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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.

SPNA163— Initialization of the TMS570LS043x, TMS570LS033x and RM42L.432 Hercules ARM Cortex-
R4 Microcontrollers Application Report. Provides a brief overview and initialization procedure of the
TMS570LS043%x, TMS570LS033x, and RM42L432 series of microcontrollers in the Hercules family.

SPNS180— RMA42L432/332 16- and 32-BIT RISC Flash Microcontroller Data Manual.

SPNU567— RM42x Hercules™ Development Kit (HDK) User's Guide. Describes the board level
operations of the RM42 Hercules Development Kit (HDK). The HDK is based on the Texas
Instruments RM42L432 Microcontroller. The RM42 HDK is a table top card that allows engineers
and software developers to evaluate certain characteristics of the RM42L432 microcontroller to
determine if the microcontroller meets the designer application requirements. Evaluators can create
software to execute on board or expand the system in a variety of ways.

SPNU516C—March 2018 Read This First 55

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C
http://www.ti.com/lit/pdf/SLYZ022
http://www.ti.com
http://www.ti.com/lit/pdf/spna163
http://www.ti.com/lit/pdf/spns180
http://www.ti.com/lit/pdf/spnu567

13 TEXAS
INSTRUMENTS

www.ti.com

SPNU553— Safety Manual for RM42x 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.

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.
Cortex, CoreSight are trademarks of ARM Limited.
ARM, Cortex are registered trademarks of ARM Limited.
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1.1

1.2

Designed for Safety Applications

The RM42x 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®-R4 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®-R4 CPU,
refer to the ARM® Cortex®-R4 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 are tightly coupled to the R4. The ECC controllers are located
inside the CPU. This approach has two key advantages:

— The interconnect between the 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 RM42x 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 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

The RM42x integrates the ARM® Cortex®-R4 CPU that offers an efficient 1.66 DMIPS/MHz and has
configurations that can run up to 100MHz providing up to 166 DMIPS. The device supports the little-
endian [LE] format.

The RM42x has up to 384KB integrated Flash and up to 32KB data RAM 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/O supply) for all read, program and erase operations. When in pipeline
mode, the flash operates with a system clock frequency of up to 100MHz. The SRAM supports single-
cycle read/write accesses in byte, halfword, and word modes.

The RM42x device features peripherals for real-time control-based applications, including two Next
Generation High End Timer (N2HET) timing coprocessors with up to 19 total 10 terminals and a 12-bit A to
D converter supporting up to 16 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 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 as used in
high-performance motion and position-control systems.

The device has a 12-bit-resolution MibADC with 16 total channels and 64 words of parity protected buffer
RAM. The MibADC channels can be converted individually or can be grouped by software for sequential
conversion sequences. 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: one MibSPI, two SPIs, one LIN/SCI, and two DCANSs.
The SPI provides a convenient method of serial interaction for high-speed communications between
similar shift-register type devices. The LIN/SCI 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, multimaster 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 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. The ECLK frequency is a user-programmable ratio of the peripheral
interface clock (VCLK) frequency or oscillator (OSCIN). This low frequency output can be monitored
externally as an indicator of the device operating frequency.

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®-R4 CoreSight™ debug features.

With integrated safety features and a wide choice of communication and control peripherals, the RM42x is
an ideal solution for real time control applications with safety critical requirements.
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Figure 1-1. Block Diagram
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Endianism Considerations

1.3 Endianism Considerations

1.3.1 Little Endian (LE)

The RM42x family is based on the ARM® Cortex®-R4 core. ARM has designed this core to be used in big-

endian and little-endian systems. For the RM42x 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. Below is an example
of the physical addresses of individual bytes.

31

24 23

Figure 1-2. Example: SPIDELAY — OxFFF7F448

C2TDELAY[7:0]

T2CDELAY[7:0]

15

Byte 3 - FFF7 F44Bh

Byte 2 - FFF7 F44Ah

T2EDELAYI[7:0]

C2EDELAYJ[7:0]

32-hit accesses to this register should use the lowest address, that is, OXFFF7F448. Writing 0x11223344

Byte 1 - FFF7 F449h

Byte 0 - FFF7 F448h

to address OxFFF7F448 shows the following when viewing the memory in 8-bit and 32-bit modes.

As such, the headers provided as part of HALCoGen do take the endianness into account and provide

Hex 8 Bit - Tl Style Hex |

OxFFFTF448 449 |~
OxFFF7F449 33
OxFFFTF44A 22
OxFFFTF44B 11 |+

£ >

‘| Hex 32 Bit - Tl Style

OxFFF7F448 11223344

<

»

Wt

s

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
char
char
char
#else
char
char
char
char

C2EDELAY
T2EDELAY
T2CDELAY
C2TDELAY

C2TDELAY
T2CDELAY
T2EDELAY
C2EDELAY

8U;
8U;
8U;
8U;

8U;
8U;
8U;
8U;

/**1t; OxF448: CS to ENA
/**1t; OxF449: Transmit to ENA
/**1t; OxF44A: Transmit to CS
/**1t; OxF44B: CS to Transmit

/**1t; OxF448: CS to Transmit

/**1t; OxF449: Transmit to CS

/**1t; OxF44A: Transmit to ENA
/**1t; OxF44B: CS to ENA

*/
*/
*/
*/

*/
*/
*/
*/
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Architecture

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 microcontrollers.
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2.1 Introduction

The RM42x family of microcontrollers is based on the Texas Instruments TMS570 Architecture. This
chapter describes specific aspects of the architecture as applicable to the RM42x family of
microcontrollers.

2.1.1 Architecture Block Diagram

The RM42x 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

eFuse

eQEP

ECC

EEPROM
Emulation Flash
Bank

GIO

HTUx

LIN

Lockstep

MibSPIx

N2HETx

Analog-to-Digital Converter

Cyclic Redundancy Checker

Debug Access Port

Controller Area Network
controller

Electronically Programmable
Fuse controller

Enhanced Quadrature
Encoder Pulse Module

Error Correction Code

Emulated Electrically
Erasable Programmable
Read-Only Memory

General-purpose Input/Output

High-End Timer Transfer Unit

Local Interconnect Network
controller

Multi-Buffered Serial
Peripheral Interface

New Enhanced High-End
Timer

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 is one ADC module 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.

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 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.

This is a code that is used by the Single-Bit Error Correction Double-Bit Error
Detection (SECDED) logic inside the two Cortex-R4 processors (CPUSs). 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 16KB of flash for emulated EEPROM.

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 / from the N2HET RAM from / to another region in the device
memory-map. There is one HTU and one N2HET module on the device. The
HTUx are bus masters in this device.

The LIN module supports the Local Interconnect standard revision 2.1 and can
be used as a UART in full-duplex mode using the standard Non-Return-to-Zero
(NRZ) format.

This is the mode of operation of the dual ARM Cortex-R4 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.

The MibSPIx modules also support the standard SPI communication protocol.
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 is one MibSPI module
in this device.

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
1/0 port. The N2HET can be used for pulse width modulated outputs, capture or
compare inputs, or general-purpose 1/O.
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Table 2-1. Definition of Terms (continued)

Acronym /

Term Full Form Description

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.

SPIx Serial Peripheral Interface The SPIx modules provide 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.

2.1.3 Bus Master / Slave Access Privileges

This device implements some restrictions on the bus slave access privileges in order to improve the
overall throughput of the interconnect shown in Figure 2-1.

Table 2-2. Bus Master / Slave Access Privileges

Bus Slaves Being Accessed

EEPROM Bank, ECC Non-CPU Accesses to CRC PCR
Masters Master 1D Access Mode Bits, OTP Regions CPU Flash and RAM Module Modules
CPU Read 0 User/Privilege Allowed Allowed Allowed Allowed
CPU Write 1 User/Privilege Not allowed Allowed Allowed Allowed
HTU 6 Privilege Not allowed Allowed Allowed Allowed
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2.2

Memory Organization

2.2.1 Memory-Map Overview

The Cortex-R4 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 shows the superset
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-R4 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.

Figure 2-2. Memory-Map

OxFFFFFFFF
SYSTEM Modules
OxFFF80000f— — — — — — — — — — — — — — —
OXEFE7FEEE Peripherals - Frame 1
0xFF000000
0xFE000000 CRC
RESERVED
0xFCFFFFFF
Peripherals - Frame 2
0xFC000000
RESERVED
0xFO7FFFFF
Flash Module Bus2 Interface
(Flash ECC, OTP andEEPROM accesses)
0xF0000000
RESERVED
0x2005FFFF .
Flash (384KB) (Mirrored Image)
0x20000000
RESERVED
0x08407FFF
RAM - ECC
0x08400000
RESERVED
0x08007FFF
RAM (32KB)
0x08000000
RESERVED
0x0005FFFF
Flash (384KB)
0x00000000
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Memory Organization

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. The table 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

Frame

Actual

Response for Access to

Name Memory Select A 3 Unimplemented
Y Start End sles sles Locatic?n in Frame
CPU Tightly-Coupled Memories
TCM Flash CS0 0x0000_0000 OX00FF_FFFF 16MB 384KB
TCM Récl\:/chr RAM CSRAMO 0x0800_0000 OxOBFF_3FFF 64MB 32KB Abort
Mirrored Flash Flash mirror frame 0x2000_0000 Ox20FF_FFFF 16MB 384KB
Flash Bus2 Interface: OTP, ECC, EEPROM Bank
Customer OTP, TCM
Flash Bank 0xF000_0000 0xFO00_FFFF 64KB 2KB
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 _FFFE | 64KB | 2KB
Abort
TI OTPéaEnIIE(PROM 0xF008_E000 OxFO008_FFFF 8KB 1KB
TI OTP-ECC, TCM
Flash Bank 0xFO0C_0000 0xFOOC_O03FF 8KB 512B
TI OTP-ECC,
EEPROM Bank 0xFO0C_1C00 OxFOOC_1FFF 1KB 128B
EEPROM Bank-ECC 0xF010_0000 OxFO013_FFFF 256KB 2KB
EEPROM Bank 0xF020_0000 OxFO3F_FFFF 2MB 16KB
Flash Data Space OXF040_0000 | OXFOAF FFEF | 1MB | 48KB
Cyclic Redundancy Checker (CRC) Module Register Frame
CRC CRC frame OXFE00_0000 | OXFEFF_FFFF | 16MB | 5128 | /\Ccessesabove 0x200
- - generate an Abort.
Peripheral Memories
MIBSPI1 RAM PCS[7] OXFFOE_0000 | OxFFOF_FFFF | 128KB | 2kg | APortforaccesses above
Wrap around for
accesses to
unimplemented address
DCAN2 RAM PCS[14] OxFF1C_0000 OXFF1D_FFFF | 128KB 2KB offsets lower than OX7FF.
Abort generated for
accesses beyond offset
0x800.
Wrap around for
accesses to
unimplemented address
DCAN1 RAM PCS[15] OxFF1E_0000 OXFF1F_FFFF 128KB 2KB offsets lower than OX7FF.

Abort generated for
accesses beyond offset
0x800.
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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

MIBADC RAM

Table

MIBADC Look-Up

PCS[31]

OxFF3E_0000

OXFF3F_FFFF

128KB

8KB

Wrap around for
accesses to
unimplemented address
offsets lower than
Ox1FFF.

384B

Look-up table for ADC
wrapper. Starts at offset
0x2000 and ends at
0x217F. Wrap around for
accesses between offsets
0x180 and Ox3FFF.
Aborts generated for
accesses beyond 0x4000.

N2HET RAM

PCS[35]

OXFF46_0000

OXFF47_FFFF

128KB

16KB

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

HET TU RAM

PCS[39]

OxFF4E_0000

OXFF4F_FFFF

128KB

1KB

Abort

Debug Components

ROM

CoreSight Debug

CSCs0

0xFFAO_0000

OxFFAO_OFFF

4KB

4KB

Reads return zeros,
writes have no effect

Cortex-R4 Debug

CSCs1

OxFFAO_1000

OxFFAO_1FFF

4KB

4KB

Reads return zeros,
writes have no effect

Peripheral Control Registers

HTU

PS[22]

OxFFF7_A400

OXFFF7_A4FF

256B

256B

Reads return zeros,
writes have no effect

N2HET

PS[17]

OxFFF7_B800

OxFFF7_B8FF

256B

256B

Reads return zeros,
writes have no effect

GIO

PS[16]

0xFFF7_BCO00

OXFFF7_BCFF

256B

256B

Reads return zeros,
writes have no effect

MIBADC

PS[15]

OxFFF7_C000

OXFFF7_C1FF

512B

512B

Reads return zeros,
writes have no effect

DCAN1

PS8

0xFFF7_DCO00

OXFFF7_DDFF

512B

512B

Reads return zeros,
writes have no effect

DCAN2

PS[8]

OxFFF7_DEOO

OXFFF7_DFFF

512B

512B

Reads return zeros,
writes have no effect

LIN

PS[6]

OxFFF7_E400

OXFFF7_E4FF

256B

256B

Reads return zeros,
writes have no effect

MibSPI1

PS[2]

OXFFF7_F400

OXFFF7_F5FF

512B

512B

Reads return zeros,
writes have no effect

SPI2

PS[2]

OXFFF7_F600

OXFFF7_F7FF

512B

512B

Reads return zeros,
writes have no effect

SPI3

PS[1]

OxFFF7_F800

OXFFF7_FOFF

512B

512B

Reads return zeros,
writes have no effect

EQEP

PS[25]

OXFFF7_9900

OXFFF7_99FF

256B

256B

Reads return zeros,
writes have no effect

EQEP (Mirrored)

PS2[25]

OxFCF7_9900

OXFCF7_99FF

256B

256B

Reads return zeros,
writes have no effect
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Table 2-3. Module Registers / Memories Memory-Map (continued)

Frame Address Erame | Actual Respor)se for Access to
Name Memory Select A 3 Unimplemented
Start End Sz Sz Location in Frame
System Modules Control Registers and Memories
Wrap around for
accesses to
VIM RAM PPCS2 OXFFF8_2000 | OXFFF8 2FFF | 4KB 1kg | Unimplemented address
— — offsets lower than Ox3FF.
Accesses beyond 0x3FF
will be ignored.
Flash Wrapper PPCS7 OxFFF8_7000 OxFFF8_7FFF 4KB 4KB Abort
eFuse Farm
Controller PPCS12 OxFFF8_CO000 OxXFFF8_CFFF 4KB 4KB Abort
PCR registers PPSO OXFFFF_E000 | OxFFFF_EOFF | 256B | 256B Reads return zeros,
writes have no effect
System Module - Reads return zeros,
Frame 2 PPSO OxFFFF_E100 OxFFFF_E1FF 256B 256B writes have no effect
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 writes have no effect
IOMM Multiplexing PPS2 OXEEEE EAOO | OXFFFE EBEF 5128 5128 Ge_nerates a_ddress error
Control Module - - interrupt, if enabled
Reads return zeros,
DCC PPS3 OxFFFF_ECO00 OxFFFF_ECFF 256B 256B writes have no effect
ESM PPS5 OXFFFF_F500 | OxFFFF_FSFF | 256B | 256B Reads return zeros,
- = writes have no effect
Reads return zeros,
CCM-R4 PPS5 OxFFFF_F600 OXFFFF_F6FF 256B 256B writes 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 writes 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 writes have no effect
VIM PPS7 OXFFFF_FEO0 | OXxFFFF_FEFF | 256B | 256B Reads return zeros,
- = writes have no effect
System Module - Reads return zeros,
Frame 1 PPS7 OxFFFF_FFOO OXFFFF_FFFF 256B 256B writes have no effect
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2.2.3 Flash on Microcontrollers

The RM42x microcontroller supports up to 384KB of flash for use as program memory. The
microcontrollers also support a separate 16KB 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 ©®@®

Me(gféyaﬁ;;?ys Block No. | Sector No. Segment Low Address High Address

0 8K Bytes 0x0000_0000 0x0000_1FFF

1 8K Bytes 0x0000_2000 0x0000_3FFF

2 8K Bytes 0x0000_4000 0x0000_5FFF

3 8K Bytes 0x0000_6000 0x0000_7FFF

4 8K Bytes 0x0000_8000 0x0000_9FFF

BANKO (384 KBytes) 0 5 8K Bytes 0x0000_A000 0x0000_BFFF
6 8K Bytes 0x0000_C000 0x0000_DFFF

7 8K Bytes 0x0000_E000 0x0000_FFFF

8 8K Bytes 0x0001_0000 0x0001_1FFF

9 8K Bytes 0x0001_2000 0x0001_3FFF

10 8K Bytes 0x0001_4000 0x0001_5FFF

11 8K Bytes 0x0001_6000 0x0001_7FFF

12 32K Bytes 0x0001_8000 0x0001_FFFF

1 13 128K Bytes 0x0002_0000 0x0003_FFFF

2 14® 128K Bytes 0x0004_0000 0x0005_FFFF

0 0 4K Bytes 0xF020_0000 0xF020_OFFF

BANK7 (16 KBytes) for 1 1 4K Bytes 0xF020_1000 0xF020_1FFF
EEPROM emulation 2 2 4K Bytes 0xF020_2000 O0XF020_2FFF
3 3 4K Bytes 0xF020_3000 0xF020_3FFF

(6]
()
@®)
)

The Flash banks are 144-bit wide bank with ECC support.

The flash bank7 is a FLEE bank and can be programmed while executing code from flash bank0.

Code execution is not allowed from flash bank?7.
Sector 14 is not accessible or included in the RM42x configuration.
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2.2.3.2 ECC Protection for Flash Accesses

The RM42x microcontroller protects 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-R4 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.

Example 2-1. Code Example for Enabling ECC Protection for Main Flash Accesses

MRC p15, #0, rl1l, cl, cO, #1

ORR ri, rl, #0x02000000 ;Enable ECC checking for ATCM
DMB

MCR p15, #0, rl1l, cl, cO, #1

The ECC protection for accesses to the EEPROM emulation flash bank can be enabled by writing Ah to
the EDACEN field of the flash module’s Error Correction Control Register 1 (FEDACCTRL1). See
Chapter 4 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.

Example 2-2. Code Example for Enabling the CPU Event Signaling

MRC p15,#0,r1,c9,cl2,#0 ;Enabling Event monitor states
ORR rl1, ri1, #0x00000010
MCR p15,#0,r1,c9,cl2,#0 ;Set 4th bit (*X") of PMNC register

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

The digital logic that interfaces the ARM Cortex-R4 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) provided ECC protection is enabled within the digital logic by writing Ah to the EDACEN
field of the flash module's Error Correction Control Register 1 (FEDACCTRLL1).
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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 RM42x 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.

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 6 for more
details on the usage of the RGS and RDS information.

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

NOTE: Recommended Memory Test Algorithm

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

For PBIST ROM_CLK = HCLK/2.

Table 2-5. PBIST Memory Grouping

Memory RAM Group# Memory Type RGS RDS
PBIST_ROM 1 ROM 1 0
STC_ROM 2 ROM 2 0
DCAN1 3 Dual-port 3 0.5
DCAN2 4 Dual-port 4 0.5
ESRAM1 6 Single-port 6 0/1..4
MIBSPI1 7 Dual-port 7 0.3
VIM 10 Dual-port 8 0.1
MIBADC 11 Dual-port 9 0
N2HET 13 Dual-port 11 0.11
HET TU 14 Dual-port 12 0.5
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Table 2-6. PBIST Algorithm Mapping

Available
ALGO Memories Background Valid RINFO
Sr. No. Register Value Algorithm Under Test Patterns Valid RAM Groups Register Value
1 0x00000001 triple_read_slow_read ROM 1,2 0x00000003
2 0x00000002 triple_read_fast_read ROM 1,2 0x00000003
3 0x00000004 march13n Dual-port 0x00000000, 3,4,7,10,11,13,14 0x0000364C
0x96699669,
0xOFOFOFOF,
OXAA55AAS55,
0xC3C3C3C3
4 0x00000008 march13n Single-port 0x00000000, 6,29 0x10000020
0x96699669,
0xOFOFOFOF,
O0XAA55AAS55,
0xC3C3C3C3
5 0x00000010 downlA_red Dual-port OXFFFFFFFF, 3,4,7,10,11,13,14 0x0000364C
OXAAAAAAAA
6 0x00000020 downlA_ red Single-port OXFFFFFFFF, 6,29 0x10000020
OXAAAAAAAA
7 0x00000040 mapcolumn Dual-port OxFFFFFFFF, 3,4,7,10,11,13,14 0x0000364C
0x00000000
8 0x00000080 mapcolumn Single-port OXFFFFFFFF, 6,29 0x10000020
0x00000000
9 0x00000100 precharge Dual-port OxFFFFFFFF, 3,4,7,10,11,13,14 0x0000364C
0x00000000
10 0x00000200 precharge Single-port OXFFFFFFFF, 6,29 0x10000020
0x00000000
11 0x00000400 dtxn2 Dual-port OXFFFFFFFF, 3,4,7,10,11,13,14 0x0000364C
0x00000000
12 0x00000800 dtxn2 Single-port OXFFFFFFFF, 6,29 0x10000020
0x00000000
13 0x00001000 pmos_open Dual-port OXFFFFFFFF, 3,4,7,10,11,13,14 0x0000364C
0x00000000
14 0x00002000 pmos_open Single-port OXFFFFFFFF, 6,29 0x10000020
0x00000000
15 0x00004000 pmos_open_slicel Dual-port OXFFFFFFFF, 10 0x00000200
0x00000000
16 0x00008000 pmos_open_slice2 Dual-port OXFFFFFFFF, 10 0x00000200
0x00000000
17 0x00010000 flip10 Dual-port OXFFFFFFFF 3,4,7,10,11,13,14 0x0000364C
18 0x00020000 flip10 Single-port OXFFFFFFFF 6,29 0x10000020
19 0x00040000 iddq Dual-port 0x00000000 3,4,7,10,11,13,14 0x0000364C
20 0x00080000 iddq Single-port 0x00000000 6 0x00000020
21 0x00100000 retention Dual-port 0x00000000 3,4,7,10,11,13,14 0x0000364C
22 0x00200000 retention Single-port 0x00000000 6 0x00000020
23 0x00400000 iddq Dual-port OXFFFFFFFF 3,4,7,10,11,13,14 0x0000364C
24 0x00800000 iddq Single-port OXFFFFFFFF 6 0x00000020
25 0x01000000 retention Dual-port OXFFFFFFFF 3,4,7,10,11,13,14 0x0000364C
26 0x02000000 retention Single-port OXFFFFFFFF 6 0x00000020
27 0x04000000 iddgrowstripe Dual-port 0x00000000 3,4,7,10,11,13,14 0x0000364C
28 0x08000000 iddgrowstripe Single-port 0x00000000 6 0x00000020
29 0x10000000 iddgrowstripe Dual-port OXFFFFFFFF 3,4,7,10,11,13,14 0x0000364C
30 0x20000000 iddgrowstripe Single-port OXFFFFFFFF 6 0x00000020
31 0x40000000 powerup_invpowerup Dual-port OXAAAAAAAA 33,34,36,39,40,42,43 0x000006CB
32 0x80000000 powerup_invpowerup Single-port OXAAAAAAAA 52 0x00080000
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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 so 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(31-0) 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 2-3. 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 bit is 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 ®®
Address Range . .
Memory MSINENA Register Bit #
Start End
RAM 0x08000000 0x0800FFFF 0
MIBSPI1 RAM OxFFOEO000 OXFFOFFFFF 7®
DCAN2 RAM 0xFF1C0000 OxFF1DFFFF 6
DCAN1 RAM OxFF1E0000 OXFF1FFFFF 5
MIBADC RAM OxFF3E0000 OXFF3FFFFF 8
N2HET RAM OxFF460000 OxFF47FFFF 3
HET TU RAM OxFF4E0000 OXFF4FFFFF 4
VIM RAM OxFFF82000 OxFFF82FFF 2
@ |f ECC protection is enabled for the CPU data RAM, then the auto-initialization process also initializes the corresponding ECC
space.
@ |f parity protection is enabled for the peripheral SRAM modules, then the parity bits will also be initialized along with the SRAM
modules.

©®  The MibSPI module performs 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
MibSPI module need to be released from reset by writing 1 to the SPIGCRO register before starting auto-initialization on its
RAMSs.
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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®-R4 Technical Reference Manual.
2.3.1 Resets
The RM42x 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 1/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, SYSESRI[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-R4 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 RM42x 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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2.3.2.5 Conditions That Generate Aborts

2.3.3

An Abort is generated under the following conditions on the RM42x 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-R4 processor's Memory Protection
Unit (MPU). For more details on the MPU configuration, refer to the ARM® Cortex®-R4 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 RM42x microcontrollers.

2.4.1 Clock Sources

The devices support up to 5 clock sources. These are listed 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

0 OSCIN Main oscillator. This is the primary clock for the microcontroller and is the only
clock that is input to the phase-locked loops. The oscillator frequency must be
between 5 and 20 MHZ.

1 PLL1 This is the output of the main PLL. The PLL is capable of modulating its output
frequency in a controlled manner to reduce the radiated emissions.

2 Reserved This clock source is not available and must not be enabled or used as source
for any clock domain.
3 EXTCLKIN External clock input. A square wave input can be applied to this device input

and used as a clock source inside the device. Use of EXTCLKIN requires
selecting the EXTCLKIN pin function in the PINMMR2 register.

4 LF LPO This is the low-frequency output of the internal reference oscillator. This is
(Low-Frequency LPO) typically an 80 KHz signal (CLK80K) that is used by the real-time interrupt
CLK80K module for generating periodic interrupts to wake up from a low power mode.
5 HF LPO This is the high-frequency output of the internal reference oscillator. This is
(High-Frequency LPO) typically a 10 MHZ signal (CLK10M) that is used by the clock monitor module
CLK10M as a reference clock to monitor the main oscillator frequency.
6 Reserved This clock source is not available and must not be enabled or used as source

for any clock domain.

7 Reserved This clock source is not available and must not be enabled or used as source
for any clock domain.

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 PLL.

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 9 for more information on enabling/disabling the oscillator and PLL.

On the RM42x 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 PLL 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. There are 7 clock domains on this device. Each of these 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

Source
Clock Clock Default Selection
Domain # Domain Source Register  Special Considerations
0 GCLK OSCIN GHVSRC + Always the same frequency as HCLK
« In phase with HCLK
« Is disabled separately from HCLK via the CDDISx registers bit O
» Can be divided by 1 to 8 when running CPU self-test (LBIST) using
the CLKDIV field of the STCCLKDIV register
0 GCLK2 OSCIN GHVSRC * 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)
1 HCLK OSCIN GHVSRC « Is disabled via the CDDISX registers bit 1
2 VCLK OSCIN GHVSRC » Divided down from HCLK

¢ Can be HCLK/1 or HCLK/2
¢ Is disabled separately from HCLK via the CDDISx register bit 2
« Can be disabled separately for the eQEP module via the CDDISx
register bit 9.
3 VCLK2 OSCIN GHVSRC ¢ Divided down from HCLK

e Can be HCLK/1 or HCLK/2
« Frequency must be an integer multiple of VCLK frequency
« Is disabled separately from HCLK via the CDDISx registers bit 3

4 VCLKAL VCLK VCLKASRC ¢ Defaults to VCLK as the source

* Frequency can be as fast as HCLK frequency
« Is disabled via the CDDISx registers bit 4

6 RTICLK VCLK RCLKSRC « 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 by programming the RTI1DIV field of
the RCLKSRC register, if necessary

« Is disabled via the CDDISx registers bit 6

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.
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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.

e 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 via 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 VCLKXx frequency is the OSCIN frequency divided by 2.

» Selecting clock source for the VCLKA1 domain

The clock source for the VCLKAL domain is selected via 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 via 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.

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
Suggested
Wake Up
Mode Active Clock  Active Clock Clock Wake Up Time (wake up detected -to-
Name Source(s) Domain(s) Wake Up Options Source(s) CPU code execution start)
Doze Main oscillator RTICLK RTI interrupt, Main oscillator  Flash pump sleep -> active transition time
GIO interrupt, +
CAN message, Flash bank sleep -> standby transition time
SCI message +
Flash bank standby -> active transition time
Snooze LF LPO RTICLK RTI interrupt, HF LPO HF LPO warm start-up time
GIO interrupt, +
CAN message, Flash pump sleep -> active transition time
SCI message +
Flash bank sleep -> standby transition time
+
Flash bank standby -> active transition time
Sleep None None GIO interrupt, HF LPO HF LPO warm start-up time
CAN message, +
SCI message Flash pump sleep -> active transition time
+
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 duration defined by the Active Grace Period (AGP) parameter
configured for the banks. See Chapter 4 for more details.

Disable the clock sources that are not required to be kept active.

A clock source does not get disabled until all clock domains using that clock source are disabled first,
or are configured to use an alternate clock source.

Disable the clock domains that are not required to be kept active.

A clock domain does not get disabled until all modules using that clock domain “give their permission”
for that clock domain to be turned off.

Idle the Cortex-R4 core.

The ARM Cortex-R4 CPU has internal power management logic, and requires a dedicated instruction
to be used in order to enter a low power mode. This is the Wait For Interrupt (WFI) instruction.

When a WFI instruction is executed, the Cortex-R4 core flushes its pipeline, flushes all write buffers,
and completes all pending bus transactions. At this time the core indicates to the system that the clock
to the core can be stopped. This indication is used by the Global Clock Module (GCM) to turn off the
CPU clock domain (GCLK) if the CDDIS register bit O is set.

2.4.3.2 Special Considerations for Entry to Low-Power Modes

The bus masters can have ongoing transactions when the application wants to enter a low-power mode to
turn off the clocks to those modules. This is not recommended as it could leave the device in an
unpredictable state. See the individual module chapters for more information about the sequence to be
followed to safely enter a low-power mode.

2.4.3.3 Selecting Clock Source Upon Wake Up

The domains for CPU clock (GCLK), the system clock (HCLK) and the peripheral clock (VCLKXx) use the
same clock source selected via the GHVSRC field of the GHVSRC register. The GHVSRC register also
allows the application to choose the clock source after wake up via the GHVWAKE field.

When a wake up condition is detected, if the selected wake up clock source is not already active, the

global clock module (GCM) will enable this selected clock source, wait for it to become valid, and then use
it for the GCLK, HCLK and VCLKx domains. The other clock domains VCLKAx and RTICLK retain the
configuration for their clock source selection registers — VCLKASRC, VCLKACON1 and RCLKSRC.
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2.4.4 Clock Test Mode

The RM42x microcontrollers support a test mode which allows a user to bring out several different clock
sources and clock domains on to the ECLK terminal. This is very useful information for debug purposes.
Each clock source also has a corresponding clock source valid status flag in the Clock Source Valid
Status (CSVSTAT) register. The clock source valid status flags can also be brought out on to the
N2HET[2] terminal in this clock test mode.

The clock test mode is controlled by the CLKTEST register (Section 2.5.1.32) in the system module
register frame.

The clock test mode is enabled by writing 0x5 to the CLK_TEST_EN field.

The signal to be brought out on to the ECLK terminal is defined by the SEL_ECP_PIN field and the signal
to be brought out on to the N2HET[2] terminal is defined by the SEL_N2HET_PIN field.

These selections are defined in Table 2-12.

Table 2-12. Clock Test Mode Options

SEL_ECP_PIN Signal on ECLK SEL_N2HET_PIN Signal on N2HET[2]
0000 Oscillator 0000 Oscillator Valid status
0001 PLL&U{Leuet-(rgrllrliigﬁlf)IOCk 0001 PLL1 Valid status
0010 Reserved 0010 Reserved
0011 Reserved 0011 Reserved
0100 CLK80K 0100 Reserved
0101 CLK10M 0101 CLK10M Valid status
0110 Reserved 0110 Reserved
0111 Reserved 0111 Reserved
1000 GCLK 1000 CLK80K Valid status
1001 RTI Base 1001 Oscillator Valid status
1010 Reserved 1010 Oscillator Valid status
1011 VCLKA1 1011 Oscillator Valid status
1100 Reserved 1100 Oscillator Valid status
1101 Reserved 1101 Oscillator Valid status
1110 Reserved 1110 Oscillator Valid status
1111 Flash HD Pump Oscillator 1111 Oscillator Valid status
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2.45 Safety Considerations for Clocks

The RM42x microcontrollers are targeted for use in several safety-critical applications. The following
sections describe the internal or external monitoring mechanisms that detect and signal clock source
failures.

2.45.1 Oscillator Monitor

The oscillator clock frequency is monitored by a dedicated circuitry called CLKDET using the HF LPO as
the reference clock. The CLKDET flags an oscillator fail condition whenever the OSCIN frequency falls
outside of a range which is defined by the HF LPO frequency. Please refer to the device datasheet for
specific frequency values.

The valid OSCIN range is defined as a minimum of fyc | po) / 4 to @ maximum of fye  po) X 4.

The application can select the device response to an oscillator fail indication. See Chapter 9 for more
details on the oscillator monitoring and the system response choices.

2.4.5.2 PLL Slip Detector

The PLL macro implemented on the microcontroller has an embedded slip detection circuit. A PLL slip is
detected by the slip detector under the following conditions:

1. Reference cycle slip, RFSLIP — the output clock is running too fast relative to the reference clock
2. Feedback cycle slip, FBSLIP — the output clock is running too slow relative to the reference clock

The device also includes optional filters that can be enabled before a slip indication from the PLL is
actually logged in the system module Global Status Register (GLBSTAT). Also, once a PLL slip condition
is logged in the system module global status register, the application can choose the device’s response to
the slip indication. See Chapter 9 for more details on PLL slip and the system response choices.

2.45.3 External Clock Monitor

The microcontrollers support a terminal called ECLK — External Clock, which is used to output a slow
frequency which is divided down from the device system clock frequency. An external circuit can monitor
the ECLK frequency in order to check that the device is operating at the correct frequency.

The frequency of the signal output on the ECLK pin can be divided down by 1 to 65536 from the
peripheral clock (VCLK) frequency using the External Clock Prescaler Control Register (ECPCNTL). The
actual clock output on ECLK is enabled by setting the ECP CLK FUN bit of the SYSPCL1 control register.
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2.4.5.4 Dual-Clock Comparator

The microcontroller includes a dual-clock comparator module. This module includes two down counters
which independently count from two separate seed values at the rate of two independent clock

frequencies. One of the clock inputs is a reference clock input, selectable between the main oscillator or
the HF LPO in functional mode. The second clock input is selectable from among a set of defined signals.
This mechanism can be used to use a known-good clock to measure the frequency of another clock.

The DCC module has two counters. Table 2-13 and Table 2-14 show the options for selecting the clock
sources for both counters on the DCC module.

CNTO CLKSRC is a control field in the DCCCNTOCLKSRC register. KEY and CNT1 CLKSRC are control
fields in the DCCCNT1CLKSRC register.

As can be seen, the main oscillator (OSCIN) can be used for counter 0 as a “known-good” reference
clock. The clock for counter 1 can be selected from among 5 options. See Chapter 10 for more details on

the DCC usage.

Table 2-13. Clock Source Selection for DCC1 Counter0

CNTO CLKSRC Clock Name Clock Description
5h HF LPO High-Frequency Output of Internal Low-Power Oscillator
Ah TCK Test Clock

All other values OSCIN Main oscillator input

Table 2-14. Clock Source Selection for DCC1 Counterl

KEY CNT1 CLKSRC Clock Name Clock Description

Ah 0 PLL Output Output from PLL
1h Reserved Reserved
2h LF LPO Low-Frequency output of internal Low-Power Oscillator
3h HF LPO High-Frequency output of internal Low-Power Oscillator
4h Reserved Reserved
5h EXTCLKIN External clock input source #1
6h Reserved Reserved
7h Reserved Reserved

8h—Fh VCLK Peripheral bus clock
All other values Don't care N2HET[31] Signal output on the N2HET[31] signal by the N2HET module,

either by the N2HET program execution, or by the application
toggling the N2HET[31] pin as general-purpose output.
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2.5 System and Peripheral Control Registers

The following sections describe the system and peripheral control registers of the RM42x microcontroller.

2.5.1 Primary System Control Registers (SYS)

This section describes the SYSTEM registers. These registers are broken up into two separate frames.

The start address of the primary system module frame is FFFF FFOOh. The start address of the secondary
system module frame is FFFF E100h. The registers support 32-, 16-, and 8-bit writes. The offset is relative
to the system module frame start address.

Table 2-15 contains a summary of the primary system control registers.

Table 2-15. Primary System Control Registers

Offset Acronym Register Description Section
00h SYSPC1 SYS Pin Control Register 1 Section 2.5.1.1
04h SYSPC2 SYS Pin Control Register 2 Section 2.5.1.2
08h SYSPC3 SYS Pin Control Register 3 Section 2.5.1.3
0Ch SYSPC4 SYS Pin Control Register 4 Section 2.5.1.4
10h SYSPC5 SYS Pin Control Register 5 Section 2.5.1.5
14h SYSPC6 SYS Pin Control Register 6 Section 2.5.1.6
18h SYSPC7 SYS Pin Control Register 7 Section 2.5.1.7
1Ch SYSPC8 SYS Pin Control Register 8 Section 2.5.1.8
20h SYSPC9 SYS Pin Control Register 9 Section 2.5.1.9
30h CSDIS Clock Source Disable Register Section 2.5.1.10
34h CSDISSET Clock Source Disable Set Register Section 2.5.1.11
38h CSDISCLR Clock Source Disable Clear Register Section 2.5.1.12
3Ch CDDIS Clock Domain Disable Register Section 2.5.1.13
40h CDDISSET Clock Domain Disable Set Register Section 2.5.1.14
44h CDDISCLR Clock Domain Disable Clear Register Section 2.5.1.15
48h GHVSRC GCLK, HCLK, VCLK, and VCLK2 Source Register Section 2.5.1.16
4Ch VCLKASRC Peripheral Asynchronous Clock Source Register Section 2.5.1.17
50h RCLKSRC RTI Clock Source Register Section 2.5.1.18
54h CSVSTAT Clock Source Valid Status Register Section 2.5.1.19
58h MSTGCR Memory Self-Test Global Control Register Section 2.5.1.20
5Ch MINITGCR Memory Hardware Initialization Global Control Register Section 2.5.1.21
60h MSINENA Memory Self-Test/Initialization Enable Register Section 2.5.1.22
64h MSTFAIL Memory Self-Test Fail Status Register Section 2.5.1.23
68h MSTCGSTAT MSTC Global Status Register Section 2.5.1.24
6Ch MINISTAT Memory Hardware Initialization Status Register Section 2.5.1.25
70h PLLCTL1 PLL Control Register 1 Section 2.5.1.26
74h PLLCTL2 PLL Control Register 2 Section 2.5.1.27
78h SYSPC10 SYS Pin Control Register 10 Section 2.5.1.28
7Ch DIEIDL Die Identification Register, Lower Word Section 2.5.1.29
80h DIEIDH Die Identification Register, Upper Word Section 2.5.1.30
88h LPOMONCTL LPO/Clock Monitor Control Register Section 2.5.1.31
8Ch CLKTEST Clock Test Register Section 2.5.1.32
90h DFTCTRLREG DFT Control Register Section 2.5.1.33
94h DFTCTRLREG2 DFT Control Register 2 Section 2.5.1.34
AOh GPREG1 General Purpose Register Section 2.5.1.35
A8h IMPFASTS Imprecise Fault Status Register Section 2.5.1.36
ACh IMPFTADD Imprecise Fault Write Address Register Section 2.5.1.37
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Table 2-15. Primary System Control Registers (continued)

Offset Acronym Register Description Section
BOh SSIR1 System Software Interrupt Request 1 Register Section 2.5.1.38
B4h SSIR2 System Software Interrupt Request 2 Register Section 2.5.1.39
B8h SSIR3 System Software Interrupt Request 3 Register Section 2.5.1.40
BCh SSIR4 System Software Interrupt Request 4 Register Section 2.5.1.41
COh RAMGCR RAM Control Register Section 2.5.1.42
C4h BMMCR1 Bus Matrix Module Control Register 1 Section 2.5.1.43
CCh CPURSTCR CPU Reset Control Register Section 2.5.1.44
DOh CLKCNTL Clock Control Register Section 2.5.1.45
D4h ECPCNTL ECP Control Register Section 2.5.1.46
DCh DEVCR1 DEV Parity Control Register 1 Section 2.5.1.47
EOh SYSECR System Exception Control Register Section 2.5.1.48
E4h SYSESR System Exception Status Register Section 2.5.1.49
E8h SYSTASR System Test Abort Status Register Section 2.5.1.50
ECh GLBSTAT Global Status Register Section 2.5.1.51
FOh DEVID Device Identification Register Section 2.5.1.52
F4ah SSIVEC Software Interrupt Vector Register Section 2.5.1.53
F8h SSIF System Software Interrupt Flag Register Section 2.5.1.54

2.5.1.1 SYS Pin Control Register 1 (SYSPC1)
The SYSPCL1 register, shown in Figure 2-4 and described in Table 2-16, controls the function of the ECLK

pin.
Figure 2-4. SYS Pin Control Register 1 (SYSPC1) (offset = 00h)

31 16

‘ Reserved ‘
R-0

15 1 0

] Reserved ECPCLKFUN |
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-16. SYS Pin Control Register 1 (SYSPC1) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKFUN ECLK function. This bit changes the function of the ECLK pin.

ECLK is in GIO mode.
ECLK is in functional mode as a clock output.

Note: Proper ECLK duty cycle is not assured until 1 ECLK cycle has elapsed after switching
into functional mode.
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2.5.1.2 SYS Pin Control Register 2 (SYSPC2)

The SYSPC2 register, shown in Figure 2-5 and described in Table 2-17, controls whether the pin is an
input or an output when in GIO mode.

Figure 2-5. SYS Pin Control Register 2 (SYSPC2) (offset = 04h)

31 16
‘ Reserved ‘
R-0
15 1 0
Reserved ECPCLKDIR |
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-17. SYS Pin Control Register 2 (SYSPC2) Field Descriptions

Bit Field Value | Description
31-1 |Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKDIR ECLK data direction. This bit controls the direction of the ECLK pin when it is configured to be in
GIO mode only.

0 The ECLK pin is an input.
Note: If the pin direction is set as an input, the output buffer is tristated.
1 The ECLK pin is an output.

Note: The ECLK pin is placed into GIO mode by clearing the ECPCLKFUN bit to 0 in the
SYSPCL1 register.

2.5.1.3 SYS Pin Control Register 3 (SYSPC3)

The SYSPC3 register, shown in Figure 2-6 and described in Table 2-18, displays the logic state of the
ECLK pin when it is in GIO mode.

Figure 2-6. SYS Pin Control Register 3 (SYSPC3) (offset = 08h)

31 16
’ Reserved ‘
R-0
15 1 0
\ Reserved ECPCLKDIN |
R-0 R-U

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset; -U = Undefined

Table 2-18. SYS Pin Control Register 3 (SYSPC3) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKDIN ECLK data in. This bit displays the logic state of the ECLK pin when it is configured to be in GIO
mode.

The ECLK pin is at logic low (0).
The ECLK pin is at logic high (1).

88 Architecture SPNU516C—March 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

www.ti.com System and Peripheral Control Registers

2.5.1.4 SYS Pin Control Register 4 (SYSPC4)

The SYSPC4 register, shown in Figure 2-7 and described in Table 2-19, controls the logic level output
function of the ECLK pin when when it is configured as an output in GIO mode.

Figure 2-7. SYS Pin Control Register 4 (SYSPC4) (offset = 0Ch)

31 16
‘ Reserved ‘
R-0
15 1 0
\ Reserved ECPCLKDOUT |
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-19. SYS Pin Control Register 4 (SYSPC4) Field Descriptions

Bit Field Value | Description
31-1 |Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKDOUT ECLK data out write. This bit is only active when the ECLK pin is configured to be in GIO mode.

Writes to this bit will only take effect when the ECLK pin is configured as an output in GIO mode.
The current logic state of the ECLK pin will be displayed by this bit in both input and output GIO
mode.

The ECLK pin is driven to logic low (0).
The ECLK pin is driven to logic high (1).

Note: The ECLK pin is placed into GIO mode by clearing the ECPCLKFUN bit to 0 in the
SYSPCL1 register. The ECLK pin is placed in output mode by setting the ECPCLKDIR bit to 1
in the SYSPC2 register.

2.5.1.5 SYS Pin Control Register 5 (SYSPC5)

The SYSPCS5 register, shown in Figure 2-8 and described in Table 2-20, controls the set function of the
ECLK pin when when it is configured as an output in GIO mode.

Figure 2-8. SYS Pin Control Register 5 (SYSPC5) (offset = 10h)

31 16
Reserved
R-0
15 1 0
\ Reserved ECPCLKSET |
R-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-20. SYS Pin Control Register 5 (SYSPCS5) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKSET ECLK data out set. This bit drives the output of the ECLK pin high when set in GIO output mode.

Write: Writing a 0 has no effect.
Write: The ECLK pin is driven to logic high (1).

Note: The current logic state of the ECPCLKDOUT bit will also be displayed by this bit when
the pin is configured in GIO output mode.

Note: The ECLK pin is placed into GIO mode by clearing the ECPCLKFUN bit to 0 in the

SYSPCL1 register. The ECLK pin is placed in output mode by setting the ECPCLKDIR bit to 1
in the SYSPC2 register.
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2.5.1.6 SYS Pin Control Register 6 (SYSPC6)

The SYSPC6 register, shown in Figure 2-9 and described in Table 2-21, controls the clear function of the
ECLK pin when when it is configured as an output in GIO mode..

Figure 2-9. SYS Pin Control Register 6 (SYSPC6) (offset = 14h)

31 16
‘ Reserved ‘
R-0
15 1 0
\ Reserved ECPCLKCLR |
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-21. SYS Pin Control Register 6 (SYSPC6) Field Descriptions

Bit Field Value | Description
31-1 |Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKCLR ECLK data out clear. This bit drives the output of the ECLK pin low when set in GIO output mode.

Write: The ECLK pin value is unchanged.
Write: The ECLK pin is driven to logic low (0).

Note: The current logic state of the ECPCLKDOUT bit will also be displayed by this bit when
the pin is configured in GIO output mode.

Note: The ECLK pin is placed into GIO mode by clearing the ECPCLKFUN bit to 0 in the
SYSPCL1 register. The ECLK pin is placed in output mode by setting the ECPCLKDIR bit to 1
in the SYSPC2 register.

2.5.1.7 SYS Pin Control Register 7 (SYSPC7)

The SYSPCY register, shown in Figure 2-10 and described in Table 2-22, controls the open drain function
of the ECLK pin.

Figure 2-10. SYS Pin Control Register 7 (SYSPC7) (offset = 18h)

31 16
‘ Reserved ‘
R-0
15 1 0
\ Reserved ECPCLKODE |
R-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-22. SYS Pin Control Register 7 (SYSPC7) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKODE ECLK open drain enable. This bit is only active when ECLK is configured to be in GIO mode.

The ECLK pin is configured in push/pull (normal GIO) mode.

The ECLK pin is configured in open drain mode. The ECPCLKDOUT bit in the SYSPC4 register
controls the state of the ECLK output buffer:

ECPCLKDOUT = 0 The ECLK output buffer is driven low
ECPCLKDOUT = 1 The ECLK output buffer is tristated

Note: The ECLK pin is placed into GIO mode by clearing the ECPCLKFUN bit to 0 in the
SYSPCI1 register.

90 Architecture SPNU516C—March 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

www.ti.com System and Peripheral Control Registers

2.5.1.8 SYS Pin Control Register 8 (SYSPCS8)

The SYSPCS register, shown in Figure 2-11 and described in Table 2-23, controls the pull enable function
of the ECLK pin when it is configured as an input in GIO mode.

