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PCle® is Everywhere

PCle® technology is pervasive in systems such as CPUs, GPUs, NICs, SSDs, FPGA, and other multiple end
points that require low latency, high performance interconnect for diverse applications.

Automotive
Self-Driving Cars

@ MICROCHIP

Microchip Proprietary and Confidential



PCle Fanout Switch Applications

PCle® Expansion Use Case Machine Learning / Al Use Case

Motherboard

CPU

x16

PCle
Devices

Expansion

L L] L -

Data communications
Defense systems
Radar System

Motherboard

CPU

x16

[Slot]
|

x4 x4

x4

x4

(2)() () ()

CPU CPU
X16 X16
(NTB) (NTB)

High
Growth

Embedded Systems
PCle Expansion

« Video Broadcasting

DVR

x16

x16

x16

x16

(e (o) (o) (o)

L] - - L] L]

Servers

GPU workstations
Machine Learning / Al
Cloud Infrastructure
Storage systems
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PCle Switch Application Market Segments .1

= Server systems:

= PCle switches are commonly used in server systems to increase the number of PCle devices that can
be connected to the system. This can include network adapters, storage controllers, and GPUs

= Data centers:

= PCle fan out switches can be used in data centers to help manage the flow of data between multiple
PCle devices, which can help improve overall system performance and reduce latency.

" Cloud computing:

= PCle switches are also used in cloud computing environments to connect multiple virtual machines to
a single physical PCle device, such as a GPU, to improve the efficiency of the cloud computing

' !
. Y
. ‘
\

environment.
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Data Center Typical Application with PCle Switches

NIC/SmartNIC

PCle-FC Host
Bus Adapter
(HBA)
(Storage Area

Networks)

DDR4/5
DIMMs

SSD

CPLD

: CLK
GEN
vy
< GPU/AI Accelerator
<-»| CPU - CPU <> (Direct Attach Storage)
A 4
v
PCH
'
- . . U.2 MVMe SSD
: & s 3 3 E .
P P MAC e (Direct Attach Storage)
E . ‘. BMC e anrannns > % E Cunnectors
i ; BMC =1
TPM — Hrerrerrrert

Microchip Proprietary and Confidential
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PCle Switch Application Market Segments .2

= Media and entertainment:
= PCle switches are used with video processing/codec to facilitate data transfer from the edge to the
cloud
= Gaming systems:

= PCle switches can be used in gaming systems to connect multiple GPUs or other high-performance
devices to a single PCle slot, which can help improve gaming performance and reduce latency

" Industrial and embedded systems:

= PCle switches are often used in industrial and embedded systems where space and power
consumption are critical factors. They can help reduce the number of PCle slots needed, which can

help save space and power




Video Edge Storage and the Video Cloud

Video Streaming Use Cases with primary video flows

Edge Regional
Data Center Data Center

i i i i S - NETINT adapted f LF Edge, and
interactive applications o ouree adapted from ge, an

& .
L J e
"agupunn®

Microchip Proprietary and Confidential
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IHS Markit, NFV Strategies, Global Service Provider Survey,
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Future of Automotive

“ultimate mobile device”

g\ MICROCHIP
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Autonomous Mobility Drives Big Data

To day
FEET EYES DRIVER

P rtial thly Fully

SSSSS automated automated Automated

SSSSSSSSSSS

>
- LiDAR, Radar
 Camera/sensor data %/
: o E\@t\,*
* ECU interconnectivity '\\ o
* Redundant safety networks CAVRESS R R
* Cloud connectivity SURROUND

* Data logging

. | o A8\ MicracHIP
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Why PCle For Automotive?

* It is a natural 1/0O bus that is already available in most SoCs, controllers, & CPUs.
* Open standard with a large ecosystems and multiple vendors.
e Point-to-Point architecture

* Supports chip-to-chip, backplanes, short cables and optical communication
topologies.

* Extremely low latency compared to other protocols.
e Scalable bandwidth

@ MICROCHIP



Agenda

* What is PCle?
’ N

MICROCHIP
® Switchtec™

PCle Switches

Driving the Future of Automotive
With Switchtec™ PCle® Switches
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PCI-SIG - Organizing Body

PCI-SIG = Peripheral Component Interconnect Special Interest
Group

Industry organization specifying

+ Peripheral Component Interconnect (PCI), PCIl/
- PCI-X

* PCI Express (PCle) fS'G
Based in Beaverton, Oregon
Formed 1992

Specifications are available to members of the organization
https://pcisig.com/specifications

@ MICROCHIP
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https://pcisig.com/specifications

Spec History: PCle Speed Comparison

PCle Encoding Transfer X1 X4 X8 X16
Generation Speed (GT/s) | Throughput | Throughput | Throughput | Throughput
(GB/s) (GB/s) (GB/s) (GB/s)
1 2 4

Gen1l 8b/10b 0.25
Gen 2 8b/10b 5 5 2 4 3
Gen 3 128b/130b 8 ~1 ~4 ~8 ~16
Gen 4 128b/130b 16 ~2 ~8 ~16 ~32
Gen5 128b/130b 32 ~4 ~16 ~32 ~64
A8\ MicrocHIp
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PCle Future Timeline

