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Read This First
About This Manual

Notational Conventions

This document uses the following conventions.
» Hexadecimal numbers can be shown with the suffix h or the prefix Ox. For example, the following number is

40 hexadecimal (decimal 64): 40h or 0x40.

» Registers in this document are shown in figures and described in tables.

— Each register figure shows a rectangle divided into fields that represent the fields of the register. Each field
is labeled with its bit name, its beginning and ending bit numbers above, and its read/write properties with
default reset value below. A legend explains the notation used for the properties.

— Reserved bits in a register figure can have one of multiple meanings:

» Not implemented on the device
» Reserved for future device expansion
* Reserved for Tl testing
» Reserved configurations of the device that are not supported
— Writing nondefault values to the Reserved bits could cause unexpected behavior and should be avoided.
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Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

Related Documentation

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.

HD Radio™ is a trademark of iBiquity Digital Corporation.

HyperBus™ is a trademark of Mobiveil Inc.

Arm® and Thumb® are registered trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
Cypress® is a registered trademark of Cypress Semiconductor Corporation.

All trademarks are the property of their respective owners.
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Introduction

1.1 Overview

This chapter introduces the features, subsystems, and architecture of the AM275 device.

1.2 Module Allocation and Instances within Device Domains

AM275 has three kind of domains, and each domain has a specific set of modules, configuration functions, and
resets. The below list and table give an quick introduction to domains and modules.

* MAIN: Provides high-performance computing cores including to digital signal processors and audio related

modules

*  WKUP: Also known as Wake Up. This is the primary domain for Device Manager and safety.
» Top Level: This TRM uses the prefix of "MCU_" for items that refer to the device as a whole instead of a

specific domain.

Module Full Name Module Abbreviation Device Domain
MAIN Top Level WKUP
Audio Asynchronous Sample Rate AASRC 2
Converter
Analog-to-Digital Converter ADC 1
Audio Tracking Logic ATL 1
DSPO - C7x with MMA C7X256V 1
DSP1 - C7x C7X256V 1
Ethernet Switch CPSW 1
Dual Clock Comparator DCC 9 2
Data Movement Subsystem DMSS 1
Enhanced Capture Module ECAP 6
Enhanced Pulse Width Modulation EPWM 3
Module
Error Signaling Module ESM 1 1
Flash Subsystem FSS 2
General Purpose Input/Output GPIO 2 1
Global Time Counter GTC 1
Inter-Integrated Circuit 12C 7 1
Single-Core Arm Cortex - R5F R5FSS 1
Subsystem
Dual-Core Arm Cortex -R5F Subsystem |R5FSS 2
Real Time Interrupt RTI 6 1
Interprocessor Communication - Mailbox | MAILBOX 1
Controller Area Network Interface MCAN 5
Multi-Channel Audio Serial Port MCASP 5
Memory Cyclic Redundancy Check MCRC 1
Controller
Multi-Media Card/Secure Digital MMCSD 1
Interface
Peripheral DMA PDMA 8
Serial Peripheral Interface SPI 5
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Interprocessor Communication - SPINLOCK 1

Spinlock

Dual-Mode Timer TIMER 16 2

Universal Asynchronous Receiver/ UART 7 1

Transmitter

Universal Serial Bus Subsystem uUsB 1

For more detailed view of domains, please refer to the Interconnect chapter

1.3 Functional Block Diagram

AM275x
Application Processing DSP Processing Device Manager

Arm® Arm® C7?<SZP506V DSP1 Arm®
®._ ®_ (8
Cortex®-R5F Cortex®-R5F MMA2E C7x 256V Cortex®-R5F

Arm® Arm® Memory
Cortex®-R5F | Cortex®-R5F Subsystem

S,

(S
e T T T
S T T T

Connectivity

2Xx Gb Ethernet w/ 1588 8x12C 8-bit MMC/SD
5x CAN-FD 1x 12-bit ADC
System Services
Boot

6MB Shared SRAM

128KB TCM with ECC
64KB per core

167x GPIO

8x UART up to 12Mbps

System ——

Manager Monitor

1.4 Device MAIN Domain

This section describes the modules integrated in the device MAIN domain.
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1.4.1 Audio Asynchronous Sample Rate Converter