Figure 2-11. SYS Pin Control Register 8 (SYSPC8) (offset = 1Ch)

31 16
‘ Reserved ‘
R-0
15 1 0
\ Reserved ECPCLKPUE |
R-0 RIW-D

LEGEND: R/W = Read/Write; R = Read only; D = Device Specific; -n = value after reset

Table 2-23. SYS Pin Control Register 8 (SYSPCS8) Field Descriptions

Bit Field Value | Description
31-1 |Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKPUE ECLK pull enable. Writes to this bit will only take effect when the ECLK pin is configured as an

input in GIO mode.

ECLK pull enable is active.

ECLK pull enable is inactive.

Note: The pull direction (up/down) is selected by the ECPCLKPS bit in the SYSPCO9 register.

Note: The ECLK pin is placed into GIO mode by clearing the ECPCLKFUN bit to 0 in the
SYSPCL register. The ECLK pin is placed in input mode by clearing the ECPCLKDIR bit to O
in the SYSPC2 register.

2.5.1.9 SYS Pin Control Register 9 (SYSPC9)

The SYSPC9 register, shown in Figure 2-12 and described in Table 2-24, controls the pull up/pull down
configuration of the ECLK pin when it is configured as an input in GIO mode.

Figure 2-12. SYS Pin Control Register 9 (SYSPC9) (offset = 20h)

31 16
Reserved
R-0
15 1 0
\ Reserved ECPCLKPS |
R-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-24. SYS Pin Control Register 9 (SYSPC9) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 ECPCLKPS ECLK pull up/pull down select. This bit is only active when ECLK is configured as an input in GIO

mode and the pull up/pull down logic is enabled.
ECLK pull down is selected, when pull up/pull down logic is enabled.
ECLK pull up is selected, when pull up/pull down logic is enabled.

Note: The ECLK pin pull up/pull down logic is enabled by clearing the ECPCLKPUE bit to 0
in the SYSPCS register.

Note: The ECLK pin is placed into GIO mode by clearing the ECPCLKFUN bit to 0 in the
SYSPCL register. The ECLK pin is placed in input mode by clearing the ECPCLKDIR bit to 0
in the SYSPC2 register.
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2.5.1.10 Clock Source Disable Register (CSDIS)

The CSDIS register, shown in Figure 2-13 and described in Table 2-25, controls and displays the state of
the device clock sources.

NOTE: Nonimplemented clock sources should not be enabled or used.

Figure 2-13. Clock Source Disable Register (CSDIS) (offset = 30h)

31 8
‘ Reserved ‘
R-0
7 6 5 4 2 1 0
‘ Reserved CLKSR50FF CLKSR40FF CLKSR3OFF Reserved CLKSR10OFF CLKSROOFF ‘
R-0 R/WP-0 R/WP-0 R/WP-1 R-1 R/WP-1 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-25. Clock Source Disable Register (CSDIS) Field Descriptions

Bit Field Value | Description
31-6 | Reserved 0 Reads return 0. Writes have no effect.
5-3 CLKSR[5-3]OFF Clock source[5-3] off.
Clock source[5-3] is enabled.
Clock source[5-3] is disabled.
Note: On wakeup, only clock sources 0, 4, and 5 are enabled.
2 Reserved 1 Reads return 1. Writes have no effect.

1-0 CLKSR[1-0]OFF Clock source[1-0] off.
Clock source[1-0] is enabled.

Clock source[1-0] is disabled.

Note: On wakeup, only clock sources 0, 4, and 5 are enabled.

Table 2-26. Clock Sources Table

Clock Source #

Clock Source Name

Clock Source 0
Clock Source 1
Clock Source 2
Clock Source 3
Clock Source 4
Clock Source 5
Clock Source 6
Clock Source 7

Oscillator
PLL
Not Implemented
EXTCLKIN
Low Frequency LPO (Low Power Oscillator) clock
High Frequency LPO (Low Power Oscillator) clock
Not Implemented
Not Implemented
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2.5.1.11 Clock Source Disable Set Register (CSDISSET)

The CSDISSET register, shown in Figure 2-14 and described in Table 2-27, sets clock sources to the
disabled state.

NOTE: A list of the available clock sources is shown in Table 2-26.

Figure 2-14. Clock Source Disable Set Register (CSDISSET) (offset = 34h)

31
Reserved
R-0
7 5 4 3 2 1 0
Reserved SETCLKSR5 SETCLKSR4 SETCLKSR3 Reserved SETCLKSR1 SETCLKSRO
OFF OFF OFF OFF OFF
R-0 R/WP-0 R/WP-0 R/WP-1 R-1 R/WP-1 R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 2-27. Clock Source Disable Set Register (CSDISSET) Field Descriptions
Bit Field Value | Description
31-6 | Reserved 0 Reads return 0. Writes have no effect.
5-3 SETCLKSR[5-3] OFF Set clock source[5-3] to the disabled state.
0 Read: Clock source[5-3] is enabled.
Write: Clock source[5-3] is unchanged.
1 Read: Clock source[5-3] is disabled.
Write: Clock source[5-3] is set to the disabled state.
Note: After a new clock source disable bit is set via the CSDISSET register, the new
status of the bit will be reflected in the CSDIS, CSDISSET, and CSDISCLR registers.
2 Reserved 1 Reads return 1. Writes have no effect.
1-0 SETCLKSR[1-0] OFF Set clock source[1-0] to the disabled state.
0 Read: Clock source[1-0] is enabled.
Write: Clock source[1-0] is unchanged.
1 Read: Clock source[1-0] is disabled.
Write: Clock source[1-0] is set to the disabled state.
Note: After a new clock source disable bit is set via the CSDISSET register, the new
status of the bit will be reflected in the CSDIS, CSDISSET, and CSDISCLR registers.
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2.5.1.12 Clock Source Disable Clear Register (CSDISCLR)

The CSDISCLR register, shown in Figure 2-15 and described in Table 2-28, clears clock sources to the
enabled state.

NOTE: A list of the available clock sources is shown in Table 2-26.

Figure 2-15. Clock Source Disable Clear Register (CSDISCLR) (offset = 38h)

31 8
Reserved
R-0
7 5 4 3 2 1 0
Reserved CLRCLKSR5 CLRCLKSR4 CLRCLKSR3 Reserved CLRCLKSR1 CLRCLKSRO
OFF OFF OFF OFF OFF
R-0 R/WP-0 R/WP-0 R/WP-1 R-1 R/WP-1 R/WP-0

LEGEND:

R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-28. Clock Source Disable Clear Register (CSDISCLR) Field Descriptions

Bit

Field

Value

Description

31-6

Reserved

0 Reads return 0. Writes have no effect.

5-3 CLRCLKSR[5-3] OFF Enables clock source[5-3].

0 Read: Clock source[5-3] is enabled.

Write: Clock source[5-3] is unchanged.

1 Read: Clock source[5-3] is enabled.

Write: Clock source[5-3] is set to the enabled state.

Note: After a new clock source disable bit is set via the CSDISSET register, the new
status of the bit will be reflected in the CSDIS, CSDISSET, and CSDISCLR registers.

Reads return 1. Writes have no effect.

2 Reserved 1
1-0 | CLRCLKSR[1-0] OFF

Enables clock source[1-0].

0 Read: Clock source[1-0] is enabled.

Write: Clock source[1-0] is unchanged.

1 Read: Clock source[1-0] is enabled.

Write: Clock source[1-0] is set to the enabled state.

Note: After a new clock source disable bit is set via the CSDISSET register, the new
status of the bit will be reflected in the CSDIS, CSDISSET, and CSDISCLR registers.
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2.5.1.13 Clock Domain Disable Register (CDDIS)
The CDDIS register, shown in Figure 2-16 and described in Table 2-29, controls the state of the clock

domains.
NOTE: All the clock domains are enabled on wakeup.
The application should assure that when HCLK and VCLK_sys are turned off through the
HCLKOFF bit, the GCLK1 domain is also turned off.
The register bits in CDDIS are designated as high-integrity bits and have been implemented
with error-correcting logic such that each bit, although read and written as a single bit, is
actually a multi-bit key with error correction capability. As such, single-bit flips within the “key”
can be corrected allowing protection of the system as a whole. An error detected is signaled
to the ESM module.
Figure 2-16. Clock Domain Disable Register (CDDIS) (offset = 3Ch)
31 16
Reserved
R-0
15 12 11 10 9 8
Reserved Reserved Reserved VCLK_EQEP_ Reserved
OFF
R-0 R/WP-0 or 1 R/WP-0 or 1 R/WP-0 R/WP-0
7 6 5 4 3 2 1 0
Reserved RTICLK1OFF Reserved VCLKA1OFF VCLK20FF VCLKPOFF HCLKOFF GCLKOFF
R/WP-0 or 1 R/WP-0 R/WP-0 or 1 R/WP-0 R/WP-0 R/WP-0 R/WP-0 R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 2-29. Clock Domain Disable Register (CDDIS) Field Descriptions
Bit Field Value | Description
31-12 | Reserved 0 Reads return 0. Writes have no effect.
11-10 | Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
9 VCLK_EQEP_OFF VCLK_EQEP_OFF domain off.
0 VCLK_EQEP_OFF domain is enabled.
1 VCLK_EQEP_OFF domain is disabled.
8-7 Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
6 RTICLK1OFF RTICLK1 domain off.
0 RTICLK1 domain is enabled.
1 RTICLK1 domain is disabled.
Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
4 VCLKA1OFF VCLKA1 domain off.
0 VCLKA1 domain is enabled.
VCLKA1 domain is disabled.
3 VCLK20FF VCLK2 domain off.
0 VCLK2 domain is enabled.
VCLK2 domain is disabled.
2 VCLKPOFF VCLK_periph domain off.
0 VCLK_periph domain is enabled.
VCLK_periph domain is disabled.
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Table 2-29. Clock Domain Disable Register (CDDIS) Field Descriptions (continued)

Bit Field Value | Description

1 HCLKOFF HCLK and VCLK_sys domains off.
HCLK and VCLK_sys domains are enabled.
HCLK and VCLK_sys domains are disabled.

0 GCLKOFF GCLK domain off.
GCLK domain is enabled.
GCLK domain is disabled.
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2.5.1.14 Clock Domain Disable Set Register (CDDISSET)

This CDDISSET register, shown in Figure 2-17 and described in Table 2-30, sets clock domains to the

disabled state.

Figure 2-17. Clock Domain Disable Set Register (CDDISSET) (offset = 40h)

31 16
Reserved
R-0
15 12 11 10 9 8
Reserved Reserved Reserved SETVCLK_ Reserved
EQEP_
OFF
R-0 R/WP-0 or 1 R/WP-0 or 1 R/WP-0 R/WP-0
7 6 5 4 3 2 1 0
Reserved SETRTI1CLK Reserved SETVCLKA1 SETVCLK2 SETVCLKP SETHCLK SETGCLK
OFF OFF OFF OFF OFF OFF
R/WP-0 or 1 R/WP-0 R/WP-0 or 1 R/WP-0 R/WP-0 R/WP-0 R/WP-0 R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 2-30. Clock Domain Disable Set Register (CDDISSET) Field Descriptions
Bit Field Value |Description
31-12 | Reserved 0 Reads return 0. Writes have no effect.
11-10 | Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
9 SETVCLK_EQEP_OFF Set VCLK_EQEP_OFF domain off.
0 Read: VCLK_EQEP_OFF domain is enabled.
Write: VCLK_EQEP_OFF domain is unchanged.
1 Read: VCLK_EQEP_OFF domain is disabled.
Write: VCLK_EQEP_OFF domain is set to the enabled state.
8-7 Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
6 SETRTILCLKOFF Set RTICLK1 domain.
0 Read: RTICLK1 domain is enabled.
Write: RTICLK1 domain is unchanged.
1 Read: RTICLK1 domain is disabled.
Write: RTICLK1 domain is set to the enabled state.
Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
4 SETVCLKA1OFF Set VCLKA1 domain.
0 Read: VCLKAL domain is enabled.
Write: VCLKA1 domain is unchanged.
1 Read: VCLKAL domain is disabled.
Write: VCLKA1 domain is set to the enabled state.
3 SETVCLK20OFF Set VCLK2 domain.
0 Read: VCLK2 domain is enabled.
Write: VCLK2 domain is unchanged.
1 Read: VCLK2 domain is disabled.
Write: VCLK2 domain is set to the enabled state.
2 SETVCLKPOFF Set VCLK_periph domain.
0 Read: VCLK_periph domain is enabled.
Write: VCLK_periph domain is unchanged.
1 Read: VCLK_periph domain is disabled.
Write: VCLK_periph domain is set to the enabled state.
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Table 2-30. Clock Domain Disable Set Register (CDDISSET) Field Descriptions (continued)

Bit Field Value | Description
1 SETHCLKOFF Set HCLK and VCLK_sys domains.
0 Read: HCLK and VCLK_sys domain is enabled.
Write: HCLK and VCLK_sys domain is unchanged.
1 Read: HCLK and VCLK_sys domain is disabled.
Write: HCLK and VCLK_sys domain is set to the enabled state.
0 SETGCLKOFF Set GCLK domain.
0 Read: GCLK domain is enabled.
Write: GCLK domain is unchanged.
1 Read: GCLK domain is disabled.
Write: GCLK domain is set to the enabled state.

2.5.1.15 Clock Domain Disable Clear Register (CDDISCLR)

The CDDISCLR register, shown in Figure 2-18 and described in Table 2-31, clears clock domains to the
enabled state.

Figure 2-18. Clock Domain Disable Clear Register (CDDISCLR) (offset = 44h)

31 16
Reserved
R-0
15 12 11 10 9 8
Reserved Reserved Reserved CLRVCLK_ Reserved
EQEP_
OFF
R-0 R/WP-0 or 1 R/WP-0 or 1 R/WP-0 R/WP-0
7 6 5 4 3 2 1 0
Reserved CLRRTI1CLK Reserved CLRVCLKA1 CLRVCLK2 CLRVCLKP CLRHCLK CLRGCLK
OFF OFF OFF OFF OFF OFF
R/WP-0 or 1 R/WP-0 R/WP-0 or 1 R/WP-0 R/WP-0 R/WP-0 R/WP-0 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-31. Clock Domain Disable Clear Register (CDDISCLR) Field Descriptions

Bit Field Value | Description
31-12 | Reserved 0 Reads return 0. Writes have no effect.
11-10 | Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
9 CLRVCLK_EQEP_OFF Clear VCLK_EQEP_OFF domain off.
0 Read: VCLK_EQEP_OFF domain is enabled.
Write: VCLK_EQEP_OFF domain is unchanged.
1 Read: VCLK_EQEP_OFF domain is disabled.
Write: VCLK_EQEP_OFF domain is set to the enabled state.
8-7 Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
6 CLRRTI1CLKOFF Clear RTICLK1 domain.
0 Read: RTICLK1 domain is enabled.
Write: RTICLK1 domain is unchanged.
1 Read: RTICLK1 domain is disabled.
Write: RTICLK1 domain is cleared to the enabled state.
5 Reserved 0-1 Reads return 0 or 1 and privilege mode writes allowed.
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Table 2-31. Clock Domain Disable Clear Register (CDDISCLR) Field Descriptions (continued)

Bit Field Value |Description

4 CLRVCLKA1OFF Clear VCLKA1 domain.
0 Read: VCLKAL domain is enabled.
Write: VCLKAL domain is unchanged.

1 Read: VCLKAL1 domain is disabled.
Write: VCLKAL domain is cleared to the enabled state.

3 CLRVCLK20FF Clear VCLK2 domain.
0 Read: VCLK2 domain is enabled.
Write: VCLK2 domain is unchanged.

1 Read: VCLK2 domain is disabled.
Write: VCLK2 domain is cleared to the enabled state.

2 CLRVCLKPOFF Clear VCLK_periph domain.
0 Read: VCLK_periph domain is enabled.
Write: VCLK_periph domain is unchanged.

1 Read: VCLK_periph domain is disabled.
Write: VCLK_periph domain is cleared to the enabled state.

1 CLRHCLKOFF Clear HCLK and VCLK_sys domains.
0 Read: HCLK and VCLK_sys domain is enabled.
Write: HCLK and VCLK_sys domain is unchanged.

1 Read: HCLK and VCLK_sys domain is disabled.
Write: HCLK and VCLK_sys domain is cleared to the enabled state.

0 CLRGCLKOFF Clear GCLK domain.
0 Read: GCLK domain is enabled.
Write: GCLK domain is unchanged.

1 Read: GCLK domain is disabled.
Write: GCLK domain is cleared to the enabled state.

2.5.1.16 GCLK, HCLK, VCLK, and VCLK2 Source Register (GHVSRC)

The GHVSRC register, shown in Figure 2-19 and described in Table 2-32, controls the clock source
configuration for the GCLK, HCLK, VCLK and VCLK2 clock domains.

NOTE: Nonimplemented clock sources should not be enabled or used. A list of the available clock
sources is shown in Table 2-26.

Figure 2-19. GCLK, HCLK, VCLK, and VCLK2 Source Register (GHVSRC) (offset = 48h)

31 28 27 24 23 20 19 16
\ Reserved \ GHVWAKE \ Reserved \ HVLPM |
R-0 R/WP-0 R-0 R/WP-0
15 4 3 0
‘ Reserved ‘ GHVSRC ‘
R-0 R/WP-0
LEGEND: R = Read only; R/W = Read/Write; WP = Write in privileged mode only; -n = value after reset
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Table 2-32. GCLK, HCLK, VCLK, and VCLK2 Source Register (GHVSRC) Field Descriptions

Bit Field Value Description
31-28 | Reserved 0 Reads return 0. Writes have no effect.
27-24 | GHVWAKE GCLK, HCLK, VCLK, VCLK2 source on wakeup.
0 Clock source0 is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
1h Clock sourcel is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
2h Clock source? is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
3h Clock source3 is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
4h Clock source4 is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
5h Clock source5 is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
6h Clock source6 is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
7h Clock source? is the source for GCLK, HCLK, VCLK, VCLK2 on wakeup.
8h-Fh Reserved
23-20 | Reserved 0 Reads return 0. Writes have no effect.
19-16 |HVLPM HCLK, VCLK, VCLK2 source on wakeup when GCLK is turned off.
0 Clock source0 is the source for HCLK, VCLK, VCLK2 on wakeup.
1h Clock sourcel is the source for HCLK, VCLK, VCLK2 on wakeup.
2h Clock source? is the source for HCLK, VCLK, VCLK2 on wakeup.
3h Clock source3 is the source for HCLK, VCLK, VCLK2 on wakeup.
4h Clock source4 is the source for HCLK, VCLK, VCLK2 on wakeup.
5h Clock source5 is the source for HCLK, VCLK, VCLK2 on wakeup.
6h Clock source6 is the source for HCLK, VCLK, VCLK2 on wakeup.
7h Clock source? is the source for HCLK, VCLK, VCLK2 on wakeup.
8h-Fh Reserved
15-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 GHVSRC GCLK, HCLK, VCLK, VCLK2 current source.
Note: The GHVSRCI[3-0] bits are updated with the HVLPM[3-0] setting when GCLK is turned
off, and are updated with the GHVWAKE[3-0] setting on system wakeup.
0 Clock source0 is the source for GCLK, HCLK, VCLK, VCLK2.
1lh Clock sourcel is the source for GCLK, HCLK, VCLK, VCLK2.
2h Clock source? is the source for GCLK, HCLK, VCLK, VCLK2.
3h Clock source3 is the source for GCLK, HCLK, VCLK, VCLK2.
4h Clock source4 is the source for GCLK, HCLK, VCLK, VCLK2.
5h Clock source5 is the source for GCLK, HCLK, VCLK, VCLK2.
6h Clock sourceé is the source for GCLK, HCLK, VCLK, VCLK2.
7h Clock source? is the source for GCLK, HCLK, VCLK, VCLK2.
8h-Fh Reserved
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2.5.1.17 Peripheral Asynchronous Clock Source Register (VCLKASRC)

The VCLKASRC register, shown in Figure 2-20 and described in Table 2-33, sets the clock source for the
asynchronous peripheral clock domains to be configured to run from a specific clock source.

NOTE: Nonimplemented clock sources should not be enabled or used. A list of the available clock
sources is shown in Table 2-26.

Figure 2-20. Peripheral Asynchronous Clock Source Register (VCLKASRC) (offset = 4Ch)
31 16
‘ Reserved ‘
R-0

15 4 3 0
\ Reserved VCLKALS |
R-0 R/WP-9h
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-33. Peripheral Asynchronous Clock Source Register (VCLKASRC) Field Descriptions

Bit Field Value Description

31-4 | Reserved 0 Reads return 0. Writes have no effect.

3-0 VCLKA1S Peripheral asynchronous clockl source.
0 Clock source0 is the source for peripheral asynchronous clockl.
1h Clock sourcel is the source for peripheral asynchronous clockl.
2h Clock source? is the source for peripheral asynchronous clockl.
3h Clock source3 is the source for peripheral asynchronous clockl.
4h Clock source4 is the source for peripheral asynchronous clockl.
5h Clock source5 is the source for peripheral asynchronous clockl.
6h Clock source6 is the source for peripheral asynchronous clockl.
7h Clock source? is the source for peripheral asynchronous clockl.

8h-Fh VCLK is the source for peripheral asynchronous clockl.
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2.5.1.18 RTI Clock Source Register (RCLKSRC)

The RCLKSRC register, shown in Figure 2-21 and described in Table 2-34, controls the RTI (Real Time
Interrupt) clock source selection.

NOTE: Important constraint when the RTI clock source is not VCLK

If the RTIx clock source is chosen to be anything other than the default VCLK, then the RTI
clock needs to be at least three times slower than the VCLK. This can be achieved by
configuring the RTIXCLK divider in this register. This divider is internally bypassed when the
RTIx clock source is VCLK.

NOTE: A list of the available clock sources is shown in Table 2-26.

Figure 2-21. RTI Clock Source Register (RCLKSRC) (offset = 50h)

31 26 25 24 23 20 19 16
\ Reserved | Reserved \ Reserved \ Reserved \
R-0 R/WP-1h R-0 R/WP-9h
15 10 9 8 7 4 3 0
\ Reserved | RTIDV | Reserved \ RTILSRC |
R-0 R/WP-1h R-0 R/WP-9h

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-34. RTI Clock Source Register (RCLKSRC) Field Descriptions

Bit Field Value |Description
31-26 | Reserved 0 Reads return 0. Writes have no effect.
25-24 | Reserved 1h Reads return value and privilege mode writes allowed.
23-20 | Reserved 0 Reads return 0. Writes have no effect.
19-16 | Reserved 9h Reads return value and privilege mode writes allowed.
15-10 |Reserved 0 Reads return 0. Writes have no effect.

9-8 RTI1DIV RTI clockl Divider.

0 RTICLK1 divider value is 1.

1h RTICLK1 divider value is 2.

2h RTICLK1 divider value is 4.

3h RTICLK1 divider value is 8.

7-4 Reserved 0 Reads return 0. Writes have no effect.

3-0 RTILISRC RTI clockl source.
0 Clock source0 is the source for RTICLK1.
1h Clock sourcel is the source for RTICLK1.
2h Clock source? is the source for RTICLK1.
3h Clock source3 is the source for RTICLK1.
4h Clock source4 is the source for RTICLK1.
5h Clock source5 is the source for RTICLK1.
6h Clock source6 is the source for RTICLK1.
7h Clock source? is the source for RTICLK1.

8h-Fh | VCLK is the source for RTICLK1.
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2.5.1.19 Clock Source Valid Status Register (CSVSTAT)
The CSVSTAT register, shown in Figure 2-22 and described in Table 2-35, indicates the status of usable

clock sources.

NOTE: A list of the available clock sources is shown in Table 2-26.

Figure 2-22. Clock Source Valid Status Register (CSVSTAT) (offset = 54h)

31 8
Reserved
R-0
7 6 5 4 3 2 1 0
\ Reserved CLKSR5V CLKSR4V CLKSR3V Reserved CLKSR1V CLKSROV |
R-0 R-0 R-1 R-1 R-0 R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 2-35. Clock Source Valid Register (CSVSTAT) Field Descriptions

Bit Field Value | Description
31-6 | Reserved 0 Reads return 0. Writes have no effect.
5-3 CLKSR[5-3]V Clock source[5-3] valid.
Clock source[5-3] is not valid.
Clock source[5-3] is valid.
Note: If the valid bit of the source of a clock domain is not set (that is, the clock source is
not fully stable), the respective clock domain is disabled by the Global Clock Module (GCM).
2 Reserved 0 Reads return 0. Writes have no effect.

1-0 | CLKSR[1-0]V

Clock source[1-0] valid.
Clock source[1-0] is not valid.
Clock source[1-0] is valid.

Note: If the valid bit of the source of a clock domain is not set (that is, the clock source is
not fully stable), the respective clock domain is disabled.
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2.5.1.20 Memory Self-Test Global Control Register (MSTGCR)

The MSTGCR register, shown in Figure 2-23 and described in Table 2-36, controls several aspects of the
PBIST (Programmable Built-In Self Test) memory controller.

Figure 2-23. Memory Self-Test Global Control Register (MSTGCR) (offset = 58h)

31 16
‘ Reserved ‘
R-0
15 10 9 8 7 4 3 0
‘ Reserved ROM_DIV Reserved MSTGENA ‘
R-0 R/WP-0 R-0 R/WP-5h

LEGEND: R = Read only; R/W = Read/Write; WP = Write in privileged mode only; -n = value after reset

Table 2-36. Memory Self-Test Global Control Register (MSTGCR) Field Descriptions

Bit Field Value Description
31-10 |Reserved 0 Reads return 0. Writes have no effect.

9-8 ROM_DIV Prescaler divider bits for ROM clock source.
0 ROM clock source is HCLK divided by 1. PBIST will reset for 16 VBUS cycles.
1h ROM clock source is HCLK divided by 2. PBIST will reset for 32 VBUS cycles.
2h ROM clock source is HCLK divided by 4. PBIST will reset for 64 VBUS cycles.
3h ROM clock source is HCLK divided by 8. PBIST will reset for 96 VBUS cycles.

7-4 Reserved 0 Reads return 0. Writes have no effect.

3-0 MSTGENA Memory self-test controller global enable key

Note: Enabling the MSTGENA key will generate a reset to the state machine of the
PBIST controller.

Ah Memory self-test controller is enabled.
All other values | Memory self-test controller is disabled.

Note: It is recommended that a value of 5h be used to disable the memory self-test
controller. This value will give maximum protection from a bit flip inducing event that
would inadvertently enable the controller.
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2.5.1.21 Memory Hardware Initialization Global Control Register (MINITGCR)

31

Figure 2-24. Memory Hardware Initialization Global Control Register (MINITGCR) (offset = 5Ch)
16

The MINITGCR register, shown in Figure 2-24 and described in Table 2-37, enables automatic hardware
memory initialization.

Reserved

15

R-0

Reserved MINITGENA

R-0 R/WP-5h

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-37. Memory Hardware Initialization Global Control Register (MINITGCR) Field Descriptions

All other values

Bit Field Value Description

31-4 | Reserved 0 Reads return 0. Writes have no effect.

3-0 MINITGENA Memory hardware initialization global enable key.
Ah Global memory hardware initialization is enabled.

Global memory hardware initialization is disabled.

Note: It is recommended that a value of 5h be used to disable memory hardware
initialization. This value will give maximum protection from an event that would
inadvertently enable the controller.
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2.5.1.22 PBIST Controller/ Memory Initialization Enable Register (MSINENA)

The MSINENA register, shown in Figure 2-25 and described in Table 2-38, enables PBIST controllers for
memory self test and the memory modules initialized during automatic hardware memory initialization.

Figure 2-25. PBIST Controller/Memory Initialization Enable Register (MSINENA) (offset = 60h)
31 0
MSIENA[31:0] |
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-38. PBIST Controller/Memory Initialization Enable Register (MSINENA) Field Descriptions

Bit Field Value | Description

31-0 | MSIENA PBIST controller and memory initialization enable register. In memory self-test mode, all the
corresponding bits of the memories to be tested should be set before enabling the global memory self-
test controller key (MSTGENA) in the MSTGCR register (offset 58h). The reason for this is that
MSTGENA, in addition to being the global enable for all individual PBIST controllers, is the source for
the reset generation to all the PBIST controller state machines. Disabling the MSTGENA or
MINITGENA key (by writing from Ah to any other value) will reset all the MSIENA [31-0] bits to their
default values.

Note: Software should ensure that both the memory self-test global enable key (MSTGENA) and
the memory hardware initialization global key (MINITGENA) are not enabled at the same time.

0 In memory self-test mode (MSTGENA = Ah):

PBIST controller [31-0] is disabled.

In memory Initialization mode (MINITGENA = Ah):

Memory module [31-0] auto hardware initialization is disabled.
1 In memory self-test mode (MSTGENA = Ah):

PBIST controller [31-0] is enabled.

In memory Initialization mode (MINITGENA = Ah):

Memory module [31-0] auto hardware initialization is enabled.
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2.5.1.23 Memory Self-Test Fail Status Register (MSTFAIL)

The MSTFAIL register, shown in Figure 2-26 and described in Table 2-39, shows the fail status of the
memory self-tests.

Figure 2-26. Memory Self-Test Fail Status Register (MSTFAIL) (offset = 64h)

MSTF[31:0]
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-39. Memory Self-Test Fail Status Register (MSTFAIL) Field Descriptions

Bit Field Value | Description
31-0 |MSTF Memory self-test fail status bit.

Note: Disabling the MSTGENA key (by writing from Ah to any other value) will reset all the
individual fail status bits to their default values.

0 Read: PBIST controller [31-0] run did not fail.
Write: A write of O has no effect.

1 Read: PBIST controller [31-0] run failed.
Write: The bit is cleared to 0.
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2.5.1.24 MSTC Global Status Register (MSTCGSTAT)

The MSTCGSTAT register, shown in Figure 2-27 and described in Table 2-40, shows the status of the
memory hardware initialization and the memory seft-test.

Figure 2-27. MSTC Global Status Register (MSTCGSTAT) (offset = 68h)

31 16
‘ Reserved
R-0
15 9 8 7 1 0
\ Reserved MINIDONE Reserved MSTDONE |
R-0 R/W1CP-0 R-0 R/W1CP-0

LEGEND: R/W = Read/Write; R = Read only; C = Clear; WP = Write in privileged mode only; -n = value after reset

Table 2-40. MSTC Global Status Register (MSTCGSTAT) Field Descriptions

Bit Field Value | Description
319 | Reserved 0 Reads return 0. Writes have no effect.
8 MINIDONE Memory hardware initialization complete status.

Note: Disabling the MINITGENA key (by writing from Ah to any other value) will clear the
MINIDONE status bit to 0.

Note: Individual memory initialization status is shown in the MINISTAT register.

0 Read: Memory hardware initialization is not complete for all memory.
Write: A write of 0 has no effect.
1 Read: Hardware initialization of all memory is completed.
Write: The bit is cleared to 0.
7-1 Reserved 0 Reads return 0. Writes have no effect.
0 MSTDONE Memory self-test run complete status.

Note: Disabling the MSTGENA key (by writing from Ah to any other value) will clear the
MSTDONE status bit to 0.

0 Read: Memory self-test is not completed.
Write: A write of O has no effect.

1 Read: Memory self-test is completed.
Write: The bit is cleared to 0.
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2.5.1.25 Memory Hardware Initialization Status Register (MINISTAT)

The MINISTAT register, shown in Figure 2-28 and described in Table 2-41, indicates the status of
hardware memory initialization.

Figure 2-28. Memory Hardware Initialization Status Register (MINISTAT) (offset = 6Ch)

31 0
MIDONE[31:0] ‘
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 2-41. Memory Hardware Initialization Status Register (MINISTAT) Field Descriptions
Bit Field Value | Description
31-0 | MIDONE Memory hardware initialization status bit.
0 Read: Memory module[31-0] hardware initialization is not completed.
Write: A write of O has no effect.
1 Read: Memory module[31-0] hardware initialization is completed.
Write: The bit is cleared to 0.
Note: Disabling the MINITGENA key (by writing from Ah to any other value) will reset all the
individual status bits to 0.
Architecture 109
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2.5.1.26 PLL Control Register 1 (PLLCTL1)

The PLLCTL1 register, shown in Figure 2-29 and described in Table 2-42, controls the output frequency of
PLL (Clock Source 1 - FMzPLL). It also controls the behavior of the device if a PLL slip or oscillator failure

is

31

detected.

30 29

Figure 2-29. PLL Control Register 1 (PLLCTL1) (offset = 70h)

28

24 23 22 21 16

| ROS

MASK_SLIP |

PLLDIV

| ROF | Rsvd | REFCLKDIV |

R/WP-0
15

R/WP-1h

R/WP-Fh

R/WP-0 R-0 R/WP-2h

PLLMUL |

LEGEND:

R/WP-5F00h

R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-42.

PLL Control Register 1 (PLLCTL1) Field Descriptions

Bit

Field

Value

Description

31

ROS

Reset on PLL Slip

Do not reset system when PLL slip is detected

Reset when PLL slip is detected

Note: BPOS (Bits 30-29) must also be enabled for ROS to be enabled.

30-29

MASK_SLIP

2h
All other values

Mask detection of PLL slip
Bypass on PLL Slip is disabled. If a PLL Slip is detected no action is taken.

Bypass on PLL Slip is enabled. If a PLL Slip is detected the device will automatically bypass
the PLL and use the oscillator to provide the device clock.

Note: If ROS (Bit 31) is set to 1 the device will be reset if a PLL Slip and the PLL will be
bypassed after the reset occurs.

28-24

PLLDIV

1h

1Fh

PLL Output Clock Divider

R =PLLDIV +1
fouck=T post_ODCLK /IR

fock=T post_ODCLK /1

fock=T post_ODCLK /2

fock=T post_ODCLK /32

23

ROF

Reset on Oscillator Fail
Do not reset system when oscillator is out of range.
Reset when oscillator is out of range.

22

Reserved

Value has no effect on PLL operation.

21-16

REFCLKDIV

1h

3Fh

Reference Clock Divider
NR = REFCLKDIV + 1
finr o= fosan / NR

finr o= fosen /1

fint ck= Fosemn / 2

fint ck= fosen / 64
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Table 2-42. PLL Control Register 1 (PLLCTL1) Field Descriptions (continued)

Bit Field Value Description
15-0 | PLLMUL PLL Multiplication Factor
Valid multiplication factors are from 1 to 256.
NF = (PLLMUL / 256) + 1
fyco cik=fint ck X NF
Oh fyco ck=Finr ek X 1
100h fyco ck=Fint ek X 2
5B00h fyco cik=fint ck X 92
5C00h fyco ck=fint ck X 93
FFOOh fyco cik= fint ck X 256
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2.5.1.27 PLL Control Register 2 (PLLCTL2)

The PLLCTL2 register, shown in Figure 2-30 and described in Table 2-43, controls the modulation
characteristics and the output divider of the PLL.

Figure 2-30. PLL Control Register 2 (PLLCTL2) (offset = 74h)

31 30 22 21 20 16
| FMENA SPREADINGRATE | Rsvd | MULMOD |
RIWP-0 RIWP-1FFh R-0 RWP-0
15 12 11 9 8 0
\ MULMOD ODPLL SPR_AMOUNT |
RIWP-7h RWP-1h RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-43. PLL Control Register 2 (PLLCTL?2) Field Descriptions

Bit Field Value Description
31 FMENA Frequency Modulation Enable.
0 Disable frequency modulation

Enable frequency modulation

30-22 | SPREADINGRATE NS = SPREADINGRATE + 1
f moa= 5= fint cuk/(2 X NS)
0 fmod=fs=finr ek / (2% 1)

1h fmod=fs=finr ek / (2% 2)

1FFh fmod= fs= fint cx / (2 X 512)
21 Reserved 0 Value has no effect on PLL operation.

20-12 | MULMOD Multiplier Correction when Frequency Modulation is enabled

When FMENA = 0, MUL_when_MOD = 0; When FMENA = 1, MUL_when_MOD =
(MULMOD / 256)

0 No adder to NF
8h MUL_when_MOD = 8/256
9h MUL_when_MOD = 9/256

1FFh MUL_when_MOD = 511/256
11-9 | ODPLL Internal PLL Output Divider.
OD =ODPLL +1

f post-ODCLK— fyco c/OD
Note that the PLL output clock is gated off if ODPLL is changed while the PLL is active.

0 f post-ODCLK™ fycock/ 1

1h f post-ODCLK™ fycock/ 2

7h f post-ODCLK™ fycock/8
8-0 SPR_AMOUNT Spreading Amount.

NV = (SPR_AMOUNT + 1)/2048
NV ranges from 1/2048 to 512/2048

Note that the PLL output clock is disabled for 1 modulation period if the SPR_AMOUNT field
is changed while the frequency modulation is enabled. If frequency modulation is disabled
and SPR_AMOUNT is changed, there is no effect on the PLL output clock.

0 NV = 1/2048
1lh NV = 2/2048

1FFh NV = 512/2048
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2.5.1.28 SYS Pin Control Register 10 (SYSPC10)

The SYSPC10 register, shown in Figure 2-31 and described in Table 2-44, controls the function of the
ECLK slew mode.

Figure 2-31. SYS Pin Control Register 10 (SYSPC10) (offset = 78h)
31 16
‘ Reserved ‘
R-0

15 1 0
\ Reserved ECLK_SLEW |
R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-44. SYS Pin Control Register 10 (SYSPC10) Field Descriptions

Bit Field Value |Description
31-1 |Reserved 0 Reads return 0. Writes have no effect.
0 ECLK_SLEW ECLK slew control. This bit controls between the fast or slow slew mode.

Fast mode is enabled; the normal output buffer is used for this pin.

Slow mode is enabled; slew rate control is used for this pin.
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2.5.1.29 Die Identification Register Lower Word (DIEIDL)

The DIEIDL register, shown in Figure 2-32 and described in Table 2-45, contains information about the die
wafer number, and X, Y wafer coordinates.

Figure 2-32. Die Identification Register, Lower Word (DIEIDL) [offset = 7Ch]

31 24 23 16
\ WAFER # \ Y WAFER COORDINATE |
R-D R-D
15 2 1u 0
Y WAFER COORDINATE X WAFER COORDINATE
R-D R-D

LEGEND: R = Read only; -n = value after reset; -D = device specific

Table 2-45. Die Identification Register, Lower Word (DIEIDL) Field Descriptions

Bit Field Description
31-24 | WAFER # These read-only bits contain the wafer number of the device.
23-12 | Y WAFER COORDINATE These read-only bits contain the Y wafer coordinate of the device.
11-0 | X WAFER COORDINATE These read-only bits contain the X wafer coordinate of the device.

NOTE: Die Identification Information

The die identification information will vary from unit to unit. This information is programmed
by Tl as part of the initial device test procedure.

2.5.1.30 Die Identification Register Upper Word (DIEIDH)

The DIEIDH register, shown in Figure 2-33 and described in Table 2-46, contains information about the
die lot number.

Figure 2-33. Die Identification Register, Upper Word (DIEIDH) [offset = 80h]
31 24 23 16

‘ Reserved ‘ LOT # |
R-0 R-D

\ LOT # |
R-D
LEGEND: R/W = Read/Write; R = Read only; D = Value is device dependent; -n = value after reset

Table 2-46. Die Identification Register, Upper Word (DIEIDH) Field Descriptions

Bit Field Description
31-24 | Reserved Reserved for Tl use. Writes have no effect.
23-0 |LOT# This read-only register contains the device lot number.

NOTE: Die Identification Information

The die identification information will vary from unit to unit. This information is programmed
by Tl as part of the initial device test procedure.
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2.5.1.31 LPO/Clock Monitor Control Register (LPOMONCTL)

The LPOMONCTL register, shown in Figure 2-34 and described in Table 2-47, controls the Low
Frequency (Clock Source 4) and High Frequency (Clock Source 5) Low Power Oscillator's trim values.

Figure 2-34. LPO/Clock Monitor Control Register (LPOMONCTL) [offset = 88h]

31 25 24 23 17 16
Reserved | BIAS ENABLE | Reserved | OSCFRQCONFIGCNT |
R-0 R/WP-1 R-0 R/WP-0
15 13 12 8 7 5 4 0
Reserved HFTRIM Reserved LFTRIM
R-0 R/WP-10h R-0 R/WP-10h

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-47. LPO/Clock Monitor Control Register (LPOMONCTL) Field Descriptions

Bit Field Value |Description
31-25 | Reserved 0 Read returns 0. Writes have no effect.
24 BIAS ENABLE Bias enable. Reset by nPORRST.

The bias circuit inside the low-power oscillator (LPO) is disabled.
The bias circuit inside LPO is enabled.

23-17 | Reserved 0 Read returns 0. Writes have no effect.
16 OSCFRQCONFIGCNT Configures the counter based on OSC frequency.
0 Read: OSC freq is < 20MHz
Write: A write of O has no effect.
1 Read: OSC freq is > 20MHz and < 80MHz
Write: A write of 1 has no effect.

15-13 | Reserved 0 Read returns 0. Writes have no effect.
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Table 2-47. LPO/Clock Monitor Control Register (LPOMONCTL) Field Descriptions (continued)

Bit Field Value | Description
12-8 | HFTRIM High-frequency oscillator trim value. This five-bit value is used to center the HF oscillator's
frequency. Reset by nPORRST.
Caution: This value should only be changed when the HF oscillator is not the source
for a clock domain; otherwise, a system failure could result.
The following HF TRIM values reflect for the FO21 process.
The following values are the ratio, f/ fo, expressed as a percent:
0 29.52
1h 34.24
2h 38.85
3h 43.45
4h 47.99
5h 52.55
6h 57.02
7h 61.46
8h 65.92
9h 70.17
Ah 74.55
Bh 78.92
Ch 83.17
Dh 87.43
Eh 91.75
Fh 95.89
10h 100.00% (Default at Reset)
11h 104.09
12h 108.17
13h 112.32
14h 116.41
15h 120.67
16h 124.42
17h | 128.38
18h 132.24
19h 136.15
1Ah 140.15
1Bh 143.94
1Ch 148.02
1Dh 151.80
1Eh |155.50
1Fh |159.35
7-5 Reserved 0 Read returns 0. Writes have no effect.
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Table 2-47. LPO/Clock Monitor Control Register (LPOMONCTL) Field Descriptions (continued)

Bit Field Value | Description
4-0 LFTRIM Low-frequency oscillator trim value. This five-bit value is used to center the LF oscillator's

frequency. Reset by nPORRST.
Caution: This value should only be changed when the LF oscillator is not the source
for a clock domain; otherwise, a system failure could result.
The following LF TRIM values reflect for the FO21 process.
The following values are the ratio, f/ fo, expressed as a percent:

0 20.67

1h 25.76

2h 30.84

3h 35.90

4h 40.93

5h 45.95

6h 50.97

7h 55.91

8h 60.86

9h 65.78

Ah 70.75

Bh 75.63

Ch 80.61

Dh 85.39

Eh 90.23

Fh 95.11

10h 100.00% (Default at Reset)

11h 104.84

12h 109.51

13h 114.31

14h 119.01

15h 123.75

16h 128.62

17h 133.31

18h |138.03

19h 142.75

1Ah 147.32

1Bh 152.02

1Ch |156.63

1Dh 161.38

1Eh |165.90

1Fh 170.42
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2.5.1.32 Clock Test Register (CLKTEST)

The CLKTEST register, shown in Figure 2-35 and described in Table 2-48, controls the clock signal that is
supplied to the ECLK pin for test and debug purposes.

NOTE: Clock Test Register Usage

This register should only be used for test and debug purposes.

NOTE: Nonimplemented clock sources should not be enabled or used.

Figure 2-35. Clock Test Register (CLKTEST) (offset = 8Ch)

31 27 26 25 24
Reserved ALTLIMPCLOCK RANGEDET RANGEDET
ENABLE CTRL ENABLE
R-0 R/WP-0 R/WP-0 R/WP-0
23 20 19 16
] Reserved CLK_TEST_EN \
R-0 R/WP-Ah
15 12 11 7 4 3 0
\ Reserved SEL_N2HET_PIN Reserved SEL_ECP_PIN |
R-0 R/WP-0 R-0 R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 2-48. Clock Test Register (CLKTEST) Field Descriptions
Bit Field Value Description
31-27 |Reserved 0 Reads return 0. Writes have no effect.
26 ALTLIMPCLOCKENABLE This bit selects a clock driven by the GIOBJ[0] pin as an alternate limp
clock to the clock monitor phase frequency detect (PFD).
0 The 10-MHz LPO fast clock is the compare clock for the clock detect
PFD circuit and the source to limp clock on a clock fail.
1 The ALTLIMPCLOCK driven on the GIOBJO] pin is the compare clock for
the clock detect PFD circuit and the source to limp clock on a clock fail.
25 RANGEDETCTRL Range detection control. This bit's functionality is dependant on the state
of the RANGEDETENSSEL bit (Bit 24) of the CLKTEST register.
0 The clock monitor range detection circuitry (RANGEDETECTENABLE) is
disabled.
1 The clock monitor range detection circuitry (RANGEDETECTENABLE) is
enabled.
24 RANGEDETENABLE Selects range detection enable. This bit resets asynchronously on power
on reset.
0 The range detect enable is generated by the hardware in the clock
monitor wrapper.
1 The range detect enable is controlled by the RANGEDETCTRL bit (Bit
25) of the CLKTEST register.

23-20 | Reserved 0 Reads return 0. Writes have no effect.

19-16 | CLK_TEST_EN Clock test enable. This bit enables the clock going to the ECLK pin.
Note: The ECLK pin must also be placed into Functional mode by
setting the ECPCLKFUN bit to 1 in the SYSPCL1 register.

5h Clock going to ECLK pin is enabled.
All other values | Clock going to ECLK pin is disabled.
15-12 | Reserved 0 Reads return 0. Writes have no effect.
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Table 2-48. Clock Test Register (CLKTEST) Field Descriptions (continued)
Bit Field Value Description
11-8 | SEL_N2HET_PIN N2HET[2] pin clock source valid, clock source select
0 Oscillator valid status
1h PLL1 valid status
2h-4h Reserved
5h [CLK10M] High-frequency LPO (Low-Power Oscillator) clock valid status
6h-7h Reserved
8h [CLK8O0K] Low-frequency LPO (Low-Power Oscillator) clock valid status
9h-Fh Oscillator valid status
7-4 Reserved 0 Reads return 0. Writes have no effect.
3-0 SEL_ECP_PIN ECLK pin clock source select
Note: Only valid clock sources can be selected for the ECLK pin.
Valid clock sources are displayed by the CSVSTAT register.
0 Oscillator clock
1h PLL1 clock output
2h-3h Reserved
4h [CLK8OK] Low-frequency LPO (Low-Power Oscillator) clock
5h [CLK10M] High-frequency LPO (Low-Power Oscillator) clock
6h-7h Reserved
8h GCLK
9h RTI Base
Ah Reserved
Bh VCLKA1
Ch-Eh Reserved
Fh Flash HD Pump Oscillator
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2.5.1.33 DFT Control Register (DFTCTRLREG)
This register is shown in Figure 2-36 and described in Table 2-49.

