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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.

The TRM should not be considered a substitute for the data manual, rather a companion guide that should
be used alongside the device-specific data manual to understand the details to program the device. The
primary purpose of the TRM is to abstract the programming details of the device from the data manual.
This allows the data manual to outline the high-level features of the device without unnecessary
information about register descriptions or programming models.

Notational Conventions

This document uses the following conventions.

» Hexadecimal numbers may 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.
Glossary
Tl Glossary —This glossary lists and explains terms, acronyms, and definitions.

Related Documentation From Texas Instruments
For product information, visit the Texas Instruments website at http://www.ti.com.

SPNA106— Initialization of Hercules™ ARM® Cortex®-R4F Microcontrollers Application Report.
Provides a brief overview and initialization procedure of the TMS570LS31x series and the RM4x
series of microcontrollers in the Hercules family.

SPNS229— RM44Lx 16- and 32-Bit RISC Flash Microcontroller Data Manual.

SPNU551— Safety Manual for RM46x Hercules™ ARM® Safety Critical Microcontrollers User's Guide. A
safety manual for the Texas Instruments Hercules safety critical microcontroller product family. The
product family utilizes a common safety architecture that is implemented in multiple application
focused products.
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SPNU566— RM46x Hercules™ Development Kit (HDK) User's Guide. Describes the board level
operations of the RM46 Hercules Development Kit (HDK). The HDK is based on the Texas
Instruments RM46L852 Microcontroller. The RM46 HDK is a table top card that allows engineers
and software developers to evaluate certain characteristics of the RM46L852 microcontroller to
determine if the microcontroller meets the designer's application requirements as well as begin
early application development. Evaluators can create software to execute on board or expand the
system in a variety of ways.

Community Resources

The following links connect to TI community resources. Linked contents are provided "AS 1S" by the
respective contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views;

see Tl's Terms of Use.

TI E2E™ Online Community— TI's Engineer-to-Engineer (E2E) Community. Created to foster
collaboration among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore
ideas and help solve problems with fellow engineers.

Tl Embedded Processors Wiki— Texas Instruments Embedded Processors Wiki. Established to help
developers get started with Embedded Processors from Texas Instruments and to foster innovation
and growth of general knowledge about the hardware and software surrounding these devices.

Trademarks

Hercules, E2E are trademarks of Texas Instruments.
CoreSight is a trademark of ARM Limited.
ARM, Cortex are registered trademarks of ARM Limited.
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1.1

1.2

Designed for Safety Applications

The RM44Lx device architecture has been designed from the ground up to simplify development of
functionally safe systems. The basic architectural concept is known as a safe island approach. Power,
clock, reset, and basic processing function are protected to a high level of diagnostic coverage in
hardware. Some of the key features of the safe island region are:

* A dual core lockstep processing solution built around ARM® Cortex®-R4F CPU that detects failures at
the core boundary on a cycle by cycle basis. Special measures in processor layout, clock distribution,
power distribution, reset distribution, and temporal diversity are all implemented to mitigate common
cause failures of the logical CPU and its checker. For complete details on the ARM® Cortex®-R4F
CPU, refer to the ARM® Cortex®-R4F Technical Reference Manual.

« Hardware BIST controllers which provide an extremely high level of diagnostic coverage for the
lockstep CPUs and SRAMs in the system, while executing faster and consuming less memory than
equivalent software-based self-test solutions

» ECC on the SRAM and flash memories tightly coupled to the R4F. The ECC controllers are located
inside the CPU. This approach has two key advantages:

— The interconnect between CPU and the memory is also covered by the diagnostic
— The ECC logic itself is checked on a cycle by cycle basis
* Onboard voltage and reset monitoring logic

» Onboard oscillator and PLL failure detection logic including a backup RC oscillator that can be utilized
upon failure

The RM44Lx device architecture also includes many features to simplify diagnostics of remaining logic
such as:

» Continuous parity diagnostics on all peripheral memories
* Analog and digital loopback to test for shorts on I/O

» HW self-test and diagnostics on the ADC module to check integrity of both analog inputs and the ADC
core conversion function

» A DMA driven hardware engine for the background calculation of CRC signatures during data transfers

» A centralized error reporting function including a status output pin to enable external monitoring of the
device status

Family Description

With integrated safety features and a wide choice of communication and control peripherals, the RM44Lx
is an ideal solution for high-performance real-time control applications with safety critical requirements.

The RM44Lx integrates the ARM® Cortex®-R4F Floating Point CPU that offers an efficient 1.6
DMIPS/MHz and has configurations that can run up to 220MHz providing up to 352 DMIPS. The device
supports the little-endian [LE] format.

The RM44Lx has up to 1MB integrated Flash and up to 128KB data RAM configurations with single bit
error correction and double bit error detection. The flash memory on this device is a nonvolatile,
electrically erasable and programmable memory implemented with a 64-bit-wide data bus interface. The
flash operates on a 3.3V supply input (same level as 1/0O supply) for all read, program and erase
operations. When in pipeline mode, the flash operates with a system clock frequency of up to 220MHz.
The SRAM supports single-cycle read/write accesses in byte, halfword, and word modes.

The RM44Lx device features peripherals for real-time control-based applications, including two Next
Generation High End Timer (N2HET) timing coprocessors with up to 40 total 10 terminals and a 12-bit A to
D converter supporting up to 24 inputs.

The N2HET is an advanced intelligent timer that provides sophisticated timing functions for real-time
applications. The timer is software-controlled, using a reduced instruction set, with a specialized timer
micromachine and an attached 1/O port. The N2HET can be used for pulse width modulated outputs,
capture or compare inputs, or general-purpose /0. It is especially well suited for applications requiring
multiple sensor information and drive actuators with complex and accurate time pulses. A High-End Timer
Transfer Unit (HET-TU) can perform DMA type transactions to transfer N2HET data to or from main
memory. A Memory Protection Unit (MPU) is built into the HET-TU.
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The device has two 12-bit-resolution MibADCs with 24 total channels and 64 words of parity protected
buffer RAM each. The MibADC channels can be converted individually or can be grouped by software for
sequential conversion sequences. Sixteen channels are shared between the two MibADCs. There are
three separate groupings. Each sequence can be converted once when triggered or configured for
continuous conversion mode.

The device has multiple communication interfaces: up to three MibSPIs, up to two SPIs, one LIN, one SCI,
up to three DCANSs, and one I°C. The SPI provides a convenient method of serial interaction for high-
speed communications between similar shift-register type devices. The LIN supports the Local
Interconnect standard 2.0 and can be used as a UART in full-duplex mode using the standard Non-
Return-to-Zero (NRZ) format. The DCAN supports the CAN 2.0B protocol standard and uses a serial,
multi-master communication protocol that efficiently supports distributed real-time control with robust
communication rates of up to 1 megabit per second (Mbps). The DCAN is ideal for applications operating
in noisy and harsh environments (for example, automotive and industrial fields) that require reliable serial
communication or multiplexed wiring.

The 12C module is a multi-master communication module providing an interface between the
microcontroller and an 12C compatible device via the 12C serial bus. The 12C supports both 100 Kbps and
400 Kbps speeds.

The frequency-modulated phase-locked loop (FMPLL) clock module is used to multiply the external
frequency reference to a higher frequency for internal use. The FMPLL provides one of the seven possible
clock source inputs to the global clock module (GCM). The GCM module manages the mapping between
the available clock sources and the device clock domains.

The device also has an external clock prescaler (ECP) module that when enabled, outputs a continuous
external clock on the ECLK pin/ball. The ECLK frequency is a user-programmable ratio of the peripheral
interface clock (VCLK) frequency. This low frequency output can be monitored externally as an indicator of
the device operating frequency.

The Direct Memory Access Controller (DMA) has 16 channels, 32 control packets and parity protection on
its memory. A Memory Protection Unit (MPU) is built into the DMA to protect memory against erroneous
transfers.

The Error Signaling Module (ESM) monitors all device errors and determines whether an interrupt or
external Error pin/ball is triggered when a fault is detected. The NnERROR can be monitored externally as
an indicator of a fault condition in the microcontroller.

The device supports all the built-in ARM® Cortex®-R4F CoreSight™ debug features.
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Block Diagram

1.3 Block Diagram

128KB RAM
with ECC

32K 32K

1mMBW
Flash
with ECC

Dual Cortex-R4F
CPUs in Lockstep

Figure 1-1. Block Diagram
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«—» MIBSPI1_nCS[5:0]
[«—» MIBSPI1_nENA
l«—» SPI2_CLK

[«—» SPI2_SIMO

SP|2 [« SPI2_SOMI

«—» SPI2_nCS[1:0]
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«—» MIBSPI3_nENA

l«—> SPI4_CLK
<«—> SPI4_SIMO
SPI4  [«—» SPI4_SOMI
«—> SPI14_nCS0

I I I I GIO «—>» SPI4_nENA
oo zxo y «—» MIBSPI5_SIMO[3:0]
I T 3 Lo I i T i i T I i I I MibSPI5 [¢—> MIBSPI5_SOMI[3:0]
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<
A The RM44L520 device only supports 768KB Flash with ECC.
B. Denotes superset device, Not all peripherals are supported on all devices or all packages, see the Device Comparison table.
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1.4 Endianism Considerations

1.4.1 Little Endian (LE)

The RM44Lx family is based on the ARM® Cortex®-R4F core. ARM has designed this core to be used in
big-endian and little-endian systems. For the RM44Lx family, the endianness has been configured to little-
endian. Little-endian systems store the least-significant byte of a multi-byte data field in the lowest
memory address. Also, the address of the multi-byte data field is the lowest address. Following is an
example of the physical addresses of individual bytes.

