOCHIP
EV68M25A
EVB-LAN8770-RGMII

SUPERSPEED

100BASE-T1 LWsBg
LAN8770
LAN7801 4

Software
Mesocue, &
1000BASE-T1
LAN8870 PCI>
EXPRESS’
LAN7431 +
Software

i, A8\ MicrocHIp



LAN937x 100T1 GigE Switch

Cost Optimized, single-chip AVB/TSN switch

Up to 6x 100BASE-T1 Ports Optional 100BASE-TX Port

| !

RGMIl/
Part Number T;OT:;Y T;(O':ZY RMII/MII if:\:lsu Temperature Package
Ports
LAN9370 4 0 1 0 40°C+105°C | 64-QFN ,
Et:\elggi«hﬁ) LAN9371 3 1 2 0 -40°C+105°C | 128-TQFP f‘g | - -
Switch w/ TCAM (Y . =
LAN9372 5 1 2 0 | -40°c+105°C | 128-TQFP ARl >N 3 ;
_T5s2 -
LAN9373 5 0 2 1 -40°C +105°C | 128-TQFP ‘élg“““““‘& == L~ ~con
- i o st :
LAN9374 6 0 2 0 -40°C+105°C | 128-TQFP o - P —— i
v v v v
Up to 3x RGMII / Optional Switch 1588 Precision10,
RMII/ MII Ports SGMII  Management LEDs, Clock O/P
* 5to8-Port AVB/TSN Switch « Advanced AVB/TSN support ) EVB-LAN9370
» Cascade for up to 14-Ports e 802.1AS Time Sync * Partner: SAME70 XULT, SAMA5D3-EDS,
* Software and pin compatible e 802.1Qat Stream Reservation Au;:lio End Point o o
. » Software: Autosar®, FreeRTOS, Linux
e TC11 compliant e 802.1Qav Shaper
e TC10 wake up and sleep e 802.1Qbv Scheduler
e AEC-Q100 Grade 2 e 802.1Qci Ingress Policing /

@ MICROCHIP



LAN938x 100T1 GigE Switch w/ CPU

Safe & Secure, fully Integrated, single-chip AVB/TSN switch

Part Number

LAN9384

T1PHY TXPHY

Ports

5

Ports

1

RGMII/  SGMII OR
RMII/MII RGMII MUX Temperature Package

Ports

0

Port

1

-40 +105

128-TQFP

LAN9383

5

0

1

1

-40 +105

128-TQFP

LAN9382

4

1

1

1

-40 +105

128-TQFP

LAN9381

-40 +105

128-TQFP

40

7-Port AVB/TSN Switch \
300 MHz Cortex M7

Integrated Flash & ECC RAM
1G/2.5G SGMII Uplink

Advanced TSN support
e 802.1AS-2020 Time Sync
e 802.1Qbv Scheduler
* 802.1Qci Ingress Policing
e 802.1CB Redundancy

Advanced Security Engine
TC10 wake up and sleep

Functional Safety ready

AEC-Q100 Grade 2 /

© 2023 Microchip Technology Inc. and its subsidiaries

Up to 5x Optional
100BASE-T1 Ports  100BASE-TX Port

T T Security Engine

ECDSA SHA-256

& AES Secure
Engine Boot

OTP
Boot
ROM

EtherSynch® 300MHz ~68KE
AVBITSN ARM® S
Switch w/ TCAM Cortex M7

v ooy v

Host Processor, 1G/2.5G 158810, Host Processor,
PHYs, Cascade SW SGMII LEDs  EEPROM, Trust Anchor,
Peripherals
ﬁ\ MICROCHIP