Figure 2-36. DFT Control Register (DFTCTRLREG) (offset = 90h)

31 16
‘ Reserved ‘
R-0
15 14 13 12 11 10 9 8 7 4 3 0
’ Reserved DFTWRITE Reserved DFTREAD Reserved TEST_MODE_KEY ‘
R-0 R/WP-1h R-0 R/WP-1h R-0 R/WP-5h

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-49. DFT Control Register (DFTCTRLREG) Field Descriptions

Bit | Field Value Description
31-14 | Reserved 0 Reads return 0. Writes have no effect.
13-12 | DFTWRITE 0-3h DFT logic access. See Table 2-50.
11-10 | Reserved 0 Reads return 0. Writes have no effect.
9-8 | DFTREAD 0-3h DFT logic access. See Table 2-50.
7-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 | TEST_MODE_KEY Test mode key. This register is for internal Tl use only.
Ah Register key enable. ALL the bits can be written to only when the key is enabled. On
reset, these bits will be set to 5h.
All other values | Register key disable. All bits in this register will maintain their default value and cannot
be written.
Table 2-50. DFT Logic Access Mode
DFTWRITE DFTREAD
Bit 13 Bit 12 Bit 9 Bit 8 Mode
0 0 0 0 Configured in stress mode
0 1 0 1 Configured in slow mode
1 0 1 0 Configured in fast mode
1 1 1 1 Configured in screen mode
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2.5.1.34 DFT Control Register 2 (DFTCTRLREG2)
This register is shown in Figure 2-37 and described in Table 2-51.

Figure 2-37. DFT Control Register 2 (DFTCTRLREG?2) (offset = 94h)
31 16
\ IMPDF[27:12] |
R/WP-0

15 4 3 0
] IMPDF[11:0] TEST_MODE_KEY \
R/WP-0 R/WP-5h
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-51. DFT Control Register 2 (DFTCTRLREG2) Field Descriptions

Bit | Field Value Description
31-4 | IMPDF DFT Implementation defined bits.
0 IMPDF is disabled.
IMPDF is enabled.
3-0 | TEST_MODE_KEY Test mode key. This register is for internal Tl use only.
Ah Register key enable. All the bits can be written to only when the key is enabled.
All other values | Register key disable. All bits in this register will maintain their default value and cannot
be written.
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2.5.1.35 General Purpose Register (GPREG1)
This register is shown in Figure 2-38 and described in Table 2-52.
Figure 2-38. General Purpose Register (GPREG1) (offset = AOh)
31 26 25 20 19 16
\ Reserved | PLL1_FBSLIP_FILTER_COUNT | PLL1_FBSLIP_FILTER_KEY |
R-0 R/WP-0 R/WP-5h
15 0
’ Reserved ‘
R-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-52. General Purpose Register (GPREGL1) Field Descriptions

Bit | Field Value Description
31-26 | Reserved 0 Reads return 0. Writes have no effect.
25-20 | PLL1_FBSLIP_FILTER_ COUNT 0-3Fh FBSLIP down counter programmed value.

Configures the system response when a FBSLIP is indicated by the
PLL macro. When PLL1_FBSLIP_FILTER_KEY is not Ah, the down
counter counts from the programmed value on every LPO high-
frequency clock once PLL macro indicates FBSLIP. When the count
reaches 0, if the synchronized FBSLIP signal is still high, an FBSLIP
condition is indicated to the system module and is captured in the
global status register. When the FBSLIP signal from the PLL macro is
de-asserted before the count reaches 0, the counter is reloaded with
the programmed value.

On reset, counter value is 0. Counter must be programmed to a non-
zero value and enabled for the filtering to be enabled.

0 Filtering is disabled.
1h Filtering is enabled. Every slip is recognized.
2h Filtering is enabled. The slip must be at least 2 HF LPO cycles wide in

order to be recognized as a slip.

3Fh Filtering is enabled. The slip must be at least 63 HF LPO cycles wide in
order to be recognized as a slip.
19-16 | PLL1_FBSLIP_FILTER_ KEY Enable the FBSLIP filtering.
5h On reset, the FBSLIP filter is disabled and the FBSLIP passes through.
Fh 'tl)'hi? ilsdan unsupported value. You should avoid writing this value to this
it field.

All other | FBSLIP filtering is enabled. Recommended to program Ah in this bit
values field. Enabling of the FBSLIP occurs when the KEY is programmed and
a non-zero value is present in the COUNT field.

15-0 | Reserved 0 Reads return 0. Writes have no effect.
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2.5.1.36 Imprecise Fault Status Register (IMPFASTS)

The IMPFASTS register, shown in Figure 2-39 and described in Table 2-53, displays information about
imprecise aborts that have occurred.

Figure 2-39. Imprecise Fault Status Register (IMPFASTS) (offset = A8h)

31 24 23 16
\ Reserved \ MASTERID |
R-0 R-0
15 10 9 8 7 1 0
\ Reserved NCBA | VBUSA | Reserved ATYPE |
R-0 R-0 R-0 R-0 RIWC-0

LEGEND: R/W = Read/Write; R = Read only; C = Clear; -n = value after reset

Table 2-53. Imprecise Fault Status Register (IMPFASTS) Field Descriptions

Bit Field Value | Description

31-24 | Reserved 0 Reads return 0. Writes have no effect.

23-16 | MASTERID 0-FFh | Master ID. This register indicates which master is responsible for the imprecise abort. The master ID
value depends on device implementation- see Table 2-2 for MASTERID values for each bus master.

Notes:

* These bits are only updated when an imprecise abort occurs

* These bits are cleared to 0 only on power-on reset. The value of these bits remains unchanged after
all other resets.

15-10 | Reserved 0 Reads return 0. Writes have no effect.

9 NCBA Non-cacheable, bufferable abort (NCBA). This register indicates the imprecise abort was generated by
a non-cacheable, bufferable write or shared device write through the write buffer of the CPU.

Notes:

» This bit is only updated when an imprecise abort generated by a non-cacheable, bufferable write or
shared device write occurs.

» This bit is cleared to 0 only on power-on reset. The value of this register remains unchanged after all
other resets.

A NCBA is not responsible for the last imprecise abort.
A NCBA was written with an illegal address and generated an imprecise abort.

8 VBUSA VBUS abort. This register indicates the imprecise abort was generated when writing into the peripheral
frame.

Notes:

« This bit is only updated when an imprecise abort is generated when writing into the peripheral frame

» This bit is cleared to 0 only on power-on reset. The value of this register remains unchanged after all
other resets.

The peripheral frame did not generate the last imprecise abort.
The peripheral frame was written with an illegal address and generated an imprecise abort.

7-1 Reserved 0 Reads return 0. Writes have no effect.
0 ATYPE Abort type.This bit indicates to the CPU whether the last abort was an imprecise abort or a precise
abort.
Notes:

» This bit is updated after each abort is generated to the CPU.
» This bit is cleared on CPU read.
» This bit is cleared to 0 only on power-on reset. The value of this bit remains unchanged after all other

resets

0 The last abort generated was a precise abort. MASTERID, VBUSA, NCBA, and IMPFTADD were not
updated.

1 The last abort generated was an imprecise abort. MASTERID, VBUSA, NCBA, and IMPFTADD were
updated.

Note: Once ATYPE is set, the IMPFAWADD and IMPFASTS bits are not updated by subsequent
ABORT signals.
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2.5.1.37 Imprecise Fault Address Register (IMPFTADD)

This IMPFTADD register, shown in Figure 2-40 and described in Table 2-54, shows the address at which
an imprecise abort occurred.

Figure 2-40. Imprecise Fault Write Address Register (IMPFTADD) (offset = ACh)

IMPFTADD
R-0

LEGEND: R = Read only; -n = value after reset

Table 2-54. Imprecise Fault Write Address Register (IMPFTADD) Field Descriptions

Bit Field Description
31-0 IMPFTADD These bits contain the fault address when an imprecise abort occurs.
Note: These bits are only updated when an imprecise abort occurs.

Note: These bits are cleared to 0 only on power-on reset. The value of this register remains unchanged
after all other resets.
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2.5.1.38 System Software Interrupt Request 1 Register (SSIR1)
The SSIR1 register, shown in Figure 2-41 and described in Table 2-55, is used for software interrupt

generation.

31

NOTE: This register is mirrored at offset FCh for compatibility reasons.

Figure 2-41. System Software Interrupt Request 1 Register (SSIR1) (offset = BOh)

16

Reserved ‘

15

R-0

SSKEY1

SSDATAL |

R/W-0

R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-55. System Software Interrupt Request 1 Register (SSIR1) Field Descriptions

Bit

Field

Value

Description

31-16

Reserved

0

Reads return 0. Writes have no effect.

15-8

SSKEY1

0-FFh

System software interrupt request key. A 075h written to these bits initiates IRQ/FIQ interrupts.
Data in this field is always read as 0. The SSKEY1 field can be written into only if the write data
matches the key (75h). The SSDATAL field can only be written into if the write data into this field,
the SSKEY1 field, matches the key (75h).

7-0

SSDATAL

0-FFh

System software interrupt data. These bits contain user read/write register bits. They may be used
by the application software as different entry points for the interrupt routine. The SSDATAL1 field
cannot be written into unless the write data into the SSKEY1 field matches the key (75h);
therefore, byte writes cannot be performed on the SSDATAL field.

2.5.1.39 System Software Interrupt Request 2 Register (SSIR2)

31

The SSIR2 register, shown in Figure 2-42 and described in Table 2-56, is used for software interrupt
generation.

Figure 2-42. System Software Interrupt Request 2 Register (SSIR2) (offset = B4h)

16

Reserved ‘

15

R-0

SSKEY?2

SSDATA2 |

R/W-0

R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-56. System Software Interrupt Request 2 Register (SSIR2) Field Descriptions

Bit

Field

Value

Description

31-16

Reserved

0

Reads return 0. Writes have no effect.

15-8

SSKEY2

0-FFh

System software interrupt2 request key. A 84h written to these bits initiates IRQ/FIQ interrupts.
Data in this field is always read as 0. The SSKEY2 field can be written into only if the write data
matches the key (84h). The SSDATAZ2 field can only be written into if the write data into this field,
the SSKEY2 field, matches the key (84h).

7-0

SSDATA2

0-FFh

System software interrupt data. These bits contain user read/write register bits. They may be used
by the application software as different entry points for the interrupt routine. The SSDATA?2 field
cannot be written into unless the write data into the SSKEY?2 field matches the key (84h);
therefore, byte writes cannot be performed on the SSDATA2 field.
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2.5.1.40 System Software Interrupt Request 3 Register (SSIR3)
The SSIR3 register, shown in Figure 2-43 and described in Table 2-57, is used for software interrupt

generation.

Figure 2-43. System Software Interrupt Request 3 Register (SSIR3) (offset = B8h)

31

16

Reserved ‘

15

R-0

SSKEY3

SSDATA3

R/W-0

R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-57. System Software Interrupt Request 3 Register (SSIR3) Field Descriptions

Bit Field Value Description

31-16 | Reserved 0 Reads return 0. Writes have no effect.

15-8 | SSKEY3 0-FFh System software interrupt request key. A 93h written to these bits initiates IRQ/FIQ interrupts. Data
in this field is always read as 0. The SSKEY3 field can be written into only if the write data
matches the key (93h). The SSDATAS field can only be written into if the write data into this field,
the SSKEY3 field, matches the key (93h).

7-0 SSDATA3 0-FFh System software interrupt data. These bits contain user read/write register bits. They may be used

by the application software as different entry points for the interrupt routine. The SSDATAS field
cannot be written into unless the write data into the SSKEY3 field matches the key (93h);
therefore, byte writes cannot be performed on the SSDATAS field.

2.5.1.41 System Software Interrupt Request 4 Register (SSIR4)
The SSIR4 register, shown in Figure 2-44 and described in Table 2-58, is used for software interrupt

generation.

Figure 2-44. System Software Interrupt Request 4 Register (SSIR4) (offset = BCh)

31

16

Reserved ‘

15

R-0

SSKEY4

SSDATA4 |

R/W-0

R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-58. System Software Interrupt Request 4 Register (SSIR4) Field Descriptions

Bit Field Value Description

31-16 | Reserved 0 Reads return 0. Writes have no effect.

15-8 | SSKEY4 0-FFh System software interrupt2 request key. A A2h written to these bits initiates IRQ/FIQ interrupts.
Data in this field is always read as 0. The SSKEY4 field can be written into only if the write data
matches the key (A2h). The SSDATA4 field can only be written into if the write data into this field,
the SSKEY4 field, matches the key (A2h).

7-0 SSDATA4 0-FFh System software interrupt data. These bits contain user read/write register bits. They may be used

by the application software as different entry points for the interrupt routine. The SSDATAA4 field
cannot be written into unless the write data into the SSKEY4 field matches the key (A2h);
therefore, byte writes cannot be performed on the SSDATAA4 field.

126 Architecture

SPNU516C—March 2018
Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

www.ti.com System and Peripheral Control Registers

2.5.1.42 RAM Control Register (RAMGCR)

The RAMGCR register, shown in Figure 2-45 and described in Table 2-59, is used to configure eSRAM
data and address wait states.

NOTE: The RAM_DFT_EN bits are for Tl internal use only.
The contents of the RAM_DFT_EN field should not be changed.

Figure 2-45. RAM Control Register (RAMGCR) (offset = COh)

31 20 19 16
\ Reserved | RAM_DFT_EN |
R-0 RIWP-5h
15 8
‘ Reserved ‘
R-0
7 3 2 1 0
\ Reserved WST_AENAO | Reserved | WST_DENAO |
R-0 RIWP-0 R-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-59. RAM Control Register (RAMGCR) Field Descriptions

Bit | Field Value Description
31-20 | Reserved 0 Reads return 0. Writes have no effect.
19-16 | RAM_DFT_EN Functional mode RAM DFT (Design For Test) port enable key.

Note: For Tl internal use only.
Ah RAM DFT port is enabled.
All other values | RAM DFT port is disabled.

Note: It is recommended that a value of 5h be used to disable the RAM DFT port.
This value will give maximum protection from a bit flip inducing event that
would inadvertently enable the controller.

15-3 | Reserved 0 Reads return 0. Writes have no effect.
2 WST_AENAO eSRAM data phase wait state enable bit.
0 The default address setup time for eSRAMO is used.
The eSRAM address setup time is increased by one HCLK cycle.
Reserved 0 Reads return 0. Writes have no effect.
WST_DENAO eSRAM data phase wait state enable bit.
0 There are no wait states for eSRAM during the data phase.

The eSRAM data phase setup time is increased by one HCLK cycle.
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2.5.1.43 Bus Matrix Module Control Register 1 (BMMCRL1)

31

The BMMCR1 register, shown in Figure 2-46 and described in Table 2-60, allows RAM and Program
(Flash) memory addresses to be swapped.

Figure 2-46. Bus Matrix Module Control Register 1 (BMMCR) (offset = C4h)

16

Reserved ‘

15

R-0

Reserved MEMSW ‘

R-0 R/WP-Ah

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-60. Bus Matrix Module Control Register 1 (BMMCR) Field Descriptions

Bit Field Value Description
31-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 MEMSW Memory swap key.
Note: A CPU reset must be issued after the memory swap key has been changed for the
memory swap to occur. A CPU reset can be initiated by changing the state of the CPU
RESET bit in the CPURSTCR register.
5h Swapped memory-map:
eSRAM starts at address 0. Program memory (Flash) starts at address 800 0000h.
Ah Default memory-map:
Program memory (Flash) starts at address 0. eSRAM starts at address 800 0000h.
All other values | The device memory-map is unchanged.
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2.5.1.44 CPU Reset Control Register (CPURSTCR)

The CPURSTCR register shown in Figure 2-47 and described in Table 2-61 allows a reset to the Cortex-
R4 CPU to be generated.

NOTE: The register bits in CPURSTCR are designated as high-integrity bits and have been
implemented with error-correcting logic such that each bit, although read and written as a
single bit, is actually a multi-bit key with error correction capability. As such, single-bit flips
within the “key” can be corrected allowing protection of the system as a whole. An error
detected is signaled to the ESM module.

Figure 2-47. CPU Reset Control Register (CPURSTCR) (offset = CCh)

31 16
‘ Reserved
R-0
15 1 0
] Reserved CPU_RESET |
R-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-61. CPU Reset Control Register (CPURSTGCR) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 CPU_RESET 0-1 CPU Reset.
Only the CPU is reset whenever this bit is toggled. There is no system reset.
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2.5.1.45 Clock Control Register (CLKCNTL)

The CLKCNTL register, shown in Figure 2-48 and described in Table 2-62, controls peripheral reset and
the peripheral clock divide ratios.

NOTE: VCLK and VCLK2 clock ratio restrictions.

The VCLK2 frequency must always be greater than or equal to the VCLK frequency. The
VCLK2 frequency must be an integer multiple of the VCLK frequency.

In addition, the VCLK and VCLK?2 clock ratios must not be changed simultaneously. When
increasing the frequency (decreasing the divider), first change the VCLK2R field and then
change the VCLKR field. When reducing the frequency (increasing the divider), first change
the VCLKR field and then change the VCLK2R field.

You should do a read-back between the two writes. This assures that there are enough clock
cycles between the two writes.

Figure 2-48. Clock Control Register (CLKCNTRL) (offset = DOh)

31 28 27 24 23 20 19 16
\ Reserved \ VCLK2R \ Reserved \ VCLKR |
R-0 R/WP-1h R-0 RIWP-1h
15 9 8 7 0
‘ Reserved PENA ‘ Reserved |
R-0 RIWP-0 R0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-62. Clock Control Register (CLKCNTRL) Field Descriptions

Bit Field Value | Description
31-28 | Reserved 0 Reads return 0. Writes have no effect.
27-24 | VCLK2R VBUS clock? ratio.

Note: The VCLK2 frequency must always be greater than or equal to the VCLK frequency. The
VCLK2 frequency must be an integer multiple of the VCLK frequency. In addition, the VCLK and
VCLK2 clock ratios must not be changed simultaneously.

The VCLK2 speed is HCLK divided by 1.
The VCLK2 speed is HCLK divided by 2.
2h-Fh | Reserved

23-20 | Reserved 0 Reads return 0. Writes have no effect.
19-16 |VCLKR VBUS clock ratio.

Note: The VCLK2 frequency must always be greater than or equal to the VCLK frequency. The
VCLK2 frequency must be an integer multiple of the VCLK frequency. In addition, the VCLK and
VCLK2 clock ratios must not be changed simultaneously.

The VCLK speed is HCLK divided by 1.
The VCLK speed is HCLK divided by 2.
2h-Fh | Reserved

15-9 | Reserved 0 Reads return 0. Writes have no effect.

8 PENA Peripheral enable bit. The application must set this bit before accessing any peripheral
The global peripheral/peripheral memory frames are in reset.
All peripheral/peripheral memory frames are out of reset.

7-0 Reserved 0 Reads return 0. Writes have no effect.
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2.5.1.46 ECP Control Register (ECPCNTL)

The ECP register, shown in Figure 2-49 and described in Table 2-63, configures the ECLK pin in
functional mode.

NOTE: ECLK Functional mode configuration.

The ECLK pin must be placed into Functional mode by setting the ECPCLKFUN bit to 1 in
the SYSPCL1 register before a clock source will be visible on the ECLK pin.

Figure 2-49. ECP Control Register (ECPCNTL) (offset = D4h)

31 25 24 23 22 18 17 16
\ Reserved | ECPSSEL | ECPCOS | Reserved ECPINSEL |
R-0 RW-0  R/MW-0 R-0 RIW-0
15 0
\ ECPDIV |
RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-63. ECP Control Register (ECPCNTL) Field Descriptions

Bit Field Value Description
31-25 | Reserved 0 Reads return 0. Writes have no effect.
24 ECPSSEL This bit allows the selection between VCLK and OSCIN as the clock source for ECLK.

Note: Other ECLK clock sources are available for debug purposes by configuring the
CLKTEST register.

0 VCLK is selected as the ECP clock source.
OSCIN is selected as the ECP clock source.
23 ECPCOS ECP continue on suspend.
Note: Suspend mode is entered while performing certain JTAG debugging operations.
0 ECLK output is disabled in suspend mode. ECLK output will be shut off and will not be seen on
the 1/0O pin of the device.
1 ECLK output is not disabled in suspend mode. ECLK output will not be shut off and will be seen
on the I/O pin of the device.
22-18 | Reserved 0 Reads return 0. Writes have no effect.
17-16 | ECPINSEL Select ECP input clock source.
0 Tied Low
1h HCLK
2h External clock
3h Tied Low
15-0 |ECPDIV 0-FFFFh ECP divider value. The value of ECPDIV bits determine the external clock (ECP clock) frequency
as a ratio of VBUS clock or OSCIN as shown in the formula:
ECLK = VCLKorOSCIN

(ECPDIV +1)
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2.5.1.47 DEV Parity Control Register 1 (DEVCR1)
This register is shown in Figure 2-50 and described in Table 2-64.
Figure 2-50. DEV Parity Control Register 1 (DEVCR1) (offset = DCh)
31 16
‘ Reserved ‘
R-0
15 4 3 0
] Reserved DEVPARSEL \
R-0 R/WP-Ah

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-64. DEV Parity Control Register 1 (DEVCR1) Field Descriptions

Bit Field Value | Description
31-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 DEVPARSEL Device parity select bit key.

Note: After an odd (DEVPARSEL = 5h) or even (DEVPARSEL = Ah) scheme is programmed
into the DEVPARSEL register, any one bit change can be detected and will retain its
programmed scheme. More than one bit changes in DEVPARSEL will cause a default to odd
parity scheme.

5h The device parity is even.

Ah The device parity is odd.

2.5.1.48 System Exception Control Register (SYSECR)

The SYSECR register, shown in Figure 2-51 and described in Table 2-65, is used to generate a software
reset.

NOTE: The register bits in SYSECR are designated as high-integrity bits and have been
implemented with error-correcting logic such that each bit, although read and written as a
single bit, is actually a multi-bit key with error correction capability. As such, single-bit flips
within the “key” can be corrected allowing protection of the system as a whole. An error
detected is signaled to the ESM module.

Figure 2-51. System Exception Control Register (SYSECR) (offset = EOh)

31 16
‘ Reserved ‘
R-0
15 14 13 0
| RESETL | RESETO Reserved |
RWP-O  R/WP-1 R-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-65. System Exception Control Register (SYSECR) Field Descriptions

Bit Field Value Description
31-16 |Reserved 0 Reads return 0. Writes have no effect.
15-14 | RESET Software reset bits. Setting RESET1 or clearing RESETO causes a system software reset.
1h No reset will occur.
0, 2h-3h A global system reset will occur.
13-0 |Reserved 0 Reads return 0. Writes have no effect.
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2.5.1.49 System Exception Status Register (SYSESR)

The SYSESR register, shown in Figure 2-52 and described in Table 2-66, shows the source for different
resets encountered. Previous reset source status bits are not automatically cleared if new resets occur.
After reading this register, the software should clear any flags that are set so that the source of future
resets can be determined. Any bit in this register can be cleared by writing a 1 to the bit.

Figure 2-52. System Exception Status Register (SYSESR) (offset = E4h)

31 16
‘ Reserved ‘
R-0

15 14 13 12 8

| PORST OSCRST | WDRST | Reserved |

R/WC-X RIWC-X* RIWC-X* R-0

7 6 5 4 3 2 0

] Reserved | CPURST | SWRST EXTRST Reserved \

R-0 RIWC-X* RIWC-X* RIWC-X* R-0

LEGEND: R/W = Read/Write; R = Read only; C= Clear; X = value unchanged after reset; X* = 0 after PORST but unchanged after other
resets; -n = value after reset; -n = value after reset

Table 2-66. System Exception Status Register (SYSESR) Field Descriptions

Bit Field Value | Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15 PORST Power-on reset. This bit is set when a power-on reset occurs, either internally asserted by the VMON or

externally asserted by the nPORRST pin.
No power-on reset has occurred since this bit was last cleared.

A reset was caused by a power-on reset. (This bit should be cleared after being read so that
subsequent resets can be properly identified as not being power-on resets.)

14 OSCRST Reset caused by an oscillator failure or PLL cycle slip. This bit is set when a reset is caused by an
oscillator failure or PLL slip.

Note: The action taken when an oscillator failure or PLL slip is detected must configured in the
PLLCTL1 register.

No reset has occurred due to an oscillator failure or a PLL cycle slip.
A reset was caused by an oscillator failure or a PLL cycle slip.
13 WDRST Watchdog reset flag. This bit is set when the last reset was caused by the digital watchdog (DWD).

During debugging, the ICEPICK logic implemented on the microcontroller also allows a system reset to
be generated via the debug logic (DBGRST). This DBGRST reset is also indicated on the WDRST bit of
the SYSESR. This flag can also be set via a reset driven by ICEPICK.

No reset has occurred because of the DWD.

A reset was caused by the DWD.

12-6 | Reserved 0 Reads return 0. Writes have no effect.
5 CPURST CPU reset flag. This bit is set when the CPU is reset.

Note: A CPU reset can be initiated by the CPU self-test controller (LBIST) or by changing the
memory protection (MMU/MPU) configuration in CPURSTCR register.

No CPU reset has occurred.
A CPU reset occurred.

4 SWRST Software reset flag. This bit is set when a software system reset has occurred.

Note: A software system reset can be initiated by writing to the RESET bits in the SYSECR
register.

No software reset has occurred.
A software reset occurred.
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Table 2-66. System Exception Status Register (SYSESR) Field Descriptions (continued)

Bit Field Value | Description

3 EXTRST External reset flag. This bit is set when a reset is caused by the external reset pin nNRST or by any reset
that also asserts the nRST pin (PORST, OSCRST, WDRST and SWRST).

The external reset pin has not asserted a reset.

A reset has been caused by the external reset pin.

2-0 Reserved 0 Reads return 0. Writes have no effect.

2.5.1.50 System Test Abort Status Register (SYSTASR)
This register is shown in Figure 2-53 and described in Table 2-67.

Figure 2-53. System Test Abort Status Register (SYSTASR) (offset = E8h)
31 16
‘ Reserved ‘
R-0

15 5 4 0
‘ Reserved EFUSE_Abort ‘
R-0 R/WCP-X/0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; C = Clear; -X = Value unchanged after reset; -n = value
after reset

Table 2-67. System Test Abort Status Register (SYSTASR) Field Descriptions

Bit | Field Value Description
31-5 | Reserved 0 Reads return 0. Writes have no effect.
4-0 | EFUSE_Abort Test Abort status flag. These bits are set when test abort occurred:
0 Read: The last operation (if any) completed successfully. This is also the value that the
error/status register is set to after reset.
1h Read: Controller times out because there is no last row sent from the FuseROM.
2h Read: The autoload machine was started, either through the SYS_INITZ signal from the

system or the JTAG data register. In either case, the autoload machine did not find
enough FuseROM data to fill the scan chain.

3h Read: The autoload machine was started, either through the SYS_INITZ signal from the
system or the JTAG data register. In either case, the autoload machine starts the scan
chain with a signature it expects to see after the scan chain is full. The autoload machine
was able to fill the scan chain, but the wrong signature was returned.

4h Read: The autoload machine was started, either through the SYS_INITZ signal from the
system or the JTAG data register. In either case, the autoload machine was not able or
not allowed to complete its operation.

All other values | Read: Reserved.
1Fh Write: These bits are cleared to 0.
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2.5.1.51 CGlobal Status Register (GLBSTAT)

The GLBSTAT register, shown in Figure 2-54 and described in Table 2-68, indicates the FMzPLL (PLL1)

slip status and the oscillator fail status.

NOTE: PLL and OSC fail behavior

The device behavior after a PLL slip or an oscillator failure is configured in the PLLCTL1

register.
Figure 2-54. Global Status Register (GLBSTAT) [offset = ECh]
31 16
‘ Reserved ‘
R-0
15 10 9 8 7 1 0
\ Reserved FBSLIP RFSLIP Reserved OSCFAIL |
R-0 R/W1C-n R/W1C-n R-0 R/W1C-n
LEGEND: R/W = Read/Write; R = Read only; W1C = Write 1 to Clear; -n = value after reset
Table 2-68. Global Status Register (GLBSTAT) Field Descriptions
Bit Field Value | Description
31-10 | Reserved 0 Reads return 0. Writes have no effect.
9 FBSLIP PLL over cycle slip detection. (cleared by nPORRST, maintains its previous value for all other resets)
0 Read: No PLL over cycle slip has been detected.
Write: The bit is unchanged.
1 Read: A PLL over cycle slip has been detected.
Write: The bit is cleared to 0.
8 RFSLIP PLL under cycle slip detection. (cleared by nPORRST, maintains its previous value for all other resets)
0 Read: No PLL under cycle slip has been detected.
Write: The bit is unchanged.
1 Read: A PLL under cycle slip has been detected.
Write: The bit is cleared to 0.
7-1 Reserved 0 Reads return 0. Writes have no effect.
0 OSCFAIL Oscillator fail flag bit. (cleared by nPORRST, maintains its previous value for all other resets)
0 Read: No oscillator failure has been detected.
Write: The bit is unchanged.
1 Read: An oscillator failure has been detected.
Write: The bit is cleared to 0.
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2.5.1.52 Device ldentification Register (DEVID)

The DEVID is a read-only register. It contains device-specific information that is hard-coded during device
manufacture. For the initial silicon version, the device identification code value is 0x8048ADO05. This
register is shown in Figure 2-55 and described in Table 2-69.

Figure 2-55. Device ldentification Register (DEVID) (offset = FOh)

31 30 17 16
| cP15 | UNIQUE_ID | TECH |

R-K R-K R-K

15 13 12 11 10 9 8
TECH IO_VOLTAGE | PERIPHERAL _ FLASH_ECC RAM_ECC

PARITY
R-K R-K R-K R-K R-K
7 3 2 0
VERSION PLATFORM_ID
RK R-K

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset; -K = constant value

Table 2-69. Device Identification Register (DEVID) Field Descriptions

Bit | Field Value Description

31 |CP15 CP15 CPU. This bit indicates whether the CPU has a coprocessor 15 (CP15).
The CPU has no CP15 present.

The CPU has a CP15 present. The CPU ID can be read using the CP15 C0,C0,0

register.
30-17 | UNIQUE_ID 0-3FFFh | Device ID. The device ID is unique by device configuration.
16-13 | TECH These bits define the process technology by which the device was manufactured.
0 Device manufactured in the CO5 process technology.
1h Device manufactured in the FO5 process technology.
2h Device manufactured in the C035 process technology.
3h Device manufactured in the FO35 process technology.
4h Device manufactured in the C021 process technology.
5h Device manufactured in the FO21 process technology.
6h-Fh Reserved
12 |IO_VOLTAGE Input/output voltage. This bit defines the 1/O voltage of the device.
0 The 1/0 voltage is 3.3 V.
The I/O voltage is 5 V.
11 PERIPHERAL_PARITY Peripheral parity. This bit indicates whether or not peripheral memory parity is
present.

The peripheral memories have no parity.
The peripheral memories have parity.

10-9 | FLASH_ECC These bits indicate which parity is present for the program memory.
0 No memory protection is present.

1h The program memory (Flash) has single-bit parity.

2h The program memory (Flash) has ECC.

3h Reserved
8 RAM_ECC RAM ECC. This bit indicates whether or not RAM memory ECC is present.
0 The RAM memories do not have ECC.
1 The RAM memories have ECC.
7-3 | VERSION 0-1Fh Version. These bits provide the revision of the device.
2-0 | PLATFORM_ID 5h The device is part of the TMS570 family. The TMS570 ID is always 5h.
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2.5.1.53 Software Interrupt Vector Register (SSIVEC)
The SSIVEC register, shown in Figure 2-56 and described in Table 2-70, contains information about

software interrupts.

Figure 2-56. Software Interrupt Vector Register (SSIVEC) (offset = F4h)

31

16

Reserved ‘

15

R-0

\ SSIDATA

SSIVECT

R-0

R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 2-70. Software Interrupt Vector Register (SSIVEC) Field Descriptions

Bit Field Value Description
31-16 |Reserved 0 Reads return 0. Writes have no effect.
15-8 | SSIDATA 0-FFh System software interrupt data key. These bits contain the data key value of the source for the
system software interrupt, which is indicated by the vector in the SSIVEC[7-0] field.
7-0 SSIVECT These bits contain the source for the system software interrupt.
Note: A read from the SSIVECT bits clears the corresponding SSI_FLAG[4-1] bit in the
SSIF register, corresponding to the source vector of the system software interrupt.
Note: The SSIR[4-1] interrupt has the following priority order:
SSIR1 has the highest priority.
SSIR4 has the lowest priority.
0 No software interrupt is pending.
1h A software interrupt has been generated by writing the correct key value to The SSIR1 register.
2h A software interrupt has been generated by writing the correct key value to The SSIR2 register.
3h A software interrupt has been generated by writing the correct key value to The SSIRS3 register.
4h A software interrupt has been generated by writing the correct key value to The SSIR4 register.
5h-FFh Reserved
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2.5.1.54 System Software Interrupt Flag Register (SSIF)

The SSIF register, shown in Figure 2-57 and described in Table 2-71, contains software interrupt flag
status information.

Figure 2-57. System Software Interrupt Flag Register (SSIF) (offset = F8h)

31 16
‘ Reserved ‘
R-0
15 8
’ Reserved ‘
R-0
7 4 3 2 1 0
‘ Reserved SSI_FLAG4 SSI_FLAG3 SSI_FLAG2 SSI_FLAG1 ‘
R-0 R/W1C-0 R/W1C-0 R/W1C-0 R/W1C-0

LEGEND: R/W = Read/Write; R = Read only; C = Clear; -n = value after reset

Table 2-71. System Software Interrupt Flag Register (SSIF) Field Descriptions

Bit Field Value | Description
31-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 SSI_FLAG[4-1] System software interrupt flag[4-1]. This flag is set when the correct SSKEY is written to the

SSIR register[4-1].

Note: A read from the SSIVEC register clears the corresponding SSI_FLAGJ[4-1] bit in the
SSIF, corresponding to the source vector of the system software interrupt.

0 Read: No IRQ/FIQ interrupt was generated since the bit was last cleared.
Write: The bit is unchanged.

1 Read: An IRQ/FIQ interrupt was generated.
Write: The bit is cleared to 0.
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2.5.2 Secondary System Control Registers (SYS2)

This section describes the secondary frame of system registers. The start address of the secondary
system module frame is FFFF E100. The registers support 32-, 16-, and 8-hit writes. The offset is relative
to the system module frame start address.

Table 2-72 lists the secondary system control registers.

NOTE: All additional registers in the secondary system frame are reserved.

Table 2-72. Secondary System Control Registers

Offset Acronym Register Description Section
08h STCCLKDIV CPU Logic BIST Clock Divider Section 2.5.2.1
70h CLKSLIP Clock Slip Register Section 2.5.2.2
ECh EFC_CTLREG EFUSE Controller Control Register Section 2.5.2.3
FOh DIEIDL_REGO Die Identification Register Lower Word Section 2.5.2.4
F4ah DIEIDH_REG1 Die Identification Register Upper Word Section 2.5.2.5
F8h DIEIDL_REG2 Die Identification Register Lower Word Section 2.5.2.6
FCh DIEIDH_REGS Die Identification Register Upper Word Section 2.5.2.7

2.5.2.1 CPU Logic Bist Clock Divider (STCLKDIV)
This register is shown in Figure 2-58 and described in Table 2-73.

Figure 2-58. CPU Logic BIST Clock Prescaler (STCLKDIV) (offset = 08h)
31 27 26 24 23 16
‘ Reserved ‘ CLKDIV ‘ Reserved ‘
R-0 R/WP-0 R-0

15 0
’ Reserved ‘
R-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-73. CPU Logic BIST Clock Prescaler (STCLKDIV) Field Descriptions

Bit Field Value | Description
31-27 | Reserved 0 Reads return 0. Writes have no effect.
26-24 | CLKDIV Clock divider/prescaler for CPU clock (GCLK) during logic BIST

0 STCCLK = HCLK/1
1h STCCLK = HCLK/2
2h STCCLK = HCLK/3

7h STCCLK = HCLK/8
23-0 | Reserved 0 Reads return 0. Writes have no effect.
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2.5.2.2 Clock Slip Register (CLKSLIP)
This register is shown in Figure 2-59 and described in Table 2-74.

Figure 2-59. Clock Slip Register (CLKSLIP) (offset = 70h)

31 16
‘ Reserved ‘
R-0
15 14 13 8 7 4 3 0
] Reserved PLL1_SLIP_FILTER_COUNT Reserved PLL1_SLIP_FILTER_KEY \
R-0 R/WP-0 R-0 R/WP-5h

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-74. Clock Slip Register (CLKSLIP) Field Descriptions

Bit | Field Value Description
31-14 | Reserved 0 Reads return 0. Writes have no effect.
13-8 | PLL1_SLIP_FILTER_COUNT PLL SLIP down counter programmed value. Count is on 10M clock.
On reset, counter value is 0. Counter must be programmed to a non-zero
value and enabled for the filtering to be enabled.
0 Filtering is disabled.
1h Filtering is enabled. Every slip is recognized.
2h Filtering is enabled. The slip must be at least 2 HF LPO cycles wide in order
to be recognized as a slip.
3Fh Filtering is enabled. The slip must be at least 63 HF LPO cycles wide in order
to be recognized as a slip.
7-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 |PLL1_SLIP_FILTER_KEY Enable the PLL SLIP filtering.
5h On reset, the PLL SLIP filter is disabled and the PLL SLIP passes through.
Fh This is an unsupported value. You should avoid writing this value to this bit
field.
All other values | PLL SLIP filtering is enabled. Recommended to program Ah in this bit field.
Enabling of the PLL SLIP occurs when the KEY is programmed and a
nonzero value is present in the COUNT field.
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2.5.2.3 EFUSE Controller Control Register (EFC_CTLREG)
This register is shown in Figure 2-60 and described in Table 2-75.

Figure 2-60. EFUSE Controller Control Register (EFC_CTLREG) (offset = ECh)

31 16

‘ Reserved ‘
R-0

] Reserved EFC_INSTR_WEN \
R-0 R/WP-5h
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-75. EFUSE Controller Control Register (EFC_CTLREG) Field Descriptions

Bit | Field Value Description
31-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 |EFC_INSTR_WEN Enable user write of 4 EFUSE controller instructions.

SYS module generates the enable signal which will be tied to
OCP_FROM_WRITE_DISABLE on efuse controller port

Ah Writing of instructions (Program, ProgramCRA, RunAutoload, and
LoadFuseScanchain) to EFC is allowed enabled.

All other values | Writing of instructions (Program, ProgramCRA, RunAutoload, and
LoadFuseScanchain) in EFC registers is blocked.

2.5.2.4 Die Identification Register Lower Word (DIEIDL_REGO0)

The DIEIDL_REGO register is a duplicate of the DIEIDL register, see Section 2.5.1.29. The DIEIDL_REGO
register, shown in Figure 2-61 and described in Table 2-76, contains information about the die wafer
number, and X, Y wafer coordinates.

Figure 2-61. Die Identification Register, Lower Word (DIEIDL_REGO) [offset = FOh]

31 24 23 16
WAFER # Y WAFER COORDINATE
R-D R-D
15 12 11 0
‘ Y WAFER COORDINATE X WAFER COORDINATE ‘
R-D R-D

LEGEND: R = Read only; -n = value after reset; -D = device specific

Table 2-76. Die Identification Register, Lower Word (DIEIDL_REGO) Field Descriptions

Bit Field Description
31-24 | WAFER # These read-only bits contain the wafer number of the device.
23-12 | Y WAFER COORDINATE These read-only bits contain the Y wafer coordinate of the device.
11-0 | X WAFER COORDINATE These read-only bits contain the X wafer coordinate of the device.

NOTE: Die Identification Information

The die identification information will vary from unit to unit. This information is programmed
by Tl as part of the initial device test procedure.
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2.5.2.5 Die ldentification Register Upper Word (DIEIDH_REG1)
The DIEIDH_REGLI register is a duplicate of the DIEIDH register, see Section 2.5.1.30. The
DIEIDH_REGL1 register, shown in Figure 2-62 and described in Table 2-77, contains information about the
die lot number.

Figure 2-62. Die Identification Register, Upper Word (DIEIDH_REG1) [offset = F4h]

31 24 23
Reserved ‘ LOT #
R-D

R-0

16

15
LOT #

|
R-D

LEGEND: R/W = Read/Write; R = Read only; D = Value is device dependent; -n = value after reset

Table 2-77. Die Identification Register, Upper Word (DIEIDH_REG1) Field Descriptions

Bit Field Description
31-24 | Reserved Reserved for Tl use. Writes have no effect.
23-0 |[LOT# This read-only register contains the device lot number.

NOTE: Die Identification Information
The die identification information will vary from unit to unit. This information is programmed
by TI as part of the initial device test procedure.

2.5.2.6 Die Identification Register Lower Word (DIEIDL_REG2)
This register is shown in Figure 2-63 and described in Table 2-78.

Figure 2-63. Die Identification Register, Lower Word (DIEIDL_REG2) [offset = F8h]

31
DIEIDL2

R-X
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset; -X = Value unchanged after reset

Table 2-78. Die Identification Register, Lower Word (DIEIDL_REG?2) Field Descriptions

Bit | Field Value Description
31-0 | DIEIDL2(95-64) 0-FFFF FFFFh This read-only register contains the lower word (95:64) of the die ID information. The
contents of this register is reserved.
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2.5.2.7 Die Identification Register Upper Word (DIEIDH_REG3)
This register is shown in Figure 2-64 and described in Table 2-79.

Figure 2-64. Die Identification Register, Upper Word (DIEIDH_REG3) [offset = FCh]

31

DIEIDH2

R-X

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset; -X = Value unchanged after reset

Table 2-79. Die Identification Register, Upper Word (DIEIDH_REG3) Field Descriptions

Bit |Field

Value

Description

31-0 | DIEIDH2(127-96) 0-FFFF FFFFh

This read-only register contains the upper word (127:97) of the die ID information. The
contents of this register is reserved.
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2.5.3 Peripheral Central Resource (PCR) Control Registers

This section describes the Peripheral Central Resource (PCR) control registers. The start address of the
PCR register frame is FFFF EO0Oh. Table 2-80 lists the registers in the PCR, which are used to configure
protection to the peripherals in PCS and PS regions. Not all chip selects exist on this device.

Table 2-80. Peripheral Central Resource Control Registers

Offset Acronym Register Description Section
00h PMPROTSETO Peripheral Memory Protection Set Register O Section 2.5.3.1
04h PMPROTSET1 Peripheral Memory Protection Set Register 1 Section 2.5.3.2
10h PMPROTCLRO Peripheral Memory Protection Clear Register O Section 2.5.3.3
14h PMPROTCLR1 Peripheral Memory Protection Clear Register 1 Section 2.5.3.4
20h PPROTSETO Peripheral Protection Set Register 0 Section 2.5.3.5
24h PPROTSET1 Peripheral Protection Set Register 1 Section 2.5.3.6
28h PPROTSET2 Peripheral Protection Set Register 2 Section 2.5.3.7
2Ch PPROTSET3 Peripheral Protection Set Register 3 Section 2.5.3.8
40h PPROTCLRO Peripheral Protection Clear Register 0 Section 2.5.3.9
44h PPROTCLR1 Peripheral Protection Clear Register 1 Section 2.5.3.10
48h PPROTCLR2 Peripheral Protection Clear Register 2 Section 2.5.3.11
4Ch PPROTCLR3 Peripheral Protection Clear Register 3 Section 2.5.3.12
60h PCSPWRDWNSETO Peripheral Memory Power-Down Set Register 0 Section 2.5.3.13
64h PCSPWRDWNSET1 Peripheral Memory Power-Down Set Register 1 Section 2.5.3.14
70h PCSPWRDWNCLRO Peripheral Memory Power-Down Clear Register 0 Section 2.5.3.15
74h PCSPWRDWNCLR1 Peripheral Memory Power-Down Clear Register 1 Section 2.5.3.16
80h PSPWRDWNSETO Peripheral Power-Down Set Register 0 Section 2.5.3.17
84h PSPWRDWNSET1 Peripheral Power-Down Set Register 1 Section 2.5.3.18
88h PSPWRDWNSET2 Peripheral Power-Down Set Register 2 Section 2.5.3.19
8Ch PSPWRDWNSET3 Peripheral Power-Down Set Register 3 Section 2.5.3.20
AOh PSPWRDWNCLRO Peripheral Power-Down Clear Register 0 Section 2.5.3.21
Adh PSPWRDWNCLR1 Peripheral Power-Down Clear Register 1 Section 2.5.3.22
A8h PSPWRDWNCLR2 Peripheral Power-Down Clear Register 2 Section 2.5.3.23
ACh PSPWRDWNCLR3 Peripheral Power-Down Clear Register 3 Section 2.5.3.24
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2.5.3.1 Peripheral Memory Protection Set Register 0 (PMPROTSETO)
This register is shown in Figure 2-65 and described in Table 2-81.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-65. Peripheral Memory Protection Set Register 0 (PMPROTSETO) (offset = 00h)
31 0
PCS[31-0]PROTSET ‘
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-81. Peripheral Memory Protection Set Register 0 (PMPROTSETO) Field Descriptions

Bit Field Value | Description
31-0 PCS[31-0]PROTSET Peripheral memory frame protection set.
0 Read: The peripheral memory framen can be written to and read from in both user and

privileged modes.
Write: The bit is unchanged.

1 Read: The peripheral memory framen can be written to only in privileged mode, but it
can be read in both user and privileged modes.

Write: The corresponding bit in PMPROTSETO and PMPROTCLRO registers is set to 1.

2.5.3.2 Peripheral Memory Protection Set Register 1 (PMPROTSET1)
This register is shown in Figure 2-66 and described in Table 2-82.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-66. Peripheral Memory Protection Set Register 1 (PMPROTSET1) (offset = 04h)
31 0
PCS[63-32]PROTSET \
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-82. Peripheral Memory Protection Set Register 1 (PMPROTSET1) Field Descriptions

Bit Field Value | Description
31-0 PCS[63-32]PROTSET Peripheral memory frame protection set.
0 Read: The peripheral memory framen can be written to and read from in both user and

privileged modes.
Write: The bit is unchanged.

1 Read: The peripheral memory framen can be written to only in privileged mode, but it
can be read in both user and privileged modes.

Write: The corresponding bit in PMPROTSET1 and PMPROTCLRL1 registers is set to 1.
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2.5.3.3 Peripheral Memory Protection Clear Register 0 (PMPROTCLRO)
This register is shown in Figure 2-67 and described in Table 2-83.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-67. Peripheral Memory Protection Clear Register 0 (PMPROTCLRO) (offset = 10h)
31 0
PCS[31-0]PROTCLR \
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-83. Peripheral Memory Protection Clear Register 0 (PMPROTCLRO) Field Descriptions

Bit Field Value | Description
31-0 PCS[31-0]PROTCLR Peripheral memory frame protection clear.
0 Read: The peripheral memory framen can be written to and read from in both user and

privileged modes.
Write: The bit is unchanged.

1 Read: The peripheral memory framen can be written to only in privileged mode, but it
can be read in both user and privileged modes.

Write: The corresponding bit in PMPROTSETO and PMPROTCLRO registers is cleared
to 0.

2.5.3.4 Peripheral Memory Protection Clear Register 1 (PMPROTCLR1)
This register is shown in Figure 2-68 and described in Table 2-84.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-68. Peripheral Memory Protection Clear Register 1 (PMPROTCLR1) (offset = 14h)
31 0
PCS[63-32]PROTCLR
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-84. Peripheral Memory Protection Clear Register 1 (PMPROTCLR1) Field Descriptions

Bit Field Value |Description
31-0 PCS[63-32]PROTCLR Peripheral memory frame protection clear.
0 Read: The peripheral memory framen can be written to and read from in both user and

privileged modes.