Specification in

Progress Draft 0.71 Draft 0.9 Final 1.0

16 GT/s NRZ Workgroup
PCl Express 4.0 Base Workgroup vote on approved on March WG approved on Sept.
Electrical Chapter April 7 30, 2017 28, 2017

32 GT/s NRZ
PCl Express 5.0 Base WG approved WG approved on WG approved on WG approved WG approved on
Electrical Chapter 5/11/17 10/3/17 03/29/18 on 09/27/18 05/23/19

64 GT/s PAMA4

WG WG WG WG WG WG

PCl Express 6.0 approved approved Approved Approved Approved Approved
Base Electrical Chapter [9/12/19 12/12/19 10/08/20 06/24/21 09/30/21 12/16/21
128 GT/s PAM4 WG
PCl Express 7.0 approved
Base Electrical Chapter |03/23/23 Dec 2023 Mar 2025 Sep 2025 Dec 2025

@ MICROCHIP
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PCle Elements

* Alane includes a differential Upstream Port Downstream Port
transmitter and a differential :
receiver, 4 wires per lane. '

 Alane is full-duplex (Also regarded
as dual-simplex) O

* Dual-Simplex connection,
transfers in both direction E
simultaneously O-
 Symmetric: A port has the same
number of lanes in each direction
(RX & TX)

One Lane

@ MICROCHIP
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PCle Elements

e A link consists of 1 to 32
lanes which connect two
devices within in a PCle
hierarchy

e All lanes within a link
operate at the same
speed

e Lane count doubles, then
bandwidth doubles.

Two Lanes

.
One Link ~

’ ®
a | TN ~="  AS\MicrocHiP
Microchip Proprietary and Confidential o __—’
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PCle Port Terminology:
* Must be viewed from each ‘link perspective’ -
* Link: PHY-to-PHY Connection @

Link

PCle Systems
P(:,/I,e_-Rg\ot

e Link width can be x1, x2, x4, x8, , X16, x32
lanes (Bifurcation)

* Link Speed can be different at point 1 and 2.

I 3 v

/ v

I 1

I \
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1 1 H
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Device Endpoint
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PCle System Hierarchy Example

Device
Endpoint

Legacy PCI

Root Complex

Switch

Device
Legacy PCI . . Legacy PCI
Device Device

Device
Endpoint

Device
Endpoint

Device
Endpoint

~wneruurnp Proprietary and Confidential
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System Component: PCle Fanout Switches

* PCle switches have:

* One upstream port that connects in the direction of the host

* 1+ downstream ports that connect to the devices or additional switches

* Switching logic that routes the data packets between the ports

* Peer-to-Peer

Fanout
Switch
DeVice Device Device
Endpoint Endpoint Endpoint

Microchip Proprietary and Confidential
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Accelerator direct to storage

Peer to Peer Applications

* Accelerator direct to storage use model
* NVMe SSDs
* NVRAM Drive
* JBOF
* NVMe RAID Controller
* SAS Controller

* Network (Infiniband, Ethernet, etc) direct to Accelerator
is typically close to the Accelerators

e Switch DMA could be used for:
* Host to Host communications
* Deposit to NVRAM Drive
* Deposit to NVMe Controller Memory Buffer (CMB)
* Accelerator to Accelerator

Microchip Proprietary and Confidential



PCle Switch with Single-Root

PCle Enumeration

* PCle fanout switches are a network of
bridges

* Enumeration: FW/SW must go out and
discover what devices and functions exist

in their system.

* depth-first search algorithm to discover all
BDFs.

* (Bus: Dev. Funcs) in the system starting with
0:0.0 and searching from there.

Microchip Proprietary and Confidential

Host Root Complex

P2P
0:0:0

PCle Switch

Endpoint | | Endpoint
@ MICROCHIP




PCle BDF ID

* PCle enumeration/hierarchy
limits
* 256 Buses per Root Complex
* 32 Devices per Bus
* 8 Functions per Device

Root complex assigns and
programs each device with a
Bus # and Device # in its
Configuration space.

“BDF” ID

M Device B Function

* After enumeration, all PCle functions in the hierarchy have a unique
“BDF” ID — you can recognize these in Linux Ispci output:

BB:DD.F <Device class>: <Vendor name> <Function name>
A8\ MicrocHIp



PCle Switch with Multi-Root

PCle® Virtual Switch Partitions (VSP) —
* Divide PCle switch into Virtual Switch 000

Partitions. T

* Each partition:
* Has its own root complex s

* |s a closed system with individual
enumeration and partition reset schemes | |

P2pP P2pP
2:0:0 2:1:0
* Provides isolated memory address
islands
* Dual port storage devices give P e
transparent access to two hosts cthernet Bridee| DT

27
Microchip Proprietary and Confidential

P2P
0:0:0

pP2pP
1:0:0

P2P P2P
2:0:0 2:1:0

P2P P2pP
3:0:0 4:0:0

@ MICROCHIP



System Component: PCle Fanout NTB Switches

 What about Multi-Root applications with switches?
* Switches can also allow host-to-host communication & device sharing between RCs.
* This is enabled via a feature called NTB: Non-Transparent Bridging.
* Requires NTB support in switch, NTB memory window configuration, and NTB-

specific software on participating components to function

NTB

Fabric Switch

Device

Endpoint _‘
|

Device
Endpoint
|

W

Device
Endpoint
|

Microchip Proprietary and Confidential
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PCle Switches with Non Transparent Bridging

* “Transparent” — Root complex enumerates and can access any
PCle components in the hierarchy beneath.