New LAN938x EVB With 10T1S Support

LAN9383 T1 Ethernet Switch 1 EDs Header
e el IR ARM Cortex M7 | UARTO
UARTO| | WARTY || HEMCI QASPI SPID SPIH
ICE
e |Tc:n || TCA || TC2 || TC3 || FIOA || 12c | UART1
H:'ﬂfm Ethernet Switch Core SPI0
M RGMI | |[T1-PHYO] | T1-PHY1| | T1-PHY 2] | T1-PHY 3| | T1-PHY4
[ J[rom |rrmm][remrrmarem][eed =
25MHz crystal 4
VAMT-9013-25M00000 I ‘
25MHz crystal J
DC Jack |42V |[KSZ9131
| Gbit PHY
PM8 Power | T1 Port1| [T1 Port2| [T1 Port3| [T1 Port4| [T1 Port5
Module LANBGET72 RJ45

¥ 5V

DC Regulators
MCP1824
MCP1825

MIC23201 (2)
MIC23050

3.*3".-" 1.!‘.:" 1*"-."
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Multi-Rate SPE Evaluation Kits

9x 100BASE-T1 Ports

Managed TSN GigE
Switch

b . S & L

,I I W t

Cascaded Multi-Port
GigE TSN Switch

10BASE-T1S Port #3

E.Ez,m- B M——g'c r:; ug:

- K188 e
e .._5—.‘ K i‘é‘sl‘

[’? 1
f{’!f

8=

(LR

E

L.' sl

10BASE-T1S Port #2

100/1000BASE-T Uplink

10BASE-T1S Port #1

ﬁ\ MICROCHIP




10BASE-T1S Low-Cost Transceiver Lanss (ES Q4 2022)
Switch Switch
o omac

* Reflections due to multidrop
* High common mode voltages MAC
» Requires high voltage process for o =D
i & e P Py |osze
 Digital PHY New TRX

semiconductors

eyl [ > E
- TRX @
ﬁ\ MICROCHIP

o
o
OOOOOOOO

0
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Flexi Switch LAN932x
10 Mbps to 2.5 Gbps Flexi-Switch

Scalable family; 3 to 14 ports

Addresses new broad market needs

* Automotive Zonal ECUs — 10 Mbps to 2.5 Gbps
switch support

Low risk, fast time to market
* Based on LAN938x and 3-Pin Transceiver IP

Low cost

From 10Base-T1S Phy to a complete Switching

solution with 100/1000/2.5GBase-T1

5-Port Flexi Switch “\\\

$ &£t & & 1

Port 1 Port 2 Port 3 Port 4 Port5

8-Port Flexi Switch

256
MAC
/1G

16 16 16 16 1G 16 16
1 MAC2 MAC3 MAC4 MACS MACE MAC7 MACB
2.5G SGMII
/ RGMII /M7
RMII

$ &£ £ &1 3¢ %3

Port 1 Port 2 Port 3 Port 4 Port 5 Port 6 Port 7 Port 8

Automotive

Lighting

Zonal ECUs

CAN, FlexRay, 10 replacement
Audio, Microphones
Ultrasonic sensors
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LAN932x 10M to 2.5G Switch Family

\\
Flexi-Switch e

. Flexible and Scalable ~ samplingQ223

Automotive switch solution

* Proven AVB/TSN core
* 10BASE-T1S, 100BASE-T1
» RGMII/MII /RMII
* 1G/2.5G SGMII excosQuess [ saz1abeTims
* Cascade option m—
* LAN937x, LAN938x 1om1 R phy
* QFN, TQFP packages t I

802.1QCi
Ingress Stream
Policer

Access Control
List

802.1Qat
Stream
Reservation

1588 / 802.1AS-
REV

802.1Qav
Credit based
Shaper

I 111 18
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Automotive Ethernet Switch Overview