Write: The bit is unchanged.

1 Read: The peripheral memory framen can be written to only in privileged mode, but it
can be read in both user and privileged modes.

Write: The corresponding bit in PMPROTSET1 and PMPROTCLR1 registers is cleared
to 0.
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2.5.3.5 Peripheral Protection Set Register 0 (PPROTSETO)
There is one bit for each quadrant for PSO to PS7.

31

The following are the ways in which quadrants are used within a PS frame:

a.

The slave uses all the four quadrants:

Only the bit corresponding to the quadrant 0 of PSn is implemented. It protects the whole 1K-byte
frame. The remaining three bits are not implemented.

The slave uses two quadrants:
Each quadrant has to be in one of these groups: (Quad 0 and Quad 1) or (Quad 2 and Quad 3).

For the group Quad0/Quad1, the bit quadrant O protects both quadrants 0 and 1. The bit quadrant 1 is
not implemented.

For the group Quad2/Quad3, the bit quadrant 2 protects both quadrants 2 and 3. The bit quadrant 3 is
not implemented.

. The slave uses only one quadrant:

In this case, the bit, as specified in Table 2-85, protects the slave.

The arrangement is true for all the peripheral select (PS0 to PS31).
This register holds bits for PSO to PS7 and is shown in Figure 2-69 and described in Table 2-85.

NOTE: Writes to nonimplemented bits have no effect and reads are 0.

Figure 2-69. Peripheral Protection Set Register 0 (PPROTSETO) (offset = 20h)

PS[7-0]QUAD[3-0]PROTSET

R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-85. Peripheral Protection Set Register 0 (PPROTSETO) Field Descriptions

Bit

Field Value |Description

31-0

PS[7-0]QUAD[3-0]PROTSET Peripheral select quadrant protection set.

0 Read: The peripheral select quadrant an be written to and read from in both
user and privileged modes.

Write: The bit is unchanged.

1 Read: The peripheral select quadrant can be written to only in privileged
mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSETO0 and PPROTCLRO registers is set
to 1.
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2.5.3.6 Peripheral Protection Set Register 1 (PPROTSET1)

There is one bit for each quadrant for PS8 to PS15. The protection scheme is described in
Section 2.5.3.5. This register is shown in Figure 2-70 and described in Table 2-86.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-70. Peripheral Protection Set Register 1 (PPROTSET1) (offset = 24h)

PS[15-8]QUADI[3-0]PROTSET
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-86. Peripheral Protection Set Register 1 (PPROTSET1) Field Descriptions

Bit Field Value | Description
31-0 | PS[15-8]QUAD[3-0]PROTSET Peripheral select quadrant protection set.
0 Read: The peripheral select quadrant can be written to and read from in both

user and privileged modes.
Write: The bit is unchanged.

1 Read: The peripheral select quadrant can be written to only in privileged
mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSET1 and PPROTCLR1 registers is set
to 1.

2.5.3.7 Peripheral Protection Set Register 2 (PPROTSET2)

There is one bit for each quadrant for PS16 to PS23. The protection scheme is described in
Section 2.5.3.5. This register is shown in Figure 2-71 and described in Table 2-87.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-71. Peripheral Protection Set Register 2 (PPROTSET?2) (offset = 28h)
31 0
PS[23-16]QUAD[3-0]PROTSET
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-87. Peripheral Protection Set Register 2 (PPROTSET2) Field Descriptions

Bit Field Value | Description
31-0 | PS[23-16]QUADI[3-0]PROTSET Peripheral select quadrant protection set.
0 Read: The peripheral select quadrant can be written to and read from in both

user and privileged modes.
Write: The bit is unchanged.

1 Read: The peripheral select quadrant can be written to only in privileged
mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSET2 and PPROTCLR2 registers is set
to 1.
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2.5.3.8 Peripheral Protection Set Register 3 (PPROTSET3)

There is one bit for each quadrant for PS24 to PS31. The protection scheme is described in
Section 2.5.3.5. This register is shown in Figure 2-72 and described in Table 2-88.

31

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-72. Peripheral Protection Set Register 3 (PPROTSETS3) (offset = 2Ch)

PS[31-24]QUAD[3-0]PROTSET

R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-88. Peripheral Protection Set Register 3 (PPROTSETS3) Field Descriptions

Bit

Field

Value

Description

31-0

PS[31-24]QUAD[3-0]PROTSET

Peripheral select quadrant protection set.

Read: The peripheral select quadrant can be written to and read from in both
user and privileged modes.

Write: The bit is unchanged.

Read: The peripheral select quadrant can be written to only in privileged
mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSET3 and PPROTCLR3 registers is set
to 1.

2.5.3.9 Peripheral Protection Clear Register 0 (PPROTCLRO)

There is one bit for each quadrant for PS0 to PS7. The protection scheme is described in Section 2.5.3.5.
This register is shown in Figure 2-73 and described in Table 2-89.

31

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-73. Peripheral Protection Clear Register 0 (PPROTCLRO) (offset = 40h)

PS[7-0]QUAD[3-0]PROTCLR

R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-89. Peripheral Protection Clear Register 0 (PPROTCLRO) Field Descriptions

Bit

Field

Value

Description

31-0

PS[7-0]QUAD[3-0]PROTCLR

Peripheral select quadrant protection clear.

Read: The peripheral select quadrant can be written to and read from in both
user and privileged modes.

Write: The bit is unchanged.

Read: The peripheral select quadrant can be written to only in privileged
mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSETO0 and PPROTCLRO registers is
cleared to 0.
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2.5.3.10 Peripheral Protection Clear Register 1 (PPROTCLR1)

There is one bit for each quadrant for PS8 to PS15. The protection scheme is described in
Section 2.5.3.5. This register is shown in Figure 2-74 and described in Table 2-90.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-74. Peripheral Protection Clear Register 1 (PPROTCLR1) (offset = 44h)
31 0
PS[15-8]QUAD[3-0]PROTCLR
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-90. Peripheral Protection Clear Register 1 (PPROTCLR1) Field Descriptions

Bit Field Value | Description
31-0 | PS[15-8]QUAD[3-0]PROTCLR Peripheral select quadrant protection clear.
0 Read: The peripheral select quadrant can be written to and read from in both

user and privileged modes.
Write: The bit is unchanged.

1 Read: The peripheral select quadrant can be written to only in privileged
mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSET1 and PPROTCLR1 registers is
cleared to 0.

2.5.3.11 Peripheral Protection Clear Register 2 (PPROTCLR2)

There is one bit for each quadrant for PS16 to PS23. The protection scheme is described in
Section 2.5.3.5. This register is shown in Figure 2-75 and described in Table 2-91.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-75. Peripheral Protection Clear Register 2 (PPROTCLR?2) (offset = 48h)
31 0
PS[23-16]QUAD[3-0]PROTCLR
R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-91. Peripheral Protection Clear Register 2 (PPROTCLR2) Field Descriptions

Bit Field Value | Description
31-0 | PS[23-16]QUADI[3-0]PROTCLR Peripheral select quadrant protection clear.
0 Read: The peripheral select quadrant can be written to and read from in both

user and privileged modes.
Write: The bit is unchanged.

1 Read: The peripheral select quadrant can be written to only in privileged
mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSET2 and PPROTCLR2 registers is
cleared to 0.

150 Architecture SPNU516C—March 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS

INSTRUMENTS

www.ti.com

System and Peripheral Control Registers

2.5.3.12 Peripheral Protection Clear Register 3 (PPROTCLRS3)

31

There is one bit for each quadrant for PS24 to PS31. The protection scheme is described in
Section 2.5.3.5. This register is shown in Figure 2-76 and described in Table 2-92.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-76. Peripheral Protection Clear Register 3 (PPROTCLR3) (offset = 4Ch)

PS[31-24]QUAD[3-0]PROTCLR

R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-92. Peripheral Protection Clear Register 3 (PPROTCLR3) Field Descriptions

Bit

Field

Value

Description

31-0

PS[31-24]QUAD[3-0]PROTCLR

Peripheral select quadrant protection clear.

Read: The peripheral select quadrant can be written to and read from in both

user and privileged modes.
Write: The bit is unchanged.

Read: The peripheral select quadrant can be written to only in privileged

mode, but it can be read in both user and privileged modes.

Write: The corresponding bit in PPROTSET3 and PPROTCLRS3 registers is

cleared to 0.
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2.5.3.13 Peripheral Memory Power-Down Set Register 0 (PCSPWRDWNSETO)

Each bit corresponds to a bit at the same index in the PMPROT register in that they both relate to the
same peripheral. This register is shown in Figure 2-77 and described in Table 2-93.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-77. Peripheral Memory Power-Down Set Register 0 (PCSPWRDWNSETO) (offset = 60h)
0

PCS[31-0]PWRDNSET ‘
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

31

Table 2-93. Peripheral Memory Power-Down Set Register 0 (PCSPWRDWNSETO) Field Descriptions

Bit Field Value | Description
31-0 PCS[31-0]PWRDNSET Peripheral memory clock power-down set.
0 Read: The peripheral memory clock[31-0] is active.

Write: The bit is unchanged.
1 Read: The peripheral memory clock[31-0] is inactive.

Write: The corresponding bit in the PCSPWRDWNSETO0 and PCSPWRDWNCLRO
registers is set to 1.

2.5.3.14 Peripheral Memory Power-Down Set Register 1 (PCSPWRDWNSET1)
This register is shown in Figure 2-78 and described in Table 2-94.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-78. Peripheral Memory Power-Down Set Register 1 (PCSPWRDWNSET1) (offset = 64h)
0

PCS[63-32]PWRDNSET |
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

31

Table 2-94. Peripheral Memory Power-Down Set Register 1 (PCSPWRDWNSET1) Field Descriptions

Bit Field Value |Description
31-0 PCS[63-32]PWRDNSET Peripheral memory clock power-down set.
0 Read: The peripheral memory clock[63-32] is active.

Write: The bit is unchanged.
1 Read: The peripheral memory clock[63-32] is inactive.

Write: The corresponding bit in the PCSPWRDWNSET1 and PCSPWRDWNCLR1
registers is set to 1.
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2.5.3.15 Peripheral Memory Power-Down Clear Register 0 (PCSPWRDWNCLRO)
This register is shown in Figure 2-79 and described in Table 2-95.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-79. Peripheral Memory Power-Down Clear Register 0 (PCSPWRDWNCLRO) (offset = 70h)
31 0
PCS[31-0]PWRDNCLR |
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-95. Peripheral Memory Power-Down Clear Register 0 (PCSPWRDWNCLRO) Field
Descriptions

Bit Field Value |Description
31-0 PCS[31-0]PWRDNCLR Peripheral memory clock power-down clear.
0 Read: The peripheral memory clock[31-0] is active.

Write: The bit is unchanged.
1 Read: The peripheral memory clock[31-0] is inactive.

Write: The corresponding bit in the PCSPWRDWNSETO0 and PCSPWRDWNCLRO
registers is cleared to 0.

2.5.3.16 Peripheral Memory Power-Down Clear Register 1 (PCSPWRDWNCLR1)
This register is shown in Figure 2-80 and described in Table 2-96.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-80. Peripheral Memory Power-Down Clear Register 1 (PCSPWRDWNCLR1) (offset = 74h)
31 0
PCS[63-32]PWRDNCLR |
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-96. Peripheral Memory Power-Down Set Register 1 (PCSPWRDWNCLR1) Field Descriptions

Bit Field Value | Description

31-0 PCS[63-32]PWRDNCLR Peripheral memory clock power-down clear.

0 Read: The peripheral memory clock[63-32] is active.
Write: The bit is unchanged.

1 Read: The peripheral memory clock[63-32] is inactive.

Write: The corresponding bit in the PCSPWRDWNSET1 and PCSPWRDWNCLR1
registers is cleared to 0.
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2.5.3.17 Peripheral Power-Down Set Register 0 (PSPWRDWNSETO)

There is one bit for each quadrant for PSO to PS7. Each bit of this register corresponds to the bit at the
same index in the corresponding PPROT register in that they relate to the same peripheral. These bits are
used to power down/power up the clock to the corresponding peripheral.

For every bit implemented in the PPROT register, there is one bit in the PSnPWRDWN register, except
when two peripherals (both in PS area) share buses. In that case, only one Power-Down bit is
implemented, at the position corresponding to that peripheral whose quadrant comes first (the lower
numbered).

The ways in which quadrants can be used within a frame are identical to what is described under
PPROTSETO, Section 2.5.3.5.

This arrangement is the same for bits of PS8 to PS31, presented in Section 2.5.3.18 - Section 2.5.3.24.
This register holds bits for PSO to PS7. This register is shown in Figure 2-81 and described in Table 2-97.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-81. Peripheral Power-Down Set Register 0 (PSPWRDWNSETO) (offset = 80h)

31 0
PS[7-0]QUADI[3-0]PWRDWNSET
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 2-97. Peripheral Power-Down Set Register 0 (PSPWRDWNSETO0) Field Descriptions
Bit Field Value | Description
31-0 | PS[7-0]QUAD[3-0]PWRDWNSET Peripheral select quadrant clock power-down set.
0 Read: The clock to the peripheral select quadrant is active.
Write: The bit is unchanged.
1 Read: The clock to the peripheral select quadrant is inactive.
Write: The corresponding bit in PSPWRDWNSETO0 and PSPWRDWNCLRO
registers is set to 1.
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2.5.3.18 Peripheral Power-Down Set Register 1 (PSPWRDWNSET1)

There is one bit for each quadrant for PS8 to PS15. The protection scheme is described in
Section 2.5.3.17. This register is shown in Figure 2-82 and described in Table 2-98.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-82. Peripheral Power-Down Set Register 1 (PSPWRDWNSET1) (offset = 84h)
31 0
PS[15-8]QUAD[3-0]PWRDWNSET
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-98. Peripheral Power-Down Set Register 1 (PSPWRDWNSET1) Field Descriptions

Bit Field Value | Description
31-0 | PS[15-8]QUAD[3-0]PWRDWNSET Peripheral select quadrant clock power-down set.
0 Read: The clock to the peripheral select quadrant is active.

Write: The bit is unchanged.
1 Read: The clock to the peripheral select quadrant is inactive.

Write: The corresponding bit in PSPWRDWNSET1 and PSPWRDWNCLR1
registers is set to 1.

2.5.3.19 Peripheral Power-Down Set Register 2 (PSPWRDWNSET?2)

There is one bit for each quadrant for PS16 to PS23. The protection scheme is described in
Section 2.5.3.17. This register is shown in Figure 2-83 and described in Table 2-99.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-83. Peripheral Power-Down Set Register 2 (PSPWRDWNSET?2) (offset = 88h)
31 0
PS[23-16]QUAD[3-0]PWRDWNSET
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-99. Peripheral Power-Down Set Register 2 (PSPWRDWNSET?2) Field Descriptions

Bit Field Value | Description
31-0 | PS[23-16]QUAD[3-0]PWRDWNSET Peripheral select quadrant clock power-down set.
0 Read: The clock to the peripheral select quadrant is active.

Write: The bit is unchanged.
1 Read: The clock to the peripheral select quadrant is inactive.

Write: The corresponding bit in PSPWRDWNSET2 and PSPWRDWNCLR2
registers is set to 1.
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2.5.3.20 Peripheral Power-Down Set Register 3 (PSPWRDWNSET3)

There is one bit for each quadrant for PS24 to PS31. The protection scheme is described in
Section 2.5.3.17. This register is shown in Figure 2-84 and described in Table 2-100.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-84. Peripheral Power-Down Set Register 3 (PSPWRDWNSET3) (offset = 8Ch)

31 0
PS[31-24]QUAD[3-0]PWRDWNSET \
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 2-100. Peripheral Power-Down Set Register 3 (PSPWRDWNSET3) Field Descriptions
Bit Field Value | Description
31-0 | PS[31-24]QUADI[3-0]PWRDWNSET Peripheral select quadrant clock power-down set.
0 Read: The clock to the peripheral select quadrant is active.
Write: The bit is unchanged.
1 Read: The clock to the peripheral select quadrant is inactive.
Write: The corresponding bit in PSPWRDWNSET3 and PSPWRDWNCLR3
registers is set to 1.
2.5.3.21 Peripheral Power-Down Clear Register 0 (PSPWRDWNCLRO)
There is one bit for each quadrant for PS0 to PS7. The protection scheme is described in
Section 2.5.3.17. This register is shown in Figure 2-85 and described in Table 2-101.
NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.
Figure 2-85. Peripheral Power-Down Clear Register 0 (PSPWRDWNCLRO) (offset = AOh)
0

31

PS[7-0]QUAD[3-0]PWRDWNCLR \
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-101. Peripheral Power-Down Clear Register 0 (PSPWRDWNCLRO) Field Descriptions

Bit Field Value | Description

31-0 | PS[7-0]QUAD[3-0]PWRDWNCLR Peripheral select quadrant clock power-down clear.

0 Read: The clock to the peripheral select quadrant is active.
Write: The bit is unchanged.

1 Read: The clock to the peripheral select quadrant is inactive.

Write: The corresponding bit in PSPWRDWNSETO0 and PSPWRDWNCLRO
registers is cleared to 0.
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2.5.3.22 Peripheral Power-Down Clear Register 1 (PSPWRDWNCLR1)

There is one bit for each quadrant for PS8 to PS15. The protection scheme is described in
Section 2.5.3.17. This register is shown in Figure 2-86 and described in Table 2-102.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-86. Peripheral Power-Down Clear Register 1 (PSPWRDWNCLR1) (offset = A4dh)
31 0
PS[15-8]QUAD[3-0]PWRDWNCLR \
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-102. Peripheral Power-Down Clear Register 1 (PSPWRDWNCLRZ1) Field Descriptions

Bit Field Value | Description
31-0 | PS[15-8]QUAD[3-0]PWRDWNCLR Peripheral select quadrant clock power-down clear.
0 Read: The clock to the peripheral select quadrant is active.

Write: The bit is unchanged.
1 Read: The clock to the peripheral select quadrant is inactive.

Write: The corresponding bit in PSPWRDWNSET1 and PSPWRDWNCLR1
registers is cleared to 0.

2.5.3.23 Peripheral Power-Down Clear Register 2 (PSPWRDWNCLR?2)

There is one bit for each quadrant for PS16 to PS23. The protection scheme is described in
Section 2.5.3.17. This register is shown in Figure 2-87 and described in Table 2-103.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-87. Peripheral Power-Down Clear Register 2 (PSPWRDWNCLR?2) (offset = A8h)
31 0
PS[23-16]QUAD[3-0]PWRDWNCLR |
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-103. Peripheral Power-Down Clear Register 2 (PSPWRDWNCLR?2) Field Descriptions

Bit Field Value | Description
31-0 | PS[23-16]QUADI[3-0)PWRDWNCLR Peripheral select quadrant clock power-down clear.
0 Read: The clock to the peripheral select quadrant is active.

Write: The bit is unchanged.
1 Read: The clock to the peripheral select quadrant is inactive.

Write: The corresponding bit in PSPWRDWNSET2 and PSPWRDWNCLR2
registers is cleared to 0.

SPNU516C—March 2018 Architecture 157

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

System and Peripheral Control Registers www.ti.com

2.5.3.24 Peripheral Power-Down Clear Register 3 (PSPWRDWNCLR3)

There is one bit for each quadrant for PS24 to PS31. The protection scheme is described in
Section 2.5.3.17. This register is shown in Figure 2-88 and described in Table 2-104.

NOTE: Only those bits that have a slave at the corresponding bit position are implemented. Writes
to nonimplemented bits have no effect and reads are 0.

Figure 2-88. Peripheral Power-Down Clear Register 3 (PSPWRDWNCLR) (offset = ACh)
31

PS[31-24]QUAD[3-0]PWRDWNCLR ‘
R/WP-1
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 2-104. Peripheral Power-Down Clear Register 3 (PSPWRDWNCLR3) Field Descriptions

Bit Field Value | Description

31-0 | PS[31-24]QUADI[3-0]PWRDWNCLR Peripheral select quadrant clock power-down clear.

0 Read: The clock to the peripheral select quadrant is active.
Write: The bit is unchanged.

1 Read: The clock to the peripheral select quadrant is inactive.

Write: The corresponding bit in PSPWRDWNSET3 and PSPWRDWNCLR3
registers is cleared to 0.
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Chapter 3

I/O Multiplexing and Control Module (IOMM)

This chapter describes the 1/0O Multiplexing and Control Module (IOMM).
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3.1 Overview

This chapter describes the overall features of the module that controls the I/O multiplexing on the device.

The mapping of control registers to multiplexing options is specified in Section 3.5.12.
3.2 Main Features of I/O Multiplexing Module (IOMM)

The IOMM contains memory-mapped registers (MMR) that control device-specific multiplexed functions.

The safety and diagnostic features of the IOMM are:

» Kicker mechanism to protect the MMRs from accidental writes

e Error indication for access violations

The safety features of the IOMM are described in Section 3.4.
3.3 Control of Multiplexed Functions

Several functions are multiplexed on the device. The following sections describe the multiplexing scheme
and its implementation.

3.3.1 Control of Multiplexed Outputs

The signal multiplexing controlled by each memory-mapped control register (PINMMRN) is described in
Table 3-14. Each byte in the PINMMR controls the functionality output on a single terminal. Consider the
following example in Figure 3-1 for the PINMMR1 control register.

Figure 3-1. PINMMR1 Control Register

31 26 25 24

\ Reserved | spiencs[2] |  GIoA[4] |
RIWP-0 R/WP-0 RIWP-0
23 18 17 16

\ Reserved | spincs[3] |  GloA3] |
RIWP-0 RIWP-0 RIWP-1
15 10 9 8

\ Reserved | spiencs[1] | GIoA[2] |
RIWP-0 R/WP-0 RIWP-1
7 2 1 0

\ Reserved | sPiancs[2] | GloAl] |
RIWP-0 RIWP-0 RIWP-1

LEGEND: R/W = Read/Write; WP = Write in privileged mode only; -n = value after reset

» Consider the multiplexing controlled by PINMMR1[15-8]. These bits control the multiplexing between
the GIOA[2] and SPI3nCS[1] for this device. The default function is GIOA[2]. This is indicated by bit 8
of the PINMMRL1 register being set to 1.

« If the application wants an SPI3nCS[1] signal, then bit 8 of PINMMR1 must be cleared to 0 and bit 9
must be set to 1.

» Each feature of the output function is determined by the function selected to be output on a terminal.
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Figure 3-2 shows the multiplexing between the output functions for the pad. This terminal uses a 2mA
output buffer.

For example, the pad is driven by an output buffer with an 2mA drive strength. This output buffer has the
following signals: A (signal to be output), and GZ (output enable). Each of these signals is an output of a
multiplexor that allows the selected function to control all available features of the output buffer.

The PINMMR control registers are used to implement a one-hot encoding scheme for selecting the
multiplexed function:
» For example, at least one of bit 8 or bit 9 must be set.

» If the application clears both bits 8 and 9, then the default function (GIOA[2]) will be selected for output
on the pad.

» If the application sets both bits 8 and 9, then the default function (GIOA[2]) will be selected for output
on the pad.

» If the application sets one or more reserved bit(s) within the byte 15-8, then the default function
(GIOA[2]) will be selected for output on the pad.

Figure 3-2. Output Multiplexing Example
PINMMR1[8, 9]

2mA Output Buffer

GIOA2_OUT_nEN — |— il el ol betal Lol _I
C 'GZ
. | |
SPI3nCS[1]_OUT_nEN ——] | |
GIOA2 —\\l : :
A Y
| | X
SPI3nCS[1] —— | l ad

3.3.2

Inputs

The input signals are broadcast to all modules hooked up to a terminal. The application must ensure that
modules that are not being used in the application do not react to a change on their input functions. As in
the example cited above, if the output function is selected as SPI3nCS[1], an output toggle will be
viewable in the GIOA input register for the GIOA[2] input. Like wise, if GIOA[2] is selected on pin 5 and
configured as an input, this input signal will also be seen in the SPI3 module nCS[1] bit location even
though it was not selected to be active on pin 5.
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3.3.3 Control of Special Multiplexed Options

Special controls are implemented to affect particular functions on this device. These controls are
described in this section.

3.3.3.1 eQEPA Input
*  When PINMMRSJ0] = 1, the eQEPA input is double-synchronized using VCLK.

*  When PINMMRSJ[0] = 0 and PINMMRS[1] = 1, the eQEPA input is double-synchronized and then
qualified through a fixed 6-bit counter using VCLK.

e PINMMRSJ[0] = 0 and PINMMRS8[1] = 0 is an invalid combination and behavior defaults to
PINMMRS[0] = 1.

3.3.3.2 eQEPB Input
*  When PINMMRSJ8] = 1, the eQEPB input is double-synchronized using VCLK.

*  When PINMMRSJ[8] = 0 and PINMMRS8[9] = 1, the eQEPB input is double-synchronized and then
qualified through a fixed 6-bit counter using VCLK.

PINMMRSJ[8] = 0 and PINMMRS8[9] = 0 is an invalid combination and behavior defaults to
PINMMRS[8] = 1.

3.3.3.3 eQEPI Input
*  When PINMMRSJ[16] = 1, the eQEPI input is double-synchronized using VCLK.

*  When PINMMRSJ[16] = 0 and PINMMRS8[17] = 1, the eQEPI input is double-synchronized and then
qualified through a fixed 6-bit counter using VCLK.

 PINMMRS8[16] = 0 and PINMMRS8[17] = 0 is an invalid combination and behavior defaults to
PINMMRS[16] = 1.

3.3.3.4 eQEPS Input
*  When PINMMRS[24] = 1, the eQEPS input is double-synchronized using VCLK.

*  When PINMMRS[24] = 0 and PINMMRS8[25] = 1, the eQEPS input is double-synchronized and then
qualified through a fixed 6-bit counter using VCLK.

*  PINMMRS8[24] = 0 and PINMMRS8[25] = 0 is an invalid combination and behavior defaults to
PINMMRS[24] = 1.

3.3.3.5 N2HET PIN_nDISABLE Input Port

*  When PINMMR9[0] = 1, GIOA[5] is connected directly to N2HET PIN_nDISABLE input of the N2HET
module.

*  When PINMMR9[0] = 0 and PINMMR9[1] = 1, EQEPERR is inverted and double-synchronized using
VCLK before connecting directly to the N2HET PIN_nDISABLE input of the N2HET module.

*  PINMMROYI[0] = 0 and PINMMR9[1] = 0 is an invalid combination and behavior defaults to
PINMMROY[0] = 1.
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3.4 Safety Features
The IOMM supports certain safety functions that are designed to prevent unintentional changes to the 1/0
multiplexing configuration. These are described in the following sections.
3.4.1 Locking Mechanism for Memory-Mapped Registers
The IOMM contains a mechanism to prevent any spurious writes from changing any of the PINMMR
values. The PINMMRs are locked by default and after any system reset. None of the PINMMRSs can be
written under this condition. The application can read any of the IOMM registers regardless of the state of
the locking mechanism.
* Enabling Write Access to the PINMMRSs
To enable write access to the PINMMRSs, the CPU must write 0x83e70b13 to the kickO register followed by
a write of 0x95a4f1e0 to the kickl register.
» Disabling Write Access to the PINMMRs
It is recommended to disable write access to the PINMMRSs once the I/O multiplexing configuration is
completed. This can be done by:
» writing any other data value to either of the kick registers, or
» restarting the unlock sequence by writing 0x83e70b13 to the kickO register
NOTE: No Error On Write to Locked PINMMRs
There is no error response on any write accesses to the PINMMRs when write access is
disabled. None of the PINMMRs change state due to this write.
3.4.2 Error Conditions
The IOMM generates one error signal that is mapped to the Error Signaling Module’s Group 1, channel
37. This error signal is generated under either of the following two conditions:
e Address Error — occurs when there is a read or a write access to an un-implemented memory location
within the IOMM register frame.
» Protection Error — occurs when the CPU writes to an IOMM register while not in a privileged mode of
operation.
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3.5 IOMM Registers

Table 3-1 shows a summary of the control registers in the IOMM. The address offset is specified from the
base address of FFFF EAQOh.

Table 3-1. IOMM Register Summary

Offset Acronym Register Description Section
00h REVISION_REG Revision Register Section 3.5.1
20h BOOT_REG Boot Mode Register Section 3.5.2
38h KICK_REGO Kicker Register 0 Section 3.5.3
3Ch KICK_REG1 Kicker Register 1 Section 3.5.4
EOh ERR_RAW_STATUS_REG Error Raw Status / Set Register Section 3.5.5
E4h ERR_ENABLED_STATUS_REG Error Enabled Status / Clear Register Section 3.5.6
E8h ERR_ENABLE_REG Error Signaling Enable Register Section 3.5.7
ECh ERR_ENABLE_CLR_REG Error Signaling Enable Clear Register Section 3.5.8
F4h FAULT_ADDRESS_REG Fault Address Register Section 3.5.9
F8h FAULT_STATUS_REG Fault Status Register Section 3.5.10
FCh FAULT_CLEAR_REG Fault Clear Register Section 3.5.11

110h-188h PINMMRN Pin Multiplexing Control Registers Section 3.5.12

3.5.1 REVISION_REG: Revision Register

Figure 3-3. REVISION_REG: Revision Register (Offset = 00h)

38 30 29 28 27 16
| REV SCHEME | Reserved REV MODULE
R-1 R-0 R-E84h
15 11 10 8 7 6 5 0
] REV RTL ] REV MAJOR REV CUSTOM REV MINOR \
R-0 R-1 R-0 R-2h

LEGEND: R = Read only; -n = value after reset

Table 3-2. Revision Register Field Descriptions

Bit | Field Value Description
31-30 | REV SCHEME 1 Revision Scheme
29-28 | Reserved 0 Reads return zeros, writes have no effect.
27-16 | REV MODULE E84h Module Id
15-11 | REV RTL 0 RTL Revision
10-8 | REV MAJOR 1 Major Revision
7-6 | REV CUSTOM 0 Custom Revision
5-0 |REV MINOR 2h Minor Revision
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3.5.2 BOOT_REG: Boot Mode Register

Figure 3-4. BOOT_REG: Boot Mode Register (Offset = 20h)

31 16
’ Reserved ‘
R-0
15 1 0
\ Reserved ENDIAN |
R-0 R-D

LEGEND: Read only; -n = value after reset; D = value read is determined by external configuration

Table 3-3. Boot Mode Register Field Descriptions

Bit Field Value |Description
31-1 | Reserved 0 Reads return zeros, writes have no effect.
0 ENDIAN Device endianness.

Device is configured in little-endian mode.

Device is configured in big-endian mode.

3.5.3 KICK_REGQO: Kicker Register 0

This register forms the first part of the unlock sequence for being able to update the /0O multiplexing
control registers (PINMMRNN).

Figure 3-5. KICK_REGO: Kicker Register 0 (Offset = 38h)

KICKO
R/W-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 3-4. Kicker Register 0 Field Descriptions

Bit Field Value | Description

31-0 |KICKO 0 Kicker O Register. The value 83E7 0B13h must be written to KICKO as part of the process to unlock the
CPU write access to the PINMMRn registers.

3.5.4 KICK_REGLI: Kicker Register 1

This register forms the second part of the unlock sequence for being able to update the 1/O multiplexing
control registers (PINMMRnNN).

Figure 3-6. KICK_REG1: Kicker Register 1 (Offset = 3Ch)

KICK1
R/W-0

LEGEND: R/W = Read/Write; -n = value after reset

Table 3-5. Kicker Register 1 Field Descriptions

Bit Field Value |Description

31-0 |KICK1 0 Kicker 1 Register. The value 95A4 F1EOh must be written to the KICK1 as part of the process to unlock
the CPU write access to the PINMMRn registers.
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3.5.5 ERR_RAW_STATUS_REG: Error Raw Status / Set Register
This register shows the statuses of the error conditions (before enabling) and allows setting the status.

Figure 3-7. ERR_RAW_STATUS REG: Error Raw Status / Set Register (Offset = EOh)

31 8
‘ Reserved ‘
R-0
7 2 1 0
] Reserved ADDR_ERR | PROT ERR |
R-0 RWP-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 3-6. Error Raw Status / Set Register Field Descriptions

Bit Field

Value

Description

31-2 | Reserved

0

Read returns zeros, writes have no effect.

1 ADDR_ERR

Addressing Error Status. An Addressing Error occurs when an unimplemented location inside the IOMM
register frame is accessed.

Read: Addressing Error has not occurred.
Write: Writing 0 has no effect.

Read: Addressing Error has been detected.
Write: Addressing Error status is set.

0 |PROT_ERR

Protection Error Status. A Protection Error occurs when any control register inside the IOMM is written
in the CPU's user mode of operation.

Read: Protection Error has not occurred.
Write: Writing 0 has no effect.

Read: Protection Error has been detected.
Write: Protection Error status is set.
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3.5.6 ERR_ENABLED_STATUS_REG: Error Enabled Status / Clear Register
This register shows the error signal enabled status and allows clearing of the error status.

Figure 3-8. ERR_ENABLED_STATUS REG: Error Enabled Status / Clear Register (Offset = E4h)

31
Reserved ‘
R-0
7 2 1
] Reserved ENABLED_ADDR_ERR | ENABLED_PROT_ERR \
R-0 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 3-7. Error Signaling Enabled Status / Clear Register Field Descriptions

Bit Field Value | Description
31-2 |Reserved 0 Read returns zeros, writes have no effect.
1 ENABLED_ADDR_ERR Addressing Error Signaling Enable Status and Status Clear
0 Read: Addressing Error Signaling is disabled.
Write: Writing O has no effect.
1 Read: Addressing Error Signaling is enabled.
Write: Addressing Error status is cleared.
0 ENABLED_PROT_ERR Protection Error Signaling Enable Status and Status Clear
0 Read: Protection Error Signaling is disabled.
Write: Writing O has no effect.
1 Read: Protection Error Signaling is enabled.
Write: Protection Error status is cleared.
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3.5.7 ERR_ENABLE_REG: Error Signaling Enable Register

This register shows the interrupt enable status and allows enabling of the interrupts.

Figure 3-9. ERR_ENABLE_REG: Error Signaling Enable Register (Offset = E8h)

31 8
‘ Reserved ‘
R-0
7 2 0
] Reserved ADDR_ERR_EN PROT_ERR_EN |
R-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 3-8. Error Enable Register Field Descriptions

Bit Field Value | Description
31-2 | Reserved 0 Read returns zeros, writes have no effect.
1 ADDR_ERR_EN Addressing Error Signaling Enable

0 Read: Addressing Error Signaling is disabled.
Write: Writing 0 has no effect.

1 Read: Addressing Error Signaling is enabled.
Write: Addressing Error Signaling is enabled.

0 PROT_ERR_EN Protection Error Signaling Enable
0 Read: Protection Error Signaling is disabled.
Write: Writing 0 has no effect.

1 Read: Protection Error Signaling is enabled.

Write: Protection Error Signaling is enabled.

168 1/0O Multiplexing and Control Module (IOMM)

Copyright © 2018, Texas Instruments Incorporated

SPNU516C—March 2018
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

www.ti.com

IOMM Registers

3.5.8 ERR_ENABLE_CLR_REG: Error Signaling Enable Clear Register
This register shows the error signaling enable status and allows disabling of the error signaling.

Figure 3-10. ERR_ENABLE_CLR_REG: Error Signaling Enable Clear Register (Offset = ECh)

31 8
‘ Reserved ‘
R-0
7 2 1 0
] Reserved ADDR_ERR_EN_CLR | PROT_ERR_EN_CLR |
R-0 R/WP-0 R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 3-9. Interrupt Enable Clear Register Field Descriptions
Bit Field Value | Description
31-2 |Reserved 0 Read returns zeros, writes have no effect.
1 ADDR_ERR_EN_CLR Addressing Error Signaling Enable Clear
0 Read: Addressing Error signaling is disabled.
Write: Writing O has no effect.
1 Read: Addressing Error signaling is enabled.
Write: Addressing Error signaling is disabled.
0 PROT_ERR_EN_CLR Protection Error Signaling Enable Clear
0 Read: Protection Error signaling is disabled.
Write: Writing O has no effect.
1 Read: Protection Error signaling is enabled.
Write: Protection Error signaling is disabled.
3.5.9 FAULT_ADDRESS REG: Fault Address Register
This register holds the address of the first fault transfer.
Figure 3-11. FAULT_ADDRESS_REG: Fault Address Register (Offset = F4h)
31 16
‘ Reserved ‘
R-0
15 9 8 0
] Reserved FAULT_ADDR \
R-0 R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 3-10. Fault Address Register Field Descriptions
Bit Field Value | Description
31-9 |Reserved 0 Read returns zeros, writes have no effect.
8-0 FAULT_ADDR 0 Fault Address. This field captures the fault address in case of an address error or a protection
error condition.
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3.5.10 FAULT_STATUS_REG: Fault Status Register
This register holds the status and attributes of the first fault transfer.

Figure 3-12. FAULT_STATUS_REG: Fault Status Register (Offset = F8h)

31 28 27 24 23 16
\ Reserved | FAULT_ID | FAULT_MSTID |
R-0 R-0 R-0
15 13 12 9 8 7 6 5 0
] Reserved | FAULT_PRIVID | Rsvd [ FAULT_NS | Rsvd | FAULT_TYPE \
R-0 R-0 R-0 R-0 R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 3-11. Fault Status Register Field Descriptions

Bit Field Value | Description
31-28 | Reserved 0 Reads return zeros, writes have no effect.
27-24 | FAULT_ID 0-Fh | Faulting Transaction ID
23-16 |FAULT_MSTID 0-FFh | ID of Master that initiated the faulting transaction
15-13 | Reserved 0 Reads return zeros, writes have no effect.
12-9 | FAULT_PRIVID 0-Fh | Faulting Privilege ID
8 Reserved 0 Reads return zeros, writes have no effect.
7 FAULT_NS 0 Fault: Non-secure access is detected
6 Reserved 0 Reads return zeros, writes have no effect.
5-0 FAULT_TYPE Type of fault detected.
0 No fault

1h User execute fault

2h User write fault

4h User read fault

8h Supervisor execute fault

10h | Supervisor write fault

20h | Supervisor read fault
others | Reserved
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3.5.11 FAULT_CLEAR_REG: Fault Clear Register

This register allows the application to clear the current fault so that another can be captured when 1 is
written to this register.

Figure 3-13. FAULT_CLEAR_REG: Fault Clear Register (Offset = FCh)

31 16
Reserved
R-0
15 1 0
Reserved FAULT_CLEAR |
R-0 R/WP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset
Table 3-12. FAULT_CLEAR_REG: Fault Clear Register Field Descriptions
Bit Field Value | Description
31-1 |Reserved 0 Reads return zeros, writes have no effect.
0 FAULT_CLEAR Fault Clear
0 Read: Current value of the FAULT_CLEAR bit is 0.
Write: Writing 0 has no effect.
1 Read: Current value of the FAULT_CLEAR bit is 1.
Write: Writing a 1 clears the current fault.
171
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3.5.12 PINMMRn: Pin Multiplexing Control Registers

These registers control the multiplexing of the functionality available on each pad. There are 31 registers,
PINMMRO through PINMMR30. PINMMR7 and PINMMR10 are implemented and accessible on this
device, but are not mapped and connected to anything functionally; the default value of PINMMR7 =
0000 0001h and the default value of PINMMR10 = 0001 0101h. PINMMR11 through PINMMR30 are not
implemented on this device. Each 8-bit field of a PINMMR register controls the functionality of a single
ball/pin. The mapping between the PINMMRn control registers and the functionality selected on a given
terminal is defined in Table 3-14.

Figure 3-14. PINMMRnN: Pin Multiplexing Control Registers (Offset = 110h-138h)

31 24 23 16
\ PINMMRn[31-24] | PINMMRxn23-16] |
RIWP-1 RIWP-1
15 8 0
] PINMMRN[15-8] \ PINMMRR[7—-0] \
RIWP-1 RIWP-1

LEGEND: R/W = Read/Write; WP = Write in privileged mode only; -n = value after reset

Table 3-13. Pin Multiplexing Control Registers Field Descriptions

Bit Field Value | Description
31-24 | PINMMRN[31-24] 1h Each of these byte-fields controls the functionality on a given ball/pin. Refer to Table 3-14 for a
23-16 | PINMMRn[23—16] 1n list of multiplexed signals sorted by the control registers.
15-8 | PINMMRN[15-8] 1h
7-0 PINMMRN[7-0] 1h
Table 3-14. Multiplexing and Control
Default Function Selection Bit Alternate Function 1 Selection Bit Alternate Function 2 Selection Bit
GIOA[0] PINMMROI[8] SPI3nCS[3] PINMMROI[9] -
GIOA[1] PINMMR1[0] SPI3nCS[2] PINMMR1[1] -
GIOA[2] PINMMR1[8] SPI3nCS[1] PINMMR1[9] -
GIOA[3] PINMMR1[16] SPI2nCS|[3] PINMMR1[17] -
GIOA[4] PINMMR1[24] SPI2nCS[2] PINMMR1[25] -
GIOA[5] PINMMR2[0] EXTCLKIN PINMMR2[1] -
GIOA[6] PINMMR2[8] SPI2nCS[1] PINMMR2[9] N2HET([31] PINMMR2[10]
GIOA[7] PINMMR2[16] N2HET[29] PINMMR2[17] -
MIBSPI1nCS[2] PINMMR3[0] N2HET[20] PINMMR3[1] N2HET[19] PINMMR3[2]
SPI3CLK PINMMR3[16] EQEPA PINMMR3[17] -
SPI3nENA PINMMR3[24] EQEPB PINMMR3[25] -
SPI3nCS[0] PINMMRA4[0] EQEPI PINMMRA4[1] -
MIBSPI1nCS[3] PINMMRA4([8] N2HET[26] PINMMRA4[9] -
ADEVT PINMMRA4[16] N2HET[28] PINMMRA4[17] -
MIBSPILNENA PINMMR5[8] N2HET[23] PINMMR5[9] NHET[30] PINMMR5[10]
MIBSPI1nCS[1] PINMMR6[8] EQEPS PINMMR6[9] N2HET[17] PINMMRS6[10]
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FO21 Flash Module Controller

The Flash electrically-erasable programmable read-only memory module is a type of nonvolatile memory
that has fast read access times and is able to be reprogrammed in the field or in the application. This
chapter describes the FO21 Flash module controller (FMC).
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4.1 Overview

The F021 Flash is used to provide non-volatile memory for instruction execution or data storage. The

Flash can be electrically programmed and erased many times to ease code development.

Refer to the following documents for support on how to initialize and use the on-chip Flash and its API:

» Initialization of the TMS570LS043%x, TMS570LS033x and RM42L.432 Hercules ARM Cortex-R4
Microcontrollers Application Report (SPNA163)

» FO021 (Texas Instruments 65nm Flash) Flash API Reference Guide (SPNU501)

4.1.1 Features

* Read, program and erase with a single 3.3 V supply voltage

e Supports error detection and correction
— Single Error Correction and Double Error Detection (SECDED)

— Error Correction Code (ECC) is evaluated in the CPU for the main Flash bank arrays and in the
Flash Wrapper for the EEPROM emulation Flash banks
— Address bits included in ECC calculation

» Provides different read modes to optimize performance and verify the integrity of Flash contents

* Provides built-in power mode control logic

* Integrated program/erase state machine
— Simplifies software algorithms
— Supports simultaneous read access on a bank while performing a write or erase operation on any

one of the remaining banks
— Suspend command allows read access to a sector being programmed/erased
— Fast erase and program times (for details, see the device-specific data sheet)
For the actual size of the Flash memory for the device, see the device-specific data sheet.
4.1.2 Definition of Terms

Terms used in this document have the following meaning:

« ATCM: Port A tightly coupled memory

* BAGP (Bank Active Grace Period): Time (in HCLK cycles) from the most recent Flash access of a
particular bank until that bank enters fallback power mode. This reduces power consumption by the
Flash. However, it can also increase access time.

* bw: Normal data space bank data width of a Flash bank. The bw is 128 bits (144 bits including the
error correction bits).

*  bwe: EEPROM emulation bank is 64-bits wide (72 bits including the error correction bits).

» Charge pump: Voltage generators and associated control (logic, oscillator, and bandgap, for example).

» CSM: Program/erase command state machine

» Fallback power mode: The power mode (active, standby or sleep, depending on which mode is
selected) into which a bank or the charge pump falls back each time the active grace period expires.

» Flash bank: A group of Flash sectors that share input/output buffers, data paths, sense amplifiers, and
control logic.

* FEE: Flash EEPROM Emulation. Features on the FMC to support using a Flash type memory in place
of an EEPROM Flash memory. EEPROM is erasable by the word while this Flash memory is only
erasable by the sector. The FEE bank is accessible only through Bus 2 in a special address range and
always resides in bank 7.

e Flash module: Flash banks, charge pump, and Flash wrapper.

» Flash wrapper: Power and mode control logic, data path, wait logic, and write/erase state machines.

* FMC: Flash Module Controller.

 Command: A sequence of coded instructions to Flash module to execute a certain task.
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4.1.3

FSM (Flash State Machine) - State machine that parses and decodes FSM commands. It executes
embedded algorithms and generates control signals to both Flash bank and charge pump during the
actual program/erase operation.

OTP (one-time programmable): A program-only-once Flash sector (cannot be erased)

PAGP (Pump Active Grace Period): Time (in HCLK cycles) from when the last of the banks have
entered fallback power mode until the pump enters a fallback power mode. This can reduce power
consumption by the Flash; however, it can also increase access time.

Pipeline mode: The mode in which Flash is read 128 bits (+ 16 bit ECC) at a time, providing higher
throughput.

Sector: A contiguous region of Flash memory that must be erased simultaneously.

Wide_Word: The width of the data output from the Flash bank. This is 144-bits wide for main Flash
banks and 72 bits wide for the FEE bank.

Standard read mode: The mode assumed when the pipeline mode is disabled. Physically, 128 (+ 16 bit
ECC) is read at a time. However, only 32 bits of data is used while the other bits of data are discarded.

Read Margin 1 mode: More stringent read mode designed for early detection of marginally erased bits.

Read Margin 0 mode: More stringent read mode designed for early detection of marginally
programmed bits.

FO021 Flash Tools

Texas Instruments provides the following tools for F021 Flash:

nowECC Generation Tool - to generate the Flash ECC from the Flash data.
nowFLASH Programming Tool - to erase/program/verify the device Flash content through JTAG.
Code Composer Studio - the development environment with integrated Flash programming capabilities.

F021 Flash API Library - a set of software peripheral functions to program/erase the Flash module.
Refer to FO21 Flash API Reference Guide (SPNU501) for more information.

4.2 Default Flash Configuration

At power up, the Flash module state exhibits the following properties:

Wait states are set to 1 data wait state and 0 address wait states
Pipeline mode is disabled

The Flash content is protected from modification

Power modes are set to Active (no power savings)

The boot code must initialize the wait states (including data wait states and address wait states) and
the desired pipeline mode by initializing the FRDCNTL register to achieve the optimum system
performance. This needs to be done before switching to the final device operating frequency. Refer to
Initialization of the TMS570LS043x, TMS570LS033x and RM42L432 Hercules ARM Cortex-R4
Microcontrollers Application Report (SPNA163) for more information.
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4.3

431

SECDED

The Flash memory can be protected by Single Error Correction Double Error Detection (SECDED). The
main program memory is protected by the SECDED circuit inside of the Cortex-R4 CPU. All OTP and the
FEE memory (bank 7) is protected by SECDED logic in the Flash wrapper.