* “Non-transparent” — The PCle components a given root complex
wants to access, exist in a hierarchy under a different root

complex.

* In NTB-enabled switches, we call the hierarchies as “partitions” and
configure rules for how RC in one partition can access RCs/devices in
other partitions.

* This involves hand-crafted memory address translation rules in the NTB
hardware of the switch.

@ MICROCHIP
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30

Bridges PCle domains

NT End Point (NT EP) function is
enumerated in each NT enabled
partition

Utilizes Non — Transparent Endpoints
to facilitate communication between
switch partitions

Addresses and IDs mapped across
partitions

Host-to-host communication
Not defined in PCle spec

Microchip Proprietary and C¢Ethernet Bridge

PCle® Non-Transparent Bridging (NTB)

Host Root Complex

p2pP
0:0:0

PCle Switch

- —

Host Root Complex

pP2pP
0:0:0
| |

—

uolle|suel] SsaIppy

X\ MicrocHIP
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PCle Roadmap Positioning

A Trident / Harpoon

High Performance
Edge, Embedded Compute

switching
(7)) .
g . . Stamford « PCle Gen 4 /5
w Peripheral Expansion * 16 Lane PCle Gen4 * 28 t0 100 lanes
% Sf . . * 5-7 Port Switch * Up to 52 ports
< Bridging, SBC, IPC . Cross-Link port + Up to 48 NTB (hosts)
S v * 4x NTB (hosts) * Adv. SW Fabric
25 | * DMA Cloud Computi
'E g 'Brldgeport ou omputing,
a e |*46lanePCle Gen3 Data Center,
Q &' |+ USB2/USB3, GPIO
S * 2.5G Ethernet Compute,
— * PCle passthrough
Aberdeen
| e 8 * PCle Gen 1
e | * Single Port Bridge = =
| “‘ﬁm Rt itbtie Seamless scalability
. >
.. BANDWIDTH / SPEED A8\ MicrocHIp
Microchip Proprietary and Contidential



PCle Leadership & Investment

Industry’s First Automotive-Qualified Gen 4
PCle® Switches Enable Autonomous Driving

Ecosystem

Switchtec™ Gen 4 PCle switches provide low-latency, low-power and high-
performance connectivity for ADAS designs.

mm

CHANDLER, Ariz., February 21, 2022 — High-speed, low-latency connectivity solutions for distributed,
heterogenous compute systems are a fundamental element in next-generation autonomous driving applications.

Microchip Technology Inc. (Nasdag: MCHP) is announcing the market's first Gen 4 automotive-qualified PCle®
switches. These Switchtec™ PFX, PSX and PAX switch solutions provide cutting-edge compute interconnect
capabilities for Advanced Driver Assistance Systems (ADAS).

"Our automotive-qualified portfolio of Switchtec Gen 4 switches provides the lowest latency and high bandwidth
required to link the CPU and accelerator building blocks used in ADAS applications,” says Krishna Mallampati,
associate director of marketing and applications for Microchip's data center solutions business unit. “We are
delighted to see the culmination of several years of collaboration with key technology partners and to bring these

solutions to market.”

15t Automotive PCle switch to market
15t Automotive Ethernet to market

15t Automotive USB to market
@Mlcnocmp




Features

m  Single-chip, PCle 3.1 @ 2.5GT/s to
10/100/1000 Ethernet controller

m  PCle Low Power Sub States LPSS L1.1
(snooze) & L1.2 (off)

m |EEE 1588-2008 Programmable Time Compare
output (Eg: 1PPS)

IEEE 1588-2008 Capture input
JTAG via integrated 1149.1 compliant TAP
Accessible GPIO

Linux, Android, MSFT Windows and QNX driver
packages

Interface to external PHY via RGMII or Ml

AEC-Q100 Grade 2
(-40 to +105C) support

m  72-pin SQFN (9 x 9 mm, 0.5mm pitch)

PClev31
2.5 GT /s PHY
++L1SS

1v2 Switching
Regulator

2v5LDO
Regulator

VDDVARIO

Single 3v3 Supply

DMA & FIFO
Controller
Tx ChO
RxCh 0..3

Ethernet PHY
++802.3az (EEE)

IEEE-1588 PTP disciplined 1/O
1 PPS output < o

5 MHz output «

PCI>

EXPRESS




Bridgeport PCle Expander Device

. . Host IPC or
Ena-bles embedded Fonnect:wty and Embedded Processor
peripheral abstraction for PCle-based SoC’s '
~ 1111
Featu res E}%LE?S’ IIIII\IIIIIIIIIIIIIIIIIIIIIIIII|IIIII!IIIIIIII (I
* PCle link to common processor
platforms

* Providing standard interfaces
* PCle Fanout switching
* Ethernet networking —
2.5G, 1G
* USB HOST supporting
USB3.2Gen2 & USB2
* UARTS, GPIO, SPI

annnn J."

