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Preface

Read This First

i3 TEXAS INSTRUMENTS

About This Manual

This Technical Reference Manual (TRM) details the integration, the environment, the functional description, and
the programming models for each peripheral and subsystem in the device.

Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data (as
defined by the U.S., EU, and other Export Administration Regulations) including software, or any controlled
product restricted by other applicable national regulations, received from disclosing party under nondisclosure
obligations (if any), or any direct product of such technology, to any destination to which such export or re-export
is restricted or prohibited by U.S. or other applicable laws, without obtaining prior authorization from U.S.
Department of Commerce and other competent Government authorities to the extent required by those laws.

Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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Related Documentation From Texas Instruments

For a complete listing of related documentation and development-support tools for the device, visit the Texas
Instruments website at www.ti.com.

AM261x Documentation

* AM261x Data Sheet

¢ AM261x Errata

*  AM261x Technical Reference Manual

*  AM261x Register Addendum

* AM261x Flash Selection Guide

* Submit Request for AM261x HSM Addendum here.

AM261x Software

» Sitara MCU+ Academy for AM26x Devices <---Start Here
* MCU-PLUS-SDK-AM261x

AM261x Product Folders
¢ AM2612 Product Folder
AM261x Evaluation Modules

* AM261x LaunchPad (LP-AM261)
*  AM261x controlSOM (AM261-SOM-EVM)

Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

Trademarks

TI E2E™ is a trademark of Texas Instruments.

Ethernet/IP™ is a trademark of ODVA, INC..

PROFINET™ is a trademark of PROFIBUS Nutzerorganisation e.V.
EtherNet/IP™ is a trademark of ODVA, Inc.

ETB™, ATB™, ETM™, and Arm Cortex™ are trademarks of Arm.

EtherCAT® is a registered trademark of Beckhoff Automation GmbH.
PROFINET® is a registered trademark of PROFINET International.
PROFIBUS® is a registered trademark of PROFIBUS Nutzerorganisation e.V.
ARM® and Cortex® are registered trademarks of ARM Limited.

Arm® is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
is a registered trademark of Arm.

All trademarks are the property of their respective owners.
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Release History

The following table summarizes the AM261x Technical Reference Manual (TRM) and associated Register
Addendum (RA) release versions.

Release Date TRM Version RA Version
* November 2024 SPRUJB6 SPRUJ9%4
A March 2025 SPRUJB6A SPRUJ94A
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Chapter 1
Introduction

i3 TEXAS INSTRUMENTS

This chapter introduces the features, subsystems, and architecture of the AM261x Sitara MCU Processor
Platform high-performance System-on-Chip (SoC).

Note

This document describes the superset architecture, processors, and peripherals of the AM261x Family
of SoCs, which are part of the Multicore SoC architecture platform. Not all features are available

on each family of devices. The superset AM261x device will be available for preproduction software
development. Software should constrain the features used to match the intended production device.
For more information on the specific modules and features available on a particular device, refer to the
device comparison table in the corresponding device-specific data sheet.

The AM261x Sitara Processor Platform is hereinafter commonly referred to as AM261x, platform,
device, chip, or SoC.

A OVEBIVICW. ...ttt ettt e teeeeeeeeeeeeeeeaaaaa s s s s ssssssssssasseeeee e e e eaeaaaeaneaeaeeaean s nnssssssssssnsnnnnnsnessesaeaeaeanenenanaann 13
1.2 DeVICe BIOCK DIAGIAM. ........ccoo ittt e ettt e e ettt et e a4 ettt e e e e ba e et e e e e snbn e e e e e e s e e e e e e nnnnnes 14
1.3 Module Allocation @and INSEANCES...............ooooiiiiiii e ee et e e e e e e e e e e e e e e s e e e s nansaaeaaaeeeeeeeaaaaaaaaaaaeeaaaaaaaaann 15
I 0 T o1 U Yo [ P 16
1.5 DeViCe IdentifiCatiON................ooe et e et et e e e e e e e e e e e e e e e e s e e e neaansaaeaeeeeeeeeeaaaaaaaaaeaaaaaaaaann 27

12 AM261x Technical Reference Manual SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

www.ti.com Introduction

1.1 Overview

The AM261x Sitara Arm® Microcontrollers are built to meet the complex real-time processing and control

needs of next-generation industrial and automotive embedded projects. AM261x uniquely combines advanced
computing with industry leading real-time control peripherals to meet the growing performance needs of
applications such as HEV/EV (traction inverters, on-board chargers, and DC-DC converters), motor drives,
renewable energy, energy storage, and other general real-time constrained systems. AM261x combines up to
two Cortex-R5F MCUSs, a real-time control subsystem (CONTROLSS), a Hardware Security Module (HSM), and
two instances of Sitara’s PRU-ICSS. AM261x is designed for advanced motor control, industrial communications
and remote 10, and digital power control applications.

The two R5F cores are arranged in a cluster with 256KB of shared tightly coupled memory (TCM) per core along
with 1.5MB of shared SRAM. The multiple Arm® cores can be optionally programmed to run in lock-step option
for different functional safety configurations. Extensive ECC is included on on-chip memory, peripherals, and
interconnect for enhanced reliability. Cryptographic acceleration and secure boot are also available on devices in
addition to granular firewalls managed by the HSM for developers to design the most secure systems. AM261x
also includes a Trigonometric Math Unit (TMU) on each R5F core for accelerating trigonometric functions.

The Real-Time Control Subsystem (CONTROLSS) is a revolutionary subsystem integrated into the device.
CONTROLSS contains multiple digital and analog control peripherals including: ADC, CMPSS, EPWM, ECAP,
and EQEP, among others to enable efficient execution of critical sense/process/actuate real-time signal chain
control loops. The integrated crossbar (XBAR) infrastructure enables flexible configuration and routing of
external signals to internal ports and internal signals to external pins.

The Flash Subsystem (FSS) provides access to external Flash devices via Octal Serial Peripheral Interface
(OSPI) along with Encryption/Decryption, Authentication and in-line ECC protection (referred as ECCM). The
FSS includes one OSPI (OSPI0). The OptiFlash module features Region Based Address Translation (RAT), Fast
Local Copy (FLC), and Remote L2 cache (RL2) functions that greatly improve Flash performance on the device.
There is also a second instance of Octal Flash (OSPI) Controller, referred to as OSPI1. The OSPI1 is added

for supporting FOTA applications without a RWW flash, and to provide a cost-efficient SRAM expansion. OSPI1
does not support OptiFlash.

The two PRU-ICSS instances in AM261x provide the flexible industrial communications capability necessary to
run EtherCAT®, PROFINET®, Ethernet/IP™, or for standard Ethernet connectivity and custom I/O interfacing.
The PRUs also enable additional interfaces in the SoC including sigma delta decimation filters and absolute
encoder interfaces. The CPSW interface also provides two standard Ethernet ports.

AM261x supports one dual role USB2.0 port with an integrated PHY for firmware upgrade or diagnostic support.
Hosts can also connect through USB instead of Industrial Ethernet and boot the device.

Tl provides a complete set of microcontroller software and development tools for the AM261x family of
microcontrollers in addition to multiple pin-to-pin compatible devices for scalability and ease of use.
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1.2 Device Block Diagram
GPMC UsB2.0 ETH1 ETH2 N}'ﬁ;/ts)') OSPI1  TRACE  JTAG 0SPIO
Q
UsB20+PLL| [ cPsw3G | [MmMC/sD | [ opy DEBUGSS LS crypto || &
GPMC +PHY (+ET/CutThru) (4-bit) 1STM Accelerators | | 2
L2l TCO TC1
T 1 T T T 7 TT 1 e
e e
CORE_CBASS (Core Interconnect) Control i1 Power
[ PINMUX ]+ | [ 18vanalgoo |
g T FUSE i
e ,le—,: [ tsviosias oo
' il
PRU-ICSSO MII_RT[  PRU-ICSS1 pos pos | R { | [Thermal Manager (7w |
. d
PRUO 3x PRU1 PRUO 3x PRU1 H coreo corel TR Secunty E E
SPAD SPAD IRAM(16kB) IRAM(16kB) Manager (HSM) H
(16kB) (ECC) [BANK] (16K8) (ECC) (16kB) (ECC) [BANK] (16kB) (ECC) DRAM(16k8) | 3| DRAM(16kB) Events and Interrupts i
DMEMO (8kB) (ECC) DMEMO (8kB) (ECC) TCM(ZSGkB)gTCM(ZSGkB) VIM | [ Timesyncxear ]
DMEM (8KB) (ECC) DMEML (8KB) (ECC) 128K8
SMEM (32kB) (ECC) SMEM (32KB) (ECC) K— ROM T™MU | T™U DMA XBAR | [ PrU-icssxBaR ]
IEP. [UART ] [Ecar ] IEP. [UART | [Ecar |
Clocking

CMPSSA (x9)*

7-Channel ADC (x3)*

!

)

PER_CBASS (Peripheral Interconnect)

i
1
i
[ x7auHFosc [ Watchdog (2x) ]
1
i CORE PLL [ RTITimers (ax) | '
Il e
' [ perpc ]
eSS TSNS
H ! IPC !
G 1
- :
RCM/PLLCTRL i ]
RCOSC (32kHz)
1
i RCOSC (10MHz) !
Internal Diagnostics ]
1
[ ESM [ MPU | |
1
[ PBIST || DCC (4x) |
1
[ Debug Logic | [ EccAggregator | |
1
[ STC (1x) || CCMRS (1x) |

FSIRX FSITX SDFM EQEP EPWM ECAP  CAN-FD LIN UART SPI 12C GPIO (PinMux)
(x3)* (x1) (x1)  (x1)  (x2)* (x2)* (x10)*  (x8) (x2)  (x3) (x6) (x4) (x3) (x141) Device Pins
Note

*See the AM261x Device Comparison table for specific peripheral instance counts.
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1.3 Module Allocation and Instances

Module Abbreviation Module Full Name ZCZ package | ZFG package | ZNC package | ZEJ package
device device device device
instances instances instances instances
SOC Modules
R5FSS Dual Core Arm Cortex-R5F Subsystem
PRU-ICSS Industrial Communication Subsystem with 2
Programmable Real-time Unit
HSM Hardware Security Manager (M4F-based
Subsystem)
SPINLOCK Interprocessor Communication-
SPINLOCK
EDMA Enhanced DMA 1x/SoC
(2x TC + 1x CC)
General Connectivity Peripherals
GPIO General Purpose Input/Output 1xGPIO 1xGPIO 1xGPIO 1xGPIO
CTRL/R5F CTRL/R5F CTRL/R5F CTRL/R5F
141x Total 141x Total 112x Total 114x Total
GPIO Pins GPIO Pins GPIO Pins GPIO Pins
12C Inter-integrated Circuit 3 3 3 3
SPI Serial Peripheral Interface 4 4 2 4
UART Universal Asynchronous Receiver/ 6 6 61 (1 without 6
Transmitter flow control)
uUsB Universal Serial Bus 1 1 1 1
High-speed Serial Interfaces
CPSW3G 2x External Port Gigabit Ethernet Switch 1 1 1 1
Industrial and Control Interfaces
MCAN Controller Area Network Interface 2 2 2 2
LIN Local Interconnect Network 3 3 3 3
Memory Interfaces
OSPI Octal Serial Peripheral Interface 2 2 2 2
MMCSD Multi-Media Card/Secure Digital (4-bit) 1 1 -1 1
Interface
Timer Modules
WWDT Windowed WatchDog Timer 2
RTI Real Time Interrupt Timer 4
Internal Diagnostics Modules
DCC Dual Clock Comparator 4
ESM Error Signaling Module
MCRC Memory Cyclic Redundancy Check 1
Controller
Crypto Accelerator Cryptographic HW Accelerator 1
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Module Abbreviation Module Full Name ZCZ package | ZFG package | ZNC package | ZEJ package
device device device device
instances instances instances instances
ECC OCSRAM ECC Aggregator 1x-SoC
2x-R5FSS
2x-ICSSM
2x-MCAN
1x-CPSW3G
Real-time Control Subsystem (CONTROLSS)
Analog Control Peripherals
ADC Analog to Digital Converter 3 3 21 3
(6 Channels (7 Channels | (7 Channels | (7 Channels
er ADC er ADC er ADC
serADC) | PETADC) | perADC) | per ADC)
CMPSSA Comparator Subsystem A 9
DAC Buffered Digital to Analog Converter
Digital Control Peripherals
EPWM Enhanced Pulse Width Modulation Module 10
EQEP Enhanced Quadrature Encoder Pulse 2
Module
ECAP Enhanced Capture Module 8
SDFM Sigma-Delta Filter Module 2 2 11
FSI Fast Serial Interface (RX/TX) 1x RX
1x TX
Crossbar Modules
INPUTXBAR Flexible Signal Multiplex Input Crossbar 1
OUTPUTXBAR Flexible Signal Multiplex Output Crossbar 1
DMAXBAR EDMA Data Movement Architecture 1
Crossbar
PWMXBAR PWM Signal Crossbar 1
PWMSYNCOUTXBAR PWM Sync Output Crossbar 1
MDLXBAR Minimum Dead-band Logic (MDL) 1
Crossbar
ICLXBAR lllegal Combo Logic (ICL) Crossbar 1

1. See the device datasheet for information on the instances missing in a given package.

AM261x Register Addendum Link
A Register Addendum PDF has been created in order to make the Technical Reference Manual a more

effective and size-efficient collateral document, the AM261x Register Addendum can be downloaded at
https://lwww.ti.com/lit/pdf/SPRUJ94.

1.4 Device Modules

This section describes the modules integrated in the device.
1.4.1 Arm Cortex-R5F Processor Sub System (R5FSS)

The ARM Dual-Core Cortex-R5F processor subsystem (R5FSS) supports the following main features:

¢« Armv7-R architecture

» Supported modes of operation (boot-time configurable):

16
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— Dual Core mode: two independent free-operating cores (Asymmetric Multi-Processing, no coherence)

— Single Core mode: one free-operating core and one non-operating core

— Lockstep mode: one free-operating core and a lockstep core for safety-enabled applications

» There is a two clock cycle delay between COREO and CORE1 in lockstep mode. Any errors are routed
to the Error Signal Module (ESM) which in turn is routed as an interrupt to the CPU. The ESM is also
available as an 1/0O pin which can be used for external monitoring. See Error Signal Module chapter for
more details.
* R5FSS Memory System

— 16KB per CPU Instruction Cache
* 4x ways
+ SECDED ECC protected per 64 bits
— 16KB per CPU Data Cache
* 4x ways
+ SECDED ECC protected per 32 bits
— 256KB tightly-coupled memory (TCM) per CPU
+ SECDED ECC protected per 32 bits
* TCM hard error cache Implemented in CPU
» Readable/writable from system
» Configurable reset initialization values through the CTRLMMR
+ 128KB TCMA (ATCM) in single core mode and 256KB TCMA (ATCM) in lock-step mode
+ 128KB TCMB (BTCM) in single core mode and 256KB TCMB (BTCM) in lock-step mode
— TCMB is split equally between B0 and B1 interleaved banks
+ 128KB TCMA (ATCM) and 128KB TCMB (BTCM) for each core in Split-mode
» Full-precision Floating Point (VFPv3)
* 4/8/16-region Memory Protection Unit (MPU)
» 8 breakpoints, 8 watch points
* CoreSight Debug Access Port (DAP)
+ CoreSight ETM-RS5 interface (CTI, ETM, ATB)
» Performance Monitoring Unit (PMU)
* Integrated Vectored Interrupt Manager (VIM) per core with 256 Interrupt Inputs each
— Programmable interrupt priority (4-bit)
— Programmable interrupt enable mask
— Software-generated interrupts

— Synchronous clock domain crossing on all core interfaces

Note
The operating cores can be configured to use the full TCM memory space available to both cores.

In Dual Core mode, COREO and CORE1 each have 256KB of TCM:
« 128KB TCMA

« 64KB TCMBO + 64KB TCMB1

In Lockstep mode, COREOQ has 512KB of TCM :

+ 256KB TCMA
+ 256KB TCMB (128KB TCMBO + 128KB TCMB1)

« Trigonometric Math Unit (TMU)
— Each R5F subsystem contains two TMU modules
— Speeds up the execution of common trigonometric and arithmetic operations
— Operating frequency: frequency of SYS_CLK - half the frequency of R5F frequency
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*  Minimum 200MHz
— Operate in lock-step or dual core mode
* Region Address Translator (RAT)
— Minimum granularity of 4KB
» Fast Local Copy (FLC) Engine
— Accelerate boot-up
— Support up to four flash regions per FLC with 64KB granularity

Note
These details describe a superset of the RSFSS memory configuration. For additional details on
device memory availability, please refer to the device-specific data sheet.

1.4.2 Programmable Real-Time Unit and Industrial Communication Subsystem (PRU-ICSS)

Two instances of the Programmable Real-Time Unit and Industrial Communication Subsystem (PRU-ICSS)
allows implementation of various high-performance industrial control algorithms and industrial interface
standards such as PROFINET™ and EtherCAT®.

The PRU-ICSS subsystem supports the following main features, among others:

* Two Programmable Real-time Unit Subsystems (PRU-ICSS):
— Each PRU-ICSS having 2x PRU (PRUO/PRU1)

» 32KB shared general purpose RAM with ECC

+  Two 8KB data memories with ECC

* Up to two 10/100Mbps Ethernet Ports

* One Industrial Ethernet Peripheral (IEP) module to manage/generate Industrial Ethernet functions

» One 16550-compatible UART module, with a dedicated 192MHz to support 12Mbps PROFIBUS®

* One Industrial Ethernet 64-bit timer, with 10 capture and 16 compare events, along with slow and fast
compensation

* One Enhanced Capture (ECAP) module

* One interrupt controller (INTC) with 160 input events supported — 96 external, 64 internal

» ECC support for all internal memories

Among the interfaces supported by the PRU-ICSS are real-time industrial protocols used in Controller and
Peripheral mode, such as:

» EtherCAT®

* PROFINET™

« EtherNet/IP™

+ PROFIBUS®

e EnDat2.2

Note
See device-specific data sheet for more details related to industrial protocol support.

1.4.3 Hardware Security Module (HSM)

One Hardware Security Module (HSM) to facilitate the device security-related functionality:
* Arm Cortex M4F Core (200MHz)
* 1x Real-time Interrupt (RTI) module
* 1x RTI/WWDT module used as watchdog (WD mode)
* 2x Timers
— 32-bit up counter
— Cascading mode support for 2x 64 bit counters
*  HSM Mailbox for Messaging between HSM and host processors.
» Designated HSM DMA to fetch and store the data for cryptography services.
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* Hardware Security Accelerators (200MHz)
— Symmetric Encryption/Decryption
» AES: 128, 192 and 256-bits key
» Cipher modes ECB, CTR, CBC, GCM
+ CBC-MAC, CMAC based on AES
— Asymmetric Cryptography
» High-performance PKE (public key engine)for large vector math/modulus operation
+ RSA2048, RSA3092, RSA4096
» ECC Secp/NIST Curves: Curve25519, X25519, secP256r1, secP256k1, secP384r1, secP384k1, Brain
pool, and others.
— Hash-based Message Authentication Code (HMAC)
+ SHA2 - 256, 384 and 512-bit support
+ HMAC-SHA256, HMAC-SHA512 — Keyed Hashing
— Random Number Generator
» Deterministic Random Bit Generator (DRBG) with Pseudo and True Random Number Generation
(PRNG / TRNG) support
+ Capability to seed the PRNG with TRNG seed

1.4.4 USB 2.0
The USB 2.0 subsystem, supports the following USB features:

» Operational modes:
— Supports USB 2.0 Host mode at High-Speed (HS, 480Mbps), Full-Speed (FS, 12Mbps), and Low-Speed
(LS, 1.5 Mbps)
— Supports USB 2.0 Device mode at High-Speed (HS, 480Mbps), and Full-Speed (FS, 12Mbps)

Note
Low-Speed is not supported in Device mode.
» Supports all modes of transfers - Control, Bulk, Interrupt, and Isochronous.
* The DRD (Dual-Role-Device - Host or Device) USB controller has the following features:
— Compatible to the xHCI 1.0 specification in Host mode
— Compatible with the USB 2.0 specification in Device mode
— Supports 15 IN (Receive), 15 OUT (Transmit) endpoints (EPs), and one EPO endpoint which is
bidirectional
— Internal DMA controller
— Descriptor caching and data pre-fetching is designed for high performance
— Dynamic FIFO memory allocation for all endpoints

* Anintegrated USBPHY module:
— The USB2 PHY transmits and receives data on the bi-directional differential signals DP and DM
— The interface between the xHC and the USB2 PHY is the UTMI+ interface. The UTMI+ clock runs at
60MHz with 8-bit data paths
» External interfaces (towards device boundary):
— To USB Connector: DP/DM - a bidirectional signal pair for HS, FS, LS mode operation
— To an external Charge Pump for VBUS 5V generation: DRVVBUS: DRVVBUS digital output is provided
on an alternate GPIO. In host mode, DRVVBUS is driven 1 and is used to enable power supply to the
attached USB device.
* Internal interface (towards internal system):
— AXI Primary interface for high bandwidth DMA transactions (64 bit data and 32 bit address).
— OCP Secondary interface for MMR transactions (32 bit data and 17,16 bit address)
— Multiple interrupt lines that support both Host and Device mode
» Four programmable interrupts associated with DMA traffic (USB20_MAINn_INT[3:0])
* A MISC interrupt line for all miscellaneous events (USB20_MISC_INT)
» Slave0 power idle interface wakeup (USB20_PHY_WAKEUP_WOUT)
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+ PHY wakeup out to power management (USB20_SLVP_SWAKEUP)
* USB Operation mode determination:
— USBPHY does not support OTG features of USB-OTG standard (i.e. ID pin detection and VBUS
detection). The operating mode (Host or Device) will be determined in software. It will load OTG HNP
and SRP based on boot time SOP values

1.4.5 Real-time Control Subsystem (CONTROLSS)

The integrated real-time Control Subsystem (CONTROLSS) enables closed loop control systems with
flexible interconnection between data acquisition, actuator modules, and other control signal resources. The
CONTROLSS module consists of the following control peripherals:

Analog Control Peripherals
» 3x Analog to Digital Converter (ADC) modules
— 12-bit resolution with BMSPS sample rate
— Programmable 7x single-ended or 3x differential channels
— 3.2V full scale voltage range with 1.8V reference (32/18 internal input scaling)
— Support for internal or external 1.8V ADC VREF reference voltage (2% internal reference accuracy error)
— Two common external calibration pins
— 4x Post-processing blocks per ADC
— Multiple ADC trigger sources including CPU timers, GPIO/Input XBAR, and EPWM SOCa/SOCb signals.
* 1x Buffered Digital to Analog (DAC) module
— 12-bit resolution
* 9x Comparator Subsystem A (CMPSSA)
— 2 comparators + 2 DACs
— Window comparison on one input OR
— Compare two inputs OR
— Single threshold compare of single input
* 6x Safety Tiles

Digital Control Peripherals
* 10x Enhanced Pulse-width Modulation (EPWM) modules
— Each EPWM module has a dedicated 16-bit time-base counter with period and frequency control
— Two PWM outputs per module (EPWMxA and EPWMxB) that can be configured as:
» Two independent PWM outputs with single-edge operation
+ Two independent PWM outputs with dual-edge symmetric operation
* One independent PWM output with dual-edge asymmetric operation
* 8x Enhanced Capture (ECAP) modules
— One complete capture channel that can be instantiated multiple times
— Capture modes:
» Single-shot capture, up to four event timestamps
» Continuous capture of timestamps (four-deep circular buffer)
* Absolute timestamp capture
» Difference (delta) mode timestamp capture
» 2x Sigma-Delta Filter (SDFM) modules
— 4x data input pins and 4x clock input pins per module
— Each filter has an input control unit, primary filter (data filter) unit, and secondary filter (comparator filter)
unit with 4x independent comparators
+ 2x Enhanced Quadrature Encoder Pulse (EQEP) modules
— Direct interface with linear or rotary incremental encoder for use in high-performance motion and position
control systems
* 1x Fast Serial Interface Transmitter (FSITX) modules
— Handles framing of data, CRC generation, signal generation for FSI TX signals, interrupt generation
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— [Each module has 2x data signals and 1x clock signal

* 1x Fast Serial Interface Receiver (FSIRX) modules
— Handles framing of data, CRC generation, frame related error-checking
— [Each module has 2x data signals and 1x clock signal

1.4.6 Spinlock (SPINLOCK)

One Spinlock module with (256 hardware semaphores) for synchronizing the processes running on multiple
cores in the device.

1.4.7 Enhanced Data Movement Architecture (EDMA)

One Enhanced Data Movement Architecture (EDMA) module can be used for efficient transfer of data and
support between software, firmware, and hardware in all combinations. The EDMA consists of a single Channel
Controller (TPCC) and two Transfer Controllers (TPTC) to enable various data movement requirements.

The TPCC is a high flexible channel controller that serves as both a user interface and an event interface for the
EDMA controller. The EDMA_TPCC serves to prioritize incoming software requests or events from peripherals,
and submits transfer requests (TRs) to the transfer controller.

The TPTC performs read and write transfers by EDMA ports to the target peripherals, as programmed in
the Active and Pending set of the registers. The transfer controllers are responsible for data movement, and
issue read/write commands to the source and destination addresses programmed for a given transfer in the
EDMA_TPCC.

The EDMA_TPCC channel controller has the following features:

» Fully orthogonal transfer description:
Three transfer dimensions
A-synchronized transfers: one dimension serviced per event
AB-synchronized transfers: two dimensions serviced per event
Independent indexes on source and destination
Chaining feature allowing a 3-D transfer based on a single event.
* Flexible transfer definition:
— Increment or FIFO transfer addressing modes
— Linking mechanism allows automatic PaRAM set update
— Chaining allows multiple transfers to execute with one event
* Interrupt generation for the following:
— Transfer completion
— Error conditions
« Debug visibility:
— Queue water marking/threshold
— Error and status recording to facilitate debug
* 64 DMA request channels:
— Event synchronization
— Manual synchronization (CPUs write to event set registers EDMA_TPCC_ESR and
EDMA_TPCC_ESRH).
— Chain synchronization (completion of one transfer triggers another transfer).
» Eight QDMA channels:
— QDMA channels trigger automatically upon writing to a parameter RAM (PaRAM) set entry.
— Support for programmable QDMA channel to PaRAM mapping.
» Each PaRAM set can be used for a DMA channel, QDMA channel, or link set.
» Multiple transfer controllers/event queues.
* 16 event entries per event queue.

The EDMA_TPTC transfer controller has the following features:
* 128-bit wide read and write ports per TC
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» Supports two-dimensional transfers with independent indexes on source and destination (EDMA_TPCC
manages the third dimension)

» Support for increment or constant addressing mode transfers

* Interrupt and error support

* Memory-Mapped Register (MMR) bit fields are fixed position in 32-bit MMR regardless of endianness

1.4.8 General Purpose Input/Output Interface (GPIO)

Two General Purpose Input/Output (GPIO) modules, each dedicated to a specific RSFSS core. These provide
general-purpose pins that can be configured as either inputs or outputs. The GPIO module main features
include:
» Support of 9 banks x 16 interrupt-capable GPIO pins
* Interrupts can be triggered by rising and/or falling edge, specified for each GPIO pin
» Set/clear functionality per individual GPIO pin
* CPUs can control the GPIOs on a per pin granularity
— Each processor core has a separate module for controlling GPO pins and observing GPI pins
— IOMUX CTRLMMR register-based 2:1 multiplexer to individually assign GPO pin control to a specific
processor core
— GPI pins are observable by all processor cores
» Support for GPI signal conditioning chain
— Invert/Non-invert
— Signal Qualification
» Asynchronous input
» Synchronise to SYSCLK
* Qualification using sampling window
» Software-based tristate control to emulate open-drain IO mode

Note
Upto 141 GPIOs are available in AM261x, see the Device Data sheet for package specific GPIO
count.

1.4.9 Inter-Integrated Circuit Interface (I12C)

Three instances of the multi-controller Inter-Integrated Circuit (I12C) interface module, each with the following
main features:

* 1x Instances with open-drain voltage buffers in compliance with the Philips 12C-bus specification version 2.1
» Support of standard mode (up to 100Kbps) and fast mode (up to 400Kbps)

» Support of 7-bit and 10-bit device addressing modes

» 8-bit-wide data access

» Support of multi-controller transmitter/peripheral receiver and receiver/peripheral transmitter modes

* Built-in FIFOs with programmable size of 8 to 64 bytes for buffered read or write

1.4.10 Serial Peripheral Interface (SPI)

Four instances of the Serial Peripheral Interface (SPI) module with the following main features:
» Serial clock with programmable frequency, polarity, and phase for each channel

» Wide selection of SPI word lengths, ranging from 4 to 32 bits

» Up to two channels in controller mode, or single channel in receiver mode

* Support for various controller multichannel modes

» Single interrupt line for multiple interrupt source events

* Support of start-bit write command

» Support of start-bit pause and break sequence

» Built-in FIFO available for a single channel
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1.4.11 Universal Asynchronous Receiver/Transmitter (UART)

Six instances of the configurable Universal Asynchronous Receiver/Transmitter (UART) interface module with
the following main features:

16C750-compatible interface

Support of RS-485 external transceiver auto flow control

Dual 64-byte FIFOs — one per each received and transmitted data paths

Programmable and selectable transmit and receive FIFO trigger levels for DMA and interrupt generation
Programmable sleep mode

Baud-rate from 300 bits/s up to 3.6864Mbits/s with 48MHz functional clock

Auto-baud between 1200 bits/s and 115.2 Kbits/s (only when 48MHz function clock is used)

Support of IrDA 1.4 Slow Infrared (SIR), Medium Infrared (MIR), and Fast Infrared (FIR) communications
Support of Consumer Infrared Remote control mode (CIR) with programmable data encoding

1.4.12 3-port Gigabit Ethernet Switch (CPSW)

One instance of the 3-port Gigabit Ethernet Switch (CPSW) subsystem provides Ethernet packet communication
for the device. The CPSW subsystem provides the following main features:

Two Ethernet ports (Port 1/Port 2) with selectable MIl, RMII, and RGMII interfaces and a single internal
Communications Port Programming Interface (CPPI) port (Port 0)

Synchronous 10/100/1000 Mbit operation with Flexible logical FIFO-based packet buffer structure
— Full duplex mode supported in 10/100/1000 Mbps modes

— Half-duplex mode supported in 10/100 Mbps modes only

Maximum frame size of 3024 bytes

Management Data Input/Output (MDIO) module for PHY Management with Clause 45 support
Programmable interrupt control with selected interrupt pacing

One CPDMA CPPI 3.0 DMA Host Interface (Port 0)

Emulation Mode, Digital loopback, and FIFO loopback modes supported

RAM Error Detection and Correction (SECDED)

Eight priority level Quality Of Service (QOS) support (802.1p)

Support for Audio/Video Bridging (P802.1Qav/D6.0)

Support for IEEE 1588 Clock Synchronization (2008 Annex D, Annex E and Annex F)

DSCP Priority Mapping (IPv4 and IPv6)

Energy Efficient Ethernet (EEE) support (802.3az)

Non-Blocking switch fabric with Flow Control Support (802.3x) and Wire rate switching (802.1d)
Time Sensitive Network (TSN) Support

— |EEE 802.1Qbv Enhancements for Scheduled Traffic

Address Lookup Engine (ALE) with 512 ALE table entries

EtherStats and 802.3 Stats Remote Network Monitoring (RMON) statistics gathering (per port statistics)
Support for Ethernet MAC transmit to MAC receive digital loopback mode

IET (Interspersed Express Traffic)

Cut through switching

1.4.13 Octal Serial Peripheral Interface (OSPI)

There are two instances of the Octal SPI Flash controller on the device.The Flash Subsystem (FSS) includes
one of the OSPI instances (OSPI0). The second instance of OSPI (OSPI1) supports FOTA applications without a
RWW flash, and provides a cost optimal SRAM expansion. OSPI1 does not support OptiFlash. Two instances of
the Octal Serial Peripheral Interface (OSPI) support the following main features:

Support for Single, Dual, Quad, or Octal SPI mode of operation
Eleven pin interface for single OSPI device: DQS, DQO, DQ1, DQ2, DQ3, DQ4, DQ5, DQ6, DQ7, CSnO, CLK

— Optional pins: RESET_OUTO0, ECC_FAIL, LBCLKO

— Support for multiple OSPI devices: CSn1, RESET_OUT1
Up to 133MHz SDR frequency and 133MHz DDR frequency
Prefetcher support
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*  Memory mapped direct mode of operation for flash data transfer and XIP from flash

» Software triggered indirect mode of operation

» 2568 buffer for indirect transfers

* Full XIP support with no limitation on R5 Cache miss wrapping burst

» Two Chip Select signals to connect up to two external flash devices

* PHY and Tap Mode support

» Support for on the fly encryption and authentication(OTFA) on OSPIO0 interface. OTFA enables external
memory |IP protection at runtime during XIP. Option to disable OTFA. Support for 4Byte and 8 Byte MAC per
32 Byte data for increased security

« Support concurrent direct read and write requests to enable Firmware over the air update(FOTA) during XIP.

1.4.14 General Purpose Memory Controller (GPMC)

One instance of the General-Purpose Memory Controller (GPMC) module. The GPMC is dedicated to interfacing
with external memory devices and has the following main features:
» Support of 8- or 16-bit-wide data path to external memory devices
» Supports up to 4 independent chip-select regions of programmable size and programmable base addresses
on 16MB, 32MB, 64MB, or 128MB boundary in a total address space of 128MB
» Support of the following wide range of external memories/devices:
— Asynchronous or synchronous 8-bit wide memory or device (non-burst device)
Asynchronous or synchronous 16-bit wide memory or device
16-bit non-multiplexed NOR flash device
16-bit address and data multiplexed NOR flash device
8-bit and 16-bit NAND flash device
— 16-bit pseudo-SRAM (pSRAM) device
» Supports various interface protocols when communicating with external memory or external devices:
— Asynchronous read/write access
— Asynchronous read page access (4, 8, and 16 Word16)
— Synchronous read/write access
— Synchronous read burst access without wrap capability (4, 8, and 16 Word16)
— Synchronous read burst access with wrap capability (4, 8, and 16 Word16)
* Supports up to 16-bit on-the-fly error code detection using the Bose-Chaudhuri-Hocquenghem (BCH) or
Hamming code to improve the reliability of NAND with a minimum effect on software (NAND flash with
512-byte page size or greater)

1.4.15 Error Location Module (ELM)

One instance of the Error Location Module (ELM). The ELM module works in conjunction with the GPMC and
has the following main features:
» ECC calculations (up to 16-bit) for NAND support and ability to work in both page-based and continuous
modes
— 4, 8, and 16 bits per 512-byte block error-location, based on BCH algorithms
— Eight simultaneous processing contexts
— Page-based and continuous modes
— Interrupt generation on error-location process completion

1.4.16 Multi-Media Card/Secure Digital Interface (MMCSD)

One Multi-Media Card/Secure Digital (MMCSD) controller module with the following features:
* One controller with 4-bit wide data bus
»  Support of MMC 4.3 Host Specification
» Support of SD Host Controller Standard Specification - SDIO 2.00
* Multi-Media card features:
— 3.3V legacy modes with 1-bit single data rate (0-24MHz clock)
— 3.3V HS-SDR with 4-bit bus width (0-48MHz Clock)
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SD card support:

— DS mode (1/4-bit, 3.3V): up to 12MBps (24MHz clock)
— HS mode (1/4-bit, 3.3V): up to 24MBps (48MHz clock)

Supports Card Detect (SDCD) and Write Protect (SDWP)

1.4.17 Controller Area Network (MCAN)

Two Controller Area Network interfaces (MCAN) with support for classic CAN and CAN FD (CAN with Flexible
Data-Rate) specifications. The MCAN module consists of the following main features:

Conforms with CAN Protocol version 2.0 part A, B and ISO 11898-1:2015
Full CAN FD (up to 64 data bytes) support

AUTOSAR and SAE J1939 support

Loopback mode for self-test

Up to 32 dedicated transmit buffers and 64 dedicated receive buffers
Two configurable receive FIFOs, up to 64 elements each
Configurable transmit FIFO, up to 32 elements

Configurable transmit queue, up to 32 elements

Configurable transmit event FIFO, up to 32 elements

Up to 128 filter elements

Two interrupt lines with support for maskable interrupts

Timestamp Counter

1.4.18 Local Interconnect Network (LIN)

Three instances of the configurable Local Interconnect Network (LIN) interface module with the following main
features:

16C750-compatible

Compeatibility with LIN 1.3, 2.0, and 2.1 protocols

Enhanced Baud Rate Generated configurable up to 20 kpbs
— 231 programmable transmission rates with 7 fractional bits
Two external pins: LINRX and LINTX.

Multi-buffered receive and transmit units

Automatic wake-up support and bus idle detection

Support for common Error Detection methods

1.4.19 Timers

Two sets of timer modules are instantiated in the device:

Four RTI Timer instances, implemented by the Real-time Interrupt function of the RTI/WWDT module.

Two Windowed Watchdog Timer (WWDT) instances (1 per core), implemented by the Digital Windowed
Watchdog (DWWD) function of the RTI/WWDT module

The RTI/WWDT provides timer functionality for operation systems and benchmarking code with the following
main features:

— Two independent 64 bit counter blocks

Four configurable compare registers for generating operating system ticks

Free running counter 0 can be incremented by either the internal pre-scale counter or by an external event
Selectable RTI clock input (derived from any of the available clock sources)

Fast enabling/disabling of events

1.4.20 Internal Diagnostics Modules

Instantiated in the device are various internal diagnostics modules which provide on-chip monitoring and
diagnostic functions required to achieve certain safety compliance levels:

Four Dual Clock Comparator (DCC) modules, used to determine the accuracy of a clock signal during the
time execution of an application, each having the following main features:

— Two independent counter blocks count clock pulses from each clock source
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— Each counter block is programmable, however, for proper operation the counters must be programmed
with seed values that respect the ratio of the two clock frequencies
— Configurable time base for error signal
— Error signal generation when one of the clocks is out of spec
Clock frequency measurement
. One Memory Cyclic Redundancy Check (MCRC) module to enable hardware-based CRC calculations.
* Integrated on-die temperature monitor (+/- 8° C temperature accuracy)
* One instance of Error Signaling Module (ESM) for safety-related events and/or errors aggregation from
throughout the device into one location supports the following main features:
— Up to 1024 level or pulse error event inputs
Selectable low and high priority interrupt, error pin prioritization of each error event
Error signal routed out of device through MCU_ESM error signal
Configurable time base for error signal
Error forcing capability
Internal redundant flops on safety critical fields
» Multiple ECC Aggregator modules supporting ECC mechanism for providing increased system reliability via
reduction of memory software errors by allowing single bit errors to be detected and corrected (SEC) and
double bit errors to be detected (DED). Applied to different memories in many of the subsystems, each of the
ECC aggregators has the following main features:
— Reduces memory software errors via single error correction (SEC) and double error detection (DED)
— Provides a mechanism to control and monitor the ECC RAMs in a module or subsystem
— Aggregates level pending status from the ECC RAMs in two interrupts to the device CPU — interrupt for
correctable error (SEC) and interrupt for uncorrectable error (DED)
— Supports up to 256 ECC endpoints (either ECC RAM or interconnect ECC component)
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1.5 Device ldentification

The device part number identification data can be read in the TOP_CTRL.EFUSE_JTAG_USERCODE_ID
register. See Table 1-1 for more information.

Table 1-1. Device Part Number Identifier

TOP_CTRL.EFUSE_JTAG_USERCOD
E_ID
Register Field

Value and Description

Comment

[31-13] DEVICE_ID

Base Part Number

Refer to the Device Comparison section
of the device specific data sheet, for
the DEVICE_ID value of a given part
number.

[12] SAFETY

0x0 = Non Functional Safety
0x1 = Functional Safety

[11] SECURITY

0x0 = Not Secure
0x1 = Secure

[10-6] SPEED

Device Speed Grade

12 (0x0C)

500MHz R5F

1.5MB (Overdrive and full memory)
13 (0x0D):

200MHz R5F

1MB (Half speed and half memory)
14 (0OxOE):

400MHz R5F

1MB (Full speed and half memory)
15 (OxOF):

400MHz R5F

1.5MB ( Full speed and Full memory)
16 (0x10):

200MHz R5F

1.5MB (Half speed and full memory)

Refer to the device-specific data sheet
for the supported speed grades and the
definitions for a given device.

[5-3] TEMP

Temperature Grade

0x5 =-40°C to 125°C
0x7 = -40°C to 150°C

Others = Reserved

Operating junction temperature range.

[2-0] PACKAGE

Package
0x6 = ZCZ NFBGA-N324 (15mm x 15mm) Package

0x2 = ZFG NFBGA-N304 (13.25 mm x 13.25mm)
Package

0x4 = ZEJ NFBGA-N256 (13mm x 13mm) Package
0x1 = ZNC NFBGA-N293 (10mm x 10mm) Package
Others = Reserved

The manufacturer identity, the boundary scan part number, and the silicon revision of the device can be read
from the configuration port via JTAG.
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This chapter summarizes the memory map address regions for the device.
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2.1 Device Memory Map
This section describes the device memory map.
Note
The memory locations not shown are either unallocated or reserved and not used.
Accesses to these locations are not recommended and must be avoided.
Region Name Start Address End Address Size
Core-specific Internal Memory Map " 0x0000 0000 0x1FFF FFFF 537 MB
MCRCO 0x3500 0000 0x3500 OFFF 4 KB
STM_STIMO 0x3900 0000 0x39FF FFFF 16 MB
MPU_L20CRAM_BANKO_MPU8 0x4002 0000 0x4002 03FF 1KB
MPU_L20CRAM_BANK1_MPU8 0x4004 0000 0x4004 03FF 1KB
MPU_L20CRAM_BANK2_MPU8 0x4006 0000 0x4006 03FF 1KB
MPU_R5SS0_COREOQ_AXIS_MPU8 0x400A 0000 0x400A 03FF 1KB
MPU_R5SS0_CORE1_AXIS_MPUS8 0x400C 0000 0x400C 03FF 1KB
MPU_MBOX_SRAM_MPUS8 0x4014 0000 0x4014 03FF 1KB
MPU_FSS_DATA_MPUS8 0x4016 0000 0x4016 03FF 1KB
MPU_SCRM2SCRP0O_MPU16 0x4018 0000 0x4018 03FF 1KB
MPU_SCRM2SCRP1_MPU16 0x401A 0000 0x401A 03FF 1KB
MPU_R5SS0_COREO_AHB_MPU16 0x401C 0000 0x401C 03FF 1KB
MPU_R5SS0_CORE1_AHB_MPU16 0x401E 0000 0x401E 03FF 1KB
MPU_FSS_CONFIG_MPU4 0x4026 0000 0x4026 03FF 1KB
MPU_R5SS0_MPU4 0x4028 0000 0x4028 03FF 1KB
MPU_OSPI1_MPU8 0x4030 0000 0x4030 03FF 1KB
MPU_OSPI1_CONFIG_MPUS8 0x4032 0000 0x4032 03FF 1KB
ICSSMO_DRAMO_SLV_RAM 0x4800 0000 0x4800 1FFF 8 KB
ICSSMO_DRAM1_SLV_RAM 0x4800 2000 0x4800 3FFF 8 KB
ICSSMO_RAT_SLICEO_CFG 0x4800 8000 0x4800 8FFF 4 KB
ICSSMO_RAT_SLICE1_CFG 0x4800 9000 0x4800 9FFF 4 KB
ICSSMO_RAM_SLV_RAM 0x4801 0000 0x4801 7FFF 32 KB
ICSSMO_PR1_ICSS_INTC_INTC_SLV 0x4802 0000 0x4802 1FFF 8 KB
ICSSMO_PR1_PDSP0_IRAM 0x4802 2000 0x4802 20FF 256 Bytes
ICSSMO_PR1_PDSP0_IRAM_DEBUG 0x4802 2400 0x4802 24FF 256 Bytes
ICSSMO_PR1_PDSP1_IRAM 0x4802 4000 0x4802 40FF 256 Bytes
ICSSMO_PR1_PDSP1_IRAM_DEBUG 0x4802 4400 0x4802 44FF 256 Bytes
ICSSMO_PR1_PROT_SLV 0x4802 4C00 0x4802 4CFF 256 Bytes
ICSSMO_PR1_CFG_SLV 0x4802 6000 0x4802 61FF 512 Bytes
ICSSMO_PR1_ICSS_UART_UART_SLV 0x4802 8000 0x4802 803F 64 Bytes
ICSSMO_IEPO 0x4802 E000 0x4802 EFFF 4 KB
ICSSMO_PR1_ICSS_ECAPO_ECAP_SLV 0x4803 0000 0x4803 00FF 256 Bytes
ICSSM0_PR1_MII_RT_PR1_MII_RT_CFG 0x4803 2000 0x4803 20FF 256 Bytes
ICSSMO_PR1_MDIO_V1P7_MDIO 0x4803 2400 0x4803 24FF 256 Bytes
ICSSMO_PR1_MII_RT_PR1_MII_RT_G_CFG_REGS_G 0x4803 3000 0x4803 3FFF 4 KB
ICSSMO_PR1_PDSP0_IRAM_RAM 0x4803 4000 0x4803 7FFF 16 KB
ICSSMO_PR1_PDSP1_IRAM_RAM 0x4803 8000 0x4803 BFFF 16 KB
ICSSMO_ECC_AGGR 0x4810 0000 0x4810 03FF 1KB
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Region Name Start Address End Address Size
MMCO 0x4830 0000 0x4830 1FFF 8 KB
GPMCO_CFG 0x4840 0000 0x4840 03FF 1KB
ICSSM1_DRAMO_SLV_RAM 0x4860 0000 0x4860 1FFF 8 KB
ICSSM1_DRAM1_SLV_RAM 0x4860 2000 0x4860 3FFF 8 KB
ICSSM1_RAT_SLICEO_CFG 0x4860 8000 0x4860 8FFF 4 KB
ICSSM1_RAT_SLICE1_CFG 0x4860 9000 0x4860 9FFF 4 KB
ICSSM1_RAM_SLV_RAM 0x4861 0000 0x4861 7FFF 32 KB
ICSSM1_PR1_ICSS_INTC_INTC_SLV 0x4862 0000 0x4862 1FFF 8 KB
ICSSM1_PR1_PDSP0_IRAM 0x4862 2000 0x4862 20FF 256 Bytes
ICSSM1_PR1_PDSP0_IRAM_DEBUG 0x4862 2400 0x4862 24FF 256 Bytes
ICSSM1_PR1_PDSP1_IRAM 0x4862 4000 0x4862 40FF 256 Bytes
ICSSM1_PR1_PDSP1_IRAM_DEBUG 0x4862 4400 0x4862 44FF 256 Bytes
ICSSM1_PR1_PROT_SLV 0x4862 4C00 0x4862 4CFF 256 Bytes
ICSSM1_PR1_CFG_SLV 0x4862 6000 0x4862 61FF 512 Bytes
ICSSM1_PR1_ICSS_UART_UART_SLV 0x4862 8000 0x4862 803F 64 Bytes
ICSSM1_IEPO 0x4862 E000 0x4862 EFFF 4 KB
ICSSM1_PR1_ICSS_ECAPO_ECAP_SLV 0x4863 0000 0x4863 00FF 256 Bytes
ICSSM1_PR1_MII_RT_PR1_MII_RT_CFG 0x4863 2000 0x4863 20FF 256 Bytes
ICSSM1_PR1_MDIO_V1P7_MDIO 0x4863 2400 0x4863 24FF 256 Bytes
ICSSM1_PR1_MII_RT_PR1_MII_RT_G_CFG_REGS_G 0x4863 3000 0x4863 3FFF 4 KB
ICSSM1_PR1_PDSP0_IRAM_RAM 0x4863 4000 0x4863 7FFF 16 KB
ICSSM1_PR1_PDSP1_IRAM_RAM 0x4863 8000 0x4863 BFFF 16 KB
ICSSM1_ECC_AGGR 0x4870 0000 0x4870 03FF 1KB
CONTROLSS_EPWMO0_GO 0x5000 0000 0x5000 OFFF 4 KB
CONTROLSS_EPWM1_GO 0x5000 1000 0x5000 1FFF 4 KB
CONTROLSS_EPWM2_GO 0x5000 2000 0x5000 2FFF 4 KB
CONTROLSS_EPWM3_G0 0x5000 3000 0x5000 3FFF 4 KB
CONTROLSS_EPWM4_GO 0x5000 4000 0x5000 4FFF 4 KB
CONTROLSS_EPWM5_GO 0x5000 5000 0x5000 5FFF 4 KB
CONTROLSS_EPWM6_GO 0x5000 6000 0x5000 6FFF 4 KB
CONTROLSS_EPWM7_GO 0x5000 7000 0x5000 7FFF 4 KB
CONTROLSS_EPWMS8_GO 0x5000 8000 0x5000 8FFF 4 KB
CONTROLSS_EPWM9_GO 0x5000 9000 0x5000 9FFF 4 KB
CONTROLSS_EPWM_WLINK_GO0 0x5002 0000 0x5002 OFFF 4 KB
CONTROLSS_EPWMO0_G1 0x5004 0000 0x5004 OFFF 4 KB
CONTROLSS_EPWM1_G1 0x5004 1000 0x5004 1FFF 4 KB
CONTROLSS_EPWM2_G1 0x5004 2000 0x5004 2FFF 4 KB
CONTROLSS_EPWM3_G1 0x5004 3000 0x5004 3FFF 4 KB
CONTROLSS_EPWM4_G1 0x5004 4000 0x5004 4FFF 4 KB
CONTROLSS_EPWM5_G1 0x5004 5000 0x5004 5FFF 4 KB
CONTROLSS_EPWM6_G1 0x5004 6000 0x5004 6FFF 4 KB
CONTROLSS_EPWM7_G1 0x5004 7000 0x5004 7FFF 4 KB
CONTROLSS_EPWMS8_G1 0x5004 8000 0x5004 8FFF 4 KB
CONTROLSS_EPWM9_G1 0x5004 9000 0x5004 9FFF 4 KB
CONTROLSS_EPWM_WLINK_G1 0x5006 0000 0x5006 OFFF 4 KB
CONTROLSS_ADCO_RESULTS 0x5010 0000 0x5010 OFFF 4 KB
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Region Name Start Address End Address Size
CONTROLSS_ADC1_RESULTS 0x5010 1000 0x5010 1FFF 4 KB
CONTROLSS_ADC2_RESULTS 0x5010 2000 0x5010 2FFF 4 KB
CONTROLSS_CMPSSA0 0x5020 0000 0x5020 OFFF 4 KB
CONTROLSS_CMPSSA1 0x5020 1000 0x5020 1FFF 4 KB
CONTROLSS_CMPSSA2 0x5020 2000 0x5020 2FFF 4 KB
CONTROLSS_CMPSSA3 0x5020 3000 0x5020 3FFF 4 KB
CONTROLSS_CMPSSA4 0x5020 4000 0x5020 4FFF 4 KB
CONTROLSS_CMPSSA5 0x5020 5000 0x5020 5FFF 4 KB
CONTROLSS_CMPSSA6 0x5020 6000 0x5020 6FFF 4 KB
CONTROLSS_CMPSSA7 0x5020 7000 0x5020 7FFF 4 KB
CONTROLSS_CMPSSAS8 0x5020 8000 0x5020 8FFF 4 KB
CONTROLSS_ECAPO 0x5024 0000 0x5024 OFFF 4 KB
CONTROLSS_ECAP1 0x5024 1000 0x5024 1FFF 4 KB
CONTROLSS_ECAP2 0x5024 2000 0x5024 2FFF 4 KB
CONTROLSS_ECAP3 0x5024 3000 0x5024 3FFF 4 KB
CONTROLSS_ECAP4 0x5024 4000 0x5024 4FFF 4 KB
CONTROLSS_ECAP5 0x5024 5000 0x5024 5FFF 4 KB
CONTROLSS_ECAP6 0x5024 6000 0x5024 6FFF 4 KB
CONTROLSS_ECAP7 0x5024 7000 0x5024 7FFF 4 KB
CONTROLSS_DACO 0x5026 0000 0x5026 OFFF 4 KB
CONTROLSS_SDFMO0 0x5026 8000 0x5026 8FFF 4 KB
CONTROLSS_SDFM1 0x5026 9000 0x5026 9FFF 4 KB
CONTROLSS_EQEPO 0x5027 0000 0x5027 OFFF 4 KB
CONTROLSS_EQEP1 0x5027 1000 0x5027 1FFF 4 KB
CONTROLSS_FSI_TX0 0x5028 0000 0x5028 OFFF 4 KB
CONTROLSS_FSI_RX0 0x5029 0000 0x5029 1FFF 4 KB
CONTROLSS_ADCO_CFG 0x502C 0000 0x502C OFFF 4 KB
CONTROLSS_ADC1_CFG 0x502C 1000 0x502C 1FFF 4 KB
CONTROLSS_ADC2_CFG 0x502C 2000 0x502C 2FFF 4 KB
CONTROLSS_ADC_SAFETYO 0x502C B400 0x502C B8FF 1KB
CONTROLSS_ADC_SAFETY1 0x502C B800 0x502C BBFF 1KB
CONTROLSS_ADC_SAFETY2 0x502C BC0OO 0x502C BFFF 1KB
CONTROLSS_ADC_SAFETY3 0x502C C000 0x502C C3FF 1KB
CONTROLSS_ADC_SAFETY4 0x502C C400 0x502C C7FF 1KB
CONTROLSS_ADC_SAFETY5 0x502C C800 0x502C CBFF 1KB
CONTROLSS_ADC_SAFETY_AGGR 0x502C ECO00 0x502C EFFF 1KB
CONTROLSS_INPUTXBAR 0x502D 0000 0x502D OFFF 4 KB
CONTROLSS_PWMXBAR 0x502D 1000 0x502D 1FFF 4 KB
CONTROLSS_PWMSYNCOUTXBAR 0x502D 2000 0x502D 23FF 1KB
CONTROLSS_MDLXBAR 0x502D 3000 0x502D 37FF 2 KB
CONTROLSS_ICLXBAR 0x502D 4000 0x502D 47FF 2 KB
CONTROLSS_INTXBAR 0x502D 5000 0x502D 5FFF 4 KB
CONTROLSS_DMAXBAR 0x502D 6000 0x502D 67FF 2 KB
CONTROLSS_OUTPUTXBAR 0x502D 8000 0x502D 87FF 2 KB
CONTROLSS_OTTOCALO 0x502E 0000 0x502E OFFF 4 KB
CONTROLSS_OTTOCAL1 0x502E 1000 0x502E 1FFF 4 KB

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated

AM261x Technical Reference Manual 31


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS
Memory Map www.ti.com

Region Name Start Address End Address Size
CONTROLSS_GLOBAL_CTRL 0x502F 0000 0x502F 1FFF 8 KB
DEBUGSS 0x5080 0000 0x5087 FFFF 512 KB
MSS_CTRL 0x50D0 0000 0x50D1 FFFF 128 KB
TOP_CTRL 0x50D8 0000 0x50D8 1FFF 8 KB
SPINLOCK 0x50E0 0000 0x50EQ 7FFF 32 KB
VIM 0x50F0 0000 0x50F0 3FFF 16 KB
GPIO0 0x5200 0000 0x5200 00FF 256 Bytes
GPIO1 0x5200 1000 0x5200 10FF 256 Bytes
WDTO 0x5210 0000 0x5210 O0FF 256 Bytes
WDT1 0x5210 1000 0x5210 10FF 256 Bytes
RTIO 0x5218 0000 0x5218 O0FF 256 Bytes
RTI1 0x5218 1000 0x5218 10FF 256 Bytes
RTI2 0x5218 2000 0x5218 20FF 256 Bytes
RTI3 0x5218 3000 0x5218 30FF 256 Bytes
SPI0 0x5220 0000 0x5220 03FF 1KB
SPI1 0x5220 1000 0x5220 13FF 1KB
SPI2 0x5220 2000 0x5220 23FF 1KB
SPI3 0x5220 3000 0x5220 33FF 1KB
UARTO 0x5230 0000 0x5230 01FF 512 Bytes
UART1 0x5230 1000 0x5230 11FF 512 Bytes
UART2 0x5230 2000 0x5230 21FF 512 Bytes
UART3 0x5230 3000 0x5230 31FF 512 Bytes
UART4 0x5230 4000 0x5230 41FF 512 Bytes
UART5 0x5230 5000 0x5230 51FF 512 Bytes
LINO 0x5240 0000 0x5240 00FF 256 Bytes
LIN1 0x5240 1000 0x5240 10FF 256 Bytes
LIN2 0x5240 2000 0x5240 20FF 256 Bytes
12C0 0x5250 0000 0x5250 007F 128 Bytes
12C1 0x5250 1000 0x5250 107F 128 Bytes
12C2 0x5250 2000 0x5250 207F 128 Bytes
MCANO_MSG_RAM 0x5260 0000 0x5260 7FFF 32 KB
MCANO_CFG 0x5260 8000 0x5260 83FF 1KB
MCAN1_MSG_RAM 0x5261 0000 0x5261 7FFF 32 KB
MCAN1_CFG 0x5261 8000 0x5261 83FF 1KB
MCANO_ECC 0x5270 0000 0x5270 03FF 1KB
MCAN1_ECC 0x5270 1000 0x5270 13FF 1KB
ELMO 0x527F 0000 0x527F OFFF 4 KB
CPSW 0x5280 0000 0x529FF FFFF 2 MB
EDMA_TPCC 0x52A0 0000 0x52A0 7FFF 32 KB
EDMA_TPTCO 0x52A4 0000 0x52A4 OFFF 4 KB
EDMA_TPTC1 0x52A6 0000 0x52A6 OFFF 4 KB
DCCO 0x52B0 0000 0x52B0 003F 64 Bytes
DCC1 0x52B0 1000 0x52B0 103F 64 Bytes
DCC2 0x52B0 2000 0x52B0 203F 64 Bytes
DCC3 0x52B0 3000 0x52B0 303F 64 Bytes
ESMO0_CFG 0x52D0 0000 0x52D0 OFFF 4 KB
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SOC_TIMESYNC_XBARO 0x52E0 0000 0x52E0 03FF 1KB
EDMA_TRIGGER_XBARO 0x52E0 1000 0x52E0 17FF 2KB
GPIO_XBARO 0x52E0 2000 0x52E0 23FF 1KB
ICSSM_XBARO 0x52E0 3000 0x52E0 31FF 512 Bytes
SOC_TIMESYNC_XBAR1 0x52E0 4000 0x52EQ 47FF 2 KB
R5SS0_COREQ_ECC_AGG 0x5300 0000 0x5300 O3FF 1 KB
R5SS0_CORE1_ECC_AGG 0x5300 3000 0x5300 33FF 1KB
ECC_AGG_TOP 0x5301 0000 0x5301 03FF 1KB
R5SS0_COREQ_TMU_ROM 0x5302 0000 0x5302 1FFF 8 KB
R5SS0_CORE1_TMU_ROM 0x5302 4000 0x5302 5FFF 8 KB
IOMUX 0x5310 0000 0x5310 OFFF 4 KB
TOP_RCM 0x5320 0000 0x5320 1FFF 8 KB
MSS_RCM 0x5320 8000 0x5320 9FFF 8 KB
R5SS0_CCMR 0x5321 0000 0x5321 OFFF 4 KB
R5SS0_COREOQ_RL2 0x5321 2000 0x5321 23FF 1KB
R5SS0_CORE1_RL2 0x5321 3000 0x5321 33FF 1KB
PBISTO 0x5330 0200 0x5330 03FF 512 Bytes
FSS_GASKET_CFG 0x5340 0000 0x5340 03FF 1KB
R5SS0_STC 0x5350 0000 0x5350 01FF 512 Bytes
EFUSEQ 0x5360 0000 0x5360 03FF 1 KB
FSS_GENREGS 0x5380 0000 0x5380 00FF 256 Bytes
FSS_FSAS_GENREGS 0x5380 1000 0x5380 10FF 256 Bytes
FSS_FSAS_OTFA_REGS 0x5380 2000 0x5380 2FFF 4 KB
FSS_OSPIO_CFG 0x5380 6000 0x5380 61FF 512 Bytes
FSS_OSPI0_ECC_AGG 0x5380 7000 0x5380 73FF 1KB
FSS_OSPI0_FLASH_CFG 0x5380 8000 0x5380 80FF 256 Bytes
FSS_FOTA_GENREGS 0x5380 B0O0OO 0x5380 BOFF 256 Bytes
FSS_PDMEM_GENREGS 0x5380 C000 0x5380 C7FF 2KB
FSS_IMEM_GENREGS 0x5380 D000 0x5380 DOFF 256 Bytes
FSS_WBUF_GENREGS 0x5380 E000 0x5380 E1FF 512 Bytes
FSS_ECC_AGGR 0x5380 F000 0x5380 F3FF 1KB
USB_OTGSS_C2 0x5390 0000 0x5390 3FFF 16 KB
USB_TRBB 0x5390 4000 0x5390 7FFF 16 KB
USB_RAMO 0x5390 8000 0x5390 FFFF 32 KB
USB_DWC_3 0x5391 0000 0x5391 FFFF 64 KB
USB_OCP2SCP_REG 0x5394 0000 0x5394 3FFF 16 KB
USB2PHY 0x5394 4000 0x5394 7FFF 16 KB
OSPI1_CONFIG_REGO 0x53A0 0000 0x53A0 O1FF 512 Bytes
OSPI1_CONFIG_REG1 0x53A0 1000 0x53A0 13FF 1KB
OSPI1_CONFIG_REG2 0x53A0 2000 0x53A0 20FF 256 Bytes
FSS_DATA_REGO 0x6000 0000 Ox67FF FFFF 128 MB
L20CRAM_BANKO 0x7000 0000 0x7007 FFFF 512 KB
L20CRAM_BANK1 0x7008 0000 0x700F FFFF 512 KB
L20CRAM_BANK2 0x7010 0000 0x7017 FFFF 512 KB
SOC_MAILBOX_RAMO 0x7200 0000 0x7200 3FFF 16 KB
R5SS0_COREO_ICACHE 0x7400 0000 0x747F FFFF 16 KB (8 MB) ©
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Region Name Start Address End Address Size
R5SS0_COREO_DCACHE ¥ 0x7480 0000 OX74FF FFFF 16 KB (8 MB)
R5SS0_CORE1_ICACHE ?® 0x7500 0000 0x757F FFFF 16 KB (8 MB)
R5SS0_CORE1_DCACHE ?® 0x7580 0000 0x75FF FFFF 16 KB (8 MB)
R5SS0_COREO_TCMA ©® 0x7800 0000 0x7801 FFFF (Dual Core) | 128 KB (Dual Core)
0x7803 FFFF (Lockstep)
256 KB
(Lockstep)
R5SS0_COREO_TMU_EXT 0x7806 0000 0x7806 03FF 1KB
R5SS0_COREO_TCMB ©® 0x7810 0000 0x7811 FFFF (Dual Core) | 128 KB (Dual Core)
0x7813 FFFF (Lockstep) | 256 KB (Lockstep)
R5SS0_CORE1_TCMA ®® 0x7820 0000 0x7821 FFFF 128 KB
R5SS0_CORE1_TMU_EXT 0x7826 0000 0x7826 03FFF 1KB
R5SS0_CORE1_TCMB ?® 0x7830 0000 0x7831 FFFF 128 KB
FSS_DATA_REG1 0x8000 0000 0x87FF FFFF 128 MB
FSS_DATA_REG3 0x8800 0000 0x88FF FFFF 128 MB
GPMCO_MEM 0x9000 0000 Ox97FF FFFF 128 MB
OSPI1_DATA 0xA000 0000 OxATFF FFFF 128 MB

(1)  See core-specific tables for the internal memory map.

(2) In Lockstep mode, the RSFSSx_CORE1 memory region is not accessible.

(38) The size of these memories changes based on Dual-Core vs Lockstep operation.
For more information about Dual Core and Lockstep modes, see the R5FSS chapter.
For more information about ATCM and BTCM, see the Tightly-Coupled Memories (TCM) section within the R5FSS chapter.

(4) This memory region is used by each CPU core to access the TCM/Cache memory space of other CPU cores.

(6) Each R5FSS contains 16 KB i-cache and 16 KB d-cache. However, the system interconnect sees an 8 MB address range at ICACHE/
DCACHE. Any core attempting to access more than 16 KB results in a wrap around and accessing the same cache multiple times.
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2.2 R5FSS Memory Map
Table 2-1. R5FSS0-0 Memory Map

Region Name Start Address End Address Size
R5SS0_COREO_TCMA_ROM 0x0000 0000 0x0000 FFFF 64 KB
128 KB (Dual
0x0003 FFFF (Dual Core)
R5SS0_COREO_TCMA_RAM 0x0002 0000 Core) 256 KB
0x0005 FFFF (Lockstep)
(Lockstep)
R5SS0_COREO_TMU 0x0006 0000 0x0007 FFFF 131 KB
128 KB (Dual
0x0009 FFFF(Dual Core)
R5SS0_COREO_TCMB_RAM 0x0008 0000 Core) 256 KB
0x000B FFFF (Lockstep)
(Lockstep)
R5SS0_COREO_VIM 0x50F0 0000 0x50F0 3FFF 16 KB
R5SS0_COREO_WWDT (WDTO0) 0x5210 0000 0x5210 00FF 256 Bytes
R5SS0_COREQ_RTI (RTIO) 0x5218 0000 0x5218 OFFF 1 KB
ROM to RAM Swap (ROM Eclipse)
R5SS0_COREO_TCMA_ROM NA NA NA
128 KB (Dual
0x0001 FFFF (Dual Core)

R5SS0_COREO_TCMA_RAM 0x0000 0000 Core) 256 KB

0x0003 FFFF (Lockstep) | (| ockstep)

128 KB (Dual
0x0009 FFFF (Dual Core)

R5SS0_COREO_TCMB_RAM 0x0008 0000 Core) 256 KB
0x000B FFFF (Lockstep)

(Lockstep)
R5SS0_COREO_VIM 0x50F0 0000 0x50F0 3FFF 16 KB
R5SS0_COREO_WWDT (WDTO) 0x5210 0000 0x5210 00FF 256 Bytes
R5SS0_COREO_RTI (RTIO0) 0x5218 0000 0x5218 OFFF 1KB

Note
At device boot, the R56SS0_COREO executes ROM from address 0x0000 0000. Upon completing the
boot sequence, the R5SS0_COREQO_TCMA_RAM takes the base address and executes from address

0x0000 0000.
Table 2-2. R5FSS0-1 Memory Map

Region Name Start Address End Address Size
R5SS0_CORE1_TCMA_RAM 0x0000 0000 0x0001 FFFF 128 KB
R5SS0_CORE1_TMU 0x0006 0000 0x0007 FFFF 131 KB
R5SS0_CORE1_TCMB_RAM 0x0008 0000 0x0009 FFFF 128 KB
R5SS0_CORE1_VIM 0x50F0 0000 0x50F0 3FFF 16 KB
R5SS0_CORE1_WWDT (WDT1) 0x5210 1000 0x5210 10FF 256 Bytes
R5SS0_CORE1_RTI (RTI1) 0x5218 1000 0x5218 13FF 1 KB
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2.3 PRU-ICSS Memory Map
PRU ICSSM0 Memory Map
Region Name Start Address End Address Size
PRU-ICSSMO0 Data RAMO (DRAMO) 0x0000 0000 0x0000 1FFF 8 KB
PRU-ICSSMO0 Data RAM1 (DRAM1) 0x0000 2000 0x0000 3FFF 8 KB
PRU-ICSSMO Data RAM2 (Shared DRAM2) 0x0001 0000 0x0001 FFFF 64 KB
PRU-ICSSMO INTC 0x0002 0000 0x0002 1FFF 8 KB
PRU-ICSSMO0 PRUO Control 0x0002 2000 0x0002 23FF 1 KB
PRU-ICSSMO0 PRUO Debug 0x0002 2400 0x0002 3FFF 7 KB
PRU-ICSSMO0 PRU1 Control 0x0002 4000 0x0002 43FF 1 KB
PRU-ICSSMO0 PRU1 Debug 0x0002 4400 0x0002 5FFF 7 KB
PRU-ICSSMO0 CFG 0x0002 6000 0x0002 6FFF 4 KB
PRU-ICSSMO0 ECC_CFG 0x0002 7000 0x0002 7FFF 4 KB
PRU-ICSSMO0 UARTO 0x0002 8000 0x0002 9FFF 8 KB
PRU-ICSSMO Reserved 0x0002 A000 0x0002 BFFF 8 KB
PRU-ICSSMO Reserved 0x0002 C000 0x0002 DFFF 8 KB
PRU-ICSSMO IEP 0x0002 E000 0x0002 EFFF 8 KB
PRU-ICSSMO0 ECAPO 0x0003 0000 0x0003 1FFF 8 KB
PRU-ICSSMO0 MII_RT_CFG 0x0003 2000 0x0003 23FF 1 KB
PRU-ICSSMO0 MII_MDIO 0x0003 2400 0x0003 3FFF 7 KB
PRU-ICSSM0 PRUO IRAM 0x0003 4000 0x0003 7FFF 16 KB
PRU-ICSSM0 PRU1 IRAM 0x0003 8000 0x0003 BFFF 16 KB
PRU ICSSM1 Memory Map
Region Name Start Address End Address Size
PRU-ICSSM1 Data RAMO (DRAMO) 0x0000 0000 0x0000 1FFF 8 KB
PRU-ICSSM1 Data RAM1 (DRAM1) 0x0000 2000 0x0000 3FFF 8 KB
PRU-ICSSM1 Data RAM2 (Shared DRAM2) 0x0001 0000 0x0001 FFFF 64 KB
PRU-ICSSM1 INTC 0x0002 0000 0x0002 1FFF 8 KB
PRU-ICSSM1 PRUO Control 0x0002 2000 0x0002 23FF 1 KB
PRU-ICSSM1 PRUO Debug 0x0002 2400 0x0002 3FFF 7 KB
PRU-ICSSM1 PRU1 Control 0x0002 4000 0x0002 43FF 1 KB
PRU-ICSSM1 PRU1 Debug 0x0002 4400 0x0002 5FFF 7 KB
PRU-ICSSM1 CFG 0x0002 6000 0x0002 6FFF 4 KB
PRU-ICSSM1 ECC_CFG 0x0002 7000 0x0002 7FFF 4 KB
PRU-ICSSM1 UARTO 0x0002 8000 0x0002 9FFF 8 KB
PRU-ICSSM1 Reserved 0x0002 A00O0 0x0002 BFFF 8 KB
PRU-ICSSM1 Reserved 0x0002 C000 0x0002 DFFF 8 KB
PRU-ICSSM1 IEP 0x0002 E000 0x0002 EFFF 8 KB
PRU-ICSSM1 ECAPO 0x0003 0000 0x0003 1FFF 8 KB
PRU-ICSSM1 MII_RT_CFG 0x0003 2000 0x0003 23FF 1KB
PRU-ICSSM1 MII_MDIO 0x0003 2400 0x0003 3FFF 7 KB
PRU-ICSSM1 PRUO IRAM 0x0003 4000 0x0003 7FFF 16 KB
PRU-ICSSM1 PRU1 IRAM 0x0003 8000 0x0003 BFFF 16 KB
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Chapter 3
System Interconnect

i3 TEXAS INSTRUMENTS

This chapter describes the device system interconnect.

System interconnect provides a multi-layered crossbar network among initiators and targets within SoC. This
mutli-layered crossbar network supports multiple in-flight transactions to improve both latency and throughput
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3.1 System Interconnect Overview

The device implements a system interconnect using TI's Common Bus Architecture (CBA), composed of the
VBUSM and VBUSP protocols.

The system is based on a multi-layered interconnect approach designed to meet high-performance system
requirements. The interconnect structure consists of a full crossbar implementation, where every initiator has an
independent communication path with every target, such that, transactions from each initiator has access to full
interconnect bandwidth. Arbitration will only happen at the target end point with round-robin prioritization. Targets
cannot generate read/write requests directly. However, they can respond to these requests by generating error
events (as defined by the CBA protocol), interrupts, and DMA requests.

The device interconnect is partitioned into the following sections:

« CORE VBUSM Interconnect

* R5SS0 VBUSM Interconnect

* CORE VBUSP Interconnect

* PERI VBUSP Interconnect

* INFRAO VBUSP Interconnect

* INFRA1 VBUSP Interconnect

» CONTROLSS VBUSP Interconnect
* R5SS0 CONFIG SLV Interconnect
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Note
CORE VBUSM, and R5SS0 VBUSM Interconnects are 64-bit wide interconnect (i.e. 64-bit data bus
width). Rest of the above interconnects are 32-bit wide (i.e. 32-bit data bus width).

There are multiple targets for each of the above interconnects, these are detailed in later sections of
the chapter.

Figure 3-1. Top-Level System Interconnect
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3.2 CORE VBUSM Interconnect

The device Core Interconnect (CORE VBUSM) utilizes the VBUSM architecture to enable extensive transaction
pipelining configuration along with support for multiple outstanding transactions; this dramatically increases
system performance at the cost of higher complexity and additional logic. The diagram below shows the device
peripherals with Core Interconnect target ports.

Ea—
—

R5FSSO RSFSSO
-0 -1

L20CRAM-BANK1
512KB

L20CRAM-BANKO
512KB

wouy
wou4

19 d¥dS

@
o
=
I-u
o)
=

2z
o 7

L 9
R @
a2 @
[N
Y]
1 i

1
1

A 4
Icss_M1 | R55S0 VBUSM

HSM debugSs

ICSS_MO

EDMA_T

o
[

=
@
@
13
— &

<&M 00L WSH—

M TOL WSH—

~4—Y TOL WSH——

~—M 0 0SSS4—|

[9}

Q

&a

<

=

1

3 |
=

c

;’

4—y 001 WSH—
<y~ 0D1 D05—
<M 00L 05—
M TOL 05—
-0N¥d 0SSOI
f4—Y70 0SSSY——]
M T 0SSS4——
4T 0SSS4——|
-M7Ssasn

4y DL 05—

-y SSasN

o
2]
7]
<
=
el
=
c
;

4-TNYd ONSSOI—

VBUSM CORE Interconnect

~-4—€'T°093Y VIVA HSV14

-—AILS WIS

- AVYS XOEW1
-3 H104

~4—VIva TIdSO
-

anets
DINVE-WVYI07]

~4—0 10d -dSNYA 340D OL-
~—T M0od -dSNEA 340D oL
-—ONdYD

-4—— 0NN
-4—0J¥N

Figure 3-2. Core Interconnect Diagram

The red blocks in the diagram above indicate designated MPU (Memory protection units) on the associated
target ports. The device MPUs allow for up to 8 programmable regions. Additional details related the Memory
Protection Unit, can be found in the device Section 3.11 chapter.

Note

The placement of 3 L2ZOCRAM Banks across the 2 interconnects (R5SS0 VBUSMand VBUSM CORE
Interconnect) has been done such that cores in a cluster can have faster access (lesser latency) to
the banks closer to that particular cluster. In other words, R5SS0_Core0 and R5SS0_Core1 cores

will have faster access latency to its near L2ZOCSRAM banks (BANKO and BANK1) placed on R5SS0
VBUSM interconnect. Both the cores will have the same but slower access latency to the common
L20CSRAM bank (BANK2) as compared to their near banks.

To summarize, for particular cores in a cluster, below is the L2ZOCRAM Bank access latency
comparison:

Access latency of near banks < Access latency of common banks
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Table 3-1. CORE VBUSM Initiator-Target Table
This table lists initiator and target end point connections for the CORE VBUSM Interconnect. A cell can contain one of the
following:
* Y — Connection does exist between initiator and target.
* N - Connection does NOT exist between initiator and target.

Targets Initiators
R5FSS | R5FSS | HSM |HSM_TC |HSM_TC | SoC_TC | SoC_TC | DEBUG | ICSSM | ICSSM | CPSW3 | ICSSM |ICSSM |USBSS |USBSS
0-0* 0-1* 0 1 0 1 SS 1] 0 G 1 1 R w
R/W* R/W* R/W* R/W* PRUO | PRU1 PRUO |PRU1
R5FSS0-0 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
R5FSS0-1 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
OCSRAM Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
(BANKO)
OCSRAM Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
(BANK1)
OCSRAM Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
(BANK2)
OSPIO Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
(FLASH_DA
TA_REGO,1,
3)
MBOX_SRA Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
M
HSM Y Y N Y Y Y Y Y Y Y N Y Y N N
DTHE Y Y Y Y Y Y Y Y Y Y N Y Y N N
OSPI1 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
ICSSMO Y Y Y Y Y Y Y Y N N N Y Y N N
ICSSM1 Y Y Y Y Y Y Y Y Y Y N N N N N
MMCO Y Y Y Y Y Y Y Y Y Y N Y Y N N
STM_STIM N for read port Y N for read port Y Y Y N Y Y N Y
Y for write port Y for write port
MCRC Y Y Y Y Y Y Y Y Y Y Y
GPMC Y Y Y Y Y Y Y Y Y Y Y
CORE N N N Y N Y N Y Y N N Y N N N
VBUSP
(Port0)
CORE N N Y N Y N Y N N Y N N Y N N
VBUSP
(Port1)

Note
* These initiators have separate read and write ports.

Note
A Accessible only with LOCKSTEP mode disabled. Any access with LOCKSTEP mode enabled
results in an error response.

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025 AM261x Technical Reference Manual 41
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

System Interconnect www.ti.com

3.3 CORE VBUSP Interconnect

VBUSP is a very simple and easy to implement protocol that is pended such that only a single transaction can
be outstanding at any given time. VBUSP protocol is classified as a point-to-point, pended interface protocol.
The design is split into multiple layers of VBUSP interconnect for performance requirements. The diagram below
shows the peripherals which are target ports for the CORE VBUSP interconnect.

VIM interconnect is a local VBUSP interconnect which allows a low latency path to the dedicated VIM from each
R5SS. Since this is locally connected before the CORE VBUSP interconnect, access is restricted only from each
R5SS core to its own VIM module.

Figure 3-3. CORE VBUSP Interconnect Diagram
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VIM
From CORE From CORE &VIMO-0 -

VBUSM VBUSM
Port 0 Port 1

R5FSSO
=il

[ weu | [ weu |

‘ VBUSP CORE Interconnect ‘
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-4——T41D dOL
-
-
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CONTROLSS interconnect

-49Y4 - TX—
—S$S95Ng3a—
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<@—INSNGA UlBIN - ZTX—

-

PERI interconnect

The gray blocks are MPU (Memory Protection Units) on the target ports. These are used to protect data and
configuration spaces by managing the accesses to these memory regions. The MPUs above can have up to 16
programmable regions. For more details on MPU, please refer to Section 3.11 .
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following:

* Y — Connection does exist between initiator and target.

Table 3-2. CORE VBUSP Initiator-target Table
This table lists the initiator and target end point connections for the CORE VBUSP Interconnect. A cell can contain one of the

* N - Connection does NOT exist between initiator and target.

Initiators
Targets R5FSS R5FSS CORE VBUSM CORE VBUSM
0-0_AHB 0-1_AHB (Port0) (Port1)
EPWM_GO Y Y Y Y
EPWM_G1

EPWM_GO_WLINK

EPWM_G1_WLINK

SCR_ADC_0

SCR_ADC_1

SCR_ADC_2

SCR_ADC_3

MISC PERIPH

SCR_FSI_0

MISC CONFIGO

MISC CONFIG1

PERI_R5FSS0-0*

PERI_R5FSS0-1*

PERI VBUSP (Port0)*

PERI VBUSP (Port1)*

SPINLOCK

DEBUGSS

MSS_CTRL

TOP_CTRL

VIMO-0

VIMO-1

z|<|<|<|<|=<|z|z|z|<|<|<|<|<|z|z|z|<|<]|=<]|<

<|z|<|<|=<|=<|[z|z|<|z|<|<|<|<|z|z|<|2z|<]|=<]|=<

z|lz|<|<|<|<|z|<|z|z|<|<|<|<|z|<|z|2|<]|=<]|=<

z|lz|<|<|<|<|<|z|z|z|<|<|<|<|<|z|z|2|=<]|=<]|=<

Note

*These targets connect to initiator ports on the PERI interconnect.
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3.4 PERI VBUSP Interconnect

PERI VBUSP interconnect connects with the CORE VBUSP interconnect through the target ports each
dedicated for individual initiators on the CORE VBUSP. The diagram below shows the peripherals which are
target ports for the CORE VBUSP interconnect.

Figure 3-4. PERI VBUSP Interconnect Diagram
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Table 3-3. PERI VBUSP Initiator-Target Table
This table lists initiator and target end point connections for the PERI VBUSP Interconnect. A cell may contain one of the
following:
* Y — Connection does exist between initiator and target.
* N - Connection does NOT exist between initiator and target.

Initiators
Targets R5FSS R5FSS PERI VBUSP PERI VBUSP
0-0_AHB 0-1_AHB (Port0) (Port1)

GPIOO0 Y N Y Y
GPIO1 N Y Y Y
WDTO Y N Y Y
WDT1 N Y Y Y
SPI0 Y Y Y Y
SPI1 Y Y Y Y
SPI2 Y Y Y Y
SPI3 Y Y Y Y
UARTO Y Y Y Y
UART1 Y Y Y Y
UART2 Y Y Y Y
UART3 Y Y Y Y
UART4 Y Y Y Y
UART5 Y Y Y Y
LINO Y Y Y Y
LIN1 Y Y Y Y
LIN2 Y Y Y Y
12C0 Y Y Y Y
12C1 Y Y Y Y
12C2 Y Y Y Y
RTIO Y Y Y Y
RTI1 Y Y Y Y
RTI2 Y Y Y Y
RTI3 Y Y Y Y
CANFDO Y Y Y Y
CANFD1 Y Y Y Y
ELM Y Y Y Y
INFRAO Y Y Y Y
INFRA1 Y Y Y Y
USB_OCPS Y Y Y Y
USB_OCPP Y Y Y Y
R5SS0_CONFIG_SLV Y Y Y Y

3.5 INFRAO VBUSP Interconnect

INFRAO VBUSP interconnect connects with the PERI VBUSP interconnect through a single target port catering
to all initiators on the PERI VBUSP. Accessing a particular target by multiple initiators at the same time will be
arbitrated in this interconnect. The diagram below shows the peripherals which are target ports for the INFRAOQ
VBUSP interconnect.
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There is no access restriction since its a single initiator, multiple target interconnect.

3.6 INFRA1 VBUSP Interconnect

INFRA1 VBUSP interconnect connects with the PERI VBUSP interconnect through a single target port catering
to all initiators on the PERI VBUSP. Accessing a particular target by multiple initiators at the same time will be
arbitrated in this interconnect. The diagram below shows the peripherals which are target ports for the INFRA1
VBUSP interconnect.
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There is no access restriction since its a single initiator, multiple target interconnect.

3.7 R5SS0 CONFIG SLV Interconnect
The diagram below shows the peripherals which are target ports for the R5SS0 CONFIG SLV interconnect.
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There is no access restriction since its a single initiator, multiple target interconnect.

3.8 CONTROLSS Interconnect

CONTROLSS interconnect is divided into below list of separate interconnect connected to the CORE VBUSP
interconnect individually. Since these are connected to the CORE VBUSP interconnect separately, each of
this interconnect can be accessed in parallel by different initiators without any arbitration. Accessing a single
CONTROLSS interconnect by multiple initiators at the same time will be arbitrated.

. MISC PERIPH
- MISC CONFIGO

. MISC CONFIG1

. SCR_FSIO (FSITX[0:1] and FSIRX[0:1])

- GO_EPWM, G1_EPWM

. SCR_ADCO, SCR_ADC1, SCR_ADC2, SCR_ADC3

Below diagram shows the different interconnect connections.
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MISC PERIPH, MISC CONFIG and SCR_FSIO are single initiator, multiple targets as shown in the diagram

EPWM interconnect are divided into 2 groups GO_EPWM and G1_EPWM accessed using different
address regions in the memory map. Any initiator can access an EPWM group while another
initiator is accessing a different EPWM group simultaneously. Each interconnect has n target

ports depending on number of EPWM in the design. After the interconnect, a 2:1 Static Mux
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can be configured per EPWM using CONTROLSS_GLOBAL_CTRL.EPWM_STATICXBAR_SELO &
CONTROLSS_GLOBAL_CTRL.EPWM_STATICXBAR_SEL1 register, which statically assigns that EPWM to
any of the selection groups — GO and G1.

Additionally, for each EPWM group, there is a 4KB write only alias region added in

the device memory map ( CONTROLSS_GO_EPWM_WLINK and CONTROLSS_G1_EPWM_WLINK),
using which selected EPWM instances of that particular group can be written together in

a single write. The registers CONTROLSS_GLOBAL_CTRL.CONTROLSS_G0_EPWM_WLINK and
CONTROLSS_GLOBAL_CTRL.CONTROLSS_G1_EPWM_WLINK contains EPWM enables to select which
instances can be written together.

SCR_ADCO0, SCR_ADC1,.. SCR_ADCn are different interconnect per intiator (R5FSS0-0_AHB,
R5FSS0-1_AHB, CORE VBUSP (Port0), and CORE VBUSP (Port1)). The target ports are based on number
of ADCs in the design. Each initiator can independently access any ADC register without any arbitration.

In other words, the same ADC result register can be accessed by multiple initiators simultaneously without
contention.
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3.9 Interconnect Safety

In order to ensure the safety of data through the interconnect, redundancy has been implemented in VBUSM
and VBUSP interconnect. For VBUSP, data and control signals are passed through a redundant interconnect
and compared. For VBUSM, ECC of the data is generated and is passed through redundant interconnect.

The comparison will happen for ECC of the data. The control signals are directly compared without any ECC
generation. The status of comparison from Main and Redundant interconnect are available in MSS_CTRL MMR.

ECC of data
& Control
signals

eeeee

Data & Control Signals

ECC of Data

ECC Data Signal comparison status

Figure 3-5. VBUSM Interconnect

The following interconnects are safety compliant:
1. CORE VBUSM

2. CORE VBUSP

3. PERIVBUSP

4. R5SS0 VBUSM

The VBUSM Interconnect follows the ECC based VBUSM safety architecture as shown above in Figure 3-5.
CORE VBUSP and PERI VBUSP follows VBUSP Safety architecture as shown below in Figure 3-6. All the
Initiators/Targets of these Interconnects are safety compliant.

Data & Control Signals
comparison status

Figure 3-6. VBUSP Interconnect

3.10 Bus Safety Errors
3.10.1 Error Signaling Integration

The bus safety errors which gets generated from VBUSP and VBUSM Interconnects will get aggregated and are
available as status registers in the MSS_CTRL. The Registers which contain various error status are:
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1. *_INTAGG_STATUS_RAW - These Registers capture raw error status for each safety compliant Initiator/
Target.

2. *_INTAGG_STATUS - These Registers capture masked error status for each Initiator/Target which are
safety compliant. The masking is done by programming the register - *_INTAGG_MASK with appropriate
value. Masking will override the corresponding bit to be default value irrespective of raw error status.

3. *_RD_BUS_SAFETY_ERR - This Register contains more information such as Single error, Double Error
that had occurred in the data. Additionally, it contains if an error occurred in command bus, write bus, write
status, or read bus of the Target Port.

The Masked errors from various Targets are aggregated and sent to ESM. There are three such signals :
Aggregated_VBUSP_error_H, Aggregated VBUSM_error_H and Aggregated_VBUSM_error_L. The Initiators/
Targets errors which are aggregated and used for generation of these signals are given in the below table.

Table 3-4. Initiators/Targets errors aggregated and sent to ESM GROUPO

MSS ESM Description Comments

GROUPO

Channel No.

31 Aggregated_VBUSP_error_H Aggregated High interrupt line for VBUSP

. R5SS0 0 AHB peripherals. Only compare error is mapped

R5SS0_1_AHB to this line.
MAIN_VBUSP (Aggregated error for all VBUSP Initiators and Targets)
PERI_VBUSP (Aggregated error for all VBUSP Initiators and Targets)
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Table 3-5. Initiators/Targets errors aggregated and sent to ESM GROUP1

MSS ESM Description Comment
GROUP1
Channel No.
1 Aggregated_VBUSM_error_H Aggregated High interrupt line for VBUSM
. R5SS0 0 RD peripherals. DED(Double Error Detection) of

data and compare errors of control signals

+ RS5SS0_1_RD are mapped to this line.

- R5SS0_0_WR
. R5SS0_1_WR

« R5SS0.0_S
« R5SS0_1_S
* Debugss

« HSM_M

« CPSW

.« OCSRAM(Bank0)
- OCSRAM(Bank1)
- OCSRAM(Bank2)
« SoC_TC_0_RD

+ SoC_TC_1_RD

+ SoC_TC_0_WR

+ SoC_TC_1_WR

« HSM_TC_0_RD

« HSM_TC_1_RD

« HSM_TC_0_WR
« HSM_TC_1_WR
.+ ICSS0_PRUO

. ICSS0_PRU1

.+ ICSS1_PRUO

. ICSS1_PRU1

+ OSPIO

« OSPH

« MCRC

- DTHE

+  SCRPO
*+ SCRP1
« HSM
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Table 3-5. Initiators/Targets errors aggregated and sent to ESM GROUP1 (continued)

GROUP1
Channel No.

MSS ESM Description

Comment

2 Aggregated_VBUSM_error_L

R5SS0_0_RD
R5SS0_1_RD
R5SS0_0_WR
R5SS0_1_WR
R5SS0_0_S
R5SS0_1_S
Debugss

HSM_M
MSS_CPSW
OCSRAM(BankO0)
OCSRAM(Bank1)
OCSRAM(Bank2)
SoC_TC_0_RD
SoC_TC_1_RD
SoC_TC_0_WR
SoC_TC_1_WR
HSM_TC_0_RD
HSM_TC_0_WR
HSM_TC_1_RD
HSM_TC_1_WR
ICSS0_PRUO
ICSSO0_PRU1
ICSS1_PRUO
ICSS1_PRU1
OSPIO

OSPI1

MCRC

DTHE

CORE VBUSP(Port0)
CORE VBUSP(Port1)
HSM_S

ICSS
MBOX_SRAM
STM_STIM

MMC

GPMC

Aggregated Low interrupt line for VBUSM
peripherals. SEC (Single Error Correction)
error is mapped to this line.

3.10.2 Programming sequence

Bus Infrastructure Safety is disabled by default.

* The first step is to enable Bus Safety for the MSS subsystem globally. For this, write 0x7 to
MSS_CTRL.MSS_BUS_SAFETY_CTRL.MSS_BUS_SAFETY_CTRL_ENABLE.

* User can enable safety on a node mentioned in above table by writing to the multibit field —
MSS_CTRL.<NODE>_BUS_SAFETY_CTRL_ENABLE

— Write 0x7: To enable safety for the Node
— Write 0x0: To disable safety for the Node
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3.10.3 Diagnostic Check Mechanism

1. Enable MSS bus safety errors.

MSS_CTRL.MSS_BUS_SAFETY_CTRL.MSS_BUS_SAFETY_CTRL _ENABLE = 0x7

2. Enable bus safety for each interface. Taking MSS L2 Bank A VBUSM interface as a reference.

Set the mask bit for the respective source in MSS_CTRL.MSS_VBUSM_SAFETY_x_ERRAGG_MASK
register. In this example,

MSS_CTRL.MSS_VBUSM_SAFETY_HO0_ERRAGG_MASK.MSS_VBUSM_SAFETY_HO0_ERRAGG_
MASK_L2RAMO0_VBUSM_ERRH =1

Note
x can be a high or low priority setting for the corresponding source.
MSS_CTRL.MSS_L2_A_BUS_SAFETY_CTRL.MSS_L2_A_BUS_SAFETY_CTRL_ENABLE = 0x7

3. For double/single error injection on data,

MSS_CTRL.MSS_L2_A_BUS_SAFETY_FIL.MSS_L2_A_BUS_SAFETY_FI_DED = 0x1; (For Double
Error Detection)

MSS_CTRL.MSS_L2_A_BUS_SAFETY_FI.MSS_L2_A_BUS_SAFETY_FI_SEC = 0x1; (For Single
Error Correction)
MSS_CTRL.MSS_L2_A_BUS_SAFETY_FI.MSS_L2_A_BUS_SAFETY_FI_DATA = 0x1<<i;

— Double/single errors can be injected only on 32-bit segments of data at a time.
— i=0 for data[31:0]

i=1 for data[63:32]

i=2 for data[95:64] and so on.
— For controller interfaces, it will be read data to which error will be injected, and for target interfaces it
will be write data to which error will get injected.
The write access is to be followed by a read to the endpoint of the bus interface. The address should be
selected based on the FI_DATA value.

— WR_MEM_32(MSS_L2_U_BASE + 0x2000 + i*0x4, wr_data); // sufficient for targets like MSS_L2

— rd_data = RD_MEM_32(MSS_L2_U_BASE + 0x2000 + i*0x4); // sufficient for controllers like
CR5A_AXI_READ

Upon detection of DED/SEC error on the interface, an ESM error gets triggered and the following

sequence needs to be executed by the ISR to clear the error.

— MSS_CTRL.MSS_L2_A_BUS_SAFETY_CTRL.MSS_L2_A_BUS_SAFETY_CTRL_ERR_CLEAR =
0x1;

— Once the error at the interface is cleared, clear the ESM status register.

— Register MSS_CTRL.MSS_L2_A_BUS_SAFETY_ERR is read to confirm whether the ERROR is
SEC/DED.

Before Exiting the ISR need to do the below setting to ensure the fault injection is removed.

— MSS_CTRL.MSS_L2_A_ BUS_SAFETY_FIL.MSS_L2_A_BUS_SAFETY_FI_SEC = 0x0

— MSS_CTRL.MSS_L2_A_BUS_SAFETY_FI.MSS_L2_A_BUS_SAFETY_FI_DED = 0x0

All the Bus-Safety SEC errors in MSS are aggregated to a single ESM line. So, before exiting the ISR,
the corresponding bit in the aggregated registers MSS_CTRL.MSS_VBUSM/P_x_ERRAGG_STATUS
should be written 1 to clear the status.

4. For redundancy on the bus interface signals,

.

— MSS_CTRL.MSS_L2_A_BUS_SAFETY_FIL.MSS_L2_A_BUS_SAFETY_FI_MAIN = 0x1<<j;
* =0 checks redundancy on the main command interface
* i=1 checks redundancy on the main write interface
* i=2 checks redundancy on the main write status interface
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» i=3 checks redundancy on the main read interface
» For vbusp interfaces, only the main command interface is checked.

— MSS_CTRL_Ptr.MSS_L2_A_BUS_SAFETY_FI.MSS_L2_A_BUS_SAFETY_FI_SAFE = 0x1<<i;
» i=0 checks redundancy on the safe command interface
* i=1 checks redundancy on the safe write interface
» i=2 checks redundancy on the safe write status interface
» i=3 checks redundancy on the safe read interface
» For vbusp interfaces, only the safe command interface is checked.

— To inject redundancy errors on all the command, read, write and write status interface signals
simultaneously, the following sequence is executed,
* MSS_CTRL.MSS_L2_A_BUS_SAFETY_FIL.MSS_L2_A_BUS_SAFETY_FI_GLOBAL_MAIN =

0x1; // for the main interface
+ MSS_CTRL.MSS_L2_A_BUS_SAFETY_FIL.MSS_L2_A_BUS_SAFETY_FI_GLOBAL_SAFE=
0x1; // for the safe interface
» Upon detection of a redundancy error on the interface, an ESM error gets triggered and the following

sequence needs to be executed by the ISR to clear the error.

— MSS_CTRL.MSS_L2_A_BUS_SAFETY_CTRL.MSS_L2_A_BUS_SAFETY_CTRL_ERR_CLEAR =
0x1;

— Once the error at the interface is cleared, clear the ESM status register.

» Before Exiting the ISR, one needs to do the below setting to ensure the fault injection is removed.

— MSS_CTRL.MSS_L2_A BUS_SAFETY_FI_ST. MSS_L2_A_BUS_SAFETY_FI_MAIN = 0x0

— MSS_CTRL.MSS_L2_A_BUS_SAFETY_FI_ST. MSS_L2_A_BUS_SAFETY_FI_SAFE = 0x0

— MSS_CTRL.MSS_L2_A BUS_SAFETY_FI_ST.MSS_L2_A_BUS_SAFETY_FI_GLOBAL_MAIN =
0x0

— MSS_CTRL.MSS_L2_A_BUS_SAFETY_FI_ST.MSS_L2_A_BUS_SAFETY_FI_GLOBAL_SAFE=
0x0

3.11 System Memory Protection Unit (MPU)/Firewalls

The device incorporates multiple system Memory Protection Units (MPU) aka Firewall in the interconnect for
security purpose or to ensure freedom from interference (FFI) in safety application. Note that these are distinct
from the MPU which is part of RSFSS (explained in section R6FSS Features).The choice of using the MPU for
security or for FFI is an application level decision.

The MPU works by allowing access to the underlying memory map (Peripheral or Memory) for authorized
initiators and disallowing access to other initiators.

3.11.1 MPU Overview

The MPU has the following features:

» Supports multiple programmable address ranges

» Supports secure and debug access privileges

» Supports read, write, and execute access privileges

» Distinguishes access from different initiators based on an Identifier (Privilege ID)
* Generates an interrupt when there is addressing or protection violation

3.11.2 MPU Instances

There are 17 MPU firewall instances in the device placed at various points in the interconnect topology.
Depending on where the firewalls are present in the topology they are referred to as Initiator side firewall
(Firewall is right at the initiator port) or Target side firewall (Firewall is right before the target). All MPUs are
identical from application perspective. However, all the target side MPUs have 8 or 4 Regions and Initiator
side MPUs have 16 regions (provides more regions to handle peripheral spaces) As evident from Figure3-1,
the Initiator side firewalls are intended to protect the peripheral space while the Target side firewalls protect
individual Target memory space (A memory bank or a unique target space)
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Initiator side MPUs

Following are the initiator side firewalls as shown in Figure 3-3. CORE VBUSP Interconnect Diagram.
+ SCRM2SCRPO

+ SCRM2SCRP1

+ R5SS0_COREQO_AHB_MST

*+ R5SS0_CORE1_AHB_MST

Target side MPUs
Following are the Target side firewalls as shown in Figure 3-2. Core Interconnect Diagram.

- R5SS0_COREOQ_AXIS_SLV
- R5SS0_CORE1_AXIS_SLV
.« L20CRAM_BANKO_SLV
.« L20CRAM_BANK1_SLV
.« L20CRAM_BANK2_SLV
- MBOX_RAM_SLV

« HSM_SLV

« DTHE_SLV

.« OSPIO_SLV

- OSPI1_SLV

. OSPIO_CONFIG_SLV

- OSPI1_CONFIG_SLV

.+ R5SS0_CONFIG_SLV
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3.11.3 MPU Functional Description
3.11.3.1 Functional Operation
The MPU performs access permission check for each Bus access reaching the MPU and decides to allow the

access to pass unmodified further to the target memory if it passes the permission check OR disallow the access
and fault the access back to the initiator if it fails the permission check.

System MPU
Protection
Checks
Input Output
Bus Bus

Slave
Interconnect

Figure 3-7. MPU Top Level Diagram

Privilege ID (PriviD)

Every initiator is associated with an Identifier referred to as Priv ID. See section ISC (Initiator-side Security
Control) for how to assign a PrivID to each initiator. This PrivID identifies the controller for privilege purposes
and accompanies all bus accesses made on behalf of that controller. That is, when a controller triggers a bus
access command, the PrivID is carried alongside the command.

Privilege Level (Priv)

Every initiator access on the input bus is associated with a privilege level. Two privilege levels are supported:
supervisor and user. The privilege level is inherited from the code running on the corresponding processor. For
example, ARM processor has User mode and Supervisor Mode.

Secure/Non Secure Access

Every initiator is associated with a security level identifier Secure or Non Secure. When an initiator triggers a bus
access command, the security level is carried alongside the command. See section ISC (Initiator-side Security
Control) for how to assign a security level to each initiator.

Debugger Access

When a JTAG based debugger makes access to a peripheral or Memory through the AHB-Ap port, such an
access is qualified by a EMU (Emulator) signal.

MPU Region

Each MPU is associated with multiple MPU regions. Each region of the MPU is programmable. The
programming specifies which Initiators are allowed access, the address range where the access is allowed
and additional access attributes such as read/Write/execute etc.

A high level view of each MPU region is shown below:
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* The start address PROGRAMMABLE_n_START_ADDRESS specifies the start address of the memory
protection region ‘n’.

* The End address PROGRAMMABLE_n_END_ADDRESS specifies the end address of the memory protection
region ‘n’.

Note

The granularity of the MPU in this device is 1KB. The lower 10 bits of the Programmable start and end
address are a don'’t care.

Actual MPU_start_address[31:0] = PROGRAMMABLE_n_START_ADDRESS[ 31:10] : 10'b0
Actual MPU_end_address[31:0] = PROGRAMMABLE_n_END_ADDRESS[31:10]:10°’b1111111111

* The MPPA(Memory Protection Permission Attribute) register PROGRAMMABLE_n_MPPA specifies the
permission attributes for region ‘n’. AID15_0 field (Register bits 25-10) specifies the privID’s for which the rule of
this region applies. There is an AID register bit for each possible privIiD (0 to 15) and an AIDX that covers privIDs
not configured. The other bits specify the access attributes such as User Read/Write/Execute or Supervisor
ReadWrite/Execute as well as Non secure access and Emulation/Debugger access.

Rule

1. The MPU works by first checking the transfer’s priviD against the AID settings. The privID is used to lookup
the associated AID bit. If the AID bit is 0, then the range does not cover that Initiator/ID and the range is not
checked (although other ranges with different AID setting will) for this transfer. If the AID bit is 1, then the range
does cover that Initiator/PriviD and the permissions are checked.

2. The transfer secure and debug parameters are checked against the MPPA values to detect an allowed
access. The two bits (NS and EMU) provide 3 permission levels.

» Ifthe NS is set, the range is non-secure and any security or debug initiator may access the range.

» If the NS is not set, the range is secure only and only secure level accesses are allowed.

» If Emulation(debugger) access is happening then the permission check is only two bits EMU and NS
— If EMU is set then the region allows access to debugger (does not check for R/W/PRiv permissions )
— If NS is set then region allows access to debugger (does not check for R/W/Priv permissions)

3. For Non Debugger(Regular Initiator access from within the Device) the read, write and execute permissions
are also checked.
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Table 3-6. Protection Levels for Secure and Debug attributes
NS EMU Description

Region x is secure without debug:
0 0 Only secure accesses are allowed. Debug accesses are not allowed.
Non-secure accesses are also not allowed

Region x is secure with debug:
0 1 Only secure and debug accesses are allowed.
Non-secure accesses are not allowed

Region x is non-secure:
All accesses (non-secure, secure and debug) are allowed.

4. There is a set of permissions for supervisor mode and another for user mode. The “priv” attribute of the
transfer determines the mode of access.

» |If priv = 1, the supervisor rwx bits are checked
» If priv = 0, the user rwx bits are checked against the same attributes

The Priv attribute signal on the bus depends on the mode of the CPU making the bus access.

Table 3-7. Request Type Access Controls

Bit Description
PROGRAMMABLE_x_MPPA[5] SR Supervisor may read
PROGRAMMABLE_x_MPPA[4] SW Supervisor may write
PROGRAMMABLE_x_MPPA[3] SX Supervisor may execute
PROGRAMMABLE_x_MPPA[2] UR User may read
PROGRAMMABLE_x_MPPA[1] UW User may write
PROGRAMMABLE_x_MPPA[0] UX User may execute

For each bit, a value of 1 permits the access type, and 0 denies it. So, setting the UX bit to 1 means that a
controller in user mode may execute from corresponding region. The MPU allows the programmer to specify
each of these 6 bits separately. Thus 64 different combinations are possible but programs might not use all of
them .

5. Each region outputs whether the transfer is allowed or disallowed or don’t care.

» If the AlIDs match and the transfer is within the address range and the permissions match, the region
indicates access allowed.

» If the AlIDs match and the transfer is within the address range and the permissions don’t match , the region
indicates access disallowed.

* In all other cases the region is a don'’t care.

The region outputs are aggregated to decide if the access is allowed or disallowed.

The MPU configuration used in this device does not allow access by default (Blocking by default).

» If none of the region allow access, the access is not allowed
» In case of overlapping regions, If any of the region does not allow access, the access is not allowed.
» The access is allowed only if one or more regions allow access and none of the regions disallow access.

In other words the final permission is the lowest of each type of permission from any hit range. (So If a transfer
hits 2 regions , one that is rw and another r, the final permission is just r).
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Note

Due to MPU architecture limitation, in case of a Cacheable access from R5 CPU, if the cache
line(32Byte) access falls in the last 32Bytes of the MPU region, the MPU incorrectly indicates an
access fault. Hence it is recommended that the application does not perform a cacheable access on
the last 32Bytes of an MPU region. This limitation does not exist for non Cacheable access from RS or
any access from non RS initiators.

3.11.3.2 Protection of the MPU Configuration Registers

Accesses to the PROGRAMMABLE_x_START_ADDRESS, PROGRAMMABLE_x_END_ADDRESS and
PROGRAMMABLE_x_MPPA registers are also protected. All non-debug writes must be by a supervisor
controller. If the PROGRAMMABLE_x_MPPA[7] NS bit is 0, then all writes must be by a secure controller.
In addition, the NS bit can be modified only by a secure controller. A register write with invalid permissions
results in protection fault and interrupt generation.

A debug write is only allowed if NS = 1 or the EMU = 1 regardless of the secure or privilege attributes. Neither
faults are recorded nor interrupts are generated for debug accesses.

3.11.3.3 MPU Interrupt Requests

The MPU module generates the following interrupts when there is any kind of MPU violation:
Table 3-8. MPU Interrupts

Interrupt Description
mpu_addr_err_intr Addressing violation interrupt
mpu_prot_err_intr Protection violation interrupt.

The mpu_addr_err_intr interrupt occurs when a read or write access is made to a non-existent register address
in the MPU configuration space.

The mpu_prot_err_intr interrupt occurs when there is a protection violation. Two kinds of protection violation is
possible.

1. When the access on the input bus violates the MPU rules as defined in Functional Operation section or
2. When the access violates the protection of MPU configuration registers as defined in Protection of the MPU
Configuration Registers section.

The transfer parameters that caused the above violations are saved in MPU.FAULT_ADDRESS and
MPU.FAULT_STATUS registers. This violation status MMRs can be cleared by writing to MPU.FAULT_CLEAR
register.

The above interrupts can be enabled by writing to MPU.INTERRUPT_ENABLE register. The register
MPU.INTERRUPT_RAW_STATUSSET register can be read to know the raw interrupt status. The register
MPU.INTERRUPT_ENABLED_STATUSCLEAR can be read to know the enabled interrupt status. The interrupt
can be cleared by writing ‘1’ to MPU.INTERRUPT_ENABLED_STATUSCLEAR register.

MPU Interrupt Aggregation

The error Interrupts from all MPUs in the device are aggregated and
provided to each R5SS core as R5SFSSx_COREy_INTR_MPU_ADDR_ERRAGG (#69) and
R5FSSx_COREy_INTR_MPU_PROT_ERRAGG(#70) interrupts.

This aggregated address error interrupt can be controlled by the MMR
MSS_CTRL.MPU_ADDR_ERRAGG_R5SSx_CPUy_MASK. There is one register per associated R5SS
Core. Each bit represents one MPU which can be masked or enabled to generate the

aggregated interrupt. The status of the Address error interrupt can be read from the MMRs
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MSS_CTRL.MPU_ADDR_ERRAGG_R5SSx_CPUy_STATUS and the raw status can be read from
MSS_CTRL.MPU_ADDR_ERRAGG_R5SSx_CPUy_STATUS_RAW . The aggregated interrupt can be cleared
by writing ‘1’ to the MSS_CTRL.MPU_ADDR_ERRAGG_R5SSx_CPUy_STATUS register. The raw status can
be cleared by writing ‘1’ to the MSS_CTRL.MPU_ADDR_ERRAGG_R5SSx_CPUy_STATUS_RAW register.

Note: To clear the aggregated status, the source MPU error interrupt must be cleared first followed by clearing
the aggregated interrupt STATUS register.

Similarly the aggregated protection error interrupt is associated

with the registers MSS_CTRL.MPU_PROT_ERRAGG_R5SSx_CPUy_MASK,
MSS_CTRL.MPU_PROT_ERRAGG_R5SSx_CPUy_STATUS and
MSS_CTRL.MPU_PROT_ERRAGG_R5SSx_CPUy_STATUS_RAW.

Similar to the above mechanism, the interrupts from all the MPUs in the device are aggregated and provided to
HSM-ESM as HSM_MPU_AGGR_ADDR_ERR(#22) and HSM_MPU_AGGR_PROT_ERR(#23) Error.

The relevant MMRs to mask/enable individual MPU errors is HSM_SOC_CTRL.HSM_MPU_ERRAGG_MASKO0
and HSM_SOC_CTRL. HSM_MPU_ERRAGG_MASK1 respectively.

Note: The MPU source interrupt can be cleared only by the entity who has access to the respective MPU config
space (Typically HSM. However, other cores can be given access to MPU by opening up the HSM_SLV MPU).
The aggregated interrupt can be cleared by the respective R5 Core themselves, by writing to the respective
aggregated status register once the source interrupt is cleared.

CPU Behavior when its access is faulted by MPU

When a violation is triggered in a MPU, the corresponding R5 CPU whose access caused this violation will
receive a suitable response from the Bus interconnect.

1. When a MPU present on CORE VBUSM interconnect violates, both Read or Write transaction causing the
violation will result in the corresponding R5 Core taking an Abort exception.

2. When a MPU present on CORE VBUSP interconnect violates during a Read transaction, the corresponding
R5 Core will take an Abort exception.

3. When a MPU present on the CORE VBUSP interconnect violates during a Write
transaction the corresponding R5 Core will get an interrupt on the interrupt line
R5FSSx_COREy_INTR_AHB_WRITE_ERR(#135). It will not take an Abort exception.

3.11.4 MPU Parameters

The position of the MPU with respect to the interconnect topology (Fig 3-2 and Fig 3-3) decides what the MPU is
responsible for protecting and which initiators can perform access through a given MPU.

For example : Notice that for MPU R5SS0_CORE_AHB_MST, R5SS0_COREQ  is the only initiator. Hence any
regions configured inside this MPU only refer to the R5SS0_CORO0 AID and not bother about other AlDs.

Another example is MPU SCRM2SCRPO where the R5SS cores do not have access (Refer to the Interconnect
Initiator-Target Table ). The access is possible from HSM EDMA or SOC EDMA or ICSS or Debugger.

There are 17 MPUs in this device. The parameters of each MPU and the memory regions associated with each
MPU is listed in Table 6-15 .
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Table 3-9. MPU Parameters Table
MPU Master/Slave |ID MPU Num of Memory/Peripheral space Protected by the MPU
2g:f'g ':PU Num of protected Segment |Segment Segment
r egions segments* Num Start Size
Address
R5SS0_CO |Slave 0 0x400A0000|8 5 0 0x78000000 | 128*1024
REQ_AXIS_ "
SLV 1 0x78100000 | 128*1024
2 0x74000000 |8*1024*102
4
3 0x74800000 |8*1024*102
4
4 0x78060000 | 1024
R5SS0_CO |Slave 1 0x400C000 |8 5 0 0x78200000 |128*1024
EEJ—AX'S— 0 1 0x78300000 | 1281024
2 0x75000000 [8*1024*102
4
3 0x75800000 [8*1024*102
4
0x78260000 | 1024
L20CRAM_ |Slave 2 0x40020000 |8 1 0x70000000 |512*1024
BANKO_SL
\%
L20CRAM_ |Slave 3 0x40040000 |8 1 0 0x70080000 |512*1024
BANK1_SL
\%
L20CRAM_ |Slave 4 0x40060000 |8 1 0 0x70100000 [512*1024
BANK2_SL
\%
MBOX_RA |Slave 5 0x40140000 |8 1 0 0x72000000 |16*1024
M_SLV
HSM_SLV |Slave 6 0x40240000 |8 2 0 0x20000000 |128*1024*1
024
1 0x40000000 | 128*1024*1
024
DTHE_SLV |Slave 7 0x40120000 |8 1 0 0xCEO00000 [16*1024*10
0 24
OSPI0O_CO |Slave 8 0x40260000 |4 1 0 0x53800000 [4*1024
NFIG_SLV 1 0x53801000 | 4*1024
2 0x53802000 |4*1024
3 0x53806000 (4*1024
4 0x53807000 (4*1024
5 0x53808000 (4*1024
6 0x5380B000 [4*1024
7 0x5380C00 [4*1024
0
8 0x5380D00 [4*1024
0
9 0x5380E000|4*1024
10 0x5380F000 |4*1024
OSPI1_CO |Slave 9 0x40320000 |4 3 0 0x53A00000 (4*1024
NFIG_SLV 1 0x53A01000 | 4*1024
2 0x53A02000|4*1024
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Table 3-9. MPU Parameters Table (continued)

MPU Master/Slave |ID MPU Num of Memory/Peripheral space Protected by the MPU
23?‘9 KIPU Num of protected Segment |Segment Segment
r egions segments* Num Start Size
Address
R5SS0_CO |Slave 10 0x40280000 |4 8 0 0x53000000 |528
NFIG_SLV 1 0x53003000 |528
2 0x53210000 |60
3 0x53500000 | 172
4 0x53020000 8*1024
5 0x53024000 (8*1024
6 0x53212000 | 1024
7 0x53213000 | 1024
OSPIO_SLV |Slave 1 0x40160000 |8 3 0 0x60000000 | 128*1024*1
024
1 0x80000000 | 128*1024*1
024
2 0x88000000 | 128*1024*1
024
OSPI1_SLV |Slave 12 0x40300000 |8 1 0 0xA0000000 | 128*1024*1
024
SCRM2SCR | Master 13 0x40180000 |16 1 0 0x50000000 |256*1024*1
PO 024
SCRM2SCR | Master 14 0x401A0000 |16 1 0 0x50000000 |256%1024*1
P1 024
R5SS0_CO |Master 15 0x401C000 |16 1 0 0x50000000 |256*1024*1
REO_AHB_ 0 024
MST
R5SS0_CO |Master 16 0x401E0000 |16 1 0 0x50000000 |256*1024*1
RE1_AHB_ 024
MST
* - Each segment is a contiguous address range in the memory map of the device which the corresponding MPU is responsible for
protecting. The Segment start address and Segment size columns lists these segments.

3.11.5 MPU Default HW Configuration

Each MPU region has a default value based on the Device type. The default value of MPU region based on
device type is captured in table below

Table 3-10. Default Hardware MPU Configurations : HSFS Device

MPU Instance/ PROGRAMMABLEST | PROGRAMMABLEE |PROGRAMMABLEM |Priv IDsAllowed Initiator access
Region# ART_ADDRESS ND_ADDRESS PPA Allowance**
R5SS0_COREOQO_AXI |0x00000000 OxFFFFFFFF 0x03FFFFFF 0to 15 Open to All Initiators
S_SLV/ Region1

R5SS0_CORE1_AXI |0x00000000 OxFFFFFFFF 0x03FFFFFF 0to 15 Open to All Initiators
S_SLV/ Region1

L20CRAM_BANKO_ |0x00000000 OxFFFFFFFF 0x03FFFFFF 0to 15 Open to All Initiators
SLV/ Region1

L20CRAM_BANK1_ |0x00000000 OxFFFFFFFF 0x03FFFFFF 0to 15 Open to All Initiators
SLV/ Region1

L20CRAM_BANK2_ |0x00000000 OxFFFFFFFF 0x03FFFFFF 0to 15 Open to All Initiators
SLV/ Region1

MBOX_RAM_SLV/ 0x00000000 OxFFFFFFFF 0x03FFFFFF O0to 15 Open to All Initiators
Region1

HSM_SLV/ Region1 | 0x00000000 OxFFFFFFFF 0x00000838 1 HSM Only
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Table 3-10. Default Hardware MPU Configurations : HSFS Device (continued)

V/ Region1

HSM_SLV/Region2 | 0x 44000000 0x440007FF 0x03FFFFFF 0-15 Open to Al Initiators
DTHE_SLV/ Region1 |0x00000000 OxFFFFFFFF 0x00000838 1 HSM Only
SCRM2SCRPO 0x50000000 0x535FFFFF 0x0000087F 0-15 Open to Al Initiators*
SCRM2SCRP1 0x53600000 0x53600FFF 0x0000087F 1 HSM*
R5SS0_COREO_MST | 9453601000 0x53801FFF 0x0000087F 0-15 Open to Al Initiators*
R5SS0_CORE1_MST /4, 53802000 0x53802FFF 0x0000087F 1 HSM*
(Regions 1 to 5) —
0x53803000 Ox5FFFFFFF 0x0000087F 0-15 Open to All Initiators*
OSPI0_SLV/ Region1 | 0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to Al Initiators
OSPI0_CONFIG_SLV | 0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to Al Initiators
/ Region1
OSPI1_SLV/ Region1 | 0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to Al Initiators
OSPI1_CONFIG_SLV | 0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to Al Initiators
/ Region1
R5SS0_CONFIG_SL |0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to Al Initiators

*Modifed by ROM

**Access allowance interpretation based on the default ISC Configuration Table for PrivID-Initiator Mapping

Table 3-11. Default Hardware/ROM MPU Configurations : HSSE Device

MPU Instance/ PROGRAMMABLE_ |PROGRAMMABLE_ [PROGRAMMABLE_ |Priv IDs Allowed Priv ID Enabled **

Region# START_ADDRESS |(END_ADDRESS MPPA

R5SS0_COREO_AXI |0x78000000 0x78060000 0x0000487F 1,4 HSM*,R5COREOQ*,

S_SLV/ Region1

R5SS0_CORE1_AXI |0x78100000 0x78140000 0x0000487F 1,12 HSM,

S_SLV/ Region1 ISC_CONTROL

L20CRAM_BANKO_ |0x70000000 0x7007FFFF 0x0000487F 1,4 HSM*,R5COREOQ*,

SLV/ Region1 EDMA-TCO (MSS
TPTCO)*, EDMA-TC1
(MSS TPTC1)*

L20CRAM_BANK1_ |0x70080000 0x700FFFFF 0x0000487F 1,4 HSM*,R5COREO0*,

SLV/ Region1 EDMA-TCO (MSS
TPTCO)*, EDMA-TC1
(MSS TPTC1)*

L20CRAM_BANK2_ |0x70100000 0x7017FFFF 0x0000487F 1,4 HSM*,R5COREOQ*,

SLV/ Region1 EDMA-TCO (MSS
TPTCO)*, EDMA-TC1
(MSS TPTC1)*

MBOX_RAM_SLV/ 0x72000000 0x72003FFFF 0x0000487F 1,4 HSM*,R5COREO*

Region1

HSM_SLV/Region1 0x00000000 OxFFFFFFFF 0x00000838 1 HSM Only

HSM_SLV/Region2  |0x 44000000 0x440007FF O0xO3FFFFFF 1 HSM Only

DTHE_SLV/ Region1 |0x00000000 OxFFFFFFFF 0x00000838 1 HSM Only

OSPI0O_CONFIG_SLV | 0x53800000 0x5387FFFF 0x0000487F 1,4 HSM*,R5COREOQ*

/ Region1

OSPI0_SLV/ Region2 |0x60000000 0x61FFFFFF 0x0000487F 1,4 HSM*,R5COREOQ*,

EDMA-TCO (MSS
TPTCO)*, EDMA-TC1
(MSS TPTC1)*
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Table 3-11. Default Hardware/ROM MPU Configurations : HSSE Device (continued)

MPU Instance/ PROGRAMMABLE_ |PROGRAMMABLE_ |PROGRAMMABLE_ |Priv IDs Allowed Priv ID Enabled **
Region# START_ADDRESS |END_ADDRESS MPPA
SCRM2SCRPO 0x50000000 0x535FFFFF 0x0000487F 1,4 HSM*,R5COREOQ*,
SCRM2SCRP1 EDMA-TCO (MSS
TPTCO)*, EDMA-TC1
R5SS0_COREO_MST (MSS TPTCH)*
R5S$0—CORE1—MST 0x53600000 0x53600FFF 0x0000087F 1 HSM*
(Regions 1 to 5)
0x53601000 0x53801FFF 0x0000487F 1,4 HSM*,R5COREOQ*,
EDMA-TCO (MSS
TPTCO)*, EDMA-TC1
(MSS TPTC1)*
0x53802000 0x53802FFF 0x0000087F 1 HSM*
0x53803000 Ox5FFFFFFF 0x0000487F 1,4 HSM*,R5COREO0*,

EDMA-TCO (MSS
TPTCO)*, EDMA-TCA1

(MSS TPTC1)*
OSPI1_SLV/ Region1 |0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to All Initiators
OSPI1_CONFIG_SLV |0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to All Initiators
/ Region1
R5SS0_CONFIG_SL |0x00000000 OxFFFFFFFF 0x03FFFFFF 0-15 Open to All Initiators
V/ Region1

*Modified by ROM

** Access allowance interpretation based on the default ISC Configuration Table for PrivID-Initiator Mapping

3.11.6 ISC (Initiator-side Security Control)

The Initiator side Security Control (ISC) module is responsible for assigning the PrivID values to the Initiators.
Each initiator is associated with a ID allocation register which assigns the Priv ID to the corresponding initiator.

Allocation of PrivIDs to all initiators based on the ID Allocation register must be done under the control of HSM.
The default Hardware ISC configuration is shown in below table.

Table 3-12. Default Hardware ISC Configurations

ISC Config Addr Config Address Priv ID at Reset
ISC_CTRL_REG_HSM_CM4 0x4000 0400 0x1
ISC_CTRL_REG_HSM_TPTC_A0 0x4000 0404 0x1
ISC_CTRL_REG_HSM_TPTC_A1 0x4000 0408 0x1
ISC_CTRL_REG_MSS_R5FAQ_AXI 0x4000 0800 Ox4
ISC_CTRL_REG_MSS_R5FB0_AXI 0x4000 0804 0x5
ISC_CTRL_REG_MSS_TPTC_AO0 0x4000 0810 Ox4
ISC_CTRL_REG_MSS_TPTC_A1 0x4000 0814 0x4
ISC_CTRL_REG_MSS_ETHERNET_DMA | 0x4000 0818 OxA
ISC_CTRL_REG_DBG_JTAG 0x4000 081C 0xB
ISC_CTRL_REG_ICSS0_PDSP0 0x4000 0820 0x9
ISC_CTRL_REG_ICSS0_PDSP1 0x4000 0824 0x9
ISC_CTRL_REG_USBSS 0x4000 084C 0xC
ISC_CTRL_REG_ICSS1_PDSPO0 0x4000 0844 0xB
ISC_CTRL_REG_ICSS1_PDSP1 0x4000 0848 0xB
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Note

The PrivID for the JTAG debugger is determined by the DOM signal from HSM

Note

It is recommended to have only the HSM PrivID to be 0x1.

Note

The ISC has bypass control which when set, will mean the Initiator will drive the Priv ID instead of
being assigned from ISC ID allocation register. This Bypass needs to be set for EDMA initiators since
they are capable of inheriting the PrivID from the CPU programing the DMA transfer task.

3.11.6.1 ID Allocation

The general format of the ID allocation register ISC_CTRL_REG_<INITIATOR> is shown in ISC ID allocation

Register below:

3.11.6.1.1
Table 3-13. ISC ID allocation Register
Bit Name Type Reset |Description In Routed to IP
the device
31:22 reserved r 0x0 Reserved Reserved N
21 PASS rw 0 No privID replacement. A value of 1 will pass Yes N
through privid value. A value of O will replace privid
with priv_id field value
20 NONSEC rw 0 Make outgoing non-secure. A value of 1 forces Yes Y
secure clear, others do nothing. Do not set both
sec and nonsec.
19 reserved r 0x0 Reserved Reserved N
18:16 SEC w 0x0 Make outgoing secure. A value of 3&APOS;B111 | Yes Y
forces secure set, others do nothing. Do not set
both sec and nonsec.
15:12 reserved r 0x0 Reserved Reserved N
11:08 PRIVID rw 0x1 Privilege ID configuration Yes Y
07:00 reserved r 0x0 Reserved Reserved N
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Chapter 4
Module Integration

i3 TEXAS INSTRUMENTS

This chapter describes the integration details for each module in the device, including information about clocks,
resets, interrupts, DMA events and other hardware requests.
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4.1 ADC Integration

There are 3x Analog-to-Digital Converter (ADC) modules integrated in the device.

Note
For each ADCJ0:2]:
* Analog input channels ADCIN[0:6] have dedicated pins.
* Analog input channels ADCIN[7] is tied to shared ADC_CAL[O] pin.

Figure 4-1. ADC Integration Diagram - Simplified
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Figure 4-2. ADC Integration Diagram - Detailed
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4.2 DAC Integration

There is 1x DAC module integrated in the device. The diagram below provides a visual representation of the
device integration details.

External

VREFHI |g
Internal
VDDA 1

DACREFSEL TE%L, 1[)2';%,[

DACOUT

VSSA

8 bit offset
correction

SYSRSN

DACIN

A

SYSCLK =

CLRZ (<
Sj\

Figure 4-3. DAC Integration Diagram
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4.3 eCAP Integration

There are 8 eCAP modules integrated in the device. Figure 4-4 provides a visual representation of the device

integration details.
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OR Menitor Low Pulse Followed By High Pulse Durat b o e — Lm IR 0:31) O"u";”‘" Ecapxout [
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L Monitor High Pl Folowed 8y Period Duration e
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¢ Re-Load CanBo ALSYNCIN Event Or AS/W vt 7 - g “mux
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e (625) | Counter (32b) LL‘(:‘,_
MiniMax [~ H
1 ~ 1 = CAP1(32) Pol ¥ eccrigmesevrLy ST
SYNCIN — Evem [ CAP2(32) GATECAP 1
ogic ,' | 1o cdge?
MMMMMM States [ cap3(32) CAP2 (32b) \__F
A— (= CAP4(32) cevmi sono
MAX1(32b) i poivil cam
~ ] | MiMa e -4 Farsas
GLDSTRE ogie States |4 — cavy
[«
o 7 caged [
| 01 Corez cowrLcowen
i [ CAP1(32) \ = o | TRpH TRl
r-—czvn CAP2(32) cEvTy
=5 o o HHE [
[ CAP4(32) ox
GLDSTRE CAPa (325) we T edgea [ -
(ACWP shadow) NG s 4 Cgn| A0
7 ; i
e L come (Y e W oo || skt
Minimax [ EOmP [ttt mMux o0 L
2 o 1 = cAP1(32) PRD_eq
SYNCIN —f EZ;:‘: — [ cAP2(32) 2:4Mux -
- J evrz
mwonr| States | 2 [ caps(32) EccTLACONTNTE] e
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I _ ] I O~ ECAPCDMAINT " ot Lo coms Yl None
—mmmTTTTT - | m ECAPX.TRIPOUT. ”ggder DI
I -- - «—ECAPx an - Al
O Lo- TR OVF sYNON T
Flag RO Onashot GLDSTRE mux | 1| EPWM
> control [+ RO contrllogie | | cLDsTRE
it [+ cueeq ~ L] signals
Monitor Edge Ocurs Beteen MIN & MAX op vlos 26) =
o e s b o ] crabuns
MIN2 , CNTOVE, P Maxi/26vT] f EccTaIconT/oNEsHT]
P o
SYNCIN

Figure 4-4. eCAP Integration

« MUNIT_Enable: This bit is used to enable/disable the signal monitoring block.
* RSTN: This bit is used to reset the eCAP module.
* SYS_CLK: Its 200MHz system clock which is functional clock for ECAP.
« CAP_IN: Capture inputs can be connected using the INPUTXBAR, PWMXBAR, adc_evt, etc.
— 256:1 input multiplexer is used to select the capture input.
* SYNC_IN: eCAP modules can be synchronized with each other by selecting a common SYNCIN source.
SYNCIN source for eCAP can be either software sync-in or external sync-in.
» TRIP_IN: The signal monitoring block can be disabled from monitoring the signal by external trip signals. It is
re-enabled by removing the trip-in signal.
* GLDSTRB: This signal is used to load shadow values to MIN/MAX reg while signal monitoring.
« CAP_INT: Interrupt signal generated as a part of capture/PWM event.
+ DMA_INT: DMA request signal.
« PWM_OUT: PWM output in APWM mode.
» SOC_EVT: Used to generate SOC signal for ADC during any capture/PWM event.
* SYNC_OUT: This can be used to synchronize the eCAP with other e CAPs or with other modules like PWM.
« TRIP_OUT: Trip signal is generated upon signal monitoring error. All the signal monitoring error events are
OR-ed and provided as trip out.
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4.4 EPWM Integration

There are 10x EPWM modules integrated in the device. The diagram below provides a visual representation of
the device integration details.

EPWMx

EPWMx.SOCA
EPWMx.SOCB % ADADC
o FsioTx
IEITIREEOM Tripinput[15:1]
EPWMO0 to 9 —
)'("B".‘:" InputXBar.Out[3:0]  RFAFERT X XBars
| Al EQEP
EPWMx. Triplnput{15:1]
EPWMSYNCINSEL[SEL] (7-bits to select
0%00 Disabled
0x01  EPWMO.SYNCOUT output
inputXBar.Out[3:0)/InputXBar.Out[19:16] EPWMx.TZ1,2,3,4n ETHEED XBars
0x09  EPWMY.SYNCOUT EPWMx.TRIPOUT
0x0A  spare
0x3F  spare [anecar| PWM
0x40 ECAPO . SYNCOUT System Error SYSERROR——»() EPWMxTZ5n XBars
e Aggregator
0x47 2CAP7 . SYNCOUT Debug
EMUSTOPn———— EPWMXx.TZ6n
0x48 spare Interface x EPWMx. All DEL
EPWMx.RESETn
0x4F spare System EPWMx.CLK (200MHz max)
: are Control EPWMx.CLKEN
0x50 InputXBar.Out[4] EPWMx.CLKSYNC
0x51 InputXBar.Out [20]
0x52 spare EENIIETANK
0x57 spare

0x58 C2K TIMESYNC XBar.c2k_ip_cloud0
0x59 C2K TIMESYNC XBar.c2k_ip_cloudl

0x5A spare EPWMx.INT
. EPWMx.TZINT
0x5F spare EPWMx.SYNCIN
0x60 FSIRX0.RXTRIG[O0]
0x61 FSIRX0.RXTRIG[1]
0x62 FSIRX0.RXTRIG[2]
0x63 FSIRX0.RXTRIG([3]
0x64 spare
S [y m— e
All ECAP F I EPWMx.GLDSTRB e P
EPWMXx.B.hr
PWM
SyncOut EPWMx.SYNCOUT
XBars
Figure 4-5. EPWM Integration Diagram
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4.5 EQEP Integration

There are 2x EQEP modules integrated in the device. The diagram below provides a visual representation of the
device integration details.

QEPSRCSEL[QEPASEL]|

GPIO/Pin Mux [-EQEPx_A- o
EQEPx_A

SYNC
SYSCLK
(200MHz)

QEPSRCSEL[QEPBSEL]

PWMXBar.Out[29:0]

GPIO/Pin Mux [-EQEPx_B

SYNC

SYSCLK
(200MHz)

QEPSRCSEL[QEPISEL]

GPIO/Pin Mux [-EQEPx_I_in £
EQEPx_Lin

SYSCLK
(200MHz)
QEPSRCSEL[QEPSSEL]

GPIO/Pin Mux [-EQEPx_S_in
EQEPx_S_in=H SYNC

SYSCLK
PWMXBar.SOCA[9:0] (200MHz)

EPWMx_SOCB IR ECEECIT=TCH]

Output

Figure 4-6. EQEP Integration Diagram
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4.6 FSI Integration

There are 1x FSI modules integrated in the CONTROLSS. The diagram below provides a visual representation of the device integration details.

Figure 4-7. FSI Integration Diagram

Main CPU 400MHz Clock
Control System Peripheral Clock
System Reset

OutputXBar.Out[15:0]
GPO[19:16] Port0

ICSS
GPO[19:16] Port1

All EPWM  All SOCB Outputs (10 off)

VBUSP

Bridge
(arbitrated, A
only one access to NRUT »
FSIx-TX X

allowed on any
cycle)

Control System Peripheral Clock
System Reset

VBUSP
Bridge
(arbitrated,
only one access to
FSIx-RX VBUS Port
allowed on any
cycle)

FSITX0

PLLRAWCLK
SYSCLK

SYSRSN

TX_INTIN
TX_INT2N

TX_DMA_EVT

TXCLK_RX_DLY_IN
TXDO_RX_DLY_IN
TXD1_RX_DLY_IN

SEL_TDM_PATH

FSIRX0

SYSCLK RX_WIDE_PULSE_0

SYSRSN RXD1_DLY_OUT

RXD0_DLY_OUT

ERROR_PKT_RCVD RXCLK_DLY_OUT
PING_PKT_RCVD
DATA_PKT_RCVD

PKT_TAG[3:0] RX_INT_LB_CLK

RX_INT_LB_DO

RX_INT_LB_D1

FRAME_DONE
PING_FRAME_TAG_MATCH

GPIO/
Pin
Mux

ERROR_FRAME_TAG_MATCH
DATA_FRAME_TAG_MATCH

RX_TRIG[3:0]

RX_MSR_LINE
RX_MSR_LINE_RISE RX_INTIN
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RX_INT2N
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4.7 SDFM Integration
There are 2x SDFM modules integrated in the CONTROLSS. The diagrams below provides a visual

representation of the device integration details.

ECAPx.OUT

ECAPy.OUT

Figure 4-8. SDFM Integration Diagram (Simple)

Figure 4-9. SDFM Integration Diagram (Detailed)

SDyFLTXDRINT
g INT
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DMA
o SDYFLTXCMPH -
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> o SDYFLTIXCMPHZ | PWMXBAR
A A
- SDFM1_CLKO_SEL
4 A GLOBAL_CTRL
Sdy_D[0:3] Sdy_CLK[1:3] 2 SD1_CLKO
GPIO/PINMUX
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4.8 SOC_TIMESYNC_XBARGO Integration

INFRAO Interconnect

\ 4

CONF PORT

SYSCLK

MSS_TRM

Time Sync Sources

» CLK

) 4

SYNCEVENT_IN[45:0]

SOC_TIMESYNC_XBARO

Time Sync Sinks

SYNCEVENT_OUT[11:0]

Figure 4-10. SOC_TIMESYNC_XBARO Integration

Table 4-1. SOC_TIMESYNC_XBARO Device Integration

>

Module Instance

Device Allocation

SoC Interconnect

SOC_TIMESYNC_XBARO

v

VBUSP INFRAO Interconnect

Table 4-2. SOC_TIMESYNC_XBARO Clocks

Module | Module Clock Input | Source Clock Signal Source MODE1 |MODE2 Description
Instance Frequency | Frequency
SOC_TIME |CLK SYSCLK MSS_RCM 200MHz |250MHz SOC_TIMESYNC_XBA
SYNC_XB RO Functional and
ARO Interface clock
Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-3. SOC_TIMESYNC_XBARO Resets

Module Module Reset Input Source Reset Signal Source Description
Instance
SOC_TIME |RST SYS_RST RCM + Warm Reset Sources SOC_TIMESYNC_XBARO Reset
SYNC_XBA
RO
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Table 4-4. SOC_TIMESYNC_XBARO Time Sync Output Events
Module Instance Module Sync | Destination Destination Type Description
Output Sync Signal
SOC_TIMESYNC_XBA |SYNCEVENT_ |EPWMx_SYNC | EPWMx Edge Selectable sync event 0
RO ouTo IN80

SYNCEVENT_ |[EPWMx_SYNC | EPWMXx Selectable sync event 1
ouT1 IN81
SYNCEVENT_ |[CAPEVTO RTIO,WDTO Selectable sync event 2
OouT2
SYNCEVENT_ |CAPEVT1 RTIO,WDTO Selectable sync event 3
OuUT3
SYNCEVENT_ |CAPEVTO RTI1,WDT1 Selectable sync event 4
OuUT4
SYNCEVENT_ |CAPEVT1 RTI1,WDT1 Selectable sync event 5
ouT5
SYNCEVENT_ [CAPEVTO RTI2,WDT2 Selectable sync event 6
ouUT6
SYNCEVENT_ |CAPEVT1 RTI2,WDT2 Selectable sync event 7
ouT7
SYNCEVENT_ [CAPEVTO RTI3,WDT3 Selectable sync event 8
ouTs8
SYNCEVENT_ |CAPEVT1 RTI3,WDT3 Selectable sync event 9
ouT9
SYNCEVENT_ |EDMA_TRIGG |EDMA_TRIGG Selectable sync event 10
ouT10 ERXBAR_IN75 | ERXBAR
SYNCEVENT_ |EDMA_TRIGG |EDMA_TRIGG Selectable sync event 11
OouUT11 ERXBAR_IN76 |ERXBAR

Module Instance

Module Sync Input

TimeSync Event Sources

SOC_TIMESYNC_XBARO

SYNCEVENT _IN[45:0]

See SOC_TIMESYNC_XBARO Event Map table for time sync event

mapping.
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4.9 SOC_TIMESYNC_XBAR1 Integration

INFRAO Interconnect
» CONF PORT
SYSCLK -
» CLK Et
MSS_TRM SYSRST <
» RST N
2
&
w
=
l-I
)
o
v
Time Sync Sources Time Sync Sinks
» SYNCEVENT_IN[17:0] SYNCEVENT_OUT[25:0] >
Figure 4-11. SOC_TIMESYNC_XBAR1 Integration
Table 4-5. SOC_TIMESYNC_XBAR1 Device Integration
Module Instance Device Allocation SoC Interconnect
SOC_TIMESYNC_XBAR1 v VBUSP INFRA Interconnect
Table 4-6. SOC_TIMESYNC_XBAR1 Clocks
Module Instance Module Source Clock Source MODE1 | MODE2 Description
Clock Input Signal Freque |Freque
ncy |ncy
SOC_TIMESYNC_XBAR1 CLK SYSCLK MSS_RCM 200MHz | 250MHz | SOC_TIMESYNC_XBAR1
Functional and Interface clock
Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-7. SOC_TIMESYNC_XBAR1 Resets

Module Instance Module | Source Reset Signal Source Description
Reset
Input
SOC_TIMESYNC_XB |RST SYS_RST RCM + Warm Reset Sources |SOC_TIMESYNC_XBAR1 Reset
AR1
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Table 4-8. SOC_TIMESYNC_XBAR1 Time Sync Output Events
Module Instance Module Sync |Destination Destination Type Description

Output Sync Signal

SOC_TIMESYNC_XBA |SYNCEVENT_ |[EDMA_TRIGG |EDMA_TRIGG Edge Selectablesync event 0

R1 ouTo ERXBAR_IN73 | ERXBAR

SYNCEVENT_ |EDMA_TRIGG |EDMA_TRIGG Selectablesync event 1
OouT1 ERXBAR_IN74 |ERXBAR
SYNCEVENT_ |R5SS0_CORE |R5SS0_CORE Selectablesync event 2
ouT2 0_INTR160 0_VIM
SYNCEVENT_ |R5SS0_CORE |R5SS0_CORE Selectablesync event 3
ouT3 0_INTR161 0_VIM
SYNCEVENT_ |R5SS0_CORE |R5SS0_CORE Selectablesync event 4
ouT4 0_INTR162 0_VIM
SYNCEVENT_ |[R5SS0_CORE |R5SS0_CORE Selectablesync event 5
ouT5 0_INTR163 0_VIM
SYNCEVENT_ |[R5SS0_CORE |R5SS0_CORE Selectablesync event 6
ouTe 1_INTR160 1_VIM
SYNCEVENT_ |[R5SS0_CORE |R5SS0_CORE Selectablesync event 7
ouT7 1_INTR161 1_VIM
SYNCEVENT_ |R5SS0_CORE |R5SS0_CORE Selectablesync event 8
ouT8 1_INTR162 1_VIM
SYNCEVENT_ |R5SS0_CORE |R5SS0_CORE Selectablesync event 9
ouT9 1_INTR163 1_VIM
SYNCEVENT_ ||cSS0_EDC_L |PRU_ICSSO Selectablesync event 10
OouT10 ATCHO_IN PRU_ICSSM1
SYNCEVENT_ |ICSS0_EDC_L |PRU_ICSSO Selectablesync event 11
OuUT11 ATCH1_IN PRU_ICSS1
SYNCEVENT_ |ICSS0_IEP_CA|PRU_ICSS0 Selectablesync event 12
ouT12 P_INT RO PRU_ICSS1
SYNCEVENT_ [ICSSO_IEP_CA|PRU_ICSS0 Selectablesync event 13
OuUT13 P_INT R1 PRU_ICSS1
SYNCEVENT_ |ICSSO_IEP_CA|PRU_ICSS0 Selectablesync event 14
OouT14 P_INT R2 PRU_ICSS1
SYNCEVENT_ |ICSS0_IEP_CA|PRU_ICSS0 Selectablesync event 15
OuUT15 P_INTR3 PRU_ICSS1
SYNCEVENT_ |ICSSO_IEP_CA|PRU_ICSS0 Selectablesync event 16
OuUT16 P_INT R4 PRU_ICSS1
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Table 4-8. SOC_TIMESYNC_XBAR1 Time Sync Output Events (continued)

Module Instance Module Sync |Destination Destination Type Description

Output Sync Signal

SOC_TIMESYNC_XBA |SYNCEVENT_ |ICSS0_IEP_CA|PRU_ICSSO0 Edge Selectablesync event 17

R1 ouT17 P_INTR5 PRU_ICSS1

SYNCEVENT_ [CPTS_HW1_T |CPSWO0_CPTS Selectablesync event 18
OouT18 S_PUSH
SYNCEVENT_ [CPTS_HW2_T |CPSWO0_CPTS Selectablesync event 19
OouT19 S_PUSH
SYNCEVENT_ |CPTS_HW3_T |CPSWO0_CPTS Selectablesync event 20
ouT20 S_PUSH
SYNCEVENT_ |CPTS_HW4_T |CPSWO0_CPTS Selectablesync event 21
ouT21 S_PUSH
SYNCEVENT_ |[CPTS_HW5_T |CPSWO0_CPTS Selectablesync event 22
ouT22 S_PUSH
SYNCEVENT_ [CPTS_HW6_T |CPSWO0_CPTS Selectablesync event 23
ouT23 S_PUSH
SYNCEVENT_ [CPTS_HW7_T |CPSWO0_CPTS Selectablesync event 24
ouT24 S_PUSH
SYNCEVENT_ [CPTS_HWS8_T |CPSWO0_CPTS Selectablesync event 25
OouUT25 S_PUSH

Table 4-9. SOC_TIMESYNC_XBAR1 Time Sync Input Events

Module Instance

Module Sync Input

TimeSync Event Sources

SOC_TIMESYNC_XBAR1

SYNCEVENT_IN[17:0]

See Section 12.3.1.2 table for time sync event mapping.
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4.10 GPIO Integration
There are 2x GPIO modules integrated in the device. The diagram below provides a visual representation of the device integration details.
Figure 4-12. GPIO Integration Diagram
Device
GPIO
SYS_CLK ———— GPIO#_CLK GPIO#_OUTEN
- - ENB
GPIO#_OUT {\L
L—p|
GPIO#_IN <
RCM GPI10#_BANK_INTR[8:0]
GPIO#_RST_CTRL Bit E
DGPIO#_WARMRESET > >
Warm Reset Sources g RO
GPIO#_INTR[143:0] ©
> R5FSSO-CORE1
PERI VBUSP Interconnect
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Note

There is a designated GPIO module per RSFSS core. Each R5FSS core has access to all GPI signals. The GPO signals can be assigned to a

specific R5FSS core by configuring the MSS_IOMUX.PAD_CFG_REG.GPIO_SEL[17:16] of the associated IOMUX Pad Configuration register.

This diagram describes the GPIO multiplexor connectivity.

Figure 4-13. GPIO Mux Diagram

iﬁ /fi/
Output Mux
VAL u ‘ T T
12C UART UART 126
Input Demux 2 GPIO_SEL Mux
A A
y
Inputs Outputs
(XBARIN) (XBAROUT)
Trip and Sync XBAR
A A A
\/ \ A \ A A
R5FSS0-0| | R5FSS0O-1 CONTROLSS Module 2 Module 3 R5FSS0-0 R5FSS0-1
(GPI) (GPI) Input Modules (GPO) (GPO)
SDFM/EQEP/FSI
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The tables below summarize the device integration details of GPIO# (where # = 0 to 1).
Table 4-10. GPIO Device Integration
This table describes the module device integration details.
Module Instance Device Allocation SoC Interconnect
GPIOO0 v PERI VBUSP Interconnect
GPIO1 v PERI VBUSP Interconnect
Table 4-11. GPIO Clocks
This table describes the module clocking signals.
Module Module Clock Input Source Clock Signal MODE1 MODE2 Description
Instance Frequency Frequency
GPIO0 GPIO0_VBUS_FICLK SYS_CLK PLL_CORE_CLK:HSDIVO_CLKO 200MHz 250MHz GPIOO0 Functional and Interface
uTo Clock
GPIO1 GPIO1_VBUS_FICLK SYS_CLK PLL_CORE_CLK:HSDIVO_CLKO 200MHz 250MHz GPIO1 Functional and Interface
uTo Clock
Note
MODE1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices
Table 4-12. GPIO Resets
This table describes the module reset signals.
Module Module Reset Input Source Reset Signal Source Description
Instance
GPIOO0 GPIO0_RST Warm Reset (MOD_G_RST) RCM + Warm Reset Source GPIOO0 Reset
GPIO1 GPIO1_RST Warm Reset (MOD_G_RST) RCM + Warm Reset Source GPIO1 Reset
Table 4-13. GPIO Interrupt Requests
This table describes the module interrupt requests.
Module Instance Module Interrupt Signal Destination Interrupt Input Destination Type Description
GPIO# GPIO#_[0:140] Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# _[0:140"] interrupt request
GPIO# GPIO#_BANKO_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANKO interrupt request
GPIO# GPIO# BANK1_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANK1 interrupt request
GPIO# GPIO#_BANK2_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANK2 interrupt request
GPIO# GPIO#_BANK3_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANKS3 interrupt request
GPIO# GPIO# _BANK4_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANK4 interrupt request
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Table 4-13. GPIO Interrupt Requests (continued)
This table describes the module interrupt requests.

Module Instance Module Interrupt Signal Destination Interrupt Input Destination Type Description
GPIO# GPIO# BANK5_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse |GPIO# BANKS interrupt request
GPIO# GPIO# BANKG_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANKS interrupt request
GPIO# GPIO# BANK7_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANK?Y interrupt request
GPIO# GPIO# _BANKS8_INT Programmable via GPIO_XBAR_INTRO GPIO_XBAR_INTRO Pulse GPIO# BANKS interrupt request

TAM261x device has upto 141 GPIOs, see the device Data sheet for package specific GPIO count.

Note
Where #=01to 1
Table 4-14. GPIO DMA Requests

This table describes the module DMA requests.

Module Module DMA Event Destination DMA Event Input Destination Type Description
Instance
GPIO# N/A N/A N/A N/A The GPIO module does not support DMA
requests.

Table 4-15. GPIO Capture Event Inputs
This table describes the module capture event inputs.

Module Module Capture Event Capture Event Source Signal Source Type Description
Instance Input
GPIO# N/A N/A N/A N/A The GPIO module does not support
Capture Event Inputs

Note
For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within the Device Configuration
chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.11 12C Integration

There are 3x 12C module integrated in the device. The diagram below provides a visual representation of the

device integration details.

Figure 4-14. 12C Integration

The tables below summarize the device integration details of I2C# (where # =0, 1, 2).
Table 4-16. I12C Device Integration

This table describes the module device integration details.

Module Instance Device Allocation SoC Interconnect
12C0 v PERI VBUSP Interconnect
12C1 v PERI VBUSP Interconnect
12C2 v PERI VBUSP Interconnect
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Table 4-17. 12C Clocks

This table describes the module clocking signals.

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Module | Module Clock Input | Source Clock Signal Source MODE1 |MODE2 Description
Instance Frequency | Frequency
12C[0:2] |12C[0:2]_ICLK SYS _CLK PLL_CORE_CLK: 200MHz | 250MHz 12C[0:2] VBUS Clock
(VBUSP_CLK) HSDIVO_CLKOUTO
12C[0:2]_FCLK XTALCLK External XTAL 25MHz | 25MHz 12C[0:2] Interface Clock
(I12C_CLK)
EXT_REFCLK External Reference 100MHz |100MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400MHz |500MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz  |25MHz
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator
(RCCLK10M)
Note

Table 4-18. I12C Resets

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description
Instance

12C0 12C0_RST(VBUSP_RST |Warm Reset RCM + Warm Reset Sources 12C0 Asynchronous Reset
n) (SYS_NPRST)

12C1 12C1_RST Warm Reset RCM + Warm Reset Sources 12C1 Asynchronous Reset
(SYS_NPRST)

12C2 12C2_RST Warm Reset RCM + Warm Reset Sources 12C2 Asynchronous Reset
(SYS_NPRST)

Table 4-19. I12C Interrupt Requests

This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
12C0 i2c0_int_req i2c0_int_req ALL R5FSS Cores Pulse |12CO0 Status Event Interrupt
ICSSM Core
12C1 i2c1_int_req i2c1_int_req ALL R5FSS Cores Pulse |I12C1 Status Event Interrupt
ICSSM Core
12C2 i2c2_int_req i2c2_int_req ALL R5FSS Cores Pulse |I12C2 Status Event Interrupt
ICSSM Core
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Table 4-20. /2C DMA Requests
This table describes the module DMA requests.
Module Module DMA Event | Destination DMA Event Input Destination Type Description
Instance
12C0 12C0_TX i2c0_dma_req_tx EDMA Crossbar Pulse |12C0 DMA Transmit Request
(EDMA_XBAR) -
12C0_RX i2c0_dma_req_rx I12C0 DMA Receive Request
12C1 12C1_TX i2c1_dma_req_tx EDMA Crossbar Pulse |12C1 DMA Transmit Request
(EDMA_XBAR) _
12C1_RX i2c1_dma_req_rx I12C1 DMA Receive Request
IC2 12C2_TX i2c2_dma_req_tx EDMA Crossbar Pulse |12C2 DMA Transmit Request
(EDMA_XBAR) -
12C2_RX i2c2_dma_req_rx 12C2 DMA Receive Request

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.12 SPI Integration

There are 4x SPI modules integrated in the device. The diagram below provides a visual representation of the
device integration details.

Figure 4-15. SPI Integration
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The tables below summarize the device integration details of SPI# (where # = 0 to 3).
Table 4-21. SPI Device Integration
This table describes the module device integration details.
Module Instance Device Allocation SoC Interconnect

SPIO v PERI VBUSP Interconnect

SPI1 v PERI VBUSP Interconnect

SPI2 v PERI VBUSP Interconnect

SPI3 v PERI VBUSP Interconnect

Table 4-22. SPI Clocks

This table describes the module clocking signals.

Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency Frequency
SPI# SPI#_ICLK SYS_CLK PLL_CORE_CLK: 200MHz 250MHz SPI# VBUS
(VBUSP_CLK) HSDIV0O_CLKOUTO Clock
SPI#_FCLK XTALCLK External XTAL 25MHz 25MHz SPI#
(SPI_CLK) Interface
EXT_REFCLK External Reference 100MHz 100MHz Clock
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz 250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |[PLL_CORE_CLK: 400MHz 500MHz
CLKOUTO HSDIVO_CLKOUT1
RCCLK10M Internal 10MHz RC 10MHz 10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz 25MHz
RCCLK10M Internal 10MHz RC 10MHz 10MHz
Oscillator
(RCCLK10M)
where #is0to 3
Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-23. SPI Resets
This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description
Instance
SPIO SPI0O_RST Warm Reset RCM + Warm Reset Sources SPI0 Asynchronous Reset
(MOD_G_RST)
SPI1 SPI1_RST Warm Reset RCM + Warm Reset Sources SPI1 Asynchronous Reset
(MOD_G_RST)
SPI2 SPI2_RST Warm Reset RCM + Warm Reset Sources SPI2 Asynchronous Reset
(MOD_G_RST)
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Table 4-23. SPI Resets (continued)

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description
Instance
SPI3 SPI3_RST Warm Reset RCM + Warm Reset Sources SPI3 Asynchronous Reset
(MOD_G_RST)

Table 4-24. SPI Interrupt Requests
This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
SPI0 spi0_int_req spi0_int_req ALL R5FSS Cores Level |SPIO IP Status Information
PRU-ICSS Core 0 and
1
SPI1 spi1_int_req spi1_int_req ALL R5FSS Cores Level |SPI1 IP Status Information
PRU-ICSS Core 0 and
1
SPI2 spi2_int_req spi2_int_req ALL R5FSS Cores Level |SPI2 IP Status Information
PRU-ICSS Core 0 and
1
SPI3 spi3_int_req spi3_int_req ALL R5FSS Cores Level |SPI3 IP Status Information
PRU-ICSS Core 0 and
1
Table 4-25. SPI DMA Requests
This table describes the module DMA requests.
Module Module DMA Event | Destination DMA Event Input Destination Type Description
Instance
SPIO SPI0_DMA READ_0 |spi0_dma_read_req[0] EDMA Crossbar Level |SPI0O DMA Read Request
(EDMA_XBAR)
SPI0O_DMA_READ_1 |spi0_dma_read_req[1]
SPI0O_DMA_WRITE_O |spi0_dma_write_req[0] SPI0 DMA Write Request
SPI0_DMA_WRITE_1 |spiO_dma_write_req[1]
SPI1 SPI1_DMA READ_0 |spi1_dma_read_req[0] EDMA Crossbar Level |SPI1 DMA Read Request
(EDMA_XBAR)
SPI1_DMA_READ_1 |spi1_dma_read_req[1]
SPI1_DMA_WRITE_O |spi1_dma_write_req[0] SPI1 DMA Write Request
SPI1_DMA_WRITE_1 |spi1_dma_write_req[1]
SPI2 SPI2_DMA READ_0 |spi2_dma_read_req[0] EDMA Crossbar Level |SPI2 DMA Read Request
(EDMA_XBAR)
SPI2_DMA_READ_1 |spi2_dma_read_req[1]
SPI2_DMA_WRITE_O |spi2_dma_write_req[0] SPI2 DMA Write Request
SPI2_DMA_WRITE_1 |spi2_dma_write_req[1]
SPI3  |SPI3_DMA READ_0 |spi3_dma_read_req[0] EDMA Crossbar Level |SPI3 DMA Read Request
(EDMA_XBAR)
SPI3_DMA_READ_1 |[spi3_dma_read_req[1]
SPI3_DMA_WRITE_O |spi3_dma_write_req[0] SPI3 DMA Write Request
SPI3_DMA_WRITE_1 |spi3_dma_write_req[1]
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Note
For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.13 UART Integration

There are 6x UART modules integrated in the device. The diagram below provides a visual representation of the
device integration details.

Device UART#

> UART#_VBUSCLK

SYSCLK
WUCPUCLK

EXT_REFCLK
PER_PLL_HSDIV0O_CLKOUTO
CORE_PLL_HSDIVO_CLKOUTO
RCOSC (10MHz)

XTALCLK
PER_PLL_HSDIV0O_CLKOUT2

EDMA

DMA XBAR

UART#_DMA[1:0]

UART#_CLK

Al

RCM
UART# CLK_SRC_SEL{——1
UART#_CLK_DIV_VAL
UART#_RST_CTRL

R5FSS0-COREOQ

UART#_INT_REQ

UART#_WARMRESET R5FSSO-CORE1

Warm Reset Sources

I

PERI VBUSP Interconnect

Figure 4-16. UART Integration

#=0,1,2,3,4,5
MODE1 is for 400MHz R5 Clock devices and MODEZ2 is for 500MHz R5 Clock devices

The tables below summarize the device integration details of UART# (where # =0, 1, 2, 3, 4, 5) in the device.
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Table 4-26. UART Device Integration
This table describes the module device integration details.

Module Instance Device Allocation SoC Interconnect
UARTO v PERI VBUSP Interconnect
UART1 v PERI VBUSP Interconnect
UART2 v PERI VBUSP Interconnect
UART3 v PERI VBUSP Interconnect
UART4 v PERI VBUSP Interconnect
UART5 v PERI VBUSP Interconnect

Table 4-27. UART Clocks

This table describes the module clocking signals.

Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
UART# |UART#_ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz UART# VBUS Clock
(VBUSP_CLK) HSDIVO_CLKOUTO
UART#_FCLK XTALCLK External XTAL 25MHz | 25MHz UART# Interface Clock
(UART_CLK)
EXT_REFCLK External Reference 100MHz |100MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz | 250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400MHz | 500MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz  |25MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 160MHz |160
LKOUT2 _CLKOUT1
where #is0to 5
Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-28. UART Resets

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description
Instance
UARTO |UARTO_RST(VBUSP_R |Warm Reset RCM + Warm Reset Sources UARTO Asynchronous Reset
STn) (MOD_G_RST)
UART1 |UART1_RST(VBUSP_R |Warm Reset RCM + Warm Reset Sources UART1 Asynchronous Reset
STn) (MOD_G_RST)
UART2 |UART2_RST Warm Reset RCM + Warm Reset Sources UART2 Asynchronous Reset
(MOD_G_RST)
UART3 |UART3_RST Warm Reset RCM + Warm Reset Sources UART3 Asynchronous Reset
(MOD_G_RST)
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Table 4-28. UART Resets (continued)

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description

Instance

UART4 |UART4_RST Warm Reset RCM + Warm Reset Sources UART4 Asynchronous Reset
(MOD_G_RST)

UART5 |UARTS5_RST Warm Reset RCM + Warm Reset Sources UARTS5 Asynchronous Reset
(MOD_G_RST)

Table 4-29. UART Interrupt Requests

This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
UARTO |uart0_int_req uart0_int_req ALL R5FSS Cores Level |UARTO IP Status Information
PRU-ICSS Core
UART1 |uart1_int_req uart1_int_req ALL R5FSS Cores UART1 IP Status Information
PRU-ICSS Core
UART2 |uart2_int_req uart2_int_req ALL R5FSS Cores UART2 IP Status Information
PRU-ICSS Core
UART3 |uart3_int_req uartd_int_req ALL R5FSS Cores UART3 IP Status Information
PRU-ICSS Core
UART4 |uart4_int_req uart4_int_req ALL R5FSS Cores UART4 IP Status Information
PRU-ICSS Core
UARTS |uart5_int_req uart5_int_req ALL R5FSS Cores UARTS5 IP Status Information
PRU-ICSS Core
Table 4-30. UART DMA Requests
This table describes the module DMA requests.
Module Module DMA Event | Destination DMA Event Input Destination Type Description
Instance
UARTO |UARTO_DMA 0 UARTO_dma_req[0] EDMA Crossbar Level |UARTO DMA Request
(DMA_XBAR)
UARTO0_DMA_1 UARTO0_dma_req[1]
UART1 |UART1_DMA_0 UART1_dma_req[0] EDMA Crossbar UART1 DMA Request
(DMA_XBAR)
UART1_DMA_1 UART1_dma_req[1]
UART2 |UART2_DMA 0 UART2_dma_req|0] EDMA Crossbar UART2 DMA Request
(DMA_XBAR)
UART2_DMA_1 UART2_dma_req[1]
UART3 |UART3 _DMA 0 UART3_dma_req[0] EDMA Crossbar UART3 DMA Request
(DMA_XBAR)
UART3_DMA_1 UART3_dma_req[1]
UART4 |UART4_DMA_0 UART4_dma_req[0] EDMA Crossbar UART4 DMA Request
(DMA_XBAR)
UART4_DMA_1 UART4_dma_req[1]
UARTS |UART5_DMA 0 UART5_dma_req[0] EDMA Crossbar UARTS DMA Request
(DMA_XBAR)
UART5_DMA_1 UART5_dma_req[1]
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Note
For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.14 CPSW Integration

There is 1x CPSW module integrated in the device. The diagram below provides a visual representation of the

device integration details.
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Figure 4-17. CPSW Integration Diagram

The tables below summarize the device integration details of CPSWO.
Table 4-31. CPSWO0 Device Integration

This table describes the module device integration details.

Module Instance

Device Allocation

SoC Interconnect

CPSWO0

v

INFRAO VBUSP Interconnect
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Table 4-32. CPSWO0 Clocks
This table describes the module clocking signals.
Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
CPSW0 |CPPI_ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz CPSWO Interface Clock
HSDIVO_CLKOUTO
CPTS_RFT_CLK XTACLK External XTAL 25MHz  |25MHz CPSWO Interface Clock
EXT_REFCLK External Reference 100MHz |100MHz CPSWO Interface Clock
Clock (EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz CPSWO Interface Clock
HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 500MHz | 500MHz CPSWO Interface Clock
CLKOUT1 HSDIVO_CLKOUT1
DPLL_ETH_HSDIVO_C |PLL_ETH_CLK: 450MHz |450MHz CPSWO Interface Clock
LKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz | 10MHz CPSWO Interface Clock
Oscillator (RCCLK10M)
XTALCLK External XTAL 25MHz  [25MHz CPSWO Interface Clock
DPLL_PER_HSDIVO C |PLL_PER_CLK: NA NA CPSWO Interface Clock
LKOUT1 HSDIVO_CLKOUT1
GMII_RFT_CLK RGMII_250 CLK RGMII 250MHz Clock 250MHz |250MHz CPSWO Interface Clock
RMII1_MHZ_50 CLK |RGMII_50 CLK RGMII 50MHz Clock 50MHz  |50MHz CPSWO Interface Clock
RMII1_REF_CLK RMII1 Reference Clock 50MHz" |50MHZz! CPSWO Interface Clock
RMII2_MHZ_50_CLK |RGMII_50_CLK RGMII 50MHz Clock 50MHz  |50MHz CPSWO Interface Clock
RMII2_REF_CLK RMII2 Reference Clock 50MHz!" |50MHZz! CPSWO Interface Clock
RGMII_MHZ_50_CLK|RGMII_50_CLK RGMII 50MHz Clock 50MHz  [50MHz CPSWO Interface Clock
RGMII_MHZ_5 CLK |RGMII_5 CLK RGMII 5MHz Clock 5MHz  |5MHz CPSWO Interface Clock
RGMII_MHZ_250_CL |RGMII_250 CLK RGMII 250MHz Clock 250MHz  |250MHz CPSWO Interface Clock
K

Note

The RMIIx_REF_CLK input pin can be drive by an external clock reference source. 50MHz is
required for proper operation.

Note

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-33. CPSWO Resets

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description

Instance

CPSWO0 |[CPSW_RST Warm Reset RCM + Warm Reset Sources CPSWO Asynchronous Reset
(MOD_G_RST)
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Table 4-34. CPSWO Interrupt Requests

This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
CPSWO0 CO_FH_PULSE_INT |CO_FH_PULSE_INTR All R5FSS Level |FHost (from host to Ethernet)
R_[0:3] Cores PRU- paced pulse interrupt
ICSS Cores
CO_TH_PULSE_INT |CO_TH_PULSE_INTR All R5FSS Level |THost (from Ethernet to host)
R _[0:3] Cores PRU- paced pulse interrupt
ICSS Cores
CO_TH_THRESH_P |CO_TH_THRESH_PEND_INTR All R5FSS Level |THost (from Ethernet to host)
END_INTR_[0:3] Cores PRU- non-paced pulse interrupt
ICSS Cores
CO_MISC_PEND_IN [CO_MISC_PEND_INTR All R5FSS Level |Miscellaneous non-paced pulse
TR _[0:3] Cores PRU- interrupt
ICSS Cores
CPSW_STAT_PEND |[STAT_PEND All R5FSS Level |Statistics level interrup
Cores PRU-
ICSS Cores
CPSW_HOST_PEN [HOST_PEND All R5FSS Level |CPDMA host error level interrupt
D Cores PRU-
ICSS Cores
CPSW_ECC_SEC_P |ECC_SEC_PEND_INTR ESM Level |ECC SEC pulse interrupt —
END_INTR output from CPSW ECC module.
CPSW_ECC_DED_P |ECC_DED_PEND_INTR ESM Level |ECC DED pulse interrupt —
END_INTR output from CPSW ECC module.

Table 4-35. CPSWO0 Time Sync and Compare Event

This table describes the module capture event inputs.

Module Module Event Destination Event Input Destination Type Description

Instance

CPSWO0 |CcPSWO0O_CPTS_COM |SoC_TIMESYNC_XBARO[0:3] |CPSW0_CPTS_COM Level |CPSWO0 Compare Event Interrupt
P SoC_TIMESYNC_XBAR1[0:3] |P_INTR
CPSWO_CPTS_GENF | SoC_TIMESYNG_XBARO[0:3] |CPSWO_CPTS_GENF | Level |CPSWO GPTS generator function
0 SoC_TIMESYNC_xBAR1[0:3] |O-NTR event interrupt 0
CPSWO0_CPTS_GENF |SoC_TIMESYNC_XBARO[0:3] | CPSWO_CPTS_GENF | Level |CPSWO CPTS generator function
1 SoC_TIMESYNC_xBAR1[0:3] | '-NTR event interrupt 1
CPSWO0_CPTS_SYNC |SoC_TIMESYNC_XBARO[0:3] |CPSWO_CPTS_SYNC | Level |CPSWO CPTS Sync Event

SoC_TIMESYNC_XBAR1[0:3] |-NTR Interrupt
Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.

For pin information on RGMII_ID_MODE and RGMII_REFCLK_SEL, see Register information and the
corresponding section within the Device Configuration chapter
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4.15 Integration

Figure 4-18 shows the functional block diagram of the USB 2.0 subsystem (USB2SS), which includes a wrapper
module, a USB controller module, a PHY module, external interfaces, and internal interfaces.

Figure 4-18. USB 2.0 Subsystem (USB2SS) Functional Block Diagram

Towards SoC VBUSM
interconnect U S B 2 SS
ocp DM o
BRIDGE : :
D
I

CLK/RST DP/DM/VBUS

To VBUSP
interconnect

» The USB Core with a Dual-Role-Device Controller module and internal RAMs:
— Compatible to the xHCI 1.0 standard in Host mode
+ xHCI 0.96 backwards compatibility mode available
— Support for either USB Host or USB Device modes
» High-Speed (HS, 480Mbps) and Full-Speed (FS, 12Mbps) are offered for both Host and Device
modes. Low-Speed (LS, 1.5Mbps) is only supported for Host mode.
— Internal DMA controller for high-bandwidth, low overhead data transfer
— Three local RAMs supporting:
» Descriptor caching and data pre-fetching for high performance
— 2176 words of RAMO for DCACHE
* Dynamic Tx/Rx FIFO memory allocation for all EPs
— 5888 words of RAM1 for TX FIFOs
— 832 words of RAM2 for RX FIFOs
— Supports all transfer types - Control, Bulk, Interrupt, and Isochronous
— Supports high-bandwidth ISO mode
— Supports 15 IN, 15 OUT endpoints (EPs), and one EPO endpoint which is bidirectional
* The integrated USB PHY module:
— A USB2 PHY connected to the core via internal UTMI+ port
» External interfaces (towards device boundary):
— To USB Connector:
+ DP/DM - a bidirectional signal pair for HS, FS, LS mode operation
— To an external Charge Pump for VBUS 5V generation:
+ DRVVBUS - an active high output that controls an external 5V charge pump. The core uses this output
to automatically ensure that VBUS has 5V supplied by the charge pump during Host mode operation.

Towards VBUSP

Outside SoC scope
interconnect
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* Internal interface (towards internal system):
— An OCP secondary interface for MMR transactions to/from the controller.
— An OCP secondary interface for MMR transactions to/from the PHY.
— An AXI primary interface for high-bandwidth DMA transactions.
— Interrupt interface:
» USB_MAINN_INT[3:0] - 4 programmable interrupts associated with DMA traffic
+ USB_MISCINT - single interrupt line for misc events
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4.16 GPMC Integration

A single GPMCO module is integrated in the device. The diagram below provides a visual representation of the

device integration details.

Figure 4-19. GPMCO Integration Diagram
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The tables below summarize the device integration details of GPMCO.

Table 4-36. GPMCO Device Integration

This table describes the module device integration details.

Module Instance

Device Allocation

SoC Interconnect

GPMCO

v

Core VBUSM Interconnect
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Table 4-37. GPMCO Clocks

This table describes the module clocking signals.

Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
GPMCO |GPMCO_ICLK (CLK) |SYS_CLK PLL_CORE_CLK: 200MHz |250MHz GPMCO Interface Clock
HSDIVO_CLKOUTO
GPMCO_FCLK XTALCLK External XTAL or RC 25MHz | 25MHz GPMCO Functional
Oscillator Clock
EXT_REFCLK External Reference 100MHz |100MHz
Clock (EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400MHz |500MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator (RCCLK10M)
WUCPUCLK Oscillator Clock 25MHz | 25MHz
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator (RCCLK10M)

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Note

Table 4-38. GPMCO Resets

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description

Instance

GPMCO |GPMCO_RST Warm Reset RCM + Warm Reset Sources GPMCO Asynchronous Reset
(MAIN_RST)

Table 4-39. GPMCO Interrupt Requests

This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
GPMCO GPMC_SINTERRUP |GPMC_SINTERRUPT_INTR ALL R5FSS Level |GPMCO Interrupt
T_INTR Cores Request
Table 4-40. GPMCO DMA Requests
This table describes the module DMA requests.
Module Module DMA Event | Destination DMA Event Input Destination Type Description
Instance
GPMCO |GPMCO_SDMA GPMCO0_SDMA_REQ EDMA Crossbar Level |GPMCO DMA Request
(EDMA_XBAR)
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Note
For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.

For more information on how to configure GPMC_CLK, see the Clocking section in Device
Configuration chapter.
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4.17 ELM Integration

A single ELMO module is integrated in the device as a part of GPMCO. The diag
representation of the device integration details.

Figure 4-20. ELMO Integration Diagram

ram below provides a visual
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The tables below summarize the device integration details.

Table 4-41. ELMO Device Integration
This table describes the module device integration details.

Module Instance Device Allocation

SoC Interconnect

ELMO v

PERI VBUSP Interconnect

Table 4-42. ELMO Clocks
This table describes the module clocking signals.

Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
ELMO ELMO_VBUSCLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz ELMO Interface Clock
HSDIVO_CLKOUTO
ELMO_CLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz ELMO functional Clock
HSDIVO_CLKOUTO
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Note

ELMO_CLKDIV_SEL Bit should be configured in such a way that ELMO_CLK is set to 50MHz .Value
to be configured in ELMO_CLKDIV_VAL register for SYS_CLK % 4 = 0x333h (for MODE1 devices),
SYS_CLK % 5 = 0x444h (for MODE2 devices)

Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-43. ELMO Resets

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description
Instance
ELMO ELMO_RST Warm Reset RCM + Warm Reset Sources ELMO Asynchronous Reset
(MAIN_RST)

Table 4-44. ELMO Interrupt Requests
This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
ELMO ELMO_ELM_POROC |ELM_POROCPSINTERRUPT_LVL ALL R5FSS Level |ELMO Interrupt
PSINTERRUPT_LVL Cores Request

For more information on the interconnects, see the System Interconnect chapter.

Note

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.18 MMCSD Integration

There is 1x MMCSD integrated in the device. The diagram below provides a visual representation of the device
integration details.

Figure 4-21. MMCSD Integration
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< CORE VBUSM Interconnect >

The tables below summarize the device integration details of the MMC/SD module.

Table 4-45. MMCSD Device Integration
This table describes the module integration details.

R5FSSO-COREO
RSFSSO-COREL

MMCSD Instance Device Allocation SoC Interconnect
MMCSDO v CORE VBUSM Interconnect
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Table 4-46. MMCSD Clocks
This table describes the module clocking signals.
MMCSD | MMCSD Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
MMCSDO |MMCSDO_ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz MMC/SD Interface
(VBUSP_CLK) HSDIVO_CLKOUTO Clock
MMCSDO_32K_CLK |MMCSDO_32K_CLK  |XTALCLK 32KHz  [32KHz MMC/SD Debounce
Clock
MMCSDO_FCLK XTALCLK External XTAL 25MHz | 25MHz MMC/SD Interface
(MMCSD_CLK) Clock
EXT_REFCLK External Reference 100MHz |100MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIV0O_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400MHz |500MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz |25MHz
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator (RCCLK10M)

Note

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-47. MMCSD Resets

This table describes the module reset signals.

MMCSD MMCSD Reset Input Source Reset Signal Source Description

Instance

MMCSDO |[MMCSDO_RST Warm Reset RCM + Warm Reset Sources MMCSDO Asynchronous Reset
(MOD_G_RST)

Table 4-48. MMCSD Interrupt Requests

This table describes the module interrupt requests.

MMCSD MMCSD Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
MMCSDO |MMCSDO_INT_req_0 [MMCSDO_INT req_0 ALL R5FSS Cores Level |MMC/SD Interrupt
Table 4-49. MMCSD DMA Requests
This table describes the module DMA requests.
MMCSD | MMCSD DMA Event | Destination DMA Event Input Destination Type Description
Instance
MMCSDO |MMCSDO_DMA_RD_ |[MMCSDO_DMA_RD_REQ EDMA Crossbar Level |MMC/SD DMA Read Request
REQ (DMA_XBAR)
MMCSDO_DMA_WR_ |[MMCSDO_DMA_WR_REQ MMC/SD DMA Write Request
REQ
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Note
For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.19 OSPIO Integration

The Flash SubSystem (FSS) includes one OSPI instance(OSPI0). The diagram below provides a visual
representation of the device integration details.

DPLL_ETH_HSDIVO_CLKOUT2 ———®

RCCLK10M

DPLL_CORE_HSDIVO_CLKOUT3 —— p»
DPLL_PER_HSDIVO_CLKOUT3 ——————®

4

OSPI_CLK_GCM_CLKSRC_SEL

Device
FSSO_OSPIO
(T AHBLINTF
(| APBINTF
» OSPIO_HCLK
»|OSPI0_PCLK
SYS_CLK >
EXT_REFCLK >
WUCPUCLK >
DPLL_PER_HSDIVO_CLKOUTO ———— ———»{ OSPIO RCLK

R5FSSO

OSPI_INTR [«
RSFSSO OSPI_LVL_INTR l¢
ESMO «

ESMO_LVL_EVENT_25

ESMO_LVL_EVENT_26 [

FSSO_OSPIO_LVL_INTR

FSSO_OSPIO_ECC_CORR_LVL_INTR

FSSO_OSPIO_ECC_UNCORR_LVL_INTR

FSSO_OSPIO_RST

Figure 4-22. OSPI0 Integration Diagram
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The tables below summarize the device integration details of OSPIO.
Table 4-50. OSPIO Device Integration

This table describes the module device integration details.

Module Instance

Device Allocation

SoC Interconnect

VO_CLKOUT3

DIVO_CLKOUT3

OSPIO v CORE VBUSM Interconnect
Table 4-51. FSS0_OSPI0 Clocks
Module Module Clock |Source Clock Source MODE1 MODE2 Description
Instance Input Signal Frequency |Frequency
FSSO0_OSPIO0 |OSPI0O_HCLK SYS_CLK SYS_CLK 200MHz 250MHz FSS0_OSPIO data transfer clock
OSPI0O_PCLK SYS_CLK SYS_CLK 200MHz 250MHz FSS0_OSPIO configuration clock
OSPI0O_RCLK OSPI_CLK WUCPUCLK 25MHz 25MHz FSS0_OSPI0 Reference clock.
EXT_REFCLK ETct)tzrkrzgl)geif;rEe:gi 100MHz 100MHz E%XS f??nct:r,\,,d)g%%o_CLK_ SRC_SE
K)
SYS_CLK PLL_CORE_CLK: |200MHz 250MHz
HSDIVO_CLKOUT
0
DPLL_PER_HSDI |PLL_PER_CLK:HS |192MHz 240MHz
VO_CLKOUTO  Ip1vo_cLKOUTO
DPLL_ETH_HSDI |PLL_ETH_CLK:HS |150MHz NA
VO_CLKOUTZ  Ip\vo_cLKOUT2
RCCLK10M Internal 10MHz RC | 10MHz 10MHz
Oscillator(RCCLK1
oM)
DPLL_CORE_HS |PLL_CORE_CLK: |133MHz 133MHz
DIVO_CLKOUT3 |HSDIVO_CLKOUT
3
DPLL_PER_HSDI |PLL_PER_CLK:HS | 120MHz NA

Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-52. FSS0_OSPI0 Resets

Module Instance Module Reset Input Source Reset Signal Source Description
FSS0_OSPIO FSS0_OSPIO_RST MOD_G_RST POR FSS0_OSPIO reset
Table 4-53. FSS0_OSPI0 Interrupt Requests
Module Module Interrupt Signal Destination Interrupt Input | Destination Description Type
Instance
FSS0_OSPI0O |OPTI_FLASH_OSPIO_LVL_INTR |OSPIO_LVL_INTR All R5FSS Cores FSSO0_OSPIO interrupt Level
ICSSM Core
OPTI_FLASH_OSPI0O_ECC_COR |ESMO_LVL_EVENT_25 ESMO FSS0_OSPIO ECC Level
R_LVL_INTR Aggregator correctable
error interrupt
OPTI_FLASH_OSPIO_ECC_UNC |ESMO_LVL_EVENT_26 ESMO FSS0_OSPIO Level
ORR_LVL_INTR ECC Aggregator
uncorrectable error
interrupt
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Table 4-54. OSPI0 DMA Requests

This table describes the module DMA requests.

Module Module DMA Event | Destination DMA Event Input Destination Type Description

Instance

OSPIO  |OPTI_FLASH OSPIO_INTR OPTI_FLASH_OSPIO_| Pulse |OSPI0O DMA Event Request

LVL_INTR
Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.

114 AM261x Technical Reference Manual

Copyright © 2025 Texas Instruments Incorporated

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

www.ti.com Module Integration

4.20 OSPI1 Integration

There is a 2nd instance of Octal Flash (OSPI) Controller outside the FSS, referred to as OSPI1. The diagram
below provides a visual representation of the device integration details.

Device
OSPI1
< AHB_INTF
< APB_INTF
» OSPI1_HCLK
»| OSPI1_PCLK
FLASH_INTF
SYS_CLK > :
EXT_REFCLK >
WUCPUCLK >

DPLL_PER_HSDIVO_CLKOUTO ——————
DPLL_ETH_HSDIVO_CLKOUT2 ———®

——®|OSPI1_RCLK

RCCLK10M

4

DPLL_CORE_HSDIVO_CLKOUT3 —— p»
DPLL_PER_HSDIVO_CLKOUT3 ——————®

OSPI1_CLK_GCM_CLKSRC_SEL

R5FSSO
OSPI1_INTR [« OSPI1_LVL_INTR
ESMO  Espvo_LvL_EVENT 46 |« OSPI1_ECC_CORR_LVL_INTR
ESMO_LVL_EVENT_47 |« OSPI1_ECC_UNCORR_LVL_INTR
——»| OSPI1_RST
Figure 4-23. OSPI1 Integration Diagram
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The tables below summarize the device integration details of OSPI1.
Table 4-55. OSPI1 Device Integration

This table describes the module device integration details.

Module Instance

Device Allocation

SoC Interconnect

OSPI1 v CORE VBUSM Interconnect
Table 4-56. OSPI1 Clocks
Module Module Clock |Source Clock Source MODE1 MODE2 Description
Instance Input Signal Frequency |Frequency
OSPI1 OSPI1_HCLK SYS_CLK SYS_CLK 200MHz 250MHz OSPI1 data transfer clock
OSPI1_PCLK SYS_CLK SYS_CLK 200MHz 250MHz OSPI1 configuration clock
OSPI1_RCLK OSPI_CLK WUCPUCLK 25MHz 25MHz OSPI1 Reference clock. Mux
EXT_REFCLK E)I(ct;zrkrzglx F;ef;rspéi 100MHz 100MHz ﬁggfgecd/\;-{)spi 1 CLK_SRC_SE
K) - L
SYS_CLK PLL_CORE_CLK: |200MHz 250MHz
HSDIVO_CLKOUT
0
DPLL_PER_HSDI |PLL_PER_CLK:HS |192MHz 240MHz
VO_CLKOUTO  Ip1vo_cLKOUTO
DPLL_ETH_HSDI |PLL_ETH_CLK:HS |150MHz NA
VO_CLKOUTZ  Ip\vo_cLKOUT2
RCCLK10M Internal 10MHz RC | 10MHz 10MHz
Oscillator(RCCLK1
oM)
DPLL_CORE_HS |PLL_CORE_CLK: |133MHz 133MHz
DIVO_CLKOUT3 |HSDIVO_CLKOUT
3
DPLL_PER_HSDI |PLL_PER_CLK:HS | 120MHz NA
VO0_CLKOUT3 DIVO_CLKOUT3

Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-57. OSPI1 Resets

Module Instance Module Reset Input Source Reset Signal Source Description
OSPI1 OSPI1_RST MOD_G_RST POR OSPI1 reset
Table 4-58. OSPI1 Interrupt Requests
Module Module Interrupt Signal Destination Interrupt Input | Destination Description Type
Instance
OSPI1 OSPI1_LVL_INTR OSPI1_LVL_INTR All R5FSS Cores OSPI1 interrupt Level
ICSSM Core
OSPI1_ECC_CORR_LVL_INTR |ESMO_LVL_EVENT_ 46 ESMO OSPI1 ECC Level
Aggregator correctable
error interrupt
OSPI1_ECC_UNCORR_LVL_INT |ESMO_LVL_EVENT_47 ESMO OSPI1 ECC Level
R Aggregator
uncorrectable error
interrupt

116

AM261x Technical Reference Manual

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Copyright © 2025 Texas Instruments Incorporated

Submi

it Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

www.ti.com

Module Integration

Table 4-59. OSPI1 DMA Requests

This table describes the module DMA requests.

Module Module DMA Event | Destination DMA Event Input Destination Type Description
Instance
OSPI1  |OSPI1_INTR OSPI1_INTR OSPI1_LVL_INTR Pulse |OSPI1 DMA Event Request

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.21 MCAN Integration

There are 2x MCAN modules integrated in the device. The diagram below provides a visual representation of the

device integration details.

Device

SYSCLK J:

WUCPUCLK —»!

EXT_REFCLK —|
PER_PLL_HSDIVO_CLKOUTO —»
CORE_PLL_HSDIVO_CLKOUTO —3»]
RCOSC (10MHz) —»!

XTALCLK —|

RCOSC (10MHz) —»

RCM

CAN#_CLK_SRC_SEL
CAN#_CLK_DIV_VAL
CAN#_RST_CTRL

Warm Reset Sources

LA

CAN# i
CAN# VBUSCLK CAN#_TX_DMA_REQ——| & EDMA
CAN#_CORE_FILTER_EVENTS_DMA REQ— i = §
CAN#_TXD FE]
CAN# CLK CAN#_RXD-€

CAN#_EXT_TS_ROLLOVER_LVL_INT_Dl |
CAN#_LVL_INT[1:0] RSFSS0-CORED | |
CAN#_WARMRESET |

CAN#_ECC_CORR_LVL_INT ————————————— |
CAN#_ECC_UNCORR_LVL_INT ——————————————

PERIVBUSP Interconnect >

(

—

—» ICSSM

1551 XBAR

ESM

Figure 4-24. MCAN Integration Diagram

The tables below summarize the device integration details of MCAN# (where #=0to 1).

This table describes the module device integration details.

Table 4-60. MCAN Device Integration

Module Instance

Device Allocation

SoC Interconnect

MCANO

v

Peripheral VBUSP Interconnect

MCAN1

v

Peripheral VBUSP Interconnect
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Table 4-61. MCAN Clocks

This table describes the module clocking signals.

Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
MCANO |MCANO_ICLK SYS_CLK PLL_CORE_CLK:HSDI 200MHz |250MHz MCANO Interface Clock
(VBUSP_CLK) VO_CLKOUTO
MCANO_FCLK XTALCLK External Crystal (XTAL) 25MHz | 25MHz MCANO Functional
(CAN_CLK) EXT_REFCLK External Reference 100MHz |100MHz | Clock
Clock(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK:HSDI 200MHz |250MHz
VO0_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 192MHz |240MHz
LKOUTO _CLKOUTO
DPLL_CORE_HSDIVO_ [PLL_CORE_CLK:HSDI 400MHz |500MHz
CLKOUTO V0_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator(RCCLK10M)
XTALCLK External Crystal (XTAL) 25MHz  |25MHz
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator(RCCLK10M)
MCAN1 |MCAN1_ICLK SYS_CLK PLL_CORE_CLK:HSDI 200MHz |250MHz MCAN?1 Interface Clock
(VBUSP_CLK) VO_CLKOUTO
MCAN1_FCLK XTALCLK External Crystal (XTAL) 25MHz  [25MHz MCAN1 Functional
(CAN_CLK) EXT_REFCLK External Reference 100MHz |100MHz | C'ock
Clock(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK:HSDI 200MHz |250MHz
V0_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 192MHz |240MHz
LKOUTO _CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK:HSDI 400MHz |500MHz
CLKOUTO VO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator(RCCLK10M)
XTALCLK External Crystal (XTAL) 25MHz | 25MHz
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator(RCCLK10M)

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Note

Table 4-62. MCAN Resets

This table describes the module reset signals.

Module Module Reset Input Source Reset Signal Source Description

Instance

MCANO |MCANO_RST Warm Reset RCM + Warm Reset Sources Asynchronous MCANO Module Reset
(MOD_G_RST)

MCAN1 |MCAN1_RST Warm Reset RCM + Warm Reset Sources Asynchronous MCAN1 Module Reset
(MOD_G_RST)
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Table 4-63. MCAN Interrupt Requests
This table describes the module interrupt requests.
Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
MCANO MCANO_INT_O R5FSS0_COREOQ_INTR_IN_68 R5FSS0-0 Level |MCANO Line 0O Interrupt Request
R5FSS0_CORE1_INTR_IN_68 R5FSS0-1
PRU_ICSSO_INTR_IN_34 PRU_ICSS
MCANO_INT_1 R5FSS0_COREO_INTR_IN_69 R5FSS0-0 Level |MCANO Line 1 Interrupt Request
R5FSS0_CORE1_INTR_IN_69 R5FSS0-1
PRU_ICSSO_INTR_IN_35 PRU_ICSS0O
MCANO_EXT_TS_R |R5FSS0_COREO_INTR_IN_67 R5FSS0-0 Level |MCANO External TimeStamp
OLLOVERL_INT_O Counter Rollover Interrupt
R5FSS0_CORE1_INTR_IN_67 R5FSS0-1
PRU_ICSSO_INTR_IN_33 PRU_ICSS0
MCANO_ECC_COR |ESMO_LVL_IN_2 ESMO Level |MCANO ECC Correctable Error
R_LVL_INT_O Interrupt
MCANO_ECC_UNC |ESMO_LVL_IN_3 ESMO Level |MCANO ECC Uncorrectable
ORR_LVL_INT_O Error Interrupt
MCAN1 MCAN1_INT_O R5FSS0_COREO_INTR_IN_71 R5FSS0-0 Level |MCANT1 Line 0 Interrupt Request
R5FSS0_CORE1_INTR_IN_71 R5FSS0-1
PRU_ICSSO_INTR_IN_37 PRU_ICSS
MCAN1_INT_1 R5FSS0_COREOQ_INTR_IN_72 R5FSS0-0 Level |MCAN1 Line 1 Interrupt Request
R5FSS0_CORE1_INTR_IN_72 R5FSS0-1
PRU_ICSSO_INTR_IN_38 PRU_ICSS
MCAN1_EXT_TS_R |R5FSS0_COREO_INTR_IN_70 R5FSS0-0 Level |MCAN1 External TimeStamp
OLLOVER_INT_O Counter Rollover Interrupt
R5FSS0_CORE1_INTR_IN_70 R5FSS0-1
PRU_ICSSO_INTR_IN_36 PRU_ICSS
MCAN1_ECC_COR |ESMO_LVL IN_4 ESMO Level |MCAN1 ECC Correctable Error
R_LVL_INT_O Interrupt
MCAN1_ECC_UNC |ESMO_LVL_IN_5 ESMO Level [MCAN1 ECC Uncorrectable
ORR_LVL_INT_O Error Interrupt
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Table 4-64. MCAN DMA Requests

This table describes the module DMA requests.

Module Module DMA Event | Destination DMA Event Input Destination Type Description
Instance
MCANO |MCANO_FE_INTR_O0 |EDMA_XBAR_109 EDMA Pulse |MCANO Receive Filter Event 0
DMA Request
MCANO_FE_INTR_1 |EDMA_XBAR_110 EDMA Pulse |MCANO Receive Filter Event 1
DMA Request
MCANO_FE_INTR_2 |EDMA_XBAR_111 EDMA Pulse | MCANO Receive Filter Event 2
DMA Request
MCANO_FE_INTR_3 |EDMA_XBAR_112 EDMA Pulse |MCANO Receive Filter Event 3
DMA Request
MCANO_FE_INTR_4 |EDMA_XBAR_113 EDMA Pulse |MCANO Receive Filter Event 4
DMA Request
MCANO_FE_INTR_5 |EDMA_XBAR_114 EDMA Pulse |MCANO Receive Filter Event 5
DMA Request
MCANO_FE_INTR_6 |EDMA_XBAR_115 EDMA Pulse |MCANO Receive Filter Event 6
DMA Request
MCANO_TXDMA_O EDMA_XBAR_44 EDMA Pulse |MCANO Transmit Core DMA
Request 0
MCANO_TXDMA_1 EDMA_XBAR_45 EDMA Pulse |MCANO Transmit Core DMA
Request 1
MCANO_TXDMA_2 EDMA_XBAR_46 EDMA Pulse |MCANO Transmit Core DMA
Request 2
MCANO_TXDMA_3 EDMA_XBAR_47 EDMA Pulse |MCANO Transmit Core DMA
Request 3
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Table 4-64. MCAN DMA Requests (continued)
This table describes the module DMA requests.
Module Module DMA Event | Destination DMA Event Input Destination Type Description
Instance
MCAN1 |MCAN1_FE_INTR_O |EDMA_XBAR_116 EDMA Pulse |MCAN1 Receive Filter Event 0
DMA Request
MCAN1_FE_INTR_1 |EDMA_XBAR_117 EDMA Pulse |MCAN1 Receive Filter Event 1
DMA Request
MCAN1_FE_INTR_2 |EDMA_XBAR_118 EDMA Pulse |MCAN1 Receive Filter Event 2
DMA Request
MCAN1_FE_INTR_3 |EDMA_XBAR_119 EDMA Pulse |MCAN1 Receive Filter Event 3
DMA Request
MCAN1_FE_INTR_4 |EDMA_XBAR_120 EDMA Pulse |MCAN1 Receive Filter Event 4
DMA Request
MCAN1_FE_INTR_5 |EDMA_XBAR_121 EDMA Pulse |MCAN1 Receive Filter Event 5
DMA Request
MCAN1_FE_INTR_6 |EDMA_XBAR_122 EDMA Pulse |MCAN1 Receive Filter Event 6
DMA Request
MCAN1_TXDMA_0 EDMA_XBAR_48 EDMA Pulse |MCAN1 Transmit Core DMA
Request 0
MCAN1_TXDMA_1 EDMA_XBAR_49 EDMA Pulse |MCAN1 Transmit Core DMA
Request 1
MCAN1_TXDMA_2 EDMA_XBAR_50 EDMA Pulse |MCAN1 Transmit Core DMA
Request 2
MCAN1_TXDMA_3 EDMA_XBAR_51 EDMA Pulse |MCAN1 Transmit Core DMA
Request 3

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.22 LIN Integration

There are 3x LIN modules integrated in the device. The diagram below provides a visual representation of the
device integration details.

Device LIN# §
F} LIN# VBUSCLK
SYSCLK = i
LIN# TX_DMA_REQ ] '
WUCPUCLK —» T DMA_REQ —— g EDMA |
EXT REFCLK —3| LIN#_RX_DMA_REQ, — . 3 |
PER_PLL_HSDIVO_CLKOUTO —» |
CORE_PLL_HSDIVO_CLKOUTO —» LA i
RCOSC (10MHz) —»| I
XTALCLK —»| LIN#_TXD ;N
PER_PLL_HSDIVO_CLKOUT2 —» :
- - - /‘\ LIN#_RXD E

RCM
LIN# _CLK_SRC_SEL
LIN#_CLK_DIV_VAL

LIN# RST_CTRL
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Figure 4-25. LIN Integration

#=0to2

The tables below summarize the device integration details of LIN#.
Table 4-65. LIN Device Integration

This table describes the LIN device integration details.

LIN Instance Device Allocation SoC Interconnect
LINO v Peripheral VBUSP Interconnect
LIN1 v Peripheral VBUSP Interconnect
LIN2 v Peripheral VBUSP Interconnect
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Table 4-66. LIN Clocks
This table describes the LIN clocking signals.
LIN LIN Clock Input Source Clock Signal Source MODE1 |MODE2 Description
Instance Frequency | Frequency
LINO LINO_ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz LINO Interface Clock
(VBUSP_CLK) HSDIVO_CLKOUTO (LINO_CLK must be
running for register
access)
LINO_FCLK WUCPUCLK Wakeup CPU Clock 25MHz | 25MHz LINO Functional Clock
(LIN_CLK)
EXT_REFCLK External Reference 100MHz |100MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400MHz |500MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz  |25MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 160MHz |160MHz
LKOUT2 _CLKOUT2
LIN1 LIN1_ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz LIN1 Interface Clock
(VBUSP_CLK) HSDIVO_CLKOUTO (LIN1_CLK must be
running for register
access)
LIN1_FCLK WUCPUCLK Wakeup CPU Clock 25MHz | 25MHz LIN1 Functional Clock
(LIN_CLK)
EXT_REFCLK External Reference 100MHz |100MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400MHz |500MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz  |25MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 160MHz |160MHz

LKOUT2

_CLKOUT2
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Table 4-66. LIN Clocks (continued)

This table describes the LIN clocking signals.

LIN LIN Clock Input Source Clock Signal Source MODE1 |MODE2 Description
Instance Frequency | Frequency
LIN2 LIN2_ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz LIN2 Interface Clock
(VBUSP_CLK) HSDIVO_CLKOUTO (LIN2_CLK must be
running for register
access)
LIN2_FCLK WUCPUCLK Wakeup CPU Clock 25MHz | 25MHz LIN2 Functional Clock
(LIN_CLK)
EXT_REFCLK External Reference 100MHz |100MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400MHz |500MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz  |25MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 160MHz |160MHz
LKOUT2 _CLKOUT2
Note

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-67. LIN Resets

This table describes the LIN reset signals.

LIN LIN Reset Input Source Reset Signal Source Description
Instance

LINO LINO_RST Warm Reset RCM + Warm Reset Sources LINO Asynchronous Reset
(VBUSP_RSTn) (MOD_G_RST)

LIN1 LIN1_RST Warm Reset RCM + Warm Reset Sources LIN1 Asynchronous Reset
(VBUSP_RSTn) (MOD_G_RST)

LIN2 LIN2_RST Warm Reset RCM + Warm Reset Sources LIN2 Asynchronous Reset
(VBUSP_RSTn) (MOD_G_RST)

Table 4-68. LIN Interrupt Requests

This table describes the LIN interrupt requests.

LIN Instance | LIN Interrupt Signal Destination Interrupt Input Destination Type Description
LINO LINO_INT _req_0O LINO_INT _req_0 ALL R5FSS Pulse |LINO Event Interrupts
LINO_INT _req_1 LINO_INT _req_1 .CCOSFZSMXBAR
LIN1 LIN1_INT_req_O LIN1_INT _req_0 ALL R5FSS Pulse |LIN1 Event Interrupts
LIN1_INT _req_1 LIN1_INT_req_1 f;COSFESMXBAR
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Table 4-68. LIN Interrupt Requests (continued)
This table describes the LIN interrupt requests.
LIN Instance | LIN Interrupt Signal Destination Interrupt Input Destination Type Description
LIN2 LIN2_INT_req_0O LIN2_INT _req_0 ALL R5FSS Pulse |LIN2 Event Interrupts
Cores,
LIN2_INT _req_1 LIN2_INT _req_1 ICSSMXBAR
Table 4-69. LIN DMA Requests
This table describes the LIN DMA requests.
LIN LIN DMA Event Destination DMA Event Input Destination Type Description
Instance
LINO  |LINO_TX_DMA_REQ |LINO_tx_dma_req EDMA Crossbar Pulse |LINO TX DMA Request
(DMA_XBAR)
LINO_RX_DMA_REQ |LINO_rx_dma_req LINO RX DMA Request
LIN1 LIN1_TX_DMA_REQ |LIN1_tx_dma_req EDMA Crossbar Pulse |LIN1 TX DMA Request
(DMA_XBAR)
LIN1_RX_DMA_REQ |LIN1_rx_dma_req LIN1 RX DMA Request
LIN2 LIN2_TX_DMA REQ |LIN2_tx_dma_req EDMA Crossbar Pulse |LIN2 TX DMA Request
(DMA_XBAR)
LIN2_RX_DMA_REQ |[LIN2_rx_dma_req LIN2 RX DMA Request

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.23 RTI Integration

There are 4x RTI modules integrated in the device. The diagram and tables below show the device integration

details.

SYSCLK "i‘—‘

WUCPUCLK —»|
EXT_REFCLK —pf
PER_PLL_HSDIVO_CLKOUTO —

CORE_PLL_HSDIVO_CLKOUT1 —»

RCCLK(10MHz) —>|
ETH_PLL_HSDIVO_CLKOUT0 —
CPTS_GENF0O —»|

RCM

RTH#_CLK_DIV_VAL

PORz

RTH_CLK_SRC_SEL——

RTI#_CLK

RTI#_CAPEVT[0:1]

SST1OY.LINOD

=
<
m
]
<
=z
O
x
@
>
Py

RTI#_RST_CTRL
RTI#_WARMRESET
Warm Reset Sources

Interrupts

» RTI#_POR

RTH#_DMA[0:3]

DMA
XBAR

RTI#_INT_REQ[0:3]— RBFSSO-COREO
RTI#_OVERFLOW[0:1] STt

!

< PERI VBUSP Interconnect >

Figure 4-26. RTI Integration

The tables below summarize the integration of RTI# (where # = 0, 1, 2, 3) in the device.
Each RTI# instance is supplied by dedicated RTICLK# mux.
Table 4-70. RTI Device Integration

This table describes the module device integration details.

EDMA

Module Instance Device Allocation SoC Interconnect
RTIO v VBUSP CORE Interconnect
RTH v VBUSP CORE Interconnect
RTI2 v VBUSP CORE Interconnect
RTI3 v VBUSP CORE Interconnect
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Table 4-71. RTI Clocks
This table table describes the module clocking signals.
Module | y1odule Clock Input | Source Clock Signal Source MODE MODE2 Description
Instance Frequency | Frequency
RTI# RTHI#_ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz RTI# VBUSP Interface
(VBUSP_CLK) HSDIVO_CLKOUTO Clock
RTH#_FCLK WUCPUCLK Wake Up CPU clock 25MHz  |25MHz RTI# Functional Clock
(RTI_CLK)
EXT_REFCLK External Reference 100MHz |100MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz |240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 500MHz |500MHz
CLKOUT1 HSDIVO_CLKOUT1
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25MHz  |25MHz
CTPS_GENFO CPSW CPTS GENFO 50MHz  |50MHz
Clock
where #is 0 to 3
Note
MODE1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices
Table 4-72. RTI Resets
This table describes the module reset signals.
G Module Reset Input Source Reset Signal Source Description
Instance
RTIO RTIO_RST Warm Reset RCM + Warm Reset Sources RTIO Asynchronous Reset
(MOD_G_RST)
RTIO_POR_RST POR Reset Device Power-On Reset RTIO Power-On Reset
(MOD_POR_RST)
RTH RTIM_RST Warm Reset RCM + Warm Reset Sources RTIM Asynchronous Reset
(MOD_G_RST)
RTIM_POR_RST POR Reset Device Power-On Reset RTI1 Power-On Reset
(MOD_POR_RST)
RTI2 RTI2_RST Warm Reset RCM + Warm Reset Sources RTI2 Asynchronous Reset
(MOD_G_RST)
RTI2_POR_RST POR Reset Device Power-On Reset RTI2 Power-On Reset
(MOD_POR_RST)
RTI3 RTI3_RST Warm Reset RCM + Warm Reset Sources RTI3 Asynchronous Reset
(MOD_G_RST)
RTI3_POR_RST POR Reset Device Power-On Reset RTI3 Power-On Reset
(MOD_POR_RST)
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Table 4-73. RTI Interrupt Requests

This table describes the module interrupt requests.

I?;:::fe Modué?glrr:;?rrupt Destination Interrupt Input Destination Type Description

RTIO RTIO_INT_REQ_0 RTIO_INT_REQ_O ALL R5FSS Cores Pulse |RTIO Status Event Interrupt
RTIO_INT_REQ_1 RTIO_INT_REQ_1
RTIO_INT_REQ 2 RTIO_INT REQ 2
RTIO_INT_REQ_3 RTIO_INT_REQ_3
RTIO_OVL_REQ_O RTIO_OVERFLOW_LEVEL_O RTIO Counter Overflow Event
RTIO_OVL_REQ_1 RTIO_OVERFLOW_LEVEL_1 interrupt

RTH RTI1_INT_REQ_O RTI1_INT_REQ_0 ALL R5FSS Cores Pulse |RTI1 Status Event Interrupt
RTI1_INT_REQ_1 RTI1_INT_REQ_1
RTI_INT_REQ_2 RTI1_INT_REQ_2
RTI_INT_REQ_3 RTI1_INT_REQ_3
RTI1_OVL_REQ_O RTIM_OVERFLOW_LEVEL_O RTI1 Counter Overflow Event
RTIM_OVL_REQ_1 RTI1_OVERFLOW_LEVEL_1 interrupt

RTI2 RTI2_INT_REQ_0 RTI2_INT_REQ_0 ALL R5FSS Cores Pulse |RTI2 Status Event Interrupt
RTI2_INT_REQ_1 RTI2_INT_REQ_1
RTI2_INT_REQ_2 RTI2_INT_REQ_2
RTI2_INT_REQ_3 RTI2_INT_REQ_3
RTI2_OVL_REQ_O RTI2_OVERFLOW_LEVEL_O RTI2 Counter Overflow Event
RTI2_OVL_REQ_1 RTI2_OVERFLOW_LEVEL_1 interrupt

RTI3 RTI3_INT_REQ_0 RTI3_INT_REQ_0 ALL R5FSS Cores Pulse |RTI3 Status Event Interrupt
RTI3_INT_REQ_1 RTI3_INT_REQ_1
RTI3_INT_REQ_2 RTI3_INT_REQ_2
RTI3_INT_REQ_3 RTI3_INT_REQ_3
RTI3_OVL_REQ_O RTI3_OVERFLOW_LEVEL_O RTI3 Counter Overflow Event
RTI3_OVL_REQ_1 RTI3_OVERFLOW_LEVEL_1 interrupt
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Table 4-74. RTI DMA Requests
This table describes the module DMA requests.
I?s(;::::ee Module DMA Event | Destination DMA Event Input Destination Type Description
RTI0O  |RTIO_DMA 0 RTIO_DMA_REQ_0 EDMA Crossbar Pulse |RTIO DMA Request
(EDMA_XBAR)
RTIO_DMA 1 RTIO_DMA REQ_1
RTIO_DMA 2 RTIO_DMA _REQ_2
RTIO_DMA_3 RTI0O_DMA REQ 3
RTI RTIM_DMA_O RTI1_DMA_REQ_O RTI1 DMA Request
RTI1_DMA_1 RTI1_DMA_REQ_1
RTI1_DMA_2 RTI1_DMA_REQ_2
RTI1_DMA 3 RTI1_DMA _REQ_3
RTI2 RTI2_DMA_0 RTI2_DMA_REQ_0O RTI2 DMA Request
RTI2_DMA_1 RTI2_DMA REQ_1
RTI2_DMA_2 RTI2 DMA REQ 2
RTI2_DMA_3 RTI2._ DMA_REQ 3
RTI3 RTI3_DMA_0O RTI3_DMA_REQ_0O RTI3 DMA Request
RTI3_DMA_1 RTI3_DMA_REQ_1
RTI3_DMA_2 RTI3_DMA_REQ_2
RTI3_DMA 3 RTI3_DMA REQ_3
Table 4-75. RTI Capture Events
This table describes the module capture events.
Module Module Capture Capture Event Source Signal Source Type Description
Instance Event Input
RTIO RTIO_CAPEVT 0 SoC_TIMESYNC_XBAROUT_ |SoC Time Pulse |RTIO Counter Capture Input Event
2 Sync Crossbar
(TIMESYNC_XBAR)
RTIO_CAPEVT 1 SoC_TIMESYNC_XBAROUT _
3
RTI1  |RTI1_CAPEVT_0 SoC_TIMESYNC_XBAROUT_ RTI1 Counter Capture Input Event
4
RTI1_CAPEVT _1 SoC_TIMESYNC_XBAROUT _
5
RTI2  |RTI2_CAPEVT_0 SoC_TIMESYNC_XBAROUT_ RTI2 Counter Capture Input Event
6
RTI2_CAPEVT 1 SoC_TIMESYNC_XBAROUT _
7
RTI3  |RTI3_CAPEVT_0 SoC_TIMESYNC_XBAROUT_ RTI3 Counter Capture Input Event
8
RTI3_CAPEVT_1 SoC_TIMESYNC_XBAROUT _
9
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Note
For more information on the interconnects, see the System Interconnect chapter.

For more information on the power, reset and clock management, see the corresponding sections
within the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.24 WWDT Integration

There are 2x WWDT (1 per core) modules integrated in the device. The diagram and tables below show the
device integration details.

PER_PLL_HSDIVO_CLKOUTO —
CORE_PLL_HSDIVO_CLKOUT1 —>

Device

J_>—> WWDT_RTI#_VBUSCLK
SYSCLK

XTALCLK —»|
RCOSC (10MHz) —>

RCOSC (10MHz) —»
XTALCLK —»
RCCLK32K—>»

RCM
WWDT# CLK_SRC_SEL
WWDT# RST CTRL

Warm Reset Sources

PORz

WWDTH#

- » WWDT_RTI# CLK
RTIO_WWD_NMI ——PN—3{ R5FSS0-COREOQ

RTI1_WWD_NMI R5FSS0-CORE1

\ 4

RTI_RESETn ———{ TOP_RCM

WWDT_RTI#_WARMRESET

» WWDT_RTI# POR

< VBUSP PERI Interconnect >

Figure 4-27. WWDT Integration

The tables below summarize the integration of WWDT# (where # = 0, 1) in the device.
Each WWDT# instance is supplied by dedicated WWDTCLK# mux.

Table 4-76. WWDT Device Integration
This table describes the module device integration details.

izl Device Allocation SoC Interconnect
Instance

WWDTO v VBUSP CORE Interconnect

WWDT1 v VBUSP CORE Interconnect
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Table 4-77. WWDT Clocks

This table describes the module clocking signals.

Module | y1odule Clock Input | Source Clock Signal Source MODE MODE2 Description
Instance Frequency | Frequency
WWDT# |WWDT# ICLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz WWDT# VBUSP
(VBUSP_CLK) HSDIVO_CLKOUTO Interface Clock
WWDT#_FCLK WUCPUCLK Wake up CPU CLO 25MHz  |25MHz WWDT# Functional
(WWDT_CLK) Clock
RCCLK10M Internal 10MHz RC 10MHz |10MHz
Oscillator
(RCCLK10M)
SYS_CLK PLL_CORE_CLK: 200MHz |250MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192MHz | 240MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 500MHz | 500MHz
CLKOUT1 HSDIVO_CLKOUT1
RCCLK10M Internal 10MHz RC 10MHz | 10MHz
Oscillator
(RCCLK10M)
XTALCLK External Crystal (XTAL) 25MHz  [25MHz
RCCLK32K 32KHz RC clock 32KHz |32KHz

where #is 0 to 1

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Note

Table 4-78. WWDT Resets

This table describes the module reset signals.

e Module Reset Input Source Reset Signal Source Description
Instance
WWDTO |WWDTO_RST Warm Reset RCM Reset Control Register + |WWDTO Asynchronous Reset
(MOD_G_RST) Warm Reset Sources
WWDTO0_POR_RST POR Reset Device Power-On Reset WWDTO Power-On Reset
(MOD_POR_RST)
WWDT1 |WWDT1_RST Warm Reset RCM Reset Control Register + |WWDT1 Asynchronous Reset
(MOD_G_RST) Warm Reset Sources
WWDT1_POR_RST POR Reset Device Power-On Reset WWDT1 Power-On Reset
(MOD_POR_RST)

Table 4-79. WWDT Interrupt Requests
This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
WWDTO |WwWDT0_NMI_REQ ESMO_PLS_IN_0 ESMO Pulse |WWDTO Window Watchdog
Violation Non-Maskable Interrupt
R5FSS0_0_VIM_154 R5FSS0_COREO (NMI) Event
WWDT1 |WWDT1_NMI_REQ ESMO_PLS_IN_1 ESMO Pulse |WWDT1 Non-Maskable Interrupt
(NMI) Event
R5FSS0_1_VIM_154 R5FSS0_CORE1
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Table 4-80. RTI Capture Events
This table describes the module capture events.
Module Module Capture Capture Event Source Signal Source Type Description
Instance Event Input
WWDTO |WWDTO_CAPEVT_0 [SoC_TIMESYNC_XBAROUT_ |SoC Time Level |WWDTO Counter Capture Input
2 Sync Crossbar Event
(TIMESYNC_XBAR)
WWDTO_CAPEVT 1 |SoC_TIMESYNC_XBAROUT _
3
WWDT1 |WWDT1_CAPEVT_0 [SoC_TIMESYNC_XBAROUT_ WWDT1 Counter Capture Input
4 Event
WWDT1_CAPEVT_1 |SoC_TIMESYNC_XBAROUT_
5
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4.25 DCC Integration

There are 4x DCC modules integrated in the device. The diagram below provides a visual representation of the

device integration details.

Device
DCC#
SYSCLK —————————%  DCCH_VBUSCLK
DCC#_INTR_ERR_LEVEL_0O
DCC# RST_CTRL DCCH#_INTR_DONE_LEVEL 0

DCC#_RST
Warm Reset Sources

INFRAOQ VBUSP Interconnect

|
|
|
|
|
|
|
|
|
|
|
: RCM
|
|
|
|
|
|
|
|
|
|
|

DCCO_ERR_LEVEL

—A

ﬁ_

Figure 4-28. DCC Integration Diagram

The tables below summarize the device integration details of DCC.

Table 4-81. DCC Device Integration

This table describes the module device integration details.

» TOPRCM: LIMP MODE

Module Instance Device Allocation SoC Interconnect
MAIN_DCCO v INFRAO VBUSP Interconnect
MAIN_DCCA1 v INFRAO VBUSP Interconnect
MAIN_DCC2 v INFRAO VBUSP Interconnect
MAIN_DCC3 v INFRAO VBUSP Interconnect

Table 4-82. DCC Clocks
This table describes the module clocking signals.

Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
MAIN_DCC |MAIN_DCCO0_CLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz MAIN_DCCO Interface
0 (VBUSP_CLK) HSDIVO_CLKOUTO Clock
MAIN_DCC |MAIN_DCC1_CLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz MAIN_DCC1 Interface
1 (VBUSP_CLK) HSDIVO_CLKOUTO Clock
MAIN_DCC |MAIN_DCC2_CLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz MAIN_DCC?2 Interface
2 (VBUSP_CLK) HSDIVO_CLKOUTO Clock
MAIN_DCC |MAIN_DCC3_CLK SYS_CLK PLL_CORE_CLK: 200MHz [250MHz MAIN_DCCS3 Interface
3 (VBUSP_CLK) HSDIVO_CLKOUTO Clock
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Note
MODE1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices
Table 4-83. DCC Resets
This table describes the module reset signals.
Module Module Reset Input Source Reset Signal Source Description
Instance
MAIN_DCC |MAIN_DCCO_RST Warm Reset RCM + Warm Reset Sources Synchronous Assertion Reset, Active
0 (SYNC_RST_N) Low
MAIN_DCC [MAIN_DCC1_RST Warm Reset RCM + Warm Reset Sources Synchronous Assertion Reset, Active
1 (SYNC_RST_N) Low
MAIN_DCC |MAIN_DCC2_RST Warm Reset RCM + Warm Reset Sources Synchronous Assertion Reset, Active
2 (SYNC_RST_N) Low
MAIN_DCC |[MAIN_DCC3_RST Warm Reset RCM + Warm Reset Sources Synchronous Assertion Reset, Active
3 (SYNC_RST_N) Low
Table 4-84. DCC Interrupt Requests
This table describes the module interrupt requests.
Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
MAIN_DCCO |DCCO_done DCCO_done ALL R5FSS Level |DCC Done Interrupt
Cores
DCCO_errror DCCO_errror ESM Level |DCC Error Interrupt
MAIN_DCC1 |DCC1_done DCC1_done ALL R5FSS Level |DCC Done Interrupt
Cores
DCC1_error DCC1_errror ESM Level |DCC Error Interrupt
MAIN_DCC2 |DCC2_done DCC2_done ALL R5FSS Level |DCC Done Interrupt
Cores
DCC2_errror DCC2_errror ESM Level |DCC Error Interrupt
MAIN_DCC3 |DCC3_done DCC3_done ALL R5FSS Level |DCC Done Interrupt
Cores
DCC3_errror DCC3_errror ESM Level |DCC Error Interrupt

For more information on the interconnects, see the System Interconnect chapter.

Note

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.25.1
Table 4-85. DCCO - DCC1 Input Source Clock Mapping
MAIN Domain MAIN_DCCO MAIN_DCC1
Input0 Input1 Input0 Input1
MUXo MUX1 MUXo MUX1
o 1 2 s o [+ 2 3 & 5 & 1 |8 o [EEE o 1 2 [3 [« 5 s 7
Clock Source: Input: CLKO CLK1 CLKO CLK1
XTALCLK Crystal v v v
Clock
RCCLK10M Internal v v
10Mhz
RC
Oscillator.
Always
on
EXT_REFCLK External v v v
Ref clock
RCCLK32K 32KHz v v v
RC clock
PLL_CORE_CLKOU
T
DPLL_CORE_HSDI |Root
VO0_CLKOUTO clock for
Processo
r SS and
Interconn
ect
DPLL_CORE_HSDI |CPSW/ v
VO0_CLKOUT1 ICSSG
RGMII/
GMIl
Clock
DPLL_CORE_HSDI | CONTRO v
VO0_CLKOUT2 LSS
Periphera
Is
DPLL_CORE_HSDI |FSS and v
V0_CLKOUT3 OSPI
PLL_ETH_CLKOUT
DPLL_ETH_HSDIVO | CPSW/ v
_CLKOUTO ICSSG
RGMII/
GMII
Clock/
ICSS
HDSL
DPLL_ETH_HSDIVO | OSPI v
_CLKOUT2
DPLL_ETH_HSDIVO
_CLKOUT3
PLL_PER_CLKOUT
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Table 4-85. DCCO - DCC1 Input Source Clock Mapping (continued)
MAIN Domain MAIN_DCCO MAIN_DCC1
Input0 Input1 Input0 Input1
MUX0 MUX1 MUX0 MUX1
o [+ 2 s o [t 2 3 & 5 & 1 8 o o 1 2 s o [t 2 3 [+ 5 [ 7
Clock Source: Input: CLKO CLK1 CLKO CLK1
DPLL_PER_HSDIV |Periphera v
0_CLKOUTO | Clocking
DPLL_PER_HSDIV |CPSW/ v
0_CLKOUT1 ICSSG
RGMII/
GMIl
Clock
DPLL_PER_HSDIV |UART v
0_CLKOUT2 5mbps
clocking
DPLL_PER_HSDIV |OSPI v
0_CLKOUT3
Other IP Clocks
R5SS0_CLK R5 v
Cluster 0
Clock
SYS_CLK Interconn v
ect
system
clock
WDTO0_CLK Watch
dog timer
WDT1_CLK Watch
dog timer
MCANO_CLK MCAN
clock
MCAN1_CLK MCAN
clock
TEMPSENSE_32K_ | 32KHz
CLK Clock
(divided
down
from
XTALCLK
)
RMII1_REFCLK 10
Referenc
e clock
input
RMII2_REFCLK 10
Referenc
e clock
input
RGMII1_RXC 10
Receive
clock
input
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Table 4-85. DCCO - DCC1 Input Source Clock Mapping (continued)

MAIN Domain

MAIN_DCCO

MAIN_DCC1

Input0

Input1

Input0

MUX0

MUX1

MUX0

Clock Source:

Input:

RGMII2_RXC

10
Receive
clock
input

MIl1_RXCLK

10
Receive
clock
input

MII2_RXCLK

10
Receive
clock
input

PRO_MII0_RXCLK

10
Receive
clock
input

PRO_MII1_RXCLK

10
Receive
clock
input

FSI0_RX_CLK

10
Receive
clock
input

USB2_UTMI_CLK

UsB2
UTMI
clock

ICSS0_CORE_CLK

ICSS0
core
clock

ICSS1_CORE_CLK

ICSS1
core
clock

PR1_MII0_RXCLK

10
Receive
clock
input

PR1_MII1_RXCLK

10
Receive
clock
input
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Table 4-86. DCC2 - DCC3 Input Source Clock Mapping

MAIN Domain MAIN_DCC2

MAIN_DCC3

Input0

Input1

Input0

Input1

MUX0

MUX1

MUX0

MUX1

0 [1 E [3

4 |5 B [7 03 [1

0

b 2 5 | g &

Clock
Source:

Input: CLKO

CLK1

CLKO

CLK1

XTALCL
K

Crystal |v
Clock

v

RCCLK
10M

Internal v
10Mhz
RC
Oscillat
or.
Always
on

EXT_R
EFCLK

External v
Ref
clock

RCCLK
32K

32KHz v
RC
clock

PLL_ C
ORE_C
LKOUT

DPLL_C
ORE_H

SDIVO_
CLKOU

TO

Root
clock for
Process
or SS
and
Intercon
nect

DPLL_C
ORE_H
SDIVO_
CLKOU
T

CPSW/
ICSSG
RGMII/
GMIlI
Clock

DPLL_C
ORE_H

SDIVO_

CLKOU

T2

CONTR
oLsS
Peripher
als

DPLL_C
ORE_H

SDIVO_

CLKOU

T3

FSS
and
OSPI

PLL_ET
H_CLK
ouT
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Table 4-86. DCC2 - DCC3 Input Source Clock Mapping (continued)

MAIN Domain MAIN_DCC2

MAIN_DCC3

Input0

Input1

Input0

MUX0

MUX1

MUX0

0 ‘ 1

0

I0,3] ‘1

Clock Input: CLKO
Source:

CLK1

CLKO

DPLL_E | CPSW/
TH_HS |ICSSG
DIVO_C |RGMIl/
LKOUT | GMII

0 Clock/
ICSS
HDSL

DPLL_E | OSPI
TH_HS
DIVO_C
LKOUT
2

DPLL_E
TH_HS
DIVO_C
LKOUT
3

PLL_PE
R_CLK
out

DPLL_P | Peripher
ER_HS |al
DIVO_C | Clockin
LKOUT |g

0

DPLL_P | CPSW/
ER_HS |ICSSG
DIVO_C |RGMIl/
LKOUT | GMII
1 Clock

DPLL_P | UART
ER_HS |5mbps
DIVO_C | clocking
LKOUT
2

DPLL_P | OSPI
ER_HS
DIVO_C
LKOUT
3

Other IP
Clocks

R5SS0_ |R5
CLK Cluster
0 Clock

SYS_C |Intercon
LK nect
system
clock
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Table 4-86. DCC2 - DCC3 Input Source Clock Mapping (continued)
MAIN Domain MAIN_DCC2 MAIN_DCC3
Input0 Input1 Input0 Input1
MUX0 MUX1 MUX0 MUX1
0 [1 E [3 0 [1 2 E 4 |5 B [7 03 [1 E 0 1 2 E 4 5 E [7
Clock |Input: |CLKO CLK1 CLKO CLK1
Source:
WDTO_ | Watch v
CLK dog
timer
WDT1_ | Watch v
CLK dog
timer
MCANO | MCAN v
_CLK clock
MCAN1 | MCAN v
_CLK clock
TEMPS | 32KHz v
ENSE_ | Clock
32K_CL | (divided
K down
from
XTALCL
K)
RMII1_ |10 v
REFCL | Referen
K ce clock
input
RMII2_ |IO v
REFCL | Referen
K ce clock
input
RGMII1 |10 v
_RXC Receive
clock
input
RGMII2 | IO v
_RXC Receive
clock
input
MII1_R |10 v
XCLK Receive
clock
input
MI2_R |IO v
XCLK Receive
clock
input
PRO_MI | 1O v
10_RXC | Receive
LK clock
input
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Table 4-86. DCC2 - DCC3 Input Source Clock Mapping (continued)
MAIN Domain MAIN_DCC2 MAIN_DCC3
Input0 Input1 Input0 Input1
MUX0 MUX1 MUX0 MUX1
0 [1 E [3 0 [1 2 E 4 |5 B [7 03 [1 E 0 1 2 E 4 5 E [7
Clock Input: CLKO CLK1 CLKO CLK1
Source:
PRO_MI |10 v
11_RXC |Receive
LK clock
input
FSIO_R |IO
X_CLK |Receive
clock
input
USB2_ |USB2
UTMI_C |UTMI
LK clock
ICSS0_ |ICSS0
CORE_ |core
CLK clock
ICSS1_ |ICSS1
CORE_ |core
CLK clock
PR1_MI | 1O v
10_RXC |Receive
LK clock
input
PR1_MI | IO v
11_RXC |Receive
LK clock
input
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4.26 ESM Integration

There is 1x ESM integrated in the device. The diagram below provides a visual representation of the device
integration details.

The tables below summarize the device integration details of ESM.

DEVICE

SYS_CLK 4|::

ESM_RST_CTRL Bit

Warm Reset Sources

MSS_CTRL_SAFETY_nERROR_MASK

ESM_VBUSCLK

ESM_CLK

ESM_WARMRESET

PORz ————» ESM#_PORZ

n

————— > Level error event
n

———————» Pulse error event

ESM

!

ESM_INT_CFG_LVL

ESM_ER?—LD—%

ESM_ERR_i —QJ

ESM_INT_LOW_LVL

ESM_INT_HIGH_LVL

ERRPIN_MON_LVLT

|-

% Safety Error

R5FSS0-COREL

CRIT_PRI_LVL_INT

HIGH_PRI_WDT_INT

PERI VBUSP INTERCONNECT

|
|
|
|
|
|
|
|
|
|
RSFSSO-COREO |
|
|
|
|
|
|
|
|
|

TOP_RCM

—% WARMRSTn
WARM RST SRC

Figure 4-29. ESM Integration Diagram

Table 4-87. ESM Device Integration

This table describes the ESM device integration details.

ESM Instance

Device Allocation

SoC Interconnect

ESMO

v

INFRAO VBUSP Interconnect

Table 4-88. ESM Clocks

This table describes the ESM clocking signals.

ESMO_CLK

HSDIVO_CLKOUTO

ESM ESM Clock Input Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
ESMO ESMO0_VBUSCLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz ESMO VBUSP Interface

Clock

ESMO Functional Clock

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Note

144

AM261x Technical Reference Manual

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

www.ti.com

Module Integration

Table 4-89. ESM Resets

This table describes the ESM reset signals.

ESM ESM Reset Input Source Reset Signal Source Description
Instance
ESMO ESMO0_RST Warm Reset RCM + Warm Reset Sources ESMO Asynchronous Reset
(MOD_G_RST)
ESMO0_POR_RST POR Reset Device Power-On Reset ESMO Power-On Reset
(MOD_POR_RST)

Table 4-90. ESM Interrupt Requests

This table describes the ESM interrupt requests.

0

ESMO_INT_LOW_LVL
0

ESMO_INT_LOW_LVL

ESMO_INT_HIGH_LVL
0

ESMO_INT_HIGH_LVL

CRIT_PRI_LVL_INTR

crit_pri_Ivl_intr TOP RCM

HI_PRI_WD_LVL_INT
R

hi_pri_wd_Ivl_intr

ERRPIN_MON_LVL |
NTR

errpin_mon_|Ivl_intr

ESM ESM Interrupt Signal | Destination Interrupt Input Destination Type Description
Instance
ESMO |ESMO_INT_CFG_LVL |ESMO_INT_CFG_LVL ALL R5FSS Cores Level |ESMO Configuration Error Interrupt

ESMO Low Priority Interrupt

ESMO High Priority Interrupt

ESMO Critical Priority Interrupt

ESMO High Priority Watchdog
Interrupt

ESMO Error pin monitor Interrupt

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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4.27 ECC Aggregator Integration

There is 1x ECC Aggregator integrated in the device. The diagram below provides a visual representation of the
device integration details.

Figure 4-30. ECC Aggregator Integration

ECC_AGG

SYS.CLK — »/ ECC_AGGR_CLK

Warm Reset Sources ———  » ECC_AGGR_WARMRESET

SOC_ECCAGGR_CORR_LVL

SOC_ECCAGGR_UNCORR_LVL!

I

INFRA1 VBUSP INTERCONNECT

ESM

ECC Protected Modules

A

>|I FIFO/SRAM/.. |

A

The tables below summarize the device integration details of ECC Aggregator.

Table 4-91. ECC AggregatorDevice Integration

This table describes the ECC Aggregator device integration details.

>II FIFO/SRAM!.. |

ECC Aggregator Device Allocation SoC Interconnect
Instance
ECC Aggregator0 v INFRA1 VBUSP Interconnect

Table 4-92. ECC AggregatorClocks
This table describes the ECC Aggregator clocking signals.

ECC ECC Aggregator Source Clock Signal Source MODE1 MODE2 Description
Aggregato Clock Input Frequency | Frequency
r Instance
ECC ECC_AGGR_CLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz ECC Aggregator
Aggregator HSDIVO_CLKOUTO Interface Clock
0

Note

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices
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Table 4-93. ECC Aggregator Resets

This table describes the ECC Aggregator reset signals.

ECC ECC Aggregator Reset | Source Reset Signal Source Description
Aggregator Input
Instance
ECC ECC_AGGR_WARMRE |Warm Reset RCM + Warm Reset Sources ECC Aggregator0 Asynchronous
Aggregator |SET(VBUSP_RSTn) (MOD_G_RST) Reset
0

Table 4-94. ECC Aggregator Event Requests
This table describes the ECC Aggregator interrupt requests.

ECC ECC Aggregator Destination Interrupt Input Destination Type Description
Aggregat Interrupt Signal
or
Instance
ECC SOC_ECCAGGR_UN |SOC_ECCAGGR_UNCORR_L |ESM Level |ECC AggregatorO uncorrectable
Aggregato CORR LVL 0 VL 0 error event
r0 - - -
SOC_ECCAGGR_CO |SOC_ECCAGGR_CORR_LVL ECC AggregatorQ correctable error
RR_LVL 0 0 event

Table 4-95. Device modules with ECC Aggregator
This table describes the ECC Aggregator interrupt requests.

ECC Aggregator

ECC Aggregator Module instances

ECC Aggregator0

L20CRAM_BANKO

L20CRAM_BANK1

L20CRAM_BANK2

MBOX_SRAM

TPTCO0

TPTCO1

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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There is 1x MCRC integrated in the device. The diagram below provides a visual representation of the device

p

Figure 4-31. MCRC Integration

The tables below summarize the device integration details of MCRC# (where # = 1).

Table 4-96. MCRC Device Integration

This table describes the MCRC device integration details.

MCRC Instance
MCRCO

Device Allocation

SoC Interconnect

v

CORE VBUSM Interconnect

Table 4-97. MCRC Clocks

This table describes the MCRC clocking signals.

MCRC MCRC Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
MCRCO |MCRC_CLK SYS_CLK PLL_CORE_CLK: 200MHz |250MHz MCRCO Interface Clock
HSDIVO_CLKOUTO

Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Table 4-98. MCRC Resets

This table describes the MCRC reset signals.

MCRC MCRC Reset Input Source Reset Signal Source Description
Instance
MCRCO |MCRCO_RST Warm Reset RCM + Warm Reset Sources MCRCO Asynchronous Reset
(MOD_G_RST)
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Table 4-99. MCRC Interrupt Requests
This table describes the MCRC interrupt requests.

MCRC MCRC Interrupt Destination Interrupt Input Destination Type Description

Instance Signal

MCRCO MCRCO_INT _req MCRCO_INT _req ALL R5FSS Level |MCRCO Event Interrupt
Cores

Table 4-100. MCRC DMA Requests
This table describes the MCRC DMA requests.

MCRC MCRC DMA Event | Destination DMA Event Input Destination Type Description
Instance
MCRCO |MCRC0_DMA_0 MCRCO0_dma_req[0] EDMA Crossbar Pulse |MCRCO DMA Request
(DMA_XBAR)

MCRCO_DMA_1 MCRCO_dma_req[1]

MCRCO_DMA_2 MCRCO0_dma_req[2]

MCRCO_DMA_3 MCRCO0_dma_req[3]

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.

4.29 PRU-ICSS XBAR INTRTRO

There is 1x PRU-ICSS XBAR Interrupt Router module integrated in the device. The diagram below provides a
visual representation of the device integration details for the PRU-ICSS XBAR Interrupt Router.

Figure 4-32. PRU-ICSS XBAR Interrupt Router Integration Diagram
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PRU_ICSS_XBAR_INTRTRO
2x3 LIN interrupts——— >
1x6 USART interrupts——————
1x3 12C interrupts——————— >
1x4 SPl interrupts——— >
1x2 OSPI interrupts———— > [15:0] x16 [15:0]
PRU-ICSS
PRU-ICSS
XBAR

13 EDMA requests——————

3x2 CAN interrupts————

8 mailbox interrupts————

4 GPIO_XBAR interrupts————»

The tables below summarize the device integration details of PRU-ICSS XBAR Interrupt router.

Table 4-101. PRU-ICSS XBAR Interrupt router Device Integration

Module Instance Device Allocation SoC Interconnect
PRU_ICSS_XBAR_INTRT v INFRAO VBUSP Interconnect
RO
Table 4-102. PRU-ICSS_XBAR_INTRTRO Clocks
Module Module Clock in_intr Source Clock Signal Source Default Description
Instance Freq
PRU_ICSS_ |SYSCLK SYS_CLK MSS_RCM 200MHz |PRU_ICSS_XBAR_INTRT
XBAR_INTR RO Fnctional and Interface
TRO clock
Table 4-103. PRU-ICSS_XBAR_INTRTRO Resets
Module Module Reset in_intr Source Reset Signal Source Description
Instance
PRU_ICSS |RST SYS_RST MSS_RCM PRU_ICSS_XBAR_INTRTRO Reset
_XBAR_IN
TRTRO
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Table 4-104. PRU-ICSS_XBAR_INTRTRO Output Hardware Requests

Module Module XBAR Destination XBAR signal Destination Type Description
Instance Output
PRU_ICSS_ |outl_intr_0 PR1_SLV_INTR_O PRU-ICSSO Pulse Selectable Hardware Request 0
XBAR_INTR and PRU-
TRO outl_intr_1 PR1_SLV_INTR_1 ICSS1 Selectable Hardware Request 1
outl_intr_2 PR1_SLV_INTR_2 Selectable Hardware Request 2
outl_intr_3 PR1_SLV_INTR_3 Selectable Hardware Request 3
outl_intr_4 PR1_SLV_INTR_4 Selectable Hardware Request 4
outl_intr_5 PR1_SLV_INTR_5 Selectable Hardware Request 5
outl_intr_6 PR1_SLV_INTR_6 Selectable Hardware Request 6
outl_intr_7 PR1_SLV_INTR_7 Selectable Hardware Request 7
outl_intr_8 PR1_SLV_INTR_8 Selectable Hardware Request 8
outl_intr_9 PR1_SLV_INTR_9 Selectable Hardware Request 9
outl_intr_10 PR1_SLV_INTR_10 Selectable Hardware Request 10
outl_intr_11 PR1_SLV_INTR_11 Selectable Hardware Request 11
outl_intr_12 PR1_SLV_INTR_12 Selectable Hardware Request 12
outl_intr_13 PR1_SLV_INTR_13 Selectable Hardware Request 13
outl_intr_14 PR1_SLV_INTR_14 Selectable Hardware Request 14
outl_intr_15 PR1_SLV_INTR_15 Selectable Hardware Request 15
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Table 4-105. PRU_ICSS_XBAR_INTRTRO in_intr Hardware Requests
Module Instance Source Module Source in_intr signal XBAR Module | Type Description
in_intr
PRU_ICSS_XBAR_INTRTR|LINO lin0_intr_req0 IN_INTRO Level LINO Interrupt Request 0
0 LINO lin0_intr_req1 IN_INTR1 Level LINO Interrupt Request 1
LIN1 lin1_intr_req0 IN_INTR2 Level LIN1 Interrupt Request 0
LIN1 lin1_intr_req1 IN_INTR3 Level LIN1 Interrupt Request 1
LIN2 lin2_intr_req0 IN_INTR4 Level LIN2 Interrupt Request 0
LIN2 lin2_intr_req1 IN_INTRS Level LIN2 Interrupt Request 1
UARTO uart0_irq IN_INTR6 Level UARTO Interrupt
UART1 uart1_irq IN_INTR7 Level UART1 Interrupt
UART2 uart2_irq IN_INTR8 Level UART2 Interrupt
UART3 uart3_irq IN_INTR9 Level UARTS Interrupt
UART4 uart4_irq IN_INTR10 Level UART4 Interrupt
UARTS uartd_irq IN_INTR11 Level UARTS Interrupt
12C0 12C0_IRQ IN_INTR12 Pulse 12CO0 Interrupt
12C1 12C1_IRQ IN_INTR13 Pulse 12C1 Interrupt
12C2 12C2_IRQ IN_INTR14 Pulse 12C2 Interrupt
SPIO SPIO_intr IN_INTR15 Level SPIO Interrupt
SPI1 SPI1_intr IN_INTR16 Level SPI1 Interrupt
SPI2 SPI2_intr IN_INTR17 Level SPI2 Interrupt
SPI3 SPI3_intr IN_INTR18 Level SPI3 Interrupt
OSPIO OSPIO0_intr IN_INTR19 Level OSPIO Interrupt
SOC_EDMAO TPCC_intg IN_INTR20 Pulse | TPCC Global Interrupt
SOC_EDMAO TPCC_int0 IN_INTR21 Pulse | TPCC Region0 Interrupt
SOC_EDMAO TPCC_int1 IN_INTR22 Pulse TPCC Region1 Interrupt
SOC_EDMAO TPCC_int2 IN_INTR23 Pulse TPCC Region2 Interrupt
SOC_EDMAO TPCC_int3 IN_INTR24 Pulse TPCC Region3 Interrupt
SOC_EDMAO TPCC_int4 IN_INTR25 Pulse TPCC Region4 Interrupt
SOC_EDMAO TPCC_int5 IN_INTR26 Pulse TPCC Region5 Interrupt
SOC_EDMAO TPCC_int6 IN_INTR27 Pulse | TPCC Region6 Interrupt
SOC_EDMAO TPCC_int7 IN_INTR28 Pulse | TPCC Region7 Interrupt
SOC_EDMAO TPCC_errint IN_INTR29 Pulse TPCC Error Interrupt
SOC_EDMAO tpcc_mpint IN_INTR30 Pulse TPCC Memory Protection
Violation Interrupt

SOC_EDMAO tptc_erint0 IN_INTR31 Pulse TPCC Interrupt
SOC_EDMAO tptc_erint1 IN_INTR32 Pulse TPCC Interrupt
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Table 4-105. PRU_ICSS_XBAR_INTRTRO in_intr Hardware Requests (continued)

Module Instance Source Module Source in_intr signal XBAR Module |Type Description
in_intr

MCANO mcanss0_ext_ts_rollover_Iv |IN_INTR33 Level MCANO External TimeSync
I_int Rollover Interrupt

MCANO mcanssO_mcan_Ivl_int 0 |IN_INTR34 Level MCANO Interrupt 0

MCANO mcanss0_mcan_Ivl_int_1 IN_INTR35 Level MCANOQO Interrupt 1

MCAN1 mcanss1_ext_ts_rollover_Iv | IN_INTR36 Level MCAN1 External TimeSync
I_int Rollover Interrupt

MCAN1 mcanss1_mcan_Ivl_int_ 0 |IN_INTR37 Level MCAN?1 Interrupt O

MCAN1 mcanss1_mcan_Ivl_int_1 IN_INTR38 Level MCANT1 Interrupt 1

MSS_CTRL ICSSMO_PRUO_MBOX_R |IN_INTR39 Level PRU-ICSS0 MAILBOX PRU
EAD_REQ Request Interrupt 0

MSS_CTRL ICSSMO0_PRU1_MBOX_R |IN_INTR40 Level PRU-ICSS0 MAILBOX PRU
EAD_REQ Request Interrupt 1

MSS_CTRL ICSSMO0_PRUO_MBOX_R |IN_INTR41 Level PRU-ICSS0 MAILBOX PRU
EAD_DONE Acknowledge Interrupt O

MSS_CTRL ICSSMO0_PRU1_MBOX_R |IN_INTR42 Level PRU-ICSS0 MAILBOX PRU
EAD_DONE Acknowledge Interrupt 1

MSS_CTRL ICSSM1_PRUO_MBOX_R |IN_INTR43 Level PRU-ICSS1 MAILBOX PRU
EAD_REQ Request Interrupt 0

MSS_CTRL ICSSM1_PRU1_MBOX_R |IN_INTR44 Level PRU-ICSS1 MAILBOX PRU
EAD_REQ Request Interrupt 1

MSS_CTRL ICSSM1_PRUO_MBOX_R |IN_INTR45 Level PRU-ICSS1 MAILBOX PRU
EAD_DONE Acknowledge Interrupt 0

MSS_CTRL ICSSM1_PRU1_MBOX_R |IN_INTR46 Level PRU-ICSS1 MAILBOX PRU
EAD_DONE Acknowledge Interrupt 1

GPIO_XBAR GPIO_xbarout_0 IN_INTR47 Pulse GPIO XBARO Interrupt

GPIO_XBAR GPIO_xbarout_1 IN_INTR48 Pulse GPIO XBAR1 Interrupt

GPIO_XBAR GPIO_xbarout_2 IN_INTR49 Pulse GPIO XBAR2 Interrupt

GPIO_XBAR GPIO_xbarout_3 IN_INTR50 Pulse GPIO XBARS Interrupt

OSPI1 OSPI1_intr IN_INTR51 Level OSPI1 Interrupt

4.30 GPIO XBAR INTRTRO

There is 1x GPIO XBAR Interrupt Router module integrated in the device. The diagram below provides a visual

representation of the device integration details for GPIO XBAR Interrupt router.

Figure 4-33. GPIO XBAR Interrupt Router Integration Diagram
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GPIO_XBAR_INTRTRO

9 Bank interrupts from gpio_144.0——»

x4——» |[50:47]

9 Bank interrupts from gpio_144.1

ICSSM_XBAR

x4——— | [72:69]
EDMA_TRIGGER

Intr_143——»—— x6———» [17:12]
SOC_TIMESYNC_
XBARO
Intr_0 >
X6 |[45:40]
Intr_143——»—— SOC_TIMESYNC_
XBAR1

MUX_GPIO_143
2:1 Mux

ICSSM1 Interrupts
(if ICSSM1_INPUT_INTR_SEL[x] =0)

[167:164]
VIMO

[167:164]
vim1

SYSCLK
MSS_INFRA_RST_CTRL
Warm Reset Sources
< PERI VBUSP INTERCONNECT >
The tables below summarize the device integration details of GPIO XBAR Interrupt router.
Table 4-106. GPIO XBAR Intrrupt router Device Integration
Module Instance Device Allocation SoC Interconnect
GPIO_XBAR_INTRTRO v INFRAO VBUSP Interconnect
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Table 4-107. GPIO_XBAR_INTRTRO Clocks
Module Module Clock in_intr Source Clock Signal Source Default Description
Instance Freq
GPIO_XBAR [SYSCLK SYS_CLK MSS_RCM 200MHz |GPIO_XBAR_INTRTRO
_INTRTRO Functional and Interface
clock
Table 4-108. GPIO_XBAR_INTRTRO Resets
Module Module Reset in_intr Source Reset Signal Source Description
Instance
GPIO_XBA |RST SYS_RST MSS_RCM GPIO_XBAR_INTRTRO Reset
R_INTRTR
0
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Table 4-109. GPIO_XBAR_INTRTRO Ouput Hardware Requests
Module Module XBAR Destination XBAR signal Destination Description Type
Instance Output
GPIO_XBAR |outl_intr_0 GPIO_XBAR_ICSSM_out_0 ICSSM_XBAR Selectable Hardware Request0 Pulse
INTRTRO
- outl_intr_1 GPIO_XBAR_ICSSM_out_1 ICSSM_XBAR Selectable Hardware Request1
outl_intr_2 GPIO_XBAR_ICSSM_out_2 ICSSM_XBAR Selectable Hardware Request2
outl_intr_3 GPIO_XBAR_ICSSM_out_3 ICSSM_XBAR Selectable Hardware Request3
outl_intr_4 GPIO_XBAR_EDMA_out_0 EDMA_XBAR Selectable Hardware Request4
outl_intr 5 GPIO_XBAR_EDMA out_1 EDMA_XBAR Selectable Hardware Request5
outl_intr_6 GPIO_XBAR_EDMA_out_2 EDMA_XBAR Selectable Hardware Request6
outl_intr_7 GPIO_XBAR_EDMA_out_3 EDMA_XBAR Selectable Hardware Request7
outl_intr_8 GPIO_XBAR_TimeSync_out_ 0 |SOC_TIMESYN Selectable Hardware Request8
C_XBARO/
SOC_TIMESYN
C_XBAR1
outl_intr_9 GPIO_XBAR_TimeSync_out_1 |SOC_TIMESYN Selectable Hardware Request9
C_XBARO/
SOC_TIMESYN
C_XBAR1
outl_intr_10 GPIO_XBAR_TimeSync_out 2 |SOC_TIMESYN| Selectable Hardware Request10
C_XBARO/
SOC_TIMESYN
C_XBAR1
outl_intr_11 GPIO_XBAR_TimeSync_out_3 |SOC_TIMESYN Selectable Hardware Request11
C_XBARO/
SOC_TIMESYN
C_XBAR1
outl_intr_12 GPIO_XBAR_TimeSync_out_ 4 |SOC_TIMESYN| Selectable Hardware Request12
C_XBARO/
SOC_TIMESYN
C_XBAR1
outl_intr_13 GPIO_XBAR_TimeSync_out 5 |SOC_TIMESYN| Selectable Hardware Request13
C_XBARO0/
SOC_TIMESYN
C_XBAR1
outl_intr_14 GPIO_XBAR_ICSSM1_out_0 ICSSM1 Selectable Hardware Reques14
INTC(")
outl_intr_15 GPIO_XBAR_ICSSM1_out_1 ICSSM1 Selectable Hardware Request15
INTC(")
outl_intr_16 GPIO_XBAR_ICSSM1_out_2 ICSSM1 Selectable Hardware Request16
INTC()
outl_intr_17 GPIO_XBAR_ICSSM1_out_3 ICSSM1 Selectable Hardware Request17
INTC()
outl_intr_18 GPIO_XBAR_ICSSM1_out_4 ICSSM1 Selectable Hardware Request18
INTC()
outl_intr_19 GPIO_XBAR_ICSSM1_out_5 ICSSM1 Selectable Hardware Request19
INTC)
outl_intr_20 GPIO_XBAR_ICSSM1_out_6 ICSSM1 Selectable Hardware Request20
INTC
outl_intr_21 GPIO_XBAR_ICSSM1_out_7 ICSSM1 Selectable Hardware Request21
INTC(")
outl_intr_22 GPIO_XBAR_VIMO_out_0 VIM_0 Selectable Hardware Request22
outl_intr_23 GPIO_XBAR_VIMO_out_1 VIM_0 Selectable Hardware Request23
outl_intr_24 GPIO_XBAR_VIMO_out_2 VIM_0 Selectable Hardware Request24
outl_intr_25 GPIO_XBAR_VIMO_out_3 VIM_0 Selectable Hardware Request25
outl_intr_26 GPIO_XBAR_VIM1_out 0 VIM_1 Selectable Hardware Request26
outl_intr_27 GPIO_XBAR_VIM1_out_1 VIM_1 Selectable Hardware Request27
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Table 4-110. GPIO_XBAR_INTRTRO in_intr Hardware Requests

Module Instance Source Module Source in_intr signal XBAR Module Description Type
in_intr
GPIO_XBAR_INTRTRO |GPIO_0O mux_GPIO_0 in_intr_0O gpio_144x.intr_0 in_intr Pulse
GPIO_1 mux_GPIO_1 in_intr_1 gpio_144x.intr_1 in_intr
GPIO_2 mux_GPIO_2 in_intr_2 gpio_144x.intr_2 in_intr
GPIO_3 mux_GPIO_3 in_intr_3 gpio_144x.intr_3 in_intr
GPIO_4 mux_GPIO_4 in_intr_4 gpio_144x.intr_4 in_intr
GPIO_5 mux_GPIO_5 in_intr_5 gpio_144x.intr_5 in_intr
GPIO_6 mux_GPIO_6 in_intr_6 gpio_144x.intr_6 in_intr
GPIO_7 mux_GPIO_7 in_intr_7 gpio_144x.intr_7 in_intr
GPIO_8 mux_GPIO_8 in_intr_8 gpio_144x.intr_8 in_intr
GPIO_9 mux_GPIO_9 in_intr_9 gpio_144x.intr_9 in_intr
GPIO_10 mux_GPIO_10 in_intr_10 gpio_144x.intr_10 in_intr
GPIO_11 mux_GPIO_11 in_intr_11 gpio_144x.intr_11 in_intr
GPIO_12 mux_GPIO_12 in_intr_12 gpio_144x.intr_12 in_intr
GPIO_13 mux_GPIO_13 in_intr_13 gpio_144x.intr_13 in_intr
GPIO_14 mux_GPIO_14 in_intr_14 gpio_144x.intr_14 in_intr
GPIO_15 mux_GPIO_15 in_intr_15 gpio_144x.intr_15 in_intr
GPIO_16 mux_GPIO_16 in_intr_16 gpio_144x.intr_16 in_intr
GPIO_17 mux_GPIO_17 in_intr_17 gpio_144x.intr_17 in_intr
GPIO_18 mux_GPIO_18 in_intr_18 gpio_144x.intr_18 in_intr
GPIO_19 mux_GPIO_19 in_intr_19 gpio_144x.intr_19 in_intr
GPIO_20 mux_GPIO_20 in_intr_20 gpio_144x.intr_20 in_intr
GPIO_21 mux_GPIO_21 in_intr_21 gpio_144x.intr_21 in_intr
GPIO_22 mux_GPI0O_22 in_intr_22 gpio_144x.intr_22 in_intr
GPIO_23 mux_GPIO_23 in_intr_23 gpio_144x.intr_23 in_intr
GPIO_24 mux_GPIO_24 in_intr_24 gpio_144x.intr_24 in_intr
GPIO_25 mux_GPIO_25 in_intr_25 gpio_144x.intr_25 in_intr
GPIO_26 mux_GPIO_26 in_intr_26 gpio_144x.intr_26 in_intr
GPIO_27 mux_GPIO_27 in_intr_27 gpio_144x.intr_27 in_intr
GPIO_28 mux_GPIO_28 in_intr_28 gpio_144x.intr_28 in_intr
GPIO_29 mux_GPI10_29 in_intr_29 gpio_144x.intr_29 in_intr
GPIO_30 mux_GPI10_30 in_intr_30 gpio_144x.intr_30 in_intr
GPIO_31 mux_GPIO_31 in_intr_31 gpio_144x.intr_31 in_intr
GPIO_32 mux_GPIO_32 in_intr_32 gpio_144x.intr_32 in_intr
GPIO_33 mux_GPIO_33 in_intr_33 gpio_144x.intr_33 in_intr
GPIO_34 mux_GPIO_34 in_intr_34 gpio_144x.intr_34 in_intr
GPIO_35 mux_GPIO_35 in_intr_35 gpio_144x.intr_35 in_intr
GPIO_36 mux_GPIO_36 in_intr_36 gpio_144x.intr_36 in_intr
GPIO_37 mux_GPI0O_37 in_intr_37 gpio_144x.intr_37 in_intr
GPIO_38 mux_GPI10O_38 in_intr_38 gpio_144x.intr_38 in_intr
GPIO_39 mux_GPIO_39 in_intr_39 gpio_144x.intr_38 in_intr
GPIO_40 mux_GPIO_40 in_intr_40 gpio_144x.intr_40 in_intr
GPIO_41 mux_GPIO_41 in_intr_41 gpio_144x.intr_41 in_intr
GPIO_42 mux_GPIO_42 in_intr_42 gpio_144x.intr_42 in_intr
GPIO_43 mux_GPIO_43 in_intr_43 gpio_144x.intr_43 in_intr
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Table 4-110. GPIO_XBAR_INTRTRO in_intr Hardware Requests (continued)
Module Instance Source Module Source in_intr signal XBAR Module Description Type
in_intr
GPIO_44 mux_GPIO_44 in_intr_44 gpio_144x.intr_44 in_intr
GPIO_45 mux_GPIO_45 in_intr_45 gpio_144x.intr_45 in_intr
GPIO_46 mux_GPIO_46 in_intr_46 gpio_144x.intr_46 in_intr
GPIO_47 mux_GPIO_47 in_intr_47 gpio_144x.intr_47 in_intr
GPIO_48 mux_GPIO_48 in_intr_48 gpio_144x.intr_48 in_intr
GPIO_49 mux_GPI10_49 in_intr_49 gpio_144x.intr_49 in_intr
GPIO_50 mux_GPI10_50 in_intr_50 gpio_144x.intr_50 in_intr
GPIO_51 mux_GPIO_51 in_intr_51 gpio_144x.intr_51 in_intr
GPIO_52 mux_GPIO_52 in_intr_52 gpio_144x.intr_52 in_intr
GPIO_53 mux_GPIO_53 in_intr_53 gpio_144x.intr_53 in_intr
GPIO_54 mux_GPIO_54 in_intr_54 gpio_144x.intr_54 in_intr
GPIO_55 mux_GPIO_55 in_intr_55 gpio_144x.intr_55 in_intr
GPIO_56 mux_GPIO_56 in_intr_56 gpio_144x.intr_56 in_intr
GPIO_57 mux_GPI0_57 in_intr_57 gpio_144x.intr_57 in_intr
GPIO_58 mux_GPI10O_58 in_intr_58 gpio_144x.intr_58 in_intr
GPIO_59 mux_GPIO_59 in_intr_59 gpio_144x.intr_59 in_intr
GPIO_60 mux_GPIO_60 in_intr_60 gpio_144x.intr_60 in_intr
GPIO_61 mux_GPIO_61 in_intr_61 gpio_144x.intr_61 in_intr
GPIO_62 mux_GPIO_62 in_intr_62 gpio_144x.intr_62 in_intr
GPIO_63 mux_GPIO_63 in_intr_63 gpio_144x.intr_63 in_intr
GPIO_64 mux_GPIO_64 in_intr_64 gpio_144x.intr_64 in_intr
GPIO_65 mux_GPIO_65 in_intr_65 gpio_144x.intr_65 in_intr
GPIO_66 mux_GPIO_66 in_intr_66 gpio_144x.intr_66 in_intr
GPIO_67 mux_GPIO_67 in_intr_67 gpio_144x.intr_67 in_intr
GPIO_68 mux_GPIO_68 in_intr_68 gpio_144x.intr_68 in_intr
GPIO_69 mux_GPIO_69 in_intr_69 gpio_144x.intr_69 in_intr
GPIO_70 mux_GPIO_70 in_intr_70 gpio_144x.intr_70 in_intr
GPIO_71 mux_GPIO_71 in_intr_71 gpio_144x.intr_71 in_intr
GPIO_12 mux_GPIO_72 in_intr_72 gpio_144x.intr_72 in_intr
GPIO_73 mux_GPIO_73 in_intr_73 gpio_144x.intr_73 in_intr
GPIO_74 mux_GPIO_74 in_intr_74 gpio_144x.intr_74 in_intr
GPIO_75 mux_GPIO_75 in_intr_75 gpio_144x.intr_75 in_intr
GPIO_76 mux_GPIO_76 in_intr_76 gpio_144x.intr_76 in_intr
GPIO_77 mux_GPIO_77 in_intr_77 gpio_144x.intr_77 in_intr
GPIO_78 mux_GPIO_78 in_intr_78 gpio_144x.intr_78 in_intr
GPIO_79 mux_GPIO_79 in_intr_79 gpio_144x.intr_79 in_intr
GPIO_80 mux_GPIO_80 in_intr_80 gpio_144x.intr_80 in_intr
GPIO_81 mux_GPIO_81 in_intr_81 gpio_144x.intr_81 in_intr
GPIO_82 mux_GPIO_82 in_intr_82 gpio_144x.intr_82 in_intr
GPIO_83 mux_GPIO_83 in_intr_83 gpio_144x.intr_83 in_intr
GPIO_84 mux_GPIO_84 in_intr_84 gpio_144x.intr_84 in_intr
GPIO_85 mux_GPIO_85 in_intr_85 gpio_144x.intr_85 in_intr
GPIO_86 mux_GPIO_86 in_intr_86 gpio_144x.intr_86 in_intr
GPIO_87 mux_GPIO_87 in_intr_87 gpio_144x.intr_87 in_intr
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Table 4-110. GPIO_XBAR_INTRTRO in_intr Hardware Requests (continued)

Module Instance Source Module Source in_intr signal XBAR Module Description Type
in_intr
GPIO_88 mux_GPIO_88 in_intr_88 gpio_144x.intr_88 in_intr
GPIO_89 mux_GPIO_89 in_intr_89 gpio_144x.intr_89 in_intr
GPIO_90 mux_GPIO_90 in_intr_90 gpio_144x.intr_90 in_intr
GPIO_91 mux_GPIO_91 in_intr_91 gpio_144x.intr_91 in_intr
GPIO_92 mux_GPIO_92 in_intr_92 gpio_144x.intr_92 in_intr
GPIO_93 mux_GPI10_93 in_intr_93 gpio_144x.intr_93 in_intr
GPIO_9%4 mux_GPI10_94 in_intr_94 gpio_144x.intr_94 in_intr
GPIO_95 mux_GPIO_95 in_intr_95 gpio_144x.intr_95 in_intr
GPIO_96 mux_GPIO_96 in_intr_96 gpio_144x.intr_96 in_intr
GPIO_97 mux_GPIO_97 in_intr_97 gpio_144x.intr_97 in_intr
GPIO_98 mux_GPIO_98 in_intr_98 gpio_144x.intr_98 in_intr
GPIO_99 mux_GPIO_99 in_intr_99 gpio_144x.intr_99 in_intr
GPIO_100 mux_GPIO_100 in_intr_100 gpio_144x.intr_100 in_intr
GPIO_101 mux_GPIO_101 in_intr_101 gpio_144x.intr_101 in_intr
GPIO_102 mux_GPI10_102 in_intr_102 gpio_144x.intr_102 in_intr
GPIO_103 mux_GPIO_103 in_intr_103 gpio_144x.intr_103 in_intr
GPIO_104 mux_GPIO_104 in_intr_104 gpio_144x.intr_104 in_intr
GPIO_105 mux_GPIO_105 in_intr_105 gpio_144x.intr_105 in_intr
GPIO_106 mux_GPIO_106 in_intr_106 gpio_144x.intr_106 in_intr
GPIO_107 mux_GPIO_107 in_intr_107 gpio_144x.intr_107 in_intr
GPIO_108 mux_GPIO_108 in_intr_108 gpio_144x.intr_108 in_intr
GPIO_109 mux_GPIO_109 in_intr_109 gpio_144x.intr_109 in_intr
GPIO_110 mux_GPIO_110 in_intr_110 gpio_144x.intr_110 in_intr
GPIO_111 mux_GPIO_111 in_intr_111 gpio_144x.intr_111 in_intr
GPIO_112 mux_GPIO_112 in_intr_112 gpio_144x.intr_112 in_intr
GPIO_113 mux_GPIO_113 in_intr_113 gpio_144x.intr_113 in_intr
GPIO_114 mux_GPIO_114 in_intr_114 gpio_144x.intr_114 in_intr
GPIO_115 mux_GPIO_115 in_intr_115 gpio_144x.intr_115 in_intr
GPIO_116 mux_GPIO_116 in_intr_116 gpio_144x.intr_116 in_intr
GPIO_117 mux_GPIO_117 in_intr_117 gpio_144x.intr_117 in_intr
GPIO_118 mux_GPIO_118 in_intr_118 gpio_144x.intr_118 in_intr
GPIO_119 mux_GPIO_119 in_intr_119 gpio_144x.intr_119 in_intr
GPIO_120 mux_GPIO_120 in_intr_120 gpio_144x.intr_120 in_intr
GPIO_121 mux_GPIO_121 in_intr_121 gpio_144x.intr_121 in_intr
GPIO_122 mux_GPIO_122 in_intr_122 gpio_144x.intr_122 in_intr
GPIO_123 mux_GPIO_123 in_intr_123 gpio_144x.intr_123 in_intr
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Table 4-110. GPIO_XBAR_INTRTRO in_intr Hardware Requests (continued)
Module Instance Source Module Source in_intr signal XBAR Module Description Type
in_intr

GPIO_124 mux_GPIO_124 in_intr_124 gpio_144x.intr_124 in_intr
GPIO_125 mux_GPIO_125 in_intr_125 gpio_144x.intr_125 in_intr
GPIO_126 mux_GPIO_126 in_intr_126 gpio_144x.intr_126 in_intr
GPIO_127 mux_GPIO_127 in_intr_127 gpio_144x.intr_127 in_intr
GPIO_128 mux_GPIO_128 in_intr_128 gpio_144x.intr_128 in_intr
GPIO_129 mux_GPI10O_129 in_intr_129 gpio_144x.intr_129 in_intr
GPIO_130 mux_GPI1O_130 in_intr_130 gpio_144x.intr_130 in_intr
GPIO_131 mux_GPIO_131 in_intr_131 gpio_144x.intr_131 in_intr
GPIO_132 mux_GPIO_132 in_intr_132 gpio_144x.intr_132 in_intr
GPIO_133 mux_GPIO_133 in_intr_133 gpio_144x.intr_133 in_intr
GPIO_134 mux_GPIO_134 in_intr_134 gpio_144x.intr_134 in_intr
GPIO_135 mux_GPIO_135 in_intr_135 gpio_144x.intr_135 in_intr
GPIO_136 mux_GPIO_136 in_intr_136 gpio_144x.intr_136 in_intr
GPIO_137 mux_GPIO_137 in_intr_137 gpio_144x.intr_137 in_intr
GPIO_138 mux_GPI10O_138 in_intr_138 gpio_144x.intr_138 in_intr
GPIO_139 mux_GPIO_139 in_intr_139 gpio_144x.intr_139 in_intr
GPIO_140 mux_GPIO_140 in_intr_140 gpio_144x.intr_140 in_intr
GPIO_141 mux_GPIO_141 in_intr_141 gpio_144x.intr_141 in_intr
GPIO_142 mux_GPIO_142 in_intr_142 gpio_144x.intr_142 in_intr
GPIO_143 mux_GPIO_143 in_intr_143 gpio_144x.intr_143 in_intr
gpio_144_0_bank |mux_GPIO_144 in_intr_144 gpio_144x.intr_144 in_intr
_intr 0O

gpio_144_0_bank |mux_GPIO_145 in_intr_145 gpio_144x.intr_145 in_intr
_intr_1

gpio_144_0_bank |mux_GPIO_146 in_intr_146 gpio_144x.intr_146 in_intr
_intr_2

gpio_144_0_bank |mux_GPIO_147 in_intr_147 gpio_144x.intr_147 in_intr
_intr_3

gpio_144_0_bank |mux_GPIO_148 in_intr_148 gpio_144x.intr_148 in_intr
_intr_4

gpio_144_0_bank |mux_GPIO_149 in_intr_149 gpio_144x.intr_149 in_intr
_intr 5

gpio_144_0_bank |mux_GPIO_150 in_intr_150 gpio_144x.intr_150 in_intr
_intr_6

gpio_144_0_bank |mux_GPIO_151 in_intr_151 gpio_144x.intr_151 in_intr
_intr_7

gpio_144_0_bank |mux_GPIO_152 in_intr_152 gpio_144x.intr_152 in_intr
_intr_8

gpio_144_1_bank |mux_GPIO_153 in_intr_153 gpio_144x.intr_153 in_intr
_intr 0

gpio_144_1_bank |mux_GPIO_154 in_intr_154 gpio_144x.intr_154 in_intr
_intr_1

gpio_144_1_bank |mux_GPIO_155 in_intr_155 gpio_144x.intr_155 in_intr
_intr_2

gpio_144_1_bank |mux_GPIO_156 in_intr_156 gpio_144x.intr_156 in_intr
_intr_3
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Table 4-110. GPIO_XBAR_INTRTRO in_intr Hardware Requests (continued)

Module Instance Source Module Source in_intr signal XBAR Module Description Type
in_intr
gpio_144_1_bank |mux_GPIO_157 in_intr_157 gpio_144x.intr_157 in_intr
_intr_4
gpio_144_1_bank |mux_GPIO_158 in_intr_158 gpio_144x.intr_158 in_intr
_intr_5
gpio_144_1_bank |mux_GPIO_159 in_intr_159 gpio_144x.intr_159 in_intr
_intr_6
gpio_144_1_bank |mux_GPIO_160 in_intr_160 gpio_144x.intr_160 in_intr
_intr_7
gpio_144_1_bank |mux_GPIO_161 in_intr_161 gpio_144x.intr_161 in_intr
_intr_8
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Chapter 5
Initialization

i3 TEXAS INSTRUMENTS

This chapter describes the steps for non-secure device initialization.
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5.1 Initialization Overview

This section describes different stages involved in initialization, starting from SoC power-on to loading and
running an application. Following are the stages involved as shown in the Figure 5-1:

* Hardware Startup Process
* RBL Process
» SBL Process

» Hardware Startup Process :

— Preinitialization: Must provide necessary hardware inputs for the device to function i.e., power, clock,
control connections and the boot configuration pins. All the control and boot configuration pins must be
held at the desired logical levels.

— Power, clock, reset ramp sequence: Specific sequence that is applied by the power-management
chip(s)

Hardware Startup requires an understanding of the process of configuring system interface pins i.e., pads on
the device, which have software-configurable functionality. This configuration is an essential part of the chip
configuration and is application-dependent. This chapter discusses these system-interface pins, the associated
configuration registers, and memory structures that are vital for the proper initialization of the device.

* RBL (ROM Bootloader) Process:

— R5F ROM: ROM code running on R5F0 core is responsible for identifying the boot interface, downloading,
and executing the Secondary Boot Loader (SBL) software.

— HSM ROM: HSM ROM code runs on M4 core performs image integrity/authentication and it allows or
forbids the initial software (SBL) execution.

R5F ROM and HSM ROM primarily focuses on executing the SBL.
ROM Code Overview describes RBL process in detail.
» SBL (Secondary Bootloader) Process :

— Initial software or SBL: Primary software responsible for configuring SoC, that loads and passes control
to the application software.

— HSM RunTime or TIFS-MCU: Firmware running on secure island i.e Cortex M4. This will enable security
services as needed by the application software.

— R5F Runtime or Application: FreeRTOS/ NO RTOS or bare-metal application which runs on main
processor(s).

HSM ROM and SBL collectively boot the HSM RunTime, and the SBL and HSM RunTime collectively boot the
R5F Run Time/ Application

RBL SBL
PROCESS PROCESS
'd
R5FROM  H— R5F SBL d R Bundine —
L (Application)
( HSM RunTime ——
HSM ROM ]_[ (TIFS-McCU)
Time
0 HW Startup >

Figure 5-1. Initialization and Boot Process
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5.1.1 ROM Code Overview

ROM bootloader (or ROM Code) is a multi-core software that resides in a on-chip read-only memory (ROM)
to assist the customer in transferring and executing their SBL and application code. The device has two ROM
codes operating in tandem — the Public ROM code (run on R5F core), and the HSM ROM code (run on M4
core).

The figure below gives a pictorial representation of the various stages of the Boot flow. The HSM ROM starts
after the power-on sequence where PORz/RSTz is provided without any glitches on the pads. HSM ROM
assumes the R5 core is out of reset and halted. The HSM then clears the R5SS0_COREA_HALT register

to un-halt the RS core. Interprocessor communication between the R5 core and HSM is established using
messages through dedicated Mailbox RAM. Write/Read and ACK signals are interrupt based.

APP Response Time

R5 ROM SBL APP
RSF SBL Image [cert ] HSM Image L cert] App Image ] »

LA L] /

HSM ROM ] | [Cert ][ Venty | Deerypt ] HSM RunTime
Cert || Verdy || Decrypt |  [Cert ][ Verify || Decrypt |

i —— |
o s e ——

Figure 5-2. Boot Flow

HSM

In order to accommodate various system scenarios, the ROM Code supports several boot modes. These boot
modes can be broadly classified as:

* Host boot modes

*  Memory boot modes

During a host boot, the device is configured to receive code from a host via the UART interface. ROM Code
receives the application code on the UART interface and stores it in the internal L2 memory.

During a memory boot, the device transfers code from non-volatile memory to internal memory for execution.

The HSM and R5F_0 core will collectively download the SBL image to the internal L2 RAM from the external
QSPI/OSPI flash (in case of QSPI/OSPI boot mode), the external PC (in the case of UART boot mode), or the
USB host in the case of USB DFU boot mode.

In all boot modes, the entire boot operation can be partitioned into two sections:

1. Hardware initialization phase
2. Boot process.

During initialization, the ROM Code configures the device resources (PLLs, peripherals, pins) as needed to
support the boot process. The resources used depend on the boot mode requirements.

During the boot process the boot image can be loaded into device memory and executed. HSM will perform
code verification and allow, or forbid, the image execution.

The main configuration source for boot after power-up are the BOOTMODE pins sampled automatically after
reset release and stored in device status registers. At ROM Code startup, these pin values are read from the
registers to create the boot peripheral list and the boot configuration tables which are used later to initialize and
startup the PLLs and boot peripherals.
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5.1.2 Bootloader Modes

Table 5-1 shows the boot modes supported by ROM code.

Table 5-1. ROM Code Boot Modes

Boot Mode/Peripheral Boot Media/Host Notes

OSPI (4S) - Quad Read Mode OSPI Flash Download and boot SBL from OSPI flash in quad read mode. Attempt

Primary SBL, followed by redundant SBLs if primary loading fails.It
supports UART fallback boot mode if redundant SBLs also fail.

UART External Host Download and boot SBL from UART interface via XMODEM protocol at

115200bps BaudRate.

OSPI (18) - Single Read Mode OSPI Flash Download and boot SBL from OSPI flash in single read mode. Attempt

Primary SBL,followed by redundant SBLs if primary loading fails. It
supports UART fallback boot mode if redundant SBLs also fail.

OSPI (8S) - Octal Read Mode OSPI Flash Download and boot SBL from OSPI flash in octal read mode. Attempt

Primary SBL, followed by redudant SBLs if primary loading fails. It
supports UART fallback boot mode if redundant SBLs also fail.

xSPI1 8D (SFDP) OSPI Flash Read SFDP table for read command, download and boot SBL from

OSPI flash in 8D (DDR) mode. Attempt Primary SBL, followed by
redundant SBLs if primary loading fails. It supports UART fallback boot
mode if redundant SBLs also fail.

USB DFU USB ROM configures USB controller to work in device mode and download

the image into L2 memory to process. Attempt Primary SBL, followed by
redundant SBLs if primary loading fails. It supports UART fallback boot
mode if redundant SBLs also fail.

Supports USB 2.0 device mode at High-Speed (HS, 480 Mbps)

DevBoot N/A This mode is used for SBL development and JTAG based KeyWriter

provision. In this mode, R5 ROM is eclipsed , PLLs are not initialized,
PBIST and memory initialization is not done for TCMA,TCMB and L2.

5.1.3 Boot Terminology

Boot Mode Pins: Boot mode pins provide vital information to ROM code for boot. These pins must be
properly set up before power ramp.

Bootstrap: Initial software launched by the ROM code during the memory booting phase.

Downloaded software: Initial software downloaded into on-chip RAM by the ROM code during the
peripheral booting phase.

eFuse: A one-time programmable memory location usually set at the factory.

Flash loader: Downloaded software launched by the ROM code during the preflashing stage and programs
an image in external memories.

HS device: HS-Security device (SoC)

HS-FS device: (HS-Field Securable) - This is the HS device state before the customer keys are provisioned
in the device (the state at which HS device leaves Tl factory). In this state, secure features are not available
and the device protects the ROM code, Tl keys and certain security peripherals. In this state, the device does
not force authentication for booting.

HS-SE device: (HS-Security Enforced) - This is the HS device state after the customer keys are successfully
provisioned in the device. In an HS-SE device, all security features are enabled, all secrets within the device
are fully protected, all of the security goals are fully enforced, debug override sequence is supported and the
device forces secure booting.

Initial software: Software executed by any of the ROM code mechanisms (memory booting or peripheral
booting). Initial software is a generic term for bootstrap and downloaded software. This can be the SBL
(secondary bootloader) responsible for loading an OS.

Memory booting: ROM code mechanism that consists of downloading initial software from external memory
to OCSRAM and executing.
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Controller CPU: The Arm® Cortex® CPU for which CPU-ID is 0. This core configures the multicore platform
and starts the ROM code to boot device from a mass storage memory (memory booting) or a peripheral
interface (peripheral booting).

Peripheral booting: ROM code mechanism that consists of polling selected interfaces, downloading, and
executing initial software (in this case, downloaded software) in the internal RAM.

Preflashing: A specific case of peripheral booting where the ROM code mechanism is used to program the
external flash memory.

ROM Code: or ROM bootloader (RBL), the on-chip software in device ROM that executes first and
implements booting.

ROM Code-controlled Boot Phase: This phase covers the sequence operations from the time the platform
releases the reset to the time first user- or customer-owned software starts execution. This phase is fully
controlled by the device ROM code.

Booting Parameter Table: A logical structure stored in the on-chip RAM memory and contains information
for the boot, such as the boot file name or an address to boot from.
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5.2 Boot Process

5.2.1 Public ROM Code Architecture

The Public ROM code (run on the R5 core) has the following components and is described in the Figure 5-3
diagram:

* Public ROM Entry

» Boot loop
*  Modules
» Drivers
« IPC
* Logger
( - Public ROM Entry - \
Clear Core register
PBIST TCMB
System Stack Init
TI_AUTO_INIT
System MPU Init
Core PLL configurations
PBIST on L2/TCMA
K IPC Init j
N
s D
Boot Loop
\
\ \ ¥y
Modules Drivers IPC
Certificate Boot Interface » Flash Interface  —» QSPI
IPC Serial X-Modem > UART EDMA
Mailbox
Logger
ipcMsg System RTI e
\ Pinmux SoCID j \ j

Figure 5-3. Public ROM Code Architecture

5.2.1.1 Public ROM Entry
After the HSM unhalts the R5 core, execution starts at this entry point with the following sequence:

Clears core registers

Performs PBIST on TCMB

Sets up exception and main stack
Performs Tl auto Init

Branch to main()

bbb~
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5.2.1.2 Main Module

The Main module performs the following configurations required for the boot on R5 core before entering the boot
loop and then enters the boot loop.

System MPU initialization

Core PLL initialization (ROM uses only core PLL)
Logger module Initialization

System Initialization

pPON~

* VIM module Initialization

* RTIA Initialization

Performs PBIST on TCMA and L2

Performs TCMA and L2 memory initialization

Initializes the IPC module (Mbox RAM meminit is done part of it)

R5 sends ‘Hello message to HSM’ (R5 core indicates HSM that it is ready for boot)

®© N o

5.2.1.3 Boot Loop

Boot loop starts with the identification of the boot interface by reading boot-strap pins. The device supports three
boot interfaces i.e OSPI (NOR Flash), USB and UART. Boot parameters are initialized for the identified interface

OSPI (NOR Flash) :

» Clock Frequency : Depends on 1S or 4S or 8S/8D (See the respective section explained later in the chapter)

* Primary flash image address : 0x0 (SeeSection 5.5 in case of redundant SBL image boot)

» Interface support : Supports fast single, Quad and Octal (SDR and DDR) read modes only with separate
boot pin configuration

UART :

* Baud rate : 115200 bps
* Parity : None

* Databits: 8

» Stop bits : 1

*  Flow control : None

USB :

* Mode: USB 2.0
» Speed: High Speed (480Mbps)

5.2.1.4 Modules
Modules are the interface between main module and the drivers. Following are the modules present.

* Boot interface: Reads the boot mode and identifies the boot interface i.e., UART or OSPI or USB

» Certificate: Reads the length of the certificate and image load address

» Serial x-modem: Handles x-modem protocol needs while receiving image via UART host

» System: Handles VIM and RTIA initializations, provides APlIs for timeout handling and interrupt handling

» ipcMsg: The IPC Message Layer is used to exchange messages between the R5 and HSM RBL

» SoCID: Describes the SOC ldentifier data which is exported by the R5 Boot ROM over the supported
peripherals

* Pinmux: This module is used to configure the peripheral I0s to function for the boot interface

» Logger: To log boot info, warnings and errors

5.2.1.5 Drivers

Drivers are the software components which configure the various blocks present in the SoC as per the boot
interface selected by the user.
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Following are the drivers used:

* OSPI: ROM configures OSPI to support fast single Read, Quad Read and Octal Readmodes.
* Flash interface: Handles flash read APIs for device info and high level APIs for data read

* UART: Handles APIs for UART FIFO Write/Read in interrupt mode
« EDMA: DMA module to transfer image from flash to internal L2 memory

* RTI: Timer module to handle timeouts and logger timestamp
* VIM: Vector interrupt module to handle interrupt routines and APlIs to configure VIM

5.21.6IPC

R5F boot rom and HSM boot rom communicate via IPC (Inter processor communication) using shared mailbox
RAM. The Mailbox architecture is a distributed architecture with the Mailbox memory present in the Receiving

processors Subsystem.

Following is the processor numbering:

Processor Number
R5FSS0 Core0 0

HSM M4 6
Following is the Tx and Rx mailbox addressing:

Mailbox Address
R5 Tx Mailbox 0x44000000
R5 Rx Mailbox 0x72000000

Following are the mailbox interrupts:

Interrupt Type Interrupt Line
R5 Mailbox Read Request 158

R5 Mailbox Read Done Acknowledge 159

HSM Mailbox Read Request 0

HSM Mailbox Read Done Acknowledge 40

Mailbox message scheme:

1. PROC_WRITE writes the message in the PROC_READ mailbox

2. PROC_WRITE triggers an interrupt to PROC_READ by writing 1 to <PROC_WRITE_SS>_CTRL:
<PROC_WRITE>_MBOX_WRITE_DONE [PROC_READ]. Note. It is writing to its own CTRL space.

3. PROC_READ gets a single interrupt for all inter processor communication which is an aggregated interrupt.

PROC_READ Reads the register <PROC_READ_SS>_CTRL::<PROC_READ>_MBOX_READ_REQ and

sees bit [PROC_WRITE] is 0x1

4. PROC_READ Writes to Ox1 to <PROC_READ_SS>> CTRL:: <PROC_READ> MBOX_READ_ REQ

[PROC_WRITE] to clear the interrupt.
PROC_READ Reads the Message

oo

PROC_READ Writes to 0x1 to <PROC_READ_SS>> CTRL::

<PROC_READ>_MBOX_READ_DONE_ACK[PROC_WRITE] to generate an acknowledgment interrupt to

PROC_WRITE.

7. PROC_WRITE gets a single interrupt for all inter processor communication which is
an aggregated ACK interrupt. PROC_WRITE reads the register <PROC_WRITE_SS>_CTRL.:

<PROC_WRITE> _MBOX_READ_DONE and sees bit [PROC_READ] is 0x1
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8. PROC_WRITE writes 0x1 to <PROC_WRITE_SS>_CTRL: <PROC_WRITE>_MBOX_READ_DONE
[PROC_READ] to clear the interrupt.

The supported messages are as follows:

* IPC_MsgType HELLO : It's a hello message from R5 to HSM.

* |PC_MsgType CERT : It's a message type of certificate from R5 to HSM.

* IPC_MsgType IMAGE : It's a message type of image from R5 to HSM.

* |PC_MsgType GET_SOC_ID : SOCID message from R5 to HSM for asking SOCID.
* |PC_MsgType RESULT_ACK : Result acknowledge message from R5 to HSM.

» |PC_MsgType CANCEL : It's a cancel message from R5 to HSM.

* |PC_MsgType _SOC_ID : SOCID message from HSM to R5 for providing SOCID.

* |PC_MsgType RESULT : It's a result message from HSM to R5.

* |PC_MsgType CANCEL_ACK : It's a cancel acknowledge message from HSM to R5.

The message flow between HSM and R5 as follows:

R5F Boot Rom HSM Boot Rom
Hello . )
Wait for Hello..... J
%h}
Get SoCID
SoCID Info . e
Wait for Certificate
Certificate 8
Image Chunk - 1 Retry on/Error
Images are sent in >= 2KB Image Chunk - 2 ]
Chunks 1 _
. Receive Image
Image Chunk - N(Last) ‘
Result (SUCCESS or Rer.ry Flag)
Result ACK (Only if result was success ‘ ” |
(Only ) R5 Wait Sleep )

IPC Delnitialized

% R5 SBL Starts Execution

HSM State machine :

* Wait for Hello...: After unhalting R5 core, HSM ROM waits for ‘Hello...” message from R5 core. R5
ROM starts execution and initializes core PLL and other necessary modules, configures clocks i.e., R5
Core@400MHz and HSM Core@200MHz and then sends the message IPC_MsgType_HELLO.

» Wait for Certificate: R5 core downloads certificate from the identified boot interface and sends message to
HSM i.e., IPC_MsgType_CERT. HSM validates the certificate based on the device type.

All the certificate extensions are validated against the above table.

* Receive Image: R5 core updates SBL image information in chunks to HSM, chunk size is >= 2KB.
HSM performs the following two operations on the image:

*« — SHA512 of the image

» Image hash is calculated on the chunks received, and after receiving entire image the computed HASH
is compared with hash present in the certificate
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— Image Decryption

» Decryption of the image is optional. If certificate is enabled with decryption, decryption will start only
after certificate verification and image integrity checks are passed.
* R5 wait Sleep :

— HSM checks for the valid certificate and the image
— On successful validation of the certificate and the image, HSM ROM will eclipse R5 ROM and issues R5

core reset, then SBL starts execution from 0x0
— In case of any failures observed with the certificate or image validation , HSM retries the boot, state
machine jumps to Wait for certificate state.

Note : Refer to section R5 SBL Handoff for more details
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5.3 Boot Mode Pins

Boot Mode pins provide means to select the boot mode and options before the device is powered up. After every
POR, they are the main source to populate the Boot Parameter Tables. See Boot Parameter Tables for table list
and description.

Boot mode pins can be divided into the following categories:

+ BOOTMODE[3:0] — Select the requested boot (primary) mode after POR, that is, the peripheral/memory to
boot from.

Note

It is user's responsibility to set the boot mode pins (via pullups or pulldowns, and jumpers/switches)
depending on the desired boot scenario.

5.3.1 BOOTMODE Pin Mapping

The ROM execution is directed through the main boot mode pins. This provides flexibility through additional
booting peripherals. The device must be powered and functional.

Main boot mode pins are shown in Table 5-2.

Any Bootmode pins marked as Reserved or not used must be tied high or low with pull resistors. They should
not be left floating.

Table 5-2. BOOTMODE Pin Mapping

Boot Mode SP10_DO0_pad SPI0_CLK_pad QSPI_D1 (SOP1) QSPI_DO0 (SOP0)
(SOP3) (SOP2)
OSPI (4S) - Quad Read Mode 0 0 0 0
UART 0 0 0 1
OSPI (18) - Single Read Mode 0 0 1 0
OSPI (8S) - Octal Read Mode 0 0 1 1
DevBoot 1 0 1 1
xSPI1 8D (SFDP) 1 1 0 0
USB DFU 1 1 1 0
Unsupported Boot Mode All other combinations not defined above
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5.4 Boot Modes
5.4.1 OSPI Boot

The following apply to all or multiple boot modes that are OSPI-related.

Note
When using a OSPI\SPI flash device greater than 128 Mb, a flash device package with a RESET
signal must be used. The reason is that the ROM only uses 3 byte addressing mode (address is
24-bits). To address the full memory address range, software typically switches to 4-byte addressing
mode. If a reset to the processor occurs (for example, due to a warm reset), the ROM executes
expecting 3-byte addressing mode, but the flash will have been left in 4-byte addressing mode. For
the flash device to return to 3-byte addressing mode, it must be reset using this signal. This typically
can be achieved by using the RESET signal on the flash memory device. ROM code does not issue a
software reset command.

5.4.1.1 OSPI/xSPI Flash Device
The OSPI interface in the AM261x device supports NOR Flash devices.
5.4.1.1.1 OSPI NOR Flash

Boot ROM only supports OSPI flash device with JESD216 support. For flash devices with JESD216 SFDP
version that supports more than 9 words, the quad enable bit information (word 15) is read from SFDP
parameter table directly.

For flash device with JESD216 SFDP version that supports only 9 words parameter table, since the quad enable
bit cannot be retrieved from SFDP parameter table, quad enable bit is assumed to be set through tools outside
of the ROM.
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5.4.1.2 OSPI (8S) and xSPI (8D)
Refer to Section 5.4.1 for more information about all OSPI boot modes.
OSPI (8S) and xSPI (8D) Boot Pinmux summarizes the QSPI pin configuration done by ROM code for OSPI boot device on port 0.
Table 5-3. OSPI (8S) and xSPI (8D) Boot Pinmux for ZCZ package
Package Name Function GPIO |Input Input Output |Output |[PinMux (Pl |PU/PD |SC1 |GPIO Qual Input | Safety HS Mode |HS
Name # Override |Override |Override |Override |Mode # Sel Sel Sel Invert | Override Controller
Control Control Sel Sel
OSPIO_CSn0 OSPIO_CSn0 |0 0 0 0 0 0 1 0 1 0 0 0 0 0 0
OSPI0_CLKO OSPI0_CLK 2 0 0 0 0 0 1 0 1 0 0 0 0 0 0
OSPI0_DO OSPI0_DO 3 0 0 0 0 0 1 0 1 0 0 0 0 0 0
OSPI0_D1 OSPI0_D1 4 0 0 0 0 0 1 0 1 0 0 0 0 0 0
OSPI0_D2 OSPI0_D2 5 0 0 0 0 0 1 0 1 0 0 0 0 0 0
OSPI0_D3 OSPIO_D3 6 0 0 0 0 0 1 0 1 0 0 0 0 0 0
MCANO_RX OSPI0_D4 7 0 0 0 0 2 1 0 1 0 0 0 0 0 0
MCANO_TX OSPI0_D5 8 0 0 0 0 2 1 0 1 0 0 0 0 0 0
MCAN1_RX OSPI0_D6 9 0 0 0 0 2 1 0 1 0 0 0 0 0 0
MCAN1_TX OSPI0_D7 10 0 0 0 0 2 1 0 1 0 0 0 0 0 0
Table 5-4. OSPI (8S) and xSPI (8D) Boot Pinmux for ZFG/ZEJ/ZNC packages
Package Name Function GPIO |Input Input Output |Output [PinMux (Pl |(PU/PD |SC1 |GPIO Qual Input | Safety HS Mode |HS
Name # Override |Override |Override |Override |Mode # Sel Sel Sel Invert | Override Controller
Control Control Sel Sel
EPWM9_B OSPIO_CSn0 |62 0 0 0 0 6 1 0 1 0 0 0 0 0 0
MCAN1_TX OSPIO_CLK 10 0 0 0 0 5 1 0 1 0 0 0 0 0 0
OSPIO_CLK OSPIO_DO 2 0 0 0 0 4 1 0 1 0 0 0 0 0 0
PR1_PRUO_GPIO9 |OSPIO_D1 70 0 0 0 0 6 1 0 1 0 0 0 0 0 0
MCANO_RX OSPI0_D2 7 0 0 0 0 5 0o 1 1 0 0 0 0 0 0
PR1_PRUO_GPIO2 |OSPI0O_D3 69 0 0 0 0 2 1 0 1 0 0 0 0 0 0
UART1_TXD OSPI0_D4 76 0 0 0 0 2 1 0 1 0 0 0 0 0 0
PR1_PRUO_GPIO0 |OSPIO_D5 67 0 0 0 0 2 1 0 1 0 0 0 0 0 0
MCANO_TX OSPI0_D6 8 0 0 0 0 2 1 0 1 0 0 0 0 0 0

174

AM261x Technical Reference Manual

Copyright © 2025 Texas Instruments Incorporated

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS
www.ti.com Initialization
Table 5-4. OSPI (8S) and xSPI (8D) Boot Pinmux for ZFG/ZEJ/ZNC packages (continued)
Package Name Function GPIO |Input Input Output |Output [PinMux (Pl |PU/PD |SC1 |GPIO Qual Input | Safety HS Mode |HS
Name # Override |Override |Override | Override |Mode # Sel Sel Sel Invert | Override Controller
Control Control Sel Sel
PR1_PRUO_GPIO1 |OSPIO_D7 68 0 0 0 0 2 1 0 1 0 0 0 0 0 0
Note

The AM261x ROM code configures GP1I0O61 as OSPI0O_RESET_OUTO and drives the pin low to reset an external OSPI device during this boot
mode. However, due to an incorrect configuration in the OSPI controller, the OSPI0O_RESET_OUTO net does not de-assert and drive high after
a reset occurs. If GPIO61 is connected to an external flash memory reset pin, the flash will be held in reset and boot will fail. For workarounds,
see the AM261x OSPI/QSPI Boot Pin Requirements section in the AM26x Hardware Design Guidelines document. For more information, see
the AM261x Errata Document, errata i2479.

Note
All signals in the table are configured, even though some may not be used by this particular boot mode.
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5.4.1.2.1 OSPI (8S) Bootloader Operation

The OSPI protocol is described according to bit-width (1 or 8) and data rate (Single Data Rate (S) or Double
Data rate (D)) for the Command/Address/Data segments of the protocol. Device supports the 1S-1S-8S mode
of OSPI configuration. The Command and Address issued are 8 bits and 24 bits (for NOR Flash) respectively
followed by 8 dummy cycles. The frequency of operation supported is 33MHz.

OSPI (8S) Module Configuration:

» OSPI has two associated memory regions, the first memory region is dedicated to the configuration porti.e
all internal registers can be programmed and serial transfers made from the supported external OSPI flash
devices. Configuration region is available at 0x5380_8000 in the SoC address map.

» The second memory region is associated mainly with the memory-mapped port and is used for
communication directly with external flash devices, the memory region starts at 0x6000_0000. Code will
be copied from this region to internal RAM and then execution starts.

» Serial data clock is derived from the clock source “SYS_CLK” (200MHz). This clock is divided by a factor 6
and results in a 33MHz interface clock.

 MODE3 of OSPI clock mode is used, Clock phase and polarity are set to 1, when data is not being
transferred SCK=1, data shifted on falling edge and input on rising edge.

ROM Sequence:

*  Command issued by ROM in this mode is 0x8B.
* RBL looks for SBL image at address 0x0000_0000, in case of boot failures due to corrupted image or any
other reason, RBL tries to boot with redundant images as explained in Redundant Boot Support .

Flash dependency:

* RBL does not perform any specific action to detect, reset, or power up the OSPI device. OSPI is assumed to
be properly powered and reset completed before every attempt to boot by RBL.

5.4.1.2.1.1 OSPI (8S) Loading Process

OSPI (8S) boot mode is not eXecute-In-Place (XIP). ROM code first copies boot image into on-chip RAM and
then executes it.
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5.4.1.3 Quad Read (4S)

Refer to Section 5.4.1 section for more information about all SPI boot modes.

Table 5-5 summarizes the OSPI pin configuration done by ROM code for OSPI boot device on port 0.

Table 5-5. OSPI (4S) Boot Pinmux for ZCZ package

All signals in the table will be configured even though some may not be used by this particular boot mode.

Package Name Function GPIO | Input Input Output | Output | PinMux | Pl | PU/PD | SC1 | GPIO Qual | Input | Safety HS Mode HS
Name # Override | Override | Override | Override | Mode # Sel Sel Sel Invert | Override Controller
Control Control Sel |Sel
OSPI0_CSn0 OSPIO_CSn0 0 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0_CLKO OSPI0_CLK 2 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0_DO OSPI0_DO 3 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0_D1 OSPI0_D1 4 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0_D2 OSPI0_D2 5 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0_D3 OSPIO_D3 6 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI_CLKLB OSPI_CLKLB 145 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
Table 5-6. OSPI (4S) Boot Pinmux for ZFG/ZEJ/ZNC package
Package Name Function GPIO | Input Input Output | Output | PinMux | Pl | PU/PD | SC1 | GPIO Qual | Input | Safety HS Mode HS
Name # | Override | Override | Override | Override | Mode # Sel Sel Sel |Invert| Override Controller
Control Control Sel |[Sel
EPWM9_B OSPI0_CSn0 62 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
MCAN1_TX OSPIO_CLK 10 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
OSPIO_CLK OSPIO0_DO 2 0 0 0 0 1 1 0 1 0 0 0 |0 0 0
PR1_PRUO_GPIO9 OSPI0_D1 70 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
MCANO_RX OSPI0_D2 7 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
PR1_PRUO_GPIO2 OSPIO_D3 69 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
EPWM9_A OSPI_CLKLB 61 0 0 0 0 2 0 1 1 0 0 0 |0 0 0
Note
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5.4.1.3.1 OSPI (4S) Bootloader Operation

Device supports 1S-1S-4S mode of OSPI configuration for fast read operation. This means that command and
address are issued in single bit transfer mode and data access occurs in quad bit mode. The Command and
Address issued are 8 bits and 24 bits (for NOR Flash) followed by 8 dummy cycles. 50MHz is the supported
frequency of operation.

OSPI (4S) Module Configuration:

» OSPI has two associated memory regions, the first memory region is dedicated to the configuration porti.e
all internal registers can be programmed and serial transfers made from the supported external OSPI flash
devices. Configuration region is available at 0x5380_8000 in the SoC address map.

» The second memory region is associated mainly with the memory-mapped port and is used for
communication directly with external flash devices, the memory region starts at 0x6000_0000. Code will
be copied from this region to internal RAM and then execution starts.

» Serial data clock is derived from the clock source “SYS_CLK” (200MHz). This clock is divided by a factor 4
and results in a 50MHz interface clock.

 MODE3 of OSPI clock mode is used, Clock phase and polarity are set to 1, when data is not being
transferred SCK=1, data shifted on falling edge and input on rising edge.

ROM Sequence:

*  Command issued by ROM in this mode is 0x6B.
* RBL looks for SBL image at address 0x0000_0000, in case of boot failures due to corrupted image or any
other reason, RBL tries to boot with redundant image as explained in the section Redundant Boot Support .

Flash dependency:

* RBL does not perform any specific action to detect, reset, or power up the OSPI device. OSPI is assumed to
be properly powered and reset completed before every attempt to boot by RBL.

* RBL also expects the QE bit is SET in non-volatile configuration so that flash is active in quad mode by
default after POR.

5.4.1.3.1.1 OSPI (4S) Loading Process

OSPI (4S) boot mode is not eXecute-In-Place (XIP). ROM code first copies boot image into on-chip RAM and
then executes it.
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5.4.1.4 OSPI (1S)

The tables below summarize the OSPI pin configuration on each device package size done by ROM code for OSPI (1S) boot device on port 0.

Table 5-7. OSPI (1S) Boot Pinmux for ZCZ package

All signals in the table will be configured even though some may not be used by this particular boot mode.

Package Name Function GPIO | Input Input Output | Output | PinMux | Pl | PU/PD | SC1 | GPIO Qual | Input | Safety HS Mode HS
Name # Override | Override | Override | Override | Mode # Sel Sel Sel Invert | Override Controller
Control Control Sel |Sel
OSPI0O_CSn0 OSPIO_CSn0 0 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0O_CLKO OSPIO_CLK 2 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0_DoO OSPI0_DO 3 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
OSPI0_D1 OSPI0_D1 4 0 0 0 0 0 1 0 1 0 0 0 |0 0 0
Table 5-8. OSPI (1S) Boot Pinmux for ZFG/ZEJ/ZNC package
Package Name Function GPIO | Input Input Output | Output | PinMux | Pl | PU/PD | SC1 | GPIO Qual | Input | Safety HS Mode HS
Name # Override | Override | Override | Override | Mode # Sel Sel Sel |Invert| Override Controller
Control Control Sel |Sel
EPWM9_B OSPIO_CSn0 62 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
MCAN1_TX OSPIO_CLK 10 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
OSPIO_CLK OSPI0_DO 2 0 0 0 0 1 1 0 1 0 0 0 |0 0 0
PR1_PRUO_GPIO9 | OSPIO_D1 70 0 0 0 0 2 1 0 1 0 0 0 |0 0 0
EPWM9_A OSPI_CLKLB 61 0 0 0 0 2 0 1 1 0 0 0 |0 0 0
Note
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5.4.1.4.1 OSPI (1S) Bootloader Operation

Device supports the 1S-1S-1S mode of OPSI configuration. This means that command, address, and data
access are in single bit mode. The Command and Address issued are 8 bits and 24 bits (for NOR Flash)
followed by 8 dummy cycles. 50 MHz is the supported frequency of operation.

OSPI (1S) Module Configuration:

» OSPI has two associated memory regions, the first memory region is dedicated to the configuration porti.e
all internal registers can be programmed and serial transfers made from the supported external OSPI flash
devices. Configuration region is available at 0x5380_8000 in the SoC address map.

» The second memory region is associated mainly with the memory-mapped port and is used for
communication directly with external flash devices, the memory region starts at 0x6000_0000. Code will
be copied from this region to internal RAM and then execution starts.

» Serial data clock is derived from the clock source “SYS_CLK” (200MHz). This clock is divided by a factor 4
and results in a 50MHz interface clock.

 MODE3 of OSPI clock mode is used, Clock phase and polarity are set to 1, when data is not being
transferred SCK=1, data shifted on falling edge and input on rising edge.

ROM Sequence:

*  Command issued by ROM in this mode is 0x0B.

* RBL looks for SBL image at address 0x0000_0000, in case of boot failures due to corrupted image or any
other reason, RBL tries to boot with redundant image placed as explained in the section Redundant boot
support .

Flash Dependency:

* RBL does not perform any specific action to detect, reset, or power up the OSPI device. OSPI is assumed to
be properly powered and reset completed before every attempt to boot by RBL.

5.4.1.4.1.1 OSPI (1S) Loading Process

OSPI (1S) boot mode is not eXecute-In-Place (XIP). ROM code first copies boot image into on-chip RAM and
then executes it.
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5.4.2 USB Boot

USB (Universal Serial Bus) is a low-cost connectivity and data transfer solution for various portable USB devices. AM261x instantiates a third-party USB

2.0 interface operating at 480Mbps speed. USB DFU (Device Firmware update) boot provides an interface for upgrading firmware through a USB device.

The below table summarizes the USB pin configuration done by ROM code for USB:
Table 5-9. USB Boot Pinmux

Function |GPIO # Input Input Output Output Pinmux Pl PUPD Sel |SC1 GPIO Sel |[Qual Sel [Inp Inv Sel |HS Mode |HS

Name Override |Override |Override |Override |Sel Controller
Control Control

USBO_DP |139 0 0 0 0 1 0 1 0 0 0 0

USBO_DM |140 0 0 0 0 1 0 1 0 0 0 0

5.4.3 UART Boot

ROM Code always configures the UART port to 115200 kbaud, 8-n-1 mode, and the XMODEM protocol is used to transfer the boot data.

Table 5-10 summarizes the UART pin configuration done by ROM code for UART host on port 0.
Table 5-10. UART Boot Pinmux

Function GPIO # Input Input Output Output Pinmux PI PUPD Sel |SC1 GPIO Sel |Qual Sel |InpInv Sel HS Mode |HS

Name Override |Override |Override |Override |Sel Controller
Control Control

UARTO_TXD |28 0 0 0 0 1 1

UARTO_RXD |27 0 0 0 0 1 1
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5.4.3.1 UART Bootloader Operation
5.4.3.1.1 Initialization Process

In the UART boot mode, the selected UART module (port) is the only peripheral configured. The baud rate,
data, parity, and stop bits are configured based on the information in the UART boot parameter table. The
boot parameter table definitions and the boot configuration values that can be set are in UART Boot Device
Configuration and UART Boot Parameter Table.

Once the ROM Code configures the UART, it sends the UART pings for few seconds, which can be seen in the
host. The pings consist of an ASCII capital C character. The UART boot mode supports only the CRC mode of
XMODEM and does not support CHECKSUM mode. Both 128 and 1024 byte block sizes are supported.

5.4.3.1.2 UART Loading Process
Before the ping from the device stops, load the boot image from the host using the XMODEM protocol.
5.4.3.1.2.1 UART XMODEM

The XMODEM protocol is used to transfer boot data. Only CRC mode is supported (not checksum), with both
128- and 1024-byte block sizes. The general, format of received frames is shown in Table 5-11 and Table 5-12.

Table 5-11. XMODEM 1024- and 128-byte Data Frames

STX Block Num | Inv Block 1024 data bytes CRC CRC
Num

SOH Block Num | Inv Block 128 data bytes CRC CRC
Num

Table 5-12. XMODEM Data Frame Fields

Field Value Description
STX 0x02 The start character for 1024-byte CRC data blocks
SOH 0x01 The start character for 128-byte CRC data block
Block Num 0x01-OxFF — 0x00  The block number. The first block has value 1, and the block number wraps around OxFF to 0
Inv Block Num 0xFE-0x00 The inverse block number (bit inverse of the block number)
CRC Calculated The 16-bit CRC generated from the polynomial 0x1021

The XMODEM protocol is implemented as a half-duplex protocol as shown in Table 5-13.
Table 5-13. Example of XMODEM Transfer protocol

Transmitter Sends Receiver Sends
Ping (‘C)

Frame 1
ACK (or NACK)
Frame 2
ACK (or NACK)
EOT

L A A B |

ACK (or NACK)

5.4.3.1.3 UART Hand-Over Process

Once the complete image has been read and found in good integrity, the ROM Code will branch to the address
defined in the Boot Info field of the boot header.
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5.4.4 DevBoot
This boot mode is useful for the development of SBL and for the JTAG based KeyWriter.
5.5 Redundant boot support

Redundant boot is supported on OSPI flash boot modes. ROM tries to boot SBL at the Region1 address and if it
fails to boot, then ROM tries to boot from the locations in the order Region1 — Region2 — Region3 — Region4
until boot is successful.

Table 5-14.
Region Address
1 0x0_0000
2 0x2_0000
3 0x4_0000
4 0x6_0000

Following are the failures which can lead to redundant boot:

1. Certificate corruption, ex. Image size, hash of the image, extension IDs, signature etc.
2. Image corruption, ex. bit corruption, byte corruption due to aging of the flash, external interferences etc.

Note
AM261x supports max image size (without certificate) of 952KB. In the case of encrypted images, the
random string of 32 bytes is added to the image. So, for encrypted images the maximum size of the
SBL image will be 974816 bytes. Successfully booted flash Image offset Address is available at the
address 0000x84100.
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5.6 PLL Configuration

ROM code must be aware of the reference clock provided to PLLs. That is, the speed of the quartz crystal, or the
clock supplied by an external clock oscillator.

Note
This device requires 25MHz XTAL clock source.

The Public ROM code configures PLLs which are required during boot. ROM configures only core PLL during
boot. The ROM Core PLL configuration details is as follows:

* InputClockDiv (N) = OxB

* Multiplier (M) = 0x180

+ Divider (N2) = 0x1

* Post-Divider (M2) = 0X1

» Fractional Multiplier (Frac) = 0x0

Using the above values, the PLL output frequency is computed as follows:
o XTAL_IN/(N + 1) =25/12 = 2.0833 MHz

 (XTAL_IN*M)/(N + 1) =2.08333 * 384 = 800MHz

e (XTAL_IN *M)/[(N2 +1) * (N +1)] =800/ 2 = 400MHz

* 400/ M2 = 400MHz

Note

See ADPLLLJ Module section in the Clocking section of Device configuration chapter for more details
on PLL configuration sequence and the PLL output frequency equation.

Where, XTAL_IN is the XTAL Clock source frequency (25MHz)
This Core PLL output (ADPLLO) is used to configure R5 clock = 400MHz and SysClk = 200MHz

Note
PER PLL Clockout output of 960MHz is used for USB Boot

5.7 Secure Boot Flow
5.7.1 Overview

The secure boot flow is as depicted in Figure 5-4. The ROM-based secure boot is realized by interactions
between the MSS R5F ROM and the HSM ROM. When the secondary bootloader (SBL) and the HSM runtime
firmware is brought into the respective (MSS R5F and HSM CM4) cores, it is then the responsibility of the SBL
to download the further application images. First, the ROM bootloader downloads the SBL. The SBL begins
execution (MSS R5F ROM is eclipsed at this point and ROM services are not available anymore) and in turn
invokes an APl into HSM ROM to download the HSM runtime firmware. When the HSM runtime firmware is
downloaded, the HSM ROM is eclipsed and ROM services not available anymore.
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Figure 5-4. Secure Boot Flow

5.7.2 x509 Certificate Structure

The X.509 certificate is defined in Annex A of ITU-T X.509 specification [1]. Certificate is encoded using ASN.1
encoding [2] with DER (Distinguished Encoding Rules) [3]. The main body of the certificate is illustrated below.
Essentially, the signed certificate is the concatenation of the certificate itself and the signature. Certificate
includes mandatory and optional fields. The supported version shall be v2. V3 and higher versions support is
desired but not guaranteed. Various fields of the x509 certificate are as shown below.

SIGNATURE ::= SEQUENCE {
algorithmidentifier algorithmIdentifier{{SupportedAlgorithms}},
signature BIT STRING,

...}
SIGNED{ToBeSigned} ::= SEQUENCE {
toBeSigned toBeSigned,
COMPONENTS OF SIGNATURE,
3

Certificate ::= SIGNED{TBSCertificate}
TBSCertificate ::= SEQUENCE {
version [0] Version DEFAULT vl,
serialNumber CertificateSerialNumber,
signature AlgorithmIdentifier{{SupportedAlgorithms}},
issuer Name,
validity validity,
subject Name,
subjectPublickeyInfo SubjectPublicKkeyInfo,
issueruniqueIdentifier [1] IMPLICIT UniqueIdentifier OPTIONAL,

tté; -- if present, version shall be v2 or v3
subjectuniqueIdentifier [2] IMPLICIT UniqueIdentifier OPTIONAL]],
[[3: -- if present, version shall be v2 or v3

extensions [3] Extensions OPTIONAL]]
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-- If present, version shall be v3]]

} (CONSTRAINED BY { -- shall be DER encoded -- } )

In order to meet the security goals, the R5F SBL and the HSM runtime image needs to have an X.509 certificate
attached to the binary images. The Boot-ROM will only load images which have a valid X.509 certificate attached

to them.

5.7.3 Certificate expectations

ROM expectations from the certificate for HS-FS and HS-SE devices is as follows:

with Customer
root of trust

(RoT). RSA4K
only supported.

certificate
extension is
present. SHA512
only supported.

image decryption.
Certificate
extension for
Image decryption
will decide

this feature.
AES256-CBC only
supported.

with Customer
root of trust

(RoT). RSA4K
only supported.

Device Type Validation requirements for SBL Validation requirements for HSM RT
Certificate Image Image Certificate Image Image
Verification Integrity Decryption Verification Integrity Decryption
HSFS No authentication, |It's supported, but |Not supported on |Authentication is |It's mandatory, It's optional.
only Dummy not mandatory, HS-FS devices for |must and it's with | ensure that HSMRt can
certificate for SBL can boot with |SBL. Boot fails if | TI root of trust certificate boot without
metadata or without image |encrypted images |(RoT). RSA4K extension is image decryption.
integrity. Based are loaded. only supported. present. SHA512 | Certificate
on the certificate only supported. extension for
extension Image Image decryption
integrity will will decide
be carried out. this feature.
SHA512 only AES256-CBC only
supported. supported.
HSSE Authentication is | It's mandatory, It's optional. SBL | Authentication is |It's mandatory, It's optional.
must and it's ensure that can boot without | must and it’s ensure that HSMRt can

certificate
extension is
present. SHA512
only supported.

boot without
image decryption.
Certificate
extension for
Image decryption
will decide

this feature.
AES256-CBC only
supported.

5.7.4 Object Identifiers

Oject Identifiers or OIDs are an identifier mechanism standardized by ITU and ISO/IEC for naming any object,

concept, or "thing" with a globally unambiguous persistent name.

An OID corresponds to a node in the "OID tree" or hierarchy, which is formally defined using the ITU's OID

standard, X.660.

OID denoting 1.3.6.1.4.1.294.1 is used and followings are the OID Tree.

* 1180,

* 1.3 identified-organization,

»1.3.6 dod,

* 1.3.6.1 internet,
* 1.3.6.1.4 private,
* 1.3.6.1.4.1 enterprise,
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*1.3.6.1.4.1.294 Texas Instruments,
*1.3.6.1.4.1.294 .1 Device-Boot
5.7.4.1 Boot Information OID (1.3.6.1.4.1.294.1.1)

The Boot Information Object Identifier has the following format:-

bootInfo ::= SEQUENCE {
cert_type: INTEGER, -- identifies the certificate type
boot_core: INTEGER, -- identifies the boot core
core_opts: INTEGER, -- Core Options
load_addr: OCTET STRING, -- Global address image destination
image_size: INTEGER, -- Image size in bytes

}

DESCRIPTION

The Boot Information Object identifier provides information about the image which is being loaded. This
information is mandatory and needs to be present in the all the X.509 certificates else the image boot will
fail.

OPTIONS

Certificate Type: The certificate type defines the type of the image which is being loaded by the Boot-ROM. The
following table illustrates the supported values.

Value Description
0x1 R5 SBL Boot Image
0x2 HSM Runtime Image

Boot core: The boot core identifies the core on which the image will be executing.

Value Description
0x0 HSM Core
0x10 R5 Core

Core Options: The core options are documented in the table below.

Value Description
0x0 Lock Step Mode
Non-Zero Dual Core Mode

The core options work in conjunction with the following EFUSE configurations:-
1. DUAL_CORE_BOOT_ENABLE
2. DUAL_CORE_SWITCH_DISABLE

These will determine the final operational mode in which the R5 will be executed. The following table
summarizes the operation:

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025 AM261x Technical Reference Manual 187
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

Initialization www.ti.com

Dual Core Boot Enable Dual Core Switch Disable Core Description
Options
0 1 0 Case1:

Executing in Lock Step Mode
Switching to dual boot is
*Disabled*

Certificate requests to execute in
Lock Step Mode

Result:

R5 will be started in Lock Step
Mode.

0 1 1 Case2:

Executing in Lock Step Mode
Switching to dual boot is
*Disabled*

Certificate requests to execute in
Dual Core Mode

Result:

Error: Dual Boot Switching is
disabled

0 0 0 Case3:

Executing in Lock Step Mode
Switching to dual boot is
*Enabled*

Certificate requests to execute in
Lock Step Mode

Result:

R5 will continue to execute in
Lock Step Mode

0 0 1 Case4:

Executing in Lock Step Mode
Switching to dual boot is
*Enabled*

Certificate requests to execute in
Dual Core Mode

Result:

R5 will switch from Lock Step to
Dual Core Mode.

1 1 0 Caseb:

Executing in Dual Core Mode
Switching to dual boot is
*Disabled*

Certificate requests to execute in
Lock Step Mode

Result:

Error: Switching from Dual Core

to Lock Step is not allowed.
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Dual Core Boot Enable Dual Core Switch Disable Core Description
Options

1 1 1 Case6:
Executing in Dual Core Mode
Switching to dual boot is
*Disabled*
Certificate requests to execute in
Dual Core Mode
Result:
R5 will continue to execute in
Dual Core Mode.

1 0 0 CaseT:
Executing in Dual Core Mode
Switching to dual boot is
*Enabled*
Certificate requests to execute in
Lock Step Mode
Result:
Error: Switching from Dual Core
to Lock Step is not allowed.

1 0 1 Case8:
Executing in Dual Core Mode
Switching to dual boot is
*Enabled*
Certificate requests to execute in
Dual Core Mode
Result:
R5 will continue to execute in
Dual Core Mode.

Core options are applicable only for the R5 SBL Images and will be ignored for HSM Runtime certificates.

Load Address: The load address will be the address in the system where the image will be loaded. This
information is provided and the R5 SBL and HSM Runtime developers need to ensure that the images account
for this.

Value Description
0x70002000 R5 SBL Load Address
0x0 HSM Runtime Load Address

Image Size: This is the size in bytes of the R5 SBL or HSM Runtime Image to which the certificate has been
attached.

5.7.4.2 Software Revision OID (1.3.6.1.4.1.294.1.3)

The Software Revision Object Identifier has the following format: -

softwareRevision: = SEQUENCE {
revision: INTEGER -- Software revision
DESCRIPTION

The information in the software revision is used to indicate the version of the image which is being loaded.

revision:
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This is the version number. This will be matched to the EFUSE programmed version to indicate if the image
loading should be done or not.

Note

This is applicable only for HSSE devices.

HSM Runtime + R5 SBL

The following table summarizes the behavior:

EFUSE Revision Certificate Revision Description

0 0 Ignore the revision checking. Images will
*always* be loaded

0 >0 Device does not mandate revision checking.
Images will be loaded

>0 0 EFUSE Version > Certificate Version. Image
will *never* be loaded.

>0 >0 Image will be loaded only if the Certificate
revision >= EFUSE revision

Revision Information is read from the following EFUSE fields.

EFUSE Description

SWRV_SBL This is used to perform the revision checking while loading the R5
SBL

SWRV_HSM This is used to perform the revision checking while loading the HSM
Runtime

The number of bits for each of the EFUSE in the table above is 64bits. The revision EFUSE supports dual
redundancy; this implies that a maximum of 32 revisions can be supported.

Note: The EFUSE SWRV_APP is read and is passed as is by the HSM Boot ROM to the application via the
Asset Interface. This EFUSE has a length of 192bits and the interpretation of this is left to the HSM Runtime
developers.

5.7.4.3 Image Integrity OID (1.3.6.1.4.1.294.1.2)

The Image Integrity Object Identifier has the following format: -

imageIntegrity ::= SEQUENCE {
sha_type: 01D, -- Identifies the SHA type
hash: OCTET STRING -- The SHA of the boot image
3
DESCRIPTION

If the X.509 certificate provides the image integrity boot extension the Boot-ROM will perform the SHA-512 on
the entire image and will verify the computed hash with the hash provided in the boot extension. In the case of a
mismatch the boot will fail.

SHA Type: The Boot-ROM only supports SHA-512.

Value Description
2.16.840.1.101.3.4.2.3 SHA-512 Object Identifier

Please refer to the Section 2.4 of the RFC-5754 for the SHA-512 Object Identifier.
Hash: This is SHA-512 hash which is calculated over the image (R5 SBL/HSM Runtime)
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5.7.4.4 Image Encryption OID (1.3.6.1.4.1.294.1.4)

The Image Encryption Object Identifier has the following format: -

imageEncryption ::= SEQUENCE {
iv: OCTET STRING -- The initialization vector
rs: OCTET STRING -- Random string
iter: INTEGER -- Iteration count
) salt: OCTET STRING -- encryption salt value
DESCRIPTION

The Boot-ROM only supports AES-CBC mode with 256bit keys. The information in the image encryption object
identifier is used to decrypt the image.

V:

The initialization vector is used during the AES-CBC decryption procedure. The initialization vector needs to be
16bytes.

rs:

This is the random string which is 32bytes long and is added by the X.509 certificate generator at the end of the
image. The Boot-ROM will decrypt the image and will perform a random string comparison to determine if the
decryption was successful.

iter:

Iteration Count which is used to determine if the HKDF needs to be performed and key derivation needs to be
done. If the iteration count is 0 then the key from the e-fuse is used as is for the decryption. If the iteration count
is non-zero then the Boot-ROM will perform the HKDF key derivation using the salt. The derived key is then used
for the decryption operation.

salt:

The salt is used only if the iteration count is non-zero and key derivation is being done. The salt is fed to the
HKDF module to derive the key. The salt fields should be 32bytes.

5.7.4.5 Derivation OID (1.3.6.1.4.1.294.1.5)

The Derivation Object Identifier has the following format:-

derivationKey ::= SEQUENCE {
salt: OCTET STRING -- encryption salt value
info: OCTET STRING -- [optional]information
}
DESCRIPTION

The Boot-ROM will leave a derived key in the assets interface for the HSM Runtime. The key is derived using
HKDF from the parameters specified here.

salt: The salt is limited to be 32bytes and is used for key derivation

info: The information is optional in which case the size of the information is set to 0 but if specified is limited to
32bytes.
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Note

» If this extension is not present, derived key will be the same across SBL/hsmRT and application
» If this extension is present, derived key will not be the same as SBL/hsmRT

5.7.4.6 Debug OID (1.3.6.1.4.1.294.1.8)
The Debug Object Identifier has the following format:-

Debug: := SEQUENCE {
uid OCTET STRING -- Device unique ID
debugType INTEGER -- Debug type
coreDbgEn INTEGER -- Enable core debug mask
secCoreDbgEn INTEGER -- Enable secure core debug mask
}
DESCRIPTION

The debug object identifier if specified allows the debug ports to be enabled for a specific device. It also can be
used to specify the Key protections.

OPTIONS

UID: This is the unique identifier associated with the device. Device specific unique identifiers can be retrieved
using the following: -

1. SOC ldentifier while operating in a peripheral boot mode
2. Assets on the successful load of the HSM Runtime

The UID field of all 0’s is considered to be a wildcard.

Debug Type:

The debug type is described as follows:-

31 18 16 15 0
Reserved CUST Debug Type

Key Protections:

Key Protection Value Description

CUST 0 Do not disable access to customer keys
1 Disable access to customer keys

Debug Type:

Value Description

0 Disable debug

1 Preserve debug state

2 Enable non-secure debug (Public Debug)

3 Reserved

4 Enable secure and non-secure debug (Full Debug)

5-65635 Reserved

coreDbgEn and secCoreDbgEn: These fields are not used and will be ignored.
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Note
R5 SBL Image: +  Optional.
» Wildcard UID is allowed.
* Key Protections are ignored
+ Debug Type =0, 1 and 2 for HS-SE devices
+ Debug Type = 0 and 1 for HS-FS devices since R5 JTAG is opened by default.
+ Debug Type =4 is Invalid
HSM Runtime Image: « Debug OID is not applicable and is ignored
Outer certificate « Certificate verification is done with the Tl Public Key
» Debug Boot Extension is mandatory.
» UID in the debug extension could either be wild-carded or match the device
* Key protection is ignored
» Debug Type shall be 4 since we need to unlock the JTAG to debug the HSM Boot-ROM

5.7.5 Binary Image Creation

For secure devices, the process is illustrated in Figure 5-5, and includes the following steps:

1. Create X.509 certificate (1a).

2. Populate certificate extension fields: write image load address and value of the Magic Number from the
unencrypted image (1b).

3. Populate image SW version (1c).

4. Encrypt (AES-256-CBC) binary image using derived 256-bit Symmetric Key (2).

5. Compute hash (SHA-512) of encrypted image (3a), and write the digest value to the certificate (3b).

6. Public key is written into the certificate. This can be RSA based public key information.

7. Whole certificate is hashed (SHA-512) (4a), encrypted with private key (4b) using RSA and signature is
inserted back into certificate (4c¢).
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Image with certificate

x.509 Certificate

. Hash -
. SW Version
' Private

Public Key
Key Image HASH |«

Encrypt Load Address @
Magic Number B
@ | Siznature

HSM Run Time Encrypted Code

. — Hash
_B Symmetric
———— Key H
OTP Private key |—»  Encrypt >
—

=

Figure 5-5. Binary Image Creation

Note
When creating a binary image for an HS-FS device, only step 1 is required. Optionally, binary image
hashing (step 5) can be performed to verify image integrity.

Tl provides reference scripts and tools for certificate generation and boot image creation in the HSM/
Security software package provided through Tl Secure Resources.

ROM bootloader supports only RSA4K, SHA512 and AES-CBC-256.

5.7.6 Binary Image Verification

Binary images are verified by HS-SE devices, as illustrated in Figure 5-6. The process includes the following

steps:

1. Compute hash (SHA-512) of the public key in certificate (1a), and compare with the stored public key hash
value (1b).
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2. Hash (SHA-512) the certificate (2a), decrypt the signature using the public key (2b), and verify the match
(2c).

3. Determine whether software revision is allowed (3).

4. Read the binary image load address from the certificate.

5. Compute hash (SHA-512) of the encrypted image (4a), and compare with the code hash value from the
certificate (4b).

6. Decrypt code (AES-256-CBC) using the 256-bit key derived from the symmetric key (5), if required.

7. Verify the value of the magic number from the certificate and from clear text binary image.

fuseROM
Public Key Hash

x.509 Certificate L
:I' Compare
Public Key » g

SW Revision

Image HASH
( 4—’ Load Add

I - oa ress

Magic Number :
[ | o 5
- Signature
— —p
I Compare

Image with certificate

useH

Hash

1’

Public Key‘ Encrypted Code
Y \L.—b ¥
Compare cL ¢ 5
fuseROM Symmetrickey Binary Image
Allowed SW Revis|on
P Decrypt
@ Magic Number

Figure 5-6. Binary Image Verification

5.7.7 R5 SBL Handoff

Figure 5-7 shows the different stages involved after successful validation of the certificate and the image of the
SBL:

1. R5 SBL available at L2 address 0x70002000

2. HSM copies 640 bytes from the address 0x70002000 to TCMA start address 0x20000. These 640 bytes
consists of IVT and initialization code

3. After the copy, R5 ROM eclipse process is initiated which involves masking R5 ROM and mapping TCMA
start address to 0x0 address

4. RS core resetis issued

5. RS starts execution from 0x0
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R5 SBL HandOff
ROM : 000000000 ROM : 0x00000000 ROM : 0x00000000
SBL IVT
Boot ROM Code Boot ROM Code
Initialization Code
Eclipse
Available for SBL
TCMA :0x00020000 TCMA :0x00020000
Unused y SBL IVT
Initialization Code
TCMB :0x00080000 TCMB :0x00080000 TCMB :0x00080000
Boot ROM Data Boot ROM Data Available for SBL
L2 :0x70002000 L2 -0x70002000 L2  :0x70002000
SBL IVT SBL IVT SBLIVT
Initialization Code Initialization Code Initializatlon Code
R5 SBL R5 SBL R5 SBL
R5 SBL is present in L2 Copy IVT + Initialization Code [ Eclipse R5 ]
640 Bytes to TCMA

Figure 5-7. R5 SBL HandOff

5.7.8 HSM RunTime Handoff

Figure 5-8 shows different stages involved in the HSM RunTime boot

a0~

o

7.
8.

HSM Runtime available at L2 address

SBL sends ‘LoadHSMRt’ message to HSM ROM , message will have L2 address pointing to hsmRT image
HSM ROM validates the certificate

On successful validation of the certificate, HSM ROM copies entire binary from L2 to IRAM address 0x20000
After the binary is copied, HSM ROM validates the image against integrity followed by image decryption
(image decryption is optional).

HSM ROM eclipse process is initiated after image validation is success. This involves masking HSM ROM
and mapping IRAM start address to 0x0 address

HSM core reset is issued

HSMRt starts execution from 0x0

When HSM gets eclipsed, the IRAM RAM address region is mapped to ROM address region. Address mapping
during normal and ROM Eclipse Mode is captured in the below tables.
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HSM RunTime Handoff

ROM : 0x00000000 ROM : 0x00000000

ROM : 0x00000000

HSM Runtime IVT

Boot ROM Code Boot ROM Code

HSM Runtime

RAM :0x00020000 RAM :0x00020000

HSM Runtime IVT
HSM Runtime

HSM Boot Data

1

Secure
RAM :0x46050000

Secure
RAM :0x46050000

Secure

RAM :0x46050000 Available for the

HSM Runtime(*)

a Boot ROM Data

Boot ROM Data @
L2 :HSM Runtime L2 :HSMRuntime
HSM Runtime IVT { HSM Runtime IVT
HSM Runtime HSM Runtime
[ R5 SBL is present in L2 ] é - - Eclipse HSM ROM
Boot ROM will always copy the HSM Runtime P
image into the (internal) RAM
Image Integrity + Decryption is done on
(internal) RAM
Reset Secure RAM (Note: Assets™)
AN
Table 5-15. Address Mapping when HSM ROM is not eclipsed
M4 Address SCR Hardware Address Size(KB) Category
Translation
0x0000 0000 0x2000 0000 48 Non-secure ROM
0x0000 BFFF 0x2000 BFFF
0x0001 0000 0x2001 0000 48 Secure ROM
0x0001 BFFF 0x2001 BFFF
0x0002 0000 0x2002 0000 192 IRAM
0x0000 7FFF 0x2000 7FFF

0x0002 8000

0x2002 8000

0x0002 FFFF

0x2002 FFFF

0x0003 0000

0x2003 0000

0x0003 FFFF

0x2003 FFFF

0x0004 0000

0x2004 0000

0x0004 FFFF

0x2004 FFFF
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Table 5-16. Address Mapping when HSM ROM is eclipsed

0x0004 FFFF

0x2001 FFFF

M4 Address SCR + Eclipse Hardware Size Category
Address Translation

0x0000 0000 0x2002 0000 192KB RAM

0x0002 FFFF 0x2004 FFFF

0x0003 0000 0x2000 0000 64KB Reserved space

0x0003 FFFF 0x2000 FFFF

0x0004 0000 0x2001 0000 64KB Reserved space

5.7.9 Post Boot Status
5.7.9.1 R5
5.7.9.1.1 Memory

Memory used by R5 Boot-Rom and their status is shown in Table 5-17. Memory not used by R5 is untouched by

Boot-Rom.
Table 5-17. R5 Memory
Memory type Status
TCMA SBL IVT and init code runs from TCMA have been copied to TCMA. The maximum size of code in
TCMA is 640 bytes (refer to example SBL linker command file for more details).
TCMB Open to be used by SBL
L2 Contains SBL image and certificate

5.7.9.1.2 Clock

Table 5-18. R5 Clock

Clock type Status

R5 PLL_CORE_CLK Running at 400MHz
R5 VCLK Running at 200MHz
DPLL_CORE_HSDIVO_CLKOUTO Running at 400MHz

5.7.9.1.3 IP Blocks

This is the state where the ROM Bootloader hands over the control to the Secondary BootLoader (SBL)
Table 5-19. R5 IP Blocks

IP Status

Timer Disabled

VIM All interrupts are disabled
VIM memory is cleared

Mail Box Memory cleared

OSPI(OSPI Boot) OSPI clock is disabled
OSPI is set to “Force idle”
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Table 5-19. R5 IP Blocks (continued)

IP Status

EDMA (OSPI boot)

EDMA channel is disabled
paramSet memory is cleared
Channel to paramSet mapping is cleared

UART(UART boot)

UARTO is reset through IP’s soft reset

5.7.9.1.4 Pinmux Settings

Pinmux settings are left with the settings used for the boot mode.
For OSPI flash boot, OSPI interface pins are left configured as OSPI boot. UART and USB pins are NOT

touched in this boot mode.

For UART boot, UART pins are left configured as UART boot. OSPI and USB pins are NOT touched in this boot
mode. For USB boot, USB pins are left configured as USB boot. OSPI and UART pins are NOT touched in this

boot mode.
5.7.9.1.5 PBIST

BootRom executes the PBIST test for the following memory groups used by ROM during boot:

Table 5-20. R5 PBIST

Memory Group Number Memory Group Description
7 MEM_TOP_PBISTROM
30 MEM_MSS_L2 0
31 MEM_MSS_L2_1
24 MEM_MSS_CR5A_ATCMO
25 MEM_MSS_CR5A_BTCMO
Note
ROM does not perform LBIST
Note
PBIST status information available at:
» pbistStatus_| @0x00084104
+ pbistStatus_u @0x00084108
Note
ROM always loads SBL to L2 bank 0, so that the SBL can still do a PBIST on L2_1 as there is nothing
in it from ROM’s perspective
5.7.9.2 Assets

Once the HSM Boot-ROM has loaded the HSM Runtime, it will leave behind Assets which are located at the
beginning of the SECURE RAM. This information is made available for the development of the HSM Runtime.
Please refer to ROM External Interface documentation in HSM/Security software package which describes this

asset structure details and the start address.

Assets recorded are as follows:

1. HSM Boot ROM Version

2. Device Type (HS-FS, HS-SE etc.)
3. Key revision and count
4,

Derived Key (Using the Derivation Object Id)
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5. Public Key
6. Unique Device Identifier, etc.
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5.8 Boot Image Format
5.8.1 Overall Structure

The boot image consists of an X.509 Certificate followed immediately by a boot image blob.

X.509 Certificate
(Variable Size)
(Optional)

Boot Image Blob
(Variable Size)
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5.8.2 Generating X.509 Certificates

X.509 Certificates are generated using OpenSSL and a configuration script to supply values in the extension
fields.

5.8.2.1 Key Generation

The SBL must always be signed with a given OpenSSL key. Secure devices must have encryption and
authentication. The key used for authentication can be random or specific. If a random key is generated and SBL
is signed with this,the ROM will copy the SBL image for authentication using memcopy. With this key, ROM code
will be directed to use DMA to load the SBL for authentication which saves boot time.

5.8.2.1.1 RSA Key Generation
Signature = digestprivExp mod nprivExp mod nPrivExp (1

Where n is the key size. Since the hash used is SHA-512 and the signature is an ASN.1 sequence containing
the OID defining which has was used as well as the hash value, the degenerate RSA must have a value of n
greater than the maximum digest size. Typically 4096-bit is chosen.

Note
Supports the following parameters:
* Public Key Length: RSA4K
» Decryption: AES-256 CBC
* Hashing: SHA512

The following sequence is used to generate degenerate RSA keys:

1. Create a random RSA key:

‘openss] genrsa -out key.pm 4096

2. Convert to text:

‘openss1 rsa -in key.pem -text -noout > key.txt

3. Create an asn1 template for the degenerate key called degenerateKey.txt. Simply copy the values for
modulus, prime (listed as p in key.txt), prime 2 (listed as q), and coefficient (listed as coeff). Set the public
and private key exponents to 1, as well as the values for e1 and e2. See the example below.

4. Convert the template to DER:

‘openss1 asnlparse -genconf degenerateKey.txt -out degenerateKey.der

5. Sanity check the key:

‘ openss1 rsa -in degenerateKey.der -inform der -text -check

6. If there are no errors create the degenerate key pem file:

‘openss] rsa —in degenerateKkey.der -inform der -outform pem -out degenerateKkey.pem

An example degenerateKey.txt file is shown.

asnl=SEQUENCE:rsa_key

[rsa_key]

version=INTEGER:0
moduTus=INTEGER<copied from key.txt>
PUbEXp=INTEGER:1

privExp=INTEGER:1

p=INTEGER:<copied from key.txt>
g=INTEGER<copied from key.txt>
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el=INTEGER:1
e2=INTEGER:1
coeff=INTEGER<copied from key.txt>

Note that when copying the multi-byte fields from key.txt it is necessary to remove the colons, concatenate the
lines and add a preceding Ox.

Degenerate RSA keys are valid RSA keys with the private exponent set to 1. This results in the signature field
being equal to the digest.
5.8.2.2 Configuration Script

An example openssl configuration script is shown below. Not all extensions are required, but all possible are
shown.

[ req ]
distinguished_name = req_distinguished_name
X509_extensions = v3_ca
prompt = no
dirstring_type = nobmp
[ reg_distinguished_name ]
C = GB
T = HI
= Boston
= Texas Instruments., Inc.
ou DSP
CN Bob
emailAddress = Bob@hou.t1i.com
[ v3_ca ]
basicConstraints = CA:true
1.3.6.1.4.1.294.1.1 = ASN1:SEQUENCE:boot_seq

S
L
(o]

1.3.6.1.4.1.294.1.2 = ASN1:SEQUENCE:image_integrity
1.3.6.1.4.1.294.1.3 = ASN1:SEQUENCE:swrv
1.3.6.1.4.1.294.1.4 = ASN1:SEQUENCE:encryption
1.3.6.1.4.1.294.1.5 = ASN1:SEQUENCE:key_derivation
1.3.6.1.4.1.294.1.8 = ANSI:SEQUENCE:debug

[ boot_seq 1]

certType =INTEGER:1

bootCore = INTEGER:16

bootArchwidth = INTEGER:32

destAddr = FORMAT:HEX,OCT:bc934b00

imageSize = INTEGER:0x00004860

[ image_integrity 1]

shaType = 0ID:2.16.840.1.101.3.4.2.3

shavalue = FORMAT:HEX,OCT:4cf4d59ef77b5d9ab28d2ceb3c9fe83cb52ae6d2
[ swrv ]

rollback = INTEGER:0x00010001

[ encryption ]

IV =FORMAT:HEX,0CT:00112233445566778899aabbccddeeff
Rstring = FORMAT:HEX,0CT:00112233445566778899%aabbccddeeff101112131415161718191alblcldlelf
Icount = INTEGER:1

Salt = FORMAT:HEX,0CT:00112233445566778899aabbccddeeff
[ p11control ]

[ debug ]

uid = FORMAT:HEX,0CT:00345678900

type = INTEGER:1

dbgE = INTEGER:0

secDbgEn = INTEGER:0

The certificate is then generated using the following openssl command:

openss1 req -new -x509 -key <private_key_pem_file> -nodes -out <output_X.509_pem_file> -config
<config_file> -sha512

If a delegate key is being signed, then add the option -signkey <sign_key_pem_file> to the command above.

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025 AM261x Technical Reference Manual ~ 203
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

Initialization www.ti.com

5.8.2.3 Image Data

The image data (blob) is considered simply as a byte stream. On devices that are multiple bytes wide (for
example, PCle) the image must be formatted so that all multi-byte fields match the endianness of the device.
The MCU will always run in little endian mode.
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5.9 Boot Memory Maps
5.9.1 Memory Layout/MPU

Table 5-21 shows an overview of the MPU configuration. In the R5FSS MPU, higher numbered regions have
priority, therefore, where two regions overlap, the right-most region column defines the memory attributes in the
table.

Table 5-21. Memory Layout/MPU
Memory Address Regions

0x0000_0000
0x0001_FFFF

Region 2 - ROM Read-only Exec

0x0002_0000
0x0002_3FFF

Region 3 - TCM User Access

0x0008_0000
0x0008_3FFF

Region 4 - ROM User Access

0x4400_0000
Ox440F_FFFF

Region 7 - TX Mailbox RAM

0x5380_0000 Region 1 - Non-executable Full Access
0x5380_FFFF

Region 10 - OSPI Config Space

0x6000_0000
O0x67FF_FFFF

Region 9 - OSPI Memory

0x7000_0000
0x703F_FFFF

Region 5 - Al OCSRAM

0x7200_0000
0x720F_FFFF

Region 8 - RX Mailbox RAM

OXFFFF_FFFF
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5.9.2 Logger
The ROM code uses logger module for debug information. They are shown in the below table:
Table 5-22. Global Memory Addresses
Group Address Size (bytes) Content
Infor/Warning/Error Logs 0x0008_2800 4096 Log Entry size: 8 words (128 bits)

Word 1: Log_type -

0xABCDO001 - Info 0xABCD002

- Warning 0OxABCDOQO03 - Error
0xABCDO004 - Critical

2nd word: FileName - source file
name

3rd word: Line number - line at
which log reported in the source
file

4th word: Value1 - Debug word1
5th word: Value2 - Debug word2
6th word: Timer count (lower) -
lower 32-bit timer count 7th word:
Timer count (upper) - upper 32-bit
timer count

Failure and recovery

Any failures detected by R5 or HSM while booting, will lead to SoC warm reset issued by WDT (watchdog
timer) after 180 sec. From the ROM perspective, cold reset and warm reset are the same as far as boot flow is

considered.
The ROM code version information is a structure shown in Table 5-23
Table 5-23. ROM Code Version

Field Address Size (bytes) Value
Version Number 0x4605_0940 4 "0x0001_0000" (1.0.0)
Device Name 0x4605_0944 12 "am261x"
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Device Configuration

i3 TEXAS INSTRUMENTS

This chapter describes the device configuration details including information related to Control MMR's, Power,
Reset, and Clocking.
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6.1 Control Module
6.1.1 Control Overview

The Control module is the main controller for top-level device behavior in various states. This module contains
registers for configuration, bootstrap (SOP) signals, I/O terminal pad multiplexing, clock selection, and many
other device-level configuration options. MMR (Memory Mapped Registers) are used by software to program the
hardware. The register is directly accessible from software because it is mapped into a memory location of the
memory-map, such that writing to and reading from that memory location corresponds to writing to and reading
from the hardware register. There are various Control Module or CTRLMMR modules defined in this device:

General SoC Control Modules

« TOP_CTRL (CTRLMMRO): SoC-level configuration registers

* MSS_CTRL (CTRLMMR1): SoC and peripheral-level configuration registers

* CONTROLSS_CTRL (CTRLMMR2): CONTROLSS-level configuration registers including general control,
reset, and clocking-related functions for the real time control subsystem (CONTROLSS))

Pad Configuration Control Modules
* |OMUX (PADCFG_CTRLMMRO): SoC-level terminal configuration control registers

Reset and Clocking Control Modules

* MSS_TOPRCM (RCM_CTRLMMRO): SoC-level Clock and Reset control registers
* MSS_RCM (RCM_CTRLMMR1): SoC and Peripheral-level Clock and Reset control registers
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6.1.1.1 MMR Write Protection

All Control Module MMR have a protection mechanism which prevents spurious writes from changing register
values. LOCKO_KICKO and LOCKO_KICK1 registers are used for this purpose. The sequence to unlock these
MMR is as follows:

1. Write exact unlock value (Table 6-1) to <Control Module>LOCKO0_KICKO:KEY field
2. Write exact unlock value (Table 6-1) to <Control Module>LOCKO0_KICK1:KEY field

The sequence to lock the MMR is as follows:

1. Write zero (or anyother value other than the unlock value)Table 6-1) to <Control
Module>LOCKO_KICK1:KEY field

2. Write zero (or anyother value other than the unlock value)Table 6-1) to <Control
Module>LOCKO_KICKO:KEY field

. Note

If the above sequence for locking the IOMUX is not followed, an AHB_ WRITE_ERROR interrupt will
occur (if enabled).

For example, to unlock Control Module MSS_CTRL the sequence is as below:

1. Write 0x01234567 to MSS_CTRL.LOCKO_KICKO:KEY
2. Write OXFEDCBAS8 to MSS_CTRL.LOCKO_KICK1:KEY

To lock the Control Module MSS_CTRL the sequence is as below:

1. Write 0x0 to MSS_CTRL.LOCKO_KICK1:KEY
2. Write 0x0 to MSS_CTRL.LOCKO_KICKO:KEY

Any writes to locked memory region will result in assertion of the MMR_ACCESS_ERR_WR event by the
respective control modules. This assertion can be enabled or disabled by writing the appropriate value to
<Control Module>.INTR_ENABLE.KICK_ERR_EN field.

The table below shows the values that must be written to the LOCKO_KICKO and LOCKO_KICK1 registers to
unlock the various Control modules' MMR.

Table 6-1. Kick Protection Register Unlock Values

Protected Register LockKick Register Unlock Value
LOCKO_KICKO 0x01234567
TOP_CTRL —
LOCKO_KICK1 OxFEDCBAS8
LOCKO_KICKO 0x01234567
MSS_CTRL
LOCKO_KICK1 OxFEDCBAS8
LOCKO_KICKO 0x01234567
CONTROLSS_CTRL
LOCKO_KICK1 OxFEDCBAS
LOCKO_KICKO 0x01234567
TOP_RCM —
- LOCKO_KICK1 0xFEDCBAS
LOCKO_KICKO 0x01234567
MSS_RCM —
LOCKO_KICK1 OxFEDCBAS8
LOCKO_KICKO 0x83E70B13
IOMUX
LOCKO_KICK1 0x95A4F1EO
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Note
To maintain that all registers from a given partition are write protected, software must always re-lock
the protection mechanism after completing the register writes.

The kick protection registers described in this section are an exception and are not write protected by the
protection mechanism.

6.1.1.2 MMR Access Error Interrupt

The Control Modules can generate the access error interrupts MMR_ACCESS_ERR_WR and
MMR_ACCESS_ERR_RD. The interrupts are asserted when one or more of the following accesses are made:
* (@) write access when MMR are locked

» (b) access to illegal address in the control module

The following registers are related to handling of these errors inside the respective Control Module.
* <Control Module>INTR_RAW_STATUS - Interrupt Raw Status/Set register

» <Control Module>INTR_ENABLED STATUS_CLEAR - Interrupt Enabled Status/Clear register
» <Control Module>INTR_ENABLE - Interrupt Enable register

* <Control Module>INTR_ENABLE_CLEAR - Interrupt Enable Clear register

The following applies for the interrupt behavior of each Control Module:
» The Control Module only asserts the interrupt line if the interrupt is enabled.
— Interrupts are enabled by setting the corresponding bits in the INTR_ENABLE register to 1h.
— Interrupts are disabled by setting the corresponding bits in the INTR_ENABLE_CLEAR register to 1h.

» After an interrupt has been serviced, software must clear the corresponding status flag. This is done by
setting to 1h the corresponding bit in the INTR_ENABLED_STATUS_CLEAR register which also clears the
corresponding bit in the INTR_RAW_STATUS register. The status flags in the INTR_RAW_STATUS register
are set even if the corresponding interrupt is disabled. The INTR_ENABLED STATUS CLEAR register is
only set if the corresponding interrupt is enabled.

* Aninterrupt is generated by the control module if the relevant bit in the INTR_RAW_STATUS register is
set to 1h and the interrupt is enabled through the INTR_ENABLE register. This feature is useful during
user software debugging. In addition, even if interrupts are disabled, the corresponding raw flag in the
INTR_RAW_STATUS register is set to 1h when an interrupt condition occurs.

» If interrupts are disabled, the corresponding raw flag in the INTR_RAW_STATUS register is set to 1h when
an interrupt condition occurs. The INTR_RAW_STATUS can be cleared by setting the corresponding bit in the
INTR_RAW_STATUS register to 1h.

The MSS_CTRL module aggregates the Control Module interrupts MMR_ACCESS_ERR_WR and
MMR_ACCESS_ERR_RD and generates MMR_ACCESS_ERRAGGR to the R5 Cores (see Section 6.1.3.2.10).

Note
CONTROLSS_GLOBAL_CTRL is not aggregated into MSS_CTRL's MMR_ACCESS_ERR_WR and
MMR_ACCESS_ERR_RD

Table 6-2 lists the interrupt events which can assert the MSS_CTRL Access Error.
Table 6-2. MSS_CTRL Access Error Interrupt Events

Event Name Event Flag Event Mask Description

MMR_ACCESS_ERR_WR INTR_RAW_STATUS.KICK_ERR INTR_ENABLE.KICK_ERR_EN |Lock violation interrupt. Occurs
when writing to a register in a
locked control module.

MMR_ACCESS_ERR_RD INTR_RAW_STATUS.ADDR_ERR |INTR_ENABLE.ADDR_ERR_EN |Read addressing violation
interrupt. Occurs when reading
an illegal address inside the
control module.
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Table 6-2. MSS_CTRL Access Error Interrupt Events (continued)

Event Name

Event Flag

Event Mask Description

MMR_ACCESS_ERR_WR

INTR_RAW_STATUS.ADDR_ERR

INTR_ENABLE.ADDR_ERR_EN | Write addressing violation

illegal address inside the control
module.

interrupt. Occurs when writing an

When an error event as described in Table 6-2 above occurs, the associated error details are captured in the
FAULT_ADDRESS, FAULT_TYPE_STATUS, and FAULT_ATTR_STATUS registers.

FAULT_ADDRESS contains the address of the first fault access. FAULT_TYPE_STATUS and
FAULT _ATTR_STATUS contain status attributes associated with the first fault access. To clear the contents
of these three registers and allow them to latch the attributes of the next fault the FAULT _CLEAR.FAULT_CLR

bit must be set to 1h.
6.1.2 TOP_CTRL

The TOP_CTRL (CTRLMMRO) module has MMR associated with the following functions:
*  Power OK (POK) Modules

* Thermal Manager
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6.1.2.1 TOP_CTRL Integration

Device
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Figure 6-1. TOP_CTRL Integration Diagram
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Table 6-3. TOP_CTRL Device Integration

Module Instance

Device Allocation

Interconnect

TOP_CTRL

v

VBUSP CORE Interconnect

Table 6-4. TOP_CTRL Clocks and Resets

Clocks
Module Module Clock Input Source Clock Signal Source Description
Instance
TOP_CTRL |CLK SYSCLK TOP_RCM Functional and Interface Clock
TOP_CTRL |RCCLK RCCLK10M TOP_RCM POK Filter clock
TOP_CTRL |[TEMPSENSE_32K_CLK XTAL_TEMPSENSE_32K_CLK TOP_RCM Thermal Manager clock
Table 6-5. TOP_CTRL Resets
Resets
Module Instance |Module Input Source Signal Source Description
TOP_CTRL RST SYSRESET TOP_RCM |TOP_CTRL Reset
TOP_CTRL TSENSE_RESET TSENSE_RESET MSS_RCM | Thermal Manager Reset
Table 6-6. TOP_CTRL Interrupt Requests
Module Module Interrupt Signal Destination Interrupt Input Destination Type Description
Instance
TOP_CTRL |MMR_ACCESS_ERR_RD TOP_CTRL_RD_ACCESS_ERR MSS_CTRL Level |Read Access
Error Interrupt
indicating protection,
addressing, or lock
violation
MMR_ACCESS_ERR_WR TOP_CTRL_WR_ACCESS_ERR Write Access
Error Interrupt
indicating protection,
addressing, or lock
violation
THRHLD_HIGH_INTR R5SS* CORE*_INTR_IN_133 R5SS*_CORE*_VIM Temperature High
(INTR_TSENSE_H) Threshold Interrupt
THRHLD_LOW_INTR R5SS* CORE*_INTR_IN_134 Temperature Low
(INTR_TSENSE_L) threshold Interrupt
Table 6-7. TOP_CTRL ESM Interrupts
Module Module Interrupt Signal | Destination Interrupt |Destination |Type |Description
Instance Input
TOP_CTRL VMON_ERR_H ESM_LVL_EVENT_41 |ESM Level |POK Voltage monitor error high interrupt
VMON_ERR_L ESM_LVL_EVENT 42 POK Voltage monitor error low interrupt
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6.1.3 MSS_CTRL
The MSS_CTRL module has MMR associated with the following functions:

R5FSS CPU Global Configuration and Control
Memory Initialization

EDMA Global Configuration and Event Aggregation
CPSW Global Configuration

GPMC Global Configuration

OSPI Global Configuration

USB Global Configuration

MPU Interrupt Aggregator

MMR Access Error Interrupt Aggregator
Safety Registers

Interconnect Safety

MSS_CTRL MMR Kick Protection Registers
MSS_CTRL MMR Access Error
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6.1.3.1 MSS_CTRL Integration

Device
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Figure 6-2. MSS_CTRL Integration Diagram
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Table 6-8. MSS_CTRL Integration Attributes
Module Instance Attributes
Interconnect
MSS_CTRL VBUSP CORE Interconnect
Table 6-9. MSS_CTRL Clocks and Resets
Module Instance Module Clock Input Source Clock Signal Source Description
Clocks
MSS_CTRL CLK SYSCLK TOP_RCM Functional and Interface
Clock
Resets
MSS_CTRL RST SYSRESET TOP_RCM MSS_CTRL Reset
Table 6-10. MSS_CTRL Hardware Requests
Interrupt Requests
Module Module Interrupt Signal Destination Interrupt Input Destination Description Type
Instance
MSS_CTRL |ICSSM0_PRUO0_MBOX_READ_REQ IN_INTR39 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Request to
PRUO
MSS_CTRL |ICSSM0_PRUO_MBOX_READ_DONE |IN_INTR40 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Done to PRUO
MSS_CTRL |ICSSM0_PRU1_MBOX_READ_REQ IN_INTR41 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Request to
PRUO
MSS_CTRL [ICSSM0_PRU1_MBOX_READ_DONE |IN_INTR42 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Done to PRUO
MSS_CTRL |ICSSM1_PRUO_MBOX_READ_REQ IN_INTR43 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Request to
PRUO
MSS_CTRL [ICSSM1_PRUO_MBOX_READ_DONE |IN_INTR44 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Done to PRUO
MSS_CTRL |ICSSM1_PRU1_MBOX_READ_REQ IN_INTR45 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Request to
PRUO
MSS_CTRL |ICSSM1_PRU1_MBOX_READ_DONE |IN_INTR46 PRU_ICSS_XBAR_INTR |Interrupt Level
TRO indicating
Mailbox Read
Done to PRUO
MSS_CTRL |R5FSS0_COREO_INTR_MBOX_READ |R5SS0_COREO_INTR_IN_158 |R5SS0_COREOQO_VIM Interrupt Level
_REQ indicating
Mailbox Read
Request to
R5SS0 COREO
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Table 6-10. MSS_CTRL Hardware Requests (continued)

Interrupt Requests

Module
Instance

Module Interrupt Signal

Destination Interrupt Input

Destination

Description

Type

MSS_CTRL

R5FSS0_COREO_INTR_MBOX_READ
_DONE

R5SS0_COREO_INTR_IN_159

R5SS0_COREQ_VIM

Interrupt
indicating
Mailbox Read
Done to R5SS0
COREO

Level

MSS_CTRL

R5FSS0_CORE1_INTR_MBOX_READ
_REQ

R5SS0_CORE1_INTR_IN_158

R5SS0_CORE1_VIM

Interrupt
indicating
Mailbox Read
Request to
R5SS0 CORE1

Level

MSS_CTRL

R5FSSO_CORE1_INTR_MBOX_READ
_DONE

R5SS0_CORE1_INTR_IN_159

R5SS0_CORE1_VIM

Interrupt
indicating
Mailbox Read
Done to R5SS0
CORE1

Level

MSS_CTRL

R5FSSO_COREO_INTR_SW_IRQ

R5SS0_COREO_INTR_IN_153

R5SS0_COREO_VIM

Interrupt
indicating SW
Interrupt to
R5SS0 COREO

Level

MSS_CTRL

R5FSS0_CORE1_INTR_SW_IRQ

R5SS0_CORE1_INTR_IN_153

R5SS0_CORE1_VIM

Interrupt
indicating SW
Interrupt to
R5SS0 CORE1

Level

MSS_CTRL

R5FSS0_COREO_INTR_MPU_PROT _
ERRAGG

R5SS0_COREO_INTR_IN
104

R5SS0_COREO_VIM

Aggregated
Interrupt
indicating MPU
Protection
Error to R5SS0
COREO

Level

MSS_CTRL

R5FSSO_CORE1_INTR_MPU_PROT _
ERRAGG

R5SS0_CORE1_INTR_IN
104

R5SS0_CORE1_VIM

Aggregated
Interrupt
indicating MPU
Protection
Error to R5SS0
CORE1

Level

MSS_CTRL

R5FSS0_COREO_INTR_MPU_ADDR _
ERRAGG

R5SS0_COREQ_INTR_IN
103

R5SS0_COREQ_VIM

Aggregated
Interrupt
indicating MPU
Address Error
to R5SS0
COREO

Level

MSS_CTRL

R5FSS0_CORE1_INTR_MPU_ADDR _
ERRAGG

R5SS0_CORE1_INTR_IN
103

R5SS0_CORE1_VIM

Aggregated
Interrupt
indicating MPU
Address Error
to R5SS0
CORE1

Level

MSS_CTRL

MMR_ACCESS_ERRAGGR

R5SS0_COREO_INTR_IN_152

R5SS0_COREQ_VIM

R5SS0_CORE1_INTR_IN_152

R5SS0_CORE1_VIM

Aggregated
Interrupt
indicating MMR
Access Error

Level

MSS_CTRL

TPCCO_INTAGGR

R5SS0_COREO_INTR_IN
106

R5SS0_COREO_VIM

R5SS0_CORE1_INTR_IN
106

R5SS0_CORE1_VIM

Aggregated
Interrupt from
EDMA Interrupt
sources

Level
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Table 6-10. MSS_CTRL Hardware Requests (continued)

Interrupt Requests

Module
Instance

Module Interrupt Signal

Destination Interrupt Input

Destination

Description

Type

MSS_CTRL

TPCCO_ERRGGR

R5SS0_COREQ_INTR_IN

107

R5SS0_COREQ_VIM

R5SS0_CORE1_INTR_IN

107

R5SS0_CORE1_VIM

Aggregated
Interrupt from
EDMA Error
sources

Level

ESM Events

MSS_CTRL

TPCCO_ERRGGR

ESM_LVL_EVENT 45

ESM

Aggregated
Error from
EDMA Error
sources

Level

MSS_CTRL

R5SS0_COREO_CORR_ERRAGG

ESM_LVL_EVENT 37

ESM

Aggregated
Correctable
Memory ECC
Error from
R5SS0 COREO

Level

MSS_CTRL

R5SS0_CORE1_CORR_ERRAGG

ESM_LVL_EVENT_39

ESM

Aggregated
Correctable
Memory ECC
Error from
R5SS0 CORE1

Level

MSS_CTRL

R5SS0_COREO_UNCORR_ERRAGG

ESM_LVL_EVENT_38

ESM

Aggregated
Uncorrectable
Memory ECC
Error from
R5SS0 COREO

Level

MSS_CTRL

R5SS0_CORE1_UNCORR_ERRAGG

ESM_LVL_EVENT_40

ESM

Aggregated
Uncorrectable
Memory ECC
Error from
R5SS0 CORE1

Level

MSS_CTRL

R5SS0_COREO_TCM_ADDRPARITY _
ERRAGG

ESM_LVL_EVENT_35

ESM

Aggregated
TCM Address
parity Error
from R5SS0
COREO

Level

MSS_CTRL

R5SS0_CORE1_TCM_ADDRPARITY _
ERRAGG

ESM_LVL_EVENT_36

ESM

Aggregated
TCM Address
parity Error
from R5SS0
CORE1

Level

MSS_CTRL

VBUSM_ERRAGG_H

ESM_LVL_EVENT_20

ESM

Aggregated

VBUSM Bus
Safety Error
High

Level

MSS_CTRL

VBUSM_ERRAGG_L

ESM_LVL_EVENT 21

ESM

Aggregated

VBUSM Bus
Safety Error
Low

Level

MSS_CTRL

VBUSP_ERRAGG_H

ESM_LVL_EVENT_19

ESM

Aggregated
VBUSP Bus
Safety Error

Level

6.1.3.2 MSS_CTRL Functional Description

6.1.3.2.1 R5FSS CPU Global Configuration and Control
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6.1.3.2.1.1 R5SS Lock Step/Dual Core Configuration
The R5SS* CONTROL register configures the lockstep/dual core behavior of the R5SS*.

When R5SS* CONTROL.LOCK_STEP is programmed to 0x7, it configures R5SS* to be in lockstep. When
programmed to 0x0, it configures R5SS* to be in dual core mode.

A reset must be issued to R5SS* to switch between dual core and lockstep mode.
When R5SS* CONTROL.RESET_FSM_TRIGGER is programmed to 0x7, it issues a reset to R5SS*.

Note
Lockstep to dual core switch can be programmed only once, and cannot be reprogrammed until the
device's next power on reset cycle.

R5SS* STATUS_REG. LOCK_STEP bitfield indicates the mode of R5SS. LOCK_STEP = 0 indicates the
corresponding R5SS is in dual core mode, and LOCK_STEP = 1 indicates the corresponding R5SS is in
lockstep mode.

6.1.3.2.1.2 R5 Core Halting and Unhalting

The R5SS* CORE*_HALT register halts and unhalts the respective R5 Cores. Programming
R5SS* CORE*_HALT.HALT bitfield to Ox7 halts the respective R5 Core. Programming the bitfield to 0x0 unhalts
the respective R5 Core.

6.1.3.2.1.3 R5 Wait-For-Interrupt (WFI)

The R5SS* CORE*_STAT register provides the Wait-For-Event (WFE) and Wait-For-Interrupt (WFI) status of the
respective R5 Cores.

R5SS* CORE*_STAT.WFI_STAT = 1 indicates the respective R5 core is in WFI.
R5SS* CORE*_STAT.WFE_STAT = 1 indicates the respective R5 core is in WFE.
6.1.3.2.2 Memory Initialization

The SRAM memories in the device are protected by SECDED ECC for functional safety. At bootup, the memory
content must be initialized for ECC. Memory initialization can be triggered by the memory initialization registers.

6.1.3.2.2.1 R5 TCM Memory Initialization

R5SS* ATCM_MEM _INIT. MEM_INIT bitfield, when programmed to 1, initializes the ATCM memories of the
corresponding R5SS.

R5SS* ATCM_MEM_INIT_STATUS. MEM_STATUS shows the status of memory initialization. If the bitfield
reads ‘1’, it indicates the memory initialization is in progress.

R5SS* ATCM_MEM _INIT_DONE. MEM_INIT_DONE bitfield is set when the memory initialization is complete.
Writing ‘1’ to this field clears the field.

R58S*_ BTCM_MEM_INIT , R5SS*_BTCM_MEM_INIT_STATUS and R5SS* BTCM_MEM_INIT_DONE are
associated with R5SS BTCM memory initialization.

6.1.3.2.2.2 L2 OCRAM and Mailbox RAM and EDMA RAM Memory Initialization

The L2_MEM_INIT register is used to initialize the data and ECC of the LZOCRAM.

The L2ZOCRAM is split into three banks.

L2 MEM_INIT_PARTITIONO, when programmed to 1, triggers the initialization of Bank0 of L2 OCRAM.
Similarly PARTITIONO, 1, 2 bit fields trigger initialization of Bank 0, 1, 2of L2 OCRAM, respectively.

The L2_MEM_INIT_STATUS register shows the status of memory initialization. If the bit field reads ‘1’, it
indicates the memory initialization is in progress.
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L2 _MEM_INIT_DONE_PARTITIONX bit field is set when the memory initialization of corresponding bank of
L20CRAM is complete. Writing ‘1’ to this field clears the field.

The MAILBOX_MEM_INIT, MAILBOX_MEM_INIT_STATUS and MAILBOX_MEM_INIT_DONE registers are
associated with Mailbox RAM ECC Initialization

The TPCC_MEM_INIT, TPCC_MEMINIT_STATUS, and TPCC_MEM_INIT_DONE registers are associated with
EDMA TPCC memory initialization.

6.1.3.2.3 EDMA Configuration

6.1.3.2.3.1 EDMA Global Configuration and Event Aggregation

The register TPTC_DBS_CONFIG configures the burst size of the DMA transfer. The bitfields TPTC_AO and
TPTC_A1 configure the burst size of TPTC_AO and TPTC_A1, respectively.

The registers TPCC_A_INTAGG_MASK, TPCC_A_INTAGG_STATUS, and TPCC_A_INTAGG_STATUS_RAW
are associated with the aggregated interrupt from EDMA TPCC_A_INTAGGR. The TPCC_A INTAGG_MASK
register can be configured to mask unwanted interrupt sources from EDMA from triggering the
TPCC_A_INTAGGR interrupt.

The TPCC_A_INTAGG_STATUS register indicates the status of interrupt sources which caused the
TPCC_A _INTAGGR interrupt to occur. The TPCC_A INTAGG_STATUS_RAW register indicates the raw status
of interrupt sources of the TPCC_A_INTAGGR interrupt.

6.1.3.2.3.2 EDMA Error Aggregation

The registers TPCC_A ERRAGG_MASK, TPCC_A ERRAGG_STATUS, and

TPCC_A ERRAGG_STATUS_RAW are associated with the aggregated interrupt from EDMA

TPCC_A ERRAGGR. The TPCC_A ERRAGG_MASK register can be configured to mask unwanted interrupt
sources from EDMA from triggering the TPCC_A_ERRAGGR interrupt. The TPCC_A ERRAGG_STATUS
register indicates the status of interrupt sources which caused the TPCC_A ERRAGGR interrupt to

occur. The TPCC_A_ERRAGG_STATUS_RAW register indicates the raw status of interrupt sources of the
TPCC_A ERRAGGR interrupt.

6.1.3.2.4 CPSW Global Configuration
The CPSW_CONTROL register is used for the global configuration of CPSW modes.

The CPSW_CONTROL.PORT*_MODE_SEL bitfield configures the Ethernet mode of the corresponding port of
CPSW to be in either MIl, RMII, or RGMII.

CPSW_CONTROL.RGMII*_ID_MODE, when set to 1, enables the internal delay mode for the transmit path of
the corresponding RGMII port. This provides a phase shift of a quarter cycle between clock and data.

CPSW_CONTROL.RMII*_REF_CLK_OE_N controls how the RMII REF_CLK is generated in the system.

As shown in Figure 6-3, the RMII*_REF_CLK can be generated from the device, fed to the CPSW module and
transmitted out to device pins. Alternately, the RMII*_REF_CLK can be sourced from an external clock input to
the device.

CPSW_CONTROL.RMII*_REF_CLK_SEL is used to select the RMII*_REF_CLK source, either from the 10 pad
(write 0x0) or from an internal source (write 0x1).
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RGMII_50_CLK
(From RCM)

Figure 6-3. CPSW Configuration

6.1.3.2.5 ICSSM Global Configuration

The GLOBAL_CONTROLS register enables dynamic power saving in ICSSM*. When
GLOBAL_CONTROLS.NOGATE is programmed to ‘0’, it enables auto clock gating in ICSSM* with increased
access latency. When this bit is programmed to ‘1’, the clock is continuously active with low latency access.

The GPI signals of ICSSM* can be sourced either from device pins or from PWM_XBAR . This selection can be
done on a per signal basis using the registers ICSSM*_PRU*_GPI_SEL, as shown in Figure 6-4.

When the pinmux is configured to choose ICSSM* GPIO function (PRO_PRU*_GPIO*), the control of the output
buffer of the device pin can be done using the registers ICSSM*_PRU*_GPIO_OUT_CTRL, as shown in Figure
6-4.
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PRO_PRUT_GPIO | i L _PLOE N -
- ICSSM_PRU1_GPIO_OUT_CTRL

ICSSM_PRU1_GPI_SEL

Note: Not all GPI and GPO signals of ICSSM are available on Device spins. Refer to device specific data sheet for the signals available on pinmux.

Figure 6-4. ICSSM Configuration

6.1.3.2.6 GPMC Global Configuration

The register GPMC_CONTROL configures the GPMC 1/O clock source and GPMC feedback clock source, as
shown in Figure 6-5.

GPMC_CONTROL.CLKOUT_SEL, when programmed to 0, selects the GPMC_FUNC_CLK from RCM as the
I/0 clock GPMC_CLK at the device pin. If a free running clock is desired at the device pin, the application must
program this bit field to 0.

GPMC_CONTROL.CLKOUT_SEL, when programmed to 1, selects the divided clock from GPMC module as
the 1/0 clock GPMC_CLK. In this case, the 1/O clock is not free running and is only active during GPMC 1/O
transfers.

GPMC_CONTROL.CLK_LB_SEL configures the source of 1/0 loop back clock. Based on the system, timing,
and noise careabouts, the application can configure the 1/0 loop back clock.

GPMC_CONTROL. CLK_OE_N and GPMC_CONTROL. CLK_LB_OE_N enable the output I/O buffer of
GPMC_CLK and GPMC_LB_CLK.
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GPMC_CONTROL. CLK_LB_OE_N

GPMC_LB_CLK

Gpmc_ret_clk [€—

GPMC_CONTROL. CLKLB_SEL

Figure 6-5. GPMC Configuration
6.1.3.2.7 OSPI Global Configuration

6.1.3.2.7.1 OSPIO Global Configuration
The registers in this section configure the XIP-enabled OSPI peripheral, OSPIO.

MSS_OSPI_CONFIG.RTXIP_PENDING is a 3-bit field in the MSS_OSPI_CONFIG register that indicates the
real-time XIP status to 8051 FOTA firmware for arbitration if the peripheral needs to differentiate between
real-time XIP and non-real time XIP requests. When the real-time XIP is pending, the register is programmed
with 3'b111. When the real-time XIP is done, the register is programmed with 3'0000. Configuration changes
must be done when the FSS (Flash Subsystem) is idle, not configured, or when there are no active transactions.

MSS_OSPI_CONFIG.CONFIG_ICLK_SEL is a 3-bit field in the MSS_OSPI_CONFIG register that is a mux
select to use either the internal loopback clock OSPI0_CLKLB as the OSPIO0 input clock, or to use the DQS
signal OSPI_DQS as the OSPIO input clock. The selected clock is the adapted loopback device clock used by
the read delay capture circuit to sample the read data as it returns to the MCU from the flash memory device.
Write 3'b111 to select the loopback clock OSPI0_CLKLB as the OSPIO input 1O clock. Write 3'b000 to select
the OSPI0_DQS as the OSPIO input IO clock. Configuration changes must be done when the FSS is idle, not
configured, or when there are no active transactions.

The register OSPI_BOOT_CONFIG_MASK holds the OSPI image boot size. The register
OSPI_BOOT_CONFIG_SEG is the OSPI segment seelctor for programmed boot size. The
BOOT_CONFIG_SEG will replace the upper 20 bits of the internal address based on segment size derived
from BOOT_MASK, which will determine the bits to be replaced.

The register FSS_OE_NEXT_EN is used to enable/disable the early OE_N signal for the OSPIO0 IO pads. Setting
these bits to 3'b111 enabled the early OE_N signal, which comes out one clock cycle early for the OSPI0

IO pads, which triggers the OSPIO 10 pads to switch to input mode one clock cycle earlier. This is used in
high-frequency flash read use cases to account for pad delays and data byte loss in the peripheral FIFO. Write
3'b000 to disable the early OE_N signal.
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6.1.3.2.7.2 OSPI1 Global Configuration
The OSPI1_CONFIG_CONTROL register is used for the OSPI1 peripheral configurations.

OSPI1_CONFIG_CONTROL.ICLK_SEL is a mux select to use either the internal loopback clock OSPI1_CLKLB
as the OSPI1 input clock, or the DQS signal OSPI1_DQS as the OSPI1 input clock. This is the adapter loopback
device clock, used by the read delay capture circuit to sample the read data as it returns to the MCU from the
flash memory device. Write 3'b111 to select the loopback clock OSPI1_CLKLB as the OSPI1 input clock. Write
3'b000 to select the DQS signal OSPI1_DQS as the OSPI1 input clock. Configuration changes must be done
when the FSS is idle, not configured, and when there are no active transactions.

OSPI1_CONFIG_CONTROL.EARLY_OE_N is used to enable/disable the early OE_N signal for the OSPI1 IO
pads. Setting these bits to 3'b111 enabled the early OE_N signal, which comes out one clock cycle early for the
OSPI1 IO pads, which triggers the OSPI1 10 pads to switch to input mode one clock cycle earlier. This is used in
high-frequency flash read use cases to account for pad delays and data Byte loss in the peripheral FIFO. Write
3'b000 to disable the early OE_N signal.

OSPI1_CONFIG_CONTROK.ADDRESS TRANSLATE_EN is used to enable or disable address translation for
ISSI PSRAM memory. Setting these bits to 3'b111 enables address translation as specified in an ISS| PSRAM
memory device, as shown in Table 6-11 below:

Table 6-11. ISSI PSRAM Command/Address Bit Assignment

Clock 1st Clock 2nd Clock 3rd Clock

Function Command Row Address Column Address

SIO[7] Reserved RA7 CA9 Reserved

SIO[6] Reserved RA6 CA8 Reserved

SIO[5] Reserved RA5 CA7 Reserved

SIO[4] RA12 RA4 CA6 Reserved
Command

SIO[3] RA11 RA3 CA5 CA3

SIO[2] RA10 RA2 CA4 CA2

SIO[1] RA9 RA1 Reserved CA1

SIO[0] RA8 RAO Reserved CAO0

OSPI1_CONFIG_CONTROL.OSPI_32 BIT_MODE is used to enable or disable 32-bit mode on the OSPI1
peripheral. Setting these bits to 3'b111 sets the incoming request 32-bit aligned to a 32-bit aligned address.
Because OSPI PHY pipeline mode requires all AHB accesses to be 4-Byte alihned, this converts any non-4-Byte
transfers into 4-Byte aligned transfers for OSPI1. Setting this register bitfield to 3'b000 disables 32-bit mode.

OSPI1_CONFIG_CONTROL.OSPI_DDR_MODE is used to enable or disable DDR mode on the OSPI1
peripheral. Setting these bits to 3'b111 enables DDR mode. Because the OSPI controller requires DDR transfers
to be 2-Byte aligned, this will convert any non-2-Byte transfers into 2-Byte aligned transfers for OSPI1. Setting
these bits to 3'b000 disables DDR mode.

6.1.3.2.8 USB Global Configuration
The USB peripheral is configured using the CONTROL_USBOTGHS_CONTROL register.

AM261x does not support USB OTG (On-The-Go). The operating mode - host or device - is determined in
software at the device boot by sampling the SOP pins. The CONTROL_USBOTGHS_CONTROL register is
software-configured to drive the UTMI+ (USB Transceiver Macrocell Interface) signals.

Inputs to the USB controller, driven by the control module include:

« CONTROL_USBOTGHS.CONTROL_AVALID. This bitfield indicates whether the USB VBUS is above the
A-Device session valid threshold. The threshold voltage, Vy, is between 0.8V and 2.0V. The bitfield is set to
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0 if the USB VBUS voltage is below VA_SESS _VLD. The bitfield is set to 1 if the VBUS voltage is above
VA_SESS_VLD.

« CONTROL_USBOTGHS.VBUSVALID. This bitfield indicates if the USB VBUS is above the threshold for
normal operation. The threshold voltage Vi, us between 4.4V and 4.75V.

« CONTROL_USBOTGHS.SESSEND. This bitfield indicates if the VBUS is below the B-Device session valid
threshold. The threshold voltage, Vy, is between 0.8V and 2.0V. The bitfield is set to O if the USB VBUS
voltage is above VB_SESS_END. The bitfield is set to 1 if the USB VBUS is below VB_SESS_END.

« CONTROL_USBOTGHS.IDDIG. This bitfield indicates the value of the USB_ID pin on the USB receptacle.
The bitfield is set to 0 if the ID pin is grounded, indicating that the USB controller is in host mode. The bitfield
is set to 1 if the ID pin is high-impedance, indicating that the USB controller is in device mode.

Outputs of the USB controller, readable in the control module include:

* CONTROL_USBOTGHS.IDPULLUP. This read-only bitfield enables sampling of the USB_ID pin on the USB
receptacle. The bitfield reads 0 if the transceiver does not apply a pull-up to the USB_ID pin. The bitfield
reads 1 if the transceiver applies a pull-up to the USB_ID pin.

« CONTROL_USBOTGHS.DRVVBUS. This read-only bitfield controls the drive of the 5V power on the USB
VBUS. The bitfield reads 0 if the transceiver does not drive the USB VBUS. The bitfield reads 1 if the
transciever drives the USB VBUS.

« CONTROL_USBOTGHS.CHRGVBUS. This read-only bitfield controls the charging of the USB VBUS for
initiating SRP (Session Request Protocol). The bitfield reads 0 if the transceiver does not charge the USB
VBUS. The bitfield reads 1 if the transceiver charges the USB VBUS.

« CONTROL_USBOTGHS.DISCHRGVBUS. This read-only bitfield controls the discharging of the USB VBUS
for completing SRP. The bitfield reads 0 if the transceiver does not discharge the USB VBUS. The bitfield
reads 1 if the transceiver discharges the USB VBUS.

The CTRL_USB_CTRLO register is used to control the wake-up and power down of the USB PHY.

USB2PHY is a physical layer transceiver (PHY) that connects a USB controller to external USB physical lines.
The USB2PHY power down signal, USB2PHY.PD is an OR of the eFuse disable USB2_DISABLE and the bit
CTRL_USB_CTRLO.CM_PWRDN, which is set to 1 if the PHY is powered down, and is set to 0 if the PHY is
operating in normal mode.

The USB_SLAVE_CONTROL is used to control the USB peripheral requests.

The USB PHY wake-up interface provides a mechanism to generate a trigger to the MCU core logic when a
change is detected on the USB_DP and USB_DM pins. A typical use-case for this interface is when the USB
PHY is powered up and waiting to be connected.

1. The MCU control logic asserts a wake-up enable USB_SLAVE_CONTROL.USBSS_PHY_WAKEUP_WUIN,
and pulses the wake-up clock USB_SLAVE CONTROL.USBSS_PHY_WAKEUP_WUCLKIN. This latches
the values of the USB_DP and USB_DM pins to the USB PHY's wake-up logic and shuts off the PHY supply
voltage.

2. When a change is seen in the USB_DP and USB_DM pin states, a wake-up out signal
USB_SLAVE_CONTROL.USBSS_PHY_WAKEUP_WOUT pulse is generated, which goes out as an
interrupt to the MCU and to the device power management module. This restores the supply voltage to
the PHY.

6.1.3.2.9 MPU Interrupt Aggregator

The system Memory Protection Units (MPU) are present on various module ports. Each MPU can generate two
kinds of error types: an address error and a protection error. Refer to the Section 3.11.3.3 for a description of
these errors.

The address errors from all MPU are aggregated and generate one interrupt
R5SS* CORE*_MPU_ADDR_ERRAGG to each R5 Core. Similarly, the protection errors from all MPU are
aggregated and generate one interrupt R5SS*_CORE*_MPU_PROT_ERRAGG to each R5.
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The interrupt to each R5 can be independently configured to select the MPU sources, which should generate the
above interrupts.

The registers MPU_ADDR_ERRAGG_R5SS*_CPU*_MASK , MPU_ADDR_ERRAGG_R5SS*_CPU*_STATUS,
and MPU_ADDR_ERRAGG_R5SS* CPU* _STATUS_ RAW are associated with
R5SS* CORE* MPU_ADDR_ERRAGG interrupt to the respective R5F core.

The register MPU_ADDR_ERRAGG_R5SS*_CPU*_MASK configures interrupt sources which can generate
the ADDR_ERR interrupt to the respective R5 core. MPU_ADDR_ERRAGG_R5SS* CPU*_STATUS register
indicates the status of the source which caused the ADDR_ERR interrupt to the respective R5 Core.

The MPU_ADDR_ERRAGG_R5SS*_CPU*_STATUS_RAW register indicates the raw status of all possible
interrupt sources which can generate the ADDR_ERR interrupt.

The registers MPU_PROT_ERRAGG_R5SS0_CPUO_MASK, MPU_PROT_ERRAGG_R5SS0_CPUQO_STATUS,
and MPU_PROT_ERRAGG_R5SS0_CPUO_STATUS_ RAW are associated with
R5SS*_CORE*_MPU_PROT_ERRAGG interrupt to the respective CPU.

The register MPU_PROT_ERRAGG_R5SS0_CPUO_MASK configures interrupt sources, which can generate
the PROT_ERR interrupt to the respective R5 core. MPU_PROT_ERRAGG_R5SS0_CPUO_STATUS register
indicates the status of source which caused the PROT_ERR interrupt to the respective R5 Core.

The MPU_PROT_ERRAGG_R5SS0_CPUO_STATUS_RAW register indicates the raw status of all possible
interrupt sources which can generate the PROT_ERR interrupt.

6.1.3.2.10 MMR Access Error Interrupt Aggregator

Some of the SoC Control Modules generate MMR access error interrupts (see Section 6.1.1.2) as shown in
Figure 6-6.

All control modules' MMR access error interrupts are aggregated and generate a single

interrupt MMR_ACCESS_ERRAGGR to the R5 cores. The registers MMR_ACCESS_ERRAGG_MASKO,
MMR_ACCESS_ERRAGG_STATUSO, and MMR_ACCESS_ERRAGG_STATUS_RAWO are associated with this
interrupt.

The MMR_ACCESS_ERRAGG_MASKO register selects the sources which can generate the
MMR_ACCESS_ERRAGGR interrupt. The MMR_ACCESS_ERRAGG_STATUSO register indicates the

status of interrupt sources which caused the MMR_ACCESS_ERRAGGR interrupt to occur. The
MMR_ACCESS_ERRAGG_STATUS_RAWO register indicates the raw status of all interrupt sources which can
cause MMR_ACCESS_ ERRAGGR interrupt to occur.
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TOP CTRL MMR_ACCESS_ERR_RD
- MMR_ACCESS_ERR_WR
MMR_ACCESS_ERR_RD
MMR_ACCESS_ERR_WR
MSS_CTRL
MSS_CTRL
TOP_RCM
MMR_ACCESS_ERR_RD
MMR_ACCESS_ERR_WR
MMR_ACCESS_ERRAGGR |——p
MMR_ACCESS_ERR_RD
MSS_RCM MMR_ACCESS_ERR_WR
MMR_ACCESS ERR RD
HSM_CTRL MMR_ACCESS_ERR_WR
MMR_ACCESS_ERR_RD
HSM_SOC_CTRL MMR_ACCESS_ERR_WR

Figure 6-6. MMR Access Error Interrupt Aggregator

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025 AM261x Technical Reference Manual 227

Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

Device Configuration www.ti.com

6.1.3.2.11 Safety Registers
The following sections detail the Safety Registers in the device.
6.1.3.2.11.1 R5 Memory ECC Error Aggregator

ARM R5 Cores support ECC error detection on the R5 associated memories — ICache, DCache, and TCM
memories. These errors are visible on the ARM R5 Event bus EVNTBUS[*] (refer to ARM documentation for
more details on the event bus interface). These errors are aggregated in the Control module and presented as
two errors to ESM per R5 Core:

* R5S8S* CORE* CORR_ERRAGG : Correctable ECC Errors, one per R5 Core

* R5S8S* CORE* UNCORR_ERRAGG : Uncorrectable/Fatal ECC Errors, one per R5 Core

MSS_CTRL

— R555* CORE*

CYNTEUS[2E]

EVNTEUS[2?]

Y

FYNTRLIS[]

hJ

EVNTBUS[2S]

v

EVNTELUS[HE]

Emrar Aggregaor 7P  R58S°_CORE'_CORR_ERRAGG 10 ESM
FAWNTRLIS[]

¥

EVNTELS[45]

hJ

RE Mermaiies
Icache. Deachs, TGM

FUNTRIIS[E]

v

EWVMTELIS[3]

Yy v

EVNTELS[37]

EVNTEUS[53]

Y

Ermrur Aguisyat 73 R555°_CORE*_UNCORR_ERRAGG to ESM

EVNTELS[34]

L4

Figure 6-7. R5 Memory ECC Error Event Interrupt Aggregator

The following registers are associated with R5SS*_ CORE*_CORR_ERRAGG:

« R5SS* CPU*_ECC_CORR_ERRAGG_MASK — Error Mask Register
« R5SS* CPU*_ECC_CORR_ERRAGG_STATUS - Error Status Register/Clear Register
« R5SS* CPU*_ECC_CORR_ERRAGG_STATUS_RAW — Raw Error Status Register

Table 6-12 lists the register fields that control the generation of R5SS* CORE* CORR_ERRAGG Error.
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Table 6-12. R5SS*_CORE*_CORR_ERRAGG Error Events
Event Flag Event Mask Description

R5SS*_CPU*_ECC_CORR_ERRAGG_STATUS[O]

R5SS*_CPU* ECC_CORR_ERRAGG_MASK[0]

ATCM single-bit ECC
error. From R5 event bus
EVNTBUSI[40]

Register Field name -
R58S*_CPU*_ATCM_CO
RR_ERR

R5SS*_CPU*_ECC_CORR_ERRAGG_STATUS[1]

R5SS*_CPU*_ECC_CORR_ERRAGG_MASK[1]

B1TCM single-bit ECC
error. From R5 event bus
EVNTBUS[42]

Register Field name -
R58S*_CPU*_B1TCM_C
ORR_ERR

R5SS*_CPU*_ECC_CORR_ERRAGG_STATUS[2]

R5SS*_CPU*_ECC_CORR_ERRAGG_MASK[2]

BOTCM single-bit ECC
error. From R5 event bus
EVNTBUS[41]

Register Field name -
R5SS*_CPU*_BOTCM_C
ORR_ERR

R5SS* CPU* ECC_CORR_ERRAGG_STATUS[3]

R5SS* CPU* ECC_CORR_ERRAGG_MASK][3]

Data cache tag or dirty
RAM parity error or
correctable ECC error.
From R5 event bus
EVNTBUS[24]

Register Field name -
R5SS* _CPU*_DTAG_CO
RR_ERR

R5SS* CPU* ECC_CORR_ERRAGG_STATUS[4]

R5SS* CPU* ECC_CORR_ERRAGG_MASK[4]

Data cache data RAM
parity error or correctable
ECC error.

From R5 event bus
EVNTBUSI[25]

Register Field name -
R5SS*_CPU*_DDATA_CO
RR_ERR

R5SS*_CPU* ECC_CORR_ERRAGG_STATUS[5]

R5SS*_CPU*_ECC_CORR_ERRAGG_MASK[5]

Instruction cache tag RAM
parity or correctable ECC
error.

From R5 event bus
EVNTBUS[22]

Register Field name -
R5SS*_CPU*_ITAG_COR
R_ERR
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Table 6-12. R5SS*_CORE*_CORR_ERRAGG Error Events (continued)

Event Flag

Event Mask

Description

R5SS*_CPU*_ECC_CORR_ERRAGG_STATUSI[6]

R5SS*_CPU* ECC_CORR_ERRAGG_MASK][6]

Instruction cache data
RAM parity or correctable
ECC error.

From R5 event bus
EVNTBUSI[23]

Register Field name -
R5SS*_CPU*_IDATA_CO
RR_ERR

The following registers are associated with R5SS* CORE*_ UNCORR_ERRAGG:

*+ R5SS* CPU*_ECC_UNCORR_ERRAGG_MASK - Error Mask Register
*+ R5SS* CPU*_ECC_UNCORR_ERRAGG_STATUS - Error Status Register/Clear Register

+ R5SS* CPU*_ECC_UNCORR_ERRAGG_STATUS_RAW — Raw Error Status Register

Table 6-13 lists the register fields that control the generation of R5S8S*_ CORE*_UNCORR_ERRAGG Error.

Table 6-13. R5SS*_CORE*_UNCORR_ERRAGG Error Events

Event Flag

Event Mask

Description

R5SS*_CPU* ECC_UNCORR_ERRAGG_STATUS[0]

R5SS*_CPU*_ECC_UNCORR_ERRAGG_MASKI0]

ATCM multi-bit ECC error.
From R5 event bus
EVNTBUSI[37]

Register Field name -
R5SS* CPU*_ATCM_UN
CORR_ERR

R5SS* CPU* ECC_UNCORR_ERRAGG_STATUSI1]

R5SS* CPU* ECC_UNCORR_ERRAGG_MASK[1]

B1TCM multi-bit ECC
error. From R5 event bus
EVNTBUSI[39]

Register Field name -
R5SS* CPU*_B1TCM_U
NCORR_ERR

R5SS*_CPU*_ECC_UNCORR_ERRAGG_STATUS[2]

R5SS* CPU* ECC_UNCORR_ERRAGG_MASK[2]

BOTCM multi-bit ECC
error. From R5 event bus

EVNTBUS[38]

Register Field name -
R5S8S*_CPU*_BOTCM_U
NCORR_ERR

R5SS*_CPU*_ECC_UNCORR_ERRAGG_STATUS[3]

R5SS*_CPU* ECC_UNCORR_ERRAGG_MASK[3]

Data cache tag/dirty RAM
fatal ECC error. From R5
event bus EVNTBUS[34]

Register Field name -
R5SS*_CPU*_DTAG_UN
CORR_ERR

R5SS*_CPU* ECC_UNCORR_ERRAGG_STATUS[4]

R5SS*_CPU*_ECC_UNCORR_ERRAGG_MASK[4]

Data cache data RAM
fatal ECC error. From R5
event bus EVNTBUS[33]

Register Field name -
R5SS*_CPU*_DDATA_UN
CORR_ERR

6.1.3.2.11.2 R5SS TCM Address Parity Error Aggregator

The R5_CORE can generate parity bits on the TCM address. R5SS implements a parity error
detection mechanism and generates an error event if parity error is detected. These errors are
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aggregated in Control module and presented as one Error per R5_CORE to the ESM module -
R5SS* CORE*_TCM_ADDRPARITY_ERRAGG.

R5SS*_CORE*

R5 Memories

MSS_CTRL

Icache, Dcache, TCM

BOTCM Address

@ R5SS*_CPU*_ATCMO_PARITY_ERR
Parity Check

R5SS*_CPU*_BOTCMO_PARITY_ERR

R5SS*_CORE*_TCM_ADDRPARITY_ERRAGG

(to ESM)

Parity Check

B1TCM Address

R5SS*_CPU*_B1TCMO_PARITY_ERR

2
Error Aggregator

Parity Check

Figure 6-8. R5SS TCM Address Parity Error Aggregator

The following registers are associated with R5SS* CORE* TCM_ADDRPARITY_ERRAGG:
+ R5SS* CPU*_TCM_ADDRPARITY_ERRAGG - Error Mask register

+ R5SS* CPU*_ECC_CORR_ERRAGG_STATUS - Error Status Register/Clear Register

+ R5SS* CPU*_ECC_CORR_ERRAGG_STATUS_RAW — Raw error status register
» ERR_PARITY_ATCMO_R5SSO0 - Latched Address of Parity Error location on ATCM Memory of respective R5

Core

+ ERR_PARITY_BOTCM_R5SS0 - Latched Address of Parity Error location on BOTCM Memory of respective

R5 Core

+ ERR_PARITY_B1TCM_R5SS0 - Latched Address of Parity Error location on B1TCM Memory of respective

R5 Core

+ TCMx_PARITY_CTRL (x =0, 1) - Parity Error Address clear register for respective R5SS
Table 6-14 lists the register fields that control the generation of R5SS*_CORE*_TCM_ADDRPARITY_ERRAGG.
Table 6-14. R5SS*_CORE*_TCM_ADDRPARITY_ERRAGG Events

Event Flag

Event Mask

Description

R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_STATU
S[0]

R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_MASK]
0]

ATCM Address Parity
Error.
Register field -

ATCMO_PARITY_ERR

R5SS* CPU*_TCM_ADDRPARITY_ERRAGG_STATU
S[]

R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_MASK]
1]
BOTCMO_PARITY_ERR

BOTCM Address Parity
Error.
Register field -

BOTCMO_PARITY_ERR

R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_STATU
S[2]

R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_MASK]
2]

B1TCM Address Parity
Error.
Register field -

B1TCMO_PARITY_ERR

6.1.3.2.11.3 Interconnect Safety

Various MMR are present for detecting and injecting errors into VBUS interconnects.

.« * BUS_SAFETY_CTRL —
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— to enable the interconnect for safety
— to clear the error status
— top level idea of the available bus (cmd,wr,ws,rd) for the particular port and whether the port follows the
VBUS protocol or not
« * BUS_SAFETY_FI - To inject fault on

— data bus - double error detection(ded) error

data bus - single error detection(sec) error

read, write, command and request bus on safe interconnect

read, write, command and request bus on main interconnect

« * BUS_SAFETY_ERR - Error status register for sec, ded and comparison error. It also indicates if the fault
injection has been do successfully done.

« * BUS_SAFETY_ERR_STAT_* - Comparator status register for the respective bus

6.1.3.2.12 MSS_CTRL MMR Kick Protection Registers

*

The MSS_CTRL memory space is protected for writes using the kick registers as discussed in MMR Write
Protection.

6.1.3.2.13 MSS_CTRL MMR Access Error Registers

The MSS_CTRL module can generate an Access Error interrupt which is associated with the following registers.
* INTR_RAW_STATUS - Interrupt Raw Status/Set register

* INTR_ENABLED_STATUS_CLEAR - Interrupt Enabled Status/Clear register

* INTR_ENABLE - Interrupt Enable register

* INTR_ENABLE_CLEAR - Interrupt Enable Clear register

See Section MMR Access Error Interrupt for details.
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6.1.4 CONTROLSS_CTRL (CTRLMMR?2)
This module consists of registers associated with the following functions:

» Peripheral clock gating - Writing 3'b111 will gate the clock for the corresponding peripheral. Programmed as

multibit.
» Peripheral reset - Writing 3’b111 will generate the reset for the corresponding peripheral. Programmed as

multibit.
* Peripheral Halt

— Peripheral Halt disabled with corresponding CPU halt when programmed to 0
— Peripheral Halt enabled with corresponding CPU halt when programmed to 1
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6.1.5 IOMUX (PADCFG_CTRLMMRO)

SoC-level terminal configuration control registers

Every device pinmux I/O pad is associated with a configuration MMR register <PAD_NAME>_ CFG_REG. Table
6-15 describes each of these 1/0 pad configuration register fields.
Table 6-15. I/O Pad Configuration Register Fields

Register Field

Description

MSS_IOMUX.

.<PAD_NAME>_CFG_REG_func_sel

For selecting the input for the peripheral to pad mux or output of the
pad to peripheral demux

MSS_IOMUX..

<PAD_NAME>_CFG_REG_ie_override_ctrl

Active Low Input Override Control : Write 1 to select Active low
Input Override value to control 10s IE_N/RXACTIVE_N instead of
the control from hardware

MSS_IOMUX..

<PAD_NAME>_CFG_REG_ie_override

Active Low Input Override

MSS_IOMUX..

<PAD_NAME>_CFG_REG_oe_override_ctrl

Active Low Output Override Control : Write 1 to select Active low
Output Override value to control IOs OE_N/GZ instead of the control
from hardware

MSS_IOMUX..

<PAD_NAME>_CFG_REG_oe_override

Active Low Output Override

MSS_IOMUX..

<PAD_NAME>_CFG_REG_pupdsel

Pullup/PullDown Selection 0 -- Pull Down 1 - Pull Up

MSS_IOMUX..

<PAD_NAME>_CFG_REG_pi

Pull Inhibit/Pull Disable 0 -- Enable 1- Disable

MSS_IOMUX..

<PAD_NAME>_CFG_REG_sct

Slew rate control : 0 : higher slew rate. 1: Lower slew rate.

MSS_IOMUX..

<PAD_NAME>_CFG_REG_gpio_sel

R5F CPU ownership select for GPIO. 0 : GPOO, 1 :GPO1, 2 : GPO2,
3:GPO3

MSS_IOMUX..

<PAD_NAME>_CFG_REG_qual_sel

select value for choosing input qualifier type for PAD. 00 : Sync, 01 :
3 Sample qual 10 : 6 Samples qual 11 : Async

MSS_IOMUX..

<PAD_NAME>_CFG_REG_inp_inv_sel

select value for choosing inverted version of PAD input for chip: 0 :
Non Inverted 1 : Inverted

MSS_IOMUX..

<PAD_NAME> CFG_REG_hsmode

MMR bits for HSMODE pin in case of true 12C pads

MSS_IOMUX.

.<PAD_NAME>_CFG_REG_hsmaster

MMR bits for HSMASTER pin in case of true 12C pads

MSS_IOMUX_QUAL_GRP_* CFG_REG_qual_period_per_sample

MMR bits for programming the qualifier clock count per sample
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6.1.6 TOPRCM (RCM_CTRLMMRO): SoC-level Clock and Reset control registers
The below Table 6-16 describes the SoC Level clock and Reset Control Registers. Refer to Section 6.3.2.2 for

more information on Warm Reset.

Table 6-16. SoC Level Reset Registers

Control/Status Register

Description

TOP_RCM.WARM_RESET_CONFIG

Enable/disable individual warm reset sources

TOP_RCM.WARM_RESET REQ

SW warm reset request

TOP_RCM.WARM_RST_CAUSE_CLR

Clear request for registered warm reset cause

TOP_RCM.WARM_RSTTIME1

When warm reset is triggered by internal warm reset sources, the time for which the
warm reset pad pin has to be asserted low.

TOP_RCM.WARM_RSTTIME2

When warm reset is de-asserted externally, the time delay after which the external
warm reset is de-asserted.

TOP_RCM.WARM_RSTTIME3

When warm reset is asserted externally, the time delay after which the external warm
reset is asserted.

TOP_RCM.WARM_RST_CAUSE

Status register capturing which warm reset source caused the warm reset

The below Table 6-17 refers to the programmable values for WARM_RSTTIME1/2/3 that correspond to delays in

the design.

Table 6-17. WARM_RSTTIMEx Programmable Delay Values

Programmable Value Delay Value

0 500ns

1 1us

2 2us

3 4us

4 8us

5 16ps

6 32us

7 64us

8 128us

9 256us

10 512us

1 1.024ms

12 2.048ms

13 4.096ms

14 8.192ms

15 16.384ms

Table 6-18. SoC Level Clock Registers
Control/Status Register Description
TOP_RCM.x_CLK_SRC_SEL Select line for selecting source clock for corresponding IP. Data should be loaded as
multibit

TOP_RCM.x_CLK_DIV_VAL Divider value for corresponding selected clock. Data should be loaded as multibit.
TOP_RCM.x_CLK_GATE For gating the corresponding clock. writing '111' will gate clock for the IP
TOP_RCM.x_CLK_STATUS_clkinuse Status shows the source clock selected for the corresponding clock
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Table 6-18. SoC Level Clock Registers (continued)
Control/Status Register Description
TOP_RCM.x_CLK_STATUS_currdivider Status shows the current divider value chosen for the corresponding clock
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6.1.7 MSS_RCM (RCM_CTRLMMR1): SoC and Peripheral-level Clock and Reset control registers

The below describes the SoC and Peripheral Clock and Reset Control Registers
Table 6-19. SoC and Peripheral Reset Registers

Control/Status Registers

Description

MSS_RCM.R5SSx_DBG_RST_EN

Controls enable/disable of debug reset request to reset COREO and CORE1

MSS_RCM.R5SSx_RST_ASSERDLY

Controls the number of cycles reset should be kept asserted for R5SS resets.

MSS_RCM.R5SSx_RST2ASSERTDLY

Controls the number of cycles reset should be to wait before asserting R5SS resets.

MSS_RCM.R5SSx_RST_WFICHECK

Enable/disables if WFI is required before asserting R5SS resets.

MSS_RCM.R5SSx_RST_CAUSE_CLR

Clear the reset cause register

MSS_RCM.<IP>_RST_CTRL

Controls the individual IP reset generation

MSS_RCM.R5SSx_RST_STATUS

Status register capturing which event caused the corresponding R5SS reset

Table 6-20. SoC and Preipheral Clock Registers

Control/Status Registers

Description

MSS_RCM.x_CLK_SRC_SEL

Select line for selecting source clock for corresponding IP. Data should be loaded as
multibit

MSS_RCM.x_CLK_DIV_VAL

Divider value for corresponding selected clock. Data should be loaded as multibit.

MSS_RCM.x_CLK_GATE

For gating the corresponding clock. Writing 111" will gate clock for the IP

MSS_RCM.x_CLK_STATUS_clkinuse

Status shows the source clock selected for the corresponding clock

MSS_RCM.x_CLK_STATUS_currdivider

Status shows the current divider value chosen for the corresponding clock

Note

[x] in MSS_RCM.x refers to various MSS peripherals.
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6.2 Power
This chapter describes the power-management architecture implemented in the device.
The Power Management content is presented in several general sections:

* Power Management Overview
*  Power Management Unit

» Power Control Modules

» Device Power States

6.2.1 Power Management Overview

The AM261xPower Management System contains a Power Management Unit (PMU), which includes reference
voltage generators, power rail monitors that can trigger a device reset, and a threshold based temperature
monitor. The AM261x also contains an internal BIAS LDO, which generates a 1.8-V output on the VDDS18_LDO
pin, which should be externally connected to VDDS18 for |0 Bias.

Figure 6-9 shows the different power supply domains in the AM261x. The AM261x has the following power
domains, some of which must be externally supplied and some of which are internally generated by LDO
modules in the device.

* 3.3-V 10 and analog Supply: The 3.3-V supply must be provided externally to the VDDS33 and VDDA33
pins and is used for analog logic and 10s.

* 1.8-V OR 3.3-V FLASH IO Supply: The 1.8V or 3.3V supply must be provided externally to the VDDSHV_D
(vDDS1833_FLASHO0) and VDDSHV_E (VDDS1833_FLASH1) pins to set the Flash IO voltage level. It is
used for IO Bias for group FlashO (OSPIO) and Flash1 (OSPI1) IOs. For example, if 1.8V 10 is required for
the OSPIO peripheral, connect an external 1.8V supply to the VDDSHV_D pin. If 3.3V 10 is required for the
OSPI1 peripheral, connect an external 3.3V supply to the VDDSHV_E pin.

. Note
VDDSHV_D and VDDSHV_E pins only exist on the AM261x ZFG, ZEJ, and ZNC package sizes. The
AM261x ZCZ package does not have these configurable power pins, and only supports 3.3-V logic
Flash 10.

* 1.2-V Core Supply: The 1.2-V core supply must be provided externally to the VDD and VDDR1/2/3 pins and
is used for Digital logic and SRAMs.

Note
Industrial-grade AM261xAO... devices require 1.25-V for the core supply for operation at 500MHz or
400MHz. Automotive-grade AM261xAL...Q1 and AM261xAP...Q1 devices require 1.2V for the core
supply for operation at 400MHz.

* 1.8-V 10 BIAS Supply: The 1.8-V |0 Bias supply, VDDS18, is generated internally by the BIAS LDO from the
3.3-V Supply and connect to the VDDS18_LDO pin which can to be connected to VDDS18 on the board. The
supply is used for 10 Bias.

* 1.8-V Analog Supply: The 1.8-V Analog Supply, VDDA18, is generated internally and connected to the
VDDA18_LDO pin which can be connected to VDDA18 and VDDA18 OSC_PLL (1.8V Analog Supply for
PLL) on the board. The supply powers the analog logic and PLL.

— The 1.8V Analog Supply can be re-programmed to 1.7V to use for VPP programming. See Section 6.2.1.1
for more information.

* VPP 1.7-V Supply: The 1.7-V VPP supply must be provided externally when programming the Fusible ROM
(FROM) present in the device. When the FROM is not being programmed the 1.7-V supply may be disabled
or disconnected from the device .

Figure 6-9. AM261x Power Supply Overview
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As a power saving option, the AM261x supports clock gating for all the peripherals as well as including a power
down feature for On-Chip Static Random Access Memory (OCSRAM) banks. Details of IP clock gating can be
found in Section 6.2.3.1 and the power down mode of OCSRAM is explained in Section 6.2.3.2.

6.2.1.1 Using the Device Analog LDO for VPP Supply

The device includes functionality to use the internal 1.8V Analog Supply as the source for the VPP 1.7V Supply.
This feature eliminates the need for an external LDO connection to VPP in order to perform eFuse programming
on the device. By taking advantage of this added functionality, system BOM costs can be reduced by eliminating
the external 1.7V VPP source LDO from a design.

In order to use the 1.8V Analog Supply as the VPP source, any factory programming sequence that requires the
one-time programmable eFuse necessitates a minor modification to account for the VPP power requirements.
First, the VPP_EN bit in the VPP_EN_MMR register needs to be set to 1. To correctly program the eFuse, VPP
requires a 1.7V supply. The default output of the 1.8V Analog Supply must be re-programmed to output 1.7V.
The flow of this process is as follows:

1. Lower the internal 1.8V Analog LDO supply to 1.7V before programming the eFuse
2. Program eFuse
3. Raise the internal Analog LDO supply back to the default of 1.8V

Note
Step 3 above is critical, as the device will not function properly if this step is not performed.

To enter eFuse programming and set the internal 1.8V Analog supply to 1.7V (all registers are under
TOP_CTRL):

1. Read the TRIM_OFFSET from EFUSE_OVERRIDE_LDO_TRIM.

2. Assert the Mask for the Ana ISO SOC reset in the MASK_ANA _ISO register by setting the MASK field to
3b111. This prevents the lowering of the LDO voltage from triggering any systems resets.

3. Program the LDO_PROG field of the EFUSE_OVERRIDE_LDO_TRIM register to 4b1110.

4. Program the TRIM_OFFSET field of the EFUSE_OVERRIDE_LDO_TRIM register to the value obtained in
step 1.

5. Enable the override by setting the OVERRIDE field of the EFUSE_OVERRIDE_LDO_TRIM register to
3b111.

6. Wait for the supply voltage to stabilize. 1 millisecond is the recommended delay interval.

7. Program eFuse and verify.

To exist eFuse programming and restore the internal Analog LDO supply back to 1.8V (all registers are under

TOP_CTRL):

1. Disable the override by clearing all bits of the OVERRIDE field of the EFUSE_OVERRIDE_LDO_TRIM
register.

2. Wait for the supply voltage to stabilize. 1 millisecond is the recommended delay interval.

3. The internal Analog LDO supply will now be back to normal operation at 1.8V.

4. De-assert the Mask for the Ana ISO SOC reset by clearing all the bits of the MASK field in the
MASK_ANA_ISO register.

5. Exit the eFuse programming routine.

6.2.2 Power Management Unit

The Power Management Unit in AM261x consists of a Reference system and a Safety system.
* Reference System:

The Reference system generates internally used power supply and reference rails. It ensures reliable power
on sequencing with the PMU and generates a reset signal based on coarse voltage level checks given
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to the external power supplies. The Reference system also contains the 1.8V LDO which generates a

1.8V output on the VDDA18_LDO pin. The 1.8V on VDDA18_LDO can be connected to VDDA18 and
VDDA18_OSC_PLL on the board to provide the 1.8V supply to the Analog Circuit and PLL. This connection
has to be done external to the device as there is no internal connection path for VDDA18 LDO to source
either VDDA18 or VDDA_OSC_PLL.

Using the 1.8V LDO as the VDDA18 source allows the 1.8V LDO to source multiple internal blocks. These
blocks include the internal ADC voltage reference buffers as well as other analog loads. Because the ADC
reference buffers are sourced internally through the VDDA18 input, the VDDA18_LDO output should not be
connected as source for the ADC VREFHI inputs.

Safety System:

The Safety System contains the safety comparators and temperature sensor to monitor the system supplies
and temperature. The glitch filtered output of the voltage monitors is connected to the Error Signaling Module
(ESM) and provide an error signal if the supply is not within the voltage thresholds set for the individual
monitored supplies.

6.2.2.1 PMU Reference System (REFSYS)

The PMU Reference System consists of the following:

Bandgap (BGAP) and BGAP coarse level checker
LDO and LDO coarse lever checker

Supply (VDDA18 and VDD) coarse level checker
Power on Sequencer and reset generation circuit
Level Shifters

The REFSYS generates a reset based on PORz and the stability of external voltage rails and provide outputs in
three supply domains, VDD, VDDA18, and VDDAS33, which are used in different domain logic.

The power up sequence is shown in Power Up Sequence and details for the sequence from the PMU REFSYS
reset are shown below:

1.

The device needs to be supplied with 3.3V (VDDS33/VDDA33), 1.8V (VDDS1833_FLASHO0/1), and 1.2V
(VDD/VDDARX) supplies externally. As the external power supplies ramps up, PORz needs to be asserted
low externally until the supplies are stable to hold the SOC in a reset state.

Note
When 1.8V Flash is used, the 1.2V and 1.8V rails is recommended to ramp up at least 50us after
VDDS33/VDDA33 ramp up.
The device can rely on an external supervisor to verify that the device external supplies (3.3V, 1.2V, 1.8V)
are valid before releasing the reset to the device (PORz de-asserted). An inverted signal HHV (High Heating
Value) is generated internally from PORz to enable isolation logic during power up for the 10s and PLL logic.
When the PORz is de-asserted, i.e PORz transitions from low to High, the PMU starts the power-up
sequence by enabling the Bandgap (BGAP) Voltage and Current reference voltage generators.
While the reference voltages are settling, BGAP voltage is monitored by a coarse level checker and the
BGAP ready signal is generated when the voltage stabilizes. This signal enables LDO and supply coarse
checkers inside the reference system.
Once the VDD and VDDA18 supplies are deemed ready, the internal signal VDD_OK is asserted. This
releases the reset going to SOC.
A rising edge on VDD_OK enables the RC Oscillator (provides the 10MHz RCCLK) and the crystal clock
(XTALCLK).
a. Reset and clock control module checks the presence of RCCLK for 16 clock cycle before enabling
RCCLK to rest of the SOC.
b. To verify the stability of XTALCLK, a 2ms counter using RCCLK is enabled. Once XTALCLK is stabilized,
internal reset to CPU is released.
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7. After the RCCLK has been enabled to the rest of the system and XTALCLK is stabilized, eFuse data is
read and trim values are applied to the analog domain. The internal signal hhv_mask is asserted to gate
the influence of comparator checks and prevent the SOC from going into reset due to changing trim values.
Once the trim is completed, hhv_mask is de-asserted.

a. The externally applied PORz is not affected by the hhv_mask signal and if PORz is asserted during trim,
the device goes back to reset state.

The trim values provided in the eFuse chain are enabled by a PORz de-assertion. The status of
coarse monitors on supplies VDDA18, VDD12, 1.8V LDO, and BGAP can be monitored through
TOP_CTRL.PMU_COARSE_STAT register during run time.

PORz (3.3V signal) 4( ms ‘—
/

BG VREF/IREF / ‘

VDDA18_LDO_OUT
(fsv) - HIGHZ HIGHZ

VDD_OK ‘

<—16 Cycles—|

Efuse Enable ‘

f——Trim Phase———
TRIM DONE /

hhv_mask

/ |
gigipigipinly

Xtal Stable time 2ms

>

CPU Reset /
/
/

Figure 6-10. AM261x Power Up Sequence - 3.3V Flash
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Figure 6-11. AM261x Power Up Sequence - 1.8V Flash

6.2.2.2 PMU Safety System (SAFETYSYS)

The PMU Safety System consists of a Power OK system which contains comparators to monitor supply voltages
and a Thermal Manager which monitors the system temperature.

6.2.2.2.1 Power OK (POK) Modules

Voltage Comparator subsystem

POK modules are responsible for accurately detecting the voltage levels. Each module is trimmed to account for
process and temperature variations. The trim values are provided by eFuse chains enabled by a POR module.

During POR, coarse monitors on supplies VDDA18, VDD12, 1.8V LDO, BGAP are enabled. The status of this
can be monitored through TOP_CTRL.PMU_COARSE_STAT register during runtime.

The table below shows different voltage monitors available. Enabling/Disabling of this monitors can be controlled
by TOP_CTRL.VMON_CTRL, TOP_CTRL.ADC_REF_COMP_CTRL register. There are corresponding status
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bits available in TOP_CTRL.VMON_STAT, TOP_CTRL:ADC_REF_GOOD_STATUS. The output of voltage
monitors comparators are filtered using a configurable digital glitch filter module. The configuration of filter

can be done using TOP_CTRL.VMON_FILTER_CTRL.SELECT_VALUE to select from no filtering option to
max of 14.4us filtering of voltage monitor signals. The output of the voltage monitors are aggregated and the
aggregated output is forward to ESM. Individual mask bits in TOP_CTRL.MASK_VMON_ERROR_ESM_L and
TOP_CTRL.MASK_VMON_ERROR_ESM_H can be used to MASK the corresponding monitor to trigger ESM
event.

POK is set to 1 when the voltage supply is within the range and goes to 0 when out of range. See device
datasheet for POK tolerance.

The ESM event is generated only when POK signals out of range.

Voltage Comparator subsystem compares the sensed voltage level (VSENSE) to a reference voltage supply
(VREF) against a reference voltage to generate a POWER good/OK (POK) signal. For all comparators, VSENSE
is derived from the supply being monitored (VMON) through a resistor divider (Vsense=Vmon R2/(R1+R2)) ).
Therefore, threshold value can be calculated as (Vth=Vref (R1+R2)/R2). For an under voltage comparator, if
VMON>Vth then POK=1. Comparators have a decision range where this transition may occur. This decision
range is influenced by the variation in reference voltage, resistor ratio and comparator offset due to the process
variation and mismatch. Threshold should be set to a voltage level such that decision range of the comparator
would be outside of the operating range of the supply.

Figure 6-12. Voltage Comparator architecture

In AM261, Safety subsystem has been updated to have one, time-interleaved comparator to implement C1, C2,
C3 and C5 functionality of the safety system. Updated safety comparator block diagram is given in the below
figure:

Figure 6-13. Voltage comparator system
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Table 6-21. POK Module overview
Voltage Monitored Comparator block uv/ov(") Description
VDDA18 CO uv Voltage monitor for 1.8V LDO
output using 3.3V as reference
VDDA18 Cc2 uv/iov Voltage monitor for 1.8V LDO
output using BGAP as reference
VBGAPQ9 C1 uv/iov Voltage monitor for 0.9V
bandgap.
VDD12 C3 uv/iov Voltage monitor for 1.2V /O
supply
VDDSBIO C5 uv/iov Voltage monitor for 1.8V IO bias
supply
VSYS_MON C7 uv Voltage monitor for external
VSYS_MON
VDDA33 C8 uv Voltage monitor for 3.3V /O
supply
ADCO_REF C4/C6 uv/iov Voltage monitor for ADCO_REF

6.2.2.2.2 Thermal Manager
This section describes the Thermal Manager (TM) module in the device.

The TM module on the device enables thermal management of the device by providing control of on-chip
temperature sensors.

The device has two temperature sensors (TSENSEOQO and TSENSE1), each located near critical hotspots in the
device die. There are two additional temperature sensors (TSENSE2, TSENSE3) at other locations in the device
die.

Active temperature monitoring is available for two temperature sensors (TSENSEO and TSENSE1) near the
hotspots. The other two temperature sensors (TSENSE2, TSENSE3) are only for temperature readout.
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Note
TSENSEQ, TSENSE1, TSENSEZ2 are CTAT (Complementary To Absolute Temperature) sensors, while
TSENSES is a PTAT (Proportional To Absolute Temperature) sensor. TSENSES is is meant for internal
use only. For the most accurate junction temperature readings, TSENSEO and TSENSE 1 should be
used.

6.2.2.2.2.1 Thermal Manager Features

The Thermal Manager (TM) module supports the following features:

Programming of temperature-crossing thresholds

Signals when programed thresholds are exceeded (up to 2 alerts):

— Temperature exceeding the TSENSE* ALERT.ALERT_THRHLD_HOT for ALERT_HOT_INTR.

— Temperature below the TSENSE* ALERT.ALERT _THRHLD_COLD for ALERT_HOT_INTR

Supports up to 4 temperature monitors.

Allows resolution of 2°C for temperature reading and threshold point temperature alert/interrupt generation.
Maximum temperature alert.

Supports one shot sampling mode for the sensors.

Temp sense controller loops cyclically through each sensor and generates the results. Each sensor can be
enabled/disabled independently.

Provides register control and status for all 4 sensors. Interrupt generation, FIFO registers and alerts for 2
SOC temperature monitors (TSENSEO and TSENSE1).

Default threshold are controlled through efuse values. This can be also controlled through programmable
registers.

There are four FIFOs used to store a brief history for the last few temperature measurements and are also
dedicated to temperature time-stamping feature.

Accumulator register for cumulative sum of past temperature measurements on 2 SOC temperature monitors
(TSENSEO and TSENSE1).

6.2.2.2.2.2 Thermal Manager Functional Description

There are four temperature sensors on the device die. Each sensor is associated with one voltage domain

and is also a part of a VBGAPTS cell. The VBGAPTS cell integrates bandgap voltage reference, temperature
sensor with ADC and thermal comparator shutdown. The 7-bit ADC produces a digital output, respective to the
temperature measured on the SoC (PTAT or CTAT). Figure 6-14 shows the Thermal Management Functional
Block Diagram.
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Figure 6-14. Thermal Management Functional Block Diagram

6.2.2.2.2.3 Thermal FSM

The Thermal FSM is clocked by the 32KHz clock. At reset the FSM is not enabled and can be enabled by
configuring the TOP_CTRL.TSENSE_CFG register.

Software needs to configure the below register bits to enable the Temperature Sensor:

* TOP_CTRL.TSENSE_CFG.TMPSOFF — Temperature Sensor Controller OFF

« TOP_CTRL.TSENSE_CFG.BGROFF — Bandgap Reference OFF

« TOP_CTRL.TSENSE_CFG.AIPOFF - Temperature Sensor IP OFF

« TOP_CTRL.TSENSE_CFG.SNSR_MX_HIZ — Sensor mux select high impedance

By default these bits are set to 1, which disables the temperature sensor. To enable the temperature sensor
these bits should be cleared (set to 0). Once the sensor is enabled, temperature measurement is initiated by
enabling the FSM by writing 1 to TOP_CTRL.TSENSE_CFG.ENABLE.

Once enabled, the FSM will read out the temperature values from the sensors in a round robin fashion based
on TOP_CTRL.TSENSE_CFG.SENSOR_SEL bitfield value. TOP_CTRL.TSENSE_CFG.SENSOR_SEL controls
the enabling/disabling of individual sensors.

For each selected sensor, FSM requires anywhere between 51 to 54 clock cycles to start the sequence

and register the result into TOP_CTRL.TSENSE* RESULT.DTEMP register. TOP_CTRL.TSENSE_CFG.DELAY
configures the number of clock cycles between end of result captured to FSM starting the sequence

for the next enabled sensor. When the conversion is ongoing for a particular sensor, the corresponding
TOP_CTRL.TSENSE* RESULT.EOCZ status bits are set to 1. The EOCZ bit is reset to 0 again when

the conversion completes. After this the valid temperature is written automatically by FSM in the
TOP_CTRL.TSENSE* RESULT.DTEMP bit fields, and then software is able to read it from the corresponding
register. Figure 6-15 describes the sequence of sensor measurement based on SENSOR_SEL bits.
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Note
Value 0 in TOP_CTRL.TSENSE_CFG.DELAY is not valid. A non-zero value should be programmed to
this register.

S0 disabled

S1 disabled l

S2 disabled I
S3 disabled

Figure 6-15. Sensor flow diagram

6.2.2.2.2.4 Thermal Alert Comparator

Thermal Comparators are implemented on the Temperature readouts to generate warm reset, interrupts or ESM
Errors. Alert indication generated by controller is shown in Figure 6-14.

Warm Reset Generation:

TSHUT_HOT and TSHUT_COLD comparators are used to generate a warm reset. Internal signal

TSHUT is set high when temperature is greater than TSHUT_THRHLD_HOT and TSHUT is set

low when temperature is less than TSHUT_THRHLD _COLD. TSHUT_THRHLD HOT and TSHUT _
THRHLD _COLD is taken from the efuse programmed value. They may also be overridden by

writing TOP_CTRL.TSENSE*_TSHUT.EFUSE_OVERRIDE register with 0x7 and TSHUT_ THRHLD _HOT
and TSHUT_ THRHLD _COLD values in TOP_CTRL.TSENSE* TSHUT.TSHUT_THRHLD_HOT and
TOP_CTRL.TSENSE*_TSHUT. TSHUT_THRHLD_COLD respectively.

An inverted version of TSHUT is connected to warm reset. The warm reset enable for it is controlled through
TOP_RCM.WARM_RESET_CONFIG.TSENSE*_RST_EN.
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Operation With Interrupts:
In this mode ALERT_HOT _INTR is used for indicating the hot and subsequent cooldown condition.

In this mode TOP_CTRL.TSENSE*_CNTL.MASK_COLD should be set to 1 and
TOP_CTRL.TSENSE* CNTL.MASK_HOT should be set to 0 to start with. This will enable the interrupt for
hot condition.

When the temperature exceeds the TOP_CTRL.TSENSE* ALERT.ALERT_THRHLD_HOT register value,
it triggers the ALERT_HOT_INTR interrupt. The interrupt will be asserted until masked by setting
TOP_CTRL.TSENSE* CNTL.MASK_HOT to 1. This will dessert the interrupt.

Software should additionally unmask the cold interrupt condition by setting register bit
TOP_CTRL.TSENSE* CNTL.MASK_COLD to 0. When the temperature cools down below the
TOP_CTRL.TSENSE*_ALERT.ALERT_THRHLD_COLD register value, the interrupt ALERT_HOT_INTR is
again triggered to indicate to the software that the device has cooled off sufficiently

The masked interrupt signals are also routed to the TOP_CTRL.TSENSE_STATUS register and the
non-masked (raw) comparator outputs are available for reading through the corresponding bits in the
TOP_CTRL.TSENSE_STATUS_RAW register.

6.2.2.2.2.5 Thermal Shutdown Comparators

There is also a comparator block responsible for the thermal shutdown (TSHUT) function of the thermal
management logic. This comparator block is also composed of two comparators. One dedicated to COLD
TSHUT threshold and the other one to high TSHUT threshold.

The comparator outputs for the high TSHUT thresholds of each sensor are ORed and used to generate a single
EVNT_TSENSE_CRITICAL error signal to ESM.The comparator outputs for the high and low TSHUT thresholds
are used to generate TSHUT_RSTO pulse signal which asserts when high TSHUT is active and deasserts when
low TSHUT is active. TSHUT_RST* signasl from both sensors are routed as warm reset source to reset the chip.

The TSHUT_HOT and TSHUT_COLD threshold values are by default controlled from EFUSE.
TOP_CTRL.TSENSE* TSHUT registers can be used to override the value from EFUSE and apply the same
from the bit fields of TOP_CTRL.TSENSE*_TSHUT registers.

6.2.2.2.2.6 Temperature Timestamp Registers

Each time one of the TOP_CTRL.TSENSE* RESULT.DTEMP bit fields is updated with new temperature value,
this value is also automatically stored into a 4-level deep FIFO and a timestamp is registered too. There are
four FIFOs used to store a brief history for the last few temperature measurements and are also dedicated to
temperature timestamping feature. Each FIFO has two fields.

The first one is 8 bits wide, 4 levels deep, and is intended to store the temperature values for the last four
measurements. The second field is 24 bits wide, 4 levels deep, and acts like a counter for the number of
temperature measurements. Each FIFO is composed of the following registers (supported for TSENSEO and
TSENSE1):

+ TOP_CTRL.TSENSE*_DATAOQ
« TOP_CTRL.TSENSE*_DATA1
« TOP_CTRL.TSENSE* DATA2
+ TOP_CTRL.TSENSE* DATA3

6.2.2.2.2.7 FIFO Management

Software can stop a certain FIFO to update TOP_CTRL.TSENSE*_ DATA1, TOP_CTRL.TSENSE*_DATA2, and
TOP_CTRL.TSENSE* DATA3 with new temperature and timestamp values by setting one of the FREEZE bits
in the TOP_CTRL.TSENSEO_CNTL and TOP_CTRL.TSENSE1_CNTL registers to 1. These FIFO_FREEZE bits
are automatically cleared by hardware after the FIFOs are cleared.
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Each FIFO is cleared by setting to 1 one of the FIFO_CLEAR bits in the TOP_CTRL.TSENSEO_CNTL and
TOP_CTRL.TSENSE1_CNTL registers. These FIFO_CLEAR bits are also automatically set by hardware to 0
after the FIFOs clearing procedure completes.

Additionally TOP_CTRL.TSENSEQO_ACCU and TOP_CTRL.TSENSE1_ACCU registers store the accumulated
temperature values. This are cleared by setting one of the ACCU_CLEAR bits to 1 in the
TOP_CTRL.TSENSEO_CNTL and TOP_CTRL.TSENSE1_CNTL registers.

6.2.2.2.2.8 ADC Values Versus Temperature

Table 6-23 provides all the valid ADC values which correspond to the temperature measured which

is read from the TOP_CTRL.TSENSE*_DATA*.DATA, TOP_CTRL.TSENSE*_RESULT.DTEMP bit fields.

The table also provides the values for the temperature thresholds which are configurable through the
TOP_CTRL.TSENSE*_ALERT.ALERT_THRHLD_COLD, TOP_CTRL.TSENSE*_ALERT.ALERT_THRHLD_HOT
bit fields.

Note
Table 6-23 is meant for use with the device CTAT sensors - TSENSE[0:2]. TSENSE3 is a PTAT
sensor, and the below table does not apply to TSENSE3. TSENSES is meant for internal use only, and
does not have an equivalent conversion table. For the most accurate junction temperature readings,
TSENSEOQ and TSENSE1 should be used.

Table 6-23. ADC Values Versus Temperature

ADC code Temperature ADC code Temperature ADC code Temperature
0-24 150 56 86 88 22
25 148 57 84 89 20
26 146 58 82 90 18
27 144 59 80 91 16
28 142 60 78 92 14
29 140 61 76 93 12
30 138 62 74 94 10
31 136 63 72 95 8
32 134 64 70 96 6
33 132 65 68 97 4
34 130 66 66 98 2
35 128 67 64 99 0
36 126 68 62 100 -2
37 124 69 60 101 -4
38 122 70 58 102 -6
39 120 71 56 103 -8
40 118 72 54 104 -10
41 116 73 52 105 -12
42 114 74 50 106 -14
43 112 75 48 107 -16
44 110 76 46 108 -18
45 108 77 44 109 -20
46 106 78 42 110 -22
47 104 79 40 111 -24
48 102 80 38 112 -26
49 100 81 36 113 -28
50 98 82 34 114 -30
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Table 6-23. ADC Values Versus Temperature (continued)
ADC code Temperature ADC code Temperature ADC code Temperature
51 96 83 32 15 -32
52 94 84 30 16 -34
53 92 85 28 17 -36
54 90 86 26 18 -38
55 88 87 24 119-128 -40
Note
Based on the characterization data, the Temperature mentioned in table can be offsetted by 8 degree
C.
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6.2.3 Power Control Modules

The Power Control Modules are divided into two sections dependent on their functionality: the Clock ICG control
section and the L2ZOCRAM power control section.

6.2.3.1 Clock ICG controls

Clock ICG control manages the clock to each of the IPs using software control. For each module, there is a
dedicated register <IP>_ CLK_GATE part of MSS_RCM register space. By default all module clocks are enabled.
Writing 0x7 into field GATED of corresponding <IP>_CLK_GATE will disable the clock to the IP.

Additionally, TOP_RCM host clock gating register R5SS0_CLK_GATE and R5SS1_CLK_GATE to disable core
clock to individual R5SS. SYS_CLK_GATE disable SYS_CLK to the whole system. It is not recommended to
gate R5SS_CLK and SYS_CLK as the system will hang and only option is to reset the whole system. TOP_RCM
also allows clock gating for TRACE_CLK and CLKOUTO/CLKOUT1 ports.

6.2.3.2 L2OCRAM Power Control
There are 3 memory banks each of 512KB available as L2ZOCRAM.
By default all of this banks are in Power ON.

Individual L2ZOCRAM banks can be powered OFF using software writes to
MSS_RCM.L20CRAM_BANK* PD_CTRL register and by observing status bits from
MSS_RCM.L20CRAM_BANK*_PD_STATUS

Sequence to power off each bank is captured below

Write 0x7 to ISO field of the register.

Write 0x0 to AONIN field of the register.
Wait till AONOUT status field is 0x0.

Write 0x0 to AGOODIN field of the register.
Wait till AGOODOUT status field is 0xO0.

agbhwON -~

Sequence to Power On each bank is capture below

Write 0x7 to AONIN field of the register.
Wait till AONOUT status field is 0x1.

Write 0x7 to AGOODIN field of the register.
Wait till AGOODOUT field is Ox1.

Write 0x0 to ISO field of the register.

agbhwON -~

When a block is powered off, a bus error is generated on access.

Note
It is always safe to have decent delay between each step because memory might take some time
before reaching to total power on state. So even though aonout is 1’b1 does not mean memory is ON.
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6.2.4 Device Power States
6.2.4.1 Overview of Device Power Modes

The device does not support low power mode, where the device can be controlled to reduce power consumption
when the processors and peripherals are not active. Lower power consumption comes at the cost of longer time
for recovery to a running mode.

Power states in the system can be defined in terms of controlled power consumption:

» ACTIVE State: This is an initial state after the device is powered on. All the control register, processors and
IPs are in active state and clock is running for entire logic. This is the normal state of device functioning.

« STANDBY State: This is state defined by the power state of the processor and IP clock gating. The system
processor supports low power mode where the processor cores go into low power state and internally
disables the clock to reduce power consumption. This can be achieved by WFI/WFE instruction execution on
the core. Details of WFI/WFE power states can be found at Arm Cortex-R52 Processor Technical Reference
Manual. Additionally, IP clocks needs to be gated to reduce dynamic power consumption in the IP.

» OFF State:This is the OFF state of the device where all the external power supplies are turned off and PORz
is asserted. During OFF state device is not active and power up sequence should be executed to power it up.

Figure 6-16 depicts the valid power modes for the device.

STANDBY

Figure 6-16. Power Modes

6.2.4.2 Device Power States and Transitions

The transition to STANDBY state always needs to be done through ACTIVE state. Initially the device remains in
OFF state. After power on sequence, device moves to ACTIVE state. All the clocks to processor and peripherals
are ungated during ACTIVE state. In order to move to STANDBY state, WFI/WFE should be executed from
individual R5SS and clock gating can be enabled for all or required peripherals. During this state dynamic power
consumption is reduced.

Transition from STANDBY state to ACTIVE state can be done through an IRQ which will enable the
clocks to processor. But IP clocks are not automatically switched ON. They need to be programmed in
MSS_RCM.<IP>_CLK_ GATE register to enable/disable respective IP clock.

The Device can transition into the OFF state from any state by pulling down the external power supplies to the
device, which will turn off the device. The transitioning schemes explained above are shown below:

« OFF — ACTIVE
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« STANDBY — ACTIVE
« ACTIVE — OFF
 ACTIVE — STANDBY
« STANDBY — OFF

Power OFF

Power OFF
STANDBY

Figure 6-17. Transition between Power States

SW
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6.3 Reset

This chapter describes the device reset signals and contains details on reset management.

6.3.1 Overview

At a high-level, Resets are designed to bring a device or subsystem into a predetermined or known state.

Resets are triggered in our device after power-up events, as well as upon various software and hardware reset
requests. They are primarily used for system initialization, error detection, and debugging purposes. This chapter
introduces the various reset capabilities available in the device and their functionality.

Reset Architecture Block Diagram

This is the device reset architecture block diagram. It represents the devices reset sources and critical internal signal
connections each of which are discussed in the subsequent sections.

AM261x —
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s
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One Warm Reset out
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PORz fmuof_lplv <—{ for-ran - ' Warm Reset in
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PMU ;—’n ‘ et
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Test Logic Reset Tree/ Reset Tree/
Reset Sequencer & Reset Sequencer &
Reset Syncs Reset Syncs
Test logic Test logic

Module Reset Outs

Module Reset Outs

Module Reset Outs

Figure 6-18. AM261x Reset Architecture Block Diagram

Note

ESM (Error Signaling Module) aggregates all safety related events from throughout the SoC and gives

out an error signal to the ‘SAFETY_ERRORR’ pin in the case of an error.

Note

‘Wait In Reset’ (WIR) signal from Debugss POWER AP extends the Warm Reset till the WIR signal is
deasserted (Becomes HIGH). ‘Release from WIR'’ signal deasserts the Warm Reset.
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6.3.1.1 SoC Supported Resets

There are various resets supported by the SoC, each of which are explained below.

Power-On-Reset:

The device Power-on-Reset (POR) resets all the logic in the SoC without any exceptions. This reset is
controlled by an external pin * PORz’ which is driven by an external (off-chip) "Power-Good" Circuit or Power
Management IC (PMIC). The PORz pin should be held active LOW (0) until all power supplies are stable.

It should also be driven low whenever the external PMIC detects that the 3.3V /1.2V supply is not in range.
The system comes out of the reset only after an additional delay owing to efuse shifting and High Frequency
Oscillator (XTAL) clock stabilization. The device also has a SW POR which has the same functionality as the
PORz, initiated through the MMR ‘TOP_RCM. SW_POR'.

Warm Resets:

The device Warm Reset resets only the logic sensitive to warm reset and does not affect the logic that

are ‘Reset only on PORZz’ . No memories are affected by a Warm Reset, except MCANx_MSG_RAM and
PRU DRAMx. However, ROM BL performs memory initialization of TCMA, L2 Banks 0/1 and MBOX RAM
during each boot. Warm reset can be triggered by certain internal reset sources and also by asserting the
‘WARMRSTn’ pin externally. Additionally, the warm reset is brought out on ‘WARMRSTn’ pin to assert reset
on external board components. When the pin is LOW, it indicates that the system is in a warm reset state.
When HIGH, it indicates that the system is out of warm reset.

Local Module Resets:

These are module level resets programmed through software using the MMRs in RCM modules, only
intended for debug purposes. They are uncontrolled resets and have potential side-effects (like pending
interrupts, pending bus transactions, pending DMA triggers) that will impact the rest of the SOC. Hence, it is
not recommended to use these resets in production and functional mode.

256

AM261x Technical Reference Manual SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

www.ti.com Device Configuration

6.3.2 Reset Details

The Reset Details section breaks down the available device resets and also explains operating details such as
timing diagrams.

This table summarizes the available reset sources that are supported by the device.

Table 6-24. Device Reset Sources

Reset Name Reset Type Sync/ Pin/Register/ Internal Details
Async
PORz Hardware POR Async PORz HW Pin PORz Reset
SW_PORz Software POR Async TOP_RCM. SW_POR SW_PORz
WARMRSTn Hardware Warm Async WARMRSTn HW Pin WARMRSTn
Reset
SW_WARMRSTn Software Warm Reset | Async TOP_RCM.WARM_RESET_REQ SW_WARMRSTn
WDT Reset WDT Reset Async Internal signal WDT Resets
Debugger Reset Debugger Reset Async Internal signal Debugger Reset
Local Resets Software Reset Async RCM MMRs Local Module Resets

6.3.2.1 PORz Reset

The external pin 'PORZ' is the primary power on reset input (active LOW) to the entire device. When LOW,
it performs a POR on the entire device and puts all IOs in a safe state (Reset/HHV state). Upon PORz
deassertion, 10s will enter the default state defined in the Device Data sheet and the boot process will be
initiated.

Timing sequence below shows the reset sequence for WARMRSTn pad and the Internal Reset to System during
PORz deassertion.

PORz

€@~ 2ms .—b‘

WARMRSTn
Pad

Internal
Reset to
system

~0.128ms

Figure 6-19. PORz timing sequence

Note

MMRs which get 'reset by PORz only' are captured in register description of those registers.

Note
SOP pin pull ups/pull downs which are needed to configure the boot mode should be held steady
during the PORz assertion.

6.3.2.1.1 SW PORz Reset

This reset is triggered by a software controlled PORz reset register TOP_RCM.SW_POR. The reset timing is the
same as hardware controlled PORz. Any processor which needs to issue a PORz to the system, should write
3'b111 into the TOP_RCM.SW_POR register.
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Note
SW POR does not latch the SOP[3:0] pin states.

6.3.2.2 Warm Resets

When a warm reset LOW is detected, Reset Hardware generates an internal warm reset to the system logics
working on warm reset (Except for logics which are reset only by PORz). All IO configurations are reset during
warm reset assertion.

The following are the sources which can trigger a system warm reset in the device.
1. PORz (Reset by PORz Hardware Pin)

2. SW POR (Reset by TOP_RCM.SW_POR)

3. WARMRSTn (Reset by WARMRSTn Hardware Pin)

4. SW MMR in RCM (Reset by TOP_RCM.WARM_RESET_REQ)

5. WDT reset (Reset by 4x SoC WDTs or HSM WDT)

6. Debugger reset (Reset by ‘SYSRESET’ from debugger)

7. Thermal reset (Tempsensor{0:1] reset)

8. VMON reset

9. ESM reset

10. SYS_CLK clock loss reset

The cause for the warm reset is captured in TOP_RCM.WARM_RST_CAUSE register. Reset status bit reads
active HIGH (1) when a particular reset is triggered. After reset is deasserted, device will boot-up and software
can read the register to check the reset cause. TOP_RCM.WARM_RST_CAUSE_CLR should be written 3'b111
to clear the status bits. A PORz assertion also clears status register.

Except PORz source, all other sources can be enabled and disabled individually. The timing sequence for
internal warm reset source, WARMRSTn Pad and internal system reset are discussed in the following sections.

6.3.2.2.1 Warm Reset by WARMRSTn HW Pin
This reset pin is the warm reset request (active LOW) given externally from the pad..

By default, the input path to trigger a warm reset from external pad is disabled. To enable, the
TOP_RCM.WARM_RESET_CONFIG.PAD_BYPASS bit should be written 3'b000.

The timing diagram shows the reset sequence during WARMRSTn pad assertion and related timing for the
internal system reset.

The input pad signal should remain LOW for at least TOP_RCM.WARM_RSTTIMES3'’ time to register an
assertion of WARMRSTNn. Similarly,the signal should remain HIGH for at least TOP_RCM.WARM_RSTTIME2’
continuously to register a deassertion of WARMRSTn. The glitch filter logic on ‘Warm_Reset_in’ filters

out any input pad signal which is LOW for less than ‘TOP_RCM.WARM_RSTTIMES3'’ time and HIGH

for less than ‘TOP_RCM.WARM_RSTTIMEZ2’ time. The internal system reset gets asserted at time
TOP_RCM.WARM_RSTTIME3 and deasserted at ‘TOP_RCM.WARM_RSTTIMEZ2’ time relative to external
WARMRSTn pad

258 AM261x Technical Reference Manual SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS
www.ti.com Device Configuration

> WARM_RSTTIME2

> WARM_RSTTIME3 -

<« o>

WARMRSTNn
Pad
WARM_RSTTIME2
AR RSTTIMES| | o o—»

Internal Reset
to system

Figure 6-20. WARMRSTn Pad reset sequence

For more details on programmable values for WARM_RSTTIME1/2/3 Vs The Corresponding Delays, refer to
Control Modules, MSS_RCM section.

6.3.2.2.2 Internal Warm Reset Sources

The different internal reset sources are:

* WDT Reset

»  Thermal reset (Tempsensor[0:1] reset)
*  VMON reset

* ESM reset

* SYS_CLK clock loss reset

* Debugger Reset

All of the warm reset sources have a corresponding enable bitin TOP_RCM.WARM_RESET_CONFIG register.
Respective bits are configured for enabling the sources to trigger a warm reset.

The Internal System Reset and the External WARMRSTn pad assertion happen along with the assertion of
Internal Reset Sources.

The external WARMRSTn pad deassertion is controlled by TOP_RCM.WARM_RSTTIME1 register. This is
to enable sufficient reset assertion time for any external device relying on the reset signal. The internal
system reset deassertion is relative to the deassertion of WARMRSTn pad and can be controlled by
TOP_RCM.WARM_RSTTIMEZ2.

The timing sequence below shows the overall sequence between assertion of Internal Reset Sources (Internal
Reset Req) relative to Internal System Reset (Internal Reset to System) and WARMRSTn pad.

Internal
Reset
Req

WARM_RSTTIMEL

WARMRSTn
Pad

Internal
Reset to
system

WARMRSTTMT

Figure 6-21. Internal Warm Reset Sequence
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6.3.2.2.2.1 Thermal Alert Reset

Reset Overview

The Thermal manager module outputs an alert signal TSHUT_RSTO0 and TSHUT_RST1 for the two comparators
in thermal manager, when the device temperature goes beyond a maximum threshold. This alert is used as a
reset trigger for warm reset to the the system.

Thermal manager alert will be active as long as the error condition (Device Temperature > Maximum
Temperature Threshold) is still TRUE.

When the error goes away, alert will be de-asserted and device will come out of warm reset.
For more details on Thermal manager shutdown comparator please refer to Section 6.2.2.2.2.5
6.3.2.2.2.2 SYS_CLK Clock Loss Reset

Reset Overview

This reset trigger for warm reset to the system is issued when the SYS_CLK clock loss event occurs and if reset
is enabled using the register WARM_RESET_CONFIG_MISC.

6.3.2.2.2.3 Voltage Monitor Error Reset

Reset Overview

This reset trigger for warm reset to the system (if enabled using the registers WARM_RESET_CONFIG_OV and
WARM_RESET_CONFIG_UV) is issued when there is a loss of power on any of the voltage rails, i.e., 3.3V,
1.8V or 1.2V, which can be monitored using the power safety monitors. These monitors can be enabled by
writing into the corresponding registers as explained in the section Power OK (POK) Modules.

6.3.2.2.2.4 ESM Errors Reset

Reset Overview

ESM module monitors the SoC errors and can cause a system warm reset if enabled using the
WARM_RESET_CONFIG_MISC register.

The critical priority interrupt from ESM can trigger a warm reset.

In addition, in AM261, two more interrupts from ESM, high priority watchdog interrupt and error pin monitor
interrupt have been added to the warm reset sources. Each of these 3 interrupts have a separate bitfield in
WARM_RESET_CONFIG_MISC to be enabled.

6.3.2.2.2.5 Debugger Reset
The debugger also can issue a warmreset by initiating a SYSRESET request.
6.3.2.2.2.6 WDT Resets

This reset is issued when a WDT timeout event occurs. There are 4 WDT available at SOC which can be
allocated to individual R5SS cores. Additional HSM has its own dedicated WDT.

6.3.2.2.3 SW Warm Reset

This reset is triggered by a software controlled warm reset register TOP_RCM.WARM_RESET_REQ. The reset
timing is the same as internal warm reset sources.

Any processor which needs to issue a warm reset to the system, should write 3'b000 into the
TOP_RCM.WARM_RESET_REQ register.

6.3.2.3 Local Module Resets
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The MSS_RCM.<IP>_RST_CTRL MMR’s in the MSS_RCM module can be used by S/w to affect reset of
individual modules. This feature is for debug purpose only. Software needs to ensure the state of the Device/IP
before configuring.

6.3.2.4 R5FSS Reset

Transitions from Lockstep to Dual Core or vice-versa (on supported parts) and enforcing ROM eclipse requires
triggering MSS_CTRL. R5SSx_CONTROL_RESET_FSM_TRIGGER ( Note that this resets the full cluster) or
triggering the STC (Self Test Controller).

By default, RSFWFI (Wait for Interrupt) check is enabled by MSS_RCM.R5SSx_RST_WFICHECK register. The
FSM checks if the CPU is in WFI state before propagating the reset.

Note
Disabling R5FWFI check is not recommended.

Delays for asserting the reset and holding the reset can be programmed in the
MSS_RCM.R5SSx_RST_ASSERDLYand MSS_RCM.R5SSx_RST2ASSERTDLY registers.

Individual R5SS have their own status register MSS_RCM.R5SSx_RST_STATUS to capture the source of R5SS
internal resets. Reset status bits are read active HIGH (1) when a particular reset is triggered. After reading

this reset source register, software must clear the register. MSS_RCM.R5SSx_RST_CAUSE_CLR needs to be
written 3'b111 to clear the status bits.

The following are the R5SS Reset sources:

* POR Reset

*  Warm Reset (Also asserted during POR Reset)

*+ R5SSx STC Reset

* Reset for COREO and COREO_VIM using MSS_RCM.R5SSx_COREO_GRST_CTRL

* Reset for CORE1 and CORE1_VIM using MSS_RCM.R5SSx_CORE1_GRST_CTRL

* Reset for COREO only using MSS_RCM.R5SSx_COREO_LRST_CTRL

* Reset for CORE1 only using MSS_RCM.R5SSx_CORE1_LRST_CTRL

* Reset for COREO and COREOQ_VIM caused because of reset request by debugger in COREOQ
* Reset for CORE1 and CORE1_VIM caused because of reset request by debugger in CORE1
* Reset for R5SSx by the RESET FSM using MSS_CTRL.R5SSx_CONTROL_RESET_FSM_TRIGGER
* Reset for R5SSx using MSS_RCM.R5SSx_POR_RST_CTRLO

Note
R5SSx refers to R5SS0 and R5SS1.

For additional details on R5SS Resets, refer to R5SS Chapter.
6.3.2.5 Reset - High Heating Value (HHV)
I0s support HHV mode during power up. HHV is defined as a state when PORz signal is driven LOW.

HHV is an IO Voltage Buffer feature that allows the 10 cells to be tri-stated. All IO cells have HHV which is
asserted (driven) by HHV generated during PORz assertion. There default pull values during this HHV/PORz
assertion for each pin are specified in the device-specific data sheet. All HHV logic controlling the buffer
high-impedance control and the associated default pull value will be asynchronous.

For more details on HHV signals, refer to Device Configuration - Power Chapter
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6.3.3 Core and Cluster Reset logic
Table 6-25. Reset effect on different R5SFSS modules for different reset types
Both Core Both Core Both Core Single Core Single Core
Modules
Device POR Device WARM RSTn Cluster RSTn' GRSTn? LRSTn?
R5F CPU Yes Yes Yes Yes Yes
VIM Yes Yes Yes Yes No
TCM Logic Yes Yes Yes Yes No
VIM RAM No No No No No
TCM RAM No No No No No

Cluster RSTn is the reset for R5SSx by the RESET FSM using

MSS_CTRL.R5SSx_CONTROL_RESET_FSM_TRIGGER

2GRSTn is the reset for CORE0/1 and CORE0/1_VIM using MSS_RCM::R5SSx_CORE0/1_GRST_CTRL
3LRSTn is the reset for CORE0/1 only using MSS_RCM::R5SSx_CORE0/1_LRST CTRL

6.3.4 Reset Status

This section summarizes the Reset Status functionality. The status of a specific individual reset is represented by

an Output Pin or Software Bit.

Table 6-26. Reset Status Table

Reset Status Name

Reset Status

Reset Status Info

Signal Active Level

Reset Signal Details

reset

Source

TOP_RCM.WARM_RST_CA Register Status register capturing Status bits read active WARM_RST_CAUSE
USE Status Register which event caused the HIGH (1) when a particular

warm reset reset is asserted.
MSS_RCM.R5SSx_RST_ST Register Status register capturing Status bits read active R5SSx_RST_STATUS
ATUS which event caused the HIGH (1) when a particular

corresponding R5SS reset reset is asserted.
WARMRSTn Output Pin On/Off pin status of warm Active LOW (0) WARMRSTn
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6.3.5 Reset Registers
The reset control registers enable, disable, and adjust specific reset operations.

For additional details related to Reset Control registers, please refer to the Control Modules - MSS_RCM
section.

6.3.6 Reset Power up Sequence

For additional details related to reset power up sequence, please refer to Device Configuration - Power Chapter
and the Power On and Reset Sequencing section of the device data sheet.
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6.4 Clocking
This chapter describes the clock architecture of the device.
6.4.1 Overview

To satisfy the various subsystems requirements, the device features multiple clock sources and clock
generators. The following are the components used to generate the system's root clocks:

External Crystal Driver (XTALCLK)

Internal Oscillator (RCOSC32K and CIO's RCCLK_10M)

» Phase-Locked Loop circuits (CORE PLL,ETH PLL and PER PLL)
» Dividers (HSDIVIDER for each PLL)

Figure 6-22 shows a high-level overview of the device root clocks architecture. The figure captures the key clock
sources and the configuration options available to select the appropriate clock source. The detailed structure is
captured under the Analog Modules section. The generated clocks are further muxed and divided to generate
the appropriate clock for each IP. This is discussed in the IP Clocking section

Figure 6-22. Root Clocks

EXT_REFCLK up to 100 MHz

[,
Pad TOP_RCM.PLL_REF_CLK_SRC_SEL.pll_core
— DPLL_CORE_HSDIVO_CLKOUTO :400Mhz (MODE1)/500Mhz (MODE2)
1 2000Mhz (MODE1)/ » (CPU and SYS)
500Mhz (MODE2) |
—o — CORE PLL » oo | DPLL_CORE_HSDIVO_CLKOUT1 :500Mhz (MODE1)/500Mhz (MODE2)
g " (CPSW/ICSSMO,1)
é DPLL_CORE_HSDIVO_CLKOUT2 :400Mhz (MODE1)/500Mhz (MODE?2)
T » (SDFM and FSI PLL CLK)
XTALCLK 25Mhz XTALCLK 25Mh .
2! z DPLL_CORE HSDIVO_CLKOUT3 : 133Mhz (MODE1)/166.67Mhz (MODE?2)
Pad - L (FSS/OSPI/OPTI_FLASH)
TOP_RCM.PLL_REF_CLK_SRC_SEL.pll_peri
— ] DPLL_PER_HSDIVO_CLKOUTO : 192Mhz (MODE1)/ 240Mhz (MODE2)
1 960Mhz (MODEL)/ | o |— = (Periph CIk)
960Mhz (MODE2) | &
|l > PERPL » = | DPLL_PER_HSDIVO_CLKOUT2 :160Mhz (MODE1)/ 160Mhz (MODE2)
o> (Uart CLk)
T | DPLL_PER_HSDIVO_CLKOUT3 :120Mhz (MODE1)/ NA (MODE2)
L (Alt FSS/OSPI/OPTI_FLASH Clk)
TOP_RCM.PLL_REF_CLK_SRC_SEL.pll_eth L » CLKDCOLDO : 960Mhz (MODE1)/ 960Mhz (MODE2)
— (USBO CLk)
o | DPLL ETﬂ HSDIVO_CLKOUTO :450Mhz (MODE1)/ 450Mhz (MODE?2)
Ly 900Mhz (MODEL)/ | &s (Alt ICSSMO,1 CLK)
»| ETHPLL 900Mhz (MODE2) | =
» 5| DPLL_ETH_HSDIVO_CLKOUT2 :150Mhz (MODE1)/ NA (MODE2)
Lo EL > (Alt FSS/OSPI/OPTI_FLASH Clk)
clo Note: MODEL1 is for 400MHz R5 Clock devices and MODE2 is for 500MHz R5 Clock devices
(Complex 10) I »RCCLK_10M 10Mhz

RCOSC32K [~ ™ RCCLK_32K 32Khz

Pad JTAG TCK 10Mhz
[} »

The device has 3 PLLs (CORE PLL ,PER PLL and ETH PLL) which take a reference clock as input and give
out the required clock frequency. The reference clock can either be external crystal driver provided through
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‘XTAL_XI’ pad or external reference clock provided through ‘EXT_REFCLKO’ PAD. This selection can be
provided using the TOP_RCM.PLL_REF_CLK_SRC_SEL register. The PLL clocks are further divided using

‘HSDIVIDER’ module to generate desired frequencies for all the IPs in the device. Internal oscillators generate

10MHz and 32KHz RCCLKs. TCK (JTAG clock) from the pad is used for debugging purposes.
Additionally, CPTS_GENFO generated in CPSW module is also used as a root clock. Refer to the CPSW chapter

for more details.

Table 6-27. Root Clocks Table

Root Clocks MODE1 Frequency (MHz) MODE2 Frequency (MHz)
DPLL_CORE_HSDIVO_CLKOUTO 400 500
DPLL_CORE_HSDIVO_CLKOUT1 500 500
DPLL_CORE_HSDIVO_CLKOUT2 400 500
DPLL_CORE_HSDIVO_CLKOUT3 133 166.67
USBO_CLK 960 960
DPLL_PER_HSDIVO_CLKOUTO 192 240
DPLL_PER_HSDIVO_CLKOUT2 160 160
DPLL_PER_HSDIVO_CLKOUT3 120 NA
DPLL_ETH_HSDIVO_CLKOUTO 450 450
DPLL_ETH_HSDIVO_CLKOUT2 150 NA
RCCLK32K 0.032 0.032
RCCLK10M 10 10
XTALCLK 25 25
SYS_CLK 200 250
EXT_REFCLK 100 100
CPSW CPTS GENFO 50 50
JTAG_TCK 10 10

Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Note

DPLL _PER HSDIVO CLKOUT3 and DPLL_ETH HSDIVO_CLKOUTZ are not used when the R5 core

frequency is 500MHz.
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6.4.1.1 Analog Modules

6.4.1.1.1 PLL Module

Clock Generator PLL (Phase-Locked Loop) circuits are used in the device to multiply a lower-frequency
reference clock to the required operating frequency of the respective subsystem(s). The reference clock can
either be external crystal driver provided through ‘XTAL_XI’ pad or external reference clock provided through
‘EXT_REFCLKO’ pad. This selection can be provided using the TOP_RCM.PLL_REF_CLK_SRC_SEL register

The low-jitter ADPLLLJ module is use as the Device CORE,ETH and PER PLLs. A high level block diagram of
the ADPLLLJ is shown in Figure 6-23.

REGM2 value

1/(N+1) [T |PFD|[T2D|  DCO o, Ll /M

, PLL_x_M2NDIV.M2

CLKINP

> > 2 »| CLKOUTLDO
L
REGN value
PLL_x_M2NDIV.N
1M |-
REGM val L
PLL_x_MN2DIV.M AL d
REGSD value
PLL_x_FRACDIV.REGSD L ADPLLLJ

Figure 6-23. ADPLLLJ Architecture

The ADPLLLJ has the following input/output clocks

* CLKINP is the mandatory reference clock used to generate the synthesized clock. It can also be used to
generate the bypass clock whenever the ADPLLLJ enters a bypass mode.

* CLKOUTLDO is the secondary output clock generated from the lock frequency of the PLL and post dividers.
It does not have a bypass mode

The ADPLLLJ can be programmed to be locked at any frequency given by the following equation:

M« CLKINP
foPLL = (N + 1)M2

Where:
* fppLL is the lock frequency.

* CLKINP is the reference system clock frequency.

* M s the 12-bit “multiplication ratio” binary value (2 — 4095). In Device it is S/W programmable via a dedicated
PRCM register.

* N is the 8-bit “division ratio” binary value (0 — 255). In Device it is S/W programmable via a dedicated PRCM
register.

* M2 is the 7-bit post divider binary value (1 — 127). In Device is S/W programmable via a dedicated PRCM
register.

PLL input values and status ouptuts are routed to TOP_RCM MMRs
6.4.1.1.2 CORE PLL Overview
CORE_PLL is primarily responsible for the following IPs:

266 AM261x Technical Reference Manual SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS
www.ti.com Device Configuration

Description Key Frequencies (MHz) (in MODE1 Key Frequencies (MHz) (in MODE2
devices) devices)

R5 Clock 400 500

Interconnect 200 250

Ethernet (CPSW) 250/50/5 250/50/5

ICSSMO/1 200 250

CANFD 80 80

FSS/OSPI/OPTI_FLASH 133 166.67

HSM Clock 200 250

SPI Clock 50 50

GPMC Clock 100 100

FSI/SDFM PLL Clock 400 500

6.4.1.1.3 PER PLL Overview

PER_PLL is primarily responsible for the following IPs:

Description Key Frequencies (MHz) (in MODE1 Key Frequencies (MHz) (in MODE2
devices) devices)

UART Clock 160 160

MMC Clock 48 48

SPI Clocks 48 48

12C Clocks 48 48

USBO clocks 960 960

6.4.1.1.4 ETH PLL Overview

ETH_PLL is primarily responsible for the following IPs:

Description

Key Frequencies (MHz) (in MODE1

Key Frequencies (MHz) (in MODE2

devices) devices)
CPSW, ICSSMO0/1 450 450
FSS/OSPI/OPTI_FLASH 150 NA

6.4.1.1.5 PLL Hookup

The HSDIVIDER module output can be bypassed to obtain the XTALCLK clock input on any HSDIVx_CLKOUTX.
For example, on the CORE_PLL, this can be done by programming the register PLL_CORE_HSDIVIDER =0 in

TOP_RCM.

PLL input pins are driven by TOPRCM:<Clock Instance>_SRC_SEL MMRs and the outputs are mapped as
status on the TOPRCM:<Clock Instance> STATUS MMRs.

The PHASELOCK output indicates phase tracking between output clocks (CLKOUT, CLKOUTLDO and
CLKDCOLDO) and input clock (CLKINP). PHASELOCK is asserted when internally the phase difference
between FBCLK and REFCLK is less than 6-12% of the REFCLK period for 96 continuous REFCLKs.

The PHASELOCK signal of CORE and PER PLL are inverted and connected as corresponding lock loss signal
in ESM as shown in the following table:
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Table 6-28. Lock Loss Event Mapping
Source Event Mapping Type Polarity
PLL_CORE_LOCKLOSS ESM_LVL_EVENT_12 Level High
PLL_ETH_LOCKLOSS ESM_LVL_EVENT_13 Level High
PLL_PER_LOCKLOSS ESM_LVL_EVENT_14 Level High

6.4.1.1.6 HSDIVIDER Module

The PLL can be coupled with an HSDIVIDER module to generate additional clocks which are divided down from
the PLL lock frequency.

HSDIVIDER

BYPASS

CLKINBYPASS . ‘ \¥\
CLKINPHIFLDO R )
DIV1[4:0] . DIVx value

CLKOUT1EN

y

CLKOUTO

|

CLKOUT1

—q-F--

|

CLKOUT2

DIV2[4:0] |——» CLKOUT3
CLKOUTZEN|— !
DIV3[4:0] ———»
CLKOUT3EN f——»!
DIV4[4:0] |———»

CLKOUT4EN |— !

Figure 6-24. HSDIVIDER Architecture

The HSDIVIDER has two input clocks:

* CLKINPHIFLDO is the mandatory reference clock used to generate the divided clock outputs.
* CLKINBYPASSIs an optional clock input and is used as the bypass clock.

The HSDIVIDER provides 4 post divider clocks whose frequency is given by:

CLKINPHIFL DO
DIVx +1

CLKOUIx =

Where:

* CLKINPHIFLDO is the input clock frequency.

« DIVx s the 5-bit divisor binary value (0-31) on the device, DIVx values are
software programmable via dedicated TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUTx.DIV and
TOP_RCM.PLL_PER_HSDIVIDER_CLKOUTXx.DIV registers

Note
All the CLKOUTXx are not used in all the PLLs, refer to the Root Clocks Table to see the ones
supported.
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Note

The clocking subsytem provides registers to directly configure the final divide value of "DIVx+1". When
specifying the desired HSDIV value to use, it should be specified as "DIVx-1".

Note

The "DIVx+1" reset value is 4.

6.4.1.2 R5SS and SYSCLK Clock Tree
The device’s SYS_CLK is generated using GCM and GCM_Divider modules.

The GCM module takes 8 clock sources as inputs and gives an output clock according to the select
(MODULEx_CLK_SRC_SEL) provided. Additionally, one can gate the output clock using the clock gating input

(MODULEx_CLK_GATE)

The GCM_Divider module takes in an input clock and divides it according to the divider value
(MODULEx_CLK_DIV_VAL)

R5SS/SYSCLK Clocking gives an overview of the R5 Subsystem and SYSCLK Clocking structure.

R555 0 HM
PHASE
GCM_DIVIDER
SYS_CLK
MSS_CRS_CLK_SRC_SEL MSS CRSO CLK GATE RSSS_SYS_CLK
- - ICG
1cG R555_CORE_CLK
[ — 1cG -
2 R5FSS_CLK_SELECTED
E — R555 GCM
o Interface clk Phase signal
1 1
1
MSS_CRS1_CLK_GATE
LP ]
[
MSS_CRS0_CLK_DIV_SEL
e To RSSSI (0: Div by 1, 1 = SYS_CLK)
age

SYS_CLK_DIV_VAL

SYS_CLK_GATE

SYS_CLK_GATED
GCM_DIVIDER ICG -~ » T050C

SYS_CLK

Figure 6-25. R5SS/SYSCLK Clocking

Table 6-29 shows the different operation options concerning the ratio between R5SS_CORE_CLK and the
SYSCLK.
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Table 6-29. R5SS_CORE_CLK:SYSCLK Achievable Ratio

R5SS_CORE_CLK:SYS_
CLK Ratio

Configuration

R5_CORE Frequency

SYS_CLK Frequency

Notes

= 400MHz (in MODE1
devices) or 500MHz (in
MODE2 devices)
SYS_CLK_DIVIDER = Div
by 2
MSS_CR5*_CLK_DIV_SE
L=0

devices) or 500MHz (in
MODE?2 devices)

1:1 R5FSS_CLK_SELECTED |200MHz (in MODE1 200MHz (in MODE1 This config is used for
= 400MHz (in MODE1 devices) or 250MHz (in devices) or 250MHz (in dynamic switching from
devices) or 500MHz (in MODE?2 devices) MODE2 devices) 2:1 and 1:1. R5_CORE
MODE2 devices) is 400MHz (in MODE1
SYS_CLK_DIVIDER = Div devices) or 500MHz (in
by 2 MODE?2 devices), only
MSS_CR5*_CLK_DIV_SE the DIV bit needs to be
L=1 modified

2:1 R5FSS_CLK_SELECTED |400MHz (in MODE1 200MHz (in MODE1

devices) or 250MHz (in
MODE?2 devices)
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6.4.2 Clock IO
6.4.2.1 Overview

Various external clock inputs are needed to drive the device, as well as there are external sources of the clock
provisioned for certain peripherals. The clocks in the AM261x device are as depicted in External Clocks

The device provides several system clock outputs. Summary of these output clock signals is as follows:
+ R5FSS[0]_CLK

« SYS CLK
* CLKOUTI[1:0]
¢ |P Clocks

The IP Clocks are routed directly from subsystems to device pins, and they are described in the respective
module chapter.

For more details on IP clocks generation, please refer to IP Clocking Section

Figure 6-26. External Clocks
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| 5 CLKOUTO
RSFSSO_CLK ™1 ocree CLKOUT
SYSCLK | —»CLKOUT1
12Cx — 12Cx_SCL
—» RGMII1,2 TX_CLK
— MII1,2 TX_CLK
RCOSC_10M «— RGMIIL,2 RX_CLK
CPSW | MIIL,2 RX_CLK
RCOSC_32K <—» RMII1,2 REF_CLK
—» MDIO_CLK
XTALCLK 25Mhz -
I
= XTAL_0OSC SPI <> SpIx_CLK
OSPIx ~ —» OSPIx_CLK (with
JTAG TCK TAG loop-back)
MMCSD | — MMCSD_CLK
— PRUO,1_MII TX CLK
T REFCLK <«—— PRUO,1 MII RX CLK
T »{  PINMUX ICSS-MO,1 | 5 pryMDIO_CLK
—® PRU1_ENDAT(0,1,2)_CLK
<«—— PRU1_SD(0-8) CLK
USBO_CLK USBO For each instance
GPMC_CLK (with
GPMC _CLK (wi
loop-back)
ESITX — FSI_TX_CLKx
FSIRX  |«—— FSI_RX_CLKx
SDFMx I — SDFMx_CLKx
EQEP ¢——— EQEPx STROBE
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Note

While this device does not support a separate Observation Clock output signal, the system level
functionality is recognized by utilizing the CLKOUT[1:0] signals

Note

CLKOUTO will reflect RC clock after POK is asserted and switch to XTAL_CLK after Internal
SYS_RST is released

6.4.2.2 Clock 10 Mapping

Please refer to the Terminal Configurations and Functions section of the device-specific Data sheet.
6.4.3 IP Clocking

The required IP clocks for the device are generated using the Root clocks mentioned in Root clocks section.
To generate the IP clocks, the root clocks are muxed and divided using the GCM and GCD modules respectively.

The GCM module takes 8 clock sources as inputs and gives an output clock according to the select
(MODULEx_CLK_SRC_SEL) provided. Additionally, one can gate the output clock using the clock gating input
(MODULEx_CLK_GATE)

The GCM_Divider module takes in an input clock and divides it according to the divider value
(MODULEx_CLK_DIV_VAL) provided. Note that to divide the input clock by ‘DIV’ value, the MMR value provided
should be ‘DIV-1’

6.4.3.1 IP Clocks Having GCM
The structure is similar for all IP’s having dedicated GCM’s

MODULEX_CLK_GATE

MODULEx_CLK_DIV_VAL

MODULEX_CLK_SRC_SEL

—

MODULEX_CLK_SELECTED GCM_DIVIDER MODULEX_CLK
N _
MODULEx_CLK >

IP Clock Sources ———» MODULEx GCM

e

Figure 6-27. Generic IP clocking with GCM and Divider

Refer to the Section 6.4.3.3 table for more details on MMRs present and clock sources for all the peripherals
6.4.3.2 IP Clocks working on SYS_CLK

Every IP working on SYS_CLK has a separate clock gate. In the case that clock gate is implemented in the IP,
clock is routed directly to the IP with no clock gate inserted at the SOC-level. The diagram below shows the
generic structure for all IP sourced from SYS_CLK.
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MODULEX_CLK_GATE
M3S_CRS5_CLK_SRC_SEL
- - - - SYS_CLK_DIV_WVAL
MODULEx_CLK
—
RSFSS_CLK_SELECTED GCM_DIVIDER
—» R5SS GCM > SYS CLK SYS_CLK
—»
MODULEy CLK

MODULEy CLK_GATE

Figure 6-28. Generic IP clocking with SYS_CLK

Note

In the case that the peripherals implement clock gating internal to the IP, no additional ICG is
provisioned in RCM.
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6.4.3.3 Clock Selection

Table 6-30 lists the configuration options for the clock source, divider, and gating selections for different peripheral clocks.

Table 6-30. Configuration Options

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

R5FSS_CLK_MUX

0 XTALCLK

1 EXT_REFCLK

DPLL_CORE_HSDIVO_CLKOUTO

DPLL_ETH_HSDIVO_CLKOUTO

RCCLK10M

RCCLK10M

XTALCLK

RCCLK10M

R5SS_CLK_SRC_SE
L

R5SS0_CLK_DIV_SE
L

R5SS0_CLK_GATE

R5SS0

TRC_CLKOUT_CLK_
MUX

ol NGO ||l WIDN

XTALCLK

1 DPLL_CORE_HSDIV0_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUT1

DPLL_ETH_HSDIVO_CLKOUTO

DPLL_PER_HSDIVO_CLKOUT1

RCCLK10M

XTALCLK

RCCLK10M

TRCCLKOUT_CLK_S
RC_SEL

TRCCLKOUT_DIV_V
AL

TRCCLKOUT_CLK_G
ATE

Trace

CLKOUTO_CLK_MUX

ol NG| M|l WIDN

XTALCLK

1 DPLL_CORE_HSDIVO_CLKOUTO

DPLL_CORE_HSDIV0O_CLKOUT1

DPLL_ETH_HSDIVO_CLKOUTO

DPLL_PER_HSDIVO_CLKOUTO

RCCLK10M

RCCLK32K

N oo~ WIN

CTPS_GENFO0

CLKOUTO_CLK_SRC
_SEL

CLKOUTO_DIV_VAL

CLKOUTO_CLK_GAT
E

CLKOUTO
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Table 6-30. Configuration Options (continued)
Clock Muxes Clock Sources MMR Select MMR Divider Select |MMR Clock Gate IP's

0 XTALCLK

1 DPLL_CORE_HSDIVO_CLKOUT2
DPLL_CORE_HSDIVO_CLKOUT3

DPLL_PER_HSDIVO_CLKOUT1 CLKOUT1_CLK_SRC CLKOUT1_CLK_GAT
CLKOUT1_DIV_VAL
DPLL_PER_HSDIVO_CLKOUT2 _SEL E

CLKOUT1_CLK_MUX CLKOUT1

RCCLK10M
RCCLK32K

DPLL_PER_HSDIVO_CLKOUT3

ol N|Oo|lOa| b~ WOIDN

XTALCLK

1 EXT_REFCLK
SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO
RTIO_CLK_MUX

RTIO_CLK_SRC_SEL |RTI0O_CLK DIV_VAL |RTIO_CLK_GATE RTIO
DPLL_CORE_HSDIVO_CLKOUT1

RCCLK10M

DPLL_ETH_HSDIVO_CLKOUTO

CTPS_GENFO0

ol N|Oo|lOa| s~ WOIDN

XTALCLK

1 EXT_REFCLK
SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

RTI1_CLK_MUX RTI1_CLK_SRC_SEL |RTI1_CLK DIV_VAL |RTI1_CLK_GATE RTI

DPLL_CORE_HSDIV0O_CLKOUT1
RCCLK10M

DPLL_ETH_HSDIVO_CLKOUTO

N o|la|l b~ ODN

CTPS_GENFO0
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

RTI2_CLK_MUX

0 XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIV0O_CLKOUT1

RCCLK10M

DPLL_ETH_HSDIVO_CLKOUTO

CTPS_GENFO0

RTI2_CLK_SRC_SEL

RTI2_CLK_DIV_VAL

RTI2_CLK_GATE

RTI2

RTI3_CLK_MUX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIV0O_CLKOUT1

RCCLK10M

DPLL_ETH_HSDIVO_CLKOUTO

CTPS_GENFO0

RTI3_CLK_SRC_SEL

RTI3_CLK_DIV_VAL

RTI3_CLK_GATE

RTI3

WDTO_CLK_MUX

ol N|Oo|lOa| s~ WOIDN

XTALCLK

1 RCCLK10M

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIV0O_CLKOUT1

RCCLK10M

XTALCLK

N o|la|l b~ ODN

RCCLK32K

WDTO_CLK_SRC_SE
L

WDTO_CLK_DIV_VAL

WDTO_CLK_GATE

WDTO

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated

AM261x Technical Reference Manual

277


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS
Device Configuration www.ti.com
Table 6-30. Configuration Options (continued)
Clock Muxes Clock Sources MMR Select MMR Divider Select |MMR Clock Gate IP's
0 XTALCLK
1 RCCLK10M
2 SYS_CLK
3 DPLL_PER_HSDIVO_CLKOUTO WDT1 CLK SRC SE
WDT1_CLK_MUX - - - WDT1_CLK_DIV_VAL (WDT1_CLK_GATE WDT1
- 4 DPLL_CORE_HSDIVO_CLKOUT1 L - T~ -
5 RCCLK10M
6 XTALCLK
7 RCCLK32K
0 XTALCLK
1 EXT_REFCLK
2 SYS_CLK
3 DPLL_PER_HSDIVO_CLKOUTO OSPI0 CLK SRC SE
OSPI0_CLK_MUX - - - OSPI0_CLK_DIV_VAL |OSPI0O_CLK_GATE OSPIO
- 4 DPLL_ETH_HSDIVO_CLKOUT2 L - T~ -
5 RCCLK10M
6 DPLL_CORE_HSDIVO_CLKOUT3
7 DPLL_PER_HSDIVO_CLKOUT3
0 XTALCLK
1 EXT_REFCLK
2 SYS_CLK
3 DPLL_PER_HSDIVO_CLKOUTO OSPI|1 CLK SRC SE
OSPI1_CLK_MUX - - - OSPI1_CLK_DIV_VAL |OSPI1_CLK_GATE OSPI1
- 4 DPLL_ETH_HSDIVO_CLKOUT2 L - T~ -
5 RCCLK10M
6 DPLL_CORE_HSDIVO_CLKOUT3
7 DPLL_PER_HSDIVO_CLKOUT3
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

SPI0_CLK_MUX

0

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

RCCLK10M

MCSPI0_CLK_SRC_
SEL

MCSPIO_CLK_DIV_V
AL

MCSPIO_CLK_GATE

SPIO

SPI1_CLK_MUX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

RCCLK10M

MCSPI1_CLK_SRC_
SEL

MCSPI1_CLK_DIV_V
AL

MCSPI1_CLK_GATE

SPI1

SPI2_CLK_MUX

ol N|Oo|lOa| s~ WOIDN

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

N o|la|l b~ ODN

RCCLK10M

MCSPI2_CLK_SRC_
SEL

MCSPI2_CLK_DIV_V
AL

MCSPI2_CLK_GATE

SPI2
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

SPI3_CLK_MUX

0 XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

RCCLK10M

MCSPI3_CLK_SRC_
SEL

MCSPI3_CLK_DIV_V
AL

MCSPI3_CLK_GATE

SPI3

[2C_CLK_MUX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

RCCLK10M

I2C_CLK_SRC_SEL

12C_CLK_DIV_VAL

[2C0_CLK_GATE

12C0

12C1_CLK_GATE

12C1

12C2_CLK_GATE

12C2

UARTO_CLK_MUX

oON ol s~ WOIDN

XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIV0_CLKOUTO

RCCLK10M

XTALCLK

N|o|la|l b~ O|DN

DPLL_PER_HSDIVO_CLKOUT2

LINO_UARTO_CLK_S
RC_SEL

LINO_UARTO_CLK_DI
V_VAL

UARTO_CLKGATE

UARTO

LINO_CLKGATE

LINO
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

UART1_CLK_MUX

0 XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

DPLL_PER_HSDIVO_CLKOUT2

LINT_UART1_CLK_S
RC_SEL

LIN1_UART1_CLK_DI
V_VAL

UART1_CLKGATE

UART1

LIN1_CLKGATE

LIN1

UART2_CLK_MUX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

DPLL_PER_HSDIVO_CLKOUT2

LIN2_UART2_CLK_S
RC_SEL

LIN2_UART2_CLK_DI
V_VAL

UART2_CLKGATE

UART2

LIN2_CLKGATE

LIN2

UART3_CLK_MUX

ol N|Oo|lOa| s~ WOIDN

XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

N o|la|l b~ ODN

DPLL_PER_HSDIVO_CLKOUT2

LIN3_UART3_CLK_S
RC_SEL

LIN3_UART3_CLK_DI
V_VAL

UART3_CLKGATE

UART3

LIN3_CLKGATE

LIN3
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

ICSS0_CORE_CLK_
MUX

0

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_ETH_HSDIVO_CLKOUTO

DPLL_CORE_HSDIV0O_CLKOUT1

RCCLK10M

XTALCLK

DPLL_PER_HSDIVO_CLKOUT1

ICSSM0_CORE_CLK
_SRC_SEL

ICSSM0_CORE_CLK
_DIV_VAL

ICSSM0_CORE_CLK
_GATE

ICSSMO

ICSSO_UART _CLK_M
UX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

DPLL_PER_HSDIVO_CLKOUT2

ICSSMO_UART_CLK_
SRC_SEL

ICSSMO_UART_CLK_
DIV_VAL

ICSSMO_UART_CLK_
GATE

ICSSMO

ICSS1_CORE_CLK_
MUX

ol N|Oo|lOa| s~ WOIDN

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_ETH_HSDIVO_CLKOUTO

DPLL_CORE_HSDIV0O_CLKOUT1

RCCLK10M

XTALCLK

N o|la|l b~ ODN

DPLL_PER_HSDIVO_CLKOUT1

ICSSM1_CORE_CLK
_SRC_SEL

ICSSM1_CORE_CLK
_DIV_VAL

ICSSM1_CORE_CLK
_GATE

ICSSM1
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

ICSS1_UART_CLK_M
UX

0

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

DPLL_PER_HSDIVO_CLKOUT2

ICSSM1_UART_CLK_
SRC_SEL

ICSSM1_UART_CLK_
DIV_VAL

ICSSM1_UART_CLK_
GATE

ICSSM1

MCANO_CLK_MUX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

RCCLK10M

MCANO_CLK_SRC_S
EL

MCANO_CLK_DIV_VA
L

MCANO_CLK_GATE

MCANO

MCAN1_CLK_MUX

ol N|Oo|lOa| s~ WOIDN

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

N o|la|l b~ ODN

RCCLK10M

MCAN1_CLK_SRC_S
EL

MCAN1_CLK_DIV_VA
L

MCAN1_CLK_GATE

MCAN1
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

MMCSD_CLK_MUX

0 XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

RCCLK10M

MMCO_CLK_SRC_SE
L

MMCO_CLK_DIV_VAL

MMCO_CLK_GATE

MMC

CPTS_CLK_MUX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_CORE_HSDIV0O_CLKOUT1

DPLL_ETH_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

DPLL_PER_HSDIVO_CLKOUT1

CPTS_CLK_SRC_SE
L

CPTS_CLK_DIV_VAL

CPTS_CLK_GATE

CPSW

HSM_RTI_CLK_MUX

ol N|Oo|lOa| s~ WOIDN

XTALCLK

1 XTALCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

RCCLK10M

RCCLK10M

EXT_REFCLK

N o|la|l b~ ODN

RCCLK32K

HSM_RTIA_CLK_SR
C_SEL

HSM_RTI_CLK_DIV_
VAL

HSM_RTI_CLK_GATE

RTI
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

CPSW_5_50_250_CL
KSRC_SEL

0 XTALCLK

1 EXT_REFCLK

SYS_CLK

DPLL_CORE_HSDIV0O_CLKOUT1

DPLL_ETH_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

DPLL_PER_HSDIVO_CLKOUT1

RGMII_x_CLK_SRC_
SEL

RGMII_x_CLK_DIV_V
AL

RGMII_x_CLK_GATE

CPSW

HSM_WDT_CLK_MU
X

ol N|Oo|lOa| b~ WOIDN

XTALCLK

1 XTALCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

RCCLK10M

RCCLK10M

EXT_REFCLK

RCCLK32K

HSM_WDT_CLK_SR
C_SEL

HSM_WDT_CLK_DIV
_VAL

HSM_WDT_CLK_GA
TE

WDT

HSM_RTC_CLK_MU
X

ol N|Oo|lOa| s~ WOIDN

XTALCLK

1 XTALCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

RCCLK10M

RCCLK10M

EXT_REFCLK

N o|la|l b~ ODN

RCCLK32K

HSM_RTC_CLK_SRC

_SEL

HSM_RTC_CLK_DIV
_VAL

HSM_RTC_CLK_GAT
E

RTC
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Table 6-30. Configuration Options (continued)

Clock Muxes

Clock Sources

MMR Select

MMR Divider Select

MMR Clock Gate

IP's

HSM_DMTA_CLK_M
UX

0

XTALCLK

XTALCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

RCCLK10M

RCCLK10M

EXT_REFCLK

RCCLK32K

HSM_DMTA_CLK_SR
C_SEL

HSM_DMTA_CLK_DI
V_VAL

HSM_DMTA_CLK_GA
TE

DMTA

HSM_DMTB_CLK_M
UX

ol N|Oo|lOa| b~ WOIDN

XTALCLK

XTALCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

RCCLK10M

RCCLK10M

EXT_REFCLK

RCCLK32K

HSM_DMTB_CLK_SR
C_SEL

HSM_DMTB_CLK_DI
V_VAL

HSM_DMTB_CLK_G
ATE

DMTB

GPMC_CLK_MUX

ol N|Oo|lOa| s~ WOIDN

XTALCLK

EXT_REFCLK

SYS_CLK

DPLL_PER_HSDIVO_CLKOUTO

DPLL_CORE_HSDIVO_CLKOUTO

RCCLK10M

XTALCLK

N o|la|l b~ ODN

RCCLK10M

GPMC_CLK_SRC_SE
L

GPMC_CLK_DIV_VA
L

GPMC_CLK_GATE

GPMC
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Table 6-30. Configuration Options (continued)
Clock Muxes Clock Sources MMR Select MMR Divider Select |MMR Clock Gate IP's
0 XTALCLK
1 EXT_REFCLK
2 DPLL_CORE_HSDIVO_CLKOUT2
CONTROLSS_PLL_C |3 DPLL_PER_HSDIVO_CLKOUTO CONTROLSS_PLL_C |CONTROLSS_PLL_C |CONTROLSS PLLC |
LK_MUX 4 DPLL CORE HSDIVO CLKOUTO LK_SRC_SEL LK_DIV_VAL LK_GATE
5 RCCLK10M
6 XTALCLK
7 RCCLK10M
XTAL_MMC_32K_CL |MMCO_32K_CLK_GA
NA XTALCLK NA MMC 32K

K_DIV_VAL TE

XTAL_TEMPSENSE_ |TEMPSENSE_32K_C
NA XTALCLK NA Temp Sensor
32K_CLK_DIV_VAL |LK_GATE

MSS_ELM_CLK_DIV_|MSS_ELM_CLK_GAT

NA SYS_CLK NA MSS ELM
VAL E
USBO_CLK USB_CLK_GATE
USB_WKUP_CLK_G
NA USBO_WKUP_CLK NA NA ATE USBO
USBO_SUSPEND_CLK LE’SB—XTAL—CLK—GAT
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6.4.4 Clock Gating

Clock gating on all the root clocks is Software controller through MMR, <IP>_CLK_GATE. There is no clock stop
protocol implemented in the IPs and hence, software has the responsibility to gate the root clocks when the IP is
idle.

6.4.5 Limp Mode

A dedicated coarse clock loss logic checks the XTAL clock against the RC CLK continuously to detect if the
XTAL clock is toggling.

When this module detects a clock error on XTAL Clock, the error signal is routed to the GCM'’s to activate the
Limp mode. When the limp mode is activated, all the GCM switch to RCCLK (clk source #5). This ensures the
CPU continues to operate even if the XTAL Clock fails and can take the system to a safe state.

Switch to Limp mode feature is not enabled by default. The feature needs to be explicitly enabled by S/W by
TOP_RCM.LIMP_MODE_EN.XTALCLK_LOSS_EN

In addition, error on DCCO and CORE_PLL Phase lock loss can also trigger Limp-mode for added
safety. This feature can be enabled by the bits TOP_RCM.LIMP_MODE_EN.COREPLL_LOSS_EN and
TOP_RCM.LIMP_MODE_EN.DCCO_ERROR_EN

Note
RC_CLK is not an accurate clock and hence the performance of the system is not guaranteed in Limp
mode.
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6.4.6 Clocking Registers

For additional details related to device clocking registers, please refer to the Control Module - MSS_RCM
Registers section of the Register Addendum.

6.4.7 Programming Guide

Note

PLL and Root Clock configuration MMRs are present inside the TOP_RCM module.

6.4.7.1 PLL and Root Clocks Programming Guide

6.4.7.1.1 PLL Configurations

Note

This section describes the sequence in order to configure both the CORE_PLL and PER_PLL. For

information on PLL configuration during boot, please refer to PLL Configuration.

6.4.7.1.1.1 Recommended values for PLL configuration

Following table gives the recommended values for the PLL configurations of CORE PLL, PER PLL and ETH

PLL.
PLL Lock M M2 Frac M |SD HSDIV HSDIV HSDIV HSDIV
Frequency IDER IDER IDER IDER
(MHz) _CLKOUTO0 _CLKOUT1 _CLKOUT2 _CLKOUT3
.DIV .DIV .DIV .DIV
PLL_CO 2000 800 1 0 8 4 3 4 14
RE
(MODE1)
PLL_CO 500 200 1 0 2 0 0 0 2
RE
(MODE?2)
PLL_PE 960 384 1 0 4 4 NA 5 7
R
(MODE1)
PLL_PE 960 384 1 0 4 3 NA 5 NA
R
(MODEZ2)
PLL_ET 900 360 1 0 4 1 NA 5 NA
H
(MODE1)
PLL_ET 900 360 1 0 4 1 NA NA NA
H
(MODEZ2)
Note

MODEH1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices.

Use the above values in order to configure the PLLs in sections Section 6.4.7.1.1.3, Section

6.4.7.1.1.4 and Section 6.4.7.1.1.5.

Note
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6.4.7.1.1.2 Kick Protection Mechanism

The registers corresponding to the PLLs are present in TOP_RCM. Before accessing any register in MSS_RCM
and TOP_RCM memory map, unlock the corresponding LOCK_KICK config registers with the following values:

1. LOCKO_KICKO0.LOCKO_KICKO = 0x01234567

2. LOCKO_KICK1.LOCKO_KICK1 = OxOFEDCBAS

The above unlock procedure should be repeated for CONTROLSS_CTRL before configuring any MMRs in that
region.

After these two steps a write access to the PLL registers is allowed. Writing any other data value to either of
these two registers locks the kicker mechanism and blocks any writes to the PLL registers.

Refer to the Control MMR chapter for more details on locking.

Note

In order to ensure that all PLL registers are write protected, software must always re-lock the kicker
mechanism after completing the register writes.

6.4.7.1.1.3 Sequence to Configure the CORE PLL

Note
The values used in the following section is an example PLL configuration. Use values from Section
6.4.7.1.1.1 for the appropriate PLL lock frequency needed.

1. Check for the CRYSTAL present status from TOP_RCM.CLK_LOSS STATUS.CRYSTAL CLOCK_LOSS
register in TOP_RCM before proceeding further in configuring the PLL
If the CRYSTAL is not present then abort the PLL lock procedure and continue with RC_CLK for boot
Program the N divider of the PLL with the calculated value of 0x9 in register field in order to get REF_CLK
suitable for PLL locking, TOP_RCM.PLL_CORE_M2NDIV.N = 0x09
4. Program the M2 divider with the value of 0x1 in the register field to get the desired frequency after PLL
locking, TOP_RCM.PLL_CORE_M2NDIV.M2 = 0x1
5. Update the M divider setting of the PLL with the value which is derived from the above formula,
TOP_RCM.PLL_CORE_MN2DIV.M = 0x360
6. Update the SELFREQDCO value based on the frequency of CLKDCOLDO
a. TOP_RCM.PLL_CORE_CLKCTRL.SELFREQDCO = 010b, if DCOCLK range is from 500 MHz to
1000MHz
b. TOP_RCM.PLL_CORE_CLKCTRL.SELFREQDCO = 100b, if DCOCLK range is from 1000MHz to
2000MHz

7. Program the SD divider of the PLL with the value of 0x8 to get the optimum jitter performance,

TOP_RCM.PLL_CORE_FRACDIV.REGSD = 0x8

8. Clear the IDLE bit from PLL_CORE_CLKCTRL register to make the PLL active for locking,
TOP_RCM.PLL_CORE_CLKCTRL.IDLE= 0x0

9. Assert the TENABLE signal to make the M, N, SD divider and SELFREQDCO settings to get loaded into the
PLL for locking, TOP_RCM.PLL_CORE_TENABLE.TENABLE = 0x1

10. Assert the TINTZ signal of the PLL to make the PLL out of SOFT reset,
TOP_RCM.PLL_CORE_CLKCTRL.TINTZ = 0x1

11. De-assert the TENABLE signal by clearing the register with the value of 0x0,
TOP_RCM.PLL_CORE_TENABLE.TENABLE = 0x0

12. Assert and de-assert the TENABLEDIV signal of the PLL by setting and clearing its corresponding register
field,

TOP_RCM.PLL_CORE_TENABLEDIV.TENABLEDIV = 0x1
TOP_RCM.PLL_CORE_TENABLEDIV.TENABLEDIV = 0x0

w N
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13. Wait for the PLL to lock by polling the PHASELOCK bit to go high in the status register,
TOP_RCM.PLL_CORE_STATUS.PHASELOCK = 0x1

14. Program the divider settings of the various PLL CORE HSDIVDER CLKOUT in their corresponding register
field depending on the required output frequency,

TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUTO.DIV = 0x04 (i.e. 400MHz)
TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUT1.DIV = 0x03 (i.e. 500MHz)
TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUT2.DIV = 0x04 (i.e. 400MHz)

TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUT3.DIV = 0xO0E (i.e. 133MHz)
15. Assert and de-assert the TENABLEDIV signal of the PLL CORE HSDIVER by setting and clearing the
corresponding register field,

TOP_RCM.PLL_CORE_HSDIVIDER.TENABLEDIV = 0x1

TOP_RCM.PLL_CORE_HSDIVIDER.TENABLEDIV = 0x0
16. Un-gate the clocks from all CLKOUT of PLL CORE HSDIVDER with the following configuration,

TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUTO0.GATE_CTRL = 0x1
TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUT1.GATE_CTRL = 0x1
TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUT2.GATE_CTRL = 0x1
TOP_RCM.PLL_CORE_HSDIVIDER_CLKOUT3.GATE_CTRL = 0x1

Note

Note that PLL_CORE_HSDIVIDER.TENABLEDIV and PLL_CORE_TENABLE.TENABLE reference
TENABLE fields in different registers. Make sure to address the correct registers when loading the M,
N, SD dividers and SELFREQDCO settings and also when loading the HSDIVIDER values.

6.4.7.1.1.4 Sequence to Configure the ETH PLL

Note
The values used in the following section is an example PLL configuration. Use values from Section
6.4.7.1.1.1 for the appropriate PLL lock frequency needed.

The configuration sequence used for locking the CORE PLL (point 3 to 12) to be followed along with calculated
values which is dependent on ETH PLL lock frequency is programmed in the registers available for ETH PLL
inside TOP_RCM memory map for locking the ETHERNET PLL.

For PLL ETH HSDIVDER settings follow the sequence below,

1. Program the divider settings of the various PLL ETH HSDIVDER CLKOUT in their corresponding register
field depending on the required output frequency,

TOP_RCM.PLL_ETH_HSDIVIDER_CLKOUTO.DIV= 0x01(i.e. 450 MHz)

TOP_RCM.PLL_ETH_HSDIVIDER_CLKOUT2.DIV = 0x05 (i.e. 150MHz)
2. Assert and de-assert the TENABLEDIV signal of the PLL ETH HSDIVER by setting and clearing the

TOP_RCM.PLL_ETH_HSDIVIDER.TENABLEDIV register field,
TOP_RCM.PLL_ETH_HSDIVIDER.TENABLEDIV = 0x1

TOP_RCM.PLL_ETH_HSDIVIDER.TENABLEDIV = 0x0
3. Un-gate the clocks from all CLKOUT of PLL ETH HSDIVDER with the following configuration,

TOP_RCM.PLL_ETH_HSDIVIDER_CLKOUTO0.GATE_CTRL = 0x1
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TOP_RCM.PLL_ETH_HSDIVIDER_CLKOUT2.GATE_CTRL = 0x1

6.4.7.1.1.5 Sequence to Configure the PER PLL

Note
The values used in the following section is an example PLL configuration. Use values from Section
6.4.7.1.1.1 for the appropriate PLL lock frequency needed.

The configuration sequence used for locking the CORE PLL (point 3 to 12) to be followed along with calculated
values which is dependent on PER PLL lock frequency is programmed in the registers available for PER PLL
inside TOP_RCM memory map for locking the PERIPHERAL PLL.

For PLL PER HSDIVDER settings follow the sequence below,

1. Program the divider settings of the various PLL PER HSDIVDER CLKOUT in their corresponding register
field depending on the required output frequency,

TOP_RCM.PLL_PER_HSDIVIDER_CLKOUTO0.DIV= 0x04 (i.e. 192MHz)
TOP_RCM.PLL_PER_HSDIVIDER_CLKOUT2.DIV = 0x05 (i.e. 160MHz)

TOP_RCM.PLL_PER_HSDIVIDER_CLKOUT3.DIV= 0x07 (i.e. 120MHz)
2. Assert and de-assert the TENABLEDIV signal of the PLL PER HSDIVER by setting and clearing the

TOP_RCM.PLL_PER_HSDIVIDER.TENABLEDIV register field,
TOP_RCM.PLL_PER_HSDIVIDER.TENABLEDIV = 0x1

TOP_RCM.PLL_PER_HSDIVIDER.TENABLEDIV = 0x0
3. Un-gate the clocks from all CLKOUT of PLL PER HSDIVDER with the following configuration,

TOP_RCM.PLL_PER_HSDIVIDER_CLKOUTO0.GATE_CTRL = Ox1
TOP_RCM.PLL_PER_HSDIVIDER_CLKOUT1.GATE_CTRL = Ox1
TOP_RCM.PLL_PER_HSDIVIDER CLKOUT2.GATE_CTRL = Ox1
TOP_RCM.PLL_PER_HSDIVIDER CLKOUT3.GATE_CTRL = Ox1

Note

1. For faster PLL locking, configure the PLL settings (point 3 to 11) of both PLL’s before polling for
the lock of the corresponding PLL

2. For PLL lock using EXT_REF clock, configure the
PLL_REF_CLK_SRC_SEL.PLL_CORE_REF_CLK_SRC_SEL (or)

PLL_REF_CLK_SRC_SEL.PLL_PER_REF_CLK_SRC_SEL register fields in TOP_RCM before
staring the PLL configurations

3. Configure the DCC with reference clock as CRYSTAL and compare clock as
PLL CORE_CLKOUTT1 to measure the frequency range before switching the SYS CLK/R5
CLK to PLL clock. Refer DCC chapter for more information in its configuration and usage (Note -
Optional configuration only used for safety purpose)

6.4.7.1.1.6 Sequence to Re-Configure the PLL
The following section provides details of steps involved in re-configuring the PLL with new frequency:

1. Switch all the peripheral clocks which are derived from PLL to WUCPU_CLK (XTAL_CLK) so that when
PLL is unlocked other peripheral are in safe state. (Refer to the IP Clock Configurations section for
programming.)
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2. Change the CPU clock source to WUCPU_CLK (XTAL_CLK) by programming the R5SS GCM with the value

of 0x0 and SYS_CLK GCD (optional) with the value of 0x0 so that CPU does not enter into dead lock
condition. (Refer to the Root Clock Configurations for programming.)

Assert the TINTZ signal of the PLL to reset the internal FSM of PLL,
TOP_RCM.PLL_CORE_CLKCTRL.TINTZ = 0x0.

Follow the steps mentioned in Sequence to Configure the CORE PLL from point 3 to 12 to re-configure the
PLL CORE.

Note
Follow the above-mentioned steps except point (2) to re-configure the PLL PER.

6.4.7.1.2 Root Clock Configurations
6.4.7.1.2.1 Sequence for Programming SYS and R5 Clocks

1.

2.

Program SYS CLK GCD register with the value of 0x111 in-order to switch to a new desired frequency,
TOP_RCM.SYS_CLK_DIV_VAL.CLKDIV = 0x111

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
TOP_RCM.SYS_CLK_STATUS. CURRDIVIDER = 0x1

If the R5 clock frequency needs to be same as SYS clock frequency,

then program the TOP_RCM.R5SS0_CLK_DIV_SEL.CLKDIVSEL = 0x7 (or / and)
TOP_RCM.R5SS1_CLK_DIV_SEL.CLKDIVSEL = 0x7 register(s) as required or else leave with default value
of 0x0 without any programming

After the divider configuration, update the R5SS GCM register with the value of 0x222 to select the
PLL_CORE_CLOCKOUTO as its source, TOP_RCM.R5SS_CLK_SRC_SEL.CLKSRCSEL= 0x222
Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
TOP_RCM.R5SS_CLK_STATUS.CLKINUSE = 0x04

6.4.7.1.2.2 Sequence for Programming TRACE Clock

1.

2.

3.

4.

Program TRCCLKOUT GCD register with the value of 0x111 in-order to switch to a new desired frequency,
TOP_RCM.TRCCLKOUT_DIV_VAL.CLKDIV = 0x111

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
TOP_RCM.TRCCLKOUT_CLK_STATUS.CURRDIVIDER = 0x01

Update the TRCCLKOUT GCM register with the value of 0x222 to select PLL_ CORE_CLKOUT1 as its
source, TOP_RCM.TRCCLKOUT_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
TOP_RCM.TRCCLKOUT_CLK_STATUS.CLKINUSE = 0x04

6.4.7.1.2.3 Sequence for Programming CLKOUT Clock

1.

2.

3.

4.

Program CLKOUTO GCD register with the value of 0x000 in-order to switch to a new desired frequency,
TOP_RCM.CLKOUTO_DIV_VAL.CLKDIV = 0x111

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
TOP_RCM.CLKOUTO_CLK_STATUS.CURRDIVIDER = 0x01

Update the CLKOUTO GCM register with the value of 0x222 to select PLL_CORE_CLKOUTT1 as its source,
TOP_RCM.CLKOUTO_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
TOP_RCM.CLKOUTO_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2 IP Clock Configurations

<IP>_CLK_SRC_SEL controls the select pin of the corresponding clock GCM. The GCM can take several clock
cycles before the clock switch is made. The status of the switch is available on <IP>_CLK_STATUS.CLKINUSE.
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<IP>_CLK_DIV_VALcontrols the divider value of the Glitch free divider. The GCD takes several clock cycles
before the division takes effect. The status can be observed at <IP>_CLK_STATUS. CURRDIVIDER. The status
is reflected only if the clock input to the GCD is available.

Note
IP Clock configuration MMRs are present inside the MSS_RCM module.

Note
MODE1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

6.4.7.2.1 RTI CLOCK
(FREQ = 200MHz (In MODE1 Devices) and 250MHz (In MODE2 Devices))

1.

2.

3.

4.

Program RTIx GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.RTIx_CLK_DIV_VAL.CLKDIV = 0x000

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.RTIx_CLK_STATUS.CURRDIVIDER = 0x00

Update the RTIO CLK GCM register with the value of 0x222 to select SYS_CLK as its source,
MSS_RCM.RTIx_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.RTIx_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2.2 WDT CLOCK
(FREQ = 200MHz (In MODE1 Devices) and 250MHz (In MODE2 Devices))

1.

2.

3.

4.

Program WDTx GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.WDTx_CLK_DIV_VAL.CLKDIV = 0x000

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.WDTx_CLK_STATUS.CURRDIVIDER = 0x0

Update the MSS WDTO GCM register with the value of 0x222 to select SYS_CLK as its source,
MSS_RCM.WDTx_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.WDTx_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2.3 OSPI CLOCK
(FREQ = 133MHz, note — ROM is utilizing OSPI0 @ 33 or 50MHz so program the GCD correspondingly)

Note
Maximum OSPI Functional clock frequency is 133MHz while using 3.3V memory device. It can be
increased to 166MHz by changing the divider value while using 1.8V memory device.

Program OSPIx GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.OSPIx_CLK_DIV_VAL.CLKDIV = 0x000

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.OSPIx_CLK_STATUS.CURRDIVIDER = 0x0

Update the OSPIx GCM register with the value of 0x666 to select PLL_CORE_CLKOUT3 clock as its
source, MSS_RCM.OSPIx_CLK_SRC_SEL.CLKSRCSEL = 0x666

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.OSPIx_CLK_STATUS.CLKINUSE = 0x40

Program DCLK_DIV field from the SPI_CLOCK_CNTRL register in MSS_OSPIx memory map with the value
of 0x00, MSS_OSPIx.SPI_CLOCK_CNTRL.DCLK_DIV = 0x00
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Baud rate relationship with OSPI functional clock frequency:
Baud rate = fOSPI / DCLK_DIV

Where fOSPI| — OSPI Functional clock frequency
DCLK_DIV — Prescalar clock divider

6.4.7.2.4 MCSPI CLOCK
(FREQ = 50MHz, Baud rate = 50Mbps)

1.

Program MCSPIx GCD register with the value of 0x777 in-order to switch to a new desired frequency,
MSS_RCM.MCSPIx_CLK_DIV_VAL.CLKDIV = 0x777 (In case of MODE1 devices)

Program MCSPIx GCD register with the value of 0x999 in-order to switch to a new desired frequency,
MSS_RCM.MCSPIx_CLK_DIV_VAL.CLKDIV = 0x999 (In case of MODE2 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCSPIx_CLK_STATUS.CURRDIVIDER = 0x07 (In case of MODE1 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCSPIx_CLK_STATUS.CURRDIVIDER = 0x09 (In case of MODEZ2 devices)

Update the MCSPIx GCM register with the value of 0x444 to select PLL__ CORE_CLKOUTO clock as its
source, MSS_RCM.MCSPIx_CLK_SRC_SEL.CLKSRCSEL = 0x444

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCSPIx_CLK_STATUS.CLKINUSE = 0x8

Program the CLKD field from the required channel config register of the corresponding instance with the
value of 0x1, MCSPIx.CHxCONF.CLKD = 0x1

(FREQ = 48MHz, Baud rate = 48Mbps)

1.

Program MCSPIx GCD register with the value of 0x333 in-order to switch to a new desired frequency,
MSS_RCM.MCSPIx_CLK_DIV_VAL.CLKDIV = 0x333 (In MODE1 devices)

Program MCSPIx GCD register with the value of 0x444 in-order to switch to a new desired frequency,
MSS_RCM.MCSPIx_CLK_DIV_VAL.CLKDIV = 0x444 (In MODE2 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCSPIx_CLK_STATUS.CURRDIVIDER = 0x03 (In MODE1 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCSPIx_CLK_STATUS.CURRDIVIDER = 0x04 (In MODEZ2 devices)

Update the MCSPIO GCM register with the value of 0x333 to select PLL_ PER CLKOUTO clock as its
source, MSS_RCM.MCSPIx_CLK_SRC_SEL.CLKSRCSEL = 0x333

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCSPIx_CLK_STATUS.CLKINUSE = 0x08

Program the CLKD field from the required channel config register of the corresponding instance with the
value of 0x1, MSS_RCM.MCSPIx.CHxCONF.CLKD = 0x1

Baud rate relationship with MCSPI functional clock frequency,
Baud rate = fSPI / CLKD

Where fSPI — SPI Functional clock frequency
CLKD - Prescalar clock divider

6.4.7.2.512C CLOCK
(FREQ = 48MHz, Baud rate = 400KHz)

1.

Program 12C GCD register with the value of 0x333 in-order to switch to a new desired frequency,
MSS_RCM.I2C_CLK_DIV_VAL.CLKDIV = 0x333 (In MODE1 devices)
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Program 12C GCD register with the value of 0x444 in-order to switch to a new desired frequency,
MSS_RCM.I2C_CLK_DIV_VAL.CLKDIV = 0x444 (In MODEZ2 devices)

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.I2C_CLK_STATUS.CURRDIVIDER = 0x03 (In MODE1 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.I12C_CLK_STATUS.CURRDIVIDER = 0x04 (In MODEZ2 devices)

3. Update the 12C GCM register with the value of 0x333 to select PLL_PER CLKOUTO as its source,
MSS_RCM.I2C_CLK_SRC_SEL.CLKSRCSEL = 0x333

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.I2C_CLK_STATUS.CLKINUSE = 0x08

5. Program ICCL15_ICCLO field of ICCLKL register of the corresponding 12C instance with calculated value of
0x35 to attain the 400KHz baud rate, MSS_12Cx.ICCLKL. ICCL15_ICCLO = 0x35

6. Program ICCL15_ICCHO field of ICCLKH register of the corresponding 12C instance with calculated value of
0x35 to attain the 400KHz baud rate, MSS_12Cx.ICCLKH. ICCL15_ICCHO = 0x35

Baud rate relationship with 12C functional clock frequency,
SCL_LOW_PERIOD = [fI2C] * [IPSC+1] * [ICCLKL + d]
SCL_HIGH_PERIOD = [fl2C] * [IPSC+1] * [ICCLKH + d]

where fl2C — 12C functional clock frequency,

IPSC — Prescalar value

d — Constant w.r.t to prescaler (IPSC = 0,6 thend =7, IPSC = 1,5 then d = 6)
ICCLKL — 12C clock low divider

ICCLKH — I12C clock high divider

6.4.7.2.6 LIN_UART CLOCK
(FREQ = 192MHz)

1. Program LIN_UART GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.LINx_UARTx_CLK_DIV_VAL.CLKDIV = 0x000

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.LINx_UARTx_CLK_STATUS.CURRDIVIDER = 0x00

3. Update the LIN_UART GCM register with the value of 0x333 to select PLL_PER _CLKOUTO as its source,
MSS_RCM.LINx_UARTx_CLK_SRC_SEL.CLKSRCSEL = 0x333 (In MODE1 Devices)

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.LINx_UARTx_CLK_STATUS.CLKINUSE = 0x08

(FREQ = 160MHz)

1. Program LIN_UART GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.LINx_UARTx_CLK_DIV_VAL.CLKDIV = 0x000

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.LINx_UARTx_CLK_STATUS.CURRDIVIDER = 0x00

3. Update the LIN_UART GCM register with the value of 0x777 to select PLL_PER CLKOUT?2 as its source,
MSS_RCM.LINx_UARTx_CLK_SRC_SEL.CLKSRCSEL = 0x777

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.LINx_UARTx_CLK_STATUS.CLKINUSE = 0x80

For LIN, Baud rate = 20 Kbps then functional clock = 48MHz

1. Program SCI_LIN_PSL field of BRSR register of the corresponding LIN instance with calculated value of
0x95 to attain the required baud rate, MSS_LINx.BRSR.SCI_LIN_PSL = 0x95

Baud rate relationship with LIN functional clock frequency,
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Baud rate = fLIN /[16 * (P + 1 + M/16)]

Where FLIN — LIN Functional clock
P — Prescalar to select baudrate
M — Prescalar for fine tuning of baudrate

For UART, Baud rate = 12 Mbps then functional clock = 192MHz,
Baud rate = 10 Mbps then functional clock = 160MHz

1. Program CLOCK_LSB field of DLL register of the corresponding UART instance with calculated value of 0x1
to attain the required baud rate, MSS_UARTx.DLL.CLOCK_LSB = 0x1

2. Program CLOCK_MSB field of DLH register of the corresponding UART instance with calculated value of
0x0 to attain the required baud rate, MSS_UARTx.DLH.CLOCK_MSB = 0x0

Baud rate relationship with LIN functional clock frequency,
Baud rate = fUART / [16 * DIV]

Where FUART — UART Functional clock
DIV — Prescalar clock divider

6.4.7.2.7 ICSSM CORE CLOCK
(FREQ = 225MHz (In MODE1 devices) and 250MHz (In MODE2 devices) )

1. Program ICSSMx CORE GCD register with the value of 0x111 in-order to switch to a new desired frequency,
MSS_RCM.ICSSMx_CORE_CLK_DIV_VAL.CLKDIV = 0x111 (In MODE1 Devices)

Program ICSSMx CORE GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.ICSSMx_CORE_CLK_DIV_VAL.CLKDIV = 0x000(In MODE2 Devices)

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.ICSSMx_CORE_CLK_STATUS.CURRDIVIDER = 0x01 (In MODE1 Devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.ICSSMx_CORE_CLK_STATUS.CURRDIVIDER = 0x00 (In MODEZ2 Devices)

3. Update the ICSSMx CORE GCM register with the value of 0x333 to select PLL_ETH _CLKOUTO as its
source, MSS_RCM.ICSSMx_CORE_CLK_SRC_SEL.CLKSRCSEL = 0x333 (In MODE1 Devices)

Update the ICSSMx CORE GCM register with the value of 0x222 to select as its source,
MSS_RCM.ICSSMx_CORE_CLK_SRC_SEL.CLKSRCSEL = 0x222 (In MODEZ2 Devices)

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.ICSSMx_CORE_CLK_STATUS.CLKINUSE = 0x08 (In MODE1 Devices)

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.ICSSMx_CORE_CLK_STATUS.CLKINUSE = 0x04 (In MODE2 Devices)

6.4.7.2.8 ICSSM UART CLOCK
(FREQ = 192MHz)

1. Program ICSSM UART GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.ICSSMx_UARTx_CLK_DIV_VAL.CLKDIV = 0x000

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.ICSSMx_UARTx_CLK_STATUS.CURRDIVIDER = 0x00

3. Update the ICSSM UART GCM register with the value of 0x333 to select PLL_PER CLKOUTO as its source,
MSS_RCM.ICSSMx_UARTx_CLK_SRC_SEL.CLKSRCSEL = 0x333

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.ICSSMx_UARTx_CLK_STATUS.CLKINUSE = 0x08
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6.4.7.2.9 MCAN CLOCK
(FREQ = 80MHz, Baud Rate = 8 Mbps)

1.

Program MCAN GCD register with the value of 0x444 in-order to switch to a new desired frequency,
MSS_RCM.MCANx_CLK_DIV_VAL.CLKDIV = 0x444 (In MODE1 devices)

Program MCAN GCD register with the value of 0x222 in-order to switch to a new desired frequency,
MSS_RCM.MCANx_CLK_DIV_VAL.CLKDIV = 0x222 (In MODEZ2 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCANx_CLK_STATUS.CURRDIVIDER = 0x04 (In MODE1 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCANx_CLK_STATUS.CURRDIVIDER = 0x02 (In MODEZ2 devices)

Update the MCANx GCM register with the value of 0x444 to select PLL_ CORE_CLKOUTO as its source,
MSS_RCM.MCANx_CLK_SRC_SEL.CLKSRCSEL = 0x444 (In MODE1 devices)

Update the MCANx GCM register with the value of 0x333 to select PLL PER CLKOUTO as its source,
MSS_RCM.MCANx_CLK_SRC_SEL.CLKSRCSEL = 0x333 (In MODEZ2 devices)

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCANx_CLK_STATUS.CLKINUSE = 0x10 (In MODE"1 devices)

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.MCANx_CLK_STATUS.CLKINUSE = 0x08 (In MODEZ2 devices)

Program NBRRP field of the NBTP register of the corresponding CAN instance with the calculated value of
0x0 to achieve the required baud rate of 8Mbps, MSS_MCANx.NBTP. NBRP = 0x0

Program NTSEGH1 field of the NBTP register of the corresponding CAN instance with the value calculated
from the formula to achieve the required baud rate, MSS_MCANx.NTSEG1.NBRP = 0x1

Program NTSEG2 field of the NBTP register of the corresponding CAN instance with the value calculated
from the formula to achieve the required baud rate, MSS_MCANx.NTSEG2.NBRP = 0x1

Baud rate relationship with CAN functional clock frequency,
Baud rate = fCAN / [2 * (BRP +1) * (3 + TSEG1 + TSEG2)]

Where fCAN — MCAN Functional clock frequency
BRP — Baudrate prescaler

TSEG1 — Time segment before sample point
TSEG2 — Time segment after sample point

6.4.7.2.10 MMCx CLOCK
(FREQ = 50MHz)

1.

Program MMCSD GCD register with the value of 0x333 in-order to switch to a new desired frequency,
MSS_RCM.MMCx_CLK_DIV_VAL.CLKDIV = 0x333 (In MODE1 devices)

Program MMCSD GCD register with the value of 0x999 in-order to switch to a new desired frequency,
MSS_RCM.MMCx_CLK_DIV_VAL.CLKDIV = 0x999 (In MODE2 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MMCx_CLK_STATUS.CURRDIVIDER = 0x03 (In MODE1 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MMCx_CLK_STATUS.CURRDIVIDER = 0x09 (In MODE2 devices)

Update the MMCx GCM register with the value of 0x222 to select SYSCLK as its source,
MSS_RCM.MMCx_CLK_SRC_SEL.CLKSRCSEL = 0x222 (In MODE1 devices)

Update the MMCx GCM register with the value of 0x444 to select DPLL _CORE_HSDIVO _CLKOUTO as its
source, MSS_RCM.MMCx_CLK_SRC_SEL.CLKSRCSEL = 0x444 (In MODE2 devices)

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.MMCx_CLK_STATUS.CLKINUSE = 0x04 (In MODE1 devices)
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Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.MMCx_CLK_STATUS.CLKINUSE = 0x10 (In MODE2 devices)

(FREQ = 48MHz)

1.

Program MMCSD GCD register with the value of 0x333 in-order to switch to a new desired frequency,
MSS_RCM.MMCx_CLK_DIV_VAL.CLKDIV = 0x333 (In MODE1 devices)

Program MMCSD GCD register with the value of 0x444 in-order to switch to a new desired frequency,
MSS_RCM.MMCx_CLK_DIV_VAL.CLKDIV = 0x444 (In MODE2 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MMCx_CLK_STATUS.CURRDIVIDER = 0x03 (In MODE1 devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MMCx_CLK_STATUS.CURRDIVIDER = 0x04 (In MODE2 devices)

Update the MMCx GCM register with the value of 0x333 to select PLL_PER CLKOUTO as its source,
MSS_RCM.MMCx_CLK_SRC_SEL.CLKSRCSEL = 0x333

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.MMCx_CLK_STATUS.CLKINUSE = 0x08

6.4.7.2.11 CPTS CLOCK
(FREQ = 250MHz)

1.

2.

3.

4.

Program CPTS GCD register with the value of 0x111 in-order to switch to a new desired frequency,
MSS_RCM.CPTS_CLK_DIV_VAL.CLKDIV = 0x111

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.CPTS_CLK_STATUS.CURRDIVIDER = 0x01

Update the CPTS GCM register with the value of 0x333 to select PLL CORE_CLKOUT1 as its source,
MSS_RCM.CPTS_CLK_SRC_SEL.CLKSRCSEL = 0x333

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.CPTS_CLK_STATUS.CLKINUSE = 0x08

6.4.7.2.12 HSM RTI CLOCK
(FREQ = 200MHz (In MODE1 Devices) and 250MHz (In MODE2 Devices))

1.

2.

3.

4.

Program HSM RTI GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.HSM_RTI_CLK_DIV_VAL.CLKDIV = 0x000

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_RTI_CLK_STATUS.CURRDIVIDER = 0x00

Update the HSM RTI GCM register with the value of 0x222 to select SYS_CLK as its source,
MSS_RCM.HSM_RTI_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_RTI_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2.13 HSM WDT CLOCK
(FREQ = 200MHz (In MODE1 Devices) and 250MHz (In MODE2 Devices))

1.

Program HSM WDT GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.HSM_WDT_CLK_DIV_VAL.CLKDIV = 0x000

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_WDT_CLK_STATUS.CURRDIVIDER = 0x00

3. Update the HSM WDT GCM register with the value of 0x222 to select SYS_CLK as its source,
MSS_RCM.HSM_WDT_CLK_SRC_SEL.CLKSRCSEL = 0x222

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_WDT_CLK_STATUS.CLKINUSE = 0x04
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6.4.7.2.14 HSM RTC CLOCK
(FREQ = 200MHz (In MODE1 Devices) and 250MHz (In MODE2 Devices))

1.

2.

3.

4.

Program HSM RTC GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.HSM_RTC_CLK_DIV_VAL.CLKDIV = 0x000

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_RTC_CLK_STATUS.CURRDIVIDER = 0x00

Update the HSM RTC GCMregister with the value of 0x222 to select SYS_CLKas its source,
MSS_RCM.HSM_RTC_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change, It should
read HSM_RTC_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2.15 HSM DMTA CLOCK
(FREQ = 200MHz)

1.

2.

3.

4.

Program HSM DMTA GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.HSM_DMTA_CLK_DIV_VAL.CLKDIV = 0x000

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_DMTA_CLK_STATUS.CURRDIVIDER = 0x00

Update the HSM DMTA GCM register with the value of 0x222 to select SYS_CLK as its source,
MSS_RCM.HSM_DMTA_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_DMTA_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2.16 HSM DMTB CLOCK
(FREQ = 200MHz (In MODE1 Devices) and 250MHz (In MODE2 Devices))

1.

2.

3.

4.

Program HSM DMTB GCD register with the value of 0x000 in-order to switch to a new desired frequency,
MSS_RCM.HSM_DMTB_CLK_DIV_VAL.CLKDIV = 0x000

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_DMTB_CLK_STATUS.CURRDIVIDER = 0x00

Update the HSM DMTB GCM register with the value of 0x222 to select SYS CLK as its source,
MSS_RCM.HSM_DMTB_CLK_SRC_SEL.CLKSRCSEL = 0x222

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.HSM_DMTB_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2.17 GPMC CLOCK
(FREQ = 100MHz)

1.

Program GPMC CLK GCD register with the value of 0x111 in-order to switch to a new desired frequency,
MSS_RCM.GPMC_CLK_DIV_VAL.CLKDIV = 0x111 (In MODE1 Devices)

Program GPMC CLK GCD register with the value of 0x444 in-order to switch to a new desired frequency,
MSS_RCM.GPMC_CLK_DIV_VAL.CLKDIV = 0x444 (In MODE2 Devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.GPMC_CLK_STATUS.CURRDIVIDER = 0x01 (In MODE1 Devices)

Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.GPMC_CLK_STATUS.CURRDIVIDER = 0x04 (In MODE2 Devices)

Update the GPMC GCM register with the value of 0x222 to select SYS_CLK as its source,
MSS_RCM.GPMC_CLK_SRC_SEL.CLKSRCSEL = 0x222 (In MODE1 Devices)

Update the GPMC GCM register with the value of 0x444 to select PLL_CORE_CLKOUTO as its source,
MSS_RCM.GPMC_CLK_SRC_SEL.CLKSRCSEL = 0x444(In MODEZ2 Devices)

Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.GPMC_CLK_STATUS.CLKINUSE = 0x04 (In MODE1 Devices)
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Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change,
MSS_RCM.GPMC_CLK_STATUS.CLKINUSE = 0x10 (In MODEZ2 Devices)

(FREQ = 96MHz)

1. Program GPMC CLK GCDregister with the value of 0x111 in-order to switch to a new desired frequency,
MSS_RCM.GPMC_CLK _DIV_VAL.CLKDIVR = 0x111

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change, It should
read MSS_RCM.GPMC_CLK_STATUS.CURRDIVIDER = 0x01

3. Update the GPMC GCMregister with the value of 0x333 to select PLL_PER_CLKOUTQOas its source,
MSS_RCM.GPMC_CLK_SRC_SEL.CLKSRCSEL = 0x333

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change, It should
read MSS_RCM.GPMC_CLK_STATUS.CLKINUSE = 0x08

6.4.7.2.18 CONTROLSS PLL CLOCK
(FREQ = 400MHz (In MODE1 devices) and 500MHz (In MODE2 devices)

1. Program CONTROLSS PLL CLOCK GCDregister with the value of 0x000 in-order to switch to a new desired

frequency, MSS_RCM.CONTROLLSS_PLL_CLK_DIV_VAL.CLKDIVR = 0x000

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change, It should
read CONTROLLSS PLL_CLK_STATUS.CURRDIVIDER = 0x00

3. Update the CONTROLSS GCMregister with the value of 0x222 to select PLL_CORE_CLKOUT2as its
source, MSS_RCM.CONTROLSS_PLL_CLK_SRC_SEL.CLKSRCSEL = 0x222

4. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change, It should
read MSS_RCM.CONTROLLSS PLL_CLK_STATUS.CLKINUSE = 0x04

6.4.7.2.19 CPSW_5_50_250 CLK
(FREQ = 5/50/250MHz, Default configuration)

1. Program RGMII_5 GCD register with the value of 0x636363 to obtain a new desired frequency divided from

PLL_CORE_CLKOUT1, MSS_RCM.RGMII_5_CLK_DIV_VAL.CLKDIV = 0x636363

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.RGMII_5_CLK_STATUS.CURRDIVIDER = 0x63

3. Program RGMII_50 GCD register with the value of 0x999 to obtain a new desired frequency divided from
PLL_CORE_CLKOUT1, MSS_RCM.RGMII_50_CLK_DIV_VAL.CLKDIV = 0x999

4. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.RGMII_50_CLK_STATUS.CURRDIVIDER = 0x09

5. Program RGMII_250 GCD register with the value of 0x111 to obtain a new desired frequency divided from
PLL CORE_CLKOUT1, MSS_RCM.RGMII_250_CLK_DIV_VAL.CLKDIV = 0x111

6. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.RGMII_250_CLK_STATUS.CURRDIVIDER = 0x01

7. Update the CPSW_5_50_250 GCMregister with the value of 0x333 to select PLL CORE_CLKOUT1as its
source, MSS_RCM.CPSW_5_50_250_CLK_MUX_CTRL.CLKSRCSEL = 0x333

8. Poll for the CLKINUSE field of corresponding status register to reflect its new frequency change, It should
read MSS_RCM.CPSW_5_50_250_CLK_STATUS.CLKINUSE = 0x08

6.4.7.2.20 XTAL MMC 32K CLOCK

(FREQ = 32 KHz, Default configuration)

1. Program XTAL MMC 32K GCD register with the value of 0x30CC330C to obtain a new desired frequency
divided from XTAL_CLK, MSS_RCM.XTAL_MMC_32K_CLK_DIV_VAL.CLKDIV = 0x30CC330C

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.XTAL_MMC_32K _CLK_STATUS. CURRDIVIDER = 0x30C

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025 AM261x Technical Reference Manual
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated

301


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

Device Configuration www.ti.com

Note

Please refer to the register description in the AM261x Sitara Processors Technical Reference Manual
Register Addendum for a more detailed explanation on how to configure the XTAL MMC 32K Clock

6.4.7.2.21 XTAL TEMPSENSE 32K CLOCK
(FREQ = 32 KHz, Default configuration)

1. Program XTAL TEMPSENSE 32K GCD register with the value of 0x30CC330C to obtain a new
desired frequency divided from XTAL_CLK, MSS_RCM.XTAL_TEMPSENSE_32K_CLK_DIV_VAL.CLKDIV
= 0x30CC330C

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.XTAL_TEMPSENSE_32K_CLK_STATUS.CURRDIVIDER = 0x30C

Note

Please refer to the register description in the AM261x Sitara Processors Technical Reference Manual
Register Addendum for a more detailed explanation on how to configure the XTAL TEMPSENSE 32K
Clock

6.4.7.2.22 MSS_ELM CLOCK
(FREQ = 50MHz, Default configuration)

1. Program MSS ELM GCD register with the value of to obtain a new desired frequency divided from
SYS_CLK, MSS_RCM.MSS_LM_CLK_DIV_VAL.CLKDIV = 0x03 (In MODE1 Devices) and 0x04 (In MODE2
Devices)

2. Poll for the CURRDIVR field of corresponding status register to reflect its new frequency change,
MSS_RCM.MSS_ELM_CLK_STATUS.CURRDIVIDER = 0x03 (In MODE1 Devices) and 0x04 (In MODE2
Devices)
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Chapter 7
Processors and Accelerators

i3 TEXAS INSTRUMENTS

This chapter describes the Processor and Accelerator modules in the device.
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7.1 Arm Cortex R5F Subsystem (R5FSS)

This chapter describes the Arm Cortex R5F real-time microcontroller unit subsystem (R5FSS) in the device. The
SoC memory map for R5FSS0 with and without ROM is provided in R6FSS Memory Map. The ROM image
handles initial configuration for the R5FSS0 COREO and initiates the secondary boot loader (SBL) for application
download.
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7.1.1 R5FSS Overview

The R5FSS is a dual-core implementation of the Arm® Cortex®-R5F processor configured for Dual-Core

or Lockstep operation. It also includes accompanying memories (L1 caches and tightly-coupled memories),
standard Arm CoreSight™ debug and trace architecture, integrated vectored interrupt manager (VIM), ECC
aggregators, and various other modules for protocol conversion and address translation for easy integration into
the SoC.

Note

The Cortex-R5F processor is a Cortex-R5 processor that includes the optional floating point unit
(FPU) extension. In this TRM, all references to the Cortex-R5 processor apply to the Cortex-R5F
processor by default.

7.1.1.1 R5FSS Features

Each R5FSS supports the following features:

* Dual-core Arm Cortex-R5F

Core revision: r1p3

Armv7-R profile

Dual-core and Lockstep mode support

L1

Dual-core mode: Two independently operating cores (asymmetric multiprocessing, no coherence)
Lockstep mode: One operating core (COREOQ) and One lockstep core (CORE1)

— COREQ uses TCM resources of both cores

— CORE1 caches and interrupts are unused in this mode

Support for switching to Dual-core mode from Lockstep mode by application (Efuse-enabled/MMR
configuration feature) - by triggering a CPU reset. (See device specific data sheet for additional
details.)

memory system

16KB instruction cache per CPU

— 4x4KB ways

— SECDED ECC protected per 64 bits

16KB data cache per CPU

— 4x4KB ways

— SECDED ECC protected per 32 bits

256KB tightly-coupled memory (TCM) per CPU]

SECDED ECC protected per 32 bits

Readable/writable from system

Configurable reset initialization values through the CTRLMMR

Split into A and B banks (with B further splitting into BO and B1 interleaved banks)

— 128KB TCMA (ATCM)

64KB TCMBO

— 64KB TCMB1

In Dual-Core mode, COREO and CORE1 each have 256KB of TCM:

128KB TCMA

— 64KB TCMBO + 64KB TCMB1

In Lockstep mode, TCM is 512KB in total for COREO of R5FSSO0:

256KB TCMA

— 128KB TCMBO + 128KB TCMB1

— L2 Memory System

AXI L2 port for each core with following features:

— 4 Region Address Translator (RAT)
— 4 Region Fast Local Copy (FLC) engine to accelerate boot process
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— Remote L2 cache controller with integrated tag RAM
— Accelerator support
» Each core has a Trignometric Math Unit (TMU) accelerator on the TCMA interface
— Full-precision floating point (VFPv3-D16)
— 16 region memory protection unit (MPU) (Reference the ARM MPU Documentation for more details)
— 8 breakpoints
— 8 watchpoints
— Dynamic branch prediction with global history buffer and 4-entry return stack
— CoreSight debug access port (DAP)
— CoreSight embedded trace macrocell (ETM-R5) interface
— Performance monitoring unit (PMU)
* Interfaces
— 64-bit VBUSM initiator pair (1 read, 1 write) for L2 memory accesses (per core)
— 64-bit VBUSM target (for both read and write) for TCM access (per core)
* Also allows access to cache for debug purposes
— 32-bit VBUSP initiator for peripheral access (per core)
— 4x 32-bit VBUSP target configuration port (2x ECC Aggregator + 1x CCMR + 1x STC)
— 32-bit VBUSP target debug port
» Allows access to all R5FSS internal debug logic
» Synchronous clock domain crossing on all interfaces
— CPU and interface clocks run at a 2:1 frequency ratio or 1:1 frequency ratio. Refer to the Operating
Performance Points section of the device data sheet for details on what is supported for each device.
* Integrated vectored interrupt manager (VIM)
— 256 interrupts per core
* Only interrupts connected to R5F COREDO are available in Lockstep mode
» Each interrupt programmable as either IRQ or FIQ
» Each interrupt has a programmable enable mask
» Each interrupt has a programmable 4-bit priority
— Priority interrupt supported
— Vectored interrupt interface
* Compatible with R5F VIC port
» Programmable 32-bit vector address per interrupt
— Address is SECDED error protected
— Default vector addresses provided on DED
» Dual-Core or Lockstep capable
» Software interrupt generation
* Integrated ECC aggregators
— Support for error injection to all supported ECC memory blocks to test ECC functionality (add-on function
from TI)
— One ECC aggregator per core to cover all RAMs and caches associated with that core
» Standard Arm CoreSight debug and trace architecture at the R5FSS level
— Cross triggering: Supported by cross trigger interface (CTI) (per CORE) and cross trigger matrix (CTM)
components
— Processor trace: Supported by embedded trace macrocell (ETM) (per CORE) and advanced trace bus
(ATB) funnel components

See R5FSS Functional Description for a functional block diagram and additional details related to the R5FSS.
7.1.1.2 R5FSS Not Supported Features
The R5FSS does not support the following native R5F features in this device:

* ACP port (no coherence)
e Multiple power domains
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There are 1x R5FSS modules integrated in the device. The diagram below provides a visual representation of

7.1.2 R5FSS Integration

This section describes the R5FSS integration in the device, including information about clocks, resets, and
hardware requests.

7.1.2.1 R5FSS Integration

the device integration details.

INFRA1 VBUSP INTERCONNECT

CORE VBUSP INTERCONNECT

CORE VBUSM INTERCONNECT

RCM
R5FSS0_CLK
R5FSSO0_POR_RST
R5FSS0_COREQ_G_RST
R5FSSO_CORE1_G_RST
RSFSSO_COREO_L_RST
RSFSSO_CORE1_L_RST
RSFSS0_VIMO_RST

R5FSSO_VIM1_RST

RS5FSS0
R5FSS0_COREOQ_INTR_IN_204

RSFSSO0_COREO_INTR_IN_205

R5FSS0_COREO_INTR_IN_206

R5FSS0_COREO_INTR_IN_208

R5FSS0_COREO_INTR_IN_209

RSFSS0_COREO_INTR_IN_207

R5FSS0_COREO_INTR_IN_212

R5FSS0_COREOQ_INTR_IN_213

R5FSS0_COREO_INTR_IN_210
R5FSS0_COREOQ_INTR_IN_211

RSFSSO_CORE1_INTR_IN_210

RSFSSO_CORE1_INTR_IN_211

R5FSSO_CORE1_INTR_IN_213

R5FSS0_CORE1_INTR_IN_212

RSFSSO_CORE1_INTR_IN_209

R5FSS0_CORE1_INTR_IN_208

R5FSSO_CORE1_INTR_IN_207

R5FSS0_CORE1_INTR_IN_206

R5FSSO_CORE1_INTR_IN_204

R5FSS0_CORE1_INTR_IN_205

A A

R5FSS0

2x VBUSM Memory Master ports and 2x VBUSM TCM Target ports

2x VBUSP Peripheral Master ports

VBUSP Config Target ports

CLK
POR_RST

CORE0_G_RST
CORE1_G_RST
COREO_L_RST
CORE1_L_RST
VIMO_RST

VIM1_RST

R5SS0_COMMRX_0

R5SS0_COMMTX_0

R5SS0_CPUO_CTI_INT

R5SS0_CPUO_VALFIQ

R5SS0_CPUO_VALIRQ

R5SS0_COREO_FPU_EXP

R5SS0_COREO_AHB_WRITE_ERR

R5SS0_LIVELOCK_0

R5SS0_LIVELOCK_1

R5SS0_CORE1_AHB_WRITE_ERR

R5SS0_CORE1_FPU_EXP

R58S0_CPU1_VALIRQ

R5SS0_CPU1_VALFIQ

R5SS0_CPU1_CTI_INT

R5SS0_COMMRX_1

R5SS0_COMMTX_1

Figure 7-1. R5FSSO0 Integration Diagram 1
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TOP_ESM

ESM_LVL_IN_33

ESM_LVL_IN_34

ESM_LVL_IN_43

ESM_LVL_IN_44

ESM_LVL_IN_41

ESM_LVL_IN_42

ESM_LVL_IN_37

ESM_LVL_IN_38

ESM_LVL_IN_35

ESM_LVL_IN_39

ESM_LVL_IN_40

ESM_LVL_IN_36

ESM_PLS_IN_3

ESM_PLS_IN_4

ESM_PLS_IN_5

ESM_PLS_IN_6

ESM_PLS_IN_19

ESM_PLS_IN_18

ESM_PLS_IN_7

ESM_PLS_IN_8

ESM_PLS_IN_9

ESM_PLS_IN_10

ESM_PLS_IN_26

ESM_PLS_IN_27

ESM_PLS_IN_28

ESM_PLS_IN_29

R5SS0_COREO_CORR_ERRAGG

MSS_CTRL

R5SS0_COREO_UNCORR_ERRAGG

INT_AGGR

R5SS0_COREO_TCM_ADDRPARITY_ERRAGQH

INT_AGGR

o

R5SS0_CORE1_CORR_ERRAGG

INT_AGGR

w

R5SS0_CORE1_UNCORR_ERRAGG

INT_AGGR

R5SS0_CORE1_TCM_ADDRPARITY_ERRAG(H

INT_AGGR

o

INT_AGGR

A

R5FSS0

R5SS0_LIVELOCK_0

R5SS0_LIVELOCK_1

R5SS0_VIMO_CORR_ERR

R5SS0_VIM1_CORR_ERR

R5SS0_VIMO_UNCORR_ERR

R5SS0_VIM1_UNCORR_ERR

R5SS0_CPUO_EVNT (22,23,24,25,40,41,42)

R5SS0_CPUO_EVNT (33,34,37,38,39)

R5SS0_CPUO_TCM_ERR (A,B0, B1)

R5SS0_CPU1_EVNT (22,23,24,25,40,41,42)

R5SS0_CPU1_EVNT (33,34,37,38,39)

R5SS0_CPU1_TCM_ERR (A,B0, B1)

R5SSO_LOCKSTEP_BUSMON_ERR

R5SSO_LOCKSTEP_COMP_ERR

R5SSO_LOCKSTEP_VIMCOMP_ERR

R5SS0_LOCKSTEP_CPU_MISCOMP_ERR

R5SS0_CCM_LOCKSTEP_COMP_ERR

R5SSO_SELFTEST_ERR

R5SS0_TMU_COMP_ERR

R5SS0_CPUO_TMU_PARITY_ERR

R5SS0_CPU1_TMU_PARITY_ERR

R5SS0_RL2_COMP_ERR

R5SS0_CPUO_RL2_ECC_UNCORR

R5SS0_CPU0_RL2_ECC_CORR

R5SS0_CPU1_RL2_ECC_UNCORR

R5SS0_CPU1_RL2_ECC_CORR

Figure 7-2. R5FSSO0 Integration Diagram 2
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The tables below summarize the device integration details of RSFSSO0.
Table 7-1. R5FSS[0]Device Integration

This table describes the module device integration details.

Module Instance

SoC Interconnect

R5FSS[0]_CORE[0:1]

CORE VBUSM Interconnect

CORE VBUSP Interconnect

INFRA1 VBUSP Interconnect

Table 7-2. R5FSS[0] Clocks

This table describes the module clocking signals.

Module Module Clock Source Clock Signal Source Description

Instance Input

R5FSS0 |CLK R5FSS0_CLK MSS_RCM Functional Clock. Interface clock is derived
from functional clock

Table 7-3. R5FSS[0] Resets

Module Instance |Module Reset Input Source Reset Signal Source Description

R5FSS0 POR_RST R5FSS0_POR_RST MSS_RCM R5FSS0 Power on Reset
COREO_G_RST R5FSS0_COREO_G_RST |MSS_RCM R5FSS0 Core0 Subsystem reset
CORE1_G_RST R5FSS0_CORE1_G_RST |[MSS_RCM R5FSSO0 Core1 Subsystem reset
COREO_L_RST R5FSS0_COREO_L_RST MSS_RCM R5FSS0 Core0 Local Reset
CORE1_L_RST R5FSS0_CORE1_L_RST MSS_RCM R5FSS0 Core1 Local Reset
VIMO_RST R5FSS0_VIMO_RST MSS_RCM R5FSS0 VIMO Reset
VIM1_RST R5FSS0_VIM1_RST MSS_RCM R5FSS0 VIM1 Reset

Note

For more information on the interconnects, see the System Interconnect chapter.

For more information on power, reset, and clock management, see the corresponding sections within

the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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7.1.3 R5FSS Functional Description
7.1.3.1 R5FSS Block Diagram
Figure 7-3 shows the R5FSS block diagram.
Figure 7-3. R5FSS Block Diagram
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7.1.3.2 R5FSS Cortex-R5F Core

The Cortex-R5F is a processor from Arm, which is based on the Armv7-R profile. Each R5FSS implements two
R5F cores, CPUO and CPU1, each with their own RAMs and interfaces. While in reset, they can be bootstrapped
to work in one of two modes: Dual Core or Lockstep.

In dual core mode, each R5F core works completely independent from the other (asymmetric multiprocessing, or
AMP). Each core uses its own RAMs and interfaces, with no coherence between the two cores.

In Lockstep mode:

CPUQ is the only operating core

* CPU1 operates as the lockstep core for CPUO

CPU1 TCMs are stacked on CPUO TCMs and are accessible only by CPUO and CPUO TCM interface
* The TCM size for CPUO is essentially doubled in this mode

CPU1 caches and interrupts are not used

For a brief list of features supported by the R5F processor in this device, see R5FSS Features. For more
detailed description of this processor, see the Arm Cortex-R5 Technical Reference Manual.

7.1.3.2.1 L1 Caches

The R5F cores have a Harvard cache architrecture, which means each core has an independent L1 instruction
cache (16KB) and L1 data cache (16KB). The instruction cache is protected by SECDED ECC per 64 bits. The
data cache is protected by SECDED ECC per 32 bits.

7.1.3.2.2 Tightly-Coupled Memories (TCMs)

The R5F has two tightly-coupled memories (TCMs), ATCM and BTCM. The BTCM is further broken down into
two interleaved banks, BOTCM and B1TCM.

TCMs are low-latency, tightly integrated memories for the R5F to use. Either TCM can be used for any
combination of instruction and/or data. TCM performance is equal to performance on instructions/data that are
in cache. However, TCMs have some additional advantages over cache. TCMs can be loaded with instructions
that do not cache well (such as ISRs) or preloaded with code by an external source, before that code is needed,
to save cache miss time. TCMs are also a good place for blocks of data for intense processing. They can be
loaded (or pre-loaded by an external source) before the data is needed, saving cache miss time. The data can
then be directly accessed by an external source, instead of needing to do cache evicts.

As mentioned, TCMs can be accessed (either read or written) by an external source over the TCM VBUSM
peripheral interface. This allows instructions or data to be preloaded, or for data to be read out after the R5F

has processed it. The VBUSM peripheral has a lower priority to accessing TCMs than the R5F but care must be
taken to keep an external source from reading or writing TCM data that the R5F is working on. This handshaking
is external to any of the R5FSS hardware.

TCMs are protected by ECC per 32 bits. For this to work, ECC must be enabled before data is written in
to the TCMs (either externally or from the R5F). ECC is enabled via the following R5F system control bits:
ACTLR.ATCMPCEN, ACTLR.BOTCMPCEN, and ACTLR.B1TCMPCEN, respectively.

Whether or not the TCMs are enabled is controlled by the ENABLE bit in the corresponding ATCM/BTCM

region register. The default (reset) value of this bit is determined by the CPUn_INITRAMA and CPUn_INITRAMB
bootstrap signals having a default value of 1 in this device. ATCM is configured for a size of 128KB and BTCM

is configured for a size of 128KB in this device. Note that the BTCM size is the total of both BOTCM and B1TCM
( 64KB each). Note also that the ATCM size for CPUOQ is 256KB and the BTCM size for CPUQ is 256KB each in
Lockstep mode.

If a TCM is not enabled, then it does not appear in the R5F’s memory view, but it can be accessed by an
external source. If a TCM is enabled, then its place in the R5F memory map is determined by a combination
of bootstrap signal and system register. The base address of ATCM is 0x0000 0000 and the base address of
BTCM is 0x0008_0000.
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It is possible to preload a TCM with instructions and boot from it. See R5FSS Boot Options for details on TCM

booting.
7.1.3.2.3 R5FSS Special Signals

Table 7-4 through list some R5FSS features associated

with special signals.

Table 7-4. R5FSSO0 Special Features

Feature

Comment

Cluster affinity group ID

R5F Cluster 0 (ID = 0x0)

Exception handling state at reset
0=Arm
1=Thumb

Controlled via MSS_CTRL R5SS0_TEINIT register setting.
Defaults to Arm mode

Dual core or Lockstep mode
0 = Dual Core mode
1 = Lockstep mode

Controlled via MSS_CTRL R5SS0_CONTROL register setting.
Defaults to a value defined by eFuse/MMR control

CPUn execution halt when coming out of reset (CPUn_HALT)

Controlled via MSS_CTRL R5SS0_COREx_HALT register setting.
Defaults to halted state. See R5 Core Halting and Unhalting for more
detail.

CPUn exception vectors base address

Defaults to Bootvector RAM address 0x0000_0000

CPUn VIM base address

0x50F0 0000

CPUn non-maskable fast interrupts enable

Disabled

CPUn VBUSM peripheral port enabled at reset

Disabled, not used.

CPUn VBUSP peripheral port enable at reset

Defaults to Enabled state

CPUn VBUSP peripheral port base address

Defaults to 0x5000_0000

CPUn VBUSP peripheral port size

Defaults to 256MB
0x5000_0000 to Ox5FFFF_FFFF

CPUn VBUSM normal peripheral port base address Not used
CPUn VBUSM normal peripheral port size Not used
CPUn VBUSM virtual peripheral port base address Not used
CPUn VBUSM virtual peripheral port size Not used

CPUn WFI state

Status logged into MSS_CTRL R5SS0_COREXx_STAT register bit.
See the R5 WFI section.

CPUn WFE state

Status logged into MSS_CTRL R5SS0_COREx_STAT register bit.
See the R5 WFI section.

CPU Clockgate Control

Controlled via MSS_RCM R5SS0_COREx_GATE register setting.
Individual Core clocks can be gated

CPUn TCM Bus Parity

Enabled

Switching between Dual Core and Lockstep Mode

By default, the R5FSS[0] will be in lockstep mode. Switching to dual core mode or staying in lockstep mode
is handled through setting a combination of eFuse and MMR bits. See Table 7-5 for a summary of possible

combinations.

Table 7-5. Settings for Dual Core and Lockstep Modes

eFuse eFuse MMR R5FSS[0] Mode
BitEFUSE1_ROW_12_R5SS[0]_ |BitEFUSE1_ROW_12_R5SS[0]_ | BitR5SS[0] CONTROL_LOCK_
FORCE_DUAL_CORE DUAL_CORE_DISABLE STEP
0 0 0 Dual Core
0 0 1 Lockstep (default)
1 X X Dual Core
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Table 7-5. Settings for Dual Core and Lockstep Modes (continued)

eFuse eFuse MMR R5FSS[0] Mode
BitEFUSE1_ROW_12_R5SS[0]_ | BitEFUSE1_ROW_12_R5SS[0]_ | BitR5SS[0] CONTROL_LOCK_
FORCE_DUAL_CORE DUAL_CORE_DISABLE STEP

0 1 X Lockstep

Based on the part number, the eFuse bits will decide whether the MMR can be used for switching to dual core.
Follow the below sequence in such cases.

* Set R5SSx_RST_ASSERDLY and MSS_RCM.R5SSx_RST2ASSERTDLY registers with required reset
asserting and holding delay.

+ Set:R5SS[0]_CONTROL_LOCK_STEP to 0.

» Set R5SS[0]_ CONTROL_LOCK_STEP_SWITCH_WAIT to 0 or 7 based on application use case. Setting to 7
is recommended.

» By default, reset FSM (or any reset to RSFSS[0] CORE[0-1]) will wait for CPU to go to WFI state for safe
handling of system. Setting R5SS[0]_FORCE_WFI_ CR5_WFI_OVERIDE to 7 would override the WFI check

but this is not recommended.
» Set R5SS[0] CONTROL_RESET_FSM_TRIGGER to 7 will reset the R5FSS[0] and switch mode to dual

core.
* Read R5SS[0]_STATUS_REG_ LOCK_STEP for status (0 is dual core and 1 is lockstep).

7.1.3.3 R5FSS Interfaces
7.1.3.3.1 Initiator Interfaces

The R5FSS has several controller interfaces per core:

* 64-bit VBUSM controller pair (1 read, 1 write) for L2 memory accesses; this is the main memory interface
» 32-bit VBUSP controller for peripheral access

— Includes logic that provides the R5F CPU with a private access to VIM

— Enabled at reset

7.1.3.3.2 Target Interfaces
The R5FSS has several target interfaces that define its internal memory space:

» 32-bit VBUSP configuration target (per core)
— ECC aggregator block
* 64-bit VBUSM target (per core)
- ATCM
- BTCM
— Instruction cache RAMs
— Data cache RAMs
» 32-bit VBUSP Configuration target
— Lockstep Compare block
— Selftest Logic Block
« 32-bit debug target
— Provides access to all R5FSS internal debug logic
The 64-bit VBUSM target interface provides direct access to the TCM RAMs. Access to the RAMs is arbitrated

with access from the R5F’s L1 memory system. Excessive access while the R5F is also attempting access will
degrade performance.

The 64-bit VBUSM target target interface provides access to the cache RAMs for testing purposes. Access to
the cache RAMs can only be done while the caches are disabled and should only be done for test purposes.

In addition to the target interfaces, there are peripherals (VIM) that are only accessible by the R5F. The R5F has
an access to these modules via the VBUSP peripheral interface.
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7.1.3.4 R5FSS Power, Clocking and Reset
7.1.3.4.1 R5FSS Power

R5FSS is powered by the SoC Core logic supply.
7.1.3.4.2 R5FSS Clocking

The R5FSS has a single clock input. Internally, CPUO and CPU1 clocks are generated from this clock with
individual clock gate control per Core. The interface clocks are derived from this clock internally through suitable
division.

The Interface clock is an integer ratio of the CPU clock. The permitted ratio are 1:1 and 1:2 for
CPU_CLK:INTERFACE_CLK. The Interface clock shall not exceed 200MHz.

Refer to R5SS and SYSCLK Clock Tree for more details regarding the sequence for choosing CPU and
INTERFACE clocks.

The CPU core clock can be gated by writing 7 to R5SS[0]_CORE[0-1]_GATE_CLKGATE. However, the
application code must ensure there are no pending transactions/instructions before executing the gating.

7.1.3.4.3 R5FSS Reset
The R5FSS has seven reset inputs:

*« POR_RST : This is the reset for the full RSFSS including debug logic

« COREOQO_G_RST : This resets the entire CPUO logic including its associated VIM except the debug logic.
*« CORE1_G_RST: This resets the entire CPU1 logic including its associated VIM except the debug logic
* COREOQO_L_RST : THis resets CPUO core

* CORE1_L_RST : THis resets CPU1 core

¢ VIMO_RST : THis resets VIMO

¢ VIM1_RST: This resets VIM1

The above resets can be controlled through RCM registers.
In addition to the reset signals, there are two halt signals:

- COREQ_HALT
- CORE1_HALT

These halt signals keep the CPUs from fetching instructions when they come out of reset. The main use is to
have the CPUs halted until the TCMs are loaded (when booting from TCM), though halt could be used for any
other purpose. See R5 Core Halting and Unhalting for more details.

7.1.3.4.4 R5FSS Reset Sequencing

The proper sequence for resetting the R5FSS is as follows:

* Set R5SSx_RST_ASSERDLY and MSS_RCM.R5SSx_RST2ASSERTDLY registers with required reset
asserting and holding delay.

» By default, the reset FSM (or any reset to R5SFSS[0]_CORE[0-1]) waits for CPU to go to WFI state for safe
handling of system. Setting R5SS[0]_FORCE_WFI_ CR5_WFI_OVERIDE to 7 overrides the WFI check but
this is not recommended.

» Set the corresponding reset bit field, refer to R5FSS Reset for further details.

* Read the R5SS[0]_RST_STATUS_CAUSE register to know the status of the initiated reset .

» Set R5SS[0]_RST_CAUSE_CLR_CLR register to reset the captured status of
R5SS[0]_RST_STATUS_CAUSE register.

Note
Care must be taken to read all the R5SS[0]_RST_STATUS_CAUSE register status bits before clearing
them.

These resets do not reset the target and initiator ports as these are connected with the common bus to the
SoC interconnects. Use INFRA_RST_CTRL_ASSERT bit field to reset the full SoC interconnect infrastructure.
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This is not recommended for use and must only be used by the application code when there is no pending
transactions/tasks.

7.1.3.5 R5FSS Vectored Interrupt Manager (VIM)

Note
For additional details related to the R5FSS VIM, refer to the Vectored Interrupt Manager (VIM)
interrupt controller section of the Interrupts chapter.

7.1.3.6 R5FSS ECC Support

The R5F provides native ECC and parity support on all related memories, generating and checking the
redundancy automatically. The methods for checking and reporting errors are available in the Arm Cortex-R5
Technical Reference Manual.

The R5FSS adds the capability of testing this logic by allowing errors (single and double bit) to be injected

into memories (for testing purposes) via an ECC aggregator (per core). Note that because the R5FSS ECC
aggregator is only used in error-injection mode for R5 related memories, it only supports a subset of the generic
ECC aggregator functionality for R5 memories. However, the ECC aggregator supports full ECC aggregator
functionality for VIM memories.

For a detailed description of the generic ECC aggregator functionality, see ECC Aggregator. For register
descriptions of RSFSS CPUO and CPU1 ECC aggregators, see R5FSS CPUO_ECC AGGR _CFG_REGS
Registers and R5FSS_CPU1_ECC _AGGR_CFG_REGS Registers, respectively.

Table 7-6 provides the RAM ID for each core. This is needed for bit field [10-0] ECC_VECTOR in the
corresponding R5FSS_CPUO_VECTOR / R5FSS_CPU1_VECTOR register (part of the ECC aggregator register
space).

Table 7-6. RAM ID Map for ECC Aggregator (Per

Core)
RAM ID Memory Name
0 CPUO0/1 ITAG RAMO
1 CPUO0/1 ITAG RAM1
2 CPUO/1 ITAG RAM2
3 CPUO/1 ITAG RAM3
4 CPUO/1 IDATA BANKO
5 CPUO0/1 IDATA BANK1
6 CPUO/1 IDATA BANK2
7 CPUO/1 IDATA BANK3
8 CPUO0/1 DTAG RAMO
9 CPUO0/1 DTAG RAM1
10 CPUO0/1 DTAG RAM2
1 CPUO0/1 DTAG RAM3
12 CPUO/1 DDIRTY RAM
13 CPUO0/1 DDATA RAMO
14 CPUO0/1 DDATA RAM1
15 CPUO0/1 DDATA RAM2
16 CPUO0/1 DDATA RAM3
17 CPUO0/1 DDATA RAM4
18 CPUO0/1 DDATA RAM5
19 CPUO0/1 DDATA RAM6
20 CPUO0/1 DDATA RAM7
21 CPUO0/1 ATCM BANKO
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Table 7-6. RAM ID Map for ECC Aggregator (Per
Core) (continued)

RAM ID Memory Name

22 CPUO0/1 ATCM BANK1
23 CPUO0/1 BOTCM BANKO
24 CPUO0/1 BOTCM BANK1
25 CPUO0/1 B1TCM BANKO
26 CPUO0/1 B1TCM BANK1
27 CPUO0/1 VIM RAM

28 CPUO0/1 RL2 TAG RAM

7.1.3.7 R5FSS Memory View
The memory view of each R5F (that is, the memory map as seen by each R5F) is a function of several things:

» Exception vector bootstrap: The R5F exception table (including boot vector) is always 32 bytes at address
0x00000000 as seen by the R5F.

* TCM locations: TCMs can be enabled or disabled and located at different places in the memory map,
depending on bootstrap configuration. In addition, the TCM size varies depending on the mode of CPU being
in Dual core or lockstep mode. For more details, see Tightly-Coupled Memories (TCM).

» Peripheral interface locations: Peripherals are accessed at address 0x5000_0000 over the VBUSP peripheral
interface.

The combination of the above determines what the R5F sees where in the memory map, and over what interface
different transactions come out. Every transaction that does not directly address a TCM or a peripheral interface
comes over the main memory interface.

See Memory Map for the complete R5F memory view for this device.
7.1.3.8 R5FSS Interrupts

All interrupts and events generated by the R5FSS are summarized in R5FSS Integration, along with their
mapping. These processor events can be divided into the following groups:

* R5F CPU internal interrupts and events: these include the R5 EVENT signals and PMU interrupts. These are
described in the Arm Cortex-R5 Technical Reference Manual.

» ECC aggregator interrupts: only VIM memory errors generate the interrupt. These are described in the ECC
Aggregator chapter.

* TCM Address parity Error Interrupts: these are described in the TCM Address Parity Error section.

» Lockstep Compare Interrupts: these are described in the Lockstep Compare section.

» Selftest Logic Interrupt: interrupts and errors generated by selftest logic. These are described in the Selftest
Controller (STC) chapter.

7.1.3.9 R5FSS Debug and Trace

The R5FSS supports standard Arm CoreSight debug and trace architecture. For more details, see the On-chip
Debug chapter.

7.1.3.10 R5FSS Boot Options

R5FSS boots from 0x0000_0000 located in TCM. When the processor exits reset, it fetches the boot vector from
this location.

The software must take the following steps:

1. Assert the correct bootstraps

a. Enable the ATCM (set CPUN_INITRAMA) or BTCM (set CPUn_INITRAMB). Default state is both are
enabled and no additional configuration needed in this device
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b. Assert CPUn_LOCZRAMA properly for the desired TCMA. Default state is to boot from ATCM in this

device.

PN

Assert CPUn_HALT. Default is HALTED state.
Release the CPU from reset.
Load the desired code into the TCM via the TCM target port.

a. Exception vectors should be located at address 0x00000000 of TCM.
5. De-assert CPUn_HALT.

7.1.3.11 R5FSS Events

The R5F core generates several events as part of event bus. That can be monitored by the PMU for

debugging.The R5 core event bus only signals event when it is enabled. Non-invasive or invasive debug mode

needs to be enabled to enable the PMU counters.

The export of the events to the event bus can be enabled by setting the X bit in the Performance Monitor Control
Register of the R5 core. For more details, refer to Arm R5 TRM.

7.1.3.11.1 R5FSS Core Memory ECC Events

The memory ECC-related events from the event bus are aggregated in MSS_CTRL and exported to ESM for

monitoring as shown in R5FSS Integration.

There are four ECC interrupts to the ESM that aggregate different categories of ECC events:
» CPUO correctable error or single bit error

» CPU1 Correctable error or single but error
» CPUO Uncorrectable error or multi bit error
» CPU1 Uncorrectable error or multibit error

Table 7-7. R5 Event Bus Correctable Error or Single-bit Error

EVENT BUS Bit #

Description

Associated Status Register in MSS_CTRL

correctable ECC error

40 ATCM single-bit ECC error R5SS* CPU*_ECC_CORR_ERRAGG_STATUSIO0]
R5SS* CPU*_ATCM_CORR_ERR
42 B1TCM single-bit ECC error R5SS*_CPU*_ECC_CORR_ERRAGG_STATUS[1]
R5SS*_CPU*_B1TCM_CORR_ERR
41 BOTCM single-bit ECC error R5SS*_CPU*_ECC_CORR_ERRAGG_STATUS[2]
R5SS*_CPU*_BOTCM_CORR_ERR
24 Data cache tag or dirty RAM parity error |R5SS* CPU* ECC_CORR_ERRAGG_STATUS|3]
or correctable ECC error, from data-side |R5SS*_CPU*_DTAG_CORR_ERR
or ACP
25 Data cache data RAM parity error or R5SS*_CPU*_ECC_CORR_ERRAGG_STATUS[4]
correctable ECC error R5SS*_CPU*_DDATA_CORR_ERR
22 Instruction cache tag RAM parity or R5SS* CPU* ECC_CORR_ERRAGG_STATUS[5]
correctable ECC error R5SS*_CPU*_ITAG_CORR_ERR
23 Instruction cache data RAM parity or R5SS*_CPU*_ECC_CORR_ERRAGG_STATUSI6]

R5SS*_CPU*_IDATA_CORR_ERR

Table 7-8. R5 Event Bus Uncorrectable Error or Multi-bit Error

EVENT BUS Bit #

Description

Associated Status Register in MSS_CTRL

37 ATCM multi-bit ECC error R5SS*_CPU* ECC_UNCORR_ERRAGG_STATUS[0]
R5SS*_CPU* ATCM_UNCORR_ERR
39 B1TCM multi-bit ECC error R5SS* CPU* ECC_UNCORR_ERRAGG_STATUS[1]

R58S*_CPU*_B1TCM_UNCORR_ERR

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Submit Document Feedback

Copyright © 2025 Texas

AM261x Technical Reference Manual

Instruments Incorporated

317


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS
Processors and Accelerators www.ti.com
Table 7-8. R5 Event Bus Uncorrectable Error or Multi-bit Error (continued)
EVENT BUS Bit # Description Associated Status Register in MSS_CTRL
38 BOTCM multi-bit ECC error R5SS* CPU*_ECC_UNCORR_ERRAGG_STATUS[2]
R5SS* CPU*_BOTCM_UNCORR_ERR
34 Data caches tag/dirty RAM fatal ECC R5SS*_CPU*_ECC_UNCORR_ERRAGG_STATUSI3]
error, from data-side or ACP. R5SS*_CPU*_DTAG_UNCORR_ERR
33 Data cache data RAM fatal ECC error |R5SS* CPU*_ECC_UNCORR_ERRAGG_STATUS[4]
R5SS* CPU*_DDATA_UNCORR_ERR

7.1.3.12 R5FSS TCM Address Parity Error

R5FSS in this device is configured to generate TCM address and control bus parity. Parity error detection logic
in the R5FSS detects if there is any parity error on TCM address bus. These errors are aggregated in the
MSS_CTRL module and one interrupt per CPU is exported to ESM.

Table 7-9. R5 TCM Address Parity Error

Description Associated Status Register in MSS_CTRL
ATCM bus Address parity Error R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_STATUS
[0]

R5SS*_CPU*_ATCM*_PARITY_ERR

BOTCM bus Address parity Error R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_STATUS

(11
R5SS* CPU*_BOTCM*_PARITY_ERR

B1TCM bus Address parity Error R5SS* CPU* TCM_ADDRPARITY_ERRAGG_STATUS
[2]
R5SS* CPU* B1TCM*_PARITY_ERR

R5SS*_CPU* _TCM_ADDRPARITY_ERRAGG_STATUS_RAW: Provides raw status of TCM address Parity Error
for each CPU Core

R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_STATUS: Provides masked status of TCM Address Parity Error
for each CPU Core

R5SS*_CPU*_TCM_ADDRPARITY_ERRAGG_MASK: Mask register for TCM Address Parity Error

The register R5SS*_TCM_ADDRPARITY_CLR clears Parity Error interrupt.

The registers R5SS* CORE*_ADDRPARITY_ERR_*TCM provides the Address location where the TCM
address error occurred.

The R5SS*_TCM_ADDRPARITY_ERRFORCE register can be used to force error on TCM Address parity Error
detection logic for diagnostic purpose.

7.1.3.13 R5FSS Lockstep Compare

This chapter describes the CPU compare module for the ARM® Cortex®-R5F (CCM-R5F). Each R5F subsystem
(RSFSS) in the device implements two instances of the Cortex-R5F CPU that are running in lockstep to detect
faults that may result in unsafe operating conditions. The CCM-R5F detects faults and signals them to the SOC
error signaling module.
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7.1.3.13.1 Overview

Safety-critical applications require run-time detection of faults in critical components in the device such as the
Central Processing Unit (CPU) and the Vectored Interrupt Controller Module (VIM). For this purpose, the CPU
Compare Module for Cortex-R5F (CCM-R5F) compares the core bus outputs of two Cortex-R5F CPUs running
in a 1001D (one-out-of-one, with diagnostics) lockstep configuration. Each R5FSS also implements two VIM
modules in 1001D (one-out-of-one, with diagnostic) lockstep configuration. Any difference in the core compare
bus outputs of the CPUs or the VIMs is flagged as an error. For diagnostic purposes, the CCM-R5F also
incorporates a self-test capability to allow for boot time checking of hardware faults within the CCM-R5F itself.

In addition to comparing the CPU's and VIM's outputs for fault detection during run-time, the CCM-R5F also
incorporates one additional run-time diagnostic feature: the Checker-CPU Inactivity Monitor.

The Checker-CPU inactivity monitor monitors the checker CPU's key bus signals to the interconnect. When

the two CPUs are in lockstep configuration, several key bus signals from the checker CPU which would have
indicated a valid bus transaction to the interconnect on the microcontroller will be monitored. A list of the signals
to be monitored is provided in theChecker CPU Signals to Monitor table. These signals from the checker CPU
are expected to be inactive. All transactions between the lockstep CPUs and the rest of the system should only
go through the main CPU. Any signals which indicate activity will be flagged as an error.

7.1.3.13.1.1 Main Features
The main features of the CCM-R5F are:

* Run-time detection of faults

— Run-time compare of CPU's outputs

— Run-time compare of VIM's outputs

— Run-time inactivity monitor on the checker CPU's bus signals to the interconnect
» self-test capability
» error forcing capability

7.1.3.13.1.2 Block Diagram

Figure 7-4 shows the interconnect diagram of the CCM-R5F with the two Cortex-R5F CPUs and the two VIMs.
The core bus outputs of the CPUs are compared in the CCM-R5F. To avoid common mode impacts, the signals
of the CPUs to be compared are temporally diverse. The output signals of the primary CPU are delayed 2
cycles while the input signals of checker CPU are delayed 2 cycles. The two cycle delay strategy is also
deployed between the two VIM modules. While in lockstep mode, the checker CPU's output signals to the
system are clamped to inactive safe values. Key signals which would have indicated a valid bus transaction

to the interconnect are monitored by the CCM-R5F. The same approach is used for the key power domains if
inactive signals indicate that bus controllers inside these power domains are asserting valid bus transactions.

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025 AM261x Technical Reference Manual 319
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

Processors and Accelerators

13 TEXAS
INSTRUMENTS

www.ti.com

CCM-R5F

CPU Bus Compare

Compare errors
Checker CPU ———Jp| ESM

A4 ) 4 4

Inactivity Monitor

Outputs CPU2 to the Outputs from CPU1 to cpuiclk
system the system
A
2 cycle delay
—.
Lockstep
mode
Safe values (values that will T

force the checker CPU’s
outputs to inactive states)
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Figure 7-4. Block Diagram

As described in Overview, there are three different run-time diagnostics supported by the CCM-R5F. The
CCM-R5F compares the core bus outputs of the primary and checker Cortex-R5F CPUs on the microcontroller
and signals an error on any mismatch. This comparison is started 6 CPU clock cycles after the CPU comes out
of reset to ensure that CPU output signals have propagated to a known value after reset. Once comparison is
started, the CCM module continues to monitor the outputs of the two CPUs without any software intervention. If
an error is detected by the CCM-R5F, a software handler is necessary to implement the appropriate response
to the error dependent on application needs. The module principles of operation are applicable to both the CPU
output compare as described above as well as to the VIM output compare.
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7.1.3.13.2.1 CPU/VIM Output Compare Diagnostic
CPU / VIM Output Compare Diagnostic can run in one of the following four operating modes:

1. Active compare lockstep mode
2. Self-test

3. Error forcing

4. Self-test error forcing

The operating mode can be selected by writing a dedicated key to the key register (MKEYX) of the
corresponding diagnostic.

Note

MKEY1 and MKEY2 are used to select the operating mode for the CPU Output Compare Diagnostic
and VIM Output Compare Diagnostic, respectively.

7.1.3.13.2.1.1 Active Compare lockstep Mode

This is the default mode on start-up. In lockstep mode, the bus output signals of both CPUs and VIMs are
compared. A difference in the CPU compare bus outputs is indicated by signaling an error to the ESM, which
sets the error flag "CCM-R5F - CPU compare" and "CCM-R5F - VIM compare", respectively.

+ CPU types of output signals to be compared:
— Global signals
— Interrupt signals
— Al L1 cache interface signals
— All cache coherency signals
— Al L1 TCM interface signals
— Al L2 AXI interface signals
— ETM interface signals
— FPU signals
— All AHB Peripheral port interface signals
— All status and control signals
* VIM output signals to be compared:
- nFIQ
- nIRQ
— IRQADDRV
— IRQVECTADDR
» CPU types of output signals that are not compared:
— All ACP interface signals
— All AXI Peripheral port interface signals

Note

The CPU compare error asserts “CCM-R5F self-test error” flag as well. By doing this, the CPU
compare error has two paths (“CCM-R5F - CPU compare” and “CCM-R5F self-test error” flag) to the
ESM, so that even if one of the paths fails, the error is still propagated to the ESM. This is also true for
"CCM-R5F - VIM compare" error flag.

Not all internal registers of the Cortex-R5F CPU have fixed values upon reset. To avoid an erroneous CCM-R5F
compare error, the application software needs to ensure that the CPU registers of both CPUs are initialized with
the same values before the registers are used, including function calls where the register values are pushed onto
the stack.
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7.1.3.13.2.1.2 Self-Test Mode

In self-test mode, the CCM-R5F checks itself for faults. During self-test, the compare error module output signal
is deactivated. Any fault detected inside the CCM-R5F will be flagged by ESM error “CCM-R5F - self-test”.

In self-test mode, the CCM-R5F automatically generates test patterns to look for any hardware faults. If a fault
is detected, then a self-test error flag is set, a self-test error signal is asserted and sent to the ESM, and the
self-test is terminated immediately. If no fault is found during self-test, the self-test complete flag is set. In both
cases, the CCM-R5F CPU / VIM Output Compare Diagnostic remains in self-test mode after the test has been
terminated or completed, and the application needs to switch the CCM-R5F mode by writing another key to the
mode key register (MKEY1 or MKEY?2 depending which diagnostic is selected for self-test). During the self-test
operation, the compare error signal output to the ESM is inactive irrespective of the compare result.

There are two types of patterns generated by CCM-R5F during self-test mode:

1. Compare Match Test
2. Compare Mismatch Test

CCM-R5F first generates Compare Match Test patterns, followed by Compare Mismatch Test patterns. Each test
pattern is applied on both CPU signal inputs of the CCM-R5F’s compare block and clocked for one cycle. The
duration of self-test for CPU Output Compare Diagnostic is 4947 CPU clock cycles (GCLK1) and 151 system
peripheral clock cycles (VCLK) for VIM Output Compare Diagnostic.

Note

During self-test, both CPUs can execute normally, but the compare logic will not be checking any
CPU signals. Also during self-test, only the compare unit logic is tested and not the memory-mapped
register controls for the CCM-R5F. The self-test is not interruptible.

Self-test of all different diagnostics can be run at the same time.

7.1.3.13.2.1.2.1 Compare Match Test

During the Compare Match Test, there are four different test patterns generated to stimulate the CCM-R5F. An
identical vector is applied to both input ports at the same time expecting a compare match. These patterns cause
the self-test logic to exercise every CPU compare bus output signal in parallel. If the compare unit produces a
compare mismatch then the self-test error flag is set, the self-test error signal is generated, and the Compare
Match Test is terminated.

The four test patterns used for the Compare Match Test are:

» All 1s on both CPU / VIM signal ports
» All Os on both CPU / VIM signal ports
* 0xAs on both CPU / VIM signal ports
* 0x5s on both CPU / VIM signal ports

These four test patterns will take four clock cycles to complete. Table 7-10 illustrates the sequence of Compare
Match Test.

Table 7-10. Compare Match Test Sequence

CPU 1 (Main CPU) Signal Position CPU 2 (Checker CPU) Signal Position Cycle
n:8 7 6 5 4 3 2 1 0 n:8 7 6 5 4 3 2 1 0
1s 1 1 1 1 1 1 1 1 1s 1 1 1 1 1 1 1 1 0
Os 0 0 0 0 0 0 0 0 0Os 0 0 0 0 0 0 0 0 1
0xA 1 0 1 0 1 0 1 0 0xA 1 0 1 0 1 0 1 0 2
0x5 0 1 0 1 0 1 0 1 0x5 0 1 0 1 0 1 0 1 3
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7.1.3.13.2.1.2.2 Compare Mismatch Test

During the Compare Mismatch Test, the number of test patterns is equal to twice the number of CPU output
signals to compare in lockstep mode. An all 1s vector is applied to the CCM-R5F’s CPU1 / VIM1 input port

and the same pattern is also applied to the CCM-R5F’s CPU2 /VIM2 input port but with one bit flipped starting
from signal position 0. The un-equal vector will cause the CCM-R5F to expect a compare mismatch at signal
position 0, if the CCM-RS5F logic is working correctly. If, however, the CCM-R5F logic reports a compare match,
the self-test error flag is set, the self-test error signal is asserted, and the Compare Mismatch Test is terminated.

This Compare Mismatch Test algorithm repeats in a domino fashion with the next signal position flipped while
forcing all other signals to logic level 1. This sequence is repeated until every single signal position is verified on
both CPU signal ports.

The Compare Mismatch Test is terminated if the CCM-R5F reports a compare match versus the expected
compare mismatch. This test ensures that the compare unit is able to detect a mismatch on every CPU signal
being compared. Table 7-11 illustrates the sequence of Compare Mismatch Test. There is no error signal sent to
ESM if the expected errors are seen with each pattern.

Table 7-11. CPU / VIM Compare Mismatch Test Sequence

CPU 1 (Main CPU) Signal Position CPU 2 (Checker CPU) Signal Position Cycle

n n-1:8 7/6|5|4|(3[2|1|0|n n-1:8 7|6 5|43 |2|1/|0

1 1 1s 1111111117111 1s 1111|111 ]0 0

1 1 1s 1111111117111 1s 1111111 1]0]1 1

1 1 1s 1111111117111 1s 11111 (1] 11011 2

1 1 1s 111 (111111111 1s 1111 (110|111 3

1 1 1s 111 (11|11 1]1]1]0 1s 1111 (1111711 -1

1 1 1s 111 (11|11 11]1]0][1 1s 1111 (1111711 n

1 1 1s 111 (11|11 |1]0]1[1 1s 1111 (1111711 n+1

1 1 1s 11111711110} 1|11 1s 10111111117 1]1 n+2
1 1 1s 1111171101111 1s 10171111117 1]1 n+3
1 1 1s 1111171011111 1s 10111111117 1]1 n+4
110 1s 111 (11|11 11]1]11 1s 1111 (1111711 2n-1
0|1 1s 111 (11|11 11]1]11 1s 1111 (1111711 2n
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7.1.3.13.2.1.3 Error Forcing Mode

In error forcing mode, a test pattern is applied to the CPU / VIM related inputs of the CCM-R5F compare logic to
force an error in the compare error output signal of the compare unit. Depending if error forcing mode is applied
to the CPU Output Compare Diagnostic or VIM Output Compare Diagnostic, the ESM error flag “CCM-R5F -
CPU compare” or “CCM-R5F - VIM compare” is expected after the error forcing mode completes. As a side
effect, the “CCM-R5F self-test error” flag is also asserted whenever the CPU compare error is asserted.

Error forcing mode is similar to the Compare Mismatch Test operation of self-test mode in which an un-equal
vector is applied to the CCM-R5F CPU signal ports. The error forcing mode forces the compare mismatch to
actually assert the compare error output signal. This ensures that a fault in the path between CCM-R5F and
ESM is detected.

Only one hardcoded test pattern is applied into CCM-R5F during error forcing mode. A repeated 0x5 pattern is
applied to CPU1 / VIM1 signal port of CCM-R5F input while a repeated 0xA pattern is applied to the CPU2 /
VIM2 signal port of CCM-R5F input. The error forcing mode takes one cycle to complete. Hence, the failing
signature is presented for one clock cycle. After that, the mode is automatically switched to lockstep mode. The
key register (MKEY1 for CPU output compare and MKEY2 for VIM output compare) will indicate the lockstep key
mode once it is switched to lockstep mode. During the one cycle required by the error forcing test, the CPU / VIM
output signals are not compared. The user should expect the ESM to trigger a response (report the CCM-R5F
fail). If no error is detected by the ESM, then a hardware fault is present.

7.1.3.13.2.1.4 Self-Test Error Forcing Mode

In self-test error forcing mode, an error is forced at the self-test error signal. The compare unit is still running
in lockstep mode and the key is switched to lockstep after one clock cycle. The ESM error flag “CCM-R5F -
self-test” is expected after the self-test error forcing mode completes. Once the expected errors are seen, the
application can clean the error through the ESM module.

Table 7-12 shows what error signals and flags are asserted in different operating mode. The behavior of different
modes in this table for CPU compare is also valid for other diagnostics such as VIM compare and Checker CPU
Inactivity Monitor.

Table 7-12. Error Flags and Error Signals Generation in Each Mode

Mode Key SeliTRE: | el e CMPE sTC STET STE
Error Signal | Error Signal
Active
Compare 0000 Enabled Enabled Enabled Disabled Disabled Disabled
Lockstep
Self-Test 0110 Enabled Disabled Disabled Enabled Enabled Enabled
Error Forcing 1001 Error Error Disabled Disabled Disabled Disabled
Se'g‘i;tni”or 111 Error Enabled Enabled Disabled Disabled Disabled
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7.1.3.13.2.2 CPU Input Inversion Diagnostic

There is another way to intentionally create a mismatch between the two CPUs' outputs as a diagnostic test to
self-test the CCM-R5F's CPU Output Compare Diagnostic block. Before the CPU1's outputs are taken to the

CCM-R5F, eight of the output signals are first exclusive-ORed bitwise with the 8-bit POLARITYINVERT register.
After reset, the default value of the POLARITYINVERT register is all zeros. The resultant values of the 8 signals
after the XOR logic with the POLARITYINVERT register will still be the same as the original 8 signal values.
However, by programming the POLARITYINVERT to a non-zero values it will have the effect to invert the signal
values. This intentional inversion on the inputs to the CCM-R5F will cause the CPU Output Compare Diagnostic
to detect a compare error. See Figure 7-5 for illustration.

CpU1

POLARITYINVERT

XOR

CPU2

CC™M

RSE —»| ESM

Figure 7-5. CPU Input Inversion Scheme

Table 7-13. CPU1 (Main CPU) Signals Being Inverted Before Being Compared

Signals Remark
AWVALIDM Indicates write address and control are valid
ARVALIDM Indicates write address and control are valid
AWVALIDP Indicates write address and control are valid
ARVALIDP Indicates write address and control are valid
HTRANSPJ[1:0] Indicates write address and control are valid

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated

AM261x Technical Reference Manual

325


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

Processors and Accelerators www.ti.com

7.1.3.13.2.3 Checker CPU Inactivity Monitor

Similar to the CPU / VIM Output Compare Diagnostic, the Checker CPU Inactivity Monitor can also run in one of
the following four operating modes:

1. Active compare

2. Self-test

3. Error forcing

4. Self-test error forcing

The operating mode can be selected by writing a dedicated key to the key register (MKEY3).
7.1.3.13.2.3.1 Active Compare Mode

This is the default mode on start-up. In this mode, several key bus signals such as the bus valid control signals
from the checker CPU that would have indicated a valid bus transaction onto the interconnect are compared
against their clamped safe values. While the two CPUs are in lockstep configuration, the outputs of the checker
CPU are supposed to clamp to the inactive state that is all zeros. A difference between the checker CPU
compare bus outputs and their respective inactive states is indicated by signaling an error to the ESM which sets
the error flag "CCM-R5F - CPU1 AXIM Bus Monitor Failure".

Table 7-14. Checker CPU Signals to Monitor

Signals Remark
AWVALIDM When asserted, indicates address and control are valid on the Checker CPU's AXI controller port for
write transaction.
ARVALIDM When asserted, indicates address and control are valid on the Checker CPU's AXI controller port for
read transaction.
AWVALIDP When asserted, indicates address and control are valid on the Checker CPU's AXI peripheral port for

write transaction.

ARVALIDP When asserted, indicates address and control are valid on the Checker CPU's AXI peripheral port for
read transaction.

BVALIDS When asserted, indicates that a valid write response is available on the Checker CPU's AXI peripheral
port for write transaction

RVALIDS When asserted, indicates address and control are valid on the Checker CPU's AXI peripheral port for
read transaction

7.1.3.13.2.3.2 Self-Test Mode

Similar to the other self-test described for CPU / VIM Output Compare Diagnostic, the Checker CPU Inactivity
Monitor can be placed in self-test mode. In self-test mode, the CCM-R5F checks the Checker CPU Inactivity
Monitor itself for faults. During self-test, the compare error module output signal is deactivated. Any fault
detected inside the CCM-R5F will be flagged by ESM error ESM_PLS EVENT_8 (R5FSS0_cpu_miscompare)
or ESM_PLS EVENT_12 (R5FSS1_cpu_miscompare). If a CPU Inactivity Monitor error is asserted while self-
test mode is running, the self-test error for that CPU will also be asserted.

In self-test mode, the CCM-R5F automatically generates test patterns to look for any hardware faults. If a fault
is detected, then a self-test error flag is set, a self-test error signal is asserted and sent to the ESM, and the
self-test is terminated immediately. If no fault is found during self-test, the self-test complete flag is set. In both
cases, the CCM-R5F Checker CPU Inactivity Monitor Diagnostic remains in self-test mode after the test has
been terminated or completed, and the application needs to switch the CCM-R5F mode by writing another key
to the mode key register (MKEY3). During the self-test operation, the compare error signal output to the ESM is
inactive irrespective of the compare result.

There are also two types of patterns generated by CCM-R5F during self-test mode for Check CPU Inactivity
Monitor. The difference here is the number of test patterns applied during self-test.

1. Compare Match Test
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2. Compare Mismatch Test

CCM-R5F first generates Compare Match Test patterns, followed by Compare Mismatch Test patterns.
7.1.3.13.2.3.2.1 Compare Match Test

Since the comparison is done against the clamped values, and all compared signals are clamped to zero, only
one test pattern is applied for the compare match test. A pattern of all-zeros are applied for the compare match
test. The test will take one cycle. If the compare unit produces a compare mismatch then the self-test error flag is
set, the self-test error signal is generated, and the Compare Match Test is terminated.

7.1.3.13.2.3.2.2 Compare Mismatch Test

During the Compare Mismatch Test, the number of test patterns is equal to the number of bus signals on the
checker CPU to be monitored. There are a total of 6 signals being monitored on the checker CPU's level 2
interface and hence it takes 6 test patterns for the mismatch test. The mismatch test will take a total of 6 cycles
to complete. An all O's test vector is applied to the CCM-R5F’s but with one bit flipped starting from signal
position 0. The un-equal vector will cause the CCM-R5F to expect a compare mismatch at signal position 0, if
the CCM-R5F logic is working correctly. If, however, the CCM-R5F logic reports a compare match, the self-test
error flag is set, the self-test error signal is asserted, and the Compare Mismatch Test is terminated.

This Compare Mismatch Test algorithm repeats in a domino fashion with the next signal position flipped while
forcing all other signals to logic level 0. This sequence is repeated until every inactivity monitor signal position is
verified on the checker CPU .

Table 7-15 shows the sequence of Compare Mismatch Test. There is no error signal sent to ESM if the expected
errors are seen with each pattern.

Table 7-15. Checker CPU Inactivity Monitor Compare Mismatch Test

Signal Position
5 4 3 2 1 0 Cycle
0 0 0 0 0 1 0
0 0 0 0 1 0 1
0 0 0 1 0 0 2
0 0 1 0 0 0 3
0 1 0 0 0 0 4
1 0 0 0 0 0 5

7.1.3.13.2.3.3 Error Forcing Mode

In error forcing mode, a test pattern of all 1's is applied to the check CPU's compare logic to force an error in
the compare error output signal of the compare unit. The ESM error flag “CCM-R5F - CPU1 AXIM Bus Inactivity
failure” is expected after the error forcing mode completes. As a side effect, the “CCM-R5F self-test error” flag is
also asserted whenever the CPU compare error is asserted.

The error forcing mode takes one cycle to complete. Hence, the failing signature is presented for one clock
cycle. After that, the mode is automatically switched to active compare mode. The key register (MKEY3) will
indicate the active compare mode once it is switched to active compare mode. During the one cycle required by
the error forcing test, the checker CPU Inactivity Monitor is deactivated. User should expect the ESM to trigger a
response (report the CCM-R5F fail). If no error is detected by ESM, then a hardware fault is present.

7.1.3.13.2.3.4 Self-Test Error Forcing Mode

In self-test error forcing mode, an error is forced at the self-test error signal. The compare unit is still running

in active compare mode and the key is switched to active compare after one clock cycle. The ESM error flag
“CCM-R5F - self-test” is expected after the self-test error forcing mode completes. Once the expected errors are
seen, the application can clean the error through the ESM module.
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7.1.3.13.2.4 Operation During CPU Debug Mode

Certain debug operations place the CPU in a halting debug state where the code execution is halted. Because
halting debug events are asynchronous, there is a possibility for the debug requests to cause loss of lockstep.
CCM-R5F will disable all functional diagnostics upon detection of halting debug requests. Core compare error
will not be generated and flags will not update. A CPU reset is needed to ensure the CPUs are again in lockstep
and will also re-enable the CCM-R5F.

7.1.3.13.3 Control Registers

Table 7-16 lists the CCM-R5F registers. Each register begins on a 32-bit word boundary. The registers support
32-bit, 16-bit, and 8-bit accesses. The base address for the control registers is FFFF F600h.

Table 7-16. Control Registers

Offset Acronym Register Description Section

00h CCMSR1 CCM-R5F Status Register 1 Section
7.1.3.13.3.1

04h CCMKEYR1 CCM-R5F Key Register 1 Section
7.1.3.13.3.2

08h CCMSR2 CCM-R5F Status Register 2 Section
7.1.3.13.3.3

0Ch CCMKEYR2 CCM-R5F Key Register 2 Section
7.1.3.13.34

10h CCMSR3 CCM-R5F Status Register 3 Section
7.1.3.13.3.5

14h CCMKEYR3 CCM-R5F Key Register 3 Section
7.1.3.13.3.6

18h CCMPOLCNTRL Polarity Control Register Section
7.1.3.13.3.7

7.1.3.13.3.1 CCM-R5F Status Register 1 (CCMSR1)

The contents of this register should be interpreted in context of what test was selected. That is, what mode is
CCM operating.

Figure 7-6. CCM-R5F Status Register 1 (CCMSR1) (Offset = 00h)

31 17 16
Reserved ‘ CPME1
R-0 R/W1CP-0
15 9 8 7 2 1 0
Reserved | sTC1 | Reserved | STET1] STE1 |
R-0 R-0 R-0 RO RO

Table 7-17. CCM-R5F Status Register 1 (CCMSR1) Field Descriptions

Bit Field Value |Description
31-17 |Reserved 0 Reads return 0. Writes have no effect.
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Table 7-17. CCM-R5F Status Register 1 (CCMSR1) Field Descriptions (continued)

Bit

Field

Value

Description

16

CMPE1

Compare Error for CPU Output Compare Diagnostic.
Read in User and Privileged mode. Write in Privileged mode only.
Read: CPU signals are identical.

Write: Leaves the bit unchanged.

Read: CPU signal compare mismatch.
Write: Clears the bit.

15-9

Reserved

Reads return 0. Writes have no effect.

STC1

Self-test Complete for CPU Output Compare Diagnostic.

Note: This bit is always 0 when not in self-test mode. Once set, switching from self-test mode to
other modes will clear this bit.

Read/Write in User and Privileged mode.
Read: Self-test on-going if self-test mode is entered.

Write: Writes have no effect.

Read: Self-test is complete.
Write: Writes have no effect.

7-2

Reserved

Reads return 0. Writes have no effect.

STET1

Self-test Error Type for CPU Output Compare Diagnostic.
Read/Write in User and Privileged mode.

Read: Self-test failed during Compare Match Test if STE1 = 1.
Write: Writes have no effect.

Read: Self-test failed during Compare Mismatch Test if STE1 = 1.
Write: Writes have no effect.

STE1

Self-test Error for CPU Output Compare Diagnostic.

Note: This bit gets updated when the self-test is complete or an error is detected.
Read/Write in User and Privileged mode.

Read: Self-test passed.

Write: Writes have no effect.

Read: Self-test failed.

Write: Writes have no effect.
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7.1.3.13.3.2 CCM-R5F Key Register 1 (CCMKEYR1)
Figure 7-7. CCM-R5F Key Register 1 (CCMKEYR1) (Offset = 04h)
31 16
Reserved
R-0
15 4 3 0
Reserved MKEY1
R-0 R/WP-0
Table 7-18. CCM-R5F Key Register 1 (CCMKEYR1) Field Descriptions
Bit |Field Value Description
31-4 |Reserved 0 Reads return 0. Writes have no effect.
3-0 |[MKEY1 Mode Key to select operation for CPU Output Compare Diagnostic .
Read in User and Privileged mode. Write in Privileged mode only.
0 Read: Returns current value of the MKEY1.
Write: Active Compare Lockstep mode.
6h Read: Returns current value of the MKEY1.
Write: Self-test mode.
9h Read: Returns current value of the MKEY 1.
Write: Error Forcing mode.
Fh Read: Returns current value of the MKEY 1.
Write: Self-test Error Forcing mode.
Other values |Note: It is recommended to not write any other key combinations. Invalid keys will result in
switching operation to lockstep mode.
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7.1.3.13.3.3 CCM-R5F Status Register 2 (CCMSR2)

31

Figure 7-8. CCM-R5F Status Register 2 (CCMSR2) (Offset = 08h)
17

16

Reserved

\ CPME2

15

R-0

9 8 7 2

R/W1CP-0

1 0

Reserved ‘ STC2 ‘ Reserved

\ STET2 \ STE2 \

R-0 R-0 R-0

Table 7-19. CCM-R5F Status Register 2 (CCMSR2) Field Descriptions

R-0 R-0

Bit

Field

Value |Description

31-17

Reserved

0 Reads return 0. Writes have no effect.

16

CMPE2

Compare Error for VIM Output Compare Diagnostic.

Read in User and Privileged mode. Write in Privileged mode only.
0 Read: CPU signals are identical.

Write: Leaves the bit unchanged.

1 Read: CPU signal compare mismatch.
Write: Clears the bit.

15-9

Reserved

Reads return 0. Writes have no effect.

STC2

Self-test Complete for VIM Output Compare Diagnostic.

other modes will clear this bit.
Read/Write in User and Privileged mode.
0 Read: Self-test on-going if self-test mode is entered.

Write: Writes have no effect.

Note: This bit is always 0 when not in self-test mode. Once set, switching from self-test mode to

1 Read: Self-test is complete.

Write: Writes have no effect.

Reserved

Reads return 0. Writes have no effect.

STET2

Self-test Error Type for VIM Output Compare Diagnostic.
Read/Write in User and Privileged mode.

0 Read: Self-test failed during Compare Match Test if STE2 = 1.
Write: Writes have no effect.

1 Read: Self-test failed during Compare Mismatch Test if STE2 = 1.
Write: Writes have no effect.

STE2

Self-test Error for VIM Output Compare Diagnostic.

Read/Write in User and Privileged mode.
0 Read: Self-test passed.
Write: Writes have no effect.

Note: This bit gets updated when the self-test is complete or an error is detected.

1 Read: Self-test failed.

Write: Writes have no effect.
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7.1.3.13.3.4 CCM-R5F Key Register 2 (CCMKEYR2)
Figure 7-9. CCM-R5F Key Register 2 (CCMKEYR2) (Offset = 0Ch)
31 16
Reserved
R-0
15 4 3 0
Reserved MKEY2
R-0 R/WP-0
Table 7-20. CCM-R5F Key Register 2 (CCMKEYR2) Field Descriptions
Bit |Field Value Description
31-4 |Reserved 0 Reads return 0. Writes have no effect.
3-0 |MKEY2 Mode Key to select operation for VIM Output Compare Diagnostic.
Read in User and Privileged mode. Write in Privileged mode only.
0 Read: Returns current value of the MKEY2.
Write: Active Compare Lockstep mode.
6h Read: Returns current value of the MKEY2.
Write: Self-test mode.
9h Read: Returns current value of the MKEY2.
Write: Error Forcing mode.
Fh Read: Returns current value of the MKEY2.
Write: Self-test Error Forcing mode.
Other values |Note: It is recommended to not write any other key combinations. Invalid keys will result in
switching operation to lockstep mode.
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7.1.3.13.3.5 CCM-R5F Status Register 3 (CCMSR3)

31

Figure 7-10. CCM-R5F Status Register 3 (CCMSR3) (Offset = 10h)
17

16

Reserved

\ CPME3

15

R-0

9 8 7 2

R/W1CP-0

1 0

Reserved ‘ STC3 ‘ Reserved

\ STET3 \ STE3 \

R-0 R-0 R-0

Table 7-21. CCM-R5F Status Register 3 (CCMSR3) Field Descriptions

R-0 R-0

Bit

Field

Value |Description

31-17

Reserved

0 Reads return 0. Writes have no effect.

16

CMPE3

Compare Error for Checker CPU Inactivity Monitor.

Read in User and Privileged mode. Write in Privileged mode only.
0 Read: CPU signals are identical.

Write: Leaves the bit unchanged.

1 Read: CPU signal compare mismatch.
Write: Clears the bit.

15-9

Reserved

Reads return 0. Writes have no effect.

STC3

Self-test Complete for Checker CPU Inactivity Monitor.

other modes will clear this bit.
Read/Write in User and Privileged mode.
0 Read: Self-test on-going if self-test mode is entered.

Write: Writes have no effect.

Note: This bit is always 0 when not in self-test mode. Once set, switching from self-test mode to

1 Read: Self-test is complete.

Write: Writes have no effect.

Reserved

Reads return 0. Writes have no effect.

STET3

Self-test Error Type for Checker CPU Inactivity Monitor.
Read/Write in User and Privileged mode.

0 Read: Self-test failed during Compare Match Test if STE3 = 1.
Write: Writes have no effect.

1 Read: Self-test failed during Compare Mismatch Test if STE3 = 1.
Write: Writes have no effect.

STE3

Self-test Error for Checker CPU Inactivity Monitor.

Read/Write in User and Privileged mode.
0 Read: Self-test passed.
Write: Writes have no effect.

Note: This bit gets updated when the self-test is complete or an error is detected.

1 Read: Self-test failed.

Write: Writes have no effect.
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7.1.3.13.3.6 CCM-R5F Key Register 3 (CCMKEYR3)
Figure 7-11. CCM-R5F Key Register 3 (CCMKEYR3) (Offset = 14h)
31 16
Reserved
R-0
15 4 3 0
Reserved MKEY3
R-0 R/WP-0
Table 7-22. CCM-R5F Key Register 3 (CCMKEYR3) Field Descriptions
Bit |Field Value Description
31-4 |Reserved 0 Reads return 0. Writes have no effect.
3-0 |MKEY3 Mode Key to select operation for Checker CPU Inactivity Monitor.
Read in User and Privileged mode. Write in Privileged mode only.
0 Read: Returns current value of the MKEY3.
Write: Active Compare Lockstep mode.
6h Read: Returns current value of the MKEY3.
Write: Self-test mode.
9Sh Read: Returns current value of the MKEY3.
Write: Error Forcing mode.
Fh Read: Returns current value of the MKEY3.

Write: Self-test Error Forcing mode.

Other values |Note: It is recommended to not write any other key combinations. Invalid keys will result in
switching operation to lockstep mode.

7.1.3.13.3.7 CCM-RSF Polarity Control Register (CCMPOLCNTRL)

Figure 7-12. CCM-R5F Polarity Control Register (CCMPOLCNTRL) (Offset = 18h)

31 16
Reserved
R-0
15 8 7 0
Reserved ‘ POLARITYINVERT
R-0 R/WP-0
Table 7-23. CCM-R5F Polarity Control Register (CCMPOLCNTRL) Field Descriptions

Bit |Field Value |Description

31-8 |Reserved 0 Reads return 0. Writes have no effect.
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Table 7-23. CCM-R5F Polarity Control Register (CCMPOLCNTRL) Field Descriptions (continued)
Bit |Field Value |Description

3-0 |POLARITYINVERT Polarity Inversion. This value is used to invert one of the 8 output compare signals from the
CPU1 to the CCM-R5F. Inverting any one signal will lead to compare error by the CPU Output
Compare Diagnostic.

Read in User and Privileged mode. Write in Privileged mode only.

7.1.3.14 R5FSS Selftest Logic
Additional details regarding the R5FSS Selftest Logic are described in the Self-Test Controller (STC) chapter.

7.2 Trigonometric Math Unit (TMU)
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7.2.1 TMU Introduction

This device integrates a TMU (Trigonometric Math Unit) module for accelerating many commonly used math
functions in control applications such as SIN, COS, ATAN. The TMU module is connected to the TCMA interface
of the R5 CPU as shown in Figure 1 . The TMU registers show up as TCM memory mapped registers for the R5
CPU at address 0x0006 0000. Figure 7-13 describes the connections between the TMU accelerator and the R5
CPU.

0x0008 0000

TCMB I/F TCMB

RAM

0x0000 0000

R5 CPU

TCMA I/F

T™MU

» Interrupt to
Adapter P

T™MU VIM

Bridge

0x0006 0000

ROM I/F from
VBUSP

Figure 7-13. TMU Connection to R5 CPU

7.2.1.1 TMU Supported Features

TMU has the following features:

Supports 8 critical trigonometric operations that are useful in a control loop algorithm
— SIN

- COS

— ATAN

- QUAD

— |EXP (base of 2)

— LOG (base of 2)

Supports 8 result registers for taking advantage of the pipelined architecture of TMU
TCM Adaptation logic for seamless integration of TMU to the R5 TCM port in a software transparent manner
Single cycle Context save and restore operation

Note
The CLA TMU integrated in AM26x platforms has limitations with single cycle context save. AM26x
hardware does not support nesting interrupts, and therefore full TMU context save/restore is not
feasible in the MCU PLUS SDK. Only single context save/restore is possible on AM26x devices. The
C28x TMU hardware supports nested interrupts, and therefore supports full TMU context save/restore.
Supports Underflow and Overflow interrupts to show mathematical operation errors

7.2.2 TMU Functional Operation
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7.2.2.1 Supported Functions
Mathematical operations supported by the TMU accelerator are shown in Table 7-24 below.
Table 7-24. TMU Operations

Operation Description Number of Inputs Number of | Equivalent Operation Effective R5 Cycles
Outputs for Operation(!)

SINPUF32 Returns the SINE of |1 : OP1 1 Sin(OP1*2pi rad)

Input value OP1:-1.0t0 1.0
COSPUF32 Returns the COSINE |1 : OP1 1 Cos(OP1*2pi rad)

of Input value OP1:-1.0t0 1.0
ATANPUF32 Returns the ATAN of |1 : OP1 1 Atan(OP1) rad/2pi

Input value OP1:-1.0t0 1.0

Result: -0.125 to 0.125

QUADF32 Returns the quadrant |2 2 Operation to assist in calculating

value and the ratio of |4 .y Atan

X and Y inputs which

are provided as per OP2:Y Result 1 : Ratio of X & Y
unit values. Result 2: Quadrant (X,Y)
See Figure 7-14

IEXP2F32 Returns inverse 1:0P1 1 1/(2"OP1)

exponent of input

value
LOG2F32 Returns base-2 1: OP1 1 Log2(OP1)

logarithm of input

value

(1) The cycles indicated in the table are the theoretical best cases for single operation with a barrier instruction inserted between operand
write and result readout. The actual cycles may vary based on the ARM CPU Load/Store state.

For pipelined operation, the effective cycle count for multiple operations will be significantly less than sum of
cycle count of individual operation.

(Y] > [X]) &(Y>=0) )
{ Quadrant = 0.25; Ratio =-X/Y;}

0373 (P 3B ™

z . 0.125 (PU) = pi/4
(Y] <= 1X])

& (X<0)&(Y>=0)) e |
{ Quadrant = 0.5; Z » \
Ratio = Y/X } AT):\N PU2(Y,X) = Quadrartj ATANPU(R:':\tIO)
; ' / | IFC(1Y] <= |X]) & (X >=0) )
o e ’ . {Ratio = Y/X;
S pU)="pl | Quadrant = 0.0; }

& (X<0)&(Y<0))
{ Quadrant = -0.5;

{ Ratio = 0.0;
Quadrant = 0.0; }

Ratio=Y/X}
-0.375 (PU) = -3*pi/d S—— -0.125 (PU) = -pi/4
If((1Y] > [X]) &(Y<0))
{ Quadrant =-0.25; Ratio =-X/Y }
Figure 7-14. QUADF32 Operation
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7.2.2.2 TMU Module Block diagram
Figure 7-15 Shows the TMU Block diagram.

LVF ’ Operand Registers OP1 ‘
Interrupt
UVF ’ Operand Registers OP2 ‘
Interrupt Trignometric Data Path
ROM Parity Error
ROM -
Tables o
TMU Register

Interface

Result Register RO Conltext Save Result
Register CSAVE_RO

Context Save Result
Register CSAVE_R1
| |

! |

’ Operand Registers R1 ‘

. Context Save Result
Operand Registers R7 Register CSAVE_R7

’ INT and Misc Registers

TMU

Figure 7-15. TMU Block Diagram

7.2.2.3 Operand Registers (OP1 and OP2)

The TMU contains two operand registers: OP1 and OP2. The operand registers contain the input operand value
for a TMU operation. One or two operand registers are used depending on which operation is being performed.
The supported operations and number of operand registers are listed below. Further details can be found in
Table 7-24.

* One (OP1 ONLY):

— SINPUF32 (SINE)
COSPUF32 (COSINE)
ATANPUF32 (ARCTAN)
IEXP2F32 (Inverse exponent)
LOG2F32 (Base-2 logarithm)
* Two (OP1 and OP2):

— QUADF32

Trigonometric operation is triggered upon writing to the OP1 register . In the case of an operation requiring two
operands, OP2 should be updated first, followed by OP1 to trigger operation. For example, if performing the
QUADF32 operation, input Y should be written to OP2, followed by writing input X to OP1, which will then trigger
the operation.

The OP1 register does not need to maintain its input value for more than a CPU cycle due to the pipeline
implementation of TMU operations. OP1 can also be overwritten in consecutive cycles with a new operand value
for the same or different operation.

7.2.2.4 Result Registers

TMU operations can take 8 to 10 Effective R5 CPU cycles to return the result after OP1 is written to trigger an
operation. There are 8 result registers in the TMU accelerator. The result is written to one of the result registers
when the operation completes. The TMU accelerator contains multiple result registers to serve as temporary
storage to enable back to back operations in consecutive cycles and keep the results separate.
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Listed below are the supported operations and number of result registers needed per operation:

* One Result Register:
— SINPUF32 (SINE)
— COSPUF32 (COSINE)
— ATANPUF32 (ARCTAN)
— |IEXP2F32 (Inverse exponent)
— LOG2F32 (Base-2 logarithm)
* Two Result Registers:

— QUADF32

7.2.2.4.1 Operand and Result Register Structure

The Operand Register 1 (OP1) is a single physical register aliased at multiple address locations. The choice of
the alias address determines which operation needs to be triggered by the application and which result register
is holding the final result. Table 7-25 shows the Register Aliases for each OP1 register and the TMU Address

offset.

Table 7-25. Operand 1 Register

OP1 Register Alias

TMU Address offset
(From 0x0006 0000)

Description

SINPUF32_R0O 0x40 «  Operand corresponds to SINE Operation
* Result stored in Result Register RO
SINPUF32_R1 0x48 «  Operand corresponds to SINE Operation
* Result stored in Result Register R1
SINPUF32_R7 0x78 «  Operand corresponds to SINE Operation
* Result stored in Result Register R7
COSPUF32_R0 - R7 0x80 — 0xB8 «  Operand corresponds to COSINE

Operation
* Result stored in corresponding result
register (R0-R7)

ATANPUF32_R0-R7

The Operand Register 2 (OP2) is a single physical register. It is used only for operations needing two operands.

Table 7-26. Operand 2 Register

OP2 Register

TMU Address offset
(From 0x0006 0000)

Description

QUADF32_0OP2

0x240

Operand 2 Corresponding to QUADF32
operation.
Y : QUADF32

There are 8 result registers in the TMU for storing the result of TMU operations.

Table 7-27. Result Registers

Result Register

TMU Address offset
(From 0x0006 0000)

Description

RESULT_RO-R7

0x280 — 0x2B8

Result Registers RO to R7
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7.2.2.5 Initiating TMU Operation

To initiate a TMU operation, the Operand value needs to be written to a suitable aliased OP1 register.

Operand
Register OP1 Operation Result reg

address
ox40 |—» SIN RO
0x44 |—» SIN R1
0x48 |—» SIN R2

SIN

0x80 |—» COsS RO
0x84 —> Ccos R1

Figure 7-16. OP1 Aliased Address Concept

For example, writing to offset 0x40 (SINPUF32_RO0) triggers a SIN operation on the value written to OP1, and
the result will be stored in the RO result register. Note that no additional write is necessary to indicate the type of
operation and destination result register.

The OP2 register does not require the same mapping as OP1, as performing a write to OP2 does not initiate a
TMU operation. In the case of an operation that requires two operands, upon writing OP1, the value contained in
OP2 will be taken as the second operand. Because of this, OP2 needs to be written first followed by OP1 for the
operation to return a valid value.

In the case of an operation that requires two result registers, the OP1 address determines the pair of result
registers that will contain the result. For example, if OP1 targets RO, then the result will be in RO-R1. If OP1
targets R6, then the result will be present in R6-R7 registers. The result can be read in the order of result
registers RO followed by R1, or R1 followed by RO, etc. The result registers can be read in either order.

7.2.2.5.1 Interrupt Context Save and Restore

The TMU accelerator result registers support a context save and restore feature so that the TMU hardware can
be used in an ISR (Interrupt Service Routine) context while simultaneously being used in the Main function.

Note
The CLA TMU integrated in AM26x platforms has limitations with single cycle context save. AM26x
hardware does not support nesting interrupts, and therefore full TMU context save/restore is not
feasible in the MCU PLUS SDK. Only single context save/restore is possible on AM26x devices. The
C28x TMU hardware supports nested interrupts, and therefore supports full TMU context save/restore.

When an interrupt occurs, and thus triggers an ISR, the context save can be initiated by writing ‘1’ to the
CONTEXT_SAVE.SAVE bit. TMU result registers are saved to CSAVE_<*> registers. A context save will happen
only after all operations initiated before writing to CONTEXT_SAVE.SAVE are complete. This is to ensure that
the context save happens at the correct point.

Even though TMU operations are multi-cycle, the TMU operation will have completed by the time a context save
operation is initiated in the ISR. Therefore, no additional measure is needed in ISR. After saving the context, the
ISR can use the TMU without any restriction.
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Restoring TMU registers from CSAVE_<*> registers can be initiated by writing ‘1’ to
CONTEXT_RESTORE.RESTORE. This is done as the last step of the ISR before returning to the Main function
from the ISR.

Note
It is not necessary to use the context save/restore feature if different result registers are used by Main
and ISR functions.

7.2.2.5.2 Pipelined Operation

As indicated in Table 7-24, each TMU operation will take some cycles to complete and update the Result
register. However, the TMU accelerator can trigger a new operation during the result waiting time provided that:

1. The new operation result register is not same as previous result register.
2. The new operation operands do not depend on the previous operation result

Failing to adhere to the above conditions will lead to the TMU result values being stale.
7.2.2.6 Result Reading Methods

The TMU accelerator is interfaced to the TCMA bus of the R5 CPU. The TMU operation takes some cycles for
the result to be available. Once the operation is triggered, the TCM bus is stalled until the valid result is updated
in the TMU. This process helps to avoid reading an incorrect result, if the result register is read prematurely.

Note
TCM is treated as Normal memory by the R5 CPU. In order to ensure the write is ordered before the
read, a Barrier instruction (DNB) is necessary.

7.2.2.6.1 Single Operation
A single operation using the TMU can be performed as follows

1. Write the Operand OP2 to TMU (For two operand operation only)

2. Write the Operand OP1 to TMU

3. DBN (Batrrier instruction to Order the Write first and then read)

4. Read the Result1 from R0O-R7 Register

5. Read the Result2 from R1-R7 Register (For two result operation only)

Note
For two operand operations, the result registers can be read in any order. For example, if Result1 is
stored in R6 and Result2 is stored in R7, the registers can be read R6 followed by R7, or R7 followed
by R6.

7.2.2.6.2 Pipelined Operation
A pipelined TMU operation can be performed as follows

Write the Operand OP1 of First Operation

Write the Operand OP1 for second Operation

...Up to total of 8 Operations

DBN (Barrier instruction to Order the Write first and then read)

NOP

NOP

NOP

NOP (Four NOP’s needed for avoiding hazard and ensure result is valid for pipeline mode)
Read the Result for First Operation

1
2
3
4
5.
6.
7
8
9.
10. Read the Result for Second Operation
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11. ...Up to total of 8 Results

7.2.2.7 ROM Parity Error
TMU contains a ROM internal to the module for storing the TMU coefficients.

A parity check logic is implemented on the ROM access path internal to TMU. If a parity error is detected on the
interface, an Error event is generated.

7.2.3 TMU Data Format

The treatment of the various IEEE floating-point numerical formats for this TMU are the same as the FPU
implementation.

The encoding of the floating-point formats is given in the below table
Table 7-28. IEEE 32Bit Single Precision Floating Point Format

S32 E32 (7:0) M32 (22:0) Value (V)

0 0 0 Zero (V=0)

1 0 0 Negative Zero (V = -0)

0 +ive 0 Non-zero De-normalized (V=(-1)8" 2(-126)"
1 -ive (0.-M))

0 +ive 1 to 254 0 to Ox7FFFFF Normal Range (V=(-1)S " 2(E-127)"
1-ive (M)

0 254 Ox7FFFFF Positive Max (V = +Max)

1 254 OX7FFFFF Negative Max (V = -Max)

0 Maximum = 255 0 Positive Infinity (V = +Infinity)

1 Maximum = 255 0 Negative Infinity (V = -Infinity)
X Maximum = 255 Non-zero Not A Number (V = NaN)

7.2.3.1 Negative Zero

All TMU operations generate a positive (S==0, E==0, M==0) zero, never a negative zero if the result of the
operation is zero. All TMU operations treat negative zero operations as zero.

7.2.3.2 De-Normalized Numbers

A de-normalized operand (E==0, M!=0) input is treated as zero (E==0, M==0) by all TMU operations. TMU
operations never generate a de-normalized value.

7.2.3.3 Underflow

Underflow occurs when an operation generates a value that is too small to represent in the given floating-point
format. Under such cases, a zero value is returned. If a TMU operation generates an underflow condition,
then the latched underflow flag (LUF) is set to 1. The LUF flag will remain latched until cleared by the

user executing an instruction that clears the flag. It also generates an interrupt to the respective R5 Core
R5FSS*_CORE*_INTR_R5SS0_CPUO_TMU_LUF(#210)

7.2.3.4 Overflow

Overflow occurs when an operation generates a value that is too large to represent in the given floating-
point format. Under such cases, a % Infinity value is returned. If a TMU operation generates an overflow
condition, then the latched overflow flag (LVF) is set to 1. The LVF flag will remain latched until cleared by
the user executing an instruction that clears the flag. It also generates an interrupt to the respective R5 Core
R5FSS*_CORE*_INTR_R5SS0_CPUO_TMU_LVF(#209)

7.2.3.5 Rounding

There are various rounding formats supported by the IEEE standard. Rounding has no meaning for TMU
operations (rounding is inherent in the implementation). Hence rounding mode is ignored by TMU operations.
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7.2.3.6 Infinity and Not a Number (NaN)

An NaN operand (E==maximum, M!=0) input is treated as Infinity (E==maximum, M==0) for all operations. TMU
operations will never generate a NaN value but Infinity instead.
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7.2.3.7 Common Restrictions

For all the TMU instructions, the inputs are conditioned as follows (LVF and LUF are not affected):

Negative zero is treated as positive zero
Positive or negative denormalized numbers are treated as positive zero
Positive and negative NaN are treated as positive and negative infinity, respectively

7.2.4 TMU Operation Pseudo Code

This chapter gives a pseudo code example for single operation and pipelined operation of the TMU.

7.2.4.1 Single Operation

The pseudo code for single operand (e.g. sinpuf32) is

ok wN=

Mov r0,#oprand1_data / moving the operand1 to rO

Mov r1, #oprand1_address // moving the operand1 address to r1
Mov r2, #resultRO_address // moving the result RO address to r2
STR 10, [r1] / write to do a single operand TMU operation

DMB // to ensure strongly ordered read write

LDR r3, [r2] // moving the TMU result RO data into r3

The pseudo code for two operands with two result (e.g. QUADF32) is

20NN~

0.
1.

Mov r0,#oprand1_data // moving the operand1 to r0

Mov r1,#oprand2_data // moving the operand?2 to r1

Mov r2,#oprand1_address // moving the operand1 address to r2
Mov r3,#oprand2_address // moving the operand2 address to r3
Mov r4, #resultRO_address // moving the result RO address to r4
Mov r5, #resultR1_address // moving the result R1 address to r5
STR r1, [r3] // writing TMU operand?2

STR r0, [r2] // writing TMU operand1

DMB // to ensure strongly ordered read write

LDR 16, [r4] // moving the TMU result RO data into r6

LDR r7, [r5] // moving the TMU result R1 data into r7

7.2.4.2 Pipelined Operation

The pseudo code for single operand pipeline operation is

CoNOIO~WN =

Mov r0,#oprand1_data // moving the operand1 to r0 for First Operation

Mov r1, #oprand1_address // moving the operand1 address to r1 for First Operation
Mov r2, #resultR0O_address // moving the result RO address to r2 for First Operation
Mov r3,#oprand1_data // moving the operand1 to r0 for Second Operation

Mov r4, #oprand1_address // moving the operand1 address to r1 for Second Operation
Mov r5, #resultR0O_address // moving the result RO address to r2 for Second Operation
STR r0, [r1] // write to do a single operand TMU operation for First Operation

STR r3, [r4] // write to do a single operand TMU operation for First Operation

DMB // to ensure strongly ordered read write

. NOP
. NOP
. NOP
. NOP
. LDR r6, [r2] // moving the TMU result RO data into r6
. LDR 7, [r5] // moving the TMU result R1 data into r7

Note
Tl recommends to read the results in the same order as the operation is performed.

344
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7.3 Programmable Real-Time Unit Subsystem (PRU-ICSS)

This section describes the Programmable Real-Time Unit Subsystem in the device.

Note

The supported set of features and peripherals is device part number dependent. For more information,
see the device data sheet.

Note

The PRU Subsystem is a subset of the PRU Industrial Communication Subsystem (PRU-ICSS) found
on other Tl processors. The superset names "PRU-ICSS", "PRUSS", and "ICSSM" are used in some
parts of the TRM to refer to the PRU Subsystem.

4 TR B L0 (01 0 = - 346
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7.3.1 PRU-ICSS Overview

The Programmable Real-Time Unit Subsystem (PRU-ICSS) consists of:

* Two instances of the PRU-ICSS Subsystem - ICSS0 and ICSS1

» Each instance of the PRU-ICSS has Two 32-bit load/store RISC CPU cores - Programmable Real-Time Units
(PRUO and PRU1)

» Data RAMs per PRU core (DRAMI[0:1])

* Instruction RAM per PRU core (IRAM[0])

* Shared RAM (SMEM/DRAM[2])

» Peripheral modules: UART, ECAP, IEP, MDIO

* Interrupt Controller (INTC) per core

The programmable nature of the PRU cores, along with their access to pins, events and all device resources,
provides flexibility in implementing fast real-time responses, specialized data handling operations, custom
peripheral interfaces, and in offloading tasks from the other processor cores of the device.

The PRU cores are programmed with a small, deterministic instruction set. Each PRU can operate
independently or in coordination with each other and can also work in coordination with the device-level host
CPU. This interaction between processors is determined by the nature of the firmware loaded into the PRU’s

instruction memory.
Target MMR/

36-bit CBA |

PRUO/PRU1

EGPIO / SCU
Module
3-Ch. PERIF
SD Demodulation

EGPIEGPO PRU
12KB IRAM

DRAM2
Shared RAM
32KB

Pins

12 (2}
2. |2 |
N o o |
w w
X X |
| MAC |
| TG PRU SPAD
Off- Re16/82 Bank0 Bank1 Bank2 |
Device 4|~ {4pf  MILRT\Por 30, 32-bit 30, 32-bit 30, 32-bit |
PHY | Registers Registers Registers I
P |
—

Figure 7-17. PRU-ICSS Overview

7.3.1.1 PRU-ICSS Key Features
The PRU-ICSS subsystem includes the following main features:

» Two 32-bit load/store RISC CPU cores — Programmable Real-Time Units (PRUO and PRU1), each with:
— 20 Enhanced General-Purpose Inputs (EGPI) and 20 Enhanced General-Purpose Outputs (EGPO)
— Asynchronous capture [Serial Capture Unit (SCU)] with 3-channel peripheral interface and Sigma-Delta
demodulation support
» The 3-channel peripheral interface supports multiple different encoder protocols such as EnDAT 2.2,
HDSL, and Tamagawa.
— 12KB program memory per PRU (PRUO_IRAM and PRU1_IRAM) with ECC
— MAC (Multiplier with optional Accumulation)
— CRC16/CRC32 hardware accelerator
— Broadside (32 Byte) connection to MIl_RTn (where n = 1 or 2)
— RX XFR2VBUS
» Scratchpad Memory (SPAD) with 3 banks of 30 x 32-bit registers:
— 3 banks shared between the PRUO and PRU1 cores
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* 32 KB Shared general purpose memory RAM with ECC (SRAM/DRAM2), shared between PRUO and PRU1
* Two 8 KB (shared) Data Memories with ECC (DRAMO and DRAM1)
* 36-bit VBUSM Controller Port:
— Optional address translation for all transactions to External Host
* 16 Software Events generated by 2 PRUs
» Two Real-Time Ethernet ports (MII_RT1 and MIl_RT2) configurable to connect to each PRUn (where n =0 or
1) to support multiple industrial communication protocols
* One Industrial Ethernet Peripheral (IEPQ) to manage/generate Industrial Ethernet functions such as time
stamping
— Industrial Ethernet 64-bit timers support 10 capture and 16 compare events along with slow and fast
compensation
*  One MDIO port to control external Ethernet PHY
* One Enhanced Capture Module (ECAPO0)
* Interrupt Controller (INTC)
— Up to 32 internal events, generated by modules, internal to the PRU-ICSS
— Up to 32 external events, generated by the system
— Supports up to 10 interrupt channels
— Generation of up to 10 Host interrupts:
* Up to 2 Host interrupts, exported from the PRU-ICSS for signaling the Arm interrupt controllers (pulse
and level provided)
— Each system event can be enabled and disabled
— Each host event can be enabled and disabled
— Hardware prioritization of events
* One 32-bit VBUSP target port for memory mapped register and internal memories access
» Flexible power management support
* Integrated 32-bit Interconnect

7.3.1.2 Not Supported Features
The following PRU-ICSS features are not supported:

* Industrial Communications Subsystem features
— Low power clock enable suport
— The following GPIO and mux modes are not pinned out:
+ PRO_PRUO_GPIO7
— PRO_PRUO_PERIF2_OUT
— PRO_PRUO_SD3 D
+ PRO_PRUO_GPIO17
— PRO_PRUO_SD8 D
+ PRO_PRUO_GPIO18
+ PRO_PRUO_GPIO19
— SD mode on PRU1
— Integrated PWM module
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7.3.2 PRU-ICSS Environment

This section describes the PRU-ICSS external connections (environment).
7.3.2.1 PRU-ICSS Internal Pinmux

The PRU-ICSS external interface signals are described in Table 7-29. The PRU-ICSS has a large number of
available 1/O signals. Most of these are multiplexed with other functional signals at the device level.

The PRU-ICSS also support an internal wrapper multiplexing that expands the device top-level multiplexing.
This wrapper multiplexing is controlled by the GPCFGx_REG register (where x = 0 or 1) in the PRU-ICSS CFG
register space and allows MIl_RT, 3 channel Peripheral Interface (with EnDAT capabilities), and Sigma Delta
functionality to be muxed with the PRU GPI/O device signals, as shown in Figure 7-18. The PRU-ICSS wrapper
multiplexing is described with the device-level signals in Table 7-29. Note that the device top-level muxing has
higher priority over the internal PRU-ICSS muxing.

Note
The diagram below shows the PRU-ICSS Internal Wrapper Multiplexing for PRO (ICSS0). The same
diagram applies for PR1 (ICSS1).

PRU-ICSS

GPIO mode (0)
Peripheral IF mode (1)
MII mode (2)

SD mode (3)
Reserved (4)

A

PRO_PRU<n>_GPI/O

ICSS_GPCFG0/1
[PRO_PRU<n> GP_MUX_SEL]

1. nrepresents a valid instance of PRU in a domain.

Figure 7-18. PRU-ICSS Internal Wrapper Multiplexing

Note

Additionally to PRU-ICSS wrapper multiplexing the device 1/O logic maps the PRU-ICSS signals to the
different device pins by programming the associated IOMUX CTRLMMR register.

Note
The diagram below shows the PRU-ICSS External Interface 1/0Os for PRO (ICSS0). The
same diagram applies for PR1 (ICSS1).
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PRU-ICSS I/O Signals
Table 7-29 describes the PRU-ICSS<k> 1/O signals.
Note
<k> is the number of PRU-ICSS in the device. See the Data sheet for additional details.
Table 7-29. PRU-ICSS 1/O Signals
Device Level Signal Alternate Function via Internal Multiplexing o™ Description Pin (I§)eset
ICSS_GPCFG0_REG[29-26] PR<k>_PRUO_GP_MUX_SEL=
PRUO GP Signals Oh - GPIO mode (default) 1h - PERIF mode 2h - MIl mode 3h - SD mode
PR<k>_PRUO_GPOO0 pr<k>_pru0_pru_r30_out[0] pr<k>_pruQ_perif0_clk (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO1 pr<k>_pru0_pru_r30_out[1] pr<k>_pru0_perif0_out pr<k>_pru0_pru_r30_out[1] (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO2 pr<k>_pru0_pru_r30_out[2] pr<k>_pru0_perif0_out_en (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO3 pr<k>_pru0_pru_r30_out[3] pr<k>_pru0_perif1_clk (0] PRUO R30 Outputs 0
PR<k>_PRUO0_GPO4 pr<k>_pru0_pru_r30_out[4] pr<k>_pruQ_perif1_out (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO5 pr<k>_pru0_pru_r30_out[5] pr<k>_pru0_perif1_out_en (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO6 pr<k>_pru0_pru_r30_out[6] pr<k>_pruQ_perif2_clk (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPOQ7 pr<k>_pru0_pru_r30_out[7] ) pr<k>_pru0_perif2_out () o] PRUO R30 Outputs 0
PR<k>_PRUO_GPO8 pr<k>_pru0_pru_r30_out[8] pr<k>_pruQ_perif2_out_en (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO9 pr<k>_pru0_pru_r30_out[9] (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO10 pr<k>_pru0_pru_r30_out[10] (0] PRUO R30 Outputs 0
PR<k>_PRU0_GPO11 pr<k>_pru0_pru_r30_out[11] pr<k>_mii1_txd[0]®) 0 PRUO R30 Outputs 0
PR<k>_PRU0_GPO12 pr<k>_pru0_pru_r30_out[12] pr<k>_mii1_txd[1]®) 0 PRUO R30 Outputs 0
PR<k>_PRUO_GPO13 pr<k>_pru0_pru_r30_out[13] pr<k>_mii1_txd[2]®) o PRUO R30 Outputs 0
PR<k>_PRUO_GPO14 pr<k>_pru0_pru_r30_out[14] pr<k>_mii1_txd[3]®) (e} PRUO R30 Outputs 0
PR<k>_PRUO_GPO15 pr<k>_pru0_pru_r30_out[15] pr<k>_mii1_txen® o PRUO R30 Outputs 0
PR<k>_PRUO0_GPO16 pr<k>_pru0_pru_r30_out[16] (0] PRUO R30 Outputs 0
PR<k>_PRUO_GPO17 ©® pr<k>_pru0_pru_r30_out[17] ©) 0 PRUO R30 Outputs 0
PR<k>_PRUO_GPO18 pr<k>_pru0_pru_r30_out[18] ) o] PRUO R30 Outputs 0
PR<k>_PRU0_GPO0O19 ) pr<k>_pru0_pru_r30_out[19] ©®) 0 PRUO R30 Outputs 0
PR<k>_PRUO_GPIO pr<k>_pru0_pru_r31_in[0] pr<k>_mii0_rxd[0] pr<k>_pru0_sd0_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI1 pr<k>_pru0_pru_r31_in[1] pr<k>_mii0_rxd[1] pr<k>_pru0_sd0_d | PRUO R31 Inputs HiZz
PR<k>_PRUO_GPI2 pr<k>_pru0_pru_r31_in[2] pr<k>_mii0_rxd[2] pr<k>_pru0_sd1_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI3 pr<k>_pru0_pru_r31_in[3] pr<k>_mii0_rxd[3] pr<k>_pru0_sd1_d | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI4 pr<k>_pru0_pru_r31_in[4] pr<k>_mii0_rxdv pr<k>_pru0_sd2_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI5 pr<k>_pru0_pru_r31_in[5] pr<k>_mii0_rxer pr<k>_pru0_sd2_d | PRUO R31 Inputs Hiz
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Table 7-29. PRU-ICSS /O Signals (continued)

Device Level Signal Alternate Function via Internal Multiplexing /o Description Pin Reset
@)
PR<k>_PRUO_GPI6 pr<k>_pru0_pru_r31_in[6] pr<k>_mii_mr0_clk pr<k>_pru0_sd3_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI7 ) pr<k>_pru0_pru_r31_in[7] ® pr<k>_pru0_sd3_d | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI8 pr<k>_pru0_pru_r31_in[8] pr<k>_mii0_rxlink pr<k>_pru0_sd4_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI9 pr<k>_pru0_pru_r31_in[9] pr<k>_pru0_perif0_in pr<k>_mii0_col pr<k>_pru0_sd4_d | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI10 pr<k>_pru0_pru_r31_in[10] pr<k>_pru0_perif1_in pr<k>_mii0_crs pr<k>_pru0_sd5_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI11 pr<k>_pru0_pru_r31_in[11] pr<k>_pruQ_perif2_in pr<k>_pru0_sd5_d | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI12 pr<k>_pru0_pru_r31_in[12] pr<k>_pru0_sd6_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI13 pr<k>_pru0_pru_r31_in[13] pr<k>_pru0_sd6_d | PRUO R31 Inputs HiZz
PR<k>_PRUO_GPI14 pr<k>_pru0_pru_r31_in[14] pr<k>_pru0_sd7_clk | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI15 pr<k>_pru0_pru_r31_in[15] pr<k>_pru0_sd7_d | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI16 pr<k>_pru0_pru_r31_in[16] pr<k>_pru0_pru_r31_in[16] pr<k>_mii_mt1_clk, pr<k>_pru0_sd8_clk, | PRUO R31 Inputs Hiz
pr<k>_pru0_pru_r31_in[16] pr<k>_pru0_pru_r31_in[16]
PR<k>_PRUO_GPI17 () pr<k>_pru0_pru_r31_in[17] ©®) pr<k>_pru0_sd8_d © | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI18 () pr<k>_pru0_pru_r31_in[18] ) | PRUO R31 Inputs Hiz
PR<k>_PRUO_GPI19 ) pr<k>_pru0_pru_r31_in[19] ® | PRUO R31 Inputs Hiz
PRU1 GP Signals ICSS_GPCFG1_REG[29-26] PRO_PRU1_GP_MUX_SEL=
0Oh - GPIO mode (default) 1h - PERIF mode 2h - MIl mode 3h - SD mode )
PR<k>_PRU1_GPOO0 pr<k>_pru1_pru_r30_out[0] pr<k>_pru1_perif0_clk (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO1 pr<k>_pru1_pru_r30_out[1] pr<k>_pru1_perif0_out pr<k>_pru1_pru_r30_out[1] O PRU1 R30 Outputs 0
PR<k>_PRU1_GPO2 pr<k>_pru1_pru_r30_out[2] pr<k>_pru1_perif0_out_en (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO3 pr<k>_pru1_pru_r30_out[3] pr<k>_pru1_perif1_clk (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO4 pr<k>_pru1_pru_r30_out[4] pr<k>_pru1_perif1_out (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO5 pr<k>_pru1_pru_r30_out[5] pr<k>_pru1_perif1_out_en (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO6 pr<k>_pru1_pru_r30_out[6] pr<k>_pru1_perif2_clk (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO7 pr<k>_pru1_pru_r30_out[7] pr<k>_pru1_perif2_out (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO8 pr<k>_pru1_pru_r30_out[8] pr<k>_pru1_perif2_out_en (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO0O9 pr<k>_pru1_pru_r30_out[9] o PRU1 R30 Outputs 0
PR<k>_PRU1_GPO10 pr<k>_pru1_pru_r30_out[10] (0] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO11 pr<k>_pru1_pru_r30_out[11] pr<k>_mii0_txd[0]©®) 0 PRU1 R30 Outputs 0
PR<k>_PRU1_GPO12 pr<k>_pru1_pru_r30_out[12] pr<k>_mii0_txd[1]®) o] PRU1 R30 Outputs 0
PR<k>_PRU1_GPO13 pr<k>_pru1_pru_r30_out[13] pr<k>_mii0_txd[2]®) 0 PRU1 R30 Outputs 0
PR<k>_PRU1_GPO14 pr<k>_pru1_pru_r30_out[14] pr<k>_mii0_txd[3]®) 0 PRU1 R30 Outputs 0
PR<k>_PRU1_GPO15 pr<k>_pru1_pru_r30_out[15] pr<k>_mii0_txen(®) o PRU1 R30 Outputs 0
PR<k>_PRU1_GPO16 pr<k>_pru1_pru_r30_out[16] o PRU1 R30 Outputs 0
PR<k>_PRU1_GPO17 pr<k>_pru1_pru_r30_out[17] o PRU1 R30 Outputs 0
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Table 7-29. PRU-ICSS /O Signals (continued)
Device Level Signal Alternate Function via Internal Multiplexing o™ Description Pin (I§)eset
PR<k>_PRU1_GPO18 pr<k>_pru1_pru_r30_out[18] o PRU1 R30 Outputs 0
PR<k>_PRU1_GPO19 pr<k>_pru1_pru_r30_out[19] o PRU1 R30 Outputs 0
PR<k>_PRU1_GPIO pr<k>_pru1_pru_r31_in[0] pr<k>_mii1_rxd[0] pr<k>_pru1_sd0_clk 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI1 pr<k>_pru1_pru_r31_in[1] pr<k>_mii1_rxd[1] pr<k>_pru1_sd0_d ¥ | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI2 pr<k>_pru1_pru_r31_in[2] pr<k>_mii1_rxd[2] pr<k>_pru1_sd1_clk 4) | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI3 pr<k>_pru1_pru_r31_in[3] pr<k>_mii1_rxd[3] pr<k> pru1_sd1_d ® | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPl4 pr<k>_pru1_pru_r31_in[4] pr<k>_mii1_rxdv pr<k>_pru1_sd2_clk 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI5 pr<k>_pru1_pru_r31_in[5] pr<k>_mii1_rxer pr<k>_pru1_sd2_d ¥ | PRU1 R31 Inputs HiZz
PR<k>_PRU1_GPI6 pr<k>_pru1_pru_r31_in[6] pr<k>_mii_mr1_clk pr<k>_pru1_sd3_clk 4) | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI7 pr<k>_pru1_pru_r31_in[7] pr<k>_pru1_sd3_d 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI8 pr<k>_pru1_pru_r31_in[8] pr<k>_mii1_rxlink pr<k>_pru1_sd4_clk 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI9 pr<k>_pru1_pru_r31_in[9] pr<k>_pru1_perif0_in pr<k>_mii1_col pr<k>_pru1_sd4_d 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI10 pr<k>_pru1_pru_r31_in[10] pr<k>_pru1_perif1_in pr<k>_mii1_crs pr<k>_pru1_sd5_clk 4) | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI11 pr<k>_pru1_pru_r31_in[11] pr<k>_pru1_perif2_in pr<k> pru1_sd5_d 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI12 pr<k>_pru1_pru_r31_in[12] pr<k>_pru1_sd6_clk 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI13 pr<k>_pru1_pru_r31_in[13] pr<k>_pru1_sd6_d 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI14 pr<k>_pru1_pru_r31_in[14] pr<k>_pru1_sd7_clk 4) | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI15 pr<k>_pru1_pru_r31_in[15] pr<k>_pru1_sd7_d 4 | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI16 pr<k>_pru1_pru_r31_in[16] pr<k>_pru1_pru_r31_in[16] pr<k>_mii_mt0_clk, pr<k>_pru1_sd8_clk, | PRU1 R31 Inputs Hiz
pr<k>_pru1_pru_r31_in[16]  pr<k>_pru1_pru_r31_in[16] )
PR<k>_PRU1_GPI17 pr<k>_pru1_pru_r31_in[17] pr<k>_pru1_sd8_d ¥ | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI18 pr<k>_pru1_pru_r31_in[18] | PRU1 R31 Inputs Hiz
PR<k>_PRU1_GPI19 pr<k>_pru1_pru_r31_in[19] | PRU1 R31 Inputs Hiz
MDIO MDIO
PR<k>_MDIO0_MDC pr<k>_mdio_mdclk o MDIO Clock 0
PR<k>_MDIOO_MDIO pr<k>_mdio_data lfe} MDIO Data Hiz
Industrial Ethernet (IEPO) Industrial Ethernet
PR<k>_IEPO_EDIO_OUTVALID pr<k>_iep0_edio_outvalid o IEPO Digital 1/0 Output 0
Valid
PR<k>_IEPO_EDIO_DATA_IN_O pr<k>_iep0_edio_data_in_out[31: 110 IEPO Digital I/0Os Data Hiz
UTI[31:30] 30] In/Out
PR<k>_IEPO_EDC_SYNC_OUTO0 pr<k>_iep0_edc_sync_out0 (0] IEPO Distributed Clock 0
Sync Out
PR<k>_IEPO_EDC_SYNC_OUT1 pr<k>_iep0_edc_sync_out1 (0] IEPO Distributed Clock 0
Sync Out
PR<k>_IEPO_EDC_LATCH_INO pr<k>_iep0_edc_latch_in0 | IEPO Distributed Clock Hiz
Latch In
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Table 7-29. PRU-ICSS /O Signals (continued)
Device Level Signal Alternate Function via Internal Multiplexing /o Description Pin Reset
@)

PR<k>_IEPO_EDC_LATCH_IN1  pr<k>_iep0_edc_latch_in1 | IEPO Distributed Clock Hiz
Latch In

UARTO UARTO

PR<k>_UARTO_CTSn pr<k>_uart0_cts_n | UARTO Clear to Send Hiz

PR<k>_UARTO_RTSn pr<k>_uart0_rts_n (0] UARTO Request to Send 1

PR<k>_UARTO0_RXD pr<k>_uart0_rxd | UARTO Receive Data Hiz

PR<k>_UARTO_TXD pr<k>_uart0_txd (0] UARTO Transmit Data 1

ECAPO ECAPO

PR<k>_ECAPO_IN_APWM_OUT pr<k>_ecap0_ecap_capin_apwm 110 Enhanced capture Hiz

_o (ECAPO) input or

Auxiliary PWM out

PR<k>_ECAPO_SYNC_IN pr<k>_ecap0_ecap_syncin | Enhanced capture 0
(ECAPO) Sync In

PR<k>_ECAPO_SYNC_OUT pr<k>_ecap0_ecap_syncout O Enhanced capture 0
(ECAPO) Sync Out

(1) 1= Input; O = Output

(2) Hiz = High Impedance

(3) The PRU internal pinmux mapping provided in the TRM is part of the original hardware definition of the PRU. However, due to the flexibility provided by the IP and associated firmware
configurations, this is not necessarily a hard requirement. The first PRU implementation had the MIl TX pins swapped during initial SoC integration and this convention was maintained
for subsequent PRU revisions to enable firmware reuse. To make use of the SDK firmware, use the SYSCONFIG generated PRU pin mapping.

(4) SD Mode is not supported on PRU1

(56) The following 10 are not pinned out at the device level and therefore not supported.
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7.3.3 PRU-ICSS Integration

This section describes modules integration in the device, including information about clocks, resets, and
hardware requests.

7.3.3.1 PRU-ICSS Integration

There are two Industrial Connectivity Subsystems (ICSS) that each consist of two Programmable Real-Time
Units (PRU) integrated in the device - ICSS0 and ICSS1. Figure 7-20 shows the integration details for PRU-
ICSSO0. Figure 7-21 shows the integration details for PRU-ICSS1.

354 AM261x Technical Reference Manual SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS

www.ti.com

Processors and Accelerators

| .
Device

RCM

ICSSO_UARTO_CLK_GATE }
ICSSO_ UARTO_CLK_DIV_VAL
ICSSO_UARTO_CLK_SRC_SEL

WUCPUCLK-
EXT_REFCLK-

SYS_CLK
| DPLL_PER_HSDIVO_CLKOUTO
IDPLL_CORE_HSDIVO_CLKOUTO
RCCLK10M-
XTALCLK]
DPLL_PER_HSDIVO_CLKOUT2-]

WUCPUCLKH
EXT_REFCLKH
SYS_CLKA
DPLL_ETH_HSDIVO_CLKOUTO |
PLL_CORE_HSDIVO_CLKOUT1 |
RCCLK10M-]
XTALCLK
DPLL_PER_HSDIVO_CLKOUT1

7]

No o AWN = O

\Amm.:awm—no/

»
»

RCM

ICSSO_CORE_CLK_SRC_SEL
ICSSO_CORE_CLK_DIV_VAL
ICSSO_CORE_CLK_GATE

RCM

ICSSO_IEP_CLK_GATE

MOD_G_RST

Core Interconnect

PRU-ICSS0
Interface/
Slave port
PRUO
ICSS_0_PRUO_IRAM ||
l€¢—}| Master port 0 [
A t
| PRUO EGPIOl | MAC |
ScratchPad
Memor
l€¢—}| Master port 1 PRU1

ICSS_0_PRU1_IRAM

il

)

| PRU1 EGPIO ” MAC |

|CSS_0_UART_CLK

ICSS_0_CORE_CLK

SYS_CLK—

ICSS_0_VBUSP_CLK

ICSS_0_IEP_CLK

ICSS_MOD_G_RST

MOD_POR_RST|

p
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

CSS_MOD_POR_RST

32-bit Interconnect

PRU-ICSS
VBUSP Expansion Port

!

I

|

ICSS_0_MII_RT_CFG
and
ICSS_0_MII_MDIO

RX_SOF_INTR_REQ_0
RX_SOF_INTR_REQ_1
TX_SOF_INTR_REQ_0

TX_SOF_INTR_REQ_1

ICSS_0_Data RAMO

ICSS_0_Data RAM1

ICSS_0_Data_RAM2

ICSS_0_IEP

IEPO_CMP_INTR_REQ[0:15]

6
-

ICSS_0_UARTO

ICSS_0_eCAPO

ICSS_0_INTC

R5FSS Core
Interrupts

[Event ID#]

[12:27]

HOST_INTO
HOST_INT1

HOST_INT:

HOST_INT3

HOST_INT4

Host Interface

HOST_INT5
HOST_INT6

HOST_INT7

PRU_ICSSO_INTR_IN_[0:31]

IOUTPUT_XBAR:
IICSSM.PR1_SLV_INTR[31:16]

I
/ICSS_XBAR:
CSSM.PR1_SLV_INTR[15:0]

I
«

Figure 7-20. PRU-ICSSO0 Integration Diagram

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025

Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated

AM261x Technical Reference Manual

355


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

RCM
ICSS1_CORE_CLK_SRC_SEL
ICSST_CORE_CLK_DIV_VAL
ICSS1_CORE_CLK_GATE

RCM

G_RST

SYS_CLK—
ICSS1_IEP_CLK_GATE
MOD.

MOD_POR_RST

»ICSS_1_VBUSP_CLK

ICSS_1_IEP_CLK

ICSS_MOD_G_RST
ICSS_MOD_POR_RST

PRU_ICSS1_INTR_IN_[0:31]

OUTPUT_XBAR: !
ICSSM.PR1_SLV_INTR[31:16] |
IICSS_XBAR: |
ICSSM.PR1_SLV_INTR([15:0] i

I

Processors and Accelerators www.ti.com
|- - - - - -\ ">"" - -~ -"-"-"-" - &— " — & -\ & WV -V VY - V- - 1
| Device |
| PRU-ICSS1 |
| /\ i

|
I Interface/ |
| Slave port
| R5FSS Core | |
| PRUO ICSS_1_MILRT_CFG Interrupts |
| and [Event ID#] |
| g Vacter oort o Je_]/CSS-1-PRUO_IRAM Pl ICSS_1_MII_MDIO |
‘_ aster pol

| c P RX_SOF_INTR_REQ_0J— [36] |

RX_SOF_INTR_REQ_1| [37]
c —H |

| ] A e — TX_SOF_INTR_REQ_0 -] (38]
| 2 TX_SOF_INTR_REQ_1}H—¥[39] |
| 9 | PRUO EGPIO | | MAC | |
[ = [
| o ScratchPad ICSS_1_Data RAMO |
| o Memor |

(8]
| ICSS_1_Data RAM1 :
©
: l€—}| Master port 1 J«—] PRU1 % |
| IcSS_1_PRU1_IRAMJe—] § ICSS_1_Data_RAM2 |
e
| RCM £ I
| ICSS1_UARTO_CLK_GATE 3 & ICSS_1_IEP |
| [, /S8S1 UARTO Crk DIV_vAL i BN " |
| 1ICSS1_UARTO_CLK_SRC_SEL | PRU1 EGPIO | | MAC | IEPO_CMP_INTR_REQ[0:15] J12p 40:55] |
| |
| WUCPUCLK~0 ICSS_1_UARTO |
| EXT_REFCLK1 |
SYS_CLK—2

| DPLL_PER_HSDIV_CLKOUT0-3 |
|DPLL_CORE_HSDIVO_CLKOUTO-{4 [EsRLILARI_ (G Lo |
RCCLK10M-{5 |
| cikouTelr | 105 1.5 | |
| DPLLPER HSDIVO_CLKOUT27 e R |
| = Icss_1_INTC |
| wucpucLkJo™ | |5 |
| EXT_REFCLK-{1 < HOST_INTO 28] |
| SYS_CLK—?2 2% 8| HOST_INT1[[129] |

DPLL_ETH_HSDIVO_CLKOUTO 3 0§ S| HOST_INT. [30]
|DPLL_CORE_HSDIVO_CLKOUT1—4 ICSS_1_CORE_CLK oF £| HOST_INT3 131] |
| RCCLK10M-{5 o | HOST_INT4 132] |
| XTALCLK—6 g ° HOST_INT5} [33] |
DPLL_PER_HSDIVO_CLKOUT1-{7 Q HOST_INT! [34] |

| ﬂr HOST_INT7}H—¥(35]
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

Figure 7-21. PRU-ICSS1 Integration Diagram

The tables below summarize the device integration details of PRU-ICSS.

Table 7-30. PRU-ICSS Device Integration
This table describes the module device integration details.

Module Instance

Device Allocation

SoC Interconnect

PRO_PRUO

v

Core Interconnect

PRO_PRU1

v

Core Interconnect
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Table 7-30. PRU-ICSS Device Integration (continued)

This table describes the module device integration details.

Module Instance Device Allocation SoC Interconnect

PR1_PRUO v Core Interconnect

PR1_PRU1 v Core Interconnect
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Table 7-31. PRU-ICSS Clocks
This table describes the module clocking signals.
Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
ICSS0 |ICSS_ICLK ICSS_SYS_CLK PLL_CORE_CLK: 200 MHz | 250 MHz |ICSS Interface Clock
(VBUSP_CLK) HSDIVO_CLKOUTO
ICSS_0 FCLK WUCPUCLK External XTAL 25 MHz 25 MHz |ICSS Selectable
(CORE_CLK) or Functional Core Clock
RC Oscillator
EXT_REFCLK External Reference 100 MHz | 100 MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200 MHz | 250 MHz
HSDIVO_CLKOUTO
DPLL_ETH_HSDIVO_C |PLL_ETH_CLK:HSDIVO | 450 MHz 450 MHz
LKOUTO _CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 500 MHz 500 MHz
CLKOUT1 HSDIVO_CLKOUT1
RCCLK10M Internal 10MHz RC 10 MHz 10 MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25 MHz 25 MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO NA NA
LKOUTH _CLKOUT1
ICSS_0 UART CLK |WUCPUCLK External XTAL 25 MHz 25 MHz |ICSS Selectable UART
(UART_CLK) or Clock
RC Oscillator
EXT_REFCLK External Reference 100 MHz | 100 MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200 MHz 250 MHz
HSDIVO_CLKOUTO
DPLL_PER_HSDIVO_C |PLL_PER_CLK: 192 MHz 192 MHz
LKOUTO HSDIVO_CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 400 MHz 500 MHz
CLKOUTO HSDIVO_CLKOUTO
RCCLK10M Internal 10MHz RC 10 MHz 10 MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25 MHz 25 MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 160 MHz 160 MHz
LKOUT2 _CLKOUT2
ICSS_0_IEP_CLK ICSS_IEP_CLK PLL_CORE_CLK: 200 MHz 250 MHz |ICSS Industrial Ethernet

(IEP_CLK)

HSDIVO_CLKOUTO

Clock
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Table 7-31. PRU-ICSS Clocks (continued)

This table describes the module clocking signals.

Module | Module Clock Input | Source Clock Signal Source MODE1 MODE2 Description
Instance Frequency | Frequency
ICSS1 ICSS_ICLK ICSS_SYS_CLK PLL_CORE_CLK: 200 MHz | 250 MHz |ICSS Interface Clock
(VBUSP_CLK) HSDIVO_CLKOUTO
ICSS_FCLK WUCPUCLK External XTAL 25 MHz 25 MHz |ICSS Functional Core
(CORE_CLK) or Clock
RC Oscillator
EXT_REFCLK External Reference 100 MHz | 100 MHz
Clock
(EXT_REFCLK)
SYS_CLK PLL_CORE_CLK: 200 MHz | 250 MHz
HSDIV0O_CLKOUTO
DPLL_ETH_HSDIVO _C |PLL_ETH_CLK:HSDIVO | 450 MHz | 450 MHz
LKOUTO _CLKOUTO
DPLL_CORE_HSDIVO_ |PLL_CORE_CLK: 500 MHz 500 MHz
CLKOUT1 HSDIVO_CLKOUT1
RCCLK10M Internal 10MHz RC 10 MHz 10 MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25 MHz 25 MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 160 MHz NA
LKOUTH _CLKOUT1
ICSS_1_UART_CLK |WUCPUCLK External XTAL 25 MHz 25 MHz |ICSS Selectable UART
(UART_CLK) or Clock
RC Oscillator
EXT_REFCLK External Reference 100 MHz | 100 MHz
Clock
(EXT_REFCLK)
SYS CLK PLL_CORE_CLK: 200 MHz | 250 MHz
HSDIV0O_CLKOUTO
DPLL_PER HSDIVO _C |PLL_PER _CLK: 192 MHz | 192 MHz
LKOUTO HSDIV0O_CLKOUTO
DPLL_CORE_HSDIVO_ [PLL_CORE_CLK: 400 MHz | 500 MHz
CLKOUTO HSDIV0O_CLKOUTO
RCCLK10M Internal 10MHz RC 10 MHz 10 MHz
Oscillator
(RCCLK10M)
XTALCLK External XTAL 25 MHz 25 MHz
DPLL_PER_HSDIVO_C |PLL_PER_CLK:HSDIVO | 160 MHz | 160 MHz
LKOUT2 _CLKOUT2
ICSS_1 _IEP_CLK ICSS_1 _IEP_CLK PLL CORE_CLK: 200 MHz | 250 MHz |ICSS Industrial Ethernet
(IEP_CLK) HSDIVO_CLKOUTO Clock

MODE!1 is for 400MHz R5 Clock devices and MODE?2 is for 500MHz R5 Clock devices

Note
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Table 7-32. PRU-ICSS Resets
This table describes the module reset signals.
Module Module Reset Input Source Reset Signal Source Description
Instance
ICSS[1:0] |ICSS_RST Warm Reset RCM + Warm Reset Sources ICSS Warm Reset
(ICSS_WARM_RESET) [(MOD_G_RST)
ICSS_RST POR RCM + POR Sources ICSS Power on Reset

(ICSS_POR_RESET)

(MOD_POR_RST)

Table 7-33. PRU-ICSSO0 Interrupt Requests

This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
ICSS_INTC |PR1_HOST_INTR_P |R5FSS Interrupt ID [0] ALL R5FSS Level |PRU-ICSS Host interrupt 0
END_O Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [1] ALL R5FSS Level |PRU-ICSS Host interrupt 1
END_1 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [2] ALL R5FSS Level |PRU-ICSS Host interrupt 2
END_2 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [3] ALL R5FSS Level |PRU-ICSS Host interrupt 3
END_3 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [4] ALL R5FSS Level |PRU-ICSS Host interrupt 4
END_4 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [5] ALL R5FSS Level |PRU-ICSS Host interrupt 5
END_5 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [6] ALL R5FSS Level |PRU-ICSS Host interrupt 6
END_6 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [7] ALL R5FSS Level |PRU-ICSS Host interrupt 7
END_7 Cores
ICSS_MII PR1_RX_SOF_INTR |R5FSS Interrupt ID [8] ALL R5FSS Level |PRU-ICSS RX SOF Interrupt
_REQ_0 Cores Request 0
PR1_RX_SOF_INTR |R5FSS Interrupt ID [9] ALL R5FSS Level |PRU-ICSS RX SOF Interrupt
_REQ_1 Cores Request 1
PR1_TX_SOF_INTR |R5FSS Interrupt ID [10] ALL R5FSS Level |PRU-ICSS TX SOF Interrupt
_REQ_0 Cores Request 0
PR1_TX_SOF_INTR |R5FSS Interrupt ID [11] ALL R5FSS Level |PRU-ICSS TX SOF Interrupt
REQ 1 Cores Request 1
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Table 7-33. PRU-ICSSO0 Interrupt Requests (continued)

This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description

Instance Signal

ICSS_IEP |PR1_IEPO_CMP_IN |R5FSS Interrupt ID [12] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_O Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [13] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_1 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [14] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_2 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [15] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_3 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [16] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_4 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [17] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_5 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [18] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_6 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [19] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_7 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [20] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_8 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [21] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_9 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [22] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_10 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [23] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_1M1 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [24] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_12 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [25] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_13 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [26] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_14 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [27] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_15 Cores Interrupt
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Table 7-34. PRU-ICSS1 Interrupt Requests
This table describes the module interrupt requests.
Module Module Interrupt Destination Interrupt Input Destination Type Description
Instance Signal
ICSS_INTC |PR1_HOST_INTR_P |R5FSS Interrupt ID [28] ALL R5FSS Level |PRU-ICSS Host interrupt 0
END_O Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [29] ALL R5FSS Level |PRU-ICSS Host interrupt 1
END_1 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [30] ALL R5FSS Level |PRU-ICSS Host interrupt 2
END_2 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [31] ALL R5FSS Level |PRU-ICSS Host interrupt 3
END_3 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [32] ALL R5FSS Level |PRU-ICSS Host interrupt 4
END_4 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [33] ALL R5FSS Level |PRU-ICSS Host interrupt 5
END_5 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [34] ALL R5FSS Level |PRU-ICSS Host interrupt 6
END_6 Cores
PR1_HOST_INTR_P |R5FSS Interrupt ID [35] ALL R5FSS Level |PRU-ICSS Host interrupt 7
END_7 Cores
ICSS_MIl  |PR1_RX_SOF_INTR |R5FSS Interrupt ID [36] ALL R5FSS Level |PRU-ICSS RX SOF Interrupt
_REQ_0 Cores Request 0
PR1_RX_SOF_INTR |R5FSS Interrupt ID [37] ALL R5FSS Level |PRU-ICSS RX SOF Interrupt
_REQ_1 Cores Request 1
PR1_TX_SOF_INTR R5FSS Interrupt ID [38] ALL R5FSS Level |PRU-ICSS TX SOF Interrupt
_REQ_0 Cores Request 0
PR1_TX_SOF_INTR |R5FSS Interrupt ID [39] ALL R5FSS Level |PRU-ICSS TX SOF Interrupt
REQ 1 Cores Request 1
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Table 7-34. PRU-ICSS1 Interrupt Requests (continued)

This table describes the module interrupt requests.

Module Module Interrupt Destination Interrupt Input Destination Type Description

Instance Signal

ICSS_IEP |PR1_IEPO_CMP_IN |R5FSS Interrupt ID [40] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_O Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [41] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_1 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [42] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_2 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [43] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_3 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [44] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_4 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [45] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_5 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [46] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_6 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [47] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_7 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [48] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_8 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [49] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_9 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [50] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_10 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [51] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_1M1 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [52] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_12 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [53] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_13 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [54] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_14 Cores Interrupt
PR1_IEPO_CMP_IN |R5FSS Interrupt ID [55] ALL R5FSS Level |PRU-ICSS IEP Compare Event
TR_REQ_15 Cores Interrupt

For more information on the interconnects, see the System Interconnect chapter.

Note

For more information on power, reset, and clock management, see the corresponding sections within
the Device Configuration chapter.

For more information on the device interrupt controllers, see the Interrupt Controllers chapter.
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7.3.4 PRU-ICSS Top Level Resources Functional Description
This section provides functional description of the device integrated PRU Subsystems modules.

The PRUnN (where n = 0 or 1) cores within each PRU-ICSS have access to all resources on the SoC through
the VBUSM Interface Controller port, and the external host processors can access the PRU-ICSS resources
through the VBUSP Interface Target port. The use of XFR2VBUS allows BroadSide 32Bytes of data transfer to/
from SoC CBASSO Interconnect at 256-bit bursts using the VBUSM Controller port. The 32-bit Internal CBASS
Interconnect bus will be the primary interconnect between all components internal to the PRU-ICSS. There are
two equally symmetrical halves in each PRU-ICSS known as SLICEO and SLICE1. Each slice will share several
resources while capable of working independently of each other. There are two sets of XFR2VBUS for each
Slice. PRUs also has the ability to submit 32-bit bursts transitions, but this will require RAT configuration.

Each of the Slices contains one RAT (Region based Address Translation) module. The RAT module is used to
translate 32-bit address of the PRU core to 48-bit physical address.

The PRU cores within the subsystems also have access to all resources on the SoC through the External
CBASSO Interconnect. A subsystem local Interrupt Controller — INTC handles system input events and posts
events back to the device-level host CPUs.

Figure 7-22 shows an overview of the PRU-ICSS Functional Block Diagram.

. Target MMR/

PRUO/PRU1

|

|

| EGPIO / SCU

. Module

Pins < 3-Ch. PERIF

|

|

|

DRAM2
Shared RAM

Pins

SD Demodulation
EGPI/EGPO PRU
12KB IRAM

[2] [}
z. ||z
w w
X X
| MAC
I CRC16/32 —
Off- Bank0 Bank1 Bank2
Device - —— {1 p] MII_RT \ Port 30, 32-bit 30, 32-bit 30, 32-bit
PHY | Registers Registers Registers

Figure 7-22. PRU-ICSS Functional Block Diagram

Table 7-35 summarizes the mapping between hardware modules and ICSS<k> PRUO/1 cores, where <k> is the
number of ICSS modules in the device.

Table 7-35. Hardware Module Broadside ID Mapping

Hardware Module Broadside ID

MPY/MAC 00 2 copies:
PRU1/0
CRC16/32 01 2 copies:
PRU1/0

SPAD Bank0 10 shared between PRU1/0

SPAD Bank1 1 shared between PRU1/0

SPAD Bank2 12 shared between PRU1/0
RX L2 20/21 2 copies:
PRU1/0
TXL2 40 2 copies:
PRU1/0
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Table 7-35. Hardware Module Broadside ID Mapping (continued)
Hardware Module Broadside ID
XFR2VBUSP 0x60 for RD_IDO 2 copies shared of RX per SLICE

0x61 for RD_ID1 2 copies shared of TX per SLICE
0x62 for WD_IDO
0x63 for WD_ID1

7.3.4.1 PRU-ICSS Reset Management
The device supports warm reset isolation (Hard/Soft Reset, Watchdog Reset) on PRU-ICSS.
7.3.4.2 PRU-ICSS Power and Clock Management

The PRU-ICSS supports two levels of clock gating. First level gates all clocks inside the PRU-ICSS when
requested by the RCM (Reset Control Manger. The second level allows user software to enable/disable clocks in
the clock gating register ICSS_CGR_REG to some internal modules, as follows:

 IEP

« ECAPO
+ UARTO
+ INTC

The appropriate configuration registers block controls its local module set inside PRU-ICSS.
7.3.4.2.1 PRU-ICSS CORE Clock Generation

Note
The PRU-ICSS Clock Diagram shows clock generation for ICSS0. The same diagram applies for
ICSSH1.
RCM PRU-ICSS
ICSS_CORE_CLK_GATE
ICSS_IEP_CLK_GATE
ICSS_SYS_CLK_GATE o ylicss x IEP cLK

co|ICSS_x_CORE_CLK

(c0) p|icSS x VBUSP_CLK
WUCPUCLK-{0
EXT_REFCLK— 1
SYS_CLK 2
DPLL_PER_HSDIV_CLKOUT0-3

DPLL_CORE_HSDIVO_CLKOUT0— 4 (i 7L AR (GHX

RCCLK10M—5
XTALCLKH 6
DPLL_PER_HSDIVO_CLKOUT2-{7

RCM
ICSSx_UARTO_CLK_SRC_SEL
ICSSx_UARTO_CLK_DIV_VAL

ICSSx_UARTO_CLK_GATE

Figure 7-23. PRU-ICSS Clock Diagram
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The CORE, BUS, and IEP Clock all use the 200 MHz SYS_CLK as a source clock. The UART clock is
configurable by configuring the UART clock source select register as well as the UART clock divider value
register. Each of these clock sources has a configurable clock gate that can be configured with the appropriate
clock gate register

7.3.4.2.2 PRU-ICSS Protect

Write protect block allows software to enable safety protection to prevent corruption of key configuration and
debug registers and the Instruction memories (IRAM's) of all PRU cores (PRUO/PRU1). Write protection is also
supported for Data RAMO and Data RAM1.

This is achived by blocking the byte enables during a write transaction if enabled. When enabled, it will prevent
any unwanted write transaction to these elements. To Enable/Disable this feature, software will first need to
unlock the write access to this block through the PROT_UNLOCK_KEY register then configure the protection
through PROT_CFG register and relock.

7.3.4.2.3 Module Clock Configurations at PRU-ICSS Top Level

Enhanced GPIO clock divider settings:In certain sample/shift clock settings of the PRUO and PRU1
EGPIOs (when enabled in serial mode) two cascaded fractional dividers are done in the PRU_ICSS_CFG
top level configuration registers PRU_ICSS_GPCFGO0 and PRU_ICSS_GPCFGH1. In addition, EGPIO clock
active edge selection control can be exerted via the bit PRUO_GPI_CLK_MODE for PRUO EGPIO and
PRU1_GPI_CLK_MODE for the PRU1 EGPIO.

* For the serial PRUQ's EGPOs:
— PRU_ICSSM_GPCFGO0_REG[24-20] PRUO_GPO_DIV1
— PRU_ICSSM_GPCFGO0_REG[19-15] PRUO_GPO_DIV0
e For the serial PRUQO's EGPIs:
— PRU_ICSSM_GPCFGO0_REG[12-8] PRUO_GPI_DIV1
— PRU_ICSSM_GPCFGO0_REG]7-3] PRUO_GPI_DIVO
* For the serial PRU1's EGPOs:
— PRU_ICSSM_GPCFG1_REG[24-20] PRU1_GPO_DIV1
— PRU_ICSSM_GPCFG1_REG[19-15] PRU1_GPO_DIV0
* For the serial PRU1's EGPIs:
— PRU_ICSSM_GPCFG1_REG[12-8] PRU1_GPI_DIV1
— PRU_ICSSM_GPCFG1_REG[7-3] PRU1_GPI_DIVO

7.3.4.3 Other PRU-ICSS Module Functional Registers at Subsystem Level

Enhanced GPIO. The other functional mode setting for PRUs EGPIOs at PRU-ICSS top registers level are:

*+ PRU_ICSSM_GPCFGO0 / PRU_ICSSM_GPCFG1[14] PRUO_GPO_MODE (PRUO or PRU1) — to select
between direct or serial EGPO output mode of operation.

+ PRU_ICSSM_GPCFGO0 / PRU_ICSSM_GPCFG1[25] PRUO_GPO_SH_SEL (PRUO or PRU1) — to select
between the EGPO shadow registers 0 and 1 used for output shifting. For more details, refer to the Section
7.3.5.2.2.3.4, Enhanced General-Purpose Module Outputs (R30).

+ PRU_ICSSM_GPCFGO0 / PRU_ICSSM_GPCFG1[1-0] PRUO_GPI_MODE (PRUO or PRU1) — selects the
EGPI input mode of operation ( selects between "direct input", "parallel capture", "28-bit shift" or "MIl_RT"
modes).

+ PRU_ICSSM_GPCFGO0 / PRU_ICSSM_GPCFG1[13] PRUO_GPI_SB (PRUO or PRU1) — start bit event
status for 28-bit EGPI input shift mode. For more details, refer to the Section 7.3.5.2.2.3, Enhanced General-
Purpose Module Inputs (R31).

PRUs scratchpad (SPAD) memory priority and configuration related bits are located in the
PRU_ICSSM_SPP register.
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7.3.4.4 PRU-ICSS Memory Maps

The PRU-ICSS comprises various distinct addressable regions that are mapped to both a local and global
memory map. The local memory maps are maps with respect to the PRU point of view. The global memory
maps are maps with respect to the Host point of view, but can also be accessed by the PRU-ICSS. Each
PRU-ICSS can also access the memories within the other PRU-ICSS subsystem without going through an
external port, thanks to PRU-ICSS VBUSP expansion port.

7.3.4.4.1 PRU-ICSS Local Memory Map

The PRU-ICSS memory map is documented in Table 7-36 (Instruction Space) and in Table 7-37 (Data Space).
Note that these two memory maps are implemented inside the PRU-ICSS and are local to the components of the
PRU-ICSS.

7.3.4.4.1.1 PRU-ICSS Local Instruction Memory Map

Each PRU (PRUO and PRU1) has a dedicated 12KB of Instruction Memory which needs to be initialized by an
external to PRU-ICSS Host processor before a PRU core executes any instructions.

CAUTION

The PRU-ICSS PRUO0/1_IRAM regions are ONLY accessible from controllers, external to the PRU-
ICSS (like Arm) when the PRUO/PRU1 is NOT running. The access is via PRU-ICSStarget port on
the device CBASSO interconnect.

Table 7-36. PRU-ICSS Local Instruction Memory Map
Start Address PRUO PRU1

0000 0000h 12KB IRAM 12KB IRAM

7.3.4.4.1.2 PRU-ICSS Local Data Memory Map

The local data memory map in Table 7-37 allows each PRU core to access the PRU-ICSS addressable regions
(both its own subsystem and the other subsystem) and the external host's memory map.

Table 7-37. PRU-ICSS Local Data Memory Map

Start Address PRUO PRU1
0000 0000h Data 8KB RAMO Data 8KB RAM1
0000 2000h Data 8KB RAM1 Data 8KB RAMO
0000 8000h RAT_SLICEO RAT_SLICEO
0000 9000h RAT_SLICE1 RAT_SLICE1
0001 0000h Data 32 KB RAM2 (Shared RAM) Data 32 KB RAM2 (Shared RAM)
0002 0000h INTC INTC
0002 2000h PRUO Control PRUO Control
0002 4000h PRU1 Control PRU1 Control
0002 4C00h PROTECT PROTECT
0002 6000h CFG CFG
0002 8000h UARTO UARTO
0002 EO0Oh IEPO IEPO
0003 0000h ECAPO ECAPO
0003 2000h MII_RT_CFG MII_RT_CFG
0003 2400h MII_MDIO MII_MDIO
0003 3000h MII_G_RT_CFG MII_G_RT_CFG
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7.3.4.4.2 PRU-ICSS Global Memory Map

The global view of the PRU-ICSS internal memories and control ports is shown in Table 7-38. The offset
addresses of each region are implemented inside the PRU-ICSS but the global device memory mapping places
the PRU-ICSS target port in the address range shown in the external PRU-ICSS Host top-level memory map.

The global memory map is with respect to the Host point of view (that is, device Arm ), but the memory space
can also be accessed by the PRU-ICSS itself. Note that PRUO and PRU1 can use either the local or global
addresses to access their internal memories, but using the local addresses provides access time several cycles
faster than using the global addresses. This is because when accessing via the global address the access has to
be routed through the CBASSO0 switch fabric outside PRU-ICSS and back in through the PRU-ICSS target port.

Each of the PRU cores can access the rest of the device memory (including memory mapped peripheral and
configuration registers) using the global memory space addresses.

Table 7-38. PRU-ICSS Global Memory Map

Offset Address PRU-ICSS Target
0000 0000h 8KB Data RAMO
0000 2000h 8KB Data RAM1
0000 8000h RAT_SLICEO
0000 9000h RAT_SLICE1
0001 0000h 32 KB Data RAM2 (Shared Memory)
0002 0000h PRU-ICSS INTC
0002 2000h PRUO Control
0002 2400h PRUO Debug
0002 4000h PRU1 Control
0002 4400h PRU1 Debug
0002 4C00h PROTECT
0002 6000h PRU-ICSS CFG
0002 8000h PRU-ICSS UARTO
0002 E00Ch IEPO
0002 FOOOh Reserved
0003 0000h ECAPO
0003 2000h MII_RT_CFG
0003 2400h MII_MDIO
0003 4000h PRUO 16 KB IRAM
0003 8000h PRU1 16 KB IRAM
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7.3.5 PRU-ICSS PRU Cores

This section describes the functionality of the two Programmable Real-time Unit (PRU) processors (PRUO and

PRU1), integrated in the device PRU-ICSS.
7.3.5.1 PRU Cores Overview

The PRU is a processor optimized for performing embedded tasks that require manipulation of packed memory
mapped data structures, handling of system events that have tight real-time constraints and interfacing with
systems external to the SoC. The PRU is both very small and very efficient at handling such tasks.

The maijor attributes of the PRU are shown in Table 7-39.
Table 7-39. PRU Features

Attribute

Value

10 Architecture

Load/Store

Data Flow Architecture

Register to Register

Core Level Bus Architecture

Type 4-Bus Harvard (1 Instruction, 3 Data)
Instruction I/F 32-Bit Modified VBUSP Controller
Memory I/F 0 32-Bit VBUSP Controller

Memory I/F 1 32-Bit VBUSP Controller

Execution Model

Issue Type Scalar

Pipelining None (Purposefully)

Ordering In Order

ALU Type Unsigned Integer

Registers

General Purpose (GP)
External Status
GP/Indexing

Addressability in Instruction

30 (R1 - R30)
0 (R31)
0 (RO)

Bit, Byte (8-bit), Half-word (16-bit), Word (32-bit),
Pointer

Addressing Modes
Load Immediate
Load/Store — Memory

16-bit Immediate
Register Base + Register Offset

Register Base + 8-bit Immediate Offset

Register Base with auto increment/decrement

Constant Table Base + Register Offset

Constant Table Base + 8-bit Inmediate Offset

Constant Table Base with auto increment/

decrement
Data Path Width 32-bit
Instruction Width 32-bit

Accessibility to Internal PRU Structures

Provides 32-bit VBUSP target with three regions:

Instruction RAM

Control/Status registers

Debug access to internal registers (R0-R31)
and constant table

The processor is based on a four-bus architecture which allows instructions to be fetched and executed
concurrently with data transfers. In addition, an input is provided in order to allow external status information

SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback

AM261x Technical Reference Manual 369

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS
INSTRUMENTS

Processors and Accelerators www.ti.com

to be reflected in the internal processor status register. Figure 7-24 shows a block diagram of the processing
element and the associated instruction RAM/ROM that contains the code that is to be executed.

IT.T._.T.__T.__T._.T._.T.—.T._.T__.T__.T__.T._, ______ |
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Figure 7-24. PRU Block Diagram

7.3.5.2 PRU Cores Functional Description

This section describes the PRU cores supported functionality by describing the constant table, module interface
and enhanced GPIOs.

7.3.5.2.1 PRU Constant Table

The PRU Constants Table is a structure of hard-coded memory addresses for commonly used peripherals

and memories. The constants table is used for more efficiently load/store data to these commonly accessed

addresses by:

» Eliminating the PRU instruction that pre-loads a hard-coded address into the internal register file.

* Maximizing the usage of the PRU register file for embedded processing applications by moving many of the
commonly used constant or deterministically calculated base addresses from the internal register file to an
external table.

Table 7-40. PRUO0/1 Constant Table

Entry No. Region Pointed To Value [31:0]
0 PRU-ICSS INTC (local) 0002_0000h
1 PRU-ICSS IEP (local) 0002_F000h
2 PRU-ICSS IEP_0x100 (local) 0002_F100h
3 PRU-ICSS ECAPO (local) 0003_0000h
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Table 7-40. PRU0/1 Constant Table (continued)
Entry No. Region Pointed To Value [31:0]
4 PRU-ICSS CFG (local) 0002_6000h
5 PRU-ICSS CFG_0x100 (local) 0002_6100h
6 PRU-ICSS INTC_0x200 (local) 0002_0200h
7 PRU-ICSS UARTO (local) 0002_8000h
8 PRU-ICSS IEP0_0x100 (local) 0002_E100h
9 PRU-ICSS CFG (local) 0003_3000h
10 RESERVED RSERVED
11 PRU-ICSS PRUO Control (local) 0002_2000h PRUO
RESERVED RESERVED
RESERVED RESERVED
PRU-ICSS PRU1 Control (local) 0002_4000h PRU1
12 RESERVED RESERVED
13 RESERVED RESERVED
14 RESERVED RESERVED
15 RESERVED 6000_0000h
16 RESERVED 7000_0000h
17 RESERVED 8000_0000h
18 RESERVED 9000_0000h
19 RESERVED A000_0000h
20 RESERVED B000_0000h
21 MDIO (local) 0003_2400h
22 RAT SLICEO (local) 0000_8000h PRUO
RAT SLICE1 (local) 0000_9000h PRU1
23 Reserved C000_0000h
24 PRU-ICSS PRUO/PRU1 Data RAM (local) 0000_0n00h, n = c24_blk_index[3:0]
25 PRU-ICSS PRU1/PRUO Data RAM (local) 0000_2n00h, n = c25_blk_index[3:0]
26 PRU-ICSS IEP (local) 0002_En00h, n = c26_blk_index[3:0]
27 PRU-ICSS MII_RT/SGMII0_CFG/SGMII1_CFG (local) 0003_2n00h, n = c27_blk_index[3:0]
28 PRU-ICSS Shared RAM (local) 00nn_nn00h, nnnn = c28_pointer[15:0]
29 RESERVED 0Dnn_nn00h, nnnn = ¢29_pointer{15:0]
30 RESERVED OEnn_nn00h, nnnn = c30_pointer[15:0]
31 RESERVED OFnn_nn00h, nnnn = c31_pointer[15:0]

Note

The addresses in constants entries 24—-31 are partially programmable. Their programmable bit field
(for example, c24 blk_index[3:0]) is programmable through the PRU CTRL register space. As a
general rule, the PRU should configure this field before using the partially programmable constant

entries.

7.3.5.2.2 PRU Module Interface

The PRU module interface consists of the PRU internal registers 30 and 31 (R30 and R31). Figure 7-25 shows
the PRU module interface and the functionality of R30 and R31. The register R31 serves as an interface with the
dedicated PRU general purpose input (GPI) pins and PRU-ICSS INTC. Reading R31 returns status information
from the GPI pins and PRU-ICSS INTC via the PRU Real Time Status Interface. Writing to R31 generates PRU
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system events via the PRU Event Interface. The register R30 serves as an interface with the dedicated PRU
general purpose output (GPO) pins.

Note

The below sections cover different functional modes of the PRUn cores, (where n=0,1), enhanced
GPIO (EGPIO) interface. The register bits which control EGPIO functionalities are part of the (PRU-
ICSS CFG) space. For descriptions of these EGPIO register bitfield controls, refer to the Section
7.3.4.3.

PRU<n>

R30 GPO Content » PRG<k>_PRU<n>_GPO [i:0]

INTC INTC i

J
R31(R) status | status | S5 Con.tent - —i—t
kit 31) | it30) | 1 290)

PRG<k>_PRU<n> GP!I [j:0]

R31 (W) INTC System Event Generation

icss-005b

Figure 7-25. PRU Module Interface

7.3.5.2.2.1 Real-Time Status Interface Mapping (R31): Interrupt Events Input

The PRU Real Time Status Interface directly feeds information into register 31 (R31) of the PRU’s internal
register file. The firmware on the PRU uses the status information to make decisions during execution. The
status interface is comprised of signals from different modules inside of the PRU-ICSS which require some level
of interaction with the PRU. More details on the Host interrupts imported into bit 30 and 31 of register R31 of
both the PRUs is provided in the , PRU-ICSS Local Interrupt Controller.

Table 7-41. Real-Time Status Interface Mapping (R31) Field Descriptions

Bit Field Description

31 pru_intr_in[1] PRU Host Interrupt 1 from local PRU-ICSS INTC

30 pru_intr_in[0] PRU Host Interrupt 0 from local PRU-ICSS INTC
29-0 pru<n>_r31_status[29:0] Status inputs from primary input via Enhanced GPI port

7.3.5.2.2.2 Event Interface Mapping (R31): PRU System Events

This PRU Event Interface directly feeds pulsed event information out of the PRU’s internal ALU. These events
are exported out of the PRU-ICSS and need to be connected to the system interrupt controller at the SoC
level. The event interface can be used by the firmware to create software interrupts from the PRU to the Host
processor.
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Figure 7-26. Event Interface Mapping (R31)
Table 7-42. Event Interface Mapping (R31) Field Descriptions
Bit Field Description
31-6 Reserved
5 pru<n>_r31_vec_valid Valid strobe for vector output
4 Reserved
3-0 pru<n>_r31_vec[3:0] Vector output

Simultaneously writing a ‘1’ to pru<n>_r31_vec_valid (R31 bit 5) and a channel number from 0

to 15 to pru<n>_r31_vec[3:0] (R31 bits 3-0) creates a pulse on the output of the corresponding
pr<k>_pru_mst_intr[x]_intr_req INTC system event. For example, writing ‘100000’ will generate a pulse on
prk_pru_mst_intr[0]_intr_req, writing ‘100001’ will generate a pulse on prk_pru_mst_intr[1]_intr_req, and so on
to where writing ‘101111’ will generate a pulse on prk_pru_mst_intr[15]_intr_req and writing ‘Oxxxxx” will not
generate any system event pulses. The output values from both PRU cores in a subsystem are ORed together.

The output channels 0-15 are connected to the INTC system events 16-31, respectively. This allows the PRU
to assert one of the system events 16-31 by writing to its own R31 register. The system event is used to either
post a completion event to one of the host CPUs (Arm) or to signal the other PRU. The host to be signaled

is determined by the system interrupt to interrupt channel mapping (programmable). The 16 events are named
as prk_pru_mst_intr<15:0>_intr_req. See the PRU-ICSS Interrupt Requests Mapping, in the sectionPRU-ICSS
Local Interrupt Controller, for more details.

7.3.5.2.2.3 General-Purpose Inputs (R31): Enhanced PRU GP Module

The PRU-ICSS implements an enhanced General Purpose Input/Output (GP1O) module with SCU that supports
the following general-purpose input modes: direct input, 16-bit parallel capture, 28-bit serial shift in, and MIl_RT.
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Register R31 serves as an interface with the general-purpose inputs. Table 7-43 describes the input modes in

detail.

Note

Each PRU core can only be configured for one GPI mode at a time. Each mode uses the same R31
signals and internal register bits for different purposes. A summary is found in Table 7-44.

Note

The PRU_ICSSM_GPCFGO register, bitfield [29-26] PR1_PRUO0_GP_MUX_SEL (PRUO or PRU1) in
the PRU-ICSS CFG register space needs to be set to Oh for GP mode. For a given PRU core, the
following 10 modes are mutually exclusive: GP mode, Sigma Delta mode, and 3 channel Peripheral

I/F mode.
Table 7-43. PRU R31 (GPI) Modes
Mode Function Configuration
Direct input GPI[19:0] feeds directly into the PRU R31 Default state

16-bit parallel capture

DATAIN[0:15] is captured by the posedge or negedge
of CLOCKIN

+ Enabled by PRU_ICSSM_GPCFGO register
(PRUO or PRU1)

* CLOCKIN edge selected by
PRU_ICSSM_GPCFGO register

28-bit shift in DATAIN is sampled and shifted into a 28-bit shift + Enabled and disabled by PRU_ICSSM_GPECFG0
register. register (PRUO or PRU1)
«  Shift Counter (Cnt_16) feature is mapped to * Cnt_16 is self clearing and is connected to the
pru<n>_r31_status[28]. PRU INTC
+ SB (Start Bit detection) feature is mapped to + Start Bit (SB) is cleared by
pru<n>_r31_status[29] PRU_ICSSM_GPECFGO register
+ Start Bit value (Oh or 1h) selected by
PRU_ICSSM_GPECFGO register
PERIF The 3 channel Peripheral Interface supports Enabled by PRU_ICSSM_GPCFGO0[1-0]
functionality for operations utilized the EnDat 2.2 and PRUO_GPI_MODE register (value: 1h), where n =0
BiSS protocols. or1
MII_RT mii_rt_r31_status [29:0] internally driven by the MII_RT Enabled by PRU_ICSSM_GPCFGO0[1-0]
module PRUNn_GPI_MODE register (value: 2h), where n = 0
or1
Sigma Delta Up to nine channels of concurrent counting with clock  Enabled by PRU_ICSSM_GPCFGO0[1-0]

source configuration for each channel.

PRUNn_GPI_MODE register (value: 3h), where n =0

or1

Table 7-44. PRU GPI Signals and Configurations

Pad Names at Device GPI Modes

Level(V Direct input Parallel Capture |28-Bit Shift in PERIF Ml Sigma Delta
PR<k>_PRU<n>_GPIO |GPIO DATAINO DATAIN RXDI0] SDO_CLK

PR<k>_PRU<n> GPI1 |GPI1 DATAIN1 RXDI[1] SDO_DATA
PR<k>_PRU<n>_GPI2 |GPI2 DATAIN2 RXDI[3] SD1_CLK

PR<k>_PRU<n> GPI3 |GPI3 DATAIN3 RXDV SD1_DATA
PR<k> PRU<n> GPl4 |GPl4 DATAIN4 RXER SD2_CLK

PR<k>_PRU<n> GPI5 |GPI5 DATAIN5 RX_CLK SD2_DATA
PR<k>_PRU<n> GPI6 |GPI6 DATAING SD3_CLK

PR<k>_PRU<n>_GPI7 |GPI7 DATAIN7 RXLINK SD3_DATA
PR<k>_PRU<n>_GPI8 |GPI8 DATAINS coL SD4_CLK
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Table 7-44. PRU GPI Signals and Configurations (continued)

Pad Names at Device GPI Modes

(1)
Level Direct input Parallel Capture |28-Bit Shift in PERIF Ml Sigma Delta
PR<k>_PRU<n>_GPI9 |GPI9 DATAIN9 PERIFO_IN CRS SD4_DATA
PR<k>_PRU<n>_GPI1 |GPI10 DATAIN10 PERIF1_IN SD5_CLK
0
PR<k>_PRU<n> GPI1 |GPI11 DATAIN11 PERIF2_IN SD5_DATA
1
PR<k>_PRU<n> GPI1 |GPI12 DATAIN12 SD6_CLK
2
PR<k>_PRU<n>_GPI1 |GPI13 DATAIN13 SD6_DATA
3
PR<k>_PRU<n>_GPl1 |GPI14 DATAIN14 SD7_CLK
4
PR<k>_PRU<n>_GPl1 |GPI15 DATAIN15 SD7_DATA
5
PR<k>_PRU<n>_GPl1 |GPI16 CLOCKIN R31_IN[16] TX_CLK,R31_IN[ |SD8_CLK,
6 16] R31_IN[16]
PR<k>_PRU<n>_GPl1 |GPI17 SD8_DATA
7
PR<k>_PRU<n>_GPl1 |GPI18
8
PR<k>_PRU<n> GPI1 |GPI19
9

(1)  These pins are also used for Sigma Delta or Peripheral I/F mode.

7.3.5.2.2.3.1 PRU EGPIs Direct Input

The pru<n>_r31_status[0:19] bits of the internal PRU register file are mapped to device-level, general
purpose input pins (PRUO_GPI[0:19]). In GPI Direct Input mode, PRUO_GPI[0:19] feeds directly to
pru<n>_r31_status[0:19].

Each PRU of the PRU-ICSS has a separate mapping to device input signals - PRn_PRUO_GPI[19:0] for the

PRUO core and PRn_PRU1_GPI[19:0] for the PRU1 core. There are general purpose inputs in total. For more
details, refer to the PRU-ICSS Environment. See the device's system reference guide or data sheet for device

specific pin mapping.

The following PRU IO are not pinned out at the device level: PRO_PRUO_GPIO[7,17,18,19]

PRU<n>_GPI[0:19]

PRU<n> R31

\ 4

20 2

icss-006

Figure 7-27. PRU R31 (EGPI) Direct Input Mode Block Diagram
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7.3.5.2.2.3.2 PRU EGPIs 16-Bit Parallel Capture

The pru<n>_r31_status[0:15] and pru<n>_r31_status[16] bits of the internal PRU register file mapped to device-
level, general purpose input pins (PRUO_DATAIN [0:15] and PRUO_CLOCKIN, respectively). PRUO_CLOCKIN is
designated for an external strobe clock, and is used to capture PRUO_DATAIN [0:15].

The PRU<n>_DATAIN can be captured either by the positive or the negative edge of PRU<n>_CLOCK,
programmable through the PRU-ICSS CFG register space. If the clocking is configured through the PRU-ICSS
CFG register to be positive, then it will equal PRU<n>_CLOCK; however, if the clocking is configured to be
negative, then it will equal PRU<n>_CLOCK inverted.

PRU<n>_R31
16
PRU<n>_DATAIN 0
1
PRU<n>_ CLOCKIN — S
ICSSM<n>_CORE_CLK 14
Sync Flop 15
16
ICSSM<n>_CORE_CLK ICSSM<n>_CORE_CLK
Sync Flop Sync Flop
icss-007

Figure 7-28. PRU R31 (EGPI) 16-Bit Parallel Capture Mode Block Diagram

7.3.5.2.2.3.3 PRU EGPIs 28-Bit Shift In

In 28-bit shift in mode, the device-level, general-purpose input pin PRU<n>_DATAIN is sampled and shifted

into a 28-bit shift register on an internal clock pulse. The register fills in LSB order (from bit 0 to 27) and then
overflows into a bit bucket. The 28-bit register is mapped to pru<n>_r31_status[0:27] and can be cleared in

software through the PRU_ICSS_GPCFGO0[13] PRUO_GPI_SB register (PRUO or PRU1).

Note that by default, the PRU will continually capture and shift the DATAIN input when the GPI mode has been
set. However, clearing the PRU_ICSS_GPCFGO[1] PRUO_GPI_SHIFT_EN bit will freeze the shift operation.

The shift rate is controlled by the effective divisor of two cascaded dividers applied to the PRU-
ICSS<n>_CORE_CLK clock (). These cascaded dividers can each be configured through the PRU-ICSS CFG
register space to a value of {1, 1.5, ..., 16}. Table 7-45 shows sample effective clock values and the divisor
values that can be used to generate these clocks.

Table 7-45. PRU EGPIs Effective Clock Values

Generated clock PRUO_GPI_DIVO PRUO_GPI_DIV1
8-MHz 12.5 (17h) 2 (02h)
10-MHz 10 (12h) 2 (02h)
16-MHz 16 (1Eh) 1 (00h)
20-MHz 10 (12h) 1 (00h)

The 28-bit shift mode also supports the following features:

» SB (Start Bit detection) is mapped to pru<n>_r31_status[29] and is set when the first 1 (default)
or 0 is captured on PRU<n>_DATAIN. The Start Bit value (1 or 0) is configured through the
PRU_ICSS_GPECFGO[0] PRUO_GPI_SB_P bit (PRUO or PRU1). The SB flag in pru<n>_r31_status[29] is
cleared in software through the PRU-ICSS CFG register space.
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* Cnt_16 (Shift Counter) is mapped to pru<n>_r31_status[28] and is set on every 16 shift clock samples after
the Start Bit has been received. CNT_16 is self clearing and is connected to the local PRU-ICSS INTC. See
the PRU-ICSS Local Interrupt Controller for more details.

» The PRU_ICSS _GPECFGO[1] PRUO_GPI_SHIFT_EN bit can stop or freeze the current shift operation and
disable the search for a new Start Bit, if an SB event has not occurred.

PRU<n>_R31
PRU<n>_DATAIN - 5
27
28 (Cnt_16)
29 (SB)
28-bit shift register
————> Bit Bucket
—>—> —>
Bit 0 Bit 27

ICSSM<n>_CORE_CLK | pPrRU<n> PRU<n>
GPO_DIVO[| |GPO_DIV1|

pruss-008

Figure 7-29. PRU R31 (EGPI) 28-Bit Shift Mode

7.3.5.2.2.3.3.1 PRU EGPI Programming Model

Follow this steps to configure the PRU EGPI in 28-bit shift input mode:

1. Clear PRU_ICSS_GPECFGO[1] PRUO_GPI_SHIFT_EN bit (PRUO or PRU1)

2. Clear/Set PRU_ICSS_GPECFGO0[0] PRUO_GPI_SB_P bit (PRUO or PRU1)

3. Clear Start Bit by writing 1h to PRU_ICSS_GPCFGO0[13] PRUO_GPI_SB bit

4. Program the dividers through:
PRU_ICSS_GPCFGO0[24-20] PRUO_GPO_DIV1 bit (PRUO or PRU1)
PRU_ICSS_GPCFGO0[19-15] PRUO_GPO_DIVO0 bit (PRUO or PRU1)

5. Enable Shift Input Mode by writing to PRU_ICSS_GPECFGO[1] PRUO_GPI_SHIFT_EN bit

7.3.5.2.2.3.4 General-Purpose Outputs (R30): Enhanced PRU GP Module

The PRU-ICSS implements an enhanced General Purpose Input/Output (GPIO) module that supports two
general-purpose output modes: direct output and shift out.

Table 7-46 describes these modes in detail.

Note

Each PRU core can only be configured for one GPO mode at a time. Each mode uses the same R30
signals and internal register bits for different purposes. A summary is found in Table 7-46.

Note

The PRU_ICSS_GPCFGO register, bitfield [29-26] PR1_PRUO0_GP_MUX_SEL (PRUO or PRU1) in
the PRU-ICSS CFG register space needs to be set to Oh for GP mode. For a given PRU core, the
following 10 modes are mutually exclusive: GP mode, Sigma Delta mode, and 3 channel Peripheral
I/F mode.
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Table 7-46. PRU R30 (EGPO) Output Mode

Mode Function Configuration
Direct output pru<n>_r30[19:0] feeds directly to GPO[19:0] Default state
Shift out «  pru<n>_r30[0] is shifted out on DATAOUT on every rising edge Enabled by PRU_ICSS_GPCFG0

of pru<n>_r30[1] (CLOCKOUT).

LOAD_GPO_SHO (Load Shadow Register 0) is mapped to

pru<n>_r30[29].

LOAD_GPO_SH1 (Load Shadow Register 1) is mapped to

pru<n>_r30[30].
ENABLE_SHIFT is mapped to pru<n>_r30[31].

register (PRUO or PRU1)

Free Running Clock or Fixed

Clock Count Mode selected by

PRU_ICSS_GPECFGO register.

Table 7-47. GPO Mode Descriptions

Pad Names at Device Level () GPO Modes
Direct output Shift out

PR<k>_PRU<n>_GPOO0 GPOO DATAOUT

PR<k>_PRU<n>_GPO1 GPO1 CLOCKOUT

PR<k> PRU<n> GPO2 GPO2

PR<k> PRU<n> GPO3 GPO3

PR<k>_PRU<n>_GPO4 GPO4

PR<k>_PRU<n>_GPO5 GPO5

PR<k>_PRU<n>_GPO6 GPO6

PR<k>_PRU<n>_GPO7 GPO7

PR<k>_PRU<n>_GPO8 GPO8

PR<k> PRU<n> GPO9 GPO9

PR<k> PRU<n> GPO10 GPO10

PR<k> PRU<n> GPO11 GPO11

PR<k>_PRU<n>_GPO12 GPO12

PR<k>_PRU<n>_GPO13 GPO13

PR<k>_PRU<n>_GPO14 GPO14

PR<k> PRU<n>_GPO15 GPO15

PR<k> PRU<n> GPO16 GPO16

PR<k> PRU<n> GPO17 GPO17

PR<k> PRU<n> GPO18 GPO18

PR<k> PRU<n> GPO19 GPO19

(1)  These pins are also used for Sigma Delta or Peripheral I/F mode.

7.3.5.2.2.3.4.1 PRU EGPOs Direct Output

The PRUO_r30 [19:0] bits of the internal PRU register files are mapped to device-level, general-purpose output
pins (PRUO_GPO[0:19]). In GPO Direct Output mode, PRUO_r30[0:19] feed directly to PRUO_GPO[0:19]. Each
PRU of the PRU-ICSS has a separate mapping to pins, so that there are 40 total general-purpose outputs from
the PRU-ICSS. See the device's system reference guide or data sheet for device-specific pin mapping.
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PRU<n>_R30
0
1 PRU<n>_GPQ[0:19]
- 20
19

icss-009

Figure 7-30. PRU R30 (EGPO) Direct Output Mode Block Diagram

7.3.5.2.2.3.4.2 PRU EGPO Shift Out

In shift out mode, data is shifted out of PRUO_r30[0] (PRUO_DATAOUT) on every rising edge of PRUO_r30[1]
(PRUO_CLOCK). The shift rate is controlled by the effective divisor of two cascaded dividers applied to the
PRU-ICSS<n>_CORE_CLK clock (). These cascaded dividers can each be configured through the PRU-ICSS
CFG register space to a value of {1, 1.5, ..., 16}. Table 7-48 shows sample effective clock values and the divisor
values that can be used to generate these clocks. Note that shift out mode supports two clocking submodes -
Free Running Clock Mode (default) and Fixed Clock Count Mode. The clocking submode is selected through
PRU_ICSS_GPECFGO[5] PRUO_GPO_SHIFT_CLK_FREE. In Free Running Clock Mode, PRUO_CLOCKOUT
is a free running clock that starts when the PRU GPO mode is set to shift out mode.

Table 7-48. Effective Clock Values

Generated Clock PRUO_GPO_DIVO0 PRUO_GPO_DIV1
8 MHz 12.5 (17h) 2 (02h)
10 MHz 10 (12h) 2 (02h)
16 MHz 16 (1Eh) 1 (00h)
20 MHz 10 (12h) 1 (00h)

Shift out mode uses two 16-bit shadow registers (GPO_SHO0 and GPO_SH1) to support ping-pong

buffers. Each shadow register has independent load controls programmable through PRUO_r30[29:30]
(PRUO_LOAD_GPO_SH[0:1]). While PRUO_LOAD_GPO_SH]J0:1] is set, the contents of PRU<n>_R30[0:15] are
loaded into GPO_SHO and GPO_SH1 shadow registers.

The data shift will start from the LSB or MSB of GPO_SHO0 when PRU<n>_R30[31] (PRUO_ENABLE_SHIFT)

is set. The LSB or MSB setting is configurable through PRU_ICSS_GPECFGO0[4] PRUO_GPO_SHIFT_SWAP.
Note that if no new data is loaded into GPO_SHO/GPO_SH1 after shift operation, the shift operation will continue
looping and shifting out the pre-loaded data.

For Free Running Clock Mode, the shift operation will continue until PRUO_ENABLE_SHIFT is cleared. When
PRUO_ENABLE_SHIFT is cleared, the shift operation will finish shifting out the current shadow register, stop,
and then reset.

For Fixed Clock Count Mode, the number of data bits to be shifted out is defined by
PRU_ICSS_GPECFGOQ[15-8] PRUO_GPO_SHIFT_CNT. PRU<n>_CLOCKOUT will stop either high or low with
the last data bit. The last data bit will remain persistent. However, the clock stop state is configurable through
PRU_ICSS_GPECFGOQ[16] PRUO_GPO_SHIFT_CLK_HIGH.

The source of PR<k>_PRU<n>_GPOJ[2:15] is configurable by PRU_ICSS_GPECFGO0[6]
PRUO_GPO_SHIFT_GP_EN. By default, if any device-level pins mapped to PRU<n>_R30[2-15] are configured
for the PR<k>_PRU<n>_GPQOJ[2:15] pinmux mode, then these pins will reflect the shadow register value written
to PRU<n>_R30. Any pin configured for a different pinmux setting will not reflect the shadow register value
written to PRU<n>_R30. However, setting PRU_ICSS_GPECFGO0[6] PRUO_GPO_SHIFT_GP_EN = 1h allows
PRU<n>_R30[2:15] to be controlled by PRU<n>_R30_SHADOW][2-15], which is updated by PRU<n>_R30[2:15]
when PRU<n>_R30[28] = 1h.
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Figure 7-31. PRU R30 (GPO) Shift Out Mode Block Diagram

7.3.5.2.2.3.4.2.1 PRU EGPO Programming Model
After the PRU is intilized, the software should only enable Shift Out Mode configuration per intilization.
7.3.5.2.2.3.5 Sigma Delta (SD) Decimation Filtering

Sigma-delta Sinc filtering is achieved by the combination of PRU hardware and firmware. PRU hardware
provides hardware integrators that do the accumulation part of Sinc filtering, while the differentiation part is done
in firmware.

The integrator serves to count the number of 1’s per clock event. Each channel has three cascaded counters,
which are the accumulators for the Sinc3 filter. Each counter is 28 bits, giving a maximum count of 268,435,456.
Each channel has a free running rollover clock counter. This sample counter updates the count value on the
effective clock event for that channel. Each channel also contains a programmable counter compare block, and
the compare register has a size of 8 bits. However, the minimum value is 4 and maximum value is 256 due to the
28-bit accumulator. Once sample counter compare value is reached, the shadow register copy is updated and
the shadow register copy flag is set.

Features of the integrators in PRUs SD Demodulator:

* Up to 9 channels concurrent counting

» Software can read all 3 stages accumulators

» Flexible clock source configuration for each channel; option of independent clock source for each channel or
one clock source for three channels

* Programmable, 8-bit sample counter compare register; used to set the OSR of Sinc filter

» Three 28-bit cascaded counters per channel for accumulation, only Sinc3 and Sinc2 modes supported

» Common channel enable (all channels are active or none are active)

» Fast 1 and 0 min/max count sliding programmable window for each of the 9 channels

7.3.5.2.2.3.5.1 Sigma Delta Block Diagram and Signals
The Sigma Delta’s 1/0s are multiplexed with the PRU GPI/GPO signals, as shown in Table 7-49.

Note: The PR<k>_PRU<n>_GP_MUX_SEL bitfield in the PRU_ICSS_GPCFGO register (where k =0 or 1 and n
=0 or 1) must be set to 3h for configure the GPI/GPO signals for SD mode.

Table 7-49. PRU GPI Signals and Configurations for Sigma Delta

Signal Names at Device Level () Sigma Delta (SD) Mode Function
PR<k>_PRU<n>_GPIO SDO_CLK SD demodulator clock channel 0
PR<k>_PRU<n>_GPI1 SDO D SD demodulator data channel 0
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Table 7-49. PRU GPI Signals and Configurations for Sigma Delta (continued)

Signal Names at Device Level () Sigma Delta (SD) Mode Function
PR<k>_PRU<n>_GPI2 SD1_CLK SD demodulator clock channel 1
PR<k>_PRU<n>_GPI3 SD1 D SD demodulator data channel 1
PR<k>_PRU<n>_GPl4 SD2_CLK SD demodulator clock channel 2
PR<k>_PRU<n>_GPI5 SD2_D SD demodulator data channel 2
PR<k>_PRU<n>_GPI6 SD3_CLK SD demodulator clock channel 3
PR<k>_PRU<n>_GPI7 SD3_D SD demodulator data channel 3
PR<k>_PRU<n>_GPI8 SD4_CLK SD demodulator clock channel 4
PR<k>_PRU<n>_GPI9 SD4 D SD demodulator data channel 4
PR<k>_PRU<n>_GPI10 SD5 _CLK SD demodulator clock channel 5
PR<k>_PRU<n>_GPI11 SD5 D SD demodulator data channel 5
PR<k>_PRU<n>_GPI12 SD6_CLK SD demodulator clock channel 6
PR<k>_PRU<n>_GPI13 SD6_D SD demodulator data channel 6
PR<k>_PRU<n>_GPIl14 SD7_CLK SD demodulator clock channel 7
PR<k>_PRU<n>_GPI15 SD7_D SD demodulator data channel 7
PR<k>_PRU<n>_GPI16 SD8_CLK SD demodulator clock channel 8
PR<k>_PRU<n>_GPI17 SD8 D SD demodulator data channel 8

PR<k> PRU<n> GPI18 -
PR<k> PRU<n>_GPI19 -

(1)  Note: These signals are shared with the GP and Peripheral I/Fs. To configure for Sigma Delta, PRU_ICSS_GPCFGO0[29-26]
PR1_PRUO_GP_MUX_SEL (where k =0 or 1 and n = 0 or 1) needs to be set to 3h for SD mode.

The PR<k>_PRUO_GPI1 signal (muxed with SDO_D) can be used as SD_CLKOUT when PRU-ICSS generates
clock. This is a trade-off as PRU application will lose one SD channel. SD_CLKOUT needs to go through a clock
generator chip if driving multiple sigma delta modulators and also be looped back into PRU-ICSS as SD_CLKIN,

typically pru_gpi16.

Note: To output the SD clock on PR<k> PRUO_GPO1, this device requires that the PRU core be

configured for both SD and shift out mode (PRU_ICSS_GPCFGO0[29-26] PR1_PRUO_GP_MUX_SEL = 3h

and PRU_ICSS_GPCFGO0[14] PRU<n>_GPO_MODE = 1h). Be sure to configure the shift out mode's clock
divisors before enabling shift out mode (PRU_ICSS_GPCFGO0[14] PRU<n>_GPO_MODE = 1h). Additionally, the
PRU-ICSS, PRUO SD clock is routed to both PRO_PRUO_GPO1 and PRO_PRU1_GPO1. Figure 7-32 shows a
block diagram of the Sigma Delta implementation. Full description of the PRU R30 and R31 registers are shown
in Table 7-51 and Table 7-52.
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Figure 7-32. Sigma Delta Block Diagram
Note: Each channel can independently be configured to use one of three external clock sources.

Table 7-50 shows the clock source options, selectable through PRU_ICSS _PRUO_SD_CLK_SELi[1-0]
PRUO_SD_CLK_SELi (wheren=0o0r 1andi=0 to 8).

Table 7-50. Sigma Delta External Clock Sources

PRUO_SD_CLK_SELi value Clock Source
0 pr<k>_pru<n>_sd8 clk
1 pr<k>_pru<n>_sd<i>_clk

pr<k>_pru<n>_sd0_clk for sd0, sd1, and sd2;
2 pr<k>_pru<n>_sd3_clk for sd3, sd4, and sd5;
pr<k>_pru<n>_sd6_clk for sd6, sd7, and sd8

7.3.5.2.2.3.5.2 PRU R30 / R31 Interface

The PRU uses the R30 and R31 registers to interface with the Sigma Delta interface. Table 7-51 and Table 7-52
shows the R31 and R30 interface for the Sigma Delta mode. Note that only the parameters and data for one
channel can be viewed at a time. The channel to be viewed is determined by the r30[29-26] (channel_select).

Table 7-51. Sigma Delta PRU Registers: R31

Bits Field Name Description
31-30 Reserved
29 shadow_update_flag_ovf Shadow update flag overflow, set when over sample count equals over sample size

and shadow_update_flag is still set. Set bit R31[24] to clear the flag.

28 shadow_update_flag Shadow update flag, set when over sample count equals over sample size and
shadow_update_flag is still set. Set bit R31[24] to clear the flag.

382 AM261x Technical Reference Manual SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025
Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

13 TEXAS

INSTRUMENTS
www.ti.com Processors and Accelerators
Table 7-51. Sigma Delta PRU Registers: R31 (continued)
Bits Field Name Description
27-0 data_out[27-0)/ data_out[27] (read): most-significant bit of sample data shadow_update_flag_clr

shadow_update_flag_clr (R31[24]) /
re_init (R31[23])

(write):

re_init (write): Set to reset all counters, flags, and shadow copy.

Updates over_sample_size based on the current
PRU_ICSS_PRUO_SD_SAMPLE_SIZEi[7-0] register (wheren=0o0r1andi=0
to 8) on the selected channel.

shadow_update_flag_clr (write): Set to clear shadow_update_flag and
shadow_update_flag_ovf (if set).

Table 7-52. Sigma Delta PRU Registers: R30

Bits Field Name Description

31-30 Reserved

29-26 channel_select[3-0] Channel select
Oh: Channel 0
8h Channel 8
9h: Reserved
Fh: Reserved

25 channel_en Global Channel enable (effects all 9 channels).
Oh: All channels disabled. Counters/flags are cleared.
1h: All channels enabled.

24-23 Reserved

22 snoop Enable snoop (i.e. fetch data) on the selected channel.
Oh: acc1/acc2/acc3 shadow copy
1h: current acc1/acc2/acc3

21 sample_counter_select Read sample counter.
Oh: Not selected
1h: Sample count selected

20-0 Reserved

The PRU-ICSS CFG register space has additional registers for controlling the SD demodulator module:

*+ PRU_ICSS_PRUO_SD_CLK_SELi[5-4] PRUO_SD_ACC_SELi (wheren=0o0r1,i=0 to 8) - Selects
accumulator 1, 2 or 3 as source (acc1/acc2/acc3).

+ PRU_ICSS_PRUO_SD_CLK_SELi[2] PRUO_SD_CLK_INVi (where n=0or 1,i= 0 to 8) - Inverts clock.

+ PRU_ICSS_PRUO_SD_CLK_SELIi[1-0] PRUO_SD_CLK_SELi (where n=0or 1, i = 0 to 8) - Selects the clock

source.

+ PRU_ICSS_PRUO_SD_SAMPLE_SIZEi[7-0] PRUO_SD_SAMPLE_SIZEi (wheren=0or1,i=0to 8) -
Selects number of samples to read before giving output.

7.3.5.2.2.3.5.3 Sigma Delta Description

Figure 7-33 shows a block diagram of the Sigma Delta hardware integrators and integration with the PRU R30 /

R31 interface for a single channel.
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Figure 7-33. Sigma Delta Hardware Integrators Block Diagram (snoop = 0)
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Figure 7-34. Sigma Delta Hardware Integrators Block Diagram (snoop = 1)

The three accumulators (acc1-acc3) for each channel are simple 28 bit adders. The input for acc1 is 1-bit, while
the inputs for acc2 and acc3 are 28-bits. On each positive edge of the CLK_OUT, all three 28-bit counters
(acc1-acc3) and the sample counter for each channel will get updated as follows:

accl accl + data_in

acc?2 acc2 + accl

acc3 = acc3 + acc2

sample_count = sample_count + 1

Each accumulator will rollover at OxFF_FFFF. For example if acc2 = 0x10 and acc3 = OxFF_FFFF, then acc3 will
update to 0x00_0000F on the next clock event. Sample counter will rollover when it equals the defined sample
size (PRU_ICSS PRUO_SD SAMPLE_SIZEi[7-0] PRUO_SD_SAMPLE_SIZEi).

Note that while the channels are not enabled, no operations are performed and all flags and counters are
cleared. If a new sample size is to be loaded, the PRU firmware should assert re_init (r31[23]), and all stored
count values are cleared to 0.
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Fast detect block is used to detect fast changes in the amount of ones, presented in a programmable sliding
window of 4 to 32 bits. The sliding window is controlled by PRU_ICSS_PRUO_SD_SAMPLE_SIZEi[10-8]
PRUO_FD_WINDOW_SIZE _i bit field.

Fast detect must be enabled through the PRU_ICSS_PRUO_SD_SAMPLE_SIZEi[23] PRUO_FD_EN i register
before SD is enabled. It will start the compare after the first 32 sample clocks. Fast detect block will remain
active until a re_init (r31[23]) is asserted.

The Sigma Delta interface has two status flags:
» Shadow update flag (r31[28])
» Shadow update flag overflow (r31[29])

When sample_counter equals the defined sample size (PRU_ICSS_PRUO_SD_SAMPLE_SIZEi[7-0]
PRUO_SD_SAMPLE_SIZEi), then the acc1/acc2/acc3 shadow register copy will be updated, the
shadow_update_flag (r31[28]) will be set, and sample_counter will rollover to 0. The PRU firmware can clear
this flag by writing ‘1’ to shadow_update_flag_clr (r31[28]). If sample_count equals the defined sample size
and the shadow_update_flag is still set, then shadow_update_flag_ovf (r31[29]) will be set. Similarly, the PRU
firmware can clear this flag by writing ‘1’ to shadow_update_flag_ovf _clr (r31[29]). Note that the clear operation
for both flags has a higher priority than the set event.

The PRU firmware can monitor the acc2/acc3 and sample_counter values through data_out[27-0] (r31[27-0]).
Table 7-53 shows the configuration options for data_out[27-0].

Table 7-53. Data_out[27-0] Configuration Options

snoop (r30[22]) sample_counter_select (r30[21]) data_out (r31[27-0])
Reads acc1/acc2/acc3 shadow register copy. See Figure
0 0 7-33 Sigma Delta Hardware Integrators Block Diagram
(snoop = 0).

Reads acc1/acc2/acc3 directly. See Figure 7-34 Sigma

! 0 Delta Hardware Integrators Block Diagram (snoop = 1).
Reads sample_counter shadow register copy. See Figure
0 1 7-33 Sigma Delta Hardware Integrators Block Diagram

(snoop = 0).

Reads sample_counter directly. See Figure 7-34 Sigma
Delta Hardware Integrators Block Diagram (snoop = 1).

7.3.5.2.2.3.5.4 Sigma Delta Basic Programming Example

The following programming example assumes that the PRU is configured for Sigma Delta Mode
( PRU_ICSS_GPCFGO [29-26] PR1_PRU<n>_GP_MUX_SEL = 3h).

1. Configure clock sources, accumulator source, and sample size:

a. PRU_ICSS_PRUO_SD_CLK_SELIi[1-0] PRUO_SD_CLK_SELi (wheren=0o0r 1,i= 0 to 8) for clock
source

b. PRU_ICSS PRUO_SD_CLK_SELIi[2] PRUO_SD_CLK_INVi (where n =0or 1, i= 0 to 8) for clock
polarity

c. PRU_ICSS_PRUO_SD_CLK_SELIi[5-4] PRUO_SD_ACC_SELi (wheren=0o0r1,i=0to 8) - for
accumulator source (acc1/acc2/acc3)

d. PRU_ICSS_PRUSS_SD_PRUO_SAMPLE_SIZEi[7-0] PRUO_SD_SAMPLE_SIZE for sample size

2. Reinitialize all channels whose sample size was configured
a. Select channel by writing to channel_select (r30[29-26])
b. Delay at least 1 PRU cycle before executing re_int in step 2c.
c. Reinitialize selected channel by writing to re_init (r31[23])
d. Repeat steps 2a & 2b for all configured channels

3. Enable all channels by writing ‘1’ to channel_en (r30[25])
4. Select channel by writing to channel_select (r30[29-26])
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a. Poll shadow_update_flag (r31[28]) to detect when acc1/acc2/acc3 shadow register copy data is ready to
be read

b. Delay at least 1 PRU cycle before polling shadow_update_flag in Step 4c.

c. Read data_out[27-0] (r31[27-0])

d. Clear shadow_update_flag by writing ‘1’ to r31[24]

5. Repeat step 4 for new channel

7.3.5.2.2.3.6 Three Channel Peripheral Interface

The 3 channel Peripheral Interface supports functionality for operations utilizing the EnDat 2.2 and BiSS
protocols. The 3 channel Peripheral Interface supports both 2 wire and 4 wire serial RS-485 communication.
The following table shows the supported encoder protocols for the PRU-ICSS.

Table 7-54. Three Channel Peripheral Interface Supported Encoder Protocols

Encoder Protocol Number of wire in RS-485 Communication
EnDat 2.2 4 wire
BiSS 4 wire
HDSL 2 wire
Tamagawa 2 wire

This module supports the following features:

3 channels with baud range from 100 kHz to 16 MHz

PRU_ICSS_UART_CLK (default) or PRU_ICSS_ICLK controller clock is an input to independent div16fr clock
dividers to produce a 1X clock (PERIF<m>_CLK) and oversampling clock

Half-duplex (TX and RX are not supported concurrently)

TX FIFO size of 32 bits

RX FIFO size of 4 bits

Configurable shift size/oversampling on RX

Optional RX frame size auto shut off

Programmable HW delay 1 (wire delay, controlling when the clock signal is first driven low) and delay 2 (tst
delay, controlling when the clock signal is first driven high) on TX operation

Optional programmable TX termination

Individual TX channel start trigger (tx_channel_go) or simultaneous TX start trigger for all channels
(tx_global_go)

Flexible HW assisted clock output generation to allow free running, stop high and stop low (after last RX
data), or stop high (after last TX data) operation with optional software clock override feature

Optional SW direct snoop of data input

RX Start Bit of '1' or '0'

7.3.5.2.2.3.6.1 Peripheral Interface Block Diagram and Signal Configuration

The Peripheral Interface’s 1/0s are multiplexed with the PRU GPI/GPO signals, as shown in Table 7-55. The
PR1_PRU<n>_GP_MUX_SEL bitfield in the PRU_ICSS_GPCFGO register (PRUO or PRU1) must be set to 1h
for configure the GPI/GPO signals for Peripheral I/F mode.

Table 7-55. PRU GPI/GPO Signals and Configurations for Peripheral I/F ()

Pad Names at Device Level®@ () Peripheral I/F
Mode (PRU_ICSS_GPCFG0[29-26]
PR1_PRUO_GP_MUX_SEL = 1h)

PR<k> PRU<n> GPIO
PR<k> PRU<n> GPI
PR<k> PRU<n>_GPI2
PR<k> PRU<n>_GPI3
PR<k>_PRU<n>_GPI4
PR<k>_PRU<n>_GPI5
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A block diagram for the Peripheral I/F is included in Figure 7-35. As shown, each channel is composed of four

I/Os:

Table 7-55. PRU GPI/GPO Signals and Configurations for Peripheral I/F ()

(continued)

Pad Names at Device Level®@ () Peripheral I/F
Mode (PRU_ICSS_GPCFG0[29-26]
PR1_PRUO_GP_MUX_SEL = 1h)

PR<k> PRU<n>_GPI6

PR<k> PRU<n>_GPI7

PR<k>_PRU<n>_GPI8

PR<k> PRU<n>_GPI9 PERIFO_IN
PR<k>_PRU<n>_GPI10 PERIF1_IN
PR<k> PRU<n>_GPI11 PERIF2_IN
PR<k> PRU<n> GPI12

PR<k> PRU<n> GPI13

PR<k>_PRU<n>_GPI14

PR<k>_PRU<n>_GPI15

PR<k>_PRU<n>_GPI16

PR<k>_PRU<n> GPI17

PR<k>_PRU<n>_GPI18

PR<k>_PRU<n> GPI19

PR<k> PRU<n> GPOO PERIFO_CLK
PR<k>_PRU<n> GPO1 PERIFO_OUT
PR<k>_PRU<n>_GPO2 PERIFO_OUT_EN
PR<k>_PRU<n>_GPO3 PERIF1_CLK
PR<k>_PRU<n> GPO4 PERIF1_OUT
PR<k> PRU<n> GPO5 PERIF1_OUT_EN
PR<k> PRU<n> GPO6 PERIF2_CLK
PR<k> PRU<n> GPO7 PERIF2_OUT

PR<k>_PRU<n>_GPO8

PERIF2_OUT_EN

PR<k>_PRU<n>_GPO9

PR<k> PRU<n> GPO10

PR<k> PRU<n> GPO11

PR<k> PRU<n> GPO12

PR<k> PRU<n> GPO13

PR<k> PRU<n> GPO14

PR<k>_PRU<n>_GPO15

PR<k>_PRU<n>_GPO16

PR<k>_PRU<n>_GPO17

PR<k> PRU<n> GPO18

PR<k> PRU<n> GPO19

(1) Usage of the Peripheral Interface signals are not restricted to only ENDAT interfaces.

(2) Note: These signals are shared with the GP, MIl and Sigma Delta modes. To configure for
Peripheral I/F, PRU_ICSS_GPCFGO0[29-26] PR1_PRUO_GP_MUX_SEL needs to be set to 1h.

(3) Some devices may not pin out all 29 bits of R31 and all 32 bits of R30. For which pins are
available on this device, see PRUSS Environment. See the device-specific Data sheet for device

pin mapping.

* PERIF<m>_IN - RX input data
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* PERIF<m>_CLK - Clock (CLK_OUT) generated by the 1x (or TX) clock. The default value is 1.

* PERIF<m>_OUT - TX output data. The default value is 0.

« PERIF<m>_OUT_EN - TX enable output (1 = TX mode, 0 = RX mode). The default value is 0. Note: This
signal is auto controlled by hardware.

Figure 7-35. Peripheral I/F Block Diagram

7.3.5.2.2.3.6.2 PRU R30 and R31 Interface

The PRU uses the R30 and R31 registers to interface with the Peripheral I/F. Table 7-56 shows the R31 and R30
interface for the Peripheral I/F RX mode, and Table 7-57 shows the comparable interface for the TX mode.

Table 7-56. Peripheral I/F RX

Register |Bits Field name Description
R31 31-30 Reserved PRU Host Interrupts 1/0 from local INTC
29 ovf2 Overflow Flag for Channel 2. Write 1 to clear.
28 ovf1 Overflow Flag for Channel 1. Write 1 to clear.
27 ovf0 Overflow Flag for Channel 0. Write 1 to clear.
26 val2 Valid Flag for Channel 2. Write 1 to clear.
25 vall Valid Flag for Channel 1. Write 1 to clear.
24 val0 Valid Flag for Channel 0. Write 1 to clear.
23-16 rx_data_out2 Oversampled Data Output for Channel 2. Note: These bits are shared with the TX Interface.
When TX_FIFO has stopped transmission, RX data will be selected.
15-8 rx_data_out1 Oversampled Data Output for Channel 1. Note: These bits are shared with the TX Interface.
When TX_FIFO has stopped transmission, RX data will be selected.
7:0 rx_data_out0 Oversampled Data Output for Channel 0. Note: These bits are shared with the TX Interface.
When TX_FIFO has stopped transmission, RX data will be selected.
R30 31-27 Reserved
26 rx_en2 RX Enable for Channel 2.
Oh: Channel not enabled, all counters/flags will get reset
1h: Channel is enabled
25 rx_en1 RX Enable for Channel 1.
Oh: Channel not enabled, all counters/flags will get reset
1h: Channel is enabled
24 rx_en0 RX Enable for Channel 0.
Oh: Channel not enabled, all counters/flags will get reset
1h: Channel is enabled
23-0 Reserved
Table 7-57. Peripheral I/F TX
Register |Bits Field name Description
R31 31-30 Reserved
29-22 Reserved
21 tx_global_reinit_ac | Tx_global_reinit action has some latency do to clocking. This status shows if action is
tive/ busy2 completed.
1h: Active
Oh: Done
For non reinit case, this bit states that last bit is on tx wire. It does not mean the clock is off.
1h: Last bit is not done
Oh: Last bit on tx wire
Note that by using rx auto arm feature, the observation is lost at rx enable. This can be used to
determine when to enable rx during non-auto arm case.
20 tx_global_go TX global start of all channels.

Note: FIFO must not be empty. If empty, transmit will not start.
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Table 7-57. Peripheral I/F TX (continued)

Register |Bits

Field name

Description

19

tx_global_reinit

Reinit all channels into default mode. This clears all flags and state machines for all channels.
Note: Sequence should be assert tx_global_reinit then de-assert rx_en. This will ensure TX and
RX are in reset/default state. User must assert this after the frame has been sent and TX is not
busy.

18

tx_channel_go

TX start the channel transmit (selected by tx_ch_sel).
Note: FIFO must not be empty.

17

unr2

Under Run Flag for Channel 2. This flag is only set when the tx_frame_count is nonzero and
FIFO is empty at time to send data.

16

ovr2

Over Run Flag for Channel 2

15-14

Reserved

13

tx_global_reinit_ac
tive/ busy1

Tx_global_reinit action has some latency do to clocking. This status shows if action is
completed.

1h: Active

Oh: Done

For non reinit case, this bit states that last bit is on tx wire. It does not mean the clock is off.

1h: Last bit is not done

Oh: Last bit on tx wire

Note that by using rx auto arm feature, the observation is lost at rx enable. This can be used to
determine when to enable rx during non-auto arm case.

12-10

tx_fifo_sts1

TX FIFO occupancy status for Channel 1.
0 :0 Empty

1h: 1 word

2h: 2 words

3h: 3 words

4h: Full

5h-7h: Reserved

unr1

Under Run Flag for Channel 1. This flag is only set when the tx_frame_count is nonzero and
FIFO is empty at time to send data.

ovr1

Over Run Flag for Channel 1

7-6

Reserved

tx_global_reinit_ac
tive/ busy0

Tx_global_reinit action has some latency do to clocking. This status shows if action is
completed.

1h: Active

Oh: Done

For non reinit case, this bit states that last bit is on tx wire. It does not mean the clock is off.

1h: Last bit is not done

Oh: Last bit on tx wire

Note that by using rx auto arm feature, the observation is lost at rx enable. This can be used to
determine when to enable rx during non-auto arm case.

4-2

tx_fifo_stsO

TX FIFO occupancy status for Channel 0.
Oh: Empty

1h: 1 word

2h: 2 words

3h: 3 words

4h: Full

5h-7h: Reserved

unr0

Under Run Flag for Channel 0. This flag is only set when the tx_frame_count is nonzero and
FIFO is empty at time to send data.

ovr0

Over Run Flag for Channel 0

R30 31-21

Reserved
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Table 7-57. Peripheral I/F TX (continued)
Register |Bits Field name Description

20-19 clk_mode CLK_OUT mode.

Oh: Free-running/stop-low.

Clock will remain free-running until the receive module has received the number of bits
indicated in rx_frame_counter and then the clock will stop low.

1h: Free-running/stop-high (default).

Clock will remain free-running until the receive module has received the number of bits
indicated in rx_frame_counter and then the clock will stop high. Note: This is the default/reset
state, and a hardware reset or reinit will return clk_mode to this state. Note: The initial state of
the clock will be high, but the clock will not start until TX GO event.

2h: Free-run.

NOTE: You must do a reinit to get out of this clock mode then you can update clk_mode to a
different mode. Also if you do multiple TX GO, the 2nd go should have tst_delay and wire_delay
zero since the clock is free running after the first go.

3h: Stop high after transmit. Clock will run until the last TX bit is sent and stops high.

18 Reserved
17-16 tx_ch_sel TX channel select.
Oh: Channel 0
1h: Channel 1
2h: Channel 2
3h: Reserved
15-9 Reserved
7-0 tx_data TX data for FIFO.

Notes: FIFO transmits MSB first and is 32-bits deep. TX_FIFO_SWAP_BITS bit in the PRU-
ICSS CFG register space can be used to flip the load order of bits.

The FIFO has 2 modes of operation:

1. Preload and Go. This should be done for EnDAT and frames less than 32-bits.

2. Continuous mode. This should be done for frames bigger than 32-bits. In continuous mode,
software needs to keep up with the line rate and ensure that the FIFO is never empty. When the
FIFO is at 2 byte level, software needs to load the next 2 bytes. If software waits till the end of
the empty state, it is possible to get the TX into a bad state. The FIFO state can be recovered
via re-init.

Note
The PRU-ICSS CFG register space has additional registers for controlling the Peripheral I/F module.

7.3.5.2.2.3.6.3 Clock Generation
7.3.5.2.2.3.6.3.1 Configuration
The Peripheral I/F module has two source clock options, PRU_ICSS UART_CLK (default) and

PRU_ICSS_ICLK. There are two independent clock dividers (div16) for the 1x and oversampling (OS) clocks,
and each clock divider is configurable by two cascading dividers:

« [31-16] PRUO_ED_TX_DIV_FACTOR and [15] PRUO_ED_TX_DIV_FACTOR_FRAC for the 1x clock
+ [31-16] PRUO_ED_RX_DIV_FACTOR and [15] PRU0_ED_RX_DIV_FACTOR_FRAC for the OS clock

The 1x clock is output on the PERIF<m>_CLK signal. In TX mode, the output data is read from the TX FIFO
at this 1x clock rate. The default value of this clock is high and the start and stop conditions for this clock are
described in Section 3.5.2.2.3.6.3.2 Clock Output Start Conditions and Section 3.5.2.2.3.6.3.3 Stop Conditions.

In RX mode, the input data is sampled at the OS clock rate. Note: The OS clock rate divided by the 1x clock rate
must equal [2-0] PRUO_ED_RX_SAMPLE_SIZE.

Example clock rates and divisor values relative to the 192-MHz PRU_ICSS_UART_CLK source are shown in
Table 7-58.

Table 7-58. Clock Rate Examples for 192-MHz PRU_ICSSn_UART_GFCLK Clock Source

TX_DIV_FACTOR 1x Clock RX_DIV_FACTOR | RX_DIV_FACTOR_FRAC OS Clock Oversample Factor
12 16 MHz 1 1.5 128 MHz 8x
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Table 7-58. Clock Rate Examples for 192-MHz PRU_ICSSn_UART_GFCLK Clock Source (continued)

TX_DIV_FACTOR 1x Clock RX_DIV_FACTOR | RX_DIV_FACTOR_FRAC 0S Clock Oversample Factor
16 12 MHz 2 1 96 MHz 8x
24 8 MHz 3 1 64 MHz 8x
32 6 MHz 4 1 48 MHz 8x
48 4 MHz 6 1 32 MHz 8x
9% 2 MHz 12 1 16 MHz 8x
192 1 MHz 24 1 8 MHz 8x

7.3.5.2.2.3.6.3.2 Clock Output Start Conditions

This section describes the configurable start conditions for the PERIF<m>_CLK. The software can completely
control via PRU_ICSS_PRUO_ED_CHm_CFGO when bit [29] PRUO_ED_CLK_OUT_OVR_ENm = 1h (where n
=0or 1and m =0 to 2). By default however, the PRU hardware will control the clocks as described in the
following sections.

7.3.5.2.2.3.6.3.2.1 TX Mode (RX_EN = 0)

In TX mode, the PERIF<m>_CLK begins after the firmware loads the TX FIFO and sets either r31[20]
(tx_global_go) or r30[17-16] (tx_channel_go) to 1h. After the “go” bit is set, the delay1 (wire delay) compensation
counter for each channel begins. After delay1 is complete, PERIF<m>_CLK is driven low and then the delay2
(tst) counter begins. After the delay2 counter expires, the PERIF<m>_CLK starts running (first low and then
high). Therefore, first rising edge of PERIF<m>_CLK (measured from the go bit) = delay1 (tx wire delay) +
delay2 (tst_counter delay) + half of the 1x clock frequency (since the clock starts low).

Figure 7-36 shows the start condition for TX mode. As shown in the figure, the default value of clock is high. The
PRU-ICSS CFG register space has additional registers for controlling the TX start timing delay values:

* Delay 1: PRU_ICSS_PRUO_ED_CHm_CFGO0_REG[10-0] PRU0O_ED_TX_WDLYm (wheren=0o0r1and m =
0to2)

* Delay 2: PRU_ICSS_PRUO_ED_CHm_CFG1_REG[15-0] PRUO_ED_TST_DELAY_COUNTERm (where n =
Oor1and m=0to2)

tx_global_go or
tx_channel_go =1

Half of
first 1x clock

delay1 delay2

PERIF<m>_CLK

Figure 7-36. TX Mode Start Condition

7.3.5.2.2.3.6.3.2.2 RX Mode (RX_EN =1)

In RX mode, the PERIF<m>_CLK will start running whenever the RX_EN is set. Note that the PRU firmware in
this mode is responsible for any delay conditions.

The hardware can also auto-enable RX mode at the end of a TX transaction. The
PRU_ICSS PRUO_ED_CHm_CFG1_REG[31-16] PRUO_ED_RX _EN_COUNTERmM (where n=0o0r 1 and m
=0 to 2) is used to program a delay between the last TX bit sent and when the RX_EN is set.

7.3.5.2.2.3.6.3.3 Stop Conditions

The r30[20-19] (clk_mode[1:0]) value determines the stop condition for PERIF<m>_CLK. There are 4 options
available:
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clk_mode_value |Description
0 Stop low on last RX frame
1 Stop high on last RX frame
2 Run continuously
3 Stop high on last TX bit

The last RX frame is configured by PRU_ICSS_PRUO_ED_CHm_CFGO0_REG[27-16]
PRUO_ED_RX_FRAME_SIZEm, and the last TX bit is configured by
PRU_ICSS_PRUO_ED_CHm_CFGO0_REG[15-11] PRUO_ED_TX_FRAME_SIZEm (where n =0o0r 1 and m =
0 to 2). Each stop condition is shown in Figure 7-37 through Figure 7-40.

Last RX frame

/

PERIF<m>_IN —

PERIF<m>_CLK —

PERIF<m>_OUT_EN

Figure 7-37. PERIF<m>_CLK Stop High on Last RX Frame
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Last RX frame

|
|
|
|

PERIF<m>_IN ——
|
|
|
|
|

PERIF<m>_CLK e ——

PERIF<m>_OUT_EN

Figure 7-38. PERIF<m>_CLK Stop Low on Last RX Frame
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Last RX frame
|
|
|
|
PERIF<m>_IN —
|
|
|
|
|
PERIF<m>_CLK —
PERIF<m>_OUT_EN
Figure 7-39. PERIF<m>_CLK Run Continuously
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Last TX frame

/

PERIF<m>_OUT

PERIF<m>_CLK

PERIF<m>_OUT_EN

Figure 7-40. PERIF<m>_CLK Stop High on Last TX Bit

7.3.5.2.2.3.6.4 Three Peripheral Mode Basic Programming Model

The following programming models assume that the PRU is configured for 3 Peripheral Mode
(PRU_ICSS_GPCFGO0[29-26] PR1_PRUO_GP_MUX_SEL = 1h).

7.3.5.2.2.3.6.4.1 Clock Generation
Follow these steps to configure Peripheral I/F clocks using the HW control of the clock:

1. Select TX and RX clock sources:
a. PRU_ICSS PRUO_ED TX CFG _REG[4] PRUO_ED TX CLK SEL for the TX clock source
b. PRU_ICSS PRUO_ED RX CFG_REG[4] PRUO_ED_RX CLK_ SEL for the RX clock source

2. Configure the 1x (TX) clock frequency:
a. Write Division Factor to PRU_ICSS_PRUO_ED_TX_ CFG_REG[31-16] PRUO_ED_TX_DIV_FACTOR
b. Write Fraction division factor to PRU_ICSS PRUO _ED_TX CFG_REGISTER[15]
PRUO_ED_TX_DIV_FACTOR_FRAC

3. Configure the oversampling (RX) frequency and oversample size:
a. Write Division Factor to PRU_ICSS PRUO ED RX CFG REG[31-16] PRUO_ED RX DIV_FACTOR
b. Write Fraction division factor to PRU_ICSS_PRUO_ED RX CFG_REG[15]
PRUO_ED RX DIV_FACTOR_FRAC
c. Write RX oversample size to PRU_ICSS _PRUO_ED RX_CFG_REG[2-0]
PRUO_ED RX SAMPLE_SIZE

4. Select the clk_mode to configure how the PERIF<m>_CLK signal ends after TX/RX:
a. Write to r30[20-19] (clk_mode). Note: The clk_mode setting can also be changed per transaction.

5. Configure the wire, tst, and rx_en_counter delay values:
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a. PRU_ICSS_PRUO_ED_CHm_CFGO0_REG[10-0] PRUO_ED_TX_WDLYm for wire delay (where n = 0 or
Tand m=0to 2)

b. PRU_ICSS_PRUO_ED_CHm_CFG1_REG[15-0] PRUO_ED_TST_DELAY_COUNTERM for tst delay
(wheren=0o0r1and m=0to 2)

c. PRU_ICSS_PRUO_ED_CHm_CFG1_REG[31-16] PRUO_ED_RX_EN_COUNTER for auto-delay
between TX and RX (wheren=0o0or1and m =0 to 2)

7.3.5.2.2.3.6.4.2 TX - Single Shot

Follow these steps to configure the Peripheral I/F channel(s) for a single shot transmission:

1.

(Optional) Configure TX FIFO for MSB (default) or LSB:

a. PRU_ICSS_PRUO_ED_CHm_CFGO0_REG[31] PRUO_ED_TX_FIFO_SWAP_BITSm (where n =0 or 1
and m=0to 2)

Pre-load TX FIFO:

a. Select TX channel by writing the desired channel number to R30[17-16] (tx_ch_sel)

b. Write 1-4 bytes of data to r30[7-0] (tx_data). At each r30[7-0] write, data will be pushed into the FIFO.
c. Repeat Steps 2a and 2b for all desired channels.

Configure TX frame size if less than 4 full bytes loaded into FIFO:

a. PRU_ICSS_PRUO_ED_CHm_CFGO0_REG[15-11] PRUO_ED_TX_FRAME_SIZEm (where n =0 or 1 and
m =0 to 2)

Push TX FIFO data to PERIF<m>_OUT (see Section 3.5.2.2.3.6.3.2 for the PERIF<m>_CLK and
PERIF<m>_OUT start time relationship);
a. To start TX on all channels, set r31[20] = 1 (tx_global_go).
b. To start TX on individual channel:
i. Select TX channel by writing the desired channel number to R30[17-16] (tx_ch_sel)
i. SetR31[18] =1 (tx_channel_go)

If PRU_ICSS_PRUO_ED_CHm_CFG1_REG[31-16] PRUO_ED_RX_EN_COUNTERm > 0 (where n =0 or 1
and m = 0 to 2), then the channel will automatically switch into RX mode. See Section 3.5.2.2.3.6.4.4 for an
example of how to program and configure RX content.

If PRU_ICSS_PRUO_ED_CHm_CFG1_REG[31-16] PRUO_ED RX_EN_COUNTERmM = 0, poll either
r31[21, 13, or 5] (tx_global_reinit_active/busy[2,1,0]) or PRU_ICSS_PRUO_ED_TX CFG_REG[7, 6, or 5]
PRUO_ED_BUSY_m (where m = 0 to 2, indicates channel number) for when TX is complete

Note

The PERIF<m>_CLK Peripheral I/F requires that PERIF<m>_CLK be in a high state at the beginning

of a new transaction. If the clock ended the single shot transmission in low state, then the clock needs

to be reset before sending more data. The steps to reset PERIF<m>_CLK are:

1. Set R31[19] = 1 (tx_global_reinit) to reset clock high

2. Wait until PRUO_ED_BUSY_m bit is cleared

3. Re-configure R30[20-19] (clk_mode), since reinit will reset the clk_mode to "Free-running/stop-
high" mode

7.3.5.2.2.3.6.4.3 TX - Continuous FIFO Loading

Follow these steps to configure the Peripheral I/F channel(s) for a continuous loading transmission:

1.

2.

(Optional) Configure TX FIFO for MSB (default) or LSB:
a. PRU_ICSS PRUO _ED CHm_CFGO_REG[31] PRUO_ED TX FIFO_SWAP_BITSm

Pre-load TX FIFO:
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a. Select TX channel by writing the desired channel number to r30[17-16] (tx_ch_sel)
b. Write 1-4 bytes of data to r30[7-0] (tx_data). At each r30[7-0] write, data will be pushed into the FIFO.
c. Repeat Steps 2a and 2b for all desired channels.

Configure TX frame size to continuously transmit the TX FIFO until empty:
a. Set PRU_ICSS PRUO_ED_CHm_CFGO0_REG[15-11] PRUO_ED_TX_FRAME_SIZEm = Oh

Push TX FIFO data to PERIF<m>_OUT (see Section 3.5.2.2.3.6.3.2 for the PERIF<m>_CLK and
PERIF<m>_OUT start time relationship):
a. To start TX on all channels, set r31[20] = 1 (tx_global_go).
b. To start TX on individual channel:
i. Select TX channel by writing the desired channel number to r30[17-16] (tx_ch_sel)
ii. Setr31[18] =1 (tx_channel_go)

Monitor line rate and reload FIFO:

a. Polling r31[xx, 12-10, 4-2] (tx_fifo_sts<m>)

b. When FIFO level is at 2 bytes, load next 2 bytes of data (see Step 2). Do not let the FIFO get close to 0.
Once the FIFO runs empty, the hardware will assume the PRU has reached end of the last transmit. Any
new writes to the FIFO will NOT be sent until the software sends another tx_channel_go bit. Note: There
are also underrun and overrun error flags that can be monitored.

To end TX operation, do not send any new data to FIFO.

a. IfPRU_ICSS_PRUO_ED_CHm_CFG1_REG[31-16] PRUO_ED_RX_EN_COUNTERmM > 0 (where n =
0 or 1 and m = 0 to 2), then the channel will automatically switch into RX mode. See Section
3.5.2.2.3.6.4.4 for an example of how to program and configure RX content.

b. If PRU_ICSS_PRUO_ED_CHm_CFG1_REG[31-16] PRUO_ED_RX_EN_COUNTERmM = 0, poll either
r31[21, 13, or 5] (tx_global_reinit_active/busy[2,1,0]) or PRU_ICSS_PRUO_ED_TX_CFG_REG][7, 6, or
5] PRUO_ED_BUSY_m (where m = 0 to 2, indicates channel number) for when TX is complete

Note

The PERIF<m>_CLK Peripheral I/F requires that PERIF<m>_CLK be in a high state at the beginning

of a new transaction. If the clock ended the continuous loading transmission in low state, then the

clock needs to be reset before sending more data. The steps to reset PERIF<m>_CLK are:

1. Set R31[19] = 1 (tx_global_reinit) to reset clock high

2. Wait until PRUO_ED_BUSY_m is cleared

3. Re-configure R30[20-19] (clk_mode), since reinit will reset the clk_mode to "Free-running/stop-
high" mode

7.3.5.2.2.3.6.4.4 RX - Auto Arm or Non-Auto Arm

Follow these steps to configure the Peripheral I/F channel(s) to receive data:

1.

Configure RX and frame size:
a. PRU_ICSS PRUO_ED CHm_CFGO_REG[27-16] PRUO_ED_RX FRAME_SIZEm (where n =0 or 1
andm=0to2)

2. Configure start bit polarity:

a. PRU_ICSS_PRUO_ED RX_CFG_REG[3] RX_SB_POL (PRUO or PRU1)

b. For the non-auto arm use case, set r30[26, 25, 24] = 1 (rx_en<m>)

c. Forthe auto arm use case, rx_en<m> will be automatically enabled at the end of a TX operation when
PRU_ICSS_PRUO_ED_CHm_CFG1_REG[31-16] PRUO_ED_RX_EN_COUNTERmM > 0 (where n =0 or
1Tandm=0t1to02)

3. RXFIFO will start filling on the first start bit (PERIF<m>_IN = 1). The data will be captured on the positive
edge of the PERIF<m>_CLK and shifted into the LSB position of the 8-bit shadow register.
SPRUJB6B — NOVEMBER 2024 — REVISED MAY 2025 AM261x Technical Reference Manual 397

Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUJB6
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUJB6B&partnum=AM261x

Processors and Accelerators

13 TEXAS
INSTRUMENTS

www.ti.com

4. Poll for r31[26, 25, 24] (val<m>) assertion. The valid flag will be asserted when n bits of data (determined by
PRU_ICSS_PRUO_ED_RX_ CFG_REG[2-0] PRUO_ED_RX_ SAMPLE_SIZE) have been collected.

5. Fetch data by reading r31[23-16, 15-8, 7-0] (rx_data_out<m>). The data will remain constant for one data
frame, and PRU must read data and clear valid flag within this time. Otherwise, an overflow will occur —
r31[29, 28, 27] (ovf<m>) = 1 - indicating that val<m> has been continuously asserted for longer than one

data frame.

6. The clock will be stopped based on the r30[20-19] (clk_mode) configured before the start of the RX

operation.

7. Clear r30[26, 25, 24] (rx_en<m>) to disable RX mode. All counters and flags will be reset.

7.3.5.3 PRU-ICSS RAM Index Allocation

The PRU-ICSS module includes integrated ECC Aggregator module to test ECC functionality.
Table 7-59 shows the mapping of the RAM IDs to the ECC RAMs serviced by the ECC Aggregator.
Table 7-59. Mapping of the RAM IDs to the ECC RAMs

RAM Index ECC RAM Prefix Description
0 pr<k>_dramO Data RAMO (8KB)
1 pr<k>_dram1 Data RAM1 (8KB)
2 pr<k>_pru0_iram PRUO Instruction Memory (16KB)
3 pr<k>_pru1_iram PRU1 Instruction Memory (16KB)
4 pr<k>_ram Shared Data RAM2 (32KB)
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7.3.6 PRU-ICSS Broadside Accelerators
7.3.6.1 PRU-ICSS Broadside Accelerators Overview

The PRU-ICSS supports a broadside interface, which uses the XFR (XIN, XOUT, or XCHG) instruction to
transfer the contents of PRUn (where n = 0 or 1) registers to or from accelerators. This interface enables up
to 31 registers (R0-R30, or 124 bytes) to be transferred in a single instruction. This section details the various
accelerators that are available to the PRUn through the broadside interface.

Each of those functions have a unique XIN ID to determine which operation will occur. For more information see
Table 7-35.

7.3.6.2 PRU-ICSS Data Processing Accelerators Functional
7.3.6.2.1 PRU Multiplier with Accumulation (MPY/MAC)

This section describes the MAC (multiplier with accumulation) module integrated to PRUO/PRU1 cores.

Each of the two PRU cores (PRUO/PRU1) has a designated unsigned multiplier with accumulation (MPY/MAC).
The MAC supports two modes of operation: Multiply Only and Multiply and Accumulate.

The MAC is directly connected with the PRU internal registers R25-R29 and uses the broadside load/store PRU
interface and XFR instructions to both control and mode of the MAC and import the multiplication results into the
PRU.

The PRU MPY/MAC features are:

» Configurable Multiply Only and Multiply and Accumulate functionality via PRU register R25

» 32-bit operands with direct connection to PRU registers R28 and R29

*  64-bit result (with carry flag) with direct connection to PRU registers R26 and R27

* One clock cycle per operation

* PRU broadside interface and XFR instructions (XIN, XOUT) allow for importing multiplication results and
initiating accumulate function

7.3.6.2.1.1 PRU MAC Operations
7.3.6.2.1.1.1 PRU versus MAC Interface

The MAC directly connects with the PRU internal registers R25-R29 through use of the PRU broadside interface
and XFR instructions. Figure 7-41 shows the functionality of each register.
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Function Function
PRU -
Bit Bit
[0] loads current state of MAC_MODE XIN R25 XOUT [0] Loac_is MAC_MODE, if §et to “1”, the
[1] loads the current state of MAC mode /status MAC will perform one multiply and
ACC CARRY accumulate function.
- XIN R26 [1] write “1” clears ACC_CARRY
Lower 32 bit product Lower product
. XIN R27
Upper 32 bit product Upper product
R28 Auto-sampled 32 operands:
Operand Sampled every clock.
In MAC mode, the product
R29 Auto-sampled of R28*R29 will be added
Operand to the accumulator on
every XOUT of R25.
MAC <
XFR device ID for <
MPY/MAC =0
icss-022
Figure 7-41. Integration of the PRU and MPY/MAC

The XFR instructions (XIN and XOUT) are used to load/store register contents between the PRU core and the
MAC. These instructions define the start, size, direction of the operation, and device ID. The device ID number
corresponding to the MPY/MAC is shown in Table 7-60.

Table 7-60. MPY/MAC XFR ID

Device ID

Function

0

Selects MPY/MAC

The PRU register R25 is mapped to the MAC_CTRL_STATUS register (Table 7-61). The MAC’s current status
(MAC_MODE and ACC_CARRY states) is loaded into R25 using the XIN command on R25. The PRU sets the
MAC’s mode and clears the ACC_CARRY using the XOUT command on R25.

Table 7-61. MAC_CTRL_STATUS Register (R25) Field Descriptions

Bit

Field

Description

7-2

RESERVED

Reserved

ACC_CARRY

Write 1 to clear.
It is sticky.
It is set 0 cycles after the event.

Oh: 64-bit accumulator carry has not occurred
1h: 64-bit accumulator carry occurred

MAC_MODE

Oh: Accumulation mode disabled and accumulator is cleared
1h: Accumulation mode enabled

The two 32-bit operands for the multiplication are loaded into R28 and R29. These registers have a direction
connection with the MAC. Therefore, XOUT is not required to load the MAC. In multiply mode, the MAC samples
these registers every clock cycle. In multiply and accumulate mode, the MAC samples these registers every
XOUT R25[7-0] transaction when MAC_MODE = 1.

The product from the MAC is linked to R26 (lower 32 bits) and R27 (upper 32 bits). The product is loaded into

register R26 and R27 using XIN.
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7.3.6.2.1.1.2 Multiply only mode(default state), MAC_MODE = 0

The Figure 7-42 summarizes the MAC operation in "Multiply-only"mode, in which the MAC multiplies the
contents of R28 and R29 on every clock cycle.

R28 R29 R27 R26
32-bit operand 32-bit operand Upper 32-bit product Lower 32-bit operand
Multiply mode
' sampled every clock cycle XIN
------------------- » MAC
icss-023

Figure 7-42. MAC Multiply-only Mode- Functional Diagram

7.3.6.2.1.1.2.1 Programming PRU MAC in "Multiply-ONLY" mode

The following steps are performed by the PRU firmware for multiply-only mode:
1. 1. Enable multiply only MAC_MODE.

a. (a) Clear R25[0] for multiply only mode.
b. (b) Store MAC_MODE to MAC using XOUT instruction with the following parameters:

* DevicelD=0
+ Base register = R25
+ Size=1

2. 2. Lload operands into R28 and R29.
3. 3. Delay at least 1 PRU cycle before executing XIN in step 4.
4. 4. Load product into PRU using XIN instruction on R26, R27.

Repeat steps 2 and 4 for each new operand.

7.3.6.2.1.1.3 Multiply and Accumulate Mode, MAC_MODE = 1

The Figure 7-43 summarizes the MAC operation in "Multiply and Accumulate" mode. On every XOUT
R25 REGQG[7-0] transaction, the MAC multiplies the contents of R28 and R29, adds the product to its
accumulated result, and sets ACC_CARRY if an accumulation overflow occurs.

R28 R29 R27 R26
32-bit operand 32-bit operand Upper 32-bit product Lower 32-bit operand
1 Multiply and Accumulate mode
. sampled every XOUT of R25 IN
R il » MAC
icss-024

Figure 7-43. MAC Multiply and Accumulate Mode Functional Diagram

7.3.6.2.1.1.3.1 Programming PRU MAC in Multiply and Accumulate Mode
The following steps are performed by the PRU firmware for multiply and accumulate mode:

1. Enable multiply and accumulate MAC_MODE.
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(a) Set R25[1-0] = 1 for accumulate mode.
(b) Store MAC_MODE to MAC using XOUT instruction with the following parameters:

-DeviceID=0
- Base register = R25
- Size =1

2. Clear accumulator and carry flag.

(a) Set R25[1-0] = 3 to clear accumulator (R25[1]=1) and preserve accumulate mode (R25[0]=1).

(b) Store accumulator to MAC using XOUT instruction on R25.

3. Load operands into R28 and R29.

4. Multiply and accumulate, XOUT R25[1-0] = 1

Repeat step 4 for each multiply and accumulate using same operands.

Repeat step 3 and 4 for each multiply and accumulate for new operands.

5. Load the accumulated product into R26, R27, and the ACC_CARRY status into R25 using the XIN instruction.

Note

Steps one and two are required to set the accumulator mode and clear the accumulator and carry flag.
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7.3.6.2.2 PRU CRC16/32 Module
Each of the PRUO/PRU1 cores have a designated CRC16/32 module.

In general, CRC adds error detection capability to communication systems. The CRC encoder appends
redundant bits (or CRC bits) to the systematic data message. During reception of the data message, the
received data is also encoded with the same CRC encoder. The 2 sets of CRC bits are compared together. If

they match, there were no transmission errors; and if they don’t match, a transmission error has been detected.

CRC16/32 supports the following features:
» Supports CRC32:
X324 %264 %234 32245 16431245 145 104 3By Ty By by 2y i 4
*  Supports CRC16:
x164x154x2+1
» Supports CRC16 - CCITT:
x164x124%5+1
* PRU broadside interface and XFR instructions (XIN, XOUT) allow for importing CRC results and executing
accumulate function

7.3.6.2.2.1 PRU and CRC16/32 Interface

The CRC16/32 module directly connects with the PRU internal registers R25-R29 through use of the PRU
broadside interface and XFR instructions. Table 7-62 shows the functionality of each register.

The XFR instructions (XIN/XOUT/XCHG) are used to load/store register contents between the PRU core and the

CRC16/32 module. These instructions define the start, size, direction of the operation, and device ID. The XFR
device ID number corresponding to the CRC16/32 module is 1.

Table 7-62. CRC Register to PRU Port Mapping

CRC Register R/W Description PRU Mapping

CRC_CFG W Always write all 4 bytes. R25
bit [0] CRC32_ENABLE:
0: CRC16 mode is selected. Hardware will auto-set init state of
CRC_SEED to 0000_0000h. However, for CRC16-CCITT software will
need to write the init state of FFFF_FFFFh to CRC_SEED. Note: The
CRC16 result value is only 16-bits.
1: CRC32 mode is selected. Hardware will auto-set init state of
CRC_SEED will be FFFF_FFFFh.
bit [1] CRC_32B_NOT_EMPTY:
0: CRC 32Byte buffer is empty
1: CRC 32Byte buffer is not empty
bit [2] CRC16_MOD_ENABLE:
0: CRC16 (x"6+x15+x2+1)
1: CRC16-CCITT (x"6+x'2+x5+1 ) - Note: CRC32_ENABLE field must =
0.

CRC_DATA_8 BFLIP R 8-bit flip of CRC_DATA. CRC_DATA_8_BFLIP has the same byte order R27
as CRC_DATA[31-0], but each byte has all bits flipped.
CRC_DATA_32_FLIP[7-0] = CRC_DATA[0-7]
CRC_DATA_32_FLIP[15-8] = CRC_DATA[8-15]
CRC_DATA_32_FLIP[23-16] = CRC_DATA[16-23]
CRC_DATA_32_FLIP[31-24] = CRC_DATA[24-31]
For CRC16, only CRC_DATA_8 BFLIP[15-0] are valid. No auto reset
on CRC_DATA_8_BFLIP read.

CRC_SEED w CRC SEED value. R28
Hardware will auto-initialize the CRC_SEED value to 0000_0000h for
CRC16 and FFFF_FFFFh for CRC32. Software only needs to initialize
CRC_SEED if a different default value is required. For CRC16-CCITT,
software needs to update initial CRC_SEED value to FFFF_FFFFh.
Always write 4 bytes.
Note: Reading the CRC_DATA register will reset the CRC value to the
CRC_SEED state.
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Table 7-62. CRC Register to PRU Port Mapping (continued)
CRC Register R/IW Description PRU Mapping
CRC_DATA_32_BFLIP R Full 32-bit flip of CRC_DATA R28

CRC_DATA_32_BFLIP[0] = CRC_DATA[31] ...
CRC_DATA_32_BFLIP[31] = CRC_DATA|0]

For CRC16, only CRC_DATA_32_BFLIP[31-16] are valid.
No auto reset on CRC_DATA_32_BFLIP read.

CRC_DATA RW For Write, must use a fixed width throughout the session. The CRC R29
module supports lower 8-bit, or lower 16-bit, or full 32-bit data widths.
For Read, LSB or CRC_DATAJ[0] is first bit on the wire.
For Read, reset the CRC_DATA back to CRC_SEED state.
Note: Firmware must add 1 to 2 NOPs after the last XOUT to the XIN.
For CRC16, only CRC_DATA[15-0] is valid.

7.3.6.2.2.2 CRC Programming Model
The following steps are performed by the PRU firmware to use the CRC module:
Step1: Configuration (optional)

1. Configure CRC type:
For CRC32 operation, set CRC32_ENABLE using XOUT instruction with the following parameters:
* DeviceID=1
» Base register = R25
+ Size=1
2. Update CRC_SEED, if required using XOUT with the following parameters:
* DeviceID=1
» Base register = R28
+ Size=1to4

Step 2:

1. Load new CRC data into R29

2. Push CRC data to the CRC16/32 module using XOUT with the following parameters:

* Device ID =1

+ Base register = R29

+ Size=1to4

1 or 2 NOPS

Load the accumulated CRC result into the PRU using the XIN instruction with the following parameters:
* DeviceID =1

+ Base register = R29

+ Size=4

B w

Repeat Step 2, numbers 1 and 2 for each new CRC data.

Note

When a session starts, the PRU firmware must use the same write data width throughout the session.

7.3.6.2.2.3 PRU and CRC16/32 Interface (R9:R2)

The PRU-ICSS system implements a new wide 32-Bytes data path. The firmware can perform one XOUT of
32-Bytes, the hardware will feed the CRC16/32 4-Bytes at a time. This will take 20 clock cycles for CRC16 and
12 clock cycles for CRC32 for a 32-Bytes XOUT.

Table 7-63. PRU Register to XFR Mapping

PRU Register XFR ID Domain/Function Description
R9:R2 Data 1 Data XOUT Only
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Table 7-63. PRU Register to XFR Mapping (continued)
PRU Register XFR ID Domain/Function Description
1-Byte to 32-Bytes in size

LSB packed and no gaps, for example:
32-Bytes push R9:R2

16-Bytes push R5:R2

4-Bytes push R2

7-Bytes push R3(b2.b0):R2

1-Bytes push R2(b0)
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7.3.6.2.3 PRU-ICSS Scratch Pad Memory

The PRU-ICSS supports a scratch pad with up to four independent banks accessible by the PRU cores. The
PRU cores interact with the scratch pad through broadside load/store PRU interface and XFR instructions. The
scratch pad can be used as a temporary place holder for the register contents of the PRU.

7.3.6.2.3.1 PRUO/1 Scratch Pad Overview
The PRU-ICSS scratch pad supports the following features:

* PRUO and PRU1 cores have three Scratch Pad banks of 30, 32-bit registers (R29 to R0)
» Flexible load/store options:
— Load/store one byte of R<n> or load/store (R29 to R0) to Bank0, Bank1, Bank2 or Bank3
— User-defined start byte and length of the transfer
— Length of transfer ranges from one byte of a register to the entire register content (R29 to R0)
— Simultaneous transaction supported between PRUO <-> Bank<n> and PRU1 <-> Bank<m>
*  XFR (XIN/XOUT/XCHG) instructions operate in one clock cycle
» Optional XIN/XOUT shift functionality allows remapping of registers (R<n> -> R<m>) during load store
operation

Figure 7-44 shows a simplified model of the Scratch Pad and PRU cores integration.

Scratch-Pad Memory (SPAD)
Bank0
RO
R1
R2
R28
R29
PRUO & ° PRU1
e Bank1 S
RO 5 5 RO
R1 £ RO = R1
R2 o ||« > R1 —> o R2
z R2 7
@ @ —
R28 8 3
o R28 <]
R29 £ R 2 R29
Bank2
RO
R1
R2
R28
R29

icss-025

Figure 7-44. Scratch Pad and PRU Integration

7.3.6.2.3.2 PRUO /1 Scratch Pad Operations

XFR instructions are used