SECDED Initialization

Flash error detection and correction is not enabled at reset. To enable SECDED, error correction detection
must be enabled in the Flash wrapper, the CPU event bus must be enabled and SECDED must be
enabled within the CPU. Refer to Initialization of the TMS570LS043x, TMS570LS033x and RM42L.432
Hercules ARM Cortex-R4 Microcontrollers Application Report (SPNA163) for information on these steps.

The ECC values for all of the ATCM program-memory space (Flash banks 0 through 6) must be
programmed into the Flash before SECDED is enabled. This can be done by generating the correct
values of the ECC with an external tool such as nowECC or may be generated by the programming tool.
The Cortex-R4 CPU may generate speculative fetches to any location within the ATCM memory space. A
speculative fetch to a location with invalid ECC, which is subsequently not used, will not create an abort,
but will set the ESM flags for a correctable or uncorrectable error. An uncorrectable error will
unconditionally cause the nERROR pin to toggle low. Therefore care must be taken to generate the
correct ECC for the entire ATCM space including the holes between sections and any unused or blank
Flash areas.

The Cortex-R4 CPU does not generate speculative fetches into the address space of bank 7, the
EEPROM Emulation Flash. It is only necessary to initialize the ECC values of the locations which will be
intentionally read by the CPU or other bus masters.
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4.3.2 ECC Encoding

Nineteen address lines are also included in the ECC calculation. A failure of a single address line inside of
the bank will be treated as an uncorrectable error. The ECC encoding is show in Table 4-1. Bits 31:0
come from the word at the address ending in 0x0 or 0x8, Bits 63:31 come from the word at the address
ending in 0x4 or OxC.

Table 4-1. ECC Encoding for LE Devices

8(8|8|7|7|7|7|7|7|7|7|7|7|6|6|6|6|6]|6
2/1/0(9|8|7(6|5|4|3|2[1|0|9(8|7|6|5|4
Participating Address Bits
ADDR_MSW_LSW ECCBit |2(2|1|1|1|1|1|1 1/1{1/0|0|0|0|0|0|O
1/0(9(8|7(6|5|4(3|2|1|/0|9(8|7|6|5|4|3
0007F_OOFFFF00_FFO000FF 7 X | X|x|x]|x X
7FF80_FFOOO0FF_FFOO00FF 6 X|X| X[ X[ X[X]|X|[X|X]|X]|X]|X
07F80_FFOOFF00_FFOOFFO0 5 X X | X|X|x
19F83_COFCCOFC_COFCCOFC 4 X | X X | X| X[ X]|X][|X X | X
6A78D_38E338E3_38E338E3 3 X | X X X X | X | X|X X | X X
2A9B5_A699A699_A699A699 2 X X X X | x X | X X X
OBAD1_15571557_15571557 1 X X | x| X X X X X
554EA_B4D1B4D1_4B2E4B2E 0 X X X X X X | X|X X X
Participating Data Bits
6/6|6(6|5(/5/5|5(5|5|5|5|5[|5|4|4(4|4|4|/4|4/4|/4|4|3|3|3|3[3[3|3[3[3|3(2|2]|2
3(2|1/0|9|8|7|6|5(4|3|2|1|{0[{9|8|7|6|5[4|3|2[1|0|9|8|7(6|5|43|2|1|0|9|8|7
X XXX XXX | X[ X[X]|X|X]|X]|X]X X | X|x|x]|x
X | X[ X[ X|X]|x|Xx]|X XX X[ X|X[X|X[X]X]|X]|X]|X]|X
X X | X | X|X]|Xx X | X[ X|[X|X|x|x]|X X | X|x|x]|x
X | X X | X | X|X|X]|x X | X X | X | xX|[x]|Xx]|x X | X
X | X|x X | X|x X | X X | X|x X | X|x X | X X | X|x
X X X | X X X | X X | X X | X X X | X X | X X
X X X X X X | X|x X X X X X X | X|x X
X X | X X X | X X X | X X | X X X | X X X X X
Participating Data Bits Parity ® Check Bits®
2|2|2|2|2|22|1f1|1|1f1|2|1/2|2(1|0|0O|O|O|O|O|O|O|O]|O
6/5/4(3|/2({1/0(9(8|7|6|5|/4(3|2|1({0|9|8|7|6[5|4|3[|2|1|0
X | X | X X | X | X[ X|X|X]X]|X Even ECC[7]
X | X | X X | X | X[ X|X|X]X]|X Even ECC[6]
X | X | X X | X | X[ X|X|X]X]|X Even ECC[5]
X X | X|X|X X | X X | X|X|X|X]|X Even ECC[4]
X | X | X X | X X | X| X X | X | X X | X Odd ECC[3]
X | X X X | X X | X X X | X X X | X X Odd ECC[2]
X X X X X | X|X X X X X X X | X| X Even ECC[1]
X | X X X | X | X X X X | X X X | X| X Even ECC[0]

@ For Odd parity, XOR a 1 to the row’s XOR result. For even Parity, use the row’s XOR result directly.
@ Each ECCIx] bit represents the XOR of all the address and data bits marked with x in the same row.
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4.3.3 Syndrome Table: Decode to Bit in Error

The syndrome is a 8 bit value which decodes to the bit in error. The bit in error can be a bit among the 64
data bits, the 19 address bits or a bit among the 8 ECC check bits. A syndrome value of 00000000

indicates there is no error. Any other syndrome combinations not shown in the table are un-correctable
multi-bit error. Errors of three of more bits may escape detection. The syndrome decoding is show in

Table 4-2.

Table 4-2. Syndrome Table, Decode to Bit in Error

Address Bit Error Position

o ™

o <

o

o ©

o N~

O

o o

- O

—

— N

- ™M

<

L Nl

— ©

-~

«— 0O

— O

N O

[QV |

o/ojojoj0|0j0|0OjO|O|OfO|2|2j1]|2|1|2|12

i/1f1f1f1f1f1f1f1f1jy1(1j0|0|0|0|0|0O]|O
ojojoj0j1j12|1|12j12|12|2|{12|0|0|0|0O|0O|0O]|O
o/joj1{12j0;0f12f2|12|12|12|1|0|0|0|0O|0O|1]|1
i/1/0f1f0f1j0f0Of1f1f1f1|0|0|0O|2|1]|0]|1
0j1/0(12j0;2|0|2|0|0|2|21|0|1|1|0|1|0]|1
ojoj0f{12j02|12j2j0|1|0|1|1|0|1|0|0|0]|1

i1/0(1(0f1(0Of1f(0Of1|0f0Of1|21|21|0|21|0|1]|O0

Data Bit Error Position

g s sEsE
N ||[d|ld|d|Oo|d|O|d|O NN oo o 0 m
NO||[d|ld|ld|o|d |+ |0 |0 coo||lo|lo|lo|lo|o|o|o |«
Mo ||ld|d|d|d|o|o|o|HA .M Od||lo|lo|lo|lo|o|o|+d|o
M| |[d|d|d|d|O|d|O|O W.OZ o|lo|lo|lo|o|d|o|o
ON||[o|ld|lo|o|d ||| WOS o|lo|lo|lo|d|o|o|o
mm||lo|ld|lo|o|d|o|+d|o m ot ||lo|lo|lo|ld|o|o|o|o
m<e | |o|d|o|d|o|o|d|0O ow||lojlo|ld|lo|o|o|o|o
mw||lo|ld|lo|d|o|+d|o|o cw||lo|d|lo|lo|o|o|o|o
MmO ||[o|ld|lo|d|o|d || on~||d|o|lo|lo|o|o|o|o
o~ ||o|ld|lo|d|d|o|o|o cOo|| d|d|lo|lo|d|d|d]|O
™ O|lHd|[O|dA|dA | O |H | o —A | A O O|dA | O |d |
mo||[o|ld|lo|d|d|d|o |« oN|| d|d|lo|d|o|lo|d|d
to||d|lo|ld|o|o|o|+d|o om| d|d|lo|d|o|d|o]|d
< - —A|Od OO |+H|O|O o< —A | A O A |O|d|d|O
< N A O|dA (OO ||| o |4 O|ldA|dA O |O |-
t®m||d|lo|ld|o|+d|o|o|o CwW||d|d|lo|ld|d|O|H|O
< < | O[d|O|d|O|d | o~ |4 O|ld|Hd | H|O | O
tWw||d|lo|ld|o|d|d|o |« ow||lojo|ld|lo|o|o|d|H
to||d|lo|ld|d|o|o|o|o oo | o|o|ld|o|o|d|Oo|HA
St~ |[d|jo|d|d|o|d|o|HA m —HOo||lo|lo|d|o|o|d|d|O
< O | OO O|dH|O | |O Dm12 O|O|ld | O|+dH|O |+ |O
wo||ld|lo|lo|d|o|o|-d|o ml3 olo|ld|lo|d|d|O|O
LWH||d|lo|lo|d|o|+|o|o _._M A ||lolo|d|d|o|o|o|d
LN | [H|(O|Oo|d|O|d || w15 o|lo|ld|Hd|o|d|O|0O
Lwm||d|lo|lo|d|d|o|o|o MlG olo|lo|lo|d|d|H|O
< A |00 |HA|HA | O | |- - N~ OO0 0O|ldH|O |- |-
LW ||[d|lo|lo|d|d|d|O |« —o||lolo|lo|d|o|o|d|d
WO ||lold|ld|o|o|o|d|o —Ho||lolo|lo|d|o|d|o|d
LN~ ||old|d|o|o|d|o|o NO || o|o|lo|d|o|d|H|O
Wo||lold|ld|o|o|d ||« Nd||ojlo|lo|ld|d|o|o |+
wo||lold|ld|o|+d|o|o|o NN ||ojo|lo|ld|d|o | |O
(ol @] Old|d (O[O || N ™M O 0O|0O|lHd|dA|HdH|O|O
O O|ld|d|O|d|d O | N < A | A |4 OO | O |d|d
O N Old|d|d|O|O|O|O N O —A|d | dA|/O|O|H|O |-
o m O|ld | A O|dA|O |- N © | H | OO ||+ | O
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4.3.4 Syndrome Table: An Alternate Method

Table 4-3. Alternate Syndrome Table

Syndrome Syndrome msb 7:4
Isb: 3:0 0x 1x 2X 3x 4x 5x 6Xx 7x 8x 9x AX Bx Cx Dx Ex Fx

x0 good | EO4 | EO5 | D | EO6 | D D | D62 | EO7T | D D | D46 | D M M D
x1 EOO | D D |D14| D | A19 | A7 | D D | A4 | M D M D D | D30
x2 EO1 | D D M D | D34 | D56 | D D | D50 | D40 | D M D D M
x3 D | D18 | D08 | D M D D | Al5 | A09 | D D M D | D02 | D24 | D
x4 E02 | D D |DI5| D | D35 | D57 | D D | D51 | D41 | D M D D | D31
x5 D | D19 | D09 | D M D D | D63 | A08 | D D | D47 | D | DO3|D25| D
X6 D | D20 | D10 | D M D D | Al4 | AO7 | D D M D | D04 | D26 | D
X7 M D D M D | D36 | D58 | D D | D52 | D42 | D M D D M
x8 EO3 | D D M D | D37 | D59 | D D | D53 | D43 | D M D D M
x9 D |D21 | D11 | D |A21| D D | A13 | A06 | D D M D | D05 | D27 | D
XA D | D22 |D12| D | D33 | D D | Al2 | D49 | D D M D | D06 | D28 | D
xB D17 | D D M D | D38| D60 | D D | D54 | D44 | D | DO1| D D M
xC D | D23 |D13| D |A20| D D | All1 | AO5 | D D M D | D07 | D29 | D
xD M D D M D | D39 | D61 | D D | D55 | D45 | D M D D M
XE D16 | D D M D | A18 | A16 | D D | A3 | M D | DOO| D D M
xF D M M D |D32| D D | Al0 | D48 | D D M D M M D

» EOx - Single-bit ECC error, correctable

» Dxx - Single-bit data error, correctable

e AXx - Single-bit address error, uncorrectable

e D - Double-bit error, uncorrectable

e M - Multi-bit errors, uncorrectable
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4.4 Memory Map
The Flash module contains the program memory, which is mapped starting at location 0, and one
Customer OTP sector and one Tl OTP sector per bank. The Customer OTP sectors may be programmed
by the customer, but cannot be erased. They are typically blank in new parts. The Tl OTP sectors are
used to contain manufacturing information. They may be read by the customer but can not be
programmed or erased. The Tl OTP sectors contain settings used by the Flash API to setup the Flash
state machine for erase and program operations.
All of these OTP regions are memory-mapped to facilitate ease of access by the CPU. They are memory
mapped to an offset starting at FOO0 0000h in the CPUs memory map.
The RWAIT value is used to define the number of wait states for the program-memory Flash. The EWAIT
value is used to define the number of wait states for the data Flash in bank 7. Bank 7 starting at offset
F020 0000h is dedicated for data storages such as EEPROM Emulation.
For the Flash Bank/Sectoring information, see the device-specific data sheet.
4.4.1 Location of Flash ECC Bits
The ECC bits are packed in their memory space as shown in Figure 4-1 and Figure 4-2.
The ECC bytes for bank 0 must be read as bytes or halfwords. Reading a single ECC byte from bank 0
with ECC enabled will actually cause 144 bits to be read from the Flash, and the ECC bits will be
corrected if necessary. Any errors in either of the two double-words accessed will be recorded in the
FEDACSTATUS register.
The ECC bytes for bank 7 must be read as bytes only. Reading a single ECC byte from bank 7 with ECC
enabled will actually cause 72 bits to be read from the Flash, and the ECC bits will be corrected if
necessary. Any errors in the double-word accessed will be recorded in the EE_STATUS register.
Figure 4-1. ECC Organization for Program Flash (144-Bits Wide)
Little Endian .
8-bit Read
0x00000028 64 — bit data word 5 0xF0400005 | ECC4
0x00000020 | 64 — bit data word 4 . 0xF0400004 | ECC5
16-bit Read
0x00000018 | 64 — bit data word 3 0xF0400003 | ECC2
0x00000010 | 64 - bit data word 2 0xF0400004 | Ecca | ECC5 0xF0400002 | ECC3
0x00000008 | 64 — bit data word 1 0xF0400002 | Ecc2 | ECC3 0xF0400001 | Ecco
0x00000000 | 64 — bit data word 0 0xF0400000 | ECCO | ECC1 0xF0400000 | ECC1
Figure 4-2. ECC Organization for Bank 7 (72-Bits Wide)
Little Endian )
8-bit Read
0xF0200028 64 — bit data word 5 0xF0100005 ECC5
0xF0200020 64 — bit data word 4 0xF0100004 ECC4
0xF0200018 64 — bit data word 3 0xF0100003 ECC3
0xF0200010 | 64 — bit data word 2 0xF0100002 ECC2
0xF0200008 | 64 — bit data word 1 0xF0100001 ECC1
0xF0200000 | 64 — bit data word 0 0xF0100000 ECCO
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4.4.2

OTP Memory

4.4.2.1 Flash Bank and Sector Sizes

Flash Bank/Sectoring information can be determined from the device-specific datasheet or can be
computed by reading locations in the TI OTP and FMC registers.

The number of banks, which banks are available, and the number of sectors for bank 0 can be read from
TI OTP location FO08 0158h as shown in Figure 4-3 and described in Table 4-4.

The bank sector information is repeated once for each bank in the device. The number of sectors is
unique for each bank. The number of banks and which banks are implemented is repeated in each
location. Use the Tl OTP information for bank 0 to determine which banks are in the device, and then read
the number of sectors for each bank using the TI OTP locations shown in Table 4-5.

Bank O will start at address 0000 0000h. Bank 7 will start at address FO20 0000h. Refer to Table 4-5 to
find the starting address of other banks. Refer to Table 4-4 to find the sector sizes in each bank.

Figure 4-3. TI OTP Bank 0 Sector Information

31 24 23 16
Reserved BX_NUM_Sectors
R R
15 14 13 12 11 10 9 8 7 0
| B7 | B [ B5 | B4 | B3 [ B2 | BL | BO | NUM_Banks \
R-1 R-0 R-0 R-0 R-0 R-0 R-1 R-1 R
LEGEND: R = Read only
Table 4-4. TI OTP Bank 0 Sector Information Field Descriptions
Bit Field Value Description
31-24 | Reserved 0 Reserved. All bits will be read as 0.
23-16 | BX_NUM_Sectors 1-32 Number of sectors in this bank.
15 B7 1 1 =Bank 7 is present
14 B6 0 0 = Bank 6 is not present
13 B5 0 0 = Bank 5 is not present
12 B4 0 0 = Bank 4 is not present
11 B3 0 0 = Bank 3 is not present
10 B2 0 0 = Bank 2 is not present
9 B1 1 1 =Bank 1 is present
8 BO 1 1 =Bank 0 is present
7-0 NUM_Banks 2o0r3 Number of banks on this part.
Table 4-5. TI OTP Sector Information Address
Bank TI OTP Address
0 F008 0158h
1 F008 2158h
2 F008 4158h
3 F008 6158h
4 F008 8158h
5 FO08 A158h
6 FO08 C158h
7 F008 E158h
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4.4.2.2 Package and Memory Size

Package and memory size information can be determined from the device-specific datasheet, or can be
computed by reading locations in the TI OTP Bank O registers.

The package and memory size can be read from TI OTP location FO08 015Ch as shown in Figure 4-4 and
described in Table 4-6.

Figure 4-4. TI OTP Bank 0 Package and Memory Size Information (FO08 015Ch)
31 28 27 16
\ Reserved \ PACKAGE
R R
15 0
\ MEMORY_SIZE |
R

LEGEND: R = Read only

Table 4-6. TI OTP Bank 0 Package and Memory Size Information Field Descriptions

Bit Field Description
31-28 | Reserved Reserved
27-16 | PACKAGE Count of pins in the package
15-0 MEMORY_SIZE Flash memory size in Kbytes

4423 LPO Trim and Max HCLK

The HF LPO trim solution, LF LPO trim solution and maximum HCLK frequency can be read from TI OTP
location FO08 01B4h as shown in Figure 4-5 and described in Table 4-7.

Figure 4-5. TI OTP Bank 0 LPO Trim and Max HCLK Information (FOO8 01B4h)
31 24 23 16
\ HFLPO_TRIM \ LFLPO_TRIM |
R R

15 0
\ MAX_HCLK |
R

LEGEND: R = Read only

Table 4-7. TI OTP Bank 0 LPO Trim and Max HCLK Information Field Descriptions

Bit Field Description
31-24 | HFLPO_TRIM HF LPO Trim Solution
23-16 | LFLPO_TRIM LF LPO Trim Solution
15-0 MAX_HCLK Maximum HCLK Speed
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4.4.2.4 Part Number Symbolization

Device part number symbolization information can be determined from the device-specific datasheet or
can be computed by reading locations in the TI OTP bank 0 registers.

The device part number symbolization can be read from Tl OTP bank 0 location FO08 01EOh through
FO08 01FFh, as shown in Figure 4-6.

Figure 4-6. TI OTP Bank 0 Symbolization Information (FO08 01EOh-F008 01FFh)
0x00 0x01 0x02 0x03 0x04 0x05 O0x06 O0x07 0x08 O0x09 OxOA O0xOB OxOC O0xOD OXxOE  OXOF
| ox54 | oxaD | ox53 | 0x35 | 0x37 | 0x30 | ox4C | 0x53 | 0x33 | ox31 | 0x33 | 0x37 | 0x43 | 0x50 | 0x47 | 0x45 |
R

0x10 Ox11 Ox12 0x13 Ox14 Ox15 Ox16 Ox17 0x18 Ox19 OxIA OxIB OxIC OxID OxIE OxIF
| ox51 | ox51 | 0x31 | 0x00 | 0x00 | 0x00 | 0x00 | 0x00 [ 0x00 | 0x00 | 0x00 | ox00 | 0x00 | 0x00 | 0x00 | 0x00 |
R

LEGEND: R = Read only

4425 Deliberate ECC Errors for FMC ECC Checking

Deliberate single-bit and double-bit errors have been placed in the OTP for checking the FMC ECC
functionality. Any portion of the 64 bits in TI OTP bank 0 location FO08 03FOh through FO08 03F7h as
shown in Figure 4-7 will generate a single-bit error. Any portion of the 64 bits in TI OTP bank 0 location
FO08 03F8h through FO08 03FFh as shown in Figure 4-7 will generate a double-bit error.

Figure 4-7. TI OTP Bank 0 Deliberate ECC Error Information (FO08 03F0h-FO008 03FFh)

0x00 0x04 0x08 0x0C
0x12345678 \ OX9ABCDEF1 \ 0x12345678 \ O0X9ABCDEF3 \
R R R R

LEGEND: R = Read only, ECC is calculated for the value 0x123456789ABCDEFO

45 Power On, Power Off Considerations

45.1 Error Checking at Power On

As the device is coming out of the device reset sequence the Flash wrapper reads two configuration
words from the TI OTP section of bank 0. During these reads ECC is enabled. Single-bit errors are
corrected and uncorrectable errors will generate an ESM group 3 channel 7 error event. The ERROR pin

4.5.2 Flash Integrity at Power Off

If power is lost during a programming or erase operation, a power-on reset must be asserted before the
core supply voltage drops below specification. The PORRST pin has a glitch filter that means that the
PORRST pin must be asserted low ty,s0rrst) (2 US) before the core supply drops below Vccy,y (1.14V). If
this requirement is met, then the bits being programmed when PORRST goes low are indeterminate;
however, the other bits in the Flash are not disturbed. Likewise, if this requirement is met, and PORRST is
asserted while erasing, the sector or sectors being erased will have indeterminate bits; however, the other
sectors in the same bank and the other banks will not be disturbed.
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4.6 Emulation and SIL3 Diaghostic Modes
4.6.1 System Emulation
During emulation when the SUSPEND signal is high, the data read from memory is still passed to
SECDED for correction if ECC_ENABLE is active. If a correctable error is detected, then it is corrected but
an error event is not generated and the error occurrence counter is not incremented if in profiling mode. If
a double error is detected, then the raw data is returned without generating a double-error signal.
The SUSPEND signal can be disable by using the SUSP_IGNR bit in the Flash error detection and
correction control register 1 (FEDACCTRL1). The SUSPEND signal should not be confused with the
suspend_now operation for the FSM.
4.6.2 Diagnostic Mode
The Flash wrapper can be put in diagnostic mode to verify various logic. There are multiple diagnostic
modes supported by the wrapper. A specific diagnostic mode is selected via the DIAG_MODE control bits
in the diagnostic control register (FDIAGCTRL), as listed in Table 4-8.
The diagnostic mode is only enabled by a 4-bit key stored in the DIAG_EN_KEY bits in FDIAGCTRL
register. Only DIAG_EN_KEY = 5h enables any diagnostic mode and all diagnostic modes use the
DIAG_TRIG bit in FDIAGCTRL register to initiate the action.
All tests run from any pipeline mode. Some of the diagnostic modes can corrupt the Flash data access,
and generate errors as part of the test. Running in non-pipeline may minimize some of these conditions.
For all modes it is best to follow this sequence:
1. Write 5h to the DIAG_EN_KEY bits and set the desired DIAG_MODE control bits. This blocks many
UERR sources.
2. Set any data registers needed for this mode.
3. Write 1 to the DIAG_TRIG bit to initiate the action and allow UERRS to happen for one cycle.
4. Write Ah to the DIAG_EN_KEY bits to disable the diagnostic modes.
When the CONF_TYPE is 5 then the ECC logic is in the CPU and most of diagnostic modes are removed.
Some because the logic they test no longer exists and the others because the path is validated via the
ECC path to the CPU.
Table 4-8. DIAG_MODE Encoding
Mode DIAG_MODE Bits Description
0 0 0 0 Diagnostic mode is disabled. Same as DIAG_EN_KEY not equal to 5h.
1 0 0 1 ECC Data Correction test mode
2 0 1 0 ECC Syndrome Reporting test mode
3 0 1 1 ECC Malfunction test mode 1 (same data)
4 1 0 0 ECC Malfunction test mode 2 (inverted data)
5 1 0 1 Address Tag Register test mode
6 1 1 0 Reserved
7 1 1 1 ECC Data Correction Diagnostic test mode
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4.6.2.1 ECC Data Correction Test Mode: DIAG_MODE =1

This diagnostic mode can be enabled while ECC logic is also enabled for normal bank read. The Flash
wrapper will arbitrate the usage of the ECC logic if a conflict occurs between a normal bank read and
diagnostic checking.

When in diagnostic data correction mode, FEMU_xxxx registers contain the 64-bit EEPROM emulation
data register, the 19-bit emulation address register and the 8-bit emulation check-bit register. These
values are used to enter diagnostic data to exercise the SECDED logic. The user can apply a value with
an error in any bit location. When the DIAG_TRIG is set, the SECDED calculation is done and the
corrected values are saved back into the same FEMU_xxxx registers. The error position register is also
updated to indicate the bit position in error. Either ERR_ONE_FLG or ERR_ZERO_FLG bit is set when a
correctable error is detected. The D_COR_ERR bit will also be set in FEDACSTATUS register. For
uncorrectable error, the error status bit ERR_PRF_FLG is set as well as the D_UNC_ERR bit in the same
register. Status bits should be cleared by the user before applying a new diagnostic data.

It takes multiple CPU transactions to preload the registers with diagnostic values. During this time, the
result of the diagnostic logic such as comparator can change. User should apply a trigger by setting
DIAG_TRIG bit to 1 as a qualifier after all registers are loaded with intended values. The DIAG_TRIG
serves to validate the diagnostic result. Only when DIAG_TRIG is high and a failing result in the diagnostic
logic will update the corresponding status flag and the position register.

4.6.2.2 ECC Syndrome Reporting Test Mode: DIAG_MODE = 2

When in diagnostic syndrome reporting mode, the resulting syndrome calculated by SECDED is captured
into the ECC check-bit register FEMU_ECC. The syndrome can be read by the user and compare with a
known syndrome value. Diagnostic data in FEMU_DxSW and FEMU_ADDR is not corrected and the error
position register is not updated. The FEDACSTATUS register error bits are not updated during this mode.
See Figure 4-8.

For devices with ECC_IN_CPU (CONF_TYPE = 5), the resulting FEMU_ECC value represents the 32-bit
byte swapped values. Here, bytes 7654 3210 are rearranged to 4567_0123. For instance, if the syndrome
shows an error in data bit 33, it would really be an error in EMU_DMW bit 57. You can also XOR the data
bit position with “011000”. (21h XOR 18h => 39h)

NOTE: The user should pre-load the registers with the test values with DIAG_TRIG = 0. After all test
values are written, the DIAG_TRIG should then be set high to validate the diagnostic result.
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4.6.2.3 ECC Malfunction Test Mode 1: DIAG_MODE = 3

There are three inputs to the malfunction detection logic: the resulting syndrome, the original uncorrected
data, and the final corrected data. See Figure 4-8.

In normal function, the malfunction detection logic will detect an error if the syndrome is 0 and if the data
before correction and the data after the correction is not equal or if the syndrome is not 0 and if the data
before correction and data after the correction is equal to each other. During diagnostic mode 3 or 4, user
supplied values are sent to the malfunction logic. No functional checking is done by the ecc_malfunction
logic while the mode is 3 or 4.

Diagnostic mode 3 is also known as “same data” mode. A diagnostic value can be stored in the ECC
checkbit register. The value stored in the 64-bit Raw data register will be supplied to the two inputs of the
malfunction comparator logic. If a non-zero value is stored in the Raw ECC checkbit register
(FRAW_ECC), then the malfunction logic should detect it as an error and set the ECC_B2 MAL_ERR bit
(ECC malfunction error). There is one ECC_B2_MAL_ERR bit for each SECDED block and they are
called ECC1_MAL_ERR and ECCO_MAL_ERR and are selectable with the DIAG_ECC_SEL bit. The
DIAG_TRIG is set to initiate this mode.

The FRAW_DATAX, FRAW_ECC and FUNC_ERR_ADD will load on an ECC_MAL ERR but will not
contain useful information during Diag mode 3.

4.6.2.4 ECC Malfunction Test Mode 2: DIAG_MODE =4

This mode is also known as “inverted data” mode. A diagnostic value can be stored in the ECC checkbit
register. A value stored in the 64-bit Raw data register and its bit-wise inverted counterpart will be supplied
to the two inputs of the malfunction comparator logic. If a zero value is stored in the Raw ECC checkbit
register (FRAW_ECC), then the malfunction logic should detect it as an error and set the

ECC_B2_ MAL_ERR bit (diagnostic ECC malfunction). See Figure 4-8.

In this mode only, the EE_CMG bit (Compare Malfunction Good) is cleared if any one of the 64 XOR
gates is malfunctioning. There is one EE_CMG bit for each SECDED blocks and they are called
COM1_MAL_GOOD and COMO_MAL_GOOD. The EE_CMG bits go high when entering diagnostic mode
4 and go low and stay low if an error is detected. These bits are only valid in diagnostic mode 4 and
outside of this mode the bits are 0.

Set the DIAG_ECC_SEL bits before entering mode 4 or enter mode 4 from a non-mode 4 and set the
DIAG_ECC_SEL bits at the same time. Do not just change the DIAG_ECC_SEL bits or the corresponding
MAL_GOOD will not get set because it did not enter mode 4 correctly.

The FRAW_DATAX, FRAW_ECC and FUNC_ERR_ADD will load on an ECC_MAL ERR but will not
contain useful information during Diag mode 4.

Figure 4-8. ECC Malfunction Test Logic

Raw Data " diag mode=4 Malfunction Logic
register 64
FRAW_DATAx Enter_Diag4
\ Diag_Mode=4 } COMX
bank_dout Diag_trig ____ D > MAL
- Diag_ECC_Sel— i Q GOOD
Diag_En_Key
compare Zero whennot || Clears Ot? g
A" notB in diag mode 4 errors. (bad)
P iet when rgode
g is entered.
SECDED 64 A=B \
ECCx corrected 4 ‘ / —b»_\\ ECCx
correction 64 » MAL
, | Not Multi bit error—] J ERR
syndrohnex N—— diag_mode (Diag_En_Key and —
» =(3 or 4) ISDlag Mode 3 or 4) and
iag_Trig)
Raw ECC Pre — Diag_Mode=0 > »
register I— /—l_’l' 0? I| Diag En key ' 0101
FRAW ECC Zero means no correction
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4.6.2.5 Address Tag Register Test Mode: DIAG_MODE =5

NOTE: The test code for Diag mode 5 needs to be executed from RAM or when executed from
Flash, the Flash Address Wait State (ASWSTEN) bit in the FRDCNTL register should be set
to 1. This is due to conflicting accesses by the CPU and Flash wrapper during the test
execution.

There are four sets of address tag registers. Each set consists of a primary and a duplicate address tag
registers. Normally, these registers store the recently issued CPU addresses during pipeline mode. To
detect errors in these registers, the primary and duplicate address tag registers are continuously
compared to each other if the buffer is valid. If they are different, then an address tag register error event
is generated.

These registers are memory-mapped. All primary address tag registers are memory-mapped to one
address and, likewise, all duplicate tag registers are mapped to another single address. During diagnostic
mode, each individual set can be selected by the DIAG_BUF_SEL (Diagnostic Buffer Select) bit in the
FDIAGCTRL register. User-supplied values can be written into the selected set during a diagnostic mode.
If different values are written into the primary and the duplicate address tag registers, then the
ADD_TAG_ERR (Address Tag Error) flag in the FEDACSTATUS register will be set. This diagnostic mode
uses the FRAW_DATAL register to supply the alternate address when DIAG_TRIG is set. The
FUNC_ERR_ADD register will not contain useful information during Diag mode 5. It will also trigger the
normal uncorrectable register freeze.

All address tags and buffer valid bits will be cleared to 0 when leaving Diag mode 5. Going to mode 5 and
back out clears the pipeline buffers and is useful for other test modes also. No functional checking is done
by the address tag logic while the Diag mode is 5.

NOTE: The user should pre-load the registers with the test values with DIAG_TRIG = 0. After all test
values are written, the DIAG_TRIG should then be set high to validate the diagnostic result.
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4.6.2.6 ECC Data Correction Diagnostic Test Mode: DIAG_MODE =7

Testing the error correction and ECC logic in the CPU involves corrupting the ECC value returned to the
CPU. By inverting one or more bits of the ECC, the CPU will detect errors in a selected data or ECC bit, or
in any possible value returned by the ECC.

To set an error for a particular bit, use the syndrome (see Section 4.3.3). For example, if you want to
corrupt data bit 62 then put the value 70h into the test register.

The method uses the DATA_INV_PAR value in the FPAR_OVR register to alter the ECC during a slave
access cycle. The value in the DATA_INV_PAR register is XORed with the current ECC to give a bad
ECC value to the CPU. This only occurs when DIAG_MODE is 7, PAR_OVR_KEY in the FPAR_OVR
register is 5h, DIAG_EN_KEY in the FDIAGCTRL register is 5h, and the access is a slave cycle.

This mode can set the FEDACSTATUS register status error bits B1_UNC_ERR or ERR_ZERO_FLG, but
it will not set the D_UNC_ERR nor D_COR_ERR bits. Also, the logic to support the ECCx_MAL_ERR and
COMx_MAL_GOOQOD bits is not implemented for the CPU path so these bits are not set.

The sequence to do this test is:

Make sure the true DMA module is off.

Put 5h in BUS_PAR_DIS and 5h in PAR_OVR_KEY fields (00005Axxh) of the FPAR_OVR register.
Put the desired value in DAT_INV_PAR field of the FPAR_OVR register.

Put 7h in DIAG_MODE and 5h in DIAG_EN_KEY fields of the FDIAGCTRL register.

Read desired address from the mirrored Flash location. Mirrored Flash starts at address 0x20000000.
Put 0 in DIAG_MODE or Ah in one of the key fields to turn off this test.

Check error registers (FCOR_ERR_ADD, FEDACSTATUS, and FUNC_ERR_ADD) for ECC errors.
Repeat as necessary to test out the ECC.

Put 0 in DIAG_MODE field of the FDIAGCTRL register and Ah in both of the key fields to completely
disable this test at the end of the test.

10. Put 2h in PAR_OVR_KEY field (00005400h) of the FPAR_OVR register to clear DAT_INV_PAR field.

© NGO krNE
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4.6.3 Diagnostic Mode Summary

The following tables give a summary of the input registers needed for each mode, the possible registers
that can change and the possible error bits in FEDACSTATUS that may set.

Table 4-9. Bus1 Diagnostic Mode Summary

DIAG Possible Error Bits
MODE Name Inputs Possible Outputs Set Notes
1 ECC Data Correction Not Applicable
test mode
2 ECC Syndrome Reporting Not Applicable
test mode
3 ECC Malfunction Not Applicable
test mode 1
4 ECC Malfunction Not Applicable
test mode 2
5  Address Tag Register FPRIM_ADD_TAG FUNC_ERR_ADD ® ADD_TAG_ERR
test mode FDUP_ADD_TAG
FRAW_DATAL
Reserved
ECC Data Correction DAT_INV_PAR FUNC_ERR_ADD B1_UNC_ERR Slave access only

Diagnostic test mode FCOR ERR ADD  ERR_ZERO FLG

@ Register output value changes, but does not contain useful information.

Table 4-10. Bus 2 and ECC Diagnostic Mode Summary

I\EI)(ISADCE Name Inputs Possible Outputs Possible Error Bits Set Notes
1 ECC Data Correction FEUM_DMSW FEMU_ECC D_UNC_ERR
test mode FEMU_DLSW FUNC_ERR_ADD D_COR_ERR
FEMU_ECC FCOR_ERR_ADD ERR_ONE_FLG
FEMU_ADDR FCOR_ERR_POS ERR_ZERO FLG
ERR_PRF_FLG
FEMU_ECC EE_D_UNC_ERR

EE_UNC_ERR_ADD EE_D_COR_ERR

EE_COR_ERR_ADD EE_ERR_ONE_FLG

EE_COR_ERR_POS EE_ERR_ZERO_FLG
EE_ERR_PRF_FLG

2 ECC Syndrome FEMU_DMSW FEMU_ECC NA
Reporting test mode

FEMU_DLSW

FEMU_ECC

FEMU_ADDR

3 ECC Malfunction FRAW_DATAH FRAW_DATAH ® ECC_B2_MAL_ERR
test mode 1 FRAW_DATAL FRAW DATAL © D_UNC_ERR

FRAW_ECC FRAW_ECC ®
FUNC_ERR_ADD ®
FRAW_DATAH ® EE_CME
FRAW_DATAL @ EE_D_UNC_ERR
FRAW_ECC ®

EE_UNC_ERR_ADD ®

@ Register output value will change, but will not contain useful information.
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Table 4-10. Bus 2 and ECC Diagnostic Mode Summary (continued)
DIAG
MODE Name Inputs Possible Outputs Possible Error Bits Set Notes
4 ECC Malfunction FRAW_DATAH FRAW_DATAH © COMB2_MAL_G
test mode 2 FRAW_DATAL FRAW_DATAL ® ECC_B2 MAL_ERR
FRAW_ECC FRAW_ECC ® D_UNC_ERR
FUNC_ERR_ADD ®
FRAW_DATAH ® EE_CMG
FRAW_DATAL @ EE_CME
FRAW_ECC ® EE_D_UNC_ERR
EE_UNC_ERR_ADD ®
5 Address Tag Register Not applicable
test mode
Reserved Not applicable
ECC Data Correction Not applicable
Diagnostic test mode
Table 4-11. Port Signals Diagnostic Mode Summary
FEE FEE
Uncorrectable  Correctable  Address Bus Uncorrectable Correctable
Error Error Parity Error Error Error
DIAG ESM Group 3 ESM Group1l ESM Group?2 ESMGroupl ESM Group 1
MODE Name Error In Channel 7 Channel 6 Channel 4 Channel 36 Channel 35
1 ECC Data Correction Bus 2 Yes Yes No No No
test mode EEPROM No No No Yes Yes
2 ECC Syndrome Bus 2 No No No No No
Reporting testmode  “ceppoy No No No No No
3 ECC Malfunction Bus 2 Yes No No No No
test mode 1 EEPROM No No No Yes No
4 ECC Malfunction Bus 2 Yes No No No No
test mode 2 EEPROM No No No Yes No
5 Address Tag Register Bus 1 Yes No No No No
test mode
Reserved — — — — — —
ECC Data Correction Bus 1 Yes Yes No No No

Diagnostic test mode

4.6.4 Read Margin

When the bits are programmed or erased, they are checked against a program_verify or erase_verify
reference level that is far away from the normal read reference point. Over time, bit levels may drift toward
the normal read point and if it is too much then a bit will read the wrong value. To counteract this, the bits
can be read using different read_margin reference points to give an early detection of the problem. The
bits can then be either re-programmed (most common) or the sector can be erased and reprogrammed.

4.7 Control Registers

This section details the Flash module registers, summarized in Table 4-12. A detailed description of each
register and its bits is also provided.
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Control Registers

The Flash module control registers can only be read and/or written by the CPU while in privileged mode.
Each register begins on a word boundary. All registers are 32-bit, 16-bit and 8-bit accessible. The start
address of the Flash module is FFF8 7000h.

Table 4-12. Flash Control Registers

Offset Acronym Register Description Section
00h  FRDCNTL Flash Option Control Register Section 4.7.1
08h  FEDACTRL1 Flash Error Detection and Correction Control Register 1 Section 4.7.2
0Ch  FEDACTRL2 Flash Error Detection and Correction Control Register 2 Section 4.7.3
10h FCOR_ERR_CNT Flash Correctable Error Count Register Section 4.7.4
14h  FCOR_ERR_ADD Flash Correctable Error Address Register Section 4.7.5
18h FCOR_ERR_POS Flash Correctable Error Position Register Section 4.7.6
1Ch FEDACSTATUS Flash Error Detection and Correction Status Register Section 4.7.7
20h FUNC_ERR_ADD Flash Un-Correctable Error Address Register Section 4.7.8
24h  FEDACSDIS Flash Error Detection and Correction Sector Disable Register Section 4.7.9
28h  FPRIM_ADD_TAG Flash Primary Address Tag Register Section 4.7.10
2Ch FDUP_ADD_TAG Flash Duplicate Address Tag Register Section 4.7.11
30h  FBPROT Flash Bank Protection Register Section 4.7.12
34h  FBSE Flash Bank Sector Enable Register Section 4.7.13
38h  FBBUSY Flash Bank Busy Register Section 4.7.14
3Ch FBAC Flash Bank Access Control Register Section 4.7.15
40h  FBFALLBACK Flash Bank Fallback Power Register Section 4.7.16
44h  FBPRDY Flash Bank/Pump Ready Register Section 4.7.17
48h  FPAC1 Flash Pump Access Control Register 1 Section 4.7.18
4Ch  FPAC2 Flash Pump Access Control Register 2 Section 4.7.19
50h FMAC Flash Module Access Control Register Section 4.7.20
54h  FMSTAT Flash Module Status Register Section 4.7.21
58h  FEMU_DMSW EEPROM Emulation Data MSW Register Section 4.7.22
5Ch FEMU_DLSW EEPROM Emulation Data LSW Register Section 4.7.23
60h FEMU_ECC EEPROM Emulation ECC Register Section 4.7.24
68h FEMU_ADDR EEPROM Emulation Address Register Section 4.7.25
6Ch  FDIAGCTRL Diagnostic Control Register Section 4.7.26
70h  FRAW_DATAH Uncorrected Raw Data High Register Section 4.7.27
74h  FRAW_DATAL Uncorrected Raw Data Low Register Section 4.7.28
78h  FRAW_ECC Uncorrected Raw ECC Register Section 4.7.29
7Ch  FPAR_OVR Parity Override Register Section 4.7.30
COh  FEDACSDIS2 Flash Error Detection and Correction Sector Disable Register 2 Section 4.7.31
288h FSM_WR_ENA FSM Register Write Enable Section 4.7.32
2A4h  FSM_SECTOR FSM Sector Register Section 4.7.33
2B8h EEPROM_CONFIG EEPROM Emulation Configuration Register Section 4.7.34
308h EE_CTRL1 EEPROM Emulation Error Detection and Correction Control Register 1 Section 4.7.35
30Ch EE_CTRL2 EEPROM Emulation Error Detection and Correction Control Register 2 Section 4.7.36
310h EE_COR_ERR_CNT EEPROM Emulation Correctable Error Count Register Section 4.7.37
314h EE_COR_ERR_ADD EEPROM Emulation Correctable Error Address Register Section 4.7.38
318h EE_COR_ERR_POS EEPROM Emulation Correctable Error Bit Position Register Section 4.7.39
31Ch EE_STATUS EEPROM Emulation Error Status Register Section 4.7.40
320h EE_UNC_ERR_ADD EEPROM Emulation Un-Correctable Error Address Register Section 4.7.41
400h FCFG_BANK Flash Bank Configuration Register Section 4.7.42
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4.7.1 Flash Option Control Register (FRDCNTL)

FRDCNTL supports pipeline mode. This register controls Flash timings for the main Flash banks. For the
equivalent register that controls Flash timings for the EEPROM Emulation Flash bank (bank 7), see
Section 4.7.34.

Figure 4-9. Flash Option Control Register (FRDCNTL) [offset = 00h]

31 16
‘ Reserved
R-0

15 12 11 8

‘ Reserved ‘ RWAIT
R-0 RIWP-1

7 5 4 3 1 0

] Reserved ASWSTEN | Reserved ENPIPE |
R-0 RIWP-0 R-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-13. Flash Option Control Register (FRDCNTL) Field Descriptions

Bit Field Value Description
31-12 | Reserved 0 Reads return 0. Writes have no effect.
11-8 | RWAIT 0-Fh Random/data Read Wait State

The random read wait state bits indicate how many wait states are added to a Flash read
access. In Pipeline mode there is always one wait state even when RWAIT is set to 0.

Note: The required wait states for each HCLK frequency can be found in the device-specific

data sheet.
7-5 Reserved 0 Reads return 0. Writes have no effect.
4 ASWSTEN Address Setup Wait State Enable
Address Setup Wait State is disabled.
1 Address Setup Wait State is enabled. Address is latched one cycle before decoding to

determine pipeline hit or miss. Address Setup Wait State is only available in pipeline mode.

Note: The required address wait state for each HCLK frequency can be found in the device-
specific data sheet.

3-1 Reserved 0 Reads return 0. Writes have no effect.
0 ENPIPE Enable Pipeline Mode
Pipeline mode is disabled.
1 Pipeline mode is enabled.
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4.7.2 Flash Error Detection and Correction Control Register 1 (FEDACCTRL1)

This register controls ECC event detection for the main Flash banks. For the equivalent register that
controls ECC event detection for the EEPROM Emulation Flash bank (bank 7), see Section 4.7.35.

Figure 4-10. Flash Error Detection and Correction Control Register 1 (FEDACCTRL1) [offset = 08h]

31 25 24
\ Reserved | SUSP_IGNR |
R-0 RIWP-0
23 20 19 16
] Reserved EDACMODE \
R-0 R/WP-Ah
15 11 10 9 8
\ Reserved EOFEN EZFEN EPEN |
R-0 RIWP-0 RWP-0 RIWP-0
7 4 3 0
\ Reserved EDACEN |
R-0 R/WP-5h

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-14. Flash Error Detection and Correction Control Register 1 (FEDACCTRL1)

Field Descriptions

Bit Field Value Description
31-25 | Reserved 0 Reads return 0. Writes have no effect.
24 SUSP_IGNR Suspend Ignore.
In emulation mode, for example, viewing memory in the debugger's window, the CPU
suspend signal is set. This bit determines whether the CPU suspend signal is ignored by the
Flash module.
0 CPU suspend signal blocks error bits setting and un-freezing.
The Flash module blocks all errors from setting the error bits in emulation mode and blocks
the un-freezing of the bits and registers by reading the FUNC_ERR_ADD register.
1 CPU suspend has no effect on error bit setting and un-freezing.
The Flash module ignores the CPU suspend signal and allows the error bits to set even in
emulation mode. It also allows the Flash module to un-freeze the error bits and other
registers by reading the FUNC_ERR_ADD register even in emulation mode.
23-20 | Reserved 0 Reads return 0. Writes have no effect.
19-16 | EDACMODE Error Correction Mode for the main Flash banks. For EEPROM Emulation Flash bank (bank
7), see Section 4.7.35.
5h Single-bit errors during reads from OTP, ECC and the mirrored space (starting at
0x20000000) of banks 0 through 6, will be treated as uncorrectable errors by the Flash
wrapper. The wrapper will assert an ESM group 3 error on channel 7 and the ERROR pin
will be activated. No abort will be taken by the CPU.

All other values | Single-bit errors during reads from OTP, ECC and the mirrored space (starting at
0x20000000) of banks 0 through 6, will be treated as correctable errors by the Flash
wrapper. The wrapper will assert an ESM group 1 error on channel 6. The single-bit error will
be corrected.