Figure 1-2. Example: SPIDELAY — OxFFF7F448

31 24 23 16
\ C2TDELAY[7:0] \ T2CDELAY[7:0] |
Byte 3 - OXFFF7F44B Byte 2 - OXFFF7F44A
15 8 7 0
] T2EDELAY[7:0] \ C2EDELAY[7:0] \
Byte 1 - OXFFF7F449 Byte O - OXFFF7F448

32-hit accesses to this register should use the lowest address, that is, OXFFF7F448. Writing 0x11223344
to address OxFFF7F448 shows the following when viewing the memory in 8-bit and 32-bit modes.

Hex 8 Bit - Tl Style Hex |
OxFFFTF448 449 |~
OxFFF7F449 33
OxFFFTF44A 22
OxFFFTF44B 11 |+

£ >

‘| Hex 32 Bit - Tl Style w
OxFFFTF448 112233449 :
£ >

As such, the headers provided as part of HALCoGen do take the endianness into account and provide
header structures that are agnostic to endianness. This is achieved by using C directives for the compiler
that make use of the compile options configured for the project by the user (__little_endian__ used in
Code Composer Studio codegen tools). This directive may need to be adapted for other compilers.

#ifdef ___little_endian__

char C2EDELAY o 8U; /**It; OxF448: CS to ENA */
char T2EDELAY : 8U; /**It; OxF449: Transmit to ENA */
char T2CDELAY : 8U; /**It; OxF44A: Transmit to CS */
char C2TDELAY o 8U; /**It; OxF44B: CS to Transmit */
#else
char C2TDELAY o 8U; /**It; OxF448: CS to Transmit */
char T2CDELAY o 8U; /**It; OxF449: Transmit to CS */
char T2EDELAY : 8U; /**It; OxF44A: Transmit to ENA */
char C2EDELAY o 8U; /**It; OxF44B: CS to ENA */
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This chapter consists of five sections. The first section describes specific aspects of the device
architecture. The second section describes the clocking structure of the microcontrollers. The third section
gives an overview of the device memory organization. The fourth section details exceptions on the device,
and the last section describes the system and peripheral control registers of the microcontroller.
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2.1 Introduction

The RM44Lx family of microcontrollers is based on the Texas Instruments TMS570 Architecture. This
chapter describes specific aspects of the architecture as applicable to the RM44Lx family of
microcontrollers.

2.1.1 Architecture Block Diagram

The RM44Lx microcontrollers are based on the TMS570 Platform architecture, which defines the
interconnect between the bus masters and the bus slaves.

Figure 2-1 shows a high-level architectural block diagram for the superset microcontroller.

Figure 2-1. Architectural Block Diagram
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2.1.2 Definitions of Terms

Table 2-1 provides a definition of terms used in the architectural block diagram.

Table 2-1. Definition of Terms

Acronym /
Term

Full Form

Description

ADCx

CRC

DAP

DCANXx

DMA

ECC

EEPROM
Emulation
Flash Bank

eCAP

ePWM

eQEP

eFuse

GIO

HTUx

12C

Analog-to-Digital Converter

Cyclic Redundancy Checker

Debug Access Port

Controller Area Network
controller

Direct Memory Access

Error Correction Code

Emulated Electrically Erasable
Programmable Read-Only
Memory

Enhanced Capture Module

Enhanced Pulse Width
Modulator

Enhanced Quadrature Encoder
Pulse Module

Electronically Programmable
Fuse controller

General-purpose Input/Output

High-end timer Transfer Unit

Inter-Integrated Circuit
controller

The ADC uses the Successive Approximation Register architecture. It features
a selectable 10-bit or 12-bit resolution. The ADC module also includes a RAM
to hold the conversion results. A digital logic wrapper manages accesses to the
control and status registers. There are two ADC modules on this device.

The CRC module provides two channels to perform background signature
verification on any memory region. It also supports maximum-length Parallel
Signature Analysis (PDS) based on a 64-bit primitive polynomial. The CRC
module is a bus slave in this device.

The DAP allows a tool such as a debugger to read from or write to any region in
the device memory-map. The DAP is a bus master in this device.

The DCAN supports the CAN 2.0B protocol standard and uses a serial, multi-
master communication protocol that efficiently supports distributed real-time
control with robust communication rates of up to 1 megabit per second (Mbps).
The DCAN is ideal for applications operating in noisy and harsh environments
(for example, automotive and industrial fields) that require reliable serial
communication or multiplexed wiring.

The DMA module is used for transferring 8-, 16-, 32- or 64-bit data across the
entire device memory-map. The DMA module is one of the bus masters on the
device. That is, it can initiate a read or a write transaction.

This is a code that is used by the Single-Bit Error Correction Double-Bit Error
Detection (SECDED) logic inside the two Cortex-R4F processors (CPUs). There
are 8 hits of ECC for every 64 bits of data accessed from the CPU tightly-
coupled memories (flash and RAM).

This is a flash bank that is dedicated for use as an emulated EEPROM. This
device supports 64KB of flash for emulated EEPROM.

The enhanced Capture (eCAP) module is essential in systems where accurate
timing of external events is important.

The enhanced pulse width modulator (ePWM) peripheral is a key element in
controlling many of the power electronic systems found in both commercial and
industrial equipments. These systems include digital motor control, switch mode
power supply control, uninterruptible power supplies (UPS), and other forms of
power conversion. The ePWM peripheral performs a digital to analog (DAC)
function, where the duty cycle is equivalent to a DAC analog value; it is
sometimes referred to as a Power DAC.

The enhanced quadrature encoder pulse (eQEP) module is used for direct
interface with a linear or rotary incremental encoder to get position, direction,
and speed information from a rotating machine for use in a high-performance
motion and position-control system.

Electrically programmable fuses (eFuses) are used to configure the device after
deassertion of PORRST. The eFuse values are read and loaded into internal
registers as part of the power-on-reset sequence. The eFuse values are
protected with Single-Bit Error Correction Double-Bit Error Detection (SECDED)
codes. These fuses are programmed during the initial factory test of the device.
The eFuse controller is designed so that the state of the eFuses cannot be
changed once the device is packaged.

The GIO module allows up to 16 terminals to be used as general-purpose Input
or Output. Each of these are also capable of generating an interrupt to the
CPU.

The HTU is a dedicated transfer unit for the New Enhanced High-End Timer
module. The HTU has a native interface to the N2HET RAM, and is used to
transfer data to and from the N2HET RAM from and to another region in the
device memory-map. There is one HTU per N2HET module, so that there are 2
HTU modules on the device. The HTUx are bus masters in this device.

The 12C module is a multi-master communication module providing an interface
between the device and an I12C-compatible device via the 12C serial bus. The
12C supports both 100 Kbps and 400 Kbps speeds.
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Table 2-1. Definition of Terms (continued)

Acronym /

Term Full Form Description

LIN Local Interconnect Network The LIN module supports the Local Interconnect standard revision 2.1 and can

controller be used as a UART in full-duplex mode using the standard Non-Return-to-Zero
(NRZ) format.

Lockstep - This is the mode of operation of the dual ARM Cortex-R4F CPUs. The outputs
of the two CPUs are compared on each CPU clock cycle. Any miscompare is
flagged as an error of the highest severity level.

MibSPIx Multi-Buffered Serial The MibSPIx modules also support the standard SPI communication protocol.

Peripheral Interface The transfers are all grouped into transfer chunks called “transfer groups”.
These transfer groups are made up of one ore more buffers in the MibSPIx
RAM. The RAM is used to hold the control information and data to be
transmitted, as well as the status information and data that is received. There
are three MibSPI modules in this device.

N2HETx New Enhanced High-End The N2HET is an advanced intelligent timer that provides sophisticated timing

Timer functions for real-time applications. The timer is software-controlled, using a
reduced instruction set, with a specialized timer micromachine and an attached
1/0O port. The N2HET can be used for pulse width modulated outputs, capture or
compare inputs, or general-purpose I/O.

PCR Peripheral Central Resource The PCR manages the accesses to the peripheral registers and peripheral

controller memories. It provides a global reset for all the peripherals. It also supports the
capability to selectively enable or disable the clock for each peripheral
individually. The PCR also manages the accesses to the system module
registers required to configure the device’s clocks, interrupts, and so on. The
system module registers also include status flags for indicating exception
conditions — resets, aborts, errors, interrupts.