PCI>> s USB)

* SD Express EXPRESS =y
& E

xHCI Host Controller Ethernet

Peripheral Ports

HW State
Machine

I
EEPROM  SPI Peripheral/
SMBUS Target

@ MICROCHIP



Bridgeport Product Family

Feature
PCle USB Host
Bridgeport CPN Feature Table Device Networking
Upstream Downstream 3.2Gen2 | LS/FS/HS UARTSs GPIO
Port O Portl | Port2 | PortO, 1 Port 2, 3 MAC
PCle Switch — USB Host, Networking, Quad UART, GPIO | pPCi11414 @ ] ] [ ] @ [ ] [ J
PCle Switch — 1 Downstream Port, USB Host PCI11400 { J o o e @) o
PCle Switch — 1 Downstream Port, Networking PCI11010 ® [ ] ® O ®
PCle Switch — 1 Downstream Port, M.2 Buildout PCi11101 o [ o o o
PCle Switch — 2 Downstream Port PCI12000 { J o @ O @

PCle Quad-Lane

Upstream Port (4*8GT/s)

11

PCle
3.3V PCl11414
@]
164DQFN
Vario
o Port 0: 4*8GT/s
1.1V PCle Switch
[ Port 1:28GTis | [ Port248GTss | [Port3 15GTss | [Port4:172.56Tss |
100MHz
PCle RefClk
*— PCle EP PCle EP gute ||5|P
ontroller
25Mhz Contlroller ContIroIIer
J__ XHCI GPIO/SMBUS Controller/
Host Controller SRS UART/Dual SPI Controller
| use3 [[ uses [[ use2 [[ use2 [[ use2 [[ use2 )
— PCIe| e |Ge|r12 | HS ” HS ” HS || HS I/O Multiplexer
8GT/51 I 111 1 IIII Vo)
|
1 - * *, .
FI;CIe stmgle LFe)m? 2*10Gb/s 4*480Mbl/s 2.5Gb/s Peripheral Ports EEPROM SPI Peripheral/
ownstream r~or USB Downstream Ports (RGMII/SGMII+) SMBUS Target

* Industry Standard Packaging
AEC-Q100 & Automotive Grade 2 (+105degC)
Commercial & Industrial (+85degC)
72QFN / 100QFN / 132DRQFN / 164DRQFN
*PCle 3.1 (8GT/s)
Single/Dual/Quad lanes
Low Power Sub States
SD Express
*Networking
2.5G/1G /100Mb / 10Mb
*USB Host Controller
Type C support
10Gb Single Lane XHCI Host
*Serial interfaces & GPIO
RS232/RS485 (Auto direction), SPI, 12C



Evaluation Platform

EVB-PCI11414

MICROCHIP

EVB'PCI11414 VXII7-3013 (25! iy

o !
W TRIAD
S 386970001 Jf

Microchip Proprietary and Confidential

*Industry Standard Packaging
Commercial & Industrial (+85degC)
164DRQFN 0.5mm Pitch, 13mm x
13mm

*PCle 3.1 (8GT/s)

Single/Dual/Quad lanes upstream
Singe lane downstream
*USB 3.2Gen2 10G XHCI Host Controller
USB Type C & 3x USB type A

*Ethernet 2.5G MAC

Shown here with KS29131 GigE PHY
MAC PTP GPIO via SMA connectors
Serial interfaces & GPIO

Quad RS232/RS485 (Auto direction)

Dual SPI, 12C, GPIO
10bT1S /10SPE / IEEE802.3cg via SPI

@ MICROCHIP



Microchip Data Center Solutions Segments

Storage & Compute Storage Memory
Infrastructure End Point Solutions Infrastructure

Ada ptec®

IOCs & HBAs N Flashtec® SSD Controllers Smart Memory
e Performance Controllers
ROCs & | ‘f / __omi
RAID Adapters ‘ snaoc | ol ,:
3X00 Family 2 B EXpanSion

\‘ Mainstream

.,
SAS Expanders ‘ ,‘, m

Cards
\

CXL Expansion

Flashtec® NVRAM Drives

Server OxM & Hyperscale

CXL™/PCle®
Switch & Fabrics

+ Automotive
variants

Server OxM, Hyperscale, HPC

Pooling

Tachyonlo | Y I
Controllers ichcH 7 h
Adeprs ﬁ\ MICROCHIP
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2016 ~ 201 2024/1 2024/9

Microchip Embedded PCle Switch Roadmap

Production

Saratoga Gen3 PCle Switches

Scalable up to 48 ports, 48 NTBs, 24 virtual switches
Flexible Bifurcation x2, x4, x8, x16

Error Containment

Reliability / Quality — 5th generation SERDES

Advanced Diagnostics and Debug

96/48, 80/40, 64/32,48/24,32/16, 24/12 lane/port variants
Architectural variants: PFX, PSX, PFX-L and PFX-I

Non-automotive derivatives only

)