Note: This mode does not affect reads from the main program Flash starting at address 0.
Note: Reading ECC bits will generate an ECC error based on the contents of the 8 ECC bits
and the 64 data bits they protect

15-11 | Reserved 0 Reads return 0. Writes have no effect.
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Table 4-14. Flash Error Detection and Correction Control Register 1 (FEDACCTRL1)
Field Descriptions (continued)
Bit Field Value Description
10 EOFEN Event on Ones Fail Enable
0 No ESM error event is generated on a single-bit error where a 1 reads as a 0 when reading
from the OTP or ECC memory locations.
1 An ESM error event is generated on a single-bit error where a 1 reads as a 0 when reading
from the OTP or ECC memory locations.
Note: When either the EOFEN or the EZFEN bit is set, an error event will be generated on
ESM group 1 channel 6 when any correctable error is generated by reading the main
memory
9 EZFEN Event on Zeros Fail Enable
0 No ESM error event is generated on a single-bit error where a 0 reads as a 1 when reading
from the OTP or ECC memory locations.
1 An ESM error event is generated on a single-bit error where a 0 reads as a 1 when reading
from the OTP or ECC memory locations.
Note: When either the EOFEN or the EZFEN bit is set, an error event will be generated on
ESM group 1 channel 6 when any correctable error is generated by reading the main
memory
8 EPEN Error Profiling Enable.
0 Error profiling is disabled.
Error profiling is enabled.
The correctable error event is generated (ESM group 1 channel 6) when the number of CPU
accesses of correctable bit errors detected and corrected has reached the threshold value
defined in the FEDACCTRL2 register.
7-4 Reserved 0 Reads return 0. Writes have no effect.
3-0 EDACEN Error Detection and Correction Enable
5h CPU single and double error event signals are blocked.
Note: It is recommended to enable ECC in the Flash wrapper by writing Ah to these bits
before enabling ECC in the CPU. If ECC is enabled in the CPU, but not in the wrapper, the
CPU will still check and correct single-bit ECC errors, and generate aborts on uncorrectable
errors for the main Flash. However, the generation of ESM events, the capture of failing
addresses and the detections and correction of errors in the OTP will be prevented.
All other values | Error Detection and Correction events are captured and sent to the ESM
194 F021 Flash Module Controller SPNU516C—March 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

www.ti.com Control Registers

4.7.3 Flash Error Correction and Correction Control Register 2 (FEDACCTRL?2)

This register applies to ECC event detection for the main Flash banks. For the equivalent register that
applies to the EEPROM Emulation Flash bank (bank 7), see Section 4.7.36.

Figure 4-11. Flash Error Correction and Correction Control Register 2 (FEDACCTRL?2) [offset =

0Ch]
31 16
‘ Reserved ‘
R-0
15 0
SEC_THRESHOLD
R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-15. Flash Error Correction Control and Correction Register 2 (FEDACCTRL?2)
Field Descriptions

Bit Field Value |Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15-0 | SEC_THRESHOLD 0- Single Error Correction Threshold
FFFFh

When error profiling is enabled, this register contains the threshold value for the SEC
(single error correction) occurrences before a correctable error event is generated (ESM
group 1, channel 6). A threshold of O disables the threshold so that it does not generate an
event.

4.7.4 Flash Correctable Error Count Register (FCOR_ERR_CNT)

This register applies to the main Flash banks. For the equivalent register that applies to the EEPROM
Emulation Flash bank (bank 7), see Section 4.7.37.

Figure 4-12. Flash Corectable Error Count Register (FCOR_ERR_CNT) [offset = 10h]

31 16
Reserved
R-0
15 0
\ FERRCNT |
R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-16. Flash Correctable Error Count Register (FCOR_ERR_CNT) Field Descriptions

Bit Field Value Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15-0 | FERRCNT 0-FFFFh | Single Error Correction Count

This register contains the number of SEC (single error correction) occurrences. Writing any
value to this register resets the count value to 0. The counter resets to 0 when it increments to
be equal to the single error correction threshold. This register only increments when profiling
mode is enabled. This register is not affected by the EOFEN or EZEFEN error control bits in the
FEDACCTRL1 register.
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4.7.5 Flash Correctable Error Address Register (FCOR_ERR_ADD)

This register applies to the main Flash banks. For the equivalent register that applies to the EEPROM
Emulation Flash bank (bank 7), see Section 4.7.38.

The error address is captured during errors when either EOFEN or EZFEN enable bit is set. During error
profiling mode when only EPEN is set, the error address is not captured if a correctable error is detected.
This register is frozen while either the ERR_ZERO_FLG or the ERR_ONE_FLG bit is set in the
FEDACSTATUS register.

During emulation mode, this address is frozen even when read. By setting the SUSP_IGNR bit to 1 in the
FEDACCTRLL1 register, this register can be un-frozen in emulation mode.

This register is not changed with the reset signal and contains unknown data at power-up.

Figure 4-13. Flash Correctable Error Address Register (FCOR_ERR_ADD) [offset = 14h]
31 16
\ COR_ERR_ADD |
R-u

15 3 2 0
\ COR_ERR_ADD B_OFF |
R-u R-u
LEGEND: R = Read only; -n = value after reset; -u = unchanged value on internal reset, cleared on power up

Table 4-17. Flash Correctable Error Address Register (FCOR_ERR_ADD) Field Descriptions

Bit Field Description
31-3 | COR_ERR_ADD Correctable Error Address

COR_ERR_ADD records the CPU logical address of which a correctable error is detected by the
ECC logic. This error address is frozen from begin updated until it is read by the CPU. Additional
error are blocked until this register is read.

2-0 B_OFF Byte Offset

Since ECC is checked on 64 bit data, when checking main memory or OTP, the address captured
is aligned to a 64-bit boundary with address bits[2:0] equal to 0.When reading from the ECC bytes,
these bits will indicate the failing address of the ECC location associated with the failure. When
reading an ECC byte, the ECC is checked against the 64 data bits they protect.
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4.7.6

Flash Correctable Error Position Register (FCOR_ERR_POS)

This register applies to the main Flash banks. For the equivalent register that applies to the EEPROM
Emulation Flash bank (bank 7), see Section 4.7.39.

Note: The bit error position is only detected during reads of the OTP, the mirrored Flash image or the
ECC bytes. Single-bit errors corrected during reads of the main memory will only capture the failing
address, but not the bit position. The bit position is captured during errors when either EOFEN or EZFEN
enable bit is set. During error profiling mode when only EPEN is set, the bit position is not captured if a
correctable error is detected. This register is frozen while either the ERR_ZERO_FLG or the
ERR_ONE_FLG bit is set in the FEDACSTATUS register.

During emulation mode, this address is frozen even when read. By setting the SUSP_IGNR bit to 1 in the
FEDACCTRLL1 register, this register can be un-frozen in emulation mode.

This register is not changed with the reset signal and contains unknown data at power-up.

Figure 4-14. Flash Correctable Error Position Register (FCOR_ERR_POS) [offset = 18h]

31 16
‘ Reserved ‘
R-0
15 10 9 8 7 0
\ Reserved | BUS2 [ TYPE | ERR_POS |
R-0 R-u R-u R-u
LEGEND: R = Read only; -n = value after reset; -u = unchanged value on internal reset, cleared on power up
Table 4-18. Flash Correctable Error Position Register (FCOR_ERR_POS) Field Descriptions
Bit Field Value | Description
31-10 | Reserved 0 Reads return 0. Writes have no effect.
9 BUS2 Bus 2 Error
The error was in the main Flash
The error was from an OTP read
8 TYPE ErrorType
0 The error was one of the 64 data bits
1 The error was one of the 8 check bits
7-0 ERR_POS 0-FFh | The bit address of the single-bit error.
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4.7.7 Flash Error Detection and Correction Status Register (FEDACSTATUS)

This register applies to the main Flash banks. For the equivalent register that applies to the EEPROM
Emulation Flash bank (bank 7), see Section 4.7.40.

All these error status bits can be cleared by writing a 1 to the bit; writing a 0 has no effect.

The correctable errors in bits 2:0, and FSM_DONE bit 24, must be cleared before the end of their error
event service routine or else the error event will re-issue.

Figure 4-15. Flash Error Detection and Correction Status Register (FEDACSTATUS) [offset = 1Ch]

31 25 24
Reserved | FSM_DONE |
R-0 RCP-u
23 20 19 18 17 16
Reserved COMB2_MAL_ |ECC_B2 MAL_| B2 UNC_ B2 COR_
G ERR ERR ERR
R-0 RCP-u RCP-u RCP-u RCP-u
15 13 12 11 10 9 8
Reserved D_UNC_ ADD_TAG_ ADD_PAR_ Reserved B1_UNC_
ERR ERR ERR ERR
R-0 RCP-u RCP-u RCP-u R-0 RCP-u
7 4 3 2 1 0
Reserved D_COR_ ERR_ONE_ | ERR_ZERO_ ERR_PRF_
ERR FLG FLG FLG
R-0 RCP-u RCP-u RCP-u RCP-u
LEGEND: R = Read only; RCP = Read and Clear in Privilege Mode; -n = value after reset; -u = unchanged value on internal reset, cleared
on power up
Table 4-19. Flash Error Detection and Correction Status Register (FEDACSTATUS)
Field Descriptions
Bit | Field Value | Description
31-25 | Reserved 0 Reads return 0. Writes have no effect.
24 | FSM_DONE Flash State Machine Done
This bit is set to 1 when the Flash state machine completes a program or erase operation.
This bit will generate an interrupt on VIM channel 61 if the FSM_EVT_EN bit of the
FSM_ST_MACHINE register is set. This bit must be cleared by writing a 1 to it in the
interrupt routine to clear the interrupt request.
23-20 | Reserved 0 Reads return 0. Writes have no effect.
19 |COMB2_MAL_G Bus 2 Compare Malfunction Flag.
0 Compare Malfunction detected on the Bus2 SECDED in diagnostic mode 4 or not in
diagnostic mode
1 Compare Malfunction not detected on the Bus2 SECDED or entered diagnostic mode 4

This bit becomes 1 when entering diagnostic mode 4, with DIAG_ECC_SEL field set to 0
or 1, and will be cleared if diagnostic mode 4 triggers an error. This bit will reset to 0 and
will be 0 outside of diagnostic mode 4. Writing a 1 will set this bit to 1 only in diagnostic

mode 4 otherwise writes have no effect.

18 |ECC_B2_MAL_ERR Bus 2 ECC Malfunction Error Flag
ECC_MAL_ERR bit is set if Bus2 data is not corrected and a single-bit error is seen or
data is corrected and a single-bit error is not seen.
SECDED malfunction not detected on Bus2
SECDED malfunction detected on Bus2
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Table 4-19. Flash Error Detection and Correction Status Register (FEDACSTATUS)

Field Descriptions (continued)

Bit

Field

Value

Description

17

B2_UNC_ERR

Bus 2 uncorrectable error
No bus 2 uncorrectable errors were detected
A bus 2 uncorrectable error was detected

Two or more bits in the data, or ECC field; or a single-bit error in the address field have
been found in error. Address-bit errors are considered an uncorrectable error. The
FUNC_ERR_ADD register should contain the Bus2 error location. This error will generate
an ESM group 3 channel 7 event.

16

B2_COR_ERR

Bus 2 Correctable Error
No bus2 correctable error was detected
A bus 2 correctable error was detected

One bit in the data, or ECC field has been found in error. Either the ERR_ONE_FLAG or
ERR_ZERO_FLAG should be set in this register along with this bit. The
FCOR_ERR_ADD register should contain the error address, and the FCOR_ERR_POS
register should contain the failing bit position. This error will generate an ESM group 1
channel 6 event.

15-13

Reserved

Reads return 0. Writes have no effect.

12

D_UNC_ERR

Diagnostic Uncorrectable Error

This bit sets when diagnostic mode 1 discovers a multi-bit error using he ECC. This
means two or more bits in the data, address or ECC field have been found in error. The
ECC is capable of correcting a single-bit error and this would show up in bit 3
D_COR_ERR. The ECC can always detect two bit errors. Three or more bit errors may
escape detection with the ECC. This bit also may set during other uncorrectable errors
and during the diagnostic mode like address tag errors and ECC malfunctions.

11

ADD_TAG_ERR

Address Tag Register Error Flag
Address Tag Register Error not detected
Address Tag Register Error detected.

This bit is set if the primary address tag has a hit but the duplicate address tag does not
match the primary address tag. This bit is functional only when pipeline mode is enabled.
This error will create an ESM group 3 channel 7 event.

10

ADD_PAR_ERR

Address Parity Error Flag
No address parity error was detected.
A parity error was detected on the incoming address bus.

The full 32 bit address will be stored in FUNC_ERR_ADD register. This error will create
an ESM group 2 channel 4 event.

Reserved

Reads return 0. Writes have no effect.

B1_UNC_ERR

Bus 1 Uncorrectable Error Flag
No Bus 1 uncorrectable errors were detected
A bus 1 uncorrectable error was detected

Two or more bits in the data, or ECC field; or a single-bit error in the address field have
been found in error. Address-bit errors are considered an uncorrectable error. The
FUNC_ERR_ADD register will contain the Bus1 error location. This error will generate an
ESM group 3 channel 7 event.

7-4

Reserved

Reads return 0. Writes have no effect.

D_COR_ERR

Diagnostic Correctable Error Status Flag

This bit sets when diagnostic mode 1 discovers a single-bit correctable error using the
ECC. Multi-bit errors are flagged using the D_UNC_ERR bit. The uncorrectable error
address must be unfrozen in order to set this bit.
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Table 4-19. Flash Error Detection and Correction Status Register (FEDACSTATUS)

Field Descriptions (continued)

Bit

Field

Value

Description

ERR_ONE_FLG

Error on One Fail Status Flag
No correctable error where a 1 read as a 0 on bus 2
A correctable error occurred on bus 2 where a1 read as a 0

This bit is set if the EOFEN (Error on One Fail Enable) bit is set then, and one bit in the
data, or ECC field that should have been read as a 1, read as a 0. During the read the bit
is corrected to a 1. The FCOR_ERR_ADD register will contain the bus 2 error address,
and the FCOR_ERR_POS register will contain the failing bit position. This error will
generate an ESM group 1 channel 6 event. When this bit is set, the B2_CORR_ERR bit
will also be set. This error will generate an ESM group 1 channel 6 event.

ERR_ZERO_FLG

Error on Zero Fail Status Flag

No correctable errors on bus1 nor any correctable errors on bus 2 where a 0 was read as
al

A correctable error occurred on bus 1, or a correctable error occurred on bus 2 where a 0
was read as a 1

This bit is set if the EZFEN (Error on Zero Fail Enable) bit is set and a correctable error is
detected on bus 2 where a 0 is read as a 1 and corrected to be a 0, or if either the EZFEN
or the EOFEN bits are set and any single-bit error is detected and corrected on bus 1.
The FCOR_ERR_ADD register will contain the error address. If the error was on bus 2,
then the B2_COR_ERR bit will also be set and the FCOR_ERR_POS register will contain
the failing bit position. The FCOR_ERR_POS register will not indicate the failing bit
position for a bus 1 error. This error will generate an ESM group 1 channel 6 event.

ERR_PRF_FLG

Error Profiling Status Flag

Error profiling is not enabled, or the number of correctable errors has not reached the
threshold programmed into the SEC_THRESHOLD register

Error profiling is enabled and the number of correctable errors has reached the threshold
programmed into the SEC_THRESHOLD register
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4.7.8 Flash Uncorrectable Error Address Register (FUNC_ERR_ADD)

This register applies to ECC event detection for the main Flash banks. For the equivalent register that
applies to the EEPROM Emulation Flash bank (bank 7), see Section 4.7.41.

During emulation mode, this address is frozen even when read. By setting the SUSP_IGNR bit to 1 in the
FEDACCTRLL1 register, this register can be un-frozen in emulation mode.

This register is not changed with the reset signal and contains unknown data at power-up.

Figure 4-16. Flash Uncorrectable Error Address Register (FUNC_ERR_ADD) [offset = 20h]

31

16

UNC_ERR_ADD |

15

R-u

UNC_ERR_ADD B_OFF |

R-u R-u

LEGEND: R = Read only; -n = value after reset; -u = unchanged value on internal reset, cleared on power up

Table 4-20. Flash Uncorrectable Error Address Register (FUNC_ERR_ADD) Field Descriptions

Bit Field

Description

31-3 |UNC_ERR_ADD

Uncorrectable Error Address

UNC_ERR_ADD records the CPU logical address of which an uncorrectable error is detected by
the ECC logic in the CPU. The UNC_ERR_ADD also captures the error address when a address
bus parity mismatch is detected. This error address is frozen from begin updated until it is read by
the CPU. Additional error are blocked until this register is read.

This register captures the full 32 bit incoming address when there is a bus parity error. It only
captures address of 22:3 for multiple bit ECC errors. Address parity errors take priority over other
errors that happen in the same cycle.

2-0 |B_OFF

Byte offset

Since ECC is checked on 64 bit data, when checking main memory or OTP, the address captured
is aligned to a 64-bit boundary with address bits[2:0] equal to 0.When reading from the ECC bytes,
these bits will indicate the failing address of the ECC location associated with the failure. When
reading an ECC byte, the ECC is checked against the 64 data bits they protect.
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4.7.9 Flash Error Detection and Correction Sector Disable Register (FEDACSDIS)

This register is used to disable the SECDED function for one or two sectors from the EEPROM Emulation
Flash (bank 7). An additional two sectors can have SECDED disabled by the use of the FEDACSDIS2
register (see Section 4.7.31).

Figure 4-17. Flash Error Detection and Correction Sector Disable Register (FEDACSDIS)
[offset = 24h]

31 29 28 27 24 23 21 20 19 16
’ BankID1_Inverse | Rsvd ‘ SectorID1_inverse ‘ BankID1 | Rsvd ‘ SectorID1 ‘
RWP-0 R-0 RWP-0 RWP-0 R-0 RWP-0
15 13 12 11 8 7 5 4 3 0
‘ BankIDO_Inverse | Rsvd ‘ SectorlDO_inverse ‘ BankIDO | Rsvd ‘ SectorIDO ‘
RWP-0 R-0 RWP-0 RWP-0 R-0 RWP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-21. Flash Error Detection and Correction Sector Disable Register (FEDACSDIS)
Field Descriptions

Bit | Field Value Description

31-29 | BankID1_lInverse The bank ID inverse bits are used with the bank ID bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

0 If BankID1 = 7h and BankID1_inverse = 0, then if a valid sector is selected by SectorID1
and SectorlD1_inverse that sector will have ECC checking disabled.

All other | No sector is disabled by disable ID 1.

values
28 | Reserved 0 Read returns 0. Writes have no effect.

27-24 | SectorID1_inverse 0-Fh The sector ID inverse bits are used with the sector ID bits to determine which sector is
disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by disable
ID 1.

23-21 | BankiD1 The bank ID bits are used with the bank ID inverse bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

7h If BankID1 = 7h and BankID1_inverse = 0, then if a valid sector is selected by SectorID1

and SectorlD1_inverse that sector will have ECC checking disabled.
All other | No sector is disabled by disable ID 1.

values
20 | Reserved 0 Read returns 0. Writes have no effect.

19-16 | SectoriD1 0-Fh The sector ID bits are used with the sector ID inverse bits to determine which sector is
disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by disable
ID 1.

15-13 | BankIDO_Inverse The bank ID inverse bits are used with the bank ID bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

0 If BankIDO = 7h and BankIDO_inverse = 0, then if a valid sector is selected by SectorIDO

and SectorIDO0_inverse that sector will have ECC checking disabled.
All other | No sector is disabled by disable ID 0.

values
12 | Reserved 0 Read returns 0. Writes have no effect.

11-8 | SectorIDO_inverse 0-Fh The sector ID inverse bits are used with the sector ID bits to determine which sector is
disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by disable
ID 0.

7-5 | BankiDO The bank ID bits are used with the bank ID inverse bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

7h If BankIDO = 7h and BankIDO_inverse = 0, then if a valid sector is selected by SectorIDO

and SectorIDO_inverse that sector will have ECC checking disabled.

All other | No sector is disabled by disable ID 0.
values
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Table 4-21. Flash Error Detection and Correction Sector Disable Register (FEDACSDIS)

Field Descriptions (continued)

Bit | Field Value Description
4 Reserved 0 Read returns 0. Writes have no effect.
3-0 | SectorIDO 0-Fh The sector ID bits are used with the sector ID inverse bits to determine which sector is

disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by disable

ID 0.
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4.7.10 Primary Address Tag Register (FPRIM_ADD_TAG)
This register is used to test the pipeline address tag registers (see Section 4.6.2.5).

Figure 4-18. Primary Address Tag Register (FPRIM_ADD_TAG) [offset = 28h]
31 16
\ PRIM_ADD_TAG[31:16] |
RWP-0

15 4 3 0
] PRIM_ADD_TAG[15:4] 0000 \
RWP-0 R-0
LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode;; -n = value after reset;

Table 4-22. Primary Address Tag Register (FPRIM_ADD)_TAG Field Descriptions

Bit | Field Value Description
31-4 | PRIM_ADD_TAG O0-FFF FFFFh | Primary Address Tag Register

The primary address tag register selected by the DIAG_BUF_SEL bits in the
FDIAGCTRL register is memory-mapped here. This register can only be written in
privileged mode when diagnostic mode is enabled with DIAG_EN_KEY = 5h and
DIAG_MODE = 5h in the FDIAGCTRL register. This register is not updated with new
Flash data if DIAG_EN_KEY is not equal to 5h or DIAG_MODE is 0 or 7h. Valid reads
can occur in any mode. The register clears when an address tag error is found and
when leaving DIAG_MODE 5.

3-0 |Reserved 0 Reads return 0. Writes have no effect.

4.7.11 Duplicate Address Tag Register (FDUP_ADD_TAG)
This register is used to test the pipeline address tag registers (see Section 4.6.2.5).

Figure 4-19. Duplicate Address Tag Register (FDUP_ADD_TAG) [offset = 2Ch]
31 16
DUP_ADD_TAG[31:16]
RWP-0

15 4 3 0
\ DUP_ADD_TAG[15:4] 0000 |
RWP-0 R-0
LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode;; -n = value after reset;

Table 4-23. Duplicate Address Tag Register (FDUP_ADD)_TAG Field Descriptions

Bit | Field Value Description
31-4 | DUP_ADD_TAG O0-FFF FFFFh | Primary Address Tag Register

The duplicate address tag register selected by the DIAG_BUF_SEL bits in the
FDIAGCTRL register is memory-mapped here. This register can only be written in
privileged mode when diagnostic mode is enabled with DIAG_EN_KEY = 5h and
DIAG_MODE = 5h in the FDIAGCTRL register. This register is not updated with new
Flash data if DIAG_EN_KEY is not equal to 5h or DIAG_MODE is 0 or 7h. Valid reads
can occur in any mode. The register clears when an address tag error is found and
when leaving DIAG_MODE 5.

3-0 | Reserved 0 Reads return 0. Writes have no effect.
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4.7.12 Flash Bank Protection Register (FBPROT)

Figure 4-20. Flash Bank Protection Register (FBPROT) [offset = 30h]

31 16
’ Reserved ‘
R-0
15 1 0
\ Reserved PROTLIDIS |
R-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-24. Flash Bank Protection Register (FBPROT) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 PROTL1DIS Level 1 Protection Disable bit

Setting this bit disables protection from writing to the OTPPROTDIS bits in the FBAC register as
well as the BSE bits for all banks in the FBSE register. Clearing this bit enables protection and
disables write access to the OTPPROTDIS bits and FBSE register.

Level 1 protection is enabled.

Level 1 protection is disabled.

4.7.13 Flash Bank Sector Enable Register (FBSE)

FBSE provides one enable bit per sector for up to 16 sectors per bank. Each bank in the Flash module
has one FBSE register. The bank is selected via the BANK bits in the FMAC register. As only one bank at
a time can be selected by FMAC, only the register for the bank selected appears at this address.

Figure 4-21. Flash Bank Sector Enable Register (FBSE) [offset = 34h]

31 16
Reserved
R-0
15 0
] BSE[15:0] \
R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-25. Flash Bank Sector Enable Register (FBSE) Field Descriptions

Bit Field Value | Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15-0 |BSE Bank Sector Enable

Each bit corresponds to a Flash sector in the bank specified by the FMAC register. Bit 0
corresponds to sector 0, bit 1 corresponds to sector 1, and so on. These bits can be set only when
PROTL1DIS = 1 in the FBPROT register and in privilege mode.

The corresponding numbered sector is disabled for program or erase access.
1 The corresponding numbered sector is enabled for program or erase access.
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4.7.14 Flash Bank Busy Register (FBBUSY)
Figure 4-22. Flash Bank Busy Register (FBBUSY) [offset = 38h]
31 16
’ Reserved ‘
R-0
15 8 7 0
\ Reserved BUSY[7:0] |
R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 4-26. Flash Bank Busy Register (FBBUSY) Field Descriptions

Bit Field Value | Description
31-8 | Reserved 0 Reads return 0. Writes have no effect.
7-0 BUSY Bank Busy. Each bit corresponds to a Flash bank.

The corresponding bank is not busy

The corresponding bank is busy with a state machine or bus 2 operation, or the bank is not
implemented
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4.7.15 Flash Bank Access Control Register (FBAC)

Figure 4-23. Flash Bank Access Control Register (FBAC) [offset = 3Ch]

31 24 23 16
] Reserved \ OTPPROTDIS[7:0] \
R-0 RIWP-0
15 8 7 0
\ BAGP \ VREADST |
RIWP-0 RIWP-Fh

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-27.

Flash Bank Access Control Register (FBAC) Field Descriptions

Bit

Field

Value

Description

31-24

Reserved

0

Reads return 0. Writes have no effect.

23-16

OTPPROTDIS

OTP Sector Protection Disable. Each bit corresponds to a Flash bank. This bit can be set only
when PROTL1DIS =1 in the FBPROT register and in privilege mode.

Programming of the OTP sector is disabled.
Programming of the OTP sector is enabled.

15-8

BAGP

0-FFh

Bank Active Grace Period.

These bits contain the starting count value for the BAGP down counter. Any access to a given bank
causes its BAGP counter to reload the BAGP value for that bank. After the last access to this Flash
bank, the down counter delays from 0 to 255 prescaled HCLK clock cycles before putting the bank
into one of the fallback power modes as determined by the FBFALLBACK register. This value must
be greater than 1 when the fallback mode is not ACTIVE.

Note: The prescaled clock used for the BAGP down counter is a clock divided by 16 from HCLK.

7-0

VREADST

0-FFh

VREAD Setup.
VREAD is generated by the Flash pump and used for Flash read operation. The bank power up
sequencing starts VREADST HCLK cycles after VREAD power supply becomes stable.

Note: There is not a programmable Bank Sleep counter and Standby counter register. The number
of clock cycles to transition from sleep to standby and standby to active is hardcoded in the Flash
wrapper design.
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4.7.16 Flash Bank Fallback Power Register (FBFALLBACK)

Figure 4-24. Flash Bank Fallback Power Register (FBFALLBACK) [offset = 40h]

31 16
’ Reserved ‘
R-505h
15 14 13 3 2 1 0
| BANKPWR? Reserved BANKPWR1 | BANKPWRO |
RIWP-3h R-3FFh RIWP-3h RIWP-3h

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-28. Flash Bank Fallback Power Register (FBFALLBACK) Field Descriptions

Bit Field Value | Description
31-16 | Reserved 505h | Do not write to these register bits
15-14 | BANKPWR7 Bank 7 Fallback Power Mode.
0 Bank sleep mode
1h Bank standby mode
2h Reserved
3h Bank active mode
13-4 | Reserved 3FFh | Do not write to these register bits.
3-2 BANKPWR1 Bank 1 Fallback Power Mode.
0 Bank sleep mode
1h Bank standby mode
2h Reserved
3h Bank active mode
1-0 BANKPWRO Bank O Fallback Power Mode.
0 Bank sleep mode
1h Bank standby mode
2h Reserved
3h Bank active mode
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4.7.17 Flash Bank/Pump Ready Register (FBPRDY)

Figure 4-25. Flash Bank/Pump Ready Register (FBPRDY) [offset = 44h]

31 24 23
Reserved \ BANKBUSY[n] \
R-0 R-1 (Unimplemented banks) or R-0 (Implemented banks)
15 14 8 7
PUMP Reserved BANKRDY[n]
RDY
R-1 R-0 R-1

LEGEND: R = Read only; -n = value after reset

Table 4-29. Flash Pump Access Control Register 1 (FPACL1) Field Descriptions

Bit

Field Value

Description

31-24

Reserved 0

Read returns 0. Writes have no effect.

23-16

BANKBUSY([7:0]

Bank busy bits (one bit for each bank)
The bank is not busy.
The bank is busy, not ready or this bank is not implemented

Note: A bank is considered busy if it is being accessed by the TCM, Bus2 or the Flash state
machine.

15

PUMPRDY

Flash pump ready flag
Pump is not ready (Code must be executing from somewhere other than internal Flash)

Pump is ready for Flash accesses

14-8

Reserved

Read returns 0. Writes have no effect.

7-0

BANKRDY([7:0]

Bank ready bits (one bit for each bank)
Flash bank is in the sleep or standby state
Flash bank is in the active state, or the bank is not implemented
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4.7.18 Flash Pump Access Control Register 1 (FPAC1)

Figure 4-26. Flash Pump Access Control Register 1 (FPACL1) [offset = 48h]

31 27 26 16
] Reserved ] PSLEEP \
R-0 RIWP-C8h
15 1 0
\ Reserved PUMPPWR |
R-0 RIWP-1

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-30. Flash Pump Access Control Register 1 (FPAC1) Field Descriptions

Bit Field Value | Description
31-12 | Reserved 0 Reads return 0. Writes have no effect.
26-16 | PSLEEP 0-7FFh | Pump Sleep.

These bits contain the starting count value for the charge pump sleep down counter. While the
charge pump is in sleep mode, the power mode management logic holds the charge pump sleep
counter at this value. When the charge pump exits sleep power mode, the down counter delays
from 0 to PSLEEP pump sleep down clock cycles before putting the charge pump into active power
mode.

Note: Pump sleep down counter clock is a divide by 2 input of HCLK. That is, there are 2 x HCLK
cycles for every PSLEEP counter cycle.

15-1 | Reserved 0 Reads return 0. Writes have no effect.
0 PUMPPWR Flash Charge Pump Fallback Power Mode
Sleep (all pump circuits disabled)

Active (all pump circuits active)

4.7.19 Flash Pump Access Control Register 2 (FPAC2)

Figure 4-27. Flash Pump Access Control Register 2 (FPAC2) [offset = 4Ch]

31 16
’ Reserved ‘
R-0
15 0
\ PAGP |
R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-31. Flash Pump Access Control Register 2 (FPAC2) Field Descriptions

Bit Field Value Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15-0 |PAGP 0-FFFFh | Pump Active Grace Period

This register contains the starting count value for the PAGP mode down counter. Any access to
Flash memory causes the counter to reload with the PAGP value. After the last access to Flash
memory, the down counter delays from 0 to 65535 prescaled HCLK clock cycles before
entering one of the charge pump fallback power modes as determined by PUMPPWR in the
FPACL1 register.

Note: The PAGP down counter is clocked by the same prescaled clock as the BAGP down
counter that is a divide by 16 of HCLK.
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4.7.20 Flash Module Access Control Register (FMAC)

31

Figure 4-28. Flash Module Access Control Register (FMAC) [offset = 50h]

16

Reserved ‘

15

R-0

Reserved BANK

R-0 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-32. Flash Module Access Control Register (FMAC) Field Descriptions

Bit Field Value | Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
2-0 BANK 0-7h | Bank Enable.

These bits select which bank is enabled for operations such as local register access, OTP sector
access, and program/erase commands. These bits select only one bank at a time from up to eight
banks depending on the specific device being used. For example, a 000 selects bank 0; 011 selects
bank 3.

Note: BANK can identify up to 8 Flash banks. If BANK is selected for an un-implemented bank,
then the BANK will set itself to the number of an implemented bank. To determine if a bank is
implemented, write the bank number to BANK and read back the value to see if what was written
can be read back.
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4.7.21 Flash Module Status Register (FMSTAT)

Figure 4-29. Flash Module Status Register (FMSTAT) [offset = 54h]

31 16
’ Reserved ‘
R-0
15 14 13 12 11 10 9 8
\ Reserved | ILA \ Reserved | PGV \ Reserved | EV \ Reserved | BUSY \
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
| ERs | PGM | INV-DAT | CSTAT | VOLTSTAT | ESusP | Psusp | sLock |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 4-33. Flash Module Status Register (FMSTAT) Field Descriptions

Bit Field Value | Description
31-15 | Reserved 0 Read returns 0. Writes have no effect.
14 ILA lllegal Address
When set, indicates that an illegal address is detected. Three conditions can set illegal address
flag.
1. Writing to a hole (un-implemented logical address space) within a Flash bank.
2. Writing to an address location to an un-implemented Flash space.
3. Input address for write is decoded to select a different bank from the bank ID register.
4. The address range does not match the type of FSM command. For example, the erase_sector
command must match the address regions.
5. TI-OTP address selected but CMD_EN in FSM_ST_MACHINE is not set.
13 Reserved 0 Read returns 0. Writes have no effect.
12 PGV Program Verify
When set, indicates that a word is not successfully programmed after the maximum allowed
number of program pulses are given for program operation.
11 Reserved 0 Read returns 0. Writes have no effect.
10 EV Erase Verify
When set, indicates that a sector is not successfully erased after the maximum allowed number of
erase pulses are given for erase operation. During Erase verify command, this flag is set
immediately if a bit is found to be 0.
Reserved 0 Read returns 0. Writes have no effect.
BUSY When set, this bit indicates that a program, erase, or suspend operation is being processed.
ERS Erase Active
When set, this bit indicates that the Flash module is actively performing an erase operation. This bit
is set when erasing starts and is cleared when erasing is complete. It is also cleared when the
erase is suspended and set when the erase resumes.
6 PGM Program Active
When set, this bit indicates that the Flash module is currently performing a program operation. This
bit is set when programming starts and is cleared when programming is complete. It is also cleared
when programming is suspended and set when programming is resumes.
5 INVDAT Invalid Data
When set, this bit indicates that the user attempted to program a “1” where a “0” was already
present. This bit is cleared by the Clear Status command.
4 CSTAT Command Status
Once the FSM starts any failure will set this bit. When set, this bit informs the host that the
program, erase, or validate sector command failed and the command was stopped. This bit is
cleared by the Clear Status command. For some errors, this will be the only indication of an FSM
error because the cause does not fall within the other error bit types.
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Table 4-33. Flash Module Status Register (FMSTAT) Field Descriptions (continued)

Bit Field Value | Description
3 VOLTSTAT Core Voltage Status

When set, this bit indicates that the core voltage generator of the pump power supply dipped below
the lower limit allowable during a program or erase operation. This bit is cleared by the Clear Status
command.

2 ESUSP Erase Suspended

When set, this bit indicates that the Flash module has received and processed an erase suspend
operation. This bit remains set until the erase resume command has been issued or until the
Clear_More command is run.

1 PSUSP Program Suspended

When set, this bit indicates that the Flash module has received and processed a program suspend
operation. This bit remains set until the program resume command has been issued or until the
Clear_More command is run.

0 SLOCK Sector Lock Status

When set, this bit indicates that the operation was halted because the target sector was locked for
erasing and programming either by the sector protect bit or by OTP write protection disable bits.
(Bits BSE in FBSE register or OTPPROTDIS in register FBAC). This bit is cleared by the Clear
Status command.

No SLOCK FSM error will occur if all sectors in a bank erase operation are set to 1. All the sectors
will be checked but no SLOCK will be set if no operation occurs due to the SECT_ERASED bits
being set to all 1s. A SLOCK error will occur if attempting to do a sector erase with either BSE is
cleared or SECT_ERASED is set.
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4.7.22 EEPROM Emulation Data MSW Register (FEMU_DMSW)

The Flash module controller includes hardware support computing the check bits for ECC, based on the
data and address being programmed into the EEPROM emulation array. To utilize this capability, the
address to be programmed is written to the FEMU_ADDR register and the data to be programmed is
written to the FEMU_DMSW and FEMU_DLSW registers. The write to FEMU_DLSW triggers an ECC
calculation and the resulting check bits are available in the FEMU_ECC register. The value from
FEMU_ECC can then be used to program the check bits into the EEPROM emulation array for the
particular data word over which they were calculated.

Figure 4-30. EEPROM Emulation Data MSW Register (FEMU_DMSW) [offset = 58h]
31

EMU_DMSW[63:32]
RWP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; -n = value after reset

Table 4-34. EEPROM Emulation Data MSW Register (FEMU_DMSW) Field Descriptions

Bit Field Description
31-0 EMU_DMSW EEPROM Emulation Most-Significant Data Word.

The most-significant data word of the 64-bits of data for which the ECC check bits are to be calculated
should be programmed into this register.

This register is also used in diagnostic modes 1 and 2 where it supplies the upper data for checking the
SECDED hardware.

4.7.23 EEPROM Emulation Data LSW Register (FEMU_DLSW)

The Flash module controller includes hardware support computing the check bits for ECC, based on the
data and address being programmed into the EEPROM emulation array. To utilize this capability, the
address to be programmed is written to the FEMU_ADDR register and the data to be programmed is
written to the FEMU_DMSW and FEMU_DLSW registers. The write to FEMU_DLSW triggers an ECC
calculation and the resulting check bits are available in the FEMU_ECC register. The value from
FEMU_ECC can then be used to program the check bits into the EEPROM emulation array for the
particular data word over which they were calculated.

Figure 4-31. EEPROM Emulation Data LSW Register (FEMU_DLSW) [offset = 5Ch]
31

EMU_DLSWI[31:0]
RWP-0
LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; -n = value after reset

Table 4-35. EEPROM Emulation Data LSW Register (FEMU_DLSW) Field Descriptions

Bit Field Description
31-0 EMU_DLSW EEPROM Emulation Least-Significant Data Word.

The least-significant data word of the 64-bits of data for which the ECC check bits are to be calculated
should be programmed into this register.

This register is also used in diagnostic modes 1 and 2 where it supplies the lower data for checking the
SECDED hardware.
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4.7.24 EEPROM Emulation ECC Register (FEMU_ECC)

NOTE: This register is only available when the module is configured to use the ECC logic;
otherwise, this register is reserved.

The Flash module controller includes hardware support computing the check bits for ECC, based on the
data and address being programmed into the EEPROM emulation array. To utilize this capability, the
address to be programmed is written to the FEMU_ADDR register and the data to be programmed is
written to the FEMU_DMSW and FEMU_DLSW registers. The write to FEMU_DLSW triggers an ECC
calculation and the resulting check bits are available in the FEMU_ECC register. The value from
FEMU_ECC can then be used to program the check bits into the EEPROM emulation array for the
particular data word over which they were calculated.

Figure 4-32. EEPROM Emulation ECC Register (FEMU_ECC) [offset = 60h]
31 16
Reserved
R-0

15 8 7 0
‘ Reserved EMU_ECC[7:0] ‘
R-0 R/WP-3h
LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; -n = value after reset

Table 4-36. EEPROM Emulation ECC Register (FEMU_ECC) Field Descriptions

Bit Field Value | Description
31-8 | Reserved 0 Reserved
7-0 EMU_ECC EEPROM Emulation ECC Check Bit Value.

This register contains the ECC check bits calculated by the FMC controller based on the address
written to FEMU_ADDR and the 64-bits of data written to FEMU_DMSW and FEMU_DLSW.

This register is also used in the diagnostic modes 1 and 2. In these modes, this register supplies
the ECC data for checking the SECDED. In mode 1, this register is filled with the desired ECC and
after the DIAG_TRIG is set this register is set to the ECC value returned from the SECDED
selected by DIAG_ECC_SEL. DIAG_EN_KEY and DIAG_TRIG must be set to fill this register in the
diagnostic modes. Writes to FEMU_DxSW will not affect this register in diagnostic modes 1 or 2.

In mode 2, this register is filled with the desired ECC and after the DIAG_TRIG is set this register is
set to the syndrome value returned from the SECDED selected by DIAG_ECC_SEL.

This register is only available when the module is configured to use the ECC logic; otherwise, it is a
reserved register.
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4.7.25 EEPROM Emulation Address Register (FEMU_ADDR)

The Flash module controller includes hardware support computing the check bits for ECC, based on the
data and address being programmed into the EEPROM emulation array. To utilize this capability, the
address to be programmed is written to the FEMU_ADDR register and the data to be programmed is
written to the FEMU_DMSW and FEMU_DLSW registers. The write to FEMU_DLSW triggers an ECC
calculation and the resulting check bits are available in the FEMU_ECC register. The value from
FEMU_ECC can then be used to program the check bits into the EEPROM emulation array for the
particular data word over which they were calculated.

Figure 4-33. EEPROM Emulation Address Register (FEMU_ADDR) [offset = 68h]

31 2 21 16
\ Reserved | EMU_ADDRI[21:16] |
R-0 RWP-0
15 3 2 1 0
] EMU_ADDR[15:3] ] Reserved \
RWP-0 R-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; -n = value after reset

Table 4-37. EEPROM Emulation Address Register (FEMU_ADDR) Field Descriptions

Bit Field Value Description

31-22 | Reserved 0 Reserved. Writes have no effect. It is not necessary to mask these upper ten bits when
writing the address of bank 7 locations (0xF002xxxx); however, these bits are not used in
calculating the ECC value and will read back as 0.

21-3 |EMU_ADDR 0-7 FFFFh EEPROM Emulation Address.

The address of the 64-bit data word over which ECC is to be calculated is written to this
field. Note that only bits 21:3 are actually written and used for the calculation. The other bits
(31:22 and 2:0) are ignored, but do not need to be masked off before being written to this
register.

This register is also used in diagnostic modes 1 and 2 where it supplies the address bits for
checking the SECDED hardware.

2-0 Reserved 0 Reserved. Writes have no effect. The lower three bits of the CPU address are not used in
the ECC calculation to align the data on a 64-bit boundary. These bits will read back as 0.
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4.7.26 Diagnostic Control Register (FDIAGCTRL)

First set the DIAG_MODE and the DIAG_EN_KEY bits before setting up the other registers to block the
other registers from causing a false error. The final write should set the DIAG_TRIG bit to activate the test.
Running out of RAM will prevent problems with the diagnostic test corrupting the Flash access in some of

the modes.
Figure 4-34. Diagnostic Control Register (FDIAGCTRL) [offset = 6Ch]
31 25 24 23 20 19 16
Reserved | DIAG_TRIG | Reserved \ DIAG_EN_KEY
R/WP-0 R-0 R/WP-Ah
15 14 11 10 9 8 7 3 2 0
Rsvd DIAG_ECC_SEL Reserved DIAG_BUF_ Reserved DIAG_MODE
SEL
R-0 R/WP-0 R-0 R/WP-0 R-0 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; -n = value after reset

Table 4-38. Diagnostic Control Register (FDIAGCTRL) Field Descriptions

Bit |Field Value Description
31-25 | Reserved 0 Reserved
24 | DIAG_TRIG Diagnostic Trigger
Diagnostic trigger is the final qualifier for the diagnostic result. After setting all the
other diagnostic register values, the DIAG_TRIG is set to 1. This activates the
diagnostic logic for one access and then automatically clears the DIAG_TRIG value.
The DIAG_EN_KEY and DIAG_MODE bits must be set at least one cycle before
setting DIAG_TRIG.
This bit always reads as 0.
23-20 | Reserved 0 Reserved
19-16 | DIAG_EN_KEY Diagnostic Enable Key
5h Diagnostic mode is enabled.
All other values | Diagnostic mode is disabled.
15 | Reserved 0 Reserved
14-12 | DIAG_ECC_SEL Diagnostic SECDED Select
0 Select SECDEDO for diagnostic testing
1h Select SECDEDL1 for diagnostic testing
2h Select SECDED?2 for diagnostic testing (256 bit wide words only)
3h Select SECDED3 for diagnostic testing (256 bit wide words only
4h Select BUS2 SECDED for diagnostic testing
5h Select FEE SECDED for diagnostic testing (same ECC logic as BUS2, but sets the
FEE registers)
6h-7h Reserved
11-10 | Reserved 0 Reserved
9-8 | DIAG_BUF_ SEL Diagnostic Buffer Select
0 The DIAG_BUF_SEL selects the Instruction or Data buffer to read or write when
accessing the FPRIM_ADD_TAG and FDUP_ADD_TAG registers. The address tags
consists of matching primary and duplicate address tag registers. All the primary
address tag registers are memory mapped to a common address (see Section 4.7.10)
and are selected by DIAG_BUF_SEL. The same occurs for the duplicate address (see
Section 4.7.11). Bit O selects a data buffer if high and an instruction buffer if low. Bit 1
indicates the buffer number.
0 Instruction Buffer O
1h Data Buffer 0
2h Instruction Buffer 1
3h Data Buffer 1
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Table 4-38. Diagnostic Control Register (FDIAGCTRL) Field Descriptions (continued)

Bit | Field Value Description

7-4 | Reserved 0 Reserved

2-0 |DIAG_MODE Diagnostic Mode
0 Diagnostic mode is disabled. This is the same as DIAG_EN_KEY is not equal to 5h.
1h Diagnostic ECC Data Correction test mode (see Section 4.6.2.1)
2h Diagnostic ECC Syndrome Reporting test mode (see Section 4.6.2.2)
3h ECC Malfunction test mode 1 (same data) (see Section 4.6.2.3)
4h ECC Malfunction test mode 2 (inverted data) (see Section 4.6.2.4)
5h Address Tag Register test mode (see Section 4.6.2.5)
6h Reserved
7h ECC Data Correction Diagnostic test mode (see Section 4.6.2.6)
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4.7.27 Uncorrected Raw Data High Register (FRAW_DATAH)

NOTE: Raw Data and Raw ECC registers can be loaded with diagnostic values only in diagnostic
modes 1 through 6 with DIAG_EN_KEY = 5h in the Diagnostic Control Register
(FDIAGCTRL). These modes must be set for at least one clock cycle before writing to any

FRAW?* register.

Figure 4-35. Uncorrected Raw Data High Register (FRAW_DATAH) [offset = 70h]

31
RAW_DATA[63:32]

RWP-u
LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; -n = value after reset; -u = Unchanged value on internal reset,

cleared on power up

Table 4-39. Uncorrected Raw Data High Register (FRAW_DATAH) Field Descriptions

Bit Field Description

31-0 RAW_DATA Uncorrected Raw Data
This register contains the upper 32 bits of the 64-bit raw data used in diagnostic testing of the ECC logic.

4.7.28 Uncorrected Raw Data Low Register (FRAW_DATAL)

NOTE: Raw Data and Raw ECC registers can be loaded with diagnostic values only in diagnostic
modes 1 through 6 with DIAG_EN_KEY = 5h in the Diagnostic Control Register
(FDIAGCTRL). These modes must be set for at least one clock cycle before writing to any

FRAW?* register.

Figure 4-36. Uncorrected Raw Data Low Register (FRAW_DATAL) [offset = 74h]

31

RAW_DATA[31:0]
RWP-u
LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; -n = value after reset -u = Unchanged value on internal reset,

cleared on power up

Table 4-40. Uncorrected Raw Data Low Register (FRAW_DATAL) Field Descriptions

Bit Field Description

31-0 RAW_DATA Uncorrected Raw Data.
This register contains the lower 32 bits of the 64-bit raw data used in diagnostic testing of the ECC logic.
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4.7.29 Uncorrected Raw ECC Register (FRAW_ECC)

NOTE: Raw Data and Raw ECC registers can be loaded with diagnostic values only in diagnostic

modes 1 through 6 with DIAG_EN_KEY = 5h in the Diagnostic Control Register
(FDIAGCTRL). These modes must be set for at least one clock cycle before writing to any
FRAW?* register.