SCI Serial Communication The SCI module supports the standard UART in full-duplex mode using the

Interface standard Non-Return-to-Zero (NRZ) format.

SCR1:AHB AMBA High-performance Bus  The DMA and DAP all act as masters on the AMBA High-performance Bus

BMM Matrix Module (AHB). The BMM arbitrates between concurrent accesses by these masters
using a fixed priority scheme. The modules in descending order of priority are
DMA —> DAP.

SCR2:VBUSP VBUSP Switched Central The SCR2 arbitrates between concurrent accesses by the HTU1 and HTU2. A

SCR Resource Controller round-robin priority scheme is used between the HTU1 and HTUZ2.

SPIx Serial Peripheral Interface The SPIx module provides a clocked serial communication interface for reliable
communication between the device and other serial devices with the standard
SPI interface. There are two SPI modules on this device.

VBUSM SCR VBUSM Switched Central This is the main device SCR. It arbitrates between the accesses from multiple

Resource Controller bus masters to the bus slaves using a round robin priority scheme.
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2.1.3 Bus Master / Slave Access Privileges

Table 2-2 lists the access permissions for each bus master on the device, in order to improve the overall

throughput of the interconnect shown in Figure 2-1. A bus master is a module that can initiate a read or a
write transaction on the device. Each slave module on the main interconnect is listed in the table. A "Yes"
indicates that the module listed in the "Masters" column can access that slave module.

Table 2-2. Master / Slave Access Matrix

Slaves on Main SCR

Peripheral Control

Non-CPU Registers, All
Accesses to Peripheral Memories,
Flash Module Bus2 Program Flash All System Module
Interface: and CPU Data Slave Control Registers
Masters Access Mode OTP, ECC, Bank 7 RAM CRC Interfaces and Memories
CPU read User/Privilege Yes Yes Yes Yes Yes
CPU write User/Privilege No Yes Yes Yes Yes
DMA User Yes Yes Yes Yes Yes
DAP Privilege Yes Yes Yes Yes Yes
HTU1 Privilege No Yes Yes Yes Yes
HTU2 Privilege No Yes Yes Yes Yes

2.1.3.1 Special Notes on Accesses to Certain Slaves

Write accesses to the Power Domain Management Module (PMM) control registers are limited to the CPU
(master id = 1). The other masters can only read from these registers.

A debugger can also write to the PMM registers. The master-id check is disabled in debug mode.

The device contains dedicated logic to generate a bus error response on any access to a module that is in
a power domain that has been turned OFF.

2.2 Memory Organization

2.2.1 Memory-Map Overview

The Cortex-R4F uses a 32-bit address bus, giving it access to a memory space of 4GB. This space is
divided into several regions, each addressed by different memory selects. Figure 2-2 and Figure 2-3 show
the memory-map of the microcontroller.

The main flash instruction memory is addressed starting at 0x00000000 by default. This is also the reset
vector location — the ARM Cortex-R4F processor core starts execution from the reset vector address of
0x00000000 whenever the core gets reset.

The CPU data RAM is addressed starting at 0x08000000 by default.

The device also supports the swapping of the CPU instruction memory (Flash) and data memory (RAM).
This can be done by configuring the MEM SWAP field of the Bus Matrix Module Control Register 1
(BMMCRL1).

After swapping, the data RAM is accessed starting from 0x00000000 and the RAM ECC locations are
accessed starting from 0x00400000. The Flash memory is now accessed starting from 0x08000000.
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Figure 2-2. Memory-Map - 1MB Flash
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Figure 2-3. Memory-Map - 768KB Flash
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2.2.2 Memory-Map Table

The control and status registers for each module are mapped within the CPU’s 4GB memory space. Some

modules also have associated memories, which are also mapped within this space.

Table 2-3 shows the starting and ending addresses of each module’s register frame and any associated
memory. Table 2-3 also shows the response generated by the module or the interconnect whenever an

access is made to an unimplemented location inside the register or memory frame.

Table 2-3. Module Registers / Memories Memory-Map

Frame Address Erame | Actual Respor)se for Access to
Name Memory Select A 3 Unimplemented
Start End Sz Sz Location in Frame
CPU Tightly-Coupled Memories
0x0000_0000 0x000F_FFFF 16MB 1MB
TCM Flash CSo
0x0000_0000 0x000B_FFFF 16MB 768KB
TCM Récl\:/chr RAM CSRAMO 0x0800_0000 0x0801_FFFF 64MB 128KB Abort
. . 0x2000_0000 0x200F_FFFF 16MB 1MB
Mirrored Flash Flash mirror frame
0x2000_0000 0x200B_FFFF 16MB 768KB
Flash Bus2 Interface: OTP, ECC, EEPROM Bank
Customer OTP, TCM
Flash Bank 0xF000_0000 0xFO00_1FFF 8KB 4KB
Customer OTP,
EEPROM Bank 0xF000_E000 OxFO000_FFFF 8KB 1KB
Customer OTP-ECC,
TCM Flash Bank 0xF004_0000 0xF004_03FF 1KB 512B
Customer OTP-ECC,
EEPROM Bank 0xF004_1C00 OxF004_1FFF 1KB 128B
i OTP'B;ﬁl'(V' Flash OXFO08_ 0000 | OXFOO8 1FFF | 8KB | 4KB
Abort
TI OTPéaEnIIE(PROM 0xF008_E000 OxFO008_FFFF 8KB 1KB
TI OTP-ECC, TCM
Flash Bank 0xFO0C_0000 0xFOOC_O03FF 1KB 512B
TI OTP-ECC,
EEPROM Bank 0xFO0C_1C00 OxFOOC_1FFF 1KB 128B
EEPROM Bank-ECC 0xF010_0000 OxFO013_FFFF 256KB 8KB
EEPROM Bank 0xF020_0000 OxFO3F_FFFF 2MB 64KB
Flash Data Space OXF040_0000 | OXFO4F_FFFF | 1MB | 128KB
Enhanced Timer Peripherals
ePWM1 OxFCF7_8C00 OXFCF7_8CFF 256B 256B Abort
ePWM2 OxFCF7_8D00 OXFCF7_8DFF 256B 256B Abort
ePWM3 OxFCF7_8EO00 OxFCF7_8EFF 256B 256B Abort
ePWM4 OxFCF7_8F00 OxXFCF7_8FFF 256B 256B Abort
ePWM5 OxFCF7_9000 OXFCF7_90FF 256B 256B Abort
ePWM6 OxFCF7_9100 OxFCF7_91FF 256B 256B Abort
ePWM7 OxFCF7_9200 OxFCF7_92FF 256B 256B Abort
eCAP1 OxFCF7_9300 OXFCF7_93FF 256B 256B Abort
eCAP2 OxFCF7_9400 OxFCF7_94FF 256B 256B Abort
eCAP3 OxFCF7_9500 OXFCF7_95FF 256B 256B Abort
eCAP4 OxFCF7_9600 OXFCF7_96FF 256B 256B Abort
eCAPS5 OxFCF7_9700 OxFCF7_97FF 256B 256B Abort
eCAP6 OxFCF7_9800 OXFCF7_98FF 256B 256B Abort
eQEP1 OxFCF7_9900 OxFCF7_99FF 256B 256B Abort
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Table 2-3. Module Registers / Memories Memory-Map (continued)

Name

Memory Select

Frame Address

Start

End

Frame
Size

Actual
Size

Response for Access to
Unimplemented
Location in Frame

eQEP2

OXFCF7_9A00

OxFCF7_9AFF

256B

256B

Abort

Cyclic Red

undancy Checker (CRC) Module Register Frame

CRC

CRC frame

OxFEO00_0000

OXFEFF_FFFF

16MB

512B

Accesses above 0x200
generate abort.

Peripheral Memories

MIBSPI5 RAM

PCS[5]

OxFFOA_0000

OXFFOB_FFFF

128KB

2KB

Abort for accesses above
2KB

MIBSPI3 RAM

PCS[6]

OxFFOC_0000

OXFFOD_FFFF

128KB

2KB

Abort for accesses above
2KB

MIBSPI1 RAM

PCS[7]

0xFFOE_0000

OXFFOF_FFFF

128KB

2KB

Abort for accesses above
2KB

DCAN3 RAM

PCS[13]

OxFF1A_0000

OXFF1B_FFFF

128KB

2KB

Wrap around for
accesses to
unimplemented address
offsets lower than OX7FF.
Abort generated for
accesses beyond offset
0x800.

DCAN2 RAM

PCS[14]

0xFF1C_0000

OXFF1D_FFFF

128KB

2KB

Wrap around for
accesses to
unimplemented address
offsets lower than OX7FF.
Abort generated for
accesses beyond offset
0x800.