-

L

Trident Gen4 PCle Switches \

Superset of Gen3 PFX features (no port mirror)

110ns pin-to-pin latency

Error Containment (Hot- and Surprise-Plug)

Advanced Diagnostics and Debug

End-to-end Data Integrity

NVMe-MI support

High-performance Cut Through DMA

Secure boot

100/52, 84/44, 68/36, 52/28, 36/20, 28/16 lane/port variants

AR

PFX NXG5

I

Production

ﬁarpoon Gen5 PCle Switches

* PFX:
* Superset of Gen4 PFX features
* Enhanced Diagnostics and Debug
* Architectural variants: PFX, PSX and PAX

* PSX:
* SDK enables customization

+ PAX
* PCle and GPGPU Fabric support
* Multi-host SR-IOV Sharing support
* PAX SDK enables customization

Production Commercial: Q1 2024
chuction AEC Q-100: Q2 2025

Production

Development

\/

Stamford Gen4 PCle Switch
Gen4 16 GT/s
12 to 32 lanes
NTB support
Compatible with Trident PFX feature set
Automotive Functional Safety, ASIL-B
AEC Q-100 qualified derivatives

Sampling Q3 2024

4

Architectural variants: PFX, PSX, and PAX
AEC Q-100 qualified derivatives /

Bridgeport Gen3 PCle Bridges

Flexible family of devices

USB Host Controller Endpoint
Up to six USB2/USB3 ports

2.5G Ethernet Endpoint

PCle pass-through to 1 or 2 ports
AEC Q-100 qualified derivatives

Microchip Proprietary and Confidential
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& Microsemi
Power Matters.-
SWITCHTED"
PCle'FANOUT
SwiITCH
PFX NXG3
PM853X

Switchtec PCle Gen 3 Switch Product Family

High Reliability and Flexible PCle Fanout Switch

Scalable up to 48 ports, 48 NTBs, 24 virtual switches
Flexible Bifurcation (x2, x4, x8, x16)

Error Containment (Hot- and Surprise-Plug)
Reliability / Quality — 5th generation SERDES
Advanced Diagnostics and Debug

Low Power

End-to-end Data Integrity

96-, 80-, 64-,48-, 32- 24-lane variants

& Microsemi
Power Matters.*
SWITCHTEL"
PCle' STORAGE
SWITCH
PSX NXG3
PM854x

Q/Micmsemi:

Power Matters.

SWITCHTER"
PCle’ADVANCED
FABRIC SWITCH
PAX NXG3

Programmable PCle Storage Switch

Superset of PFX, pin-compatible

SoC Architecture / SDK enables customization and differentiated solutions (e.g. internal root
complex, error containment)

Enterprise- class, field-proven, enclosure mgmt processor (SDK)
96-, 80-, 64-, 48-, 32-, 24-lane variants

PCle Advanced Fabric Switch

e Pin-compatible to PSX and PFX

e PCle Fabric support

e Multi-host I/O Sharing support

* 96-, 80-, 64-, 48-, 32-, 24-lane variants

5T
O S
1
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—
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e
o 3
S5 On
I%Lo
NI
1
o o
> @
D -
n O
= 5
o 9
a5 5
D D
o !

@ MICROCHIP



Switchtec PCle Gen 3 Switch Product Family

& Microsemi
Power Matters:
SWITCHTEC"
PFX-L
FANOUT-LITE
PCle’ SWITCH

96xG3 PMB566

& Microsemi
Power Matters."
SWITCHTEC"
PCle’ FANOUT
SwiTcH

PFX-l 96xG3
PMB576

PFX-L Fanout-Lite PCle Switch

Subset of PFX features, footprint-compatible

Up to 24 ports, 2 NTBs, 6 virtual switches

x4, x8, x16 port bifurcation

Advanced diagnostics and debug w/ chiplink gen/analyzer
End-to-end data integrity

96-, 80-, 64-, 48-, 32-, 24-lane variants

High Reliability and Flexible PCle Extended

Temperature Industrial Fanout Switch

Scalable up to 48 ports, 48 NTBs, 24 virtual switches

Flexible Bifurcation (x2, x4, x8, x16)

Error Containment (Hot- and Surprise-Plug)

Reliability / Quality — 5th generation SERDES

Advanced Diagnostics and Debug

Low Power

End-to-end Data Integrity

96-, 80-, 64-, 48-, 32-, 24-lane variants

PFX-1 is pin compatible with the same** feature set as PFX, and supports extended industrial
temperature ranges -40C (Ta) to +105C (Tj)

**PFX-1 doesn’t support Adaptive Voltage Scaling (AVS). AVS is a way to reduce power
consumption by lowering the voltage supply

|

SaUD)IMS aue|-{Z pue ‘-z& -gf SS0Joe pue
‘aue|-y9 ‘-08 ‘-96 SsoJoe a|qiedwod-uld
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Trident PCle Gen4 Switch Product Family

PFX Gen4 Fanout PCle Switch

Superset of Gen3 PFX features (except no Port Mirroring)

PCle Gen4 Switch Scalable up to 52 ports, 48 NTBs, 26 virtual switches
110ns pin-to-pin latency

Error Containment (Hot- and Surprise-Plug)