10Gbps | 2°6PPS Ambient [Ambient
Switch Max # of LI || AL 100BASE{ RMII/ 1Gb 2.5Gb SETE USXGI\F:ITI 802.1As 802.1Qb St MAC : iy I:I"-| iy
Status | Automotive [ >W'© AXHOT| 100BASE- | T1S 1 RGMII Ps | £260Ps ey ann 25GBASE-| PCle VLAN [DPI+ ACL : 802.1Qav | 802.1Qbv | 802.1Qat | 802.1Qci | 802.1cB Q01 g02.1ach | Host ecure emp emp Packages
Bandwidth | Ports T1 Mil SGMII SGMII QsGMil gPTP / 802.1br Boot sec | Range Range
B (OA3p) QsGMIl FI CR/KR/SR - ™
/LR/ER in ax
FreduEen Yes 7 5 upto2 [upto2 | uptol X X X X X X SPI, IBA NA -40 105 128-TQFP
FreduEen Yes 5 4 uptol [uptol | uptol X X X X X X SPI, IBA NA -40 105 128-TQFP
SPI, IBA, external 25mm 25mm 888-Ball
production Q12022 64GB 64 upto 64 | upto24 | upto12 up to 6 X X X X X X X X X PCle (TA100) -40 85 FCBGA (0.8mm pitch)
SPI, IBA, external 25mm 25mm 888-Ball
Production Q12022 90GB 64 upto64 | upto36 | upto18 | upto9 X X X X X X X X X pCle (TA100) -40 85 FCBGA (0.8mm pitch)
SPI, IBA, external 25mm 25mm 888-Ball
production Q12022 128GB 64 upto64 | upto48 | upto24 | upto12 | upto4d X X X X X X X X X PCle (TA100) -40 85 FCBGA (0.8mm pitch)
SPI, IBA, external 25mm 25mm 888-Ball
production Q12022 160GB 64 upto64 | upto64 | upto32 | upto16 | upto6 X X X X X X X X X PCle (TA100) -40 85 FCBGA (0.8mm pitch)
SPI, IBA, external 25mm 25mm 888-Ball
Production Q12022 200GB 64 upto64 | upto64 | upto32 | upto20 | upto8 X X X X X X X X X pCle (TA100) -40 85 FCBGA (0.8mm pitch)
SPI, IBA,
Bredcion Yes 5 4 uptol [uptol X X X X X X X M NA -40 105 64-VQFN
6 1 3 2 2 17l 8, NA 40 105 128-TQFP
Production Yes UpE P i3 X 13 X 13 X 13 SMmI - -TQl
SPI, IBA,
Breducion s 8 1 5 upto2 |[upto2 X X X X X X X M NA -40 105 128-TQFP
8 5 to2 to2 tol S I, NA 40 105 128-TQFP
Production Yes UPLO P P X X £ X i3 X X SMI - -TQl
SPI, IBA,
Beducdion s 8 6 upto2 |upto2 X X X X X X X sMl NA -40 105 128-TQFP
Pre- X SPI, IBA,
production Oct'22 7 4 upto3 |[upto3 1 1 X X (2020) X X X X X sMI X -40 105 128-TQFP
Pre- x SPI, IBA,
production Oct'22 7 1 4 upto2 [upto2 1 1 X X (2020) X X X X X sMI X -40 105 128-TQFP
Pre- X SPI, IBA,
pProduction Oct'22 7 5 upto2 |upto2 1 1 X X (2020) X X X X X sml X -40 105 128-TQFP
Pre- x SPI, IBA,
Production ) 7 1 5 uptol [uptol 1 1 X X (2020) X X X X X sMI X -40 105 128-TQFP
P 5 to2 2 to3 tol tol tol ST, NA -40 105 64-QFN
Pevlepment: @23 up to up to up to up to up to X X X X X X X X SMI, 12C
EngSamples SPI, IBA,
PevclETHEE GPE 5 upto4d upto3 |uptol | uptol uptol X X X X X X X X SMI, 12C NA -40 105 64-QFN
EECIes 8 to5 2 t06 [upto4 to1 to1 x x x x x x x x SPI, 184, NA -40 105 128-TQFP
Development Q2'23 P upto upto upto upto SMI, 12C
EngSamples SPI, IBA,
PevelErmet @23 8 upto?7 upto6 |upto4 | uptol uptol X X X X X X X X SMI, 12C NA -40 105 128-TQFP
EngSamples X SPI, IBA, 17mm x 17mm 361-Ball
Upto 10 Upto 10 Upto 10 Uptos8 -
Development| Q123 40GB 12 2 [P P2 [ P2 x x (2020) x x x x x x x PCle x & 2B FCBGA (0.8mm pitch)
EngSamples X SPI, IBA, 17mm x 17mm 361-Ball
Upto10 | Upto10 | Upto10 Upto8 =
Development Q123 65GB £2 2 [ PES 9 [PES X x (2020) x x x x x x x PCle x W A5 FCBGA (0.8mm pitch)
EngSamples 12 5 - P U6 Ui X SPI1, IBA, 20 105 17mm x 17mm 361-Ball
Development|  Qi'23 90GB pto pte pto pte X X (2020) X X X X X x x PCle x ) FCBGA (0.8mm pitch)
Eng Samples Gen4x2 X SPI, IBA, 17mm x 17mm 361-Ball
Upto10 | Upto10 | Upto10 Upto8 -
DevElepmen: Q124 40GB 12 2 p to pto p to pto SR-IOV X X (2020) X X X X X X X PCle X X 40 105 FCBGA (0.8mm pitch)
EngSamples Gendx2 X SPI, IBA, 17mm x 17mm 361-Ball
Upto10 | Upto10 | Upto10 Upto8 =
Development| 124 70GB & 2 pte pto pte pto SR-IOV x X (2020) X X X X X X X PCle X X W w3 FCBGA (0.8mm pitch)
Eng Samples i 5 o —— S T Gen4x2 X SPI, IBA, 20 105 17mm x 17mm 361-Ball
Development| Q124 95GB pto pte pto pte SR-IOV X x (2020) X X X X X X X PCle x x ) FCBGA (0.8mm pitch)
X Supported -
NA Not Applicable M
IBA In Band Access (over Ethernet port) ICRDCHIP