DCAN1 RAM

PCS[15]

OxFF1E_0000

OXFF1F_FFFF

128KB

2KB

Wrap around for
accesses to
unimplemented address
offsets lower than OX7FF.
Abort generated for
accesses beyond offset
0x800.

MIBADC2 RAM

PCS[29]

OxFF3A_0000

OXFF3B_FFFF

128KB

8KB

Wrap around for
accesses to
unimplemented address
offsets lower than
Ox1FFF. Abort generated
for accesses beyond
OX1FFF.

MIBADC1 RAM

PCS[31]

OxFF3E_0000

OXFF3F_FFFF

128KB

8KB

Wrap around for
accesses to
unimplemented address
offsets lower than
Ox1FFF. Abort generated
for accesses beyond
OX1FFF.

NHET2 RAM

PCS[34]

OxFF44_0000

OXFF45_FFFF

128KB

16KB

Wrap around for
accesses to
unimplemented address
offsets lower than
O0x3FFF. Abort generated
for accesses beyond
Ox3FFF.

NHET1 RAM

PCS[35]

0xFF46_0000

OXFF47_FFFF

128KB

16KB

Wrap around for
accesses to
unimplemented address
offsets lower than
O0x3FFF. Abort generated
for accesses beyond
Ox3FFF.

HET TU2 RAM

PCS[38]

OXFFAC_0000

OXFF4D_FFFF

128KB

1KB

Abort

SPNUG608A—March 2018

Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated

Architecture 93


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU608A

Memory Organization

13 TEXAS
INSTRUMENTS

www.ti.com

Table 2-3. Module Registers / Memories Memory-Map (continued)

Frame Address Erame | Actual Respor)se for Access to
Name Memory Select Size Size Unimplemented
Start End Location in Frame
HET TU1 RAM PCS[39] OXFFAE_0000 | OXFFAF_FFFF | 128KB | 1KB Abort
Debug Components
CoreSight Debug CSCSs0 OXFFAQ_0000 | OxFFAQ OFFF | 4KB 4KB Reads return zeros,
ROM - - writes have no effect
Reads return Zeros,
Cortex-R4F Debug CSCs1 OxFFAO_1000 OxFFAO_1FFF 4KB 4KB writes have no effect
Peripheral Control Registers
HTU1 PS[22] OXFFF7_A400 | OXFFF7_A4FF | 256B | 256B Reads return zeros,
writes have no effect
Reads return Zeros,
HTU2 PS[22] OXFFF7_A500 | OXFFF7_ASFF | 256B | 256B itos have no effect
NHET1 PS[17] OXFFF7_B800 | OxFFF7 BSFF | 256B | 256B Reads return zeros,
writes have no effect
Reads return Zeros,
NHET2 PS[17] OXFFF7_B900 | OXFFF7_BOFF | 256B | 256B witos have 1o effect
GIO PS[16] OXFFF7_BCOO | OxFFF7 BCFF | 256B | 256B Reads return zeros,
writes have no effect
Reads return Zeros,
MIBADC1 PS[15] OXFFF7_C000 | OXFFF7_CIFF | 512B | 512B witos have no effect
MIBADC2 PS[15] OXFFF7_C200 | OxFFF7_C3FF | 512B | 512B Reads return zeros,
writes have no effect
Reads return Zeros,
12C PS[10] OXFFF7_D400 | OXFFF7_DAFF | 256B | 256B itos have no effect
DCAN1 PSI8] OXFFF7_DCO00 | OxFFF7 DDFF | 512B | 512B Reads return zeros,
writes have no effect
Reads return Zeros,
DCAN2 PS[8] OXFFF7_DEOO | OxFFF7_DFFF | 512B | 512B itos have no effect
DCAN3 PS[7] OXFFF7_E000 | OxFFF7_E1FF | 512B | 512B Reads return zeros,
writes have no effect
Reads return Zeros,
LIN PS[6] OXFFF7_E400 | OXFFF7_E4FF | 256B | 256B witos have no effect
e PSI6] OXFFF7_E500 | OxFFF7_ESFF | 256B | 256B Reads return zeros,
writes have no effect
. Reads return Zeros,
MibSPI1 PS[2] OXFFF7_F400 | OXFFF7_F5FF | 512B | 512B iitos have no effect
SPI2 PS[2] OXFFF7_F600 | OxFFF7_F7FF | 512B | 512B Reads return zeros,
writes have no effect
. Reads return Zeros,
MibSPI3 PS[1] OXFFF7_F800 | OXFFF7_FOFF | 512B | 512B itos have no effect
SPI4 PS[1] OXFFF7_FAO0 | OxFFF7_FBFF | 512B | 512B Reads return zeros,
writes have no effect
. Reads return Zeros,
MibSPI5 PS[0] OXFFF7_FCO0 | OXFFF7_FDFF | 512B | 512B witos have no effect
System Modules Control Registers and Memories
DMA RAM PPCS0 OXFFF8_0000 | OXFFF8_OFFF | 4KB 4KB Abort
Wrap around for
accesses to
VIM RAM PPCS2 OXFFF8_2000 | OXFFF8 2FFF | 4KB 1kg | Unimplemented address
offsets lower than Ox3FF.
Abort generated for
accesses beyond Ox3FF.
Flash Wrapper PPCS7 OxFFF8_7000 OxFFF8_7FFF 4KB 4KB Abort
eFuse Farm
Contolier PPCS12 OXFFF8_C000 | OXFFF8_CFFF | 4KB 4KB Abort
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Table 2-3. Module Registers / Memories Memory-Map (continued)

Frame Address

Frame

Actual

Response for Access to

Name Memory Select - . Unimplemented
Y Start End clae Slae Locatic?n in Frame
Power Management
Module (PMM) PPSEQ OXFFFF_0000 | OxFFFF_OLFF | 512B | 512B Abort
Test Controller Reads return zeros,
EMTM) PPSEL OXFFFF_0400 | OXFFFF O7FF | 1KB 1KB witos have no effect
PCR registers PPSO OXFFFF_E000 | OxFFFF_EOFF | 256B | 256B Reads return zeros,
writes have no effect
System Module -
Frame 2 (see platform PPSO OXFFFF_E100 | OXFFFF_EIFF | 256B | 256B Reads return zeros,
architecture - - writes have no effect
specification)
PBIST PPS1 OXFFFF_E400 | OXFFFF_ESFF | 512B | 512B Reads return zeros,
- - writes have no effect
Reads return Zeros,
STC PPS1 OXFFFF_E600 | OXFFFF_E6FF | 256B | 256B iitos have 1o effect
IOMM Multiplexing PPS2 OXEEEE EAOO | OXFEFE EBEF 5128 5128 Ge_nerates a_ddress error
Control Module - - interrupt, if enabled
Reads return Zeros,
DCC1 PPS3 OxFFFF_ECO00 | OXFFFF_ECFF | 256B | 256B witos have no effect
DMA PPS4 OXFFFF_F000 | OXFFFF_F3FF | 1KB 1KB Reads return zeros,
- - writes have no effect
Reads return Zeros,
DCC2 PPS5 OXFFFF_F400 | OXFFFF_F4FF | 256B | 256B itos have no effect
ESM PPS5 OXFFFF_F500 | OXFFFF_FS5FF | 256B | 256B Reads return zeros,
- - writes have no effect
Reads return Zeros,
CCMR4 PPS5 OXFFFF_F600 | OXFFFF_F6FF | 256B | 256B witos have no effect
RAM ECC even PPS6 OXFFFF_F800 | OXFFFF_F8FF | 256B | 256B Reads return zeros,
- - writes have no effect
Reads return Zeros,
RAM ECC odd PPS6 OXFFFF_F900 | OXFFFF_FOFF | 256B | 256B witos have no effect
RTI + DWWD PPS7 OXFFFF_FCO0 | OXFFFF_FCFF | 256B | 256B Reads return zeros,
- - writes have no effect
. Reads return Zeros,
VIM Parity PPS7 OxFFFF_FDOO | OXFFFF_FDFF | 256B | 256B witos have no effect
VIM PPS7 OXFFFF_FEOO | OXFFFF_FEFF | 256B | 256B Reads return zeros,
- - writes have no effect
System Module -
Frame 1 (see platform PPS7 OXFFFF_FFO0 | OXxFFFF_FFFF | 256B | 256B Reads return zeros,

architecture
specification)

writes have no effect
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2.2.3 Flash on Microcontrollers

The RM44Lx microcontrollers support up to 1MB of flash for use as program memory. The
microcontrollers also support a separate 64KB flash bank for use as emulated EEPROM.

2.2.3.1 Flash Bank Sectoring Configuration

The bank is divided into multiple sectors. A flash sector is the smallest region in the flash bank that must
be erased. The sectoring configuration of each flash bank is shown in Table 2-4.

Refer to the device datasheet for electrical and timing specifications related to the flash module.