Advanced Diagnostics and Debug

End-to-end Data Integrity

High-performance CutThrough DMA

Secure boot

PSX Gen4 Programmable PCle Switch

Superset of Gen4 PFX

SDK enables customization and differentiated solutions
Enterprise- class, field-proven, enclosure mgmt processor
NVMe-MI support

High-performance CutThrough DMA

Secure boot

PAX Gen4 Advanced Fabric PCle Switch

PCle and GPGPU Fabric support

Multi-host SR-IOV Sharing support

High-performance CutThrough DMA and Fabric DMA

PAX SDK enables customization and differentiated solutions
Secure boot

Microchip Proprietary and Confidential
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Switchtec™ Automotive Qualified Switch Portfolio

MICROCHIP
Switchtec™

Automotive Qualified
PFX PCle® Switches

PFX-A

Scalable up to 52 lanes, 28 ports, 26 NTBs
110 ns pin-to-pin latency

Error Containment (Hot- and Surprise-Plug)
End-to-end Data Integrity

Secure Boot

29 mm x 29 mm

Part Number  Description

PM43028B1-F3ElI PFX-A 28xG4, 28-lane Gen 4
Fanout Automotive PCle®
Switch

MICROCHIP
Switchtec™

Automotive Qualified
PSX PCle® Switches

PSX-A

Includes PFX attributes and,

e SDK customizable / differentiated
solutions

Enclosure management processor
NVMe-MI support

e High-performance Cut-Through DMA

29 mMm x 29 mm

Part Number Description

PM44028B1-F3El PSX-A 28xG4, 28-lane Gen 4
Programmable Automotive

PCle® Switch

PAX-A

MICROCHIP
Switchtec™

Automotive Qualified
PAX PCle® Switches

Includes PFX, PSX attributes and
e PCle® and GPGPU Fabric support

e Multi-host Sharing of
SR-I0V Endpoint

* 29 mm x 29 mm

Part Number Description

PM45028B1-F3EI PAX-A 28xG4, 28-lane Gen 4
Advanced Fabric Automotive

PCle® Switch

PM43036B1-F3EI PFX-A 36xG4, 36-lane Gen 4
Fanout Automotive PCle
Switch

PM44036B1-F3EI PSX-A 36xG4, 36-lane Gen 4
Programmable Automotive

PCle Switch

PM45036B1-F3EI PAX-A 36xG4, 36-lane Gen
4 Advanced Fabric

Automotive PCle Switch

PM43052B1-F3ElI PFX-A 52xG4, 52-lane Gen 4
Fanout Automotive PCle
Switch

PM44052B1-F3El PSX-A 52xG4, 52-lane Gen 4
Programmable Automotive

PCle Switch

PMA45052B1-F3EI PAX-A 52xG4, 52-lane Gen
4 Advanced Fabric

Automotive PCle Switch

Microchip Proprietary and Confidential
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PFX/PSX/PAX Gen5 PCle Switches

High-Reliability, Low Latency PCle Switches

Key Features

PCle Gen5 fanout switches
« 100-, 84-, 68-lane PCle switches, 40x40mm pkg, 1mm ball pitch
« 52-, 36-, and 28-lane PCle switches, 31x31mm pkg, 1mm ball pitch

*  Flexible port bifurcation: x1*, x2, x4, x8, x16;
Upstream/Downstream/NTB

Clocking
*  SRIS, SRNS, Common clocking with SSC, SRIS clocking modes, SSC
Clock Skewing

*  Up to 6 Host REFCLK inputs, 7 REFCLK outputs

Error Containment, DPC, CTS, Hot-Plug, Surprise Plug
Support

PCle Multicast, multiple overlays per port
Diagnostics/Debug — Physical to TLP layer

Secure boot image authentication

Peripheral Interfaces
«  TWI, SPI, UARTs, SGPIO, GPIO
- 100M/GE (on 100-, 84-lane, 68-lane devices only)

High Performance CutThrough DMA engines
« 120 GB/sec for 4KB transfer size and 175 GB/sec for 1MB transfer

size, 64 DMA channels

PSX: customer-programmable
SoC with Dual-Core 1GHz MIPS
SDK, programmable PCle Control Plane and encl. mgmt

PAX: advanced fabric PCle switch

Additional new features for Gen5

Multi-host SR-I0OV sharing
PCle Fabric Support

Fabric DMA

Enhanced on-chip PCle analyzer for debugging TLPs

per port and Ordered Sets per lane

Enhanced LTSSM monitor for advanced triggering

Automatic port bifurcation (Rev B)

itchtec
Genb PCle Switches
PFX nxG5

Microchip Proprietary and Confidential
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Genb PCle Switches
PSX nxG5

v

Switchtec
Gen5 PCle Switches
PAX nxG5

v

* x1 natively on four lanes

Q\ MICROCHIP



ChipLink on Harpoon Gen 5

M Ease of Configuration
* Rapid device setup with presets for common use cases

vvvvvvvvvv

* GUI-based device configuration and topology viewer

M Functional Debug
* Pattern generators and analyzers
OS Analyzer
TLP Analyzer: improved triggers and TLP capture

i Hardware Architecture

New

New
Stack Settings

LTSSM Monitor: improved trigger flexibility and entry tables e 40

New

Enable Stack [v] Enabled @) )
Performance and Error Counters

-8
4 4 4 | 48

M Signal Integrity Analysis Tl
* Eye Capture, Signal Integrity Analyzer “

* One-click forensic captures S
M Complete Access to Device Documentation
* Context-sensitive embedded documentation