Figure 4-37. Uncorrected Raw ECC Register (FRAW_ECC) [offset = 78h]

31 16
‘ Reserved ‘
R-0
15 9 8 7 0
] Reserved PIPE_BUF RAW _ECC \
R-0 RIWC-0 RIWP-u

LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privilege mode; C = Clear by writing a 1; -n = value after reset -u = Unchanged
value on internal reset, cleared on power up

Table 4-41. Uncorrected Raw ECC Register (FRAW_ECC) Field Descriptions

Bit Field Value | Description
31-9 | Reserved 0 Reserved
8 PIPE_BUF Error came from pipeline buffer hit
0 This bit is cleared when the RAW_ECC field is updated with new valid information or by writing a 1
to this bit.
1 Latest error came from a pipeline buffer hit and the FRAW_DATH, FRAW_DATL, and RAW_ECC
fields will not contain information that matches the error address nor error status bits.
7-0 RAW_ECC 0-FFh | Uncorrected Raw ECC
This register contains the ECC data used in diagnostic testing of the ECC logic.
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4.7.30 Parity Override Register (FPAR_OVR)

Figure 4-38. Parity Override Register (FPAR_OVR) [offset = 7Ch]

31 17 16
\ Reserved | BNK_INV_PAR |
R-0 RIWP-0
15 2 1 9 8 7 0
] BUS_PAR_DIS PAR_OVR_KEY ADD_INV_PAR DAT_INV_PAR \
RIWP-5h RIWP-2h RIWP-0 RWP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-42. Parity Override Register (FPAR_OVR) Field Descriptions

Bit

Field

Value

Description

31-17

Reserved

0

Reserved

16

BNK_INV_PAR

Buffer Invert Parity. This bit is only implemented for parity configurations and is reserved for ECC
devices.

The SYS_ODD_PARITY value is used.

When 1 and PAR_OVR_KEY = 5h, then the current system parity signal SYS_ODD_PARITY is
inverted when doing bank parity calculations. This generates parity errors and causes interrupt
signals to be generated.

15-12

BUS_PAR_DIS

Ah

All other
values

Disable Bus Parity. The read data parity is never disabled from this module.

The address bus parity error and buffer parity error are disabled and no checking is done and no
events are generated.

Any other value enables the parity checking on the Address bus and read data bus.

11-9

PAR_OVR_KEY

5h

All other
values

Parity Override
The selected ADD_INV_PAR and DAT_INV_PAR fields become active.

Any other value causes the module to use the global system parity bit in the system register
DEVCRL1.

ADD_INV_PAR

Address Odd Parity. This bit is active only when PAR_OVR_KEY = 5h. This bit is set to the
SYS_ODD_PAR signal value on reset.

The SYS_ODD_PARITY value is used.

The incoming address bus inverts the system signal SYS_ODD_PARITY for parity calculations.
This causes parity errors and generate interrupt error signals.

7-0

DAT_INV_PAR

Data Odd Parity. This byte is active only when PAR_OVR_KEY = 5h.
When 0 it will use the SYS_ODD_PARITY value.

The output read data inverts the system signal SYS_ODD_PARITY for parity calculations. This
causes parity errors and generates interrupt signals.

This byte can support up to a 64-bit data bus, but when the device has a 32-bit bus, bits 7:4 are
reserved.

Bit 0 affects read bus bits 7:0, bit 1 affects read bus bits 15:8, and so on. Each active bit of this field
is set to the SYS_ODD_PAR signal value on reset.

The DAT_INV_PAR is used in the parity for the pipeline buffer logic and for the read data bus to the
CPU.

When the ECC logic is in the CPU (CONF_TYPE = 5) and SIL3 is active, this field becomes the
ECC corrupting value for SIL3 diagnostic mode 7.

In diagnostic mode 7, the FPAR_OVR should be set to 00005Axxh to allow writes to the
DAT_INV_PAR field. This field should be written before entering diagnostic mode 7.
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4.7.31 Flash Error Detection and Correction Sector Disable Register (FEDACSDIS2)

This register is used to disable the SECDED function for one or two sectors from the EEPROM Emulation
Flash (bank 7). An additional two sectors can have SECDED disabled by the use of the FEDACSDIS
register (see Section 4.7.9).

Figure 4-39. Flash Error Detection and Correction Sector Disable Register (FEDACSDIS2)

[offset = COh]

31 29 27 24 23 21 20 19 16
’ BankID3_Inverse | Rsvd ‘ SectorID3_inverse ‘ BankID3 | Rsvd ‘ SectorID3 ‘
RWP-0 RWP-0 RWP-0 R-0 RWP-0
15 13 11 8 7 5 4 3 0
‘ BankID2_Inverse | Rsvd ‘ SectorlD2_inverse ‘ BankID2 | Rsvd ‘ SectorID2 ‘
RWP-0 RWP-0 RWP-0 R-0 RWP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-43. Flash Error Detection and Correction Sector Disable Register (FEDACSDIS2)

Field Descriptions

Bit

Field

Value

Description

31-29

BankID3_Inverse

All other values

The bank ID inverse bits are used with the bank ID bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

If BankiD3 = 7h and BankID3_inverse = 0, then if a valid sector is selected by
SectorID3 and SectorID3_inverse that sector will have ECC checking disabled.

No sector is disabled by disable ID 3.

28

Reserved

0

Read returns 0. Writes have no effect.

27-24

SectorID3_inverse

0-Fh

The sector ID inverse bits are used with the sector ID bits to determine which sector is
disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by
disable ID 3.

23-21

BankID3

7h

All other values

The bank ID bits are used with the bank ID inverse bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

If BankID3 = 7h and BankID3_inverse = 0, then if a valid sector is selected by
SectorID3 and SectorID3_inverse that sector will have ECC checking disabled.

No sector is disabled by disable ID 3.

20

Reserved

0

Read returns 0. Writes have no effect.

19-16

SectorID3

0-Fh

The sector ID bits are used with the sector ID inverse bits to determine which sector is
disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by
disable ID 3.

15-13

BanklD2_Inverse

All other values

The bank ID inverse bits are used with the bank ID bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

If BankiD2 = 7h and BankID2_inverse = 0, then if a valid sector is selected by
SectorID2 and SectorID2_inverse that sector will have ECC checking disabled.

No sector is disabled by disable ID 2.

12

Reserved

0

Read returns 0. Writes have no effect.

11-8

SectorID2_inverse

0-Fh

The sector ID inverse bits are used with the sector ID bits to determine which sector is
disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by
disable ID 2.

BankID2

7h

All other values

The bank ID bits are used with the bank ID inverse bits to select the bank for which a
sector is disabled. The only bank that supports sector disable is bank 7.

If BankID2 = 7h and BankID2_inverse = 0, then if a valid sector is selected by
SectorID2 and SectorID2_inverse that sector will have ECC checking disabled.

No sector is disabled by disable ID 2.

Reserved

0

Read returns 0. Writes have no effect.
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Table 4-43. Flash Error Detection and Correction Sector Disable Register (FEDACSDIS2)

Field Descriptions (continued)

Bit

Field

Value

Description

3-0

SectorID2

0-Fh

The sector ID bits are used with the sector ID inverse bits to determine which sector is
disabled. If the sector ID bits are not pointing to a valid sector (0-3) or the sector ID
inverse bits are not an inverse of the sector ID bits, then no sector is disabled by
disable ID 2.
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4.7.32 FSM Register Write Enable (FSM_WR_ENA)

Figure 4-40. FSM Register Write Enable (FSM_WR_ENA) [offset = 288h]

31 16
’ Reserved ‘
R-0
15 3 2 0
\ Reserved WR_ENA \
R-0 R/WP-2h
LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset
Table 4-44. FSM Register Write Enable (FSM_WR_ENA) Field Descriptions
Bit Field Value Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
2-0 WR_ENA FSM Write Enable
5h This register must contain 5h in order to write to any other register in the range FFF8 7200h
to FFF8 72FFh. This is the first register to be written when setting up the FSM.
All other values | For all other values, the FSM registers cannot be written.

4.7.33 FSM Sector Register (FSM_SECTOR)

This is a banked register. A separate register is implemented for each bank, but they all occupy the same
address. The correct bank must be selected in the FMAC register before reading or writing this register.

See Section 4.7.20.

Figure 4-41. FSM Sector Register (FSM_SECTOR) [offset = 2A4h]

31 16
\ SECT_ERASED[15:0]
R/WP-1
15 0
Reserved
R-0
LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset
Table 4-45. FSM Sector Register (FSM_SECTOR) Field Descriptions
Bit Field Value | Description
31-16 | SECT_ERASED Sectors Erased
There is one bit for each sector. Bit 16 corresponds to sector O, bit 17 corresponds to sector 1, and
SO on.
0 During bank erase, each sector whose corresponding bit is O will be erased. After bank erase, the
bit corresponding to each sector that is erased will be changed from 0 to 1.
During bank erase, each sector whose corresponding bit is 1 will not be erased.
15-0 | Reserved 0 These bits are used by the state machine during bank erase. Do not write to these bits.
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4.7.34 EEPROM Emulation Configuration Register (EEPROM_CONFIG)

Figure 4-42. EEPROM Emulation Configuration Register (EEPROM_CONFIG) [offset = 2B8h]

31 20 19 16
’ Reserved ‘ EWAIT ‘
R-0 R/WP-1h
15 9 8 7 0
‘ Reserved AUTOSUSP_EN AUTOSTART_GRACE ‘
R-0 R/WP-0 R/WP-2h

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-46. EPROM Emulation Configuration Register (EEPROM_CONFIG) Field Descriptions

Bit Field Value | Description
31-20 | Reserved 0 Reads return 0. Writes have no effect.
19-16 | EWAIT 0-Fh | EEPROM Wait state Counter
Replaces the RWAIT count in the EEPROM register. The same formulas that apply to
RWAIT apply to EWAIT in the EEPROM bank.
15-9 | Reserved 0 Reads return 0. Writes have no effect.
8 AUTOSUSP_EN Auto suspend enable
The auto-suspend begins when the CPU or Bus2 attempts to access a bank with an active
and suspendable FSM operation. If this happens, the FSM automatically issues a suspend
command and exits from the FSM. It then does the access. After the access, the FMC waits
for a time determined by the Autostart_grace field before issuing the FSM resume
command.
Auto suspend is disabled.
Auto suspend is enabled.
7-0 AUTOSTART_GRACE Auto-suspend Startup Grace Period
1 The value in this register determines how many cycles the FMC waits after the last CPU or
Bus2 access before issuing the FSM resume command.
0 The FMC waits 16 HCLK periods for each count in the AUTOSTART_GRACE field. A value
of 2 waits for 32 periods after the last access. Each access resets the counter to the
AUTOSTART_GRACE value x 16.
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4.7.35 EEPROM Emulation Error Detection and Correction Control Register 1 (EE_CTRL1)

This register controls ECC event detection for the EEPROM Emulation Flash bank (bank 7). For the
equivalent register that controls ECC event detection for the main Flash banks, see Section 4.7.2.

Figure 4-43. EEPROM Emulation Error Detection and Correction Control Register 1 (EE_CTRL1)

[offset = 308h]

31 24
‘ Reserved ‘
R-5h
23 20 19 16
\ Reserved EE_EDACMODE |
R-0 RIWP-Ah
15 10 9 8
\ Reserved EE_EOFEN EE_EZFEN EE_EPEN |
R-0 RIWP-0 R/WP-0 RIWP-0
7 6 5 4 3 0
\ Reserved EE_ALL1 OK | EE _ALLO_OK EE_EDACEN |
R-0 RIWP-0 RIWP-0 R/WP-5h

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-47. EEPROM Emulation Error Detection and Correction Control Register 1 (EE_CTRL1)

Field Descriptions

Bit | Field Value Description
31-20 | Reserved 050h Read returns 050h. Writes have no effect
19-16 | EE_EDACMODE Error Correction Mode for the EEPROM Emulation Flash bank (bank 7). For the main

Flash banks, see Section 4.7.2.
5h Detection only mode.

single-bit error and mis-corrected.

All other values | Single-bit errors are corrected and multi-bit or address errors are detected

Note: In detection only mode single-bit errors will not be corrected, but will be treated as
uncorrectable errors. The single-bit error flags and profiling mode are disabled. Detection
only mode has the advantage that a triple bit error will be detected and not mistaken for a

Note: It is recommended to leave the EE_ EDACMODE field as Ah to guard against soft
errors from flipping EE_EDACMODE to a detection only.

15-11 | Reserved 0 Reads return 0. Writes have no effect.
10 |EE_EOFEN EEPROM Emulation Event on a correctable One's Fail Enable bit
0 No ESM event will be generated on a single-bit error when a 1 reads as a 0 and is
corrected
1 An ESM group 1 channel 35 event will be generated on a single-bit error when a 1 reads
as a 0 and is corrected
9 EE_EZFEN EEPROM Emulation Event on a correctable Zero's Fail Enable bit
0 No ESM event will be generated on a single-bit error when a 0 reads as a 1 and is
corrected
1 An ESM group 1 channel 35 event will be generated on a single-bit error when a 0 reads
as a1 and is corrected
8 EE_EPEN EEPROM Emulation Error Profiling Enable.
0 Error profiling is disabled.

Error profiling is enabled.

register.

An ESM group 1 channel 35 event will be generated when number of correctable bit
errors detected and corrected has reached the threshold value defined in the EE_CTRL2

7-6 | Reserved 0 Reads return 0. Writes have no effect.
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Table 4-47. EEPROM Emulation Error Detection and Correction Control Register 1 (EE_CTRL1)

Field Descriptions (continued)

Bit | Field Value Description
5 EE_ALL1 OK EEPROM Emulation All One Condition Valid.

0 One condition valid is disabled.
Reading of an erased location (64 data bits and the corresponding 8 ECC bits are all 1s)
will generate ECC errors. The error counter for profiling will increment if all 1s are
detected.

1 One condition valid is enabled.
Reading of an erased location (64 data bits and the corresponding 8 ECC bits are all 1s)
will NOT generate ECC errors. The error counter for profiling will NOT increment if all 1s
are detected.

4 EE_ALLO_OK EEPROM Emulation All Zero Condition Valid.

0 Zero condition valid is disabled.
Reading of all Os (64 data bits and the corresponding 8 ECC bits are all 0s) will generate
ECC errors. The error counter for profiling will increment if all Os are detected.

1 Zero condition valid is enabled.
Reading of all Os (64 data bits and the corresponding 8 ECC bits are all 0s) will NOT
generate ECC errors. The error counter for profiling will NOT increment if all Os are
detected.

3-0 | EE_EDACEN EEPROM Emulation Error Detection and Correction Enable
5h Error Detection and Correction is disabled
All other values | Error Detection and Correction is enabled

Note: It is recommended to leave the EE_EDACEN field as Ah to guard against soft
errors from flipping the EE_EDACEN to a disabled state.

4.7.36 EEPROM Emulation Error Correction and Correction Control Register 2 (EE_CTRL?2)

31

Figure 4-44. EEPROM Emulation Error Correction and Correction Control Register 2 (EE_CTRL2)

[offset = 30Ch]
16

Reserved ‘

15

R-0

EE_SEC_THRESHOLD \

R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-48. EEPROM Emulation Error Correction Control Register 2 (EE_CTRLZ2) Field Descriptions

Bit | Field Value Description
31-16 | Reserved Reads return 0. Writes have no effect.
15-0 | EE_SEC_THRESHOLD 0-FFFFh | EEPROM Emulation Single Error Correction Threshold

This register contains the threshold value for the SEC (single error correction)
occurrences before a single interrupt request is generated. A threshold of 0 disables
the threshold so that it never triggers the profile interrupt.
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4.7.37 EEPROM Emulation Correctable Error Count Register (EE_COR_ERR_CNT)

Figure 4-45. EEPROM Emulation Error Corectable Error Count Register (EE_COR_ERR_CNT)
[offset = 310h]

31 16
‘ Reserved ‘
R-0
15 0
] EE_ERRCNT \
RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP=Write in Privilege Mode; -n = value after reset

Table 4-49. EEPROM Emulation Correctable Error Count Register (EE_COR_ERR_CNT)
Field Descriptions

Bit | Field Value Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15-0 | EE_ERRCNT O0-FFFFh | Single Error Correction Count

This register contains the number of SEC (single error correction) occurrences. Writing
any value to this register resets the count value to 0. The counter resets to 0 when it
increments to be equal to the single error correction threshold. This register only
increments when profiling mode is enabled. This register is not affected by the
EE_ZERO_EN or EE_ONE_EN error control bits in the EE_CTRL1 register.

4.7.38 EEPROM Emulation Correctable Error Address Register (EE_COR_ERR_ADD)

During emulation mode, this address is frozen even when read. By setting the SUSP_IGNR bit to 1 in the
FEDACCTRLL1 register, this register can be un-frozen in emulation mode.

This register is not changed with the reset signal and contains unknown data at power-up.

Figure 4-46. EEPROM Emulation Correctable Error Address Register (EE_COR_ERR_ADD)
[offset = 314h]

31 16
\ COR_ERR_ADD |
R-u

15 3 2 0
\ COR_ERR_ADD B_OFF |
R-u R-u
LEGEND: R = Read only; -n = value after reset; -u = unchanged value on internal reset, cleared on power up

Table 4-50. EEPROM Emulation Correctable Error Address Register (EE_COR_ERR_ADD)
Field Descriptions

Bit Field Description
31-3 | COR_ERR_ADD Correctable Error Address

COR_ERR_ADD records the CPU logical address of which a correctable error is detected by the
ECC logic. This error address is frozen from begin updated until it is read by the CPU. Additional
error are blocked until this register is read.

2-0 B_OFF Byte offset

Since ECC is checked on 64 bit data, when checking main memory or OTP, the address captured
is aligned to a 64-bit boundary with address bits[2:0] equal to 0. When reading from the ECC bytes,
these bits will indicate the failing address of the ECC location associated with the failure. When
reading an ECC byte, the ECC is checked against the 64 data bits they protect.
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4.7.39 EEPROM Emulation Correctable Error Position Register (EE_COR_ERR_PQOS)

The bit position is captured during errors when either EE_EOFEN or EE_EZFEN enable bit is set. During
error profiling mode when only EE_EPEN is set, the bit position is not captured if a correctable error is
detected. This register is frozen while either the EE_ERR_ZERO_FLG or the EE_ ERR_ONE_FLG bitis
set in the EE_EDACSTATUS register.

During emulation mode, this address is frozen even when read. By setting the SUSP_IGNR bit to 1 in the
FEDACCTRLL1 register, this register can be un-frozen in emulation mode.

This register is not changed with the reset signal and contains unknown data at power-up.

Figure 4-47. EEPROM Emulation Correctable Error Position Register (EE_COR_ERR_POS)
[offset = 318h]

31 16
‘ Reserved ‘
R-0
15 8 7 0
\ Reserved | TYPE | EE_ERR_POS |
R-0 R-u R-u

LEGEND: R = Read only; -n = value after reset; -u = unchanged value on internal reset, cleared on power up

Table 4-51. EEPROM Emulation Correctable Error Position Register (EE_COR_ERR_POS)
Field Descriptions

Bit Field Value | Description
31-9 |Reserved 0 Reads return 0. Writes have no effect.
8 TYPE ErrorType
0 The error was one of the 64 data bits
1 The error was one of the 8 check bits
7-0 EE_ERR_POS 0-FFh | The bit address of the single-bit error
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4.7.40 EEPROM Emulation Error Status Register (EE_STATUS)

During emulation mode, this address is frozen even when read. By setting the SUSP_IGNR bit to 1 in the
FEDACCTRLL1 register, this register can be un-frozen in emulation mode.

This register is not changed with the reset signal and contains unknown data at power-up.
All these error status bits can be deactivated by writing a 1 to the bit; writing a 0 has no effect.

Bits 0 to 3 show correctable errors while bits 4 to 12 show uncorrectable errors. When the uncorrectable
errors are triggered, the current address is stored in the EE_UNC_ERR_ADD register.

These error bits are not set while the FMC is in the suspend mode but they can be cleared in suspend by
writing 1s to the bits. By setting the SUSP_IGNR bit to 1 in the FEDACCTRL1 register, these error bits
can be set in suspend mode.

Figure 4-48. EEPROM Emulation Error Status Register (EE_STATUS) [offset = 31Ch]

31 16
Reserved
R-0
15 13 12 11 9 8
Reserved EE_D_UNC_ Reserved EE_UNC_
ERR ERR
R-0 R/CP-u R-0 R/CP-u
7 6 5 4 3 2 1 0
Reserved EE_CMG Reserved EE_CME EE_D_COR_ EE_ERR_ EE_ERR_ EE_ERR_
ERR ONE_FLG ZERO_FLG PRF_FLG
R-0 R-0 R-0 R-0 R/CP-u R/CP-u R/CP-u R/CP-u

LEGEND: R = Read only; R/CP=Read and Clear in Privilege Mode; -n = value after reset; -u = unchanged value on internal reset, cleared
on power up

Table 4-52. EEPROM Emulation Error Status Register (EE_STATUS) Field Descriptions

Bit Field Value |Description
31-13 | Reserved 0 Reads return 0. Writes have no effect.
12 EE_D_UNC_ERR Diagnostic Mode Uncorrectable Error Status Flag
0 No uncorrectable error was detected in diagnostic mode 1.

An uncorrectable error was detected in diagnostic mode 1. This means two or more bits in
the data or ECC field have been found in error, or one or more bits in the address have
been found in error.

11-9 | Reserved 0 Reads return 0. Writes have no effect.
8 EE_UNC_ERR EEPROM Emulation Uncorrectable Error Flag
No uncorrectable errors were detected in bank 7.

An uncorrectable error was detected in bank 7.

Reserved 0 Reads return 0. Writes have no effect.
EE_CMG EEPROM Emulation Compare Malfunction Good
0 Compare malfunction was detected on the Bus2 SECDED logic.

Compare malfunction was not detected on the Bus2 SECDED logic.

5 Reserved 0 Reads return 0. Writes have no effect.
EE_CME EEPROM Emulation Compare Malfunction Error
0 Compare malfunction was not detected on the Bus2 SECDED logic.

Compare malfunction was detected on the Bus2 SECDED logic.
3 EE_D_COR_ERR Diagnostic Correctable Error Flag
0 No correctable error was detected.

A correctable error was detected.
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Table 4-52. EEPROM Emulation Error Status Register (EE_STATUS) Field Descriptions (continued)

Bit Field Value | Description
2 EE_ERR_ONE_FLG Error on One Fail Error Flag
No correctable error was detected.

A correctable error was detected.
1 EE_ERR_ZERO_FLG Error on Zero Fail Error Flag
No correctable error was detected.

A correctable error was detected.
0 EE_ERR_PRF_FLG Error Profiling Error Flag
No correctable error was detected.

A correctable error was detected.

4.7.41 EEPROM Emulation Uncorrectable Error Address Register (EE_UNC_ERR_ADD)

During emulation mode, this address is frozen even when read. By setting the SUSP_IGNR bit to 1 in the
FEDACCTRLL1 register, this register can be un-frozen in emulation mode.

This register is not changed with the reset signal and contains unknown data at power-up.

Figure 4-49. EEPROM Emulation Uncorrectable Error Address Register (EE_UNC_ERR_ADD)
[offset = 320h]

31 16
UNC_ERR_ADD
R-u
15 3 2 0
\ UNC_ERR_ADD B_OFF |
R-u R-u

LEGEND: R = Read only; -n = value after reset; -u = unchanged value on internal reset, cleared on power up

Table 4-53. EEPROM Emulation Uncorrectable Error Address Register (EE_UNC_ERR_ADD)
Field Descriptions

Bit Field Description
31-3 | UNC_ERR_ADD Uncorrectable Error Address
UNC_ERR_ADD records the CPU logical address of which an un-correctable error is detected by

the ECC logic. This error address is frozen from begin updated until it is read by the CPU.
Additional error are blocked until this register is read.

2-0 B_OFF Byte offset

Since ECC is checked on 64 bit data, when checking main memory or OTP, the address captured
is aligned to a 64-bit boundary with address bits[2:0] equal to 0. When reading from the ECC bytes,
these bits indicate the failing address of the ECC location associated with the failure. When reading
an ECC byte, the ECC is checked against the 64 data bits they protect.
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4.7.42 Flash Bank Configuration Register (FCFG_BANK)

Figure 4-50. Flash Bank Configuration Register (FCFG_BANK) [offset = 400h]

31 20 19 16
] EE_BANK_WIDTH \ Reserved \
R-48h R-1
15 4 3 0
\ MAIN_BANK_WIDTH \ Reserved |
R-90h R-2h

LEGEND: R = Read only; -n = value after reset

Table 4-54. Flash Bank Configuration Register (FCFG_BANK) Field Descriptions

Bit Field Value | Description
31-20 | EE_BANK_WIDTH Bank 7 width (72 bits wide)
48h | This read-only value indicates the maximum number of bits that can be programmed in the
bank in one operation. The 72 bits includes 64 data bits and 8 ECC bits.
19-16 | Reserved 1 Writes have no effect.
15-4 | MAIN_BANK_WIDTH Width of main Flash banks (144 bits wide)
90h | This read-only value indicates the maximum number of bits that can be programmed in the
bank in one operation. The 144 bits includes 128 data bits and 16 ECC bits.
3-0 Reserved 2h Writes have no effect.
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Tightly-Coupled RAM (TCRAM) Module

This chapter describes the tightly-coupled RAM (TCRAM) module.
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5.1 Overview
The Hercules family of microcontrollers are based on the ARM Cortex-R4 processor. This CPU has two
tightly-coupled memory interfaces — ATCM and BTCM, which are used to interface to the program and
data memories, respectively. The Hercules MCUs use the ATCM interface for the main flash memory and
the BTCM interface for the CPU data RAM.
5.1.1 BOTCM and B1TCM Connection Diagram
The BTCM interface is further divided into two parts — BOTCM and B1TCM, which are both used to
interface to actual RAM banks as shown in Figure 5-1.
Figure 5-1. TCRAM Module Connections
VBUSPIF PMTIF RTPIF
'_I:
i 36 bit
Cortex R4F II II II Upper 32 bits data Wi
EVEN Address 4 ECC bits vl
50 TCM BUS -
o <:I TCRAMW 1  —
64 Bit data bus :7 : 36 bit
Lower 32 bits data Wide
and 4 ECC bits RAM | M
ﬁ A —
TCM :
Upper 32 bit_s data :\ﬁigg
ODD Address 4 ECC bits ram | U
B1 TCM BUS -
TCM <I TCRAMW 2 ]
64 Bit data bus <:—> 36 bit
Lower 32 bits data Wide
and 4 ECC bits RAM | M
VBUSPIF PMTIF RTPIF
5.1.2 Main Features
The main features of the tightly-coupled RAM interface module are:
» Controls read/write accesses to the data RAM
» Decodes addresses within the memory region allocated for the RAM
e Supports read and write accesses in 64-bit, 32-bit, 16-bit or 8-bit access sizes
— Does not support bit-wise operations
» Safety Features:
— Single-Error-Correction Double-Error-Detection (SECDED)
» Uses the CPU's Event bus and maintains the SECDED status in memory-mapped registers
« Captures the number of occurrences of single-bit or multi-bit errors as well as the RAM address
that has the fault
» Generates signals for indicating single-bit and multi-bit errors to the Error Signaling Module
(ESM)
— Parity Protection for BTCM Address Bus and Control Signals
» Uses the CPU's TCM Address Parity Scheme and indicates an address bus parity error to the
ESM
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— Redundant Address Decode Scheme
» Checks the decoding of CPU address lines and generation of correct memory selects for the
RAM banks

» Supports auto-initialization of the CPU data RAM banks

RAM Memory Map

The ARM Cortex-R4 CPU allows up to 8MB to be accessed through the BTCM interface. The Hercules
family of microcontrollers support up to 256KB RAM on the BTCM interface. Check the specific part's
datasheet to identify the actual amount of TCRAM supported on the part. This RAM is protected by ECC
allowing the CPU to correct any single-bit errors and detect multi-bit errors within a 64-bit value. The error
correction codes (ECC) are stored in the RAM memory space as well. The memory map for the TCRAM
and the corresponding ECC space is shown in Figure 5-2. Any access to an unimplemented TCRAM
location results in an error response from the TCRAM module.

Figure 5-2. RAM Memory Map
8 MB

lllegal address

4MB + 256KB

Implemented ECC space

4MB

Illegal address

256KB

Implemented data space

0x0

Each RAM data word is 64-bits wide. These 64 bits are divided into two 32 bits per RAM bank as shown
in Figure 5-1. The 8 bits of ECC are also divided into 4 bits per RAM bank.

For every 64-bit read from the RAM, an 8-bit ECC is also read by the CPU on its ECC bus. Similarly, for
every 64-bit write to the RAM, the CPU also writes an 8-bit ECC using the same ECC bus.

NOTE: Read-Modify-Write Requirement for Writes to RAM: The TCRAM interface module
supports 64-bit, 32-bit, 16-bit, or 8-bit writes to the RAM. However, the ECC is calculated by
the CPU for 64-bit values only. For any write access smaller than 64 bits, it is necessary to
force the CPU to perform a 64-bit read-modify-write operation in order to ensure that the
correct ECC is also written. This can be done by setting the bit 1: BTCMRMW of c15, the
Secondary Auxiliary Control Register of the CPU.

The ECC memory can also be directly accessed via memory-mapped offset addresses starting from 4MB,
as shown in Figure 5-2. A read from the ECC space results in the 8-bit ECC value appearing on each byte
of the 64-bit CPU data. The ECC memory can only be written to as a 64-bit access. The write to the ECC

space must also first be enabled via the RAM Control Register (RAMCTRL).

Accesses to the ECC space are not traced out to the RAM Trace Port (RTP).
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NOTE: No ECC Error Generated for Accesses to ECC Memory: A read from the ECC space
sends the ECC value on both the 64-bit TCM read data bus as well as the 8-bit ECC bus.
This could result in the detection of a multi-bit error by the SECDED logic inside the CPU.
The TCRAM interface module ignores the ECC error indicated by the CPU for the access to
the ECC space.

Safety Features

The TCRAM interface module incorporates some features that are designed specifically with safety
considerations. These are described in the following sections.

Support for Cortex-R4 CPU's Single-Error-Correction Double-Error-Detection (SECDED)

The TCRAM interface module monitors the CPU's event bus. The CPU's event bus signals single-bit or
multi-bit errors for BOTCM as well as BATCM separately. These signals are monitored by the TCRAM
modules for each of these interfaces.

TCRAM Interface Module Features dedicated for SECDED Support:

Dedicated single-bit error counter
— This counter is stored in a memory-mapped register called RAMOCCUR)
— RAMOCCUR is used to count the single-bit errors corrected by the CPU's SECDED logic

— The TCRAM interface module allows the application to generate an interrupt via the RAMINTCTRL
register when the number of single-bit errors corrected by the CPU exceeds a programmable
threshold, RAMTHRESHOLD

RAM Error Status Register

— The errors detected by the TCRAM interface module as well as those indicated by the CPU are
flagged in the RAMERRSTATUS register

— There are separate bits to indicate single-bit error, double-bit error, address decode failure, address
compare logic failure, read-address parity failure, and write-address parity failure

ECC Error Address Capture

— Seperate registers to hold the address on which a single-bit error is detected (RAMSERRADDR) or
a double-bit error is detected (RAMUERRADDR)

— The RAMSERRADDR register is only updated when the RAMTHRESHOLD value is set to 1

— Both the RAMSERRADDR and RAMUERRADDR capture the 64-bit address for the access to the
TCRAM as an offset from the base address of the TCRAM (0x08000000 by default)

NOTE: Cortex-R4 CPU Event Bus Signaling Not Enabled By Default: Upon power-up and after a
CPU reset, the event signaling mechanism inside the Cortex-R4 CPU is disabled. This
feature must be enabled by setting the Export (X-bit) of the Performance Monitoring and
Control Register (PMNC) in the CPU. The TCRAM interface module can only capture the
single-bit or double-bit ECC error occurrences once the CPU's event signaling mechanism is
enabled.
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5.3.3

Support for Cortex-R4 CPU's Address and Control Bus Parity Checking

The Cortex-R4 CPU calculates a single parity-bit for the TCRAM address and control signals. The TCRAM
interface module also computes this parity bit based on the CPU's address bus and control signals. The
computed parity bit is compared against the parity bit received from the CPU. A mismatch is signaled as
an Address Parity Failure to the Error Signaling Module (ESM). There is a separate address parity failure
error channel for BOTCM and B1TCM.

The 64-bit TCRAM address that fails the parity check is captured in the RAMPERRADDR register as an
offset from the base address of the TCRAM (0x08000000 by default). The TCRAM interface module also
indicates the type of access, read or write, that failed the parity check. This is indicated by the
RADDR_PAR_FAIL or the WADDR_PAR_FAIL status flags in the RAMERRSTATUS register.

The RAMERRSTATUS and RAMPERRADDR registers must be cleared by the application in order for the
TCRAM interface module to continue capturing subsequent errors and error addresses.

The parity scheme used for the described parity checking mechanism is defined by the global system
parity selection. This can be configured using the DEVPARSEL field of the DEVCR1 control register in the
system module. This device-wide parity scheme can be overridden inside the TCRAM interface module by
configuring the Address Parity Override field in the RAMCTRL register.

NOTE: No Change Of Parity Scheme On-The-Fly: The TCRAM interface module does not support
on-the-fly change to the parity scheme being used for checking the CPU address bus and
control bus. The application must ensure that the parity polarity (odd or even) is not changed
while there is an ongoing access to the TCRAM.

Redundant Address Decode

The TCRAM interface module generates the memory selects for each of the TCRAM banks as well as the
ECC memory based on the CPU address. The logic to generate these memory selects is duplicated and
the outputs compared to detect any address decode errors. A mismatch is indicated as an Address Error
to the Error Signaling Module (ESM), one signal for BOTCM and one for BLTCM. The TCRAM or ECC
address that caused the fault is captured in the RAMUERRADDR register. This 64-bit address is stored as
an offset from the base of the TCRAM or ECC memory.

As described earlier, each individual physical RAM bank is 36 bits wide. Each RAM bank contributes 32
bits of data and 4 bits of ECC when the bus master performs a 64-bit read from the TCRAM. Each
TCRAM bank receives a memory select and the address from the TCRAM interface module. Any
difference between the address and the memory selects results in wrong data and ECC pair being sent to
the CPU. The CPU's SECDED block will detect this data error.

The TCRAM interface module also supports a mechanism to test the operation of the redundant address
decode logic and the compare logic. This testing is supported by providing a test stimulus, and can be
triggered by the application by configuring the RAMTEST register. The address of any error identified
during testing of the redundant address decode and compare logic is not captured in the
RAMUERRADDR register.

NOTE: Address decode checking when in compare logic test mode: When the address decode
and compare logic test mode is enabled, the redundant address decode and compare logic
is not available for checking the proper generation of the memory selects for the TCRAM and

ECC memory.
5.4 TCRAM Auto-Initialization
The RAM memory can be initialized by using the dedicated auto-initialization hardware. The TCRAM
Module initializes the entire memory when the auto-init is enabled for the RAM. All RAM data memory is
initialized to zeros and the ECC memory is initialized to the correct ECC value for zeros, that is, 0Ch.
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5.5 Emulation / Debug Mode Behavior
The following describes the behavior of the TCRAM Module when in debug mode:
» The RAMOCCUR register continues to count the single-bit error corrections performed by the Cortex-
R4 CPU's SECDED logic.
» No single-bit error interrupt is generated nor is any single-bit error address captured even when the
RAMOCCUR counter reaches the programmed single-bit error correction threshold.
» No uncorrectable error interrupt is generated nor is any double-bit error address captured.
» No address parity error interrupt is generated nor is any parity error address captured.
» The RAMUERRADDR register is not cleared by a read in debug mode.
— Thatis, if a double-bit error address is captured and is not read by the CPU before entering debug
mode, then it remains frozen during debug mode even if it is read.
» The RAMPERRADDR register is not cleared by a read in debug mode.
5.6 TCRAM Control and Status Registers
The TCRAM Module registers listed in Table 5-1 are accessed through the system module register space
in the Cortex-R4 CPU's memory map. All registers are 32-bit wide and are located on a 32-bit boundary.
Reads and writes to registers are supported in 8-, 16-, and 32-bit accesses. The base address for the
control registers is FFFF F800h for even RAM ECC and FFFF F900h for odd RAM ECC.
Table 5-1. TCRAM Module Control and Status Registers
Offset Acronym Register Description Section
00h RAMCTRL TCRAM Module Control Register Section 5.6.1
04h RAMTHRESHOLD TCRAM Module Single-Bit Error Correction Threshold Register Section 5.6.2
08h RAMOCCUR TCRAM Module Single-Bit Error Occurrences Control Register Section 5.6.3
0Ch RAMINTCTRL TCRAM Module Interrupt Control Register Section 5.6.4
10h RAMERRSTATUS TCRAM Module Error Status Register Section 5.6.5
14h RAMSERRADDR TCRAM Module Single-Bit Error Address Register Section 5.6.6
1Ch RAMUERRADDR TCRAM Module Uncorrectable Error Address Register Section 5.6.7
30h RAMTEST TCRAM Module Test Mode Control Register Section 5.6.8
38h RAMADDRDECVECT TCRAM Module Test Mode Vector Register Section 5.6.9
3Ch RAMPERADDR TCRAM Module Parity Error Address Register Section 5.6.10
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5.6.1 TCRAM Module Control Register (RAMCTRL)

The RAMCTRL register, shown in Figure 5-3 and described in Table 5-2, controls the safety features
supported by the TCRAM Module.

Figure 5-3. TCRAM Module Control Register (RAMCTRL) (offset = 00h)

31 30 29 28 27 24
Reserved | EMU_TRACE_ Reserved ADDR_PARITY_OVERRIDE
DIS
R0 RIWP-0 R0 RIWP-0
23 20 19 16
\ Reserved ADDR_PARITY_DISABLE |
R-0 R/WP-5h
15 9 8
‘ Reserved ECC_WR_EN ‘
R-0 RIWP-0
7 4 3 0
\ Reserved ECC_DETECT_EN |
R-0 RIWP-Ah

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 5-2. TCRAM Module Control Register (RAMCTRL) Field Descriptions

Bit | Field Value Description
31 |Reserved 0 Reads return 0. Writes have no effect.
30 |EMU_TRACE_DIS Emulation Mode Trace Disable. This bit, when set, disables the tracing of read data to

RAM Trace Port (RTP) module during emulation mode access.
Data is allowed to be traced out to the trace modules during emulation mode accesses.
Data is blocked from being traced out to the trace modules during emulation mode

accesses.
29-28 | Reserved 0 Reads return 0. Writes have no effect.
27-24 | ADDR_PARITY_OVERRIDE Address Parity Override. This field, when set to Dh, will invert the parity scheme

selected by the device global parity selection. The address parity checker would then
work on the inverted parity scheme. By default, the parity scheme is the same as the
global device parity scheme.

Dh Parity scheme is opposite to the device global parity scheme.
All other | Parity scheme is the same as the device global parity scheme.
values
23-20 | Reserved 0 Reads return 0. Writes have no effect.
19-16 | ADDR_PARITY_DISABLE Address Parity Detect Disable. This field, when set to Ah, disables the parity checking
for the address bus. The parity checking is enabled when this field is set to any other
value.

Note: The application must ensure that the WADDR_PAR_FAIL and
RADDR_PAR_FAIL bits in RAMERRSTATUS register are cleared before enabling
address parity checking.

Ah Address parity checking is disabled.

All other | Address parity checking is enabled.
values

15-9 | Reserved 0 Reads return 0. Writes have no effect.

8 ECC_WR_EN ECC Memory Write Enable. This bit is provided to prevent accidental writes to the ECC
memory. A write access to the ECC memory is allowed only when the ECC_WR_EN
bit is set to 1. If this bit is cleared, then any writes to ECC memory are ignored.

Note: Reads are allowed from the ECC memory regardless of the state of the
ECC_WR_EN bit.

ECC memory writes are disabled.

1 ECC memory writes are enabled.
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Table 5-2. TCRAM Module Control Register (RAMCTRL) Field Descriptions (continued)

Bit | Field Value Description
7-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 |ECC_DETECT_EN ECC Detect Enable. This is a 4-bit key to enable the ECC detection feature in the

TCRAM Module. If this field is set to any value other than 5h, then the TCRAM Module
starts monitoring the TCM event bus and generates the corresponding error status
flags. The error status updates are done only when the ECC_DETECT_EN field is not
5h. The ECC detection is enabled by default as the ECC_DETECT_EN default value is

Ah.
5h ECC detection is disabled.
All other | ECC detection is enabled.

values

5.6.2 TCRAM Module Single-Bit Error Correction Threshold Register (RAMTHRESHOLD)

The RAMTHRESHOLD register, shown in Figure 5-4 and described in Table 5-3, allows the application to
configure the number of single-bit error corrections by the SECDED logic inside the Cortex-R4 CPU

before generating a single-bit error interrupt.

Figure 5-4. TCRAM Module Single-Bit Error Correction Threshold Register (RAMTHRESHOLD)
(offset = 04h)

31 16
Reserved
R-0
15 0
THRESHOLD
R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 5-3. TCRAM Module Single-Bit Error Correction Threshold Register (RAMTHRESHOLD)
Field Descriptions

Bit Field Value Description
31-16 |Reserved 0 Reads return 0. Writes have no effect.
15-0 | THRESHOLD 0-FFFFh | Single-bit Error Threshold Count. This field contains the threshold value for the Single-bit Error

Correction (SEC) occurrences before the single-bit error interrupt is generated. If this threshold
is set to 1 then all single-bit error addresses are captured. To enable the error occurrence
detection, the threshold must be set to a non-zero value.
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5.6.3 TCRAM Module Single-Bit Error Occurrences Counter Register (RAMOCCUR)

The RAMOCCUR register, shown in Figure 5-5 and described in Table 5-4, indicates the number of
single-bit error corrections performed by the SEC logic inside the Cortex-R4 CPU.

Figure 5-5. TCRAM Module Single-Bit Error Occurrences Counter Register (RAMOCCUR)
(offset = 08h)

31 16
‘ Reserved ‘
R-0
15 0
‘ SINGLE_ERROR_OCCURRENCES ‘
R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 5-4. TCRAM Module Single-Bit Error Occurrences Counter Register (RAMOCCUR)
Field Descriptions

Bit | Field Value Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15-0 | SINGLE_ERROR_OCC 0-FFFFh | Single-bit Error Correction Occurrences. This 16-bit counter contains the number of
URRENCES single-bit error occurrences. RAMOCCUR is reset to zero when it becomes equal to the

THRESHOLD value set in the RAMTHRESHOLD register. The application must clear the
RAMOCCUR register by writing 0 before setting the THRESHOLD value. If the
RAMOCCUR value is already higher than the programmed THRESHOLD value then the
counter increments and wraps around (overflow) to zero.

Note: If the application tries to clear the RAMOCCUR register at the same time as
the TCRAM Module tried to update it, then the TCRAM Module takes priority.

Note: When the RAMTHRESHOLD register is set to 1, then the RAMOCCUR register
must be cleared whenever a single-bit error correction occurs in order to count
subsequent single-bit error corrections.

5.6.4 TCRAM Module Interrupt Control Register (RAMINTCTRL)

The RAMINTCTRL register, shown in Figure 5-6 and described in Table 5-5, enables the generation of an
interrupt to the CPU whenever the number of single-bit error corrections (RAMOCCUR) reaches the
programmed threshold (RAMTHRESHOLD).

Figure 5-6. TCRAM Module Interrupt Control Register (RAMINTCTRL) (offset = 0Ch)

31 16
’ Reserved ‘
R-0
15 1 0
\ Reserved SERR_EN \
R-0 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 5-5. TCRAM Module Interrupt Control Register (RAMINTCTRL) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 SERR_EN Single-bit Error Correction Interrupt Enable. This bit, when set to 1, enables the generation of the

single-bit error interrupt when the RAMOCCUR count reaches the programmed RAMTHRESHOLD.
If the interrupt is not enabled, the single-bit error counter continues to count by resetting back to
zero without generating any error interrupt. The SERR status flag in the RAMERRSTATUS register
gets set regardless of whether the SERR interrupt is enabled or not.

Single-bit error generation is disabled.

Single-bit error generation is enabled.
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5.6.5 TCRAM Module Error Status Register (RAMERRSTATUS)
The RAMERRSTATUS register, shown in Figure 5-7 and described in Table 5-6, indicates the status of

the various error conditions monitored by the TCRAM Module.

Figure 5-7. TCRAM Module Error Status Register (RAMERRSTATUS) (offset = 10h)

31 16
Reserved
R-0
15 10 9 8
Reserved WADDR_PAR_ | RADDR_PAR_
FAIL FAIL

R-0 R/W1CP-0 R/W1CP-0

7 6 5 4 3 2 1 0

Reserved DERR ADDR_COMP_ Reserved ADDR_DEC _ Reserved SERR
LOGIC_FAIL FAIL

R-0 R/W1CP-0 R/W1CP-0 R-0 R/W1CP-0 R-0 R/W1CP-0

LEGEND: R/W = Read/Write;

R = Read only; W1CP = Write 1 to clear in privilege mode only; -n = value after reset

Table 5-6. TCRAM Module Error Status Register (RAMERRSTATUS) Field Descriptions

Bit | Field

Value

Description

31-10 | Reserved

0

Reads return 0. Writes have no effect.

9 WADDR_PAR_FAIL

0-1

This bit indicates a Write Address Parity Failure. This bit must be cleared by writing 1 to it
in order to enable the capture of parity error address for subsequent failures. This bit must
be in a cleared state for generation of any new parity error interrupt.

8 RADDR_PAR_FAIL

0-1

This bit indicates a Read Address Parity Failure. This bit must be cleared by writing 1 to it
in order to enable the capture of parity error address for subsequent failures. This bit must
be in a cleared state for generation of any new parity error interrupt.

7-6 | Reserved

Reads return 0. Writes have no effect.

5 DERR

This bit indicates a multi-bit error detected by the Cortex-R4 SECDED logic.

4 | ADDR_COMP_LOGIC_FAIL

Address decode logic element failed. This bit indicates that the redundant address decode
logic test scheme has detected that a compare element has malfunctioned during the
testing of the logic. This bit has to be cleared by writing 1 to it in order to enable the
capture of uncorrectable error address for subsequent failures. This bit has to be in a
cleared state for generation of a new uncorrectable error interrupt. This bit only gets set in
the test mode, and has no relevance in functional mode.

Reserved

Reads return 0. Writes have no effect.

ADDR_DEC_FAIL

0-1

Address decode failed. This bit indicates that an address error interrupt was generated by
the redundant address decode and compare logic due to a functional failure. This bit must
be cleared by writing 1 to it in order to enable the capture of uncorrectable error address
for subsequent failures. This bit has to be in a cleared state for generation of a new
address error interrupt.

Reserved

Reads return 0. Writes have no effect.

SERR

0-1

Single Error Status. This bit indicates that the single-bit error threshold has been reached.
This bit is set even if the single-bit error threshold interrupt is disabled. This bit must be
cleared by writing 1 to it in order to clear the interrupt request and to enable subsequent
single-bit error interrupt generation.
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5.6.6 TCRAM Module Single-Bit Error Address Register (RAMSERRADDR)

The RAMSERRADDR register, shown in Figure 5-8 and described in Table 5-7, captures the address for
which the Cortex-R4 CPU detected a single-bit error.

NOTE: The SERR bit in the RAMERRSTATUS register must be cleared, by writing 1 to the bit, in
order to enable the RAMSERRADDR register to capture a subsequent new error address.

Figure 5-8. TCRAM Module Single-Bit Error Address Register (RAMSERRADDR) (offset = 14h)

31 18 17 16
Reserved SINGLE_ERROR _
ADDRESS
R-0 R-0
15 3 2 0
SINGLE_ERROR_ADDRESS Reserved
R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 5-7. TCRAM Module Single-Bit Error Address Register (RAMSERRADDR)
Field Descriptions

Bit | Field Value Description

31-18 | Reserved 0 Reads return 0. Writes have no effect.