Table 2-4. Flash Memory Banks and Sectors ©

Mca(?rc)éyaﬁligys N?Jlr?wglér ,\?ue:]tt?err Segment Low Address High Address
0 16K Bytes 0x0000_0000 0x0000_3FFF
1 16K Bytes 0x0000_4000 0x0000_7FFF
2 16K Bytes 0x0000_8000 0x0000_BFFF
3 16K Bytes 0x0000_C000 0x0000_FFFF
0 4 16K Bytes 0x0001_0000 0x0001_3FFF
5 16K Bytes 0x0001_4000 0x0001_7FFF
6 32K Bytes 0x0001_8000 0x0001_FFFF
BANKO (1.0MBytes)
7 128K Bytes 0x0002_0000 0x0003_FFFF
8 128K Bytes 0x0004_0000 0x0005_FFFF
! 9 128K Bytes 0x0006_0000 0x0007_FFFF
10 128K Bytes 0x0008_0000 0x0009_FFFF
2 11 128K Bytes 0x000A_0000 0x000B_FFFF
12 128K Bytes 0x000C_0000 0x000D_FFFF
3 13 128K Bytes 0X000E_0000 Ox000F_FFFF
0 0 4K Bytes 0xF020_0000 0xF020_OFFF
1 1 4K Bytes 0xF020_1000 0xF020_1FFF
2 2 4K Bytes 0xF020_2000 0xF020_2FFF
3 3 4K Bytes 0xF020_3000 0xF020_3FFF
4 4 4K Bytes 0xF020_4000 O0xF020_4FFF
5 5 4K Bytes 0xF020_5000 0xF020_5FFF
6 6 4K Bytes 0xF020_6000 0xF020_6FFF
BANK?7 (64KBytes) for 7 7 4K Bytes 0xF020_7000 0xF020_7FFF
EEPROM emulation 8 8 4K Bytes 0xF020_8000 O0XF020_8FFF
9 9 4K Bytes 0xF020_9000 0xF020_9FFF
10 10 4K Bytes 0xF020_A000 OxF020_AFFF
11 11 4K Bytes 0xF020_B000 OxF020_BFFF
12 12 4K Bytes 0xF020_C000 OxF020_CFFF
13 13 4K Bytes 0xF020_D000 OxF020_DFFF
14 14 4K Bytes 0xF020_E000 OxF020_EFFF
15 15 4K Bytes 0xF020_FO000 OxF020_FFFF

@ Notes:

* The flash banks are 144-bit wide bank with ECC support.
e The flash bank7 can be programmed while executing code from flash bankO.

¢ Code execution is not allowed from flash bank7.
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2.2.3.2 ECC Protection for Flash Accesses

The RM44Lx microcontrollers protect all accesses to the on-chip flash memory by dedicated Single-Bit
Error Correction Double-Bit Error Detection (SECDED) logic.

The access to the program memory — flash bank 0, is protected by SECDED logic implemented inside the
ARM Cortex-R4F CPU. Accesses to the EEPROM emulation flash bank (bank 7) are protected by
dedicated SECDED logic inside the digital interface to the flash banks.

Both the SECDED logic implementations use Error Correction Codes (ECC) for correcting single-bit errors
and for detecting multiple-bit errors in the values read from the flash arrays. There is an 8-bit ECC for
every 64 bits of data. The ECC for the flash memory contents needs to be calculated by an external tool
such as nowECC. The ECC can then be programmed into the flash array along with the actual application
code.

The ECC for the flash array is stored in the flash itself, and is mapped to a region starting at 0xF0400000
for the main flash bank 0, and to a region starting at 0xF0100000 for the EEPROM emulation flash bank 7.

NOTE: ECC Protection Not Enabled By Default

The SECDED logic inside the CPU is not enabled by default and must be enabled by the
application.

Code Example for Enabling ECC Protection for Main Flash Accesses:

The following code example can be used to enable the ECC protection for accesses to the main flash

array:

MRC pl1l5, #0, rl, cl, cO, #1

ORR r1, ri1, #0x02000000 ;Enable ECC checking for ATCM
DMB

MCR pl1l5, #0, rl, cl, cO, #1

The ECC protection for accesses to the EEPROM emulation flash bank can be enabled by writing OxA to
the EDACEN field of the flash module’s Error Correction Control Register 1 (FEDACCTRL1). See
Chapter 5 for more details.

When the CPU detects an ECC single-, or double-bit error on a read from the flash memory, it signals this
on a dedicated “Event” bus. This event bus signaling is also not enabled by default and must be enabled
by the application. The following code example can be used to enable the CPU event signaling:

MRC p15,#0,r1,c9,cl12,#0 ;Enabling Event monitor states
ORR r1, ri1, #0x00000010
MCR p15,#0,r1,c9,cl12,#0 ;Set 4th bit ("X") of PMNC register

MRC p15,#0,r1,c9,cl2,#0

The digital logic that interfaces the ARM Cortex-R4F CPU to the flash banks captures the ECC error
events signaled by the CPU, and in turn generates error signals that are input to the central Error
Signaling Module (ESM).
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2.2.4 On-Chip SRAM

Several SRAM modules are implemented on the device to support the functionality of the modules
included.

Reads from the CPU data RAM are protected by ECC calculated inside the CPU. Reads from all other
memories are protected by configurable odd or even parity that is evaluated in parallel with the actual
read.

The RM44Lx microcontrollers are targeted towards safety-critical applications, and it is critical for any
failures in the on-chip SRAM modules to be identified before these modules are used for safety-critical
functions. These microcontrollers support a Programmable Built-In Self-Test (PBIST) mechanism that is
used to test each on-chip SRAM module for faults. The PBIST is usually run on device start-up as it is a
destructive test and all contents of the tested SRAM module are overwritten during the test.

The microcontrollers also support a hardware-based auto-initialization of on-chip SRAM modules. This
process also takes into account the read protection scheme implemented for each SRAM module — ECC
or parity.

Tl recommends that the PBIST routines be executed on the SRAM modules prior to the auto-initialization.
The following section describe these two processes.
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2.2.4.1 PBIST RAM Grouping and Algorithm Mapping For On-Chip SRAM Modules

Table 2-5 shows the groupings of the various on-chip memories for PBIST. It also lists the memory types
and their assigned RAM Group Select (RGS) and Return Data Select (RDS). See Chapter 7 for more
details on the usage of the RGS and RDS information.

Table 2-5. PBIST Memory Grouping

RAM Group # Memory Memory Type RGS RDS
1 PBIST_ROM ROM 1 0
2 STC_ROM ROM 2 0
3 DCAN1 Dual-port 3 0.5
4 DCAN2 Dual-port 4 0.5
5 DCAN3 Dual-port 5 0.5
6 ESRAM1 Single-port 6 0/1..4
7 MIBSPI1 Dual-port 7 0.3
8 MIBSPI3 Dual-port 7 4.7
9 MIBSPI5 Dual-port 7 8. 11
10 VIM Dual-port 8 0.1
11 MIBADC1 Dual-port 9 0
12 DMA Dual-port 10 .5
13 N2HET1 Dual-port 11 11
14 HET TU1 Dual-port 12 .5
18 MIBADC2 Dual-port 15 0
19 N2HET2 Dual-port 16 0. 11
20 HET TU2 Dual-port 17 0.5
21 ESRAMS5 Single-port 18 0/1..4

Table 2-6 maps the different algorithms supported in application mode for the RAM groups and also lists
the background pattern options available for each algorithm.

Table 2-6. PBIST Algorithm Mapping

ALGO MASK . Available .
No. Register Algorithm M?gs?éﬁs Background Valid RAM Groups g'c:sxwgﬁg
Value Patterns 9
0x00000001 triple_read_slow_read ROM 1,2 0x00000003
0x00000002 triple_read_fast_read ROM 1,2 0x00000003
0x00000000,
0x96699669,
3 | 0x00000004 march13n two_port | OXOFOFOFOF, 3’145;51'675'fég’llgo'zlol'2132'2143’zlg" 0Xx02CEBFDC
OxAAS55AAS55, T
0xC3C3C3C3
0x00000000,
0x96699669,
4 0x00000008 march13n single_port | OxOFOFOFOF, 6,21,22,25,27 0x05310020
OxAAS55AAS55,
0xC3C3C3C3
OXFFFFFFFF, | 3,4,5,7,8,9,10,11,12,13,14,
5 0x00000010 downlA red two_port OXAAAAAAAA 16.18.19.20.23,24,26 0x02CEBFDC
_ OXFFFFFFFF,
6 0x00000020 downlA_red single_port OXAAAAAAAA 6,17,21,22,25,27 0x05310020
OXFFFFFFFF, | 3,4,5,7,8,9,10,11,12,13,14,
7 0x00000040 mapcolumn two_port 0x00000000 16.18.19.20.23,24,26 0x02CEBFDC
_ OXFFFFFFFF,
8 0x00000080 mapcolumn single_port 0x00000000 6,17,21,22,25,27 0x05310020
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Table 2-6. PBIST Algorithm Mapping (continued)