Dramatically reduce bring-up time, and improve development efficiency

@ MICROCHIP
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OS Analyzer (NEW)

Ordered Set Analyzer

Helps debug link training issues PER LANE where inserting a PCle analyzer changes the channel and

ultimately may mask the issue

- Flexible filtering eliminates “analyzer garbage” and isolates transactions of interest
- Flexible cross triggering enables next level debug capability

Types: Patterns:
TS1, TS2, FTS, CTRL, SKP | Any 128b Value or Mask

Ingress (O

Egress (O

Ingress OS s

Egress OS

* One lane in a stack, single direction (256 entries for 16 lanes in both directions)

—_—

—

Filters:

TS1, TS2, FTS, CTRL, SKP,

EIEOS, EIOS, Error OS

Triggers:
Tx can trigger Rx, Rx can trigger Tx, from same lane, from
different lane, from another block (TLP Analyzer, LTMON,

ARAM, GPIO)

Non-Repeating
Pattern Filter:
TS1, TS2, FTS

@ MICROCHIP



Stamford PCIE Gen4 Switch

with Non-Transparent Bridging

e 16-Lane PCIE Gen4 Switch

® Bifurcation x2, x4
Up to 8 ports, pre-configured per table

NTB Functionality on all ports
Cross-link capability for 2x switches
Fast data transfers: Peer-Peer / DMA
Secure Boot & Secure Firmware Update
ChipLink diagnostic and debug tool suite
Commercial and Industrial temp
Automotive Grade 2 (-40C to +105C)
Functional Safety, ASIL-B Compliant
Package 16mm x 16mm 353-FCBGA
Pre-silicon emulation using Trident
Evaluation Kit

e Samples September 2024

IIH 2444 A444 2444
i vyiy vvvy \224

PCle PCle PCle PCle
| | | |

Port 1 Gen4dx4 Port 2 Gen4dx4 |_| Port 3 Gen4x2 | | Port 4 Gen4x2 |
PCIE Switch
___________ ‘ e oo e =C
Port 5 Gendx2 | Port 6 Gendx2 Port 7 Gendx2 Port 7 Gendx2
| I L
1 1 1 1

——————————————

I Upstream
Port

I Downstream
Port

| Fixed lanes

: Optional lanes

L P | & /
T ) "t Tt
v 12 12 v

Stamford configuration options

PCI1003 8- port PCle Gen4x16 SWItch 2x4 + 2x2

PCI1004 4-port PCle Gen4x16 Switch 4x4 0 4

PCI1001 4-port PCle Gen4x16 Fanout Switch 1x4 3x4 0
PCI1005 7-port PCle Gen4x16 Fanout Switch 1x4 6x2 0

Proven IP, low risk, faster time-to-market

Microchip Proprietary and Confidential
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Stamford and Trident Feature Comparison
T tamford Automotive | __Trdent Automotive

PCle Generation

# of Lane

# of Port

Multi-Host Support
Virtual Switch Partition
Dynamic Partitioning
SR-IOV

DMA Engine

Package

BGA ball pitch

Power Consumption
Temperature
Functional Safety
Tool for Configuration
Schedule

Gen4
16
Upto8
up to 4 NTBs
Upto4
No
NVMe Supported
Yes
353-FCBGA 16x16mm
0.8mm
9W (typ) 16-lane
Ta =-40 to 105degC
Compliant
ChipLink
Sample in September 2024

Gen4
28/36/52
Up to 28
up to 28 NTBs
Upto 14
Yes
Supported with PAX
Yes
753-FCBGA 29x29mm
1.0mm
17W (typ) 28-lane
Tj =-40 to 105degC
No
ChipLink

: \ MICROCHIP
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PAX for Multi-host 10 Sharing

- Key Features
Multi-host sharing of SR-I0OV and multifunction Endpoints (EPS)

- Virtualize SR-IOV NVMe SSDs to appear to each host as dedicated NVMe Controllers

with a single function
- Allows host to run off-the-shelf NVMe drivers

Combined with Fabric to provide larger systems

@ MICROCHIP



Stamford Enhanced Software Program

IIH 4444 4444 4444
44 1222/ 1222 (124

Datacenter Product Software [ree ] =] [re] L[=] fuseon
* Firmware [ onzcenon | | ponzcema || romacenie || portcense |
* Host Applications & tools PCIE Switch J cownsteam
* Secure boot oo P s L oo | | i tanes
' . o . | Optional lanes
------------------------------------ o I~ - % y
Automotive Software Additions A i W W
* Host Drivers & OS Support * Enhanced security (ACS, CMA)
* NTB Driver (2-NTB, 3-NTB and 4-NTB) * Secure boot
*  Management Endpoint Driver * Secure JTAG
* DMA Endpoint Driver e Access Control Services
* Linux & QNX support .