OA3p

OPEN Alliance 3-Pin 10BASE-T1S Analog (high voltage) Transceiver interface




What is 10BASE-T1S ? oA

IEEE® 802.3cg 10 Mbps Single Twisted Pair W 100BASET1PHY
Legacy 10BASE-T1S
ECU ECU 100BT1

"

No switch required

Less PHYs and cabling
Low latency/Deterministic
Secure & Safe

Scalable

|Sensor Sensor |Sensor

#

Sensor, Sensor, Sensor Sensor

‘Sensor —
°®

@ MICROCHIP
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10BASE-T1S Products

LAN867x PHY

Sensor
Actuator

Mil/RMII Mil/RMII

10BASE-T1S 10BASE-T1S

48

LAN865x MAC/PHY
* Low Power

Sensor
* AEC-Q100 Grade 1

: * 15026262 compliant

2 ‘*I' ijSO[ bl (.
vEH OO OO ¥ v vy wn ‘\

10BASE-T1S

@ MICROCHIP
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10BASE-T1S PHYs: LAN8670/LAN8671/LAN8672

* Ecosystem

¢ I nte rfa ces SMI PHYAD [4:0] MODE [1:0]
> MII/RMII
* MDIO

* GPIO External MCU . -
* Features c\ ’
10/100 . MIRMIL
* Multid rop Ethernet MAC | ] mINCE?Geg/?:; TRXP MDl

CSMA/CD, PLCA
Extended Control of Media Access

1SO26262

Temperature Grade 1 (AEC-Q100)

* Low Power Crvetal or Clock

° . rystal or CiocC
 QFN 36/32/24

* 6Xx6/5x5/4x4mm

@ MICROCHIP



SPE Tools for 10BASE-T1S — Microchip Eval Boards

e 10BASE-T1S PHY RMII and MII Evaluation Boards

* Standard form factor to connect to Microchip MCU

platforms

* Includes the Bus Interface Network (analog front

end)

e 10BASE-T1S PHY USB Evaluation Board
* Any USB host can be a 10BASE-T1S node
* Drivers for Linux® and Windows