17-3 | SINGLE_ERROR_ADDRESS 0-7FFFh | This register captures the bits 17-3 of the address for which the Cortex-R4 CPU
detects a single-bit error when the RAMTHRESHOLD register is set to 1. The lower
3 bits are always tied to zero so that the address captured is a double-word (64-bit)
address. This is a 64-bit address is stored as an offset from the base of the TCRAM
or ECC memory.

This register can only be reset by asserting power-on reset, and holds the last error
address even after a system reset.

2-0 | Reserved 0 Reads return 0. Writes have no effect.
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5.6.7 TCRAM Module Uncorrectable Error Address Register (RAMUERRADDR)

The RAMUERRADDR register, shown in Figure 5-9 and described in Table 5-8, captures the address for
which the Cortex-R4 CPU detected a multi-bit error.

Figure 5-9. TCRAM Module Uncorrectable Error Address Register (RAMUERRADDR) (offset = 1Ch)

31 23 22 16
\ Reserved \ UNCORRECTABLE_ERROR_ADDRESS |
R-0 R-0
15 3 2 0
\ UNCORRECTABLE_ERROR_ADDRESS Reserved |
R0 R0

LEGEND: R = Read only; -n = value after reset

Table 5-8. TCRAM Module Uncorrectable Error Address Register (RAMUERRADDR)

Field Descriptions

Bit

Field

Value

Description

31-23

Reserved

0

Reads return 0. Writes have no effect.

22-3

UNCORRECTABLE_ERROR_
ADDRESS

0-FFFFFh

This register captures the address for which there was an uncorrectable error. The
uncorrectable error is indicated by the Cortex-R4 CPU's SECDED logic and the
address error is indicated by the TCRAM Module's redundant address decode and
compare logic.

For the SECDED multi-bit or double-bit uncorrectable error, this register stores bits
17-3 of the TCM access address. The lower 3 bits 2-0 are always read as zeros to
indicate that the latched address is a double-word address. The address bits 31-18
are read as zeros. This is a 64-bit address stored as an offset from the base of the
TCRAM or ECC memory.

For a redundant address decode and compare logic error, this register stores the
complete TCM access address rounded to a double-word boundary (bits 22-3). This
error is also indicated by the ADDR_DEC_FAIL status flag in the RAMERRSTATUS
register.

The register has to be read-cleared to enable further error address captures.
Reading the register does not clear its contents but enables the register to be
updated with an uncorrectable error address.

This register can only be reset by asserting power-on reset, and holds the last error
address even after a system reset.

Reserved

Reads return 0. Writes have no effect.
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5.6.8 TCRAM Module Test Mode Control Register (RAMTEST)

The RAMTEST register, shown in Figure 5-10 and described in Table 5-9, controls the test mode of the
TCRAM Module.

Figure 5-10. TCRAM Module Test Mode Control Register (RAMTEST) (offset = 30h)

31 16
‘ Reserved ‘
R-0
15 9 8 7 6 5 4 3 0
\ Reserved TRIGGER | TEST _MODE Reserved TEST_ENABLE |
R-0 RIWP-0 RIWP-0 R-0 R/WP-5h

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 5-9. TCRAM Module Test Mode Control Register (RAMTEST) Field Descriptions

Bit | Field Value Description
31-9 | Reserved 0 Reads return 0. Writes have no effect.
8 TRIGGER 0-1 Test Trigger. This is an auto reset test trigger used to test the redundant address decode

and compare logic. A redundant address decode test is executed when test mode is
enabled and the test trigger is applied by writing a 1 to this bit. The trigger is valid only if
test is enabled and the correct mode is configured in the TEST_MODE field, and the
ADDR_DEC_FAIL, ADDR_COMP_LOGIC_FAIL, and DERR flags are cleared in the
RAMERRSTATUS register and the RAMUERRADDR register is read-cleared.

7-6 | TEST_MODE 0-3h Test Mode. This field selects either equality of inequality testing schemes.

If TEST MODE is set to 2h, equality check is done. The test stimulus stored in
ADDRTEST_VECT register is fed directly to both the channels of the comparator. If the
XOR of these two inputs is not zero, then UERR interrupt is generated and
ADDR_COMP_LOGIC_FAIL flag is set in RAMERRSTATUS register.

If TEST MODE is set to 1h, inequality check is done. The test stimulus stored in
ADDRTEST_VECT register is inverted and fed into one channel and the non-inverted
vector is fed into the other channel. If the XOR of these inputs is zero, then the UERR
interrupt is generated and ADDR_COMP_LOGIC_FAIL flag is set in RAMERRSTATUS

register.
5-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 | TEST_ENABLE Test Enable. This is a 4-bit key to enable the redundant address decode and compare

logic test scheme. If the test scheme is enabled then the compare logic uses the test
vector inputs from the ADDRTEST_VECT register. The functional path comparison is
disabled when test mode is enabled.

Ah Test mode is enabled.
All other | Test mode is disabled.
values
SPNU516C—-March 2018 Tightly-Coupled RAM (TCRAM) Module 245

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

TCRAM Control and Status Registers www.ti.com

5.6.9 TCRAM Module Test Mode Vector Register (RAMADDRDECVECT)

The RAMADDRDECVECT register, shown in Figure 5-11 and described in Table 5-10, is used for testing
the redundant address decode and compare logic of the TCRAM Module.

Figure 5-11. TCRAM Module Test Mode Vector Register (RAMADDRDECVECT) (offset = 38h)

31 27 26 25 16
\ Reserved \ ECC_SELECT \ Reserved |
R-0 R/WP-0 R-0
15 0
\ RAM_CHIP_SELECT |
R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privileged mode only; -n = value after reset

Table 5-10. TCRAM Module Test Mode Vector Register (RAMADDRDEVECT)
Field Descriptions

Bit | Field Value Description
31-27 | Reserved 0 Reads return 0. Writes have no effect.

26 |ECC_SELECT 0-1 ECC Select. This bit is used to store the ECC select value for the redundant address
decode and compare logic. The stored value is passed as test stimulus for the built-in test
scheme.

25-16 | Reserved 0 Reads return 0. Writes have no effect.

15-0 | RAM_CHIP_SELECT 0-FFFFh | RAM Chip Select. This field is used to store the RAM chip select value for the redundant
address decode and compare logic. The stored value is passed as test stimulus for the
built-in test scheme.

5.6.10 TCRAM Module Parity Error Address Register (RAMPERRADDR)

The RAMPERRADDR register, shown in Figure 5-12 and described in Table 5-11, stores the address for
which an address-parity error was detected.

Figure 5-12. TCRAM Module Parity Error Address Register (RAMPERRADDR) (offset = 3Ch)

31 23 22 16
\ Reserved \ ADDRESS_PARITY_ERROR_ADDRESS |
R-0 R-u
15 3 2 0
] ADDRESS_PARITY_ERROR_ADDRESS Reserved \
R-u R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset; -u = unchanged value on internal reset, cleared on power up

Table 5-11. TCRAM Module Parity Error Address Register (RAMPERRADDR)
Field Descriptions

Bit | Field Value Description
31-23 | Reserved 0 Reads return 0. Writes have no effect.
22-3 | ADDRESS_PARITY_ER | O-FFFFFh | Parity Error Address. This register stores the double-word boundary (bits 22-3) of the
ROR_ADDRESS TCM access address for which there was an address parity error. This register must be

read-cleared to enable further error address captures. Reading the register does not clear
the register contents but enables the register to be updated with a new parity error
address. This is a 64-bit address is stored as an offset from the base of the TCRAM or
ECC memory.

2-0 | Reserved 0 Reads return 0. Writes have no effect.

246 Tightly-Coupled RAM (TCRAM) Module SPNU516C—March 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

. Chapter 6
I TEXAS SPNU516C—-March 2018

INSTRUMENTS
Programmable Built-In Self-Test (PBIST) Module

This chapter describes the programmable built-in self-test (PBIST) controller module used for testing the
on-chip memories.
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6.1 Overview
The PBIST (Programmable Built-In Self-Test) controller architecture provides a run-time-programmable
memory BIST engine for varying levels of coverage across many embedded memory instances.
6.1.1 Features of PBIST
» Information regarding on-chip memories, memory groupings, memory background patterns and test
algorithms stored in dedicated on-chip PBIST ROM
» Host processor interface to configure and start BIST of memories
» Supports testing of PBIST ROM itself as well
e Supports testing of each memory at its maximum access speed in application
« Implements intelligent clock gating to conserve power
» Execution of microcode from PBIST ROM supported for ROM clock speeds up to 112 MHz. Reference
the device specific datasheet for maximum PBIST execution frequency.
6.1.2 PBIST versus Application Software-Based Testing
The PBIST architecture consists of a small coprocessor with a dedicated instruction set targeted
specifically toward testing memories. This coprocessor executes test routines stored in the PBIST ROM
and runs them on multiple on-chip memory instances. The on-chip memory configuration information is
also stored in the PBIST ROM.
The PBIST Controller architecture offers significant advantages over tests running on the main Cortex-R4
processor (application software-based testing):
» Embedded CPUs have a long access path to memories outside the tightly-couple memory sub-system,
while the PBIST controller has a dedicated path to the memories specifically for the self-test.
« Embedded CPUs are designed for their targeted use and are often not easily programmed for memory
test algorithms.
» The memory test algorithm code on embedded CPUs is typically significantly larger than that needed
for PBIST.
» The embedded CPU is significantly larger than the PBIST controller.
6.1.3 PBIST Block Diagram
Figure 6-1 illustrates the basic PBIST blocks and its wrapper logic for the device.
Figure 6-1. PBIST Block Diagram
Host CPU
Control Interface
Memory l
PBIST Configurations, PBIST
ROM Algorithms, Controller Svst
Backgrouns A Memory ys gm
Data Perpheral
h 4 Path M iphera
emories
Data Logger
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6.1.3.1 On-chip ROM
The on-chip ROM contains the information regarding the algorithms and memories to be tested.

6.1.3.2 Host Processor Interface to the PBIST Controller Registers

The Cortex-R4 CPU can select the algorithm and RAM groups for the memories' self-test from the on-chip
ROM based on the application requirements. Once the self-test has executed, the CPU can query the
PBIST controller registers to identify any memories that failed the self-test and to then take appropriate
next steps as required by the application's author.

6.1.3.3 Memory Data Path

This is the read and write data path logic between different system and peripheral memories tightly
coupled to the PBIST memory interface. The PBIST controller executes each selected algorithm on each
valid memory group sequentially until all the algorithms are executed.

NOTE: Not all algorithms are designed to run on all RAM groups. If an algorithm is selected to run
on an incompatible memory, this will result in a failure. Refer to Table 2-5 and Table 2-6 for
RAM grouping and algorithm information.

6.2 RAM Grouping and Algorithm

Table 2-5 gives the list of RAM groups and their types supported on the device. Table 2-6 maps the
different algorithms supported in application mode for the RAM groups with the background patterns used
for the particular algorithm.

NOTE: March13 is the most recommended algorithm for the memory self-test.
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6.3 PBIST Flow

Figure 6-1 illustrates the memory self-test flow.

Figure 6-2. PBIST Memory Self-Test Flow Diagram
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PBIST Flow

6.3.1 PBIST Sequence

1.
2.

9.

Configure the device clock sources and domains so that they are running at their target frequencies.

Program the HCLK to PBIST ROM clock ratio by configuring the ROM_DIV field (bits 9:8) of the
MSTGCR register in the system module. This device supports a maximum PBIST ROM clock
frequency of HCLK.

Enable PBIST Controller by setting bit 0 of MSIENA register in the system module.
Enable the PBIST self-test by writing a value of Ah to bits 3:0 of the MSTGCR in the system module.
Wait for N VBUS clock cycles based on the HCLK to PBIST ROM clock ratio:

N = 16 when HCLK:PBIST ROM clock is 1:1
N = 32 when HCLK:PBIST ROM clock is 1:2
N = 64 when HCLK:PBIST ROM clock is 1:4
N = 64 when HCLK:PBIST ROM clock is 1:8

Write 1h to PACT register to enable the PBIST internal clocks.

Program the ALGO register to decide which algorithm from the instruction ROM must be selected (the
default value of ALGO register is all 1s, meaning all algorithms are selected). Similarly, program the
RINFOL and RINFOU registers to indicate whether a particular RAM group in the instruction ROM
would get executed or not.

NOTE: In case of RAM Override (Override Register (OVER) = 00), the user should make sure that
only the algorithms that run on similar RAMs are selected. If a single port algorithm is
selected in ROM Algorithm Mask Register (ALGO), the RAM Info Mask Lower Register
(RINFOL) and RAM Info Mask Upper Register (RINFOU) must select only the single port
RAM'’s. The same applies for two port RAM’s. Check Table 2-5 for information on the
memory types.

Program OVER = 1h to run PBIST self-test without RAM override. Program OVER = 0 to run PBIST
self-test with RAM Override.

Write a value of 3h to the ROM mask register should the microcode for the Algorithms as well as the
RAM groups loaded from the on chip PBIST ROM.

10. Write DLR (Data Logger register) with 14h to configure the PBIST run in ROM mode and to enable the

configuration access. This starts the memory self-tests.

11. Wait for the PBIST self-test done by polling MSTDONE bit of MSTCGSTAT register in the system

module.

12. Once self-test is completed, check the Fail Status register FSRFO.

In case there is a failure (FSRFO = 1h):

a. Read RAMT register which indicates the RGS and RDS values of the failure RAM.
b. Read FSRCO and FSRC1 registers which contains the failure count.

c. Read FSRAO and FSRAL1 registers which contains the address of first failure.

d. Read FSRDLO and FSRDL1 registers which contains the failure data.

e. Write a value of 2h to the STR register to resume the test.

In case there is no failure (FSRFO = 0), the memory self-test is completed.

a. Disable the PBIST internal clocks by writing a 0 to the PACT register.

b. Disable the PBIST self-test by writing a value of 5h to bits 3:0 of the MSTGCR in the system
module.

Repeat steps 2 through 9 for subsequent runs with different RAM group and algorithm configurations.

13. After required Memory tests are completed, Resume or Start the Normal Application software.
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NOTE: The contents of the selected memory before the test will be completely lost. User software

must take care of data backup if required. Typically the PBIST tests are carried out at the
beginning of Application software.

Memory test fail information is reported in terms of RGS:RDS and not RAM GROUP. Check
Table 2-5 for information on the RGS:RDS information applicable to each memory being
tested.

6.4 Memory Test Algorithms on the On-chip ROM

This section provides a brief description for some of the test algorithms used for memory self-test.
1. March13N:

March13N is the baseline test algorithm for SRAM testing. It provides the highest overall coverage.
The other algorithms provide additional coverage of otherwise missed boundary conditions of the
SRAM operation.

The concept behind the general march algorithm is to indicate:
— The bit cell can be written and read as both a 1 and a 0.
— The bits around the bit cell do not affect the bit cell.

The basic operation of the march is to initialize the array to a know pattern, then march a different
pattern through the memory.

Type of faults detected by this algorithm:
— Address decoder faults

— Stuck-At faults

— Coupled faults

— State coupling faults

— Parametric faults

— Write recovery faults

— Read/write logic faults

2. Map Column:

The MAP COLUMN algorithm is used to identify bit line sensitivities in the memory array. The
memory array is loaded with a row stripe pattern of all 1s in the first row followed by all Os in the
second row and repeated throughout the array. Then the values are read down each column on
consecutive cycles. The pattern in memory is inverted and run the column reads again.

This particular pattern is looking for the following SRAM failure mechanisms:
— Leakage due to a low resist path in a bit

— An Open in the bit cell

— Leakage on a BIT or BITN line

— Miss-balance in the sense amp

— Leakage in the sense

— High resist in the sense amp

— Failure of the pre-charge circuits after read operations

252 Programmable Built-In Self-Test (PBIST) Module SPNU516C—March 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS

INSTRUMENTS

www.ti.com

Memory Test Algorithms on the On-chip ROM

3. Pre-Charge:

The Pre-Charge algorithm exercises the pre-charge capability within the SRAM array. It is
important to specifically target this issue as it is the only part of the analog portion of the SRAM
that is frequency sensitive.

Similar to the MAP COLUMN algorithm, this algorithm works its way down the columns of the
SRAM. However, unlike the MAP COLUMN, this algorithm sandwiches a write between two reads
to force the worst-case conditions for the pre-charge circuits in the array.

This test will fail when an increase in system frequency nears the minimum access time of the
array, at this boundary:

— High voltage should operate better than low voltage.
— Likewise, low temperature should operate better than high temperature.

If devices fail this test within the operational range of the CPU, then this is a very good test for
characterizing the CPU/memory system.

4. DOWNla:

The Downl pattern forces the switching of all data bits and most address bits on consecutive read
cycles. This is primarily a read/write test of the CPU/memory subsystem.

The aggressive writes target at-speed write failures.

It also targets row/column decode in the memory array.

Targets the sense amps and sense amp multiplexors.

Memory array output buffers.

This algorithm operates as follows:

— Load 1st half of the memory under test with one pattern.

— Load 2nd half of the memory under test with the bit-wise inverse of the pattern.

— Alternate sequential reads sequences between one sequence starting at the first of the array
and a second sequence starting at the end of the array.

— Upon completion of the read back, invert the patterns in both halves of the array and repeat the
above step.

— Perform an aggressive write sequence by alternate write between the bottom half of the
memory upwards with an data pattern and the top half of the memory downwards with the
inverse data pattern.

— Invert the data pattern for the above two steps to performing another sequence of aggressive
writes.

5. DTXN2a:
This algorithm is used to target the global column decode Logic.
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6.5 PBIST Control Registers
PBIST controller uses configuration registers for programming the algorithm and its execution. All the
configuration registers are memory mapped for access by the CPU through the Peripheral Bus interface.
The base address for the control registers is FFFF E400h.
NOTE: There is no watchdog functionality implemented in the PBIST controller. If a bad code is
executed, the PBIST runs forever. The PBIST controller does not guard against this
situation.
Registers are accessible only when the clock to the PBIST controller is active. The clock is
activated by first writing 1h to the PACT register.
Table 6-1. PBIST Registers
Offset Acronym Register Description Section
160h RAMT RAM Configuration Register Section 6.5.1
164h DLR Datalogger Register Section 6.5.2
16Ch PCR Program Control Register Section 6.5.3
180h PACT PBIST Activate/Clock Enable Register Section 6.5.4
184h PBISTID PBIST ID Register Section 6.5.5
188h OVER Override Register Section 6.5.6
190h FSRFO Fail Status Fail Register 0 Section 6.5.7
198h FSRCO Fail Status Count Register 0 Section 6.5.8
19Ch FSRC1 Fail Status Count Register 1 Section 6.5.8
1A0h FSRAO Fail Status Address 0 Register Section 6.5.9
1A4h FSRA1 Fail Status Address 1 Register Section 6.5.9
1A8h FSRDLO Fail Status Data Register 0 Section 6.5.10
1BOh FSRDL1 Fail Status Data Register 1 Section 6.5.10
1COh ROM ROM Mask Register Section 6.5.11
1C4h ALGO ROM Algorithm Mask Register Section 6.5.12
1C8h RINFOL RAM Info Mask Lower Register Section 6.5.13
1CCh RINFOU RAM Info Mask Upper Register Section 6.5.14
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6.5.1 RAM Configuration Register (RAMT)

This register is divided into following internal registers, none of which have a default value after reset.
Figure 6-3 and Table 6-2 illustrate this register.

This register provides the information regarding the memory being currently tested. In case of a PBIST
failure, the application can read this register to identify the RGS:RDS values for the memory that failed the

self-test.

Figure 6-3. RAM Configuration Register (RAMT) (offset = 160h)

31 24 23 16
RGS RDS
R/W-x R/W-x
15 8 7 6 5 2 1 0
] DWR |  sms PLS RLS |
R/W-x R/W-x R/W-x R/W-x
LEGEND: R/W = Read/Write; R = Read only; -x = value is unknown after reset
Table 6-2. RAM Configuration Register (RAMT) Field Descriptions
Bit Field Description
31-24 |RGS Ram Group Select. Refer to Table 2-5 for information on the RGS value for each memory.
23-16 |RDS Return Data Select. Refer to Table 2-5 for information on the RDS values for each memory.
15-8 DWR Data Width Register
7-6 SMS Sense Margin Select Register
5-2 PLS Pipeline Latency Select
1-0 RLS RAM Latency Select
SPNU516C—-March 2018 Programmable Built-In Self-Test (PBIST) Module 255

Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

PBIST Control Registers www.ti.com

6.5.2 Datalogger Register (DLR)

This register puts the PBIST controller into the appropriate comparison modes for data logging. Figure 6-4
and Table 6-3 illustrate this register.

» DLR2: ROM-based testing mode

Writing a 1 to this register starts the ROM-based testing. This register is used to initiate ROM-based
testing from Config and ATE interfaces. Also, since a 1 in this bit position means the instruction ROM is
used for memory testing, all the intermediate interrupts and PBIST done signal after each memory test are
masked until all the selected algorithms in the ROM are executed for all RAM groups. However, a failure
would stop the test and report the status immediately.

* DLR4: Configuration access mode

This mode, when set, indicates the CPU is being used to access PBIST.

Figure 6-4. Datalogger Register (DLR) (offset = 164h)

31 16
‘ Reserved ‘
R-0
15 5 4 3 2 1 0
‘ Reserved | DLR4 ‘ Rsvd ‘ DLR2 | Reserved ‘
R-0 R/W-0 R/W-1 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6-3. Datalogger Register (DLR) Field Descriptions

Bit Field Value | Description
31-5 |Reserved 0 Reads return 0. Do not change these bits from their default value of 0.
4 DLR4 0-1 Cor_]figuration access: setting this bit allows the host processor to configure the PBIST controller
registers.
Reserved 1 Reserved. Do not change this bit from its default value of 1.
2 DLR2 0-1 ROM-based testing: setting this bit enables the PBIST controller to execute test algorithms that are
stored in the PBIST ROM.
1-0 Reserved 0 Reserved. Do not change these bits from their default value of 0.
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6.5.3 Program Control Register (PCR)
Figure 6-5 and Table 6-4 illustrate this register.

Figure 6-5. Program Control Register (PCR) (offset = 16Ch)

31 16
Reserved
R-0
15 5 4 0
’ Reserved STR ‘
R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 6-4. Program Control Register (PCR) Field Descriptions
Bit Field Value Description
31-5 | Reserved 0 Reads return 0. Writes have no effect.
4-0 STR PBIST Controller Mode
0 Reserved
1h Start / Time Stamp mode restart
2h Resume / Emulation read
4h Stop
8h Step / Step for emulation mode
10h Check MISR mode
All other values | Reserved
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6.5.4 PBIST Activate/Clock Enable Register (PACT)

This is the first register that needs to be programmed to activate the PBIST controller. Bit [0] is used for
static clock gating, and unless a 1 is written to this bit, all the internal PBIST clocks are shut off. Figure 6-6

and Table 6-5 illustrate this register.
« PACTO

This bit must be set to turn on internal PBIST clocks. Setting this bit asserts an internal signal that is used
as the clock gate enable. As long as this bit is 0, any access to PBIST will not go through, and PBIST will

remain in an almost zero-power mode.

NOTE: This register must be programmed to 1h during application self-test.

Figure 6-6. PBIST Activate/Clock Enable Register (PACT) (offset = 180h)

31 16
‘ Reserved ‘
R-0
15 1 0
\ Reserved PACTO |
R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 6-5. PBIST Activate/Clock Enable Register (PACT) Field Descriptions
Bit Field Value | Description
31-1 | Reserved 0 Reads return 0. Writes have no effect.
0 PACTO PBIST internal clocks enable.
Disable PBIST internal clocks.
1 Enable PBIST internal clocks.
6.5.5 PBIST ID Register (PBISTID)
Functionality of the register is described in Figure 6-7 and Table 6-6.
Figure 6-7. PBIST ID Register (PBISTID) (offset = 184h)
31 16
’ Reserved ‘
R-0
15 8 7 0
\ Reserved PBIST ID |
R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 6-6. PBIST ID Register (PBISTID) Field Descriptions
Bit Field Value Description
31-8 | Reserved 0 Reads return 0. Writes have no effect.
7-0 PBIST ID 0-FFh This is a unique ID assigned to each PBIST controller in a device with multiple PBIST controllers.
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6.5.6 Override Register (OVER)
Functionality of the register is described in Figure 6-8 and Table 6-7.

Wh

OVERO
ile doing ROM-based testing, each algorithm downloaded from the ROM has a memory mask

associated with it that defines the applicable memory groups the algorithm will be run on. By default, this
bit is set to 1, which means the memory mask that is downloaded from the ROM will overwrite the RAM
info registers. The override bit can be reset by writing a 0 to it. In this case, the application can select the
RAM groups to be tested by configuring the RAM info registers.

NOTE: When this override bit = 0, each algorithm selected in the ALGO register runs on each RAM
selected in the RINFOL and RINFOU registers. It must be ensured that:

1. Only the same type of memories (single port or two port) are selected, and
2. Only memories that are valid for all algorithms enabled via the ALGO register
are selected.

If the above two requirements are not met, the memory self-test fails.

Figure 6-8. Override Register (OVER) (offset = 188h)

31 16
‘ Reserved
R-0
15 3 2 1 0
‘ Reserved Reserved OVERO |
R-0 R-0 R/W-1

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6-7. Override Register (OVER) Field Descriptions

Bit Field Value | Description

31-3 | Reserved 0 Reads return 0. Writes have no effect.

2-1 Reserved 0 Reserved. Do not change these bits from their default value of 0.
0 OVERO RINFO Override Bit

The RAM info registers RINFOL and RINFOU are used to select the memories for test.

The memory information available from ROM overrides the RAM selection from the RAM info registers
RINFOL and RINFOU.
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6.5.7 Fail Status Fail Register (FSRFO)

This register indicates if PortO failures occurred during a memory self-test. Bit [0] gets set whenever a
failure occurs. Functionality of the register is described in Figure 6-9 and Table 6-8.

Figure 6-9. Fail Status Fail Register 0 (FSRFO) (offset = 190h)

31 16
‘ Reserved ‘
R-0
15 1 0
‘ Reserved FSRFO |
R-0 R-0
LEGEND: R = Read only; -n = value after reset
Table 6-8. Fail Status Fail Register 0 (FSRFO) Field Descriptions
Bit Field Value | Description
31-1 |Reserved 0 Reads return 0. Writes have no effect.
0 FSRFO Fail Status 0. This bit would be cleared by reset of the module using MSTGCR register in system
module.
No failure occurred.
Failure occurred on port 0.
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6.5.8 Fail Status Count Registers (FSRCO and FSRC1)

These registers keep count of the number of failures observed during the memory self-test. The PBIST
controller stops executing the memory self-test whenever a failure occurs in any memory instance for any
of the test algorithms. The value in FSRCO / FSRC1 gets incremented by one whenever a failure occurs
and gets decremented by one when the failure is processed. FSRCO is for Port 0 and FSRCL1 is for Port 1.
Figure 6-10 and Table 6-9 illustrate the FSRCO register; Figure 6-11 and Table 6-10 illustrate the FSRC1

register.
Figure 6-10. Fail Status Count 0 Register (FSRCO) (offset = 198h)

31 16

‘ Reserved ‘
R-0

15 8 7 0

’ Reserved FSRCO ‘
R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 6-9. Fail Status Count 0 Register (FSRCO) Field Descriptions

Bit Field Value | Description
31-8 | Reserved 0 Reads return 0. Writes have no effect.
7-0 FSRCO 0-FFh | Fail Status Count 0. Indicates the number of failures on port 0.

Figure 6-11. Fail Status Count Register 1 (FSRC1) (offset = 19Ch)
31 16
’ Reserved ‘
R-0

15 8 7 0
‘ Reserved FSRC1 ‘
R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 6-10. Fail Status Count Register 1 (FSRC1) Field Descriptions

Bit Field Value | Description
31-8 | Reserved 0 Reads return 0. Writes have no effect.
7-0 FSRC1 0-FFh | Fail Status Count 1. Indicates the number of failures on port 1.
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6.5.9 Fail Status Address Registers (FSRAO and FSRA1)

These registers capture the memory address of the first failure on port 0 and port 1, respectively.
Figure 6-12 and Table 6-11 illustrate the FSRAO register; Figure 6-13 and Table 6-12 illustrate the FSRA1

register.
Figure 6-12. Fail Status Address 0 Register (FSRAO) (offset = 1A0h)
31 16
Reserved
R-0
15 0
\ FSRAO
R-0
LEGEND: R = Read only; -n = value after reset
Table 6-11. Fail Status Address 0 Register (FSRAQ) Field Descriptions
Bit Field Value Description
31-16 |Reserved 0 Reads return 0. Writes have no effect.
15-0 |FSRAO 0-FFFFh Fail Status Address 0. Contains the address of the first failure.
Figure 6-13. Fail Status Address 1 Register (FSRA1) (offset = 1A4h)
31 16
Reserved
R-0
15 0
\ FSRAL
R-0

LEGEND: R = Read only; -n = value after reset

Table 6-12. Fail Status Address 1 Register (FSRA1) Field Descriptions

Bit Field Value Description
31-16 | Reserved 0 Reads return 0. Writes have no effect.
15-0 |FSRAl1 0-FFFFh Fail Status Address 1. Contains the address of the first failure.
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6.5.10 Fail Status Data Registers (FSRDLO and FSRDL1)

These registers are used to capture the failure data in case of a memory self-test failure. FSRDLO
corresponds to Port 0 and FSRDL1 corresponds to Port 1. Figure 6-14 and Table 6-13 illustrate the
FSRDLO register; Figure 6-15 and Table 6-14 illustrate the FSRDL1 register.

Figure 6-14. Fail Status Data Register 0 (FSRDLO) (offset = 1A8h)

31 16
\ FSRDLO |
R-AAAAh
15 0
FSRDLO
R-AAAAh
LEGEND: R = Read only; -n = value after reset
Table 6-13. Fail Status Data Register O (FSRDLO) Field Descriptions
Bit Field Description
31-0 FSRDLO Failure data on port 0
Figure 6-15. Fail Status Data Register 1 (FSRDL1) (offset = 1B0h)
31 16
\ FSRDLL |
R-AAAAh
15 0
\ FSRDL1
R-AAAAh

LEGEND: R = Read only; -n = value after reset

Table 6-14. Fail Status Data Register 1 (FSRDL1) Field Descriptions

Bit Field Description
31-0 FSRDL1 Failure data on port 1
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6.5.11 ROM Mask Register (ROM)

This two-bit register sets appropriate ROM access modes for the PBIST controller. This register is
illustrated in Figure 6-16. It can be programmed according to Table 6-15.

Figure 6-16. ROM Mask Register (ROM) (offset = 1C0h)
31 16
Reserved
R-0

15 2 1 0
‘ Reserved ROM ‘
R-0 R/W-3h
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6-15. ROM Mask Register (ROM) Field Descriptions

Bit Field Value | Description
31-2 | Reserved 0 Reads return 0. Writes have no effect.
1-0 ROM ROM Mask

0 No information is used from ROM.

1h Only RAM Group information from ROM.
2h Only Algorithm information from ROM.

3h Both Algorithm and RAM Group information from ROM. This option should be selected for application
self-test.

6.5.12 ROM Algorithm Mask Register (ALGO)

This register is used to enable the algorithms to be used for the memory self-test routine. Each bit
corresponds to a specific algorithm. For an algorithm to be enabled, the corresponding bit in this register
must be set to 1. The default value of this register is all 1s, which means all the algorithms are enabled.
Bit [0] controls whether algorithm 1 is enabled or not. Figure 6-17 and Table 6-16 illustrate this register.

NOTE: Referto Table 2-6 for available algorithms and the memories on which each algorithm can
be run.

Figure 6-17. ROM Algorithm Mask Register (ALGO) (offset = 1C4h)

31 24 23 16
\ ALGO[31-24] \ ALGO[23-16] |
R/W-FFh R/W-FFh
15 8 7 0
\ ALGOI[15-8] \ ALGO[7-0] |
RIW-FFh RIW-FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6-16. Algorithm Mask Register (ALGO) Field Descriptions

Bit Field Value | Description

31-0 | ALGOI[n] Algorithm 1-32 enable

Algorithm n is not selected.

1 Selects algorithm n for PBIST run.
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6.5.13 RAM Info Mask Lower Register (RINFOL)

This register is used to select RAM groups to run the algorithms selected in the ALGO register. For an
algorithm to be executed on a particular RAM group, the corresponding bit in this register must be set to 1.
The default value of this register is all 1s, which means all the RAM groups are selected. Bit [0] controls
whether RAM group 1 is selected or not. Figure 6-18 and Table 6-17 illustrate this register.

The information from this register is used only when bit [0] in the OVER register is not set.

NOTE: Referto Table 2-5 for RAM info groups.

Figure 6-18. RAM Info Mask Lower Register (RINFOL) (offset = 1C8h)

31 24 23 16
\ RINFOL[31-24] \ RINFOL[23-16] |
RIW-FFh RIW-FFh
15 8 7 0
\ RINFOL[15-8] \ RINFOL[7-0] |
R/W-FFh R/W-FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6-17. RAM Info Mask Lower Register (RINFOL) Field Descriptions

Bit Field Value |Description

31-0 |RINFOL[N] RAM Group 1-32 enable

RAM Group n is not selected.
Selects RAM group n for PBIST run.

6.5.14 RAM Info Mask Upper Register (RINFOU)

This register is used to select RAM groups to run the algorithms selected in the ALGO register. For an
algorithm to be executed on a particular RAM group, the corresponding bit in this register must be set to 1.
The default value of this register is all 1s, which means all the RAM groups are selected. Bit [0] controls
whether RAM group 33 is selected or not. Figure 6-19 and Table 6-18 illustrate this register.

Figure 6-19. RAM Info Mask Upper Register (RINFOU) (offset = 1CCh)

31 24 23 16
\ RINFOU[31-24] \ RINFOU[23-16] |
RIW-FFh RIW-FFh
15 8 7 0
] RINFOU[15-8] \ RINFOU[7-0] \
RIW-FFh RIW-FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6-18. RAM Info Mask Upper Register (RINFOU) Field Descriptions

Bit Field Value | Description

31-0 | RINFOU[n] RAM Group 33-64 enable

RAM Group n is not selected.
Selects RAM group n for PBIST run.
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6.6 PBIST Configuration Examples

The following examples assume that the PLL is locked and selected as clock source with
HCLK = VCLK = 100MHz.

6.6.1 Example 1 : Configuration of PBIST Controller to Run Self-Test on DCAN1 RAM

This example explains the configurations for running March13, Down1A and Map Column algorithms on
DCANL.

1.

Program the HCLK to PBIST ROM clock ratio to 1:1 in system module.
MSTGCR[9:8] =0

Enable PBIST Controller in system module.

MSIENA[31:0] = 0x00000001

Enable the PBIST self-test in system module.

MSTGCR[3:0] = OxA

Wait for at least 16 VCLK cycles in a software loop.

Enable the PBIST internal clocks.

PACT = 0x1

Disable RAM Override. This will make the PBIST controller use the information provided by the
application in the RINFOx and ALGO registers for the memory self-test.

OVER = 0x0
Select the Algorithm (refer to Table 2-6).

ALGO = 0x00000054 (Algo 3 = March13N, Algo 5 = downlA_red, Algo 7 = Map Column for two-port
DCAN1 RAM)

Program the RAM group Info to select DCAN1 (DCAN1 RAM is Group 3, refer to Table 2-5).

RINFOL = 0x00000004 (select RAM Group 3)
RINFOU = 0x00000000 (since this device supports up to RAM Group 14)

Select both Algorithm and RAM information from on chip PBIST ROM.
ROM = 0x3

10. Configure PBIST to run in ROM Mode and start PBIST run.

DLR = 0x14

11. Wait for PBIST test to complete by polling MSTDONE bit in system module.

while (MSTDONE != 1);

12. Once self-test is completed, check the Fail Status register FSRFO:

a. In case there is a failure (FSRFO = 0x01):
i. Read RAMT register that indicates the RGS and RDS values of the failure RAM.
i. Read FSRCO and FSRC1 registers that contains the failure count.
iii. Read FSRAO and FSRAL registers that contains the address of first failure.
iv. Read FSRDLO and FSRDL1 registers that contains the failure data.
v. Resume the Test, if required, using Program Control register (offset = 0x16C) STR = 2.
b. In case there is no failure (FSRFO = 0x00), the memory self-test is completed:
i. Disable the PBIST internal clocks.
PACT =0
ii. Disable the PBIST self-test.
MSTGCR[3:0] = 0x5
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PBIST Configuration Examples

6.6.2 Example 2 : Configuration of PBIST Controller to Run Self-Test on ALL RAM Groups

This example explains the configurations for running March13, DownlA and Map Column algorithms on all
RAM groups defined in the PBIST ROM.

1.

10.

11.

Program the HCLK to PBIST ROM clock ratio to 1:1 in system module.
MSTGCR[9:8] =0

Enable PBIST Controller in system module.
MSIENA[31:0] = 0x00000001

Enable the PBIST self-test in system module.
MSTGCR[3:0] = OxA

Wait for at least 16 VCLK cycles in a software loop.
Enable the PBIST internal clocks.

PACT = 0x1

Enable RAM Override.

OVER = 0x1

. Select the Algorithms to be run (refer to Table 2-6).

ALGO = 0x000000FC (select March13N, DownlA and Map Column algorithms for single-port and two-
port RAMS)

Select both Algorithm and RAM information from on chip PBIST ROM.
ROM = 0x3
Configure PBIST to run in ROM Mode and kickoff PBIST test.
DLR = 0x14
Wait for PBIST test to complete by polling MSTDONE bit in system module.
while (MSTDONE != 1)
Once self-test is completed, check the Fail Status register FSRFO:
a. In case there is a failure (FSRFO = 0x01):
i. Read RAMT register that indicates the RGS and RDS values of the failure RAM.
i. Read FSRCO and FSRC1 registers that contains the failure count.
iii. Read FSRAO and FSRAL registers that contains the address of first failure.
iv. Read FSRDLO and FSRDL1 registers that contains the failure data.
v. Resume the Test, if required, using Program Control register (offset = 0x16C) STR = 2.
b. In case there is no failure (FSRFO = 0x00), the memory self-test is completed:
i. Disable the PBIST internal clocks.
PACT =0
ii. Disable the PBIST self-test.
MSTGCR[3:0] = 0x5
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CPU Self-Test Controller (STC) Module

This chapter describes the basics and configuration of the CPU self-test controller (STC) in the device.
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7.1 General Description

The CPU self-test controller (STC) is used to test the ARM-CPU core using the Deterministic Logic Built-in
Self-Test (LBIST) Controller as the test engine. To achieve better coverage for the self-test of complex
cores like Cortex-R4, on-chip logic BIST is the preferred solution.

7.1.1 CPU Self-Test Controller Features

The CPU self-test controller has the following features:
e Capable of running the complete test as well as running a few intervals at a time

— Ability to continue from the last executed interval (test set) as well as the ability to restart from the
beginning (first test set)

— Total of 26 intervals supported in this device
» Complete isolation of the self-tested CPU core from the rest of the system during the self-test run

— The self-tested CPU core master bus transaction signals are configured to be in idle mode during
the self-test run

— Any master access to the CPU core under self-test will be held until the completion of the self-test
» Ability to capture the failure interval number
» Timeout counter for the CPU self-test run as a fail-safe feature

» Able to read the MISR data (shifted from LBIST controller) of the last executed interval of the self-test
run for debugging purposes

e STCCLK determines the self-test execution speed, STC clock divider (STCCLKDIV) register in the
system module is used to divide HCLK (system clock) to generate STCCLK

7.1.2 STC Block Diagram
STC module provides an interface to the LBIST controller implemented on the core.

The CPU STC is composed of following blocks of logic:
* ROM Interface

e FSM and Sequence Control

» Register Block

» Peripheral Bus Interface (VBUSP Interface)

e STC Bypass/ATE Interface

7.1.2.1 ROM Interface

This block handles the ROM address and control signal generation to read the self-test microcode from
the ROM. The test microcode and golden signature value for each interval are stored in ROM.

7.1.2.1.1 FSM and Sequence Control

This block generates the signals and data to the LBIST controller based on the seed, test_type and scan
chain depth.

7.1.2.1.2 Clock Control

The CLOCK CNTRL sub-block handles the internal clock selection and clock generation for the ROM and
LBIST controller.

7.1.2.2 Register Block

This block handles the control of the self-test controller. This block contains various configuration and
status registers which provide the result of a self-test run. These registers are memory mapped and
accessible through the Peripheral Bus (VBUSP) Interface. This block controls the reseeding (reloading the
existing seed of the PRPG) in the LBIST controller.
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7.1.2.3 STC Bypass / ATE Interface

This is a production test interface. Only for Tl internal use.

7.1.2.4 Peripheral Bus (VBUSP) Interface

STC control registers are accessed through the Peripheral Bus (VBUSP) Interface. During application

programming, configuration registers are programmed through the Peripheral Bus Interface to enable and
run the self-test controller.

Figure 7-1. STC Block Diagram

Clock Controller [®——————| Global Clock
ESM Controller
FSM Cpu_Reset
and
ROM <P Sequence |comp .
ROM Interface Controller |BLK1 misr_out
coup| MM
BLK1
CPU1
| ¢-p-|(BIST'ed core)
DBIST
CNTRL *
STCREG STC _BYPASS/
BLOCK ATE Interface CCM
DBIST *
# A CNTRL |«
CPU2
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7.2

7.2.1

7.2.2

7.2.3

Application Self-Test Flow

This section describes the STC module configuration and the application self-test flow that the user should
follow for successful execution.
The following two configurations must be part of the STC initialization code:

» STC clock rate configuration, STC clock divider (STCCLKDIV) register in system module is used to
divide HCLK (system clock) to generate STCCLK

e Clear SYSESR register before triggering an STC test

STC Module Configuration

» Configure the test interval count using STCGCRO[31:16] register. A maximum of 26 intervals are
supported in the device. The user can run 26 intervals together or in slices. If the tests are ran in
slices, the user software can specify to the self-test controller whether to continue the run from the next
interval onwards or to restart from interval 0 using bit STCGCRO[O0]. This bit gets reset after the
completion of the self-test run.

» Configure self-test run timeout counter preload register STCTPR. This register contains the total
number of VBUS clock cycles it will take before a self-test timeout error (TO_ERR) will be triggered
after the initiation of the self-test run.

» Enable CPU self-test by writing the enable key to STCGCRL1 register.

Context Saving

STC generates a CPU reset after completion of the test regardless of pass or fail. You can run the STC
test during startup or can divide STC into 26 or fewer intervals and run them during normal operation.

If STC is ran only on startup, the user software need not save the CPU contents since the reset caused
will go through all startup configurations. User should check the STCGSTAT register for the self-test
status before going to the application software.

If STC is divided into intervals and ran, user software must save the CPU contents and reload them after
the CPU reset caused by the completion of the STC test interval. The check for STC status should bypass
STC run if the reset is caused by an STC run to prevent a cyclic reset, that is, if reset is caused by STC
the second time through, then it should not be ran again. The user should also check the STCGSTAT
register for the self-test status before restoring the application software.

Following are some of the registers that are required to be backed up before and restored after self-test:
1. CPU core registers (all modes R0-R15, PC, CPSR)

2. CP15 System Control Coprocessor registers - MPU control and configuration registers, Auxiliary
Control Register used to Enable ECC, Fault Status Register.

3. CP13 Coprocessor Registers - FPU configuration registers, General Purpose Registers
4. Hardware Break Point and watch point registers like BVR, BSR, WVR, WSR etc.

For more information on the CPU reset, refer to the ARM® Cortex®-R4 Technical Reference Manual.

NOTE: Check all reset source flags in the SYSESR register after a CPU BIST execution. If a flag in
addition to CPU reset is set, clear the CPU reset flag and service the other reset sources
accordingly.

Entering CPU Idle Mode

After enabling the STC test by writing the STC enable key, the test is triggered only after the CPU is taken
to idle mode by executing the CPU Idle Instruction asm(* WFI").
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7.2.4 Self-Test Completion and Error Generation

At the end of each interval, the 128 bit MISR value (reflected in registers CPUx_CURMISR][3:0]) from the
DBIST controller is shifted into the STC. This is compared with the golden MISR value stored in the ROM.

At the end of a CPU self-test, the STC controller updates the status flags in the Global Status Register
(STCGSTAT) and resets the CPU. In case of a MISR mismatch or a test timeout, an error is generated
through the ESM module. A test error signal is asserted when a MISR mis-compare occurs during the self-
test. A time out error is asserted when a timeout occurs during the self-test, meaning the test could not
complete within the time specified in the timeout counter preload register STCTPR. However, at the
device level, these two errors are combined and mapped to a single ESM channel. To identify which error
occurred, user software must check the Global Status Register (STCGSTAT) and the Fail Status Register
(STCFSTAT) in the ESM interrupt service routine.

Figure 7-2 illustrates the application self-test flow chart, it is drawn based on the assumption that the
device has gone through startup, necessary clocks initialized and the SYSESR register bits cleared.

Figure 7-2. Application Self-Test Flow Chart

Configure STCCLK rate using STCCLKDIV
register in SYS2 register frame.

v

Program the STCGCRO registers to
specify the number of intervals(N), timeout
counter etc for a selftest run.

Y

Configure STC_ENA Key to
enable SelfTest

NO Store CPU state and Registers in Memory
StartUp selftest? before starting STC Test

v YES

Configure CPU in WFI mode -
(IDLE mode)

WFI executed?

YES

CPU SelfTest execution.
CPU configured into safe mode

L
/+\ Read the SelfTest and system status
YES .
SelfTest Done? p- registers.

Retrieve state of CPU and Registers
NO CPU reset asserted and continue Application Software.
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7.3 STC Test Coverage and Duration

The test coverage and number of test execution cycles (STCCLK) for each test interval when the device is
running at HCLK = 90 MHz, VCLK = 90 MHz, and STCCLK = 45 MHz are shown in Table 7-1.

Table 7-1. STC Test Coverage and Duration

Intervals Test Coverage (%) Test Time (Cycles) Test Time (us)
0 0 0 0.00
1 60.06 1365 30.33
2 68.71 2730 60.67
3 73.35 4095 91.00
4 76.57 5460 121.33
5 78.7 6825 151.67
6 80.4 8190 182.00
7 81.76 9555 212.33
8 82.94 10920 242.67
9 83.84 12285 273.00
10 84.58 13650 303.33
11 85.31 15015 333.67
12 85.9 16380 364.00
13 86.59 17745 394.33
14 87.17 19110 424.67
15 87.67 20475 455.00
16 88.11 21840 485.33
17 88.53 23205 515.67
18 88.93 24570 546.00
19 89.26 25935 576.33
20 89.56 27300 606.67
21 89.86 28665 637.00
22 90.1 30030 667.33
23 90.36 31395 697.67
24 90.62 32760 728.00
25 90.86 34125 758.33
26 91.06 35490 788.67
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7.4 STC Control Registers

STC control registers are accessed through Peripheral Bus (VBUSP) interface. Read and write access in

8, 16, and 32 bits are supported. The base address for the control registers is FFFF E600h.

NOTE: In suspend mode, all registers can be written regardless of user or privilege mode.
Table 7-2. STC Control Registers
Offset Acronym Register Description Section
00h STCGCRO STC Global Control Register 0 Section 7.4.1
04h STCGCR1 STC Global Control Register 1 Section 7.