ALGO MASK - Available .
No. Register Algorithm M?g?éﬁs Background Valid RAM Groups \éﬂldisligl\cgﬁg
Value Patterns 9
OXFFFFFFFF, | 3,4,5,7,8,9,10,11,12,13,14,
9 0x00000100 precharge two_port 0x00000000 16.18.19,20 23.24,26 0x02CEBFDC
. OXFFFFFFFF,
10 0x00000200 precharge single_port 0X00000000 6,17,21,22,25,27 0x05310020
OXFFFFFFFF, | 3,4,5,7,8,9,10,11,12,13,14,
11 0x00000400 dtxn2 two_port 0x00000000 16.18.19.20.23,24,26 0x02CEBFDC
. OXFFFFFFFF,
12 0x00000800 dtxn2 single_port 0X00000000 6,17,21,22,25,27 0x05310020
OXFFFFFFFF, | 3,4,5,7,8,9,11,14,16,18,20,
13 0x00001000 pmos_open two_port 0x00000000 24.26 0x028AA5DC
. OXFFFFFFFF,
14 0x00002000 pmos_open single_port 0x00000000 6,17,21,22,25,27 0x05310020
. OXFFFFFFFF,
15 0x00004000 pmos_open_slicel two_port 0x00000000 10,12,13,19,23 0x00441A00
. OXFFFFFFFF,
16 0x00008000 pmos_open_slice2 two_port 0x00000000 10,12,13,19,23 0x00441A00
. 3,4,5,7,8,9,10,11,12,13,14,
17 0x00010000 flip10 two_port OXFFFFFFFF 16.18.19.20.23,24,26 0x02CEBFDC
18 0x00020000 flip10 single_port | OxFFFFFFFF 6,17,21,22,25,27 0x05310020
i 3,4,5,7,8,9,10,11,12,13,14,
19 0x00040000 iddg two_port 0x00000000 16.18,19.20.23,24,26 0x02CEBFDC
20 0x00080000 iddg single_port 0x00000000 6,17,21,22,25,27 0x05310020
) 3,4,5,7,8,9,10,11,12,13,14,
21 0x00100000 retention two_port 0x00000000 16.18.19,20 23.24,26 0x02CEBFDC
22 0x00200000 retention single_port 0x00000000 6,17,21,22,25,27 0x05310020
i 3,4,5,7,8,9,10,11,12,13,14,
23 0x00400000 iddg two_port OXFFFFFFFF 16,18,19,20,23,24.26 0x02CEBFDC
24 0x00800000 iddg single_port | OxFFFFFFFF 6,17,21,22,25,27 0x05310020
) 3,4,5,7,8,9,10,11,12,13,14,
25 0x01000000 retention two_port OXFFFFFFFF 16.18.19,20 23.24,26 0x02CEBFDC
26 0x02000000 retention single_port | OxFFFFFFFF 6,17,21,22,25,27 0x05310020
i i 3,4,5,7,8,9,10,11,12,13,14,
27 0x04000000 iddgrowstripe two_port 0x00000000 16,18,19,20,23,24.26 0x02CEBFDC
28 0x08000000 iddgrowstripe single_port 0x00000000 6,17,21,22,25,27 0x05310020
. ’ 3,4,5,7,8,9,10,11,12,13,14,
29 0x10000000 iddgrowstripe two_port OXFFFFFFFF 16.18.19,20 23.24,26 0x02CEBFDC
30 0x20000000 iddgrowstripe single_port | OxFFFFFFFF 6,17,21,22,25,27 0x05310020
33,34,35,36,37,38,39,40,41
31 0x40000000 powerup_invpowerup two_port OxAAAAAAAA | ,42,43,45,46,47,48,49,50,5 Ox0007F7FF
1
32 0x80000000 powerup_invpowerup | single_port | OXAAAAAAAA 52,53,54,56,57,58 0x03B80000

NOTE: Recommended Memory Test Algorithm

March13 is the most recommended algorithm for the memory self-test.

For HCLK = 180 MHz, VCLK = 90 MHz, PBIST ROM_CLK = 90 MHz, the March13 algorithm takes
14.02 ms to run on all on-chip SRAMs.
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2.2.4.2 Auto-Initialization of On-Chip SRAM Modules

The device system provides the capability to perform a hardware initialization on most memories on the
system bus and on the peripheral bus.

The intent of having the hardware initialization is to program the memory arrays with error detection
capability to a known state based on their error detection scheme — odd/even parity or ECC. For example,
the contents of the CPU data RAM after power-on reset is unknown. A hardware auto-initialization can be
started to that there is no ECC error.

NOTE: Effect of ECC or Parity on Memory Auto-Initialization

The ECC or parity should be enabled on the RAMs before hardware auto-initialization starts
if parity or ECC is being used.

Auto-Initialization Sequence:

1. Enable the global hardware memory initialization key by programming 0xA into MINITGCR][3:0], the
Memory Initialization Key field (MINITGENA) of the Memory Hardware Initialization Global Control
Register (MINITGCR) register.

2. Select the module on which the memory hardware initialization has to be performed by programming
the appropriate value into the MSINENA bits in the MSINENA register. See Table 2-7.

3. If the global auto-initialization scheme is enabled, the corresponding module will initialize its memories
based on its memory error checking scheme (even parity or odd parity or ECC).

4. When the memory initialization is complete, the module will signal “memory initialization done”, which
sets the corresponding bit in the system module MIDONE field of the MINISTAT register to indicate the
completion of its memory initialization.

5. When the memory hardware initialization completes for all modules, (indicated by each module’s
MIDONE bit being set), the memory hardware initialization done bit (MINIDONE) is set in the
MSTCGSTAT register.

Figure 2-4. Hardware Memory Initialization Protocol
Write to enable
MINTIGENA key [ \
Write to enable
MSINENAn ’ \
(where n = 31:0)
) When each enabled module completes
PO”l\%I}\JDIO'INAEFn field of its hardware initialization,uthe P
STAT register corresponding MIIDONE bitis set. ]
(where n =31:0)
After all enabled modules’ hardware initializatio
Poll MINIDONE bit, completes, the MINIDONE bit is set, indicating ’
MSTCGSTAT[8] all hardware memory initialization is done.
— Black indicates System register activity.
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Table 2-7. Memory Initialization Select Mapping ®®

Memory Address Range MSINENA Register Bit #
Start End
RAM (PD#1) 0x08000000 0x08013FFF 0
RAM (RAM_PD#1) 0x08010000 Ox0801FFFF 0
MIBSPI5 RAM OxFFOA0000 OxXFFOBFFFF 12®
MIBSPI3 RAM OxFFOCO0000 OxFFODFFFF 11®
MIBSPI1 RAM OxFFOEO0000 OXFFOFFFFF 7O
DCAN3 RAM OxFF1A0000 OxFF1BFFFF 10
DCAN2 RAM OxFF1C0000 OxFF1DFFFF
DCAN1 RAM OxFF1E0000 OXFF1FFFFF
MIBADC2 RAM OxFF3A0000 OxXFF3BFFFF 14
MIBADC1 RAM OxFF3E0000 OXFF3FFFFF 8
NHET2 RAM OxFF440000 OxXFF45FFFF 15
NHET1 RAM OxFF460000 OXFF47FFFF 3
HET TU2 RAM OxFF4C0000 OxXFFADFFFF 16
HET TU1 RAM OxFF4E0000 OXFF4FFFFF 4
DMA RAM OxFFF80000 OxFFF80FFF 1
VIM RAM OxFFF82000 OxXFFF82FFF 2

@ |f ECC protection is enabled for the CPU data RAM, then the auto-initialization process also initializes the corresponding ECC space.
@ |If parity protection is enabled for the peripheral SRAM modules, then the parity bits will also be initialized along with the SRAM modules.

©®  The MibSPIx modules perform an initialization of the transmit and receive RAMs as soon as the multi-buffered mode is enabled. This is
independent of whether the application has already initialized these RAMs using the auto-initialization method or not. The MibSPIx
modules need to be released from reset by writing 1 to their SPIGCRO registers before starting auto-initialization on their respective

RAMs.
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2.3 Exceptions
An “Exception” is an event that makes the processor temporarily halt the normal flow of program
execution, for example, to service an interrupt from a peripheral. Before attempting to handle an
exception, the processor preserves the critical parts of the current processor state so that the original
program can resume when the handler routine has finished.
The following sections describe three exceptions — Reset, Abort and the System Software Interrupts.
For complete details on all exceptions, refer to the ARM® Cortex®-R4F Technical Reference Manual.
2.3.1 Resets
The RM44Lx microcontroller can be reset by either of the conditions described in Table 2-8. Each reset
condition is indicated in the System Exception Status Register (SYSESR).
The device nRST terminal is an I/O. It can be driven low by an external circuit to force a warm reset on the
microcontroller. This terminal will be driven low as an output for a minimum of 32 peripheral clock (VCLK)
cycles for any device system reset condition. As a result the EXTRST bit in the SYSESR register,
SYSESRJ3], gets set for all reset conditions listed in Table 2-8. The nRST is driven low as an output for a
longer duration during device power-up or whenever the power-on reset (nPORRST) is driven low
externally. Refer the device datasheet for the electrical and timing specifications for the nRST.
Table 2-8. Causes of Resets

Condition Description

Driving nPORRST pin low Cold reset, or power-on reset. This reset signal is typically driven by an external voltage

externally supervisor. This reset is flagged by the PORST bit in the SYSESR register, SYSESR[15].