« MPLAB® Harmony 3 Development Framework

* Integration into development framework for
Microchip microcontrollers and microprocessors

e https://www.microchip.com/en-us/tools-
resources/configure/mplab-harmony

50

=
- =&k

909900@& ¥ QOQ Torm

HARMONY
-
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Ethernet Endpoint
"TSN Out-of-the-Box"

Classic TSN Node
e High-end TSN capable CPU

* Complex Software Integration
* Operating System
TSN Hardware Driver
* TSN Software Stack
Streaming Application

Optimized TSN Node

e Integrated HW solution
e Cost optimized

e Small formfactor

e No SW development

EP = EndPoint

@ MICROCHIP



Functional Safety Rea

Development Process

Safety Manual

PointCy
ICAF_TEST_PRC
otor testing.timestampR&
endif
ADC1_FlaginterruptClear();
MCAF_SystemStateMaching
MCAF_UiSteplsr(&motor ui
CAF_BoardServiceStep|
AF_MonitorSteplsr(§

Diagnostic Software

Development Tools

52

=)

ANMICROCHIP  Products  Solutions  and Support  Education  About  OT9e 2

=

LANS770

MICROCHIP FUNCTIONAL SAFETY MANUAL

Table of Contents

Preface ..

Chapter 1. Overview
1.1 Introduction ...
1.2 References ...
Chapter 2. Abbreviations and Definitions

Took

Now
Software

100BASE-T1 Ether
PHY Transceiver
LAN8770

&%

oD o0 -

100Base-T1 Ethernet Transceiver

Status: In Production

Features:
* OPEN Alliance TC10 support
* FlexPWR® technology power management
® Extended cable reach

®_Small footprint 32-pin VQFN (5 x 5 mm) and 36-pin YQFN (6 x

2.1 Introduetion .11
E [ o E F ] H T
Chapter Components FIT Rate Distribution ~ Numberof  FIT Rate Disuibution Failure Mode Effect Component level Device level FIT Diagnostics for Single Point Failure
for this Failure Mode  Module for this Failure Mode FIT Split Split
15 of total FIT rate]  InstanceslUnits (% of total FIT ratel for
for Each AllInstances of the
InstancelUnit of the Module
Module
Digital C:
Block
Xl Communication Fail No Communication T5.0% 201225%  (H) MILLOOPBACK_TEST
(H) PCS_LOOPBACK_TEST
- 4 - RO_N Assertion Fai 5,‘::;; dﬂepenmng on IRQ wil be 12.5% 33536% (M) PHY_STATUS_READ
LED Output Fail Digital signal will not drive the 12.5% 33536% (L) GPIO_READ_WRITE_TEST
desired system design
Transmitter Block
198080% (M) LINK_TMEOUT_MONTORNG
(M} MAC_CRC
(M) MONTTOR_ERAOR_COUNTER
Page 3 of 20 48520% (M) LINK_TIMEOUT_WONTORNG
M) MONTTOR_ERROR_COUNTER
Certification Report No. S0YG0001 (M) 50| TEST
1icergn (4 e TMEQUT WANTODNG

1 Task

With the certificate No. FS/71/220/21/0740 it is confirmed that the product:

“LAN8770”

has been developed in accordance to the requirements of 1ISO 26262-5 [R1].

The product is rated with ASIL B ready '.
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Microchip Security Assets
Autonomous Driving Increases Security Attack Surfaces

Secure
Production
Flow

Authentication Microchip Security Solutions

e 20+ year track record

e Scalable from secure elements to HSM
Hardware * End-to-end/Total System Solutions

Secure Boot

Algorithms

Hols Hardware

Secure Key

Storage Encryption

e Ethernet secure switching
Access control

Intrusion Deep packet inspection

Ingress Policing

SMART | CONNECTED | SECURE

Secure
Field
Updates

Intrusion

Protection Protection

- A8\ MicrocHIp
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Thank you!
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