Component Measurement Authentication

* NVMe sharing software * SoC interop testing (Nvidia, Qualcomm, Renesas)

* Virtual Root Complex

* NVMe Virtualization Manager and EP Sharing AZER
*  NVMe Inbox Driver ISO 26262

W Te3ilZd SPICE®

Expanded software support reduces development time |
7, A8\ MicrocHIp
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Embedded Use Case

Automotive L2+ thru L4 Driver Assist Platform

e Data Processing

Image recognition / Heuristics
Localization / perception

Workload sharing between ADAS SoCs
Data sharing with Infotainment SoC

Sensor Fusion
Driver Assist Policy

e Safety

e Component health interrogation

System health policy

e Redundant ADAS SoC

Host3
Infotainment

Safety
CPU

NVMe
Storage

Microcip | | /0 Micrackie
MCP16550 DSA1224
PMIC Timing

\A4

A5 MIROEHIE —>

Ethernet

Switch
Communication
PCle
= Ethernet
12C

Microchip Proprietary and Confidential
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Microchip PCle Switches
e W

¢ Built on 3rd Generation HW;
deep expertise in signal
integrity.

e Hardened IP, 8 yrs volume
production at all top Cloud
Datacenter, Server, and
Storage providers.

e Worlds first auto grade PCle
switch announced March,
2022

e Latest generation optimized
for Automotive

e Enhanced test coverage
e Flexible I/0 blocks.

® Roadmap covering widest
range of requirements

e Industry leading feature set &
flexibility

e Eight post-production FW
releases: New features, bug
fixes, maintenance

e Supported by Linux
community, major OS and SoC
vendors

e Six-year partnership with
Dolphin Gen3-Gen4-Gen5
families

¢ Dedicated local technical
support

e Systems and device expertise

¢ SoC vendor reference designs.

Proven interoperability with
Qualcomm, Nvidia

e Ecosystem incl SoC, Storage,
SW, & connector vendors

e Comprehensive ChipLink tool
suite

® Expanding investment in PCle
products for Automotive.

e Commitment to 1ISO26262

® Microchip NO EOL Policy for
Long Term Automotive
Support

e Top 10 WW Automotive
Semiconductor Supplier

Microchip removes risks of first-generation products for safety critical applications

@ MICROCHIP



PCle over Cable Demo

@ MICROCHIP
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Agenda

° Driving the Future of Automotive
. With Switchtec™ PCle® Switches
. ;

Mlcgcnlp
* PCle over Cable Demo Switchtec™

PCle Switches

@ MICROCHIP



Automotive PCle Reference Validation Board

Microchip Total System Solution

H-MTD H-MTD H-MTD H-MTD H-MTD H-MTD

Input Filter
(Common-Mode)

PM4x052B1-F3E|

OCulink PEX/PSX/PAX MIC28516-VAO MIC2133-VAO
52-Lane (3.3V, 8A) (0.84V, 25A)

oculink DSC500GL2A

100MH
UART TWI ( d MIC28516-VAO MCP1322-VAO

(1.8V, 2A) (Volt. Supervisor)

Supply Main
12V ATX (8-pin)

OCulink SATA SATA SATA

QSPI
Flash EAE

BOOTSTRAP & SYA75604

Recovery (4x Output) . PCle Slot x8

OCulLink

PCle Edge x8

@ MICROCHIP
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Automotive PCle Reference Validation Board
H-MTD PCle Interface Functional Check

ADP_EDGEG4
PCle .
Host PC Edge/Slot PCle Edge to OCulLink
PCle 1x16
X

: SANAAAN,
R\ MicRoCHIP 4
@ -

EV17N14A z PY

t & : ol : i
B @Mlcnoculp &
EV17N14A E:, ®

T #&Ix Trident Automotive G281y

Microchip Proprietary and Confidential
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PCle Over Cable Demo

Remote Wedge Pelican Case Contents

Remote Wedge GEMnet Cable (7m

@ MICROCHIP
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Eye Capture Results for Different Cable Length
H-MTD PCle Interface Functional Check

* Test Objective
* Verify PCle Performance over H-MTD

Eye Plot (Gen3 1m Cable) Eye Plot (Gen3, 5m Cable)

---------

ceccce [H
szs=ee: N
Dmmmn:

o

.......
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Zonal ECU with Centralized Compute Platform for ADAS
Applications

PCle interconnect

Ethernet
in-vehicle
network

@ MICROCHIP
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PCle Over Cable - End-Use Applications

* Remote Storage Over Cable
* PCle over cable connection to central compute SOC(s).
» SSD storage located in accessible location (trunk, interior cabin, etc.).

e Zonal Central Compute

* Distribute central compute SoCs to zonal locations.
* Adds physical location redundancy.
* Provides ECU scalability across multiple vehicle platforms.
* Reduces overall thermal load of co-locating SoCs within single module/location.

@ MICROCHIP
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Zonal SoCs (PCle Over Cable) with Remote Storage for
ADAS Applications

PCle Over Cable

Ethernet
in-vehicle
network

@ MICROCHIP
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