Voltage Monitor reset The microcontroller has an embedded voltage monitor that generates a power-on reset when
the core voltage gets out of a valid range, or when the I/O voltage falls below a threshold.
This reset is also flagged by the PORST bit in the SYSESR register, SYSESR[15].

Note: The voltage monitor is not an alternative for an external voltage supervisor.

Driving nRST pin low externally Warm reset. This reset input is typically used in a system with multiple ICs and which requires
that the microcontroller also gets reset whenever the other IC detects a fault condition. This
reset is flagged by the EXTRST bit in the SYSESR, register SYSESR][3].

Oscillator failure This reset is generated by the system module when the clock monitor detects an oscillator fail
condition. Whether or not a reset is generated is also dictated by a register in the system
module. This reset is flagged by the OSCRST bit in the SYSESR register, SYSESR[14].

Software reset This reset is generated by the application software writing a 1 to bit 15 of System Exception
Control Register (SYSECR) or a 0 to bit 14 of SYSECR. It is typically used by a bootloader
type of code that uses a software reset to allow the code execution to branch to the
application code once it is programmed into the program memory. This reset is flagged by the
SWRST bit in the SYSESR register, SYSESR[4].

CPU reset This reset is generated by the CPU self-test controller (LBIST) or by changing the memory
protection (MMU/MPU) configuration in the CPURSTCR register. This reset is flagged by the
CPURST bit in the SYSESR register, SYSESR[5].

Debug reset The ICEPICK logic implemented on the microcontroller allows a system reset to be generated
via the debug logic. This reset is flagged by the WDRST bit in the SYSESR register,
SYSESR[13].

Watchdog reset This reset is generated by the digital windowed watchdog (DWWD) module on the
microcontroller. The DWWD can generate a reset whenever the watchdog service window is
violated. This reset is flagged by the WDRST bit in the SYSESR register, SYSESR[13].

2.3.2 Aborts
When the ARM Cortex-R4F processor's memory system cannot complete a memory access successfully,
an abort is generated. An error occurring on an instruction fetch generates a prefetch abort. Errors
occurring on data accesses generate data aborts. Aborts are also categorized as being either precise or
imprecise.
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2.3.2.1 Prefetch Aborts

When a Prefetch Abort (PABT) occurs, the processor marks the prefetched instruction as invalid, but does
not take the exception until the instruction is to be executed. If the instruction is not executed, for example
because a branch occurs while it is in the pipeline, the abort does not take place.

All prefetch aborts are precise aborts.

2.3.2.2 Data Aborts

An error occurring on a data memory access can generate a data abort. If the instruction generating the
memory access is not executed, for example, because it fails its condition codes, or is interrupted, the
data abort does not take place.

A Data Abort (DABT) can be either precise or imprecise, depending on the type of fault that caused it.

2.3.2.3 Precise Aborts

A precise abort, also known as a synchronous abort, is one for which the exception is guaranteed to be
taken on the instruction that generated the aborting memory access. The abort handler can use the value
in the Link Register (r14_abt) to determine which instruction generated the abort, and the value in the
Saved Program Status Register (SPSR_abt) to determine the state of the processor when the abort
occurred.

2.3.2.4 Imprecise Aborts

An imprecise abort, also known as an asynchronous abort, is one for which the exception is taken on a
later instruction to the instruction that generated the aborting memory access. The abort handler cannot
determine which instruction generated the abort, or the state of the processor when the abort occurred.
Therefore, imprecise aborts are normally fatal.

Imprecise aborts can be generated by store instructions to normal-type or device-type memory. When the
store instruction is committed, the data is normally written into a buffer that holds the data until the
memory system has sufficient bandwidth to perform the write access. This gives read accesses higher
priority. The write data can be held in the buffer for a long period, during which many other instructions
can complete. If an error occurs when the write is finally performed, this generates an imprecise abort.

The RM44Lx microcontroller architecture applies techniques at the system level to mitigate the impact of
imprecise aborts. System level adoption of write status sidebands to the data path allow bus masters to
comprehend imprecise aborts, turning them into precise aborts. In cases where this approach is not
feasible, buffering bridges or other sources of imprecision may build a FIFO of current transactions such
that an imprecise abort may be registered at the point of imprecision for later analysis.

Masking Of Imprecise Aborts:

The nature of imprecise aborts means that they can occur while the processor is handling a different
abort. If an imprecise abort generates a new exception in such a situation, the banked link register
(R14_abt) and the Saved Processor Status Register (SPSR_abt) values are overwritten. If this occurs
before the data is pushed to the stack in memory, the state information about the first abort is lost. To
prevent this from happening, the Current Processor Status Register (CPSR) contains a mask bit to
indicate that an imprecise abort cannot be accepted, the A-bit. When the A-bit is set, any imprecise abort
that occurs is held pending by the processor until the A-bit is cleared, when the exception is actually
taken. The A-bit is automatically set when abort, IRQ or FIQ exceptions are taken, and on reset. The
application must only clear the A-bit in an abort handler after the state information has either been stacked
to memory, or is no longer required.

NOTE: Default Behavior for Imprecise Aborts

The A-bit in the CPSR is set by default. This means that no imprecise abort exception will
occur. The application must enable imprecise abort exception generation by clearing the A-
bit of the CPSR.
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2.3.2.

2.3.3

5 Conditions That Generate Aborts

An Abort is generated under the following conditions on the RM44Lx microcontrollers.
e Access to an illegal address (a nonimplemented address)

» Access to a protected address (protection violation)

e Parity / ECC / Time-out Error on a valid access

lllegal Addresses:
The illegal addresses and the responses to an access to these addresses are defined in Table 2-3.
Addresses Protected By MPU:

Memory access permissions can be configured via the ARM Cortex-R4F processor’'s Memory Protection
Unit (MPU). For more details on the MPU configuration, refer to the ARM® Cortex®-R4F Technical
Reference Manual.

A memory access violation is logged as a permission fault in the CPU’s fault status register and the virtual
address of the access is logged into the CPU’s fault address register.

Protection of Peripheral Register and Memory Frames:

Accesses to the peripheral register and memory frames can be protected either by configuring the MPU or
by configuring the Peripheral Central Resource (PCR) controller registers.

The PCR module PPROTSETX registers contain one bit per peripheral select quadrant. These bits define
the access permissions to the peripheral register frames. If the CPU attempts to write to a peripheral
register for which it does not have the correct permissions, a protection violation is detected and an Abort
occurs.

Some modules also enforce register updates to only be allowed when the CPU is in a privileged mode of
operation. If the CPU writes to these registers in user mode, the writes are ignored.

The PCR module PMPROTSETX registers contain one bit per peripheral memory frame. These bits define
the access permissions to the peripheral memory frames. If the CPU attempts to write to a peripheral
memory for which it does not have the correct permissions, a protection violation is detected and an Abort
occurs.

NOTE: No Access Protection for Reads

The PCR PPROTSETx and PMPROTSETX registers protect the peripheral registers and
memories against illegal writes by the CPU. The CPU can read from the peripheral registers
and memories in both user and privileged modes.

System Software Interrupts

The system module provides the capability of generating up to four software interrupts. A software
interrupt is generated by writing the correct key value to either of the four System Software Interrupt
Registers (SSIRx). The SSI registers also allow the application to provide a label for that software
interrupt. This label is an 8-bit value that can then be used by the interrupt service routine to perform the
required task based on the value provided. The source of the system software interrupt is reflected in the
system software interrupt vector (SSIVEC) register.
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2.4 Clocks
This section describes the clocking structure of the RM44Lx microcontrollers.

2.4.1 Clock Sources

The devices support up to 7 clock sources. These are shown in Table 2-9. The electrical specifications as
well as timing requirements for each of the clock sources are specified in the device datasheet.

Table 2-9. Clock Sources

Clock Source # Clock Source Name Description
Main oscillator. This is the primary clock for the microcontroller and is the only
0 OSCIN clock that is input to the phase-locked loops. The oscillator frequency must be

between 5 and 20 MHz.
This is the output of the main PLL. The PLL is capable of modulating its output

1 PLLL frequency in a controlled manner to reduce the radiated emissions.

This clock source is not available and must not be enabled or used as source for
2 Reserved :

any clock domain.
3 EXTCLKINL External clock input 1. A square wave input can be applied to this device input

and used as a clock source inside the device.