Instantiated in MAIN domain two Audio Asynchronous Sample Rate Converter (AASRC) module supports the
following main features:

* High performance Asynchronous Sample Rate Converter with 140dB Signal-to-Noise (SNR)

* Supports up to 16 audio channels - 8 input and 8 output stereo streams

* 4 input and output clock zones

» Support for input and output audio sample rates from 8 kHz to 216 kHz

» Automatically sensing/detection of input sample frequencies

» Attenuation of sampling clock jitter

* Support of 16-, 18-, 20-, 24-bit data input/output

* Supports Input/output sampling ratios from 16:1 to 1:16

* 128 sample input and 32 sample output FIFO for each channel

* Supports system clock more than or equal to 200 MHz

» Support of group mode, where multiple AASRC blocks use the same timing loop for input or output
* Linear phase FIR filter

» Controllable soft mute

» Separate DMA events for input and output, for each channel and group

* Interrupts for input, output, and error for channels and groups of channels

* Independent clock generator for each input and output clock zone

* Independent rate and stamp generator for each input and output clock zone

1.4.2 Analog-to-Digital Converter

The Analog-to-Digital Converter (ADC) module contains a single 12-bit ADC which can be multiplexed to any 1
of 8 analog inputs (channels) and supports the following main features:

* 4 MSPS rate with a 60 MHz sample clock

» Single-ended or differential input options

» ADC module can be configured and transformed into digital test inputs

* Programmable 16 steps Finite State Machine (FSM) sequencer

1.4.3 Audio Tracking Logic

The Audio Tracking Logic (ATL) module, which is used by HD Radio™ applications to synchronize the digital

audio output to the baseband clock, supports the following main features:

» Contains four ATL instances, for HD Radio support and asynchronous sample rate conversion assistance

» Each instance tracks the time error between two syncs (local Audio Word Select [AWS] and Baseband Word
Select [BWS])

+ Each instance selects between 8 mux choices for BWS and 8 mux choices for AWS

» Each instance generates modulated ATCLK clock signals with software-initiated pulse stealing

» Selection between interface or functional clock to run error counting timers and to derive modulated clock
outputs

» Clock and reset management: receives clock and reset signals from the device PSC module

* Hardware reset

* Local software reset

1.4.4 DSP C7x

Single or Dual Core DSP C7x256V (DSP C7x) Subsystem has the following features:
* C7xISA and RISC-V G ISA extensions
— Vector DSP, 40 GFLOPS
— 256-bit vector width
* L1 memory architecture
— 32KB I-cache
— 64KB D-cache
* L2 memory architecture

— Repurposing of L2/EL2 embedded memory for use by SOC resources when C7x/MMA/DRU are disabled
— 2.25MB L2 with ECC protection on L2 SRAM which is managed as 2MB segment named "Main" and
256KB segment named "Auxiliary". A continuous L2 memory view via tie off.
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— Unified Memory Controller (UMC) facilitates L2 SRAM accesses from CPU and SOC (DMAs) as well as
EMIF accesses from CPU.

— Full ECC Support with RMW

— DRU (DMA engine) integrated that facilitates data transfer between L2, VPAC and EMIF.

» Event bus interface integrates with SOC DMSS
» Tightly coupled with C7x/MMA (DRU is not available for use when the C7x/MMA is disabled)
* Interrupts

— Local event controller (CLEC) integrated within CorePac for routing and handling of DRU interrupts, CPU

generated IPC events to SOC, interrupts coming from SOC
» Security

— Support for C7x Authenticated Boot. Security is in-context during boot to facilitate the authentication and
loading of the C7x image. (per approved CR: PROC_SOC-4890 )

— C7x native security level (TrustZone equivalent) is not supported on the device, and the core executes
code in non-secure state of C7x. The secure sideband signal (output) from the C7x data plane initiator
interface can be left floating.

— The C7x L2 SRAM (UMC) can not be used for storing security content as there is no protection of UMC
memory from C7x. In a threat scenario, the C7x can be activated if in reset to execute malicious code to
access data in UMC thereby defeating a protection for security data in UMC.

— No security can be inferred from DRU as this IP is out of scope for security.

— TrustZone debug controls (DBGEN, NIDEN, SPIDEN, SPNIDEN) are supported

« Safety

— Support for reporting safety errors to SOC via interrupt
* Debug

— Independent debug interface supporting access to embedded features
— Debug features include: Core debug, Advanced Event Triggering, Trace, CTSETs, and an embedded CP
Tracer Aggregator with bus probes on internal memory interfaces
*  Power Management
— Support for granular gated clock domains to support low power modes and to support memory interface
utilization while IP disabled.

» Dedicated PLL for full flexibility in performance and power trade-offs
» Dedicated windowed watchdog timer per core
» DSPO0 C7x supports Deep-learning Matrix Multiply Accelerator (MMAZ2F) with floating support

1.4.5 3-port Gigabit Ethernet Switch (CPSW3G)

Integrated in MAIN domain: One instance of the 3-port Gigabit Ethernet Switch (CPSW3G) subsystem provides

Ethernet packet communication for the device. The CPSW3G subsystem provides the following main features:

» Two external Ethernet ports with selectable RGMII and RMII interfaces and one internal Communications
Port Programming Interface (CPPI) port.

* Synchronous 10/100/1000 Mbit operation

* Flexible logical FIFO-based packet buffer structure

« Support of eight priority level Quality Of Service (QOS) - 802.1p

» Support for Audio/Video Bridging (P802.1Qav/D6.0 and 802.1Qaz)

» Ethernet port reset isolation

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

« Differentiated Services Code Point (DSCP) Priority Mapping (IPv4 and IPv6)

« IPV4/IPV6 UDP/TCP checksum offload

* Priority Based Flow Control (801.1QBB) and Flow Control (802.3x) Support

*  Wire rate switching (802.1d)

« Store and Forward Switching

* Non-Blocking switch fabric

» Support of Time Sensitive Network - IEEE P902.3br/D2.0 Interspersing Express Traffic and IEEE 802.1Qbv/
D2.2 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)
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Maximum frame size of 2020 bytes

Management Data Input/Output (MDIO) module for PHY Management

Host port CPPI Streaming Packet Interface

Emulation support

Chip-to-Chip direct MAC interconnect via RGMII

— For enabling on board chip-to-chip connectivity, PHY less MAC-MAC interface utilizing CPSW3G shall be
supported via RGMII. This configuration shall be fully verified and validated.

1.4.6 Dual Clock Comparator

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

— 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

1.4.7 Data Movement Subsystem (DMSS)

Integrated in the MAIN domain: One Data Movement Subsystem (DMSS) can be used for efficient transfer of
data support between software, firmware, and hardware in all combinations. It consists of the following main
modules:

Packet DMA Controller

Block Copy DMA Controller

Ring Accelerator provides hardware acceleration to enable straightforward passing of work between a

producer and a consumer and has the following main features:

— Supports up to 20 independent memory-mapped ring structures

— Supports various modes for each ring based on usage and compatibility

— Provides single-word deep shared incoming Transfer Response FIFO

— Provides bit-wide source VBUSM read/write target interface for accesses from DMA controller entities

Secure proxy module is a modified version of the proxy module and in addition has the following main

features:

— Provides proxy function to store large data bursts that a host can only access in smaller amounts

— Supports a configurable number of threads, where each has their own independent proxy function

— Keeps the large data burst coherent until the complete data has been accessed

— Allows for interleaved access between multiple hosts or tasks using multiple proxy threads

— Supports a configurable target resource. The target has a configurable number of channels, size of each
channel and base address

— Supports a programmable fixed queue for each proxy thread

— Supports multiple producers all writing to the same queue

— Supports programmable thresholds for when to generate events

— Supports a max message count for outbound proxy threads limiting the number of messages a thread can
produce

— Optionally supports dynamic clock gating

Interrupt Aggregator modules provide a centralized machine which handles the termination of system events

to that they can be coherently processed by the host(s) in the system. Main features are as follows:

— 64-bit VBUSP target using 64-bit registers

— Provide a set of Tl Interrupt Architecture compliant interrupt status and mask registers which are used to
pass specific event status to one or more host blocks.

— Provides an optional set of Unmapped event (UNMAP) which can take an 'unmapped' event from the
ingress ETL and generate a Global event on the egress Event Transport Lane (ETL) interface.

— Provides an optional set of Global Event Input (GEVI) counters which can count events delivered via an
ingress Event Transport Lane (ETL)
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— Provides an optional set of Local Event Input (LEVI) to Global event registers which can be used to
convert pulsed discrete interrupt inputs or clock synchronous rising edge events into Global events on an
egress ETL

— Provides an optional set of Global Event Input (GEVI) 'Multicast' registers which can take a Global event
from an ingress ETL and generate two egress Global events on two egress ETL interfaces

1.4.8 Enhanced Capture Module (ECAP)

Integrated in MAIN domain: Six Enhanced Capture (ECAP) modules provide accurate timing for different events.

When not being used for event capture, its resources can be used to generate a single channel of asymmetrical

PWM waveforms (configurable as either one capture input, or as one auxiliary PWM output). Each ECAP

module supports the following main features:

* 32-bit time base counter

* 4 x 32 bits event time-stamp capture registers

» 4 stage sequencer (Mod4 counter), synchronized to external events

* Independent edge polarity selection for up to four sequenced time-stamp capture events

* Input capture signal pre-scaling (from 1 to 16)

» Interrupt capabilities on any of the four capture events

» Support of different capture modes (single shot capture, continuous mode capture, absolute timestamp
capture or delta mode time-stamp capture)

1.4.9 Enhanced Pulse-Width Modulation Module (EPWM)

Integrated in MAIN domain: Three Enhanced Pulse-Width Modulation (EPWM) modules, each with the following

main features:

» Dedicated 16-bit time-base counter with period and frequency control

* Two independent PWM outputs that can be used in different configurations (with single-edge operation, with
dual-edge symmetric operation or one independent PWM output with dual-edge asymmetric operation)

* Asynchronous override control of PWM signals during fault conditions

* Programmable phase-control support for lag or lead operation relative to other EPWM modules

» Dead-band generation with independent rising and falling edge delay control

* Programmable trip zone allocation of both latched and un-latched fault conditions

» Events enabling to trigger both CPU interrupts and start of ADC conversions

1.4.10 Error Signaling Module (ESM)

Error Signaling Module (ESM) for safety-related events and/or errors aggregation from throughout the device
into one location supports the following main features:

« Selectable low and high priority interrupt error pin prioritization of each error event

* Up to 1024 level or pulse error event inputs

» 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

1.4.11 Flash Subsystem (FSS) Peripheral

Integrated in MAIN domain is two different Flash Subsystem (FSS) providing access to external memory devices
via Octal Serial Peripheral Interface (OSPI) along with encryption/decryption and in-line ECC protection. To
summarize:

+ OSPIL_0 (FSS0)
— Supports Tl OptiFlash, including XIP, for external flash devices
* OSPI_1(FSS1)
— Supports HyperRAM based external RAM devices
— OR: Supports standard external flash device operation (i.e no OptiFlash)
— OR: Supports standard external RAM device operation

Separately, the FSS supports the following main features:
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« FSSO

- FS

4Gbytes memory address support

Firmware Over The Air (FOTA) accelerator functionality to support configuration and data interface access
to flash Controller (OSPI)

Support for single, dual, quad (Quad-SPI mode) or octal (on Octal-SPI0 only) I/O instructions

Support for OptiFlash

In Quad-SPI and Octal-SPI modes, support single data rate up to 166MHz SDR

Memory mapped ‘direct’ mode of operation for performing flash data transfers and executing code from
flash memory

Software triggered 'indirect' mode of operation for performing low latency and non-processor intensive
flash data transfers

Local SRAM of configurable size to reduce advanced high-performance bus overhead and buffer flash
data during indirect transfers

Set of software advanced peripheral bus accessible flash control registers to perform any flash command,
including data transfers up to 8-bytes at a time

Additional addressable memory bank to accommodate more than 8-bytes at a time.

Support for XIP, sometimes referred to as continuous mode.

Programmable device sizes

Programmable write protected regions to block system writes from taking effect

Programmable delays between transactions

Legacy mode allowing software direct access to low level transmit and receive FIFOs, bypassing the
higher layer processes

An independent reference clock to decouple bus clock from SPI clock — allows slow system clocks
Programmable baud rate generator to generate OSPI clocks

Features included to improve high speed read data capture mechanism

Option to use adapted clocks or DQS to further improve read data capturing

Programmable interrupt generation

Up to four external device selects - OSPI and QSPI devices can be mixed

Programmable data decoder, enables continuous addressing mode for each of the connected devices and
auto-detection of boundaries between devices

Supports BOOT mode

Bidirectional CRC on Multiple-SPI

Handling ECC errors for flash devices with embedded correction engine

Full integration with PHY module dedicated to more flexible and power efficient transfers

Supports RESET_OUT[1-0] and ECC_FAIL pins for external flash devices where ECC is checked on the
flash

Automatic Flash device status polling for programming operation (Auto HW Polling)

S1

Secondary OSPI supports

» 32-byte block (BC) operation

+ ECC

OSPIs support single, dual, quad, or octal SPI devices

OSPIs support up to 4 devices

HyperBus interface supports up to 2 devices

The OSPIs and HyperBus interface have independent power management for low power operations
Support for XIP, sometimes referred to as continuous mode.

1.4.12 General Purpose Input/Output Interface (GPIO)

Integrated in MAIN domain: General Purpose Input/Output (GP1O) module that provide dedicated general-
purpose pins that can be configured as either inputs or outputs. The GPIO module main features include:
» Support of 9 banks x 16 GPIO pins

» Support of up to 9 banks of interrupt capable GPIOs

* Interrupts can be triggered by rising and/or falling edge, specified for each interrupt capable GPIO pin

» Set/clear functionality per individual GPIO pin
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1.4.13 Inter-Integrated Circuit Interface (12C)

Integrated the device are instances of the multi-controller Inter-Integrated Circuit (12C) interface module, each
with the following main features:

1x Instance with open-drain voltage buffers in compliance with the Philips I12C-bus specification version 2.1
Support of standard mode (up to 100 Kbps) and fast mode (up to 400 Kbps)

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 fixed size of 32 bytes.

Support of Auto Idle, Idle Request/Idle Acknowledge handshake, and Asynchronous wake-up mechanisms

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

Armv7-R architecture
R5FSS Memory System

— 32KB Instruction Cache
* 4x8KB ways
+ SECDED ECC protected per 64 bits
— 32KB Data Cache
*  4x8KB ways
+ SECDED ECC protected per 64 bits
— 64KB tightly-coupled memory (TCM) per CPU
+ SECDED ECC protected per 32 bits
» TCM hard error cache Implemented in CPU
» Readable/writable from system
* TCMs initialized (to 0's) at reset
+ 32KB TCMA (ATCM)
+ 16KB TCMBO (BOTCM)
+ 16KB TCMB1 (B1TCM)
Full-precision Floating Point (VFPv3)
16-region Memory Protection Unit (MPU)
8 breakpoints, 8 watch points
CoreSight Debug Access Port (DAP)
CoreSight ETM-RS5 interface (CTI, ETM)
Performance Monitoring Unit (PMU)
32-bit to 36-bit Region-based Address Translation (RAT) on memory access initiators
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
MAIN Domain R5FSSs are dual core and are also known as MCUSS

Note
COREO has 64KB of TCM.

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

1.4.15 Mailbox (MAILBOX)

Integrated in MAIN domain: One Mailbox (MAILBOX) module to facilitate the communication between the

various on-chip processor cores of the device by providing a queued one-way mailbox-interrupt mechanism with

senders and receivers. The MAILBOX has the following main features:
* 1Ixclusters

* 32-bit message width

* Message reception and queue-not-full notification using interrupts

* Non-intrusive emulation

* Generic (up to 16) mailbox fifos per cluster

* Generic (up to 64) maximum number of messages per mailbox fifo

1.4.16 Controller Area Network (MCAN)