This is the low-frequency output of the internal reference oscillator. This is

LF LPO (Low-Frequency typically an 80 KHz signal that is used by the real-time interrupt module for

LPO) generating periodic interrupts to wake up from a low power mode.
_— This is the high-frequency output of the internal reference oscillator. This is

5 HF LPO (Tlgg)Frequency typically a 10 MHz signal that is used by the clock monitor module as a reference

clock to monitor the main oscillator frequency.

This clock source is not available and must not be enabled or used as source for
6 Reserved :

any clock domain.
7 EXTCLKIN2 External clock input 2. A square wave input can be applied to this device input

and used as a clock source inside the device.

2.4.1.1 Enabling / Disabling Clock Sources

Each clock source can be independently enabled or disabled using the set of Clock Source Disable
registers — CSDIS, CSDISSET and CSDISCLR.

Each bit in these registers corresponds to the clock source humber indicated in Table 2-9. For example,
setting bit 1 in the CSDIS or CSDISSET registers disables the PLL1.

NOTE: Disabling the Main Oscillator or HF LPO

By default, the clock monitoring circuit is enabled and checks for the main oscillator
frequency to be within a certain range using the HF LPO as a reference. If the main oscillator
and/or the HF LPO are disabled with the clock monitoring still enabled, the clock monitor will
indicate an oscillator fault. The clock monitoring must be disabled before disabling the main
oscillator or the HF LPO clock source(s).

The clock source is only disabled once there is no active clock domain that is using that clock source.
Also, see Chapter 10 for more information on enabling/disabling the oscillator and PLL.

On the RM44Lx microcontrollers, the clock sources 0, 4 and 5 are enabled by default.

2.4.1.2 Checking for Valid Clock Sources

The application can check whether a clock source is valid or not by checking the corresponding bit to be
set in the Clock Source Valid Status (CSVSTAT) register. For example, the application can check if bit 1 in
CSVSTAT is set before using the output of PLL1 as the source for any clock domain.
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2.4.2 Clock Domains

The clocking on this device is divided into multiple clock domains for flexibility in control as well as clock
source selection. Each of the clock domains are described in Table 2-10.

Each of the control registers listed in Table 2-10 are defined in Section 2.5. The AC timing characteristics
for each clock domain are specified in the device datasheet.

Table 2-10. Clock Domains

Clock
Domain

Default
Source

Source
Selection
Register

Special Considerations

HCLK

OSCIN

GHVSRC

» Clock domain used by the high-speed system modules: Flash memory
interfaces, TCRAM interface, Error Signaling Module (ESM), DMA

* Is disabled using the CDDISx register HCLKOFF bit 1

GCLK

OSCIN

GHVSRC

» Clock domain used by one of the two Cortex-R4F CPUs operating in lock-step
» Always the same frequency as HCLK
* In phase with HCLK

» Can be divided by 1 up to 8, when running CPU self-test (LBIST), using the
CLKDIV field of the STCCLKDIV register

* Is disabled separately from HCLK using the CDDISx register GCLKOFF bit O

GCLK2

OSCIN

GHVSRC

» Clock domain used by the second Cortex-R4F CPU operating in lock-step
» Always the same frequency as GCLK

» 2 cycles delayed from GCLK

* Is disabled along with GCLK

» Gets divided by the same divider setting as that for GCLK when running CPU
self-test (LBIST)

VCLK

OSCIN

GHVSRC

» Clock domain used by some system modules (VIM), peripheral modules
accessed via the Peripheral Central Resource (PCR) controller, and all other
register interfaces also accessed via the PCR

+ Divided down from HCLK
» Can be HCLK/1, HCLK/2,... or HCLK/16
 Is disabled separately from HCLK using the CDDISx register VCLKPOFF bit 2

VCLK2

OSCIN

GHVSRC

» Clock domain used by the timer modules: N2HET1, N2HET2 and the dedicated
transfer units: HTU1, HTU2

» Divided down from HCLK

* Can be HCLK/1, HCLK/2,... or HCLK/16

» Frequency must be an integer multiple of VCLK frequency

« Is disabled separately from HCLK using the CDDISx register VCLK20FF bit 3

VCLK4

OSCIN

GHVSRC

¢ Clock domain used for ePWM, eCAP, and eQEP modules

» Divided down from HCLK

» Can be HCLK/1, HCLK/2,... or HCLK/16

* Is disabled separately from HCLK using the CDDISx register VCLK4OFF bit 9

VCLKA1

VCLK

VCLKASRC

* Clock domain dedicated for the CAN controllers: DCAN1, DCAN2, DCAN3,
used for baud-rate generation

» Defaults to VCLK as the source
» Frequency can be as fast as HCLK frequency
* Is disabled using the CDDISx register VCLKAL1OFF bit 4

RTICLK

VCLK

RCLKSRC

* Clock domain dedicated for the Real-Time Interrupt (RTI) generation module
» Defaults to VCLK as the source
« If a clock source other than VCLK is selected for RTICLK, then the RTICLK
frequency must be less than or equal to VCLK/3
— The application can ensure this requirement by programming the
RTI1DIV field of the RCLKSRC register, if necessary
 Is disabled using the CDDISx register RTICLK1OFF bit 6
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2.4.2.1 Enabling / Disabling Clock Domains

Each clock domain can be independently enabled or disabled using the set of Clock Domain Disable
registers — CDDIS, CDDISSET, and CDDISCLR.

Each bit in these registers corresponds to the clock domain number indicated in Table 2-10. For example,
setting bit 1 in the CDDIS or CDDISSET registers disables the HCLK clock domain. The clock domain will
be turned off only when every module that uses the HCLK domain gives the “permission” for HCLK to be
turned off.

All clock domains are enabled by default, or upon a system reset, or whenever a wake up condition is
detected.

2.4.2.2 Mapping Clock Sources to Clock Domains

Each clock domain needs to be mapped to a valid clock source. There are control registers that allow an
application to choose the clock sources for each clock domain.

Selecting clock source for GCLK, HCLK, and VCLKx domains

The CPU clock (GCLK), the system module clock (HCLK), and the peripheral bus clocks (VCLKXx) all
use the same clock source. This clock source is selected using the GHVSRC register. The default
source for the GCLK, HCLK and VCLKXx is the main oscillator. That is, after power up, the GCLK and
HCLK are running at the OSCIN frequency, while the VCLKx frequency is the OSCIN frequency
divided by 2.

Selecting clock source for VCLKAL domain

The clock source for VCLKAL domain is selected using the VCLKASRC register. The default source
for the VCLKAL domain is the VCLK.

Selecting clock source for RTICLK domain

The clock source for RTICLK domain is selected using the RCLKSRC register. The default source for
the RTICLK domain is the VCLK.

NOTE: Selecting a clock source for RTICLK that is not VCLK

When the application chooses a clock source for RTICLK domain that is not VCLK, then the
application must ensure that the resulting RTICLK frequency must be less than or equal to
VCLK frequency divided by 3. The application can configure the RTI1DIV field of the
RCLKSRC register for dividing the selected clock source frequency by 1, 2, 4, or 8 to meet
this requirement.
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2.4.3 Low-Power Modes

All clock domains are active in the normal operating mode. This is the default mode of operation. As
described in Section 2.4.1.1 and Section 2.4.2.1, the application can choose to disable any particular clock
source and domain that it does not plan to use. Also, the peripheral central resource controller (PCR) has
control registers to enable / disable the peripheral clock (VCLK) for each peripheral select. This offers the
application a large number of choices for enabling / disabling clock sources, or clock domains, or clocks to
specific peripherals.
This section describes three particular low-power modes and their typical characteristics. They are not the
only low-power modes configurable by the application, as just described.

Table 2-11. Typical Low-Power Modes

n Suggested n
. Active Wake Up Time
ARl | EiTs Gl Clock Wake Up Options e U (wake up detected-to-CPU code execution
Name Source(s) Bomain(s) Clock start)
Source(s)
RTI interrupt, Flash pump sleep -> standby transition time
. . GIO interrupt, . il lash ksl * S
Doze Main oscillator RTICLK CAN message, Main oscillator | Flash bank sleep -> s:andby transition time
SCI message Flash bank standby -> active transition time
HF LPO warm start-up time
RTI interrupt N
GIO interrupt’ Flash pump sleep -> standby transition time
Snooze LF LPO RTICLK CAN messagé HF LPO +
SCI message Flash bank sleep -> s:andby transition time
Flash bank standby -> active transition time
HF LPO warm start-up time
+
GIO interrupt, Flash pump sleep -> standby transition time
Sleep None None CAN message, HF LPO +

SCI message

Flash bank sleep -> standby transition time
+

Flash bank standby -> active transition time
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2.4.3.1 Typical Software Sequence to Enter a Low-Power Mode

1. Program the flash banks and flash pump fall-back modes to be “sleep”.
The flash pump transitions from active to sleep mode only after all the flash banks have switched from
active to sleep mode. The flash banks start switching from active to sleep mode only after the banks
are not accessed for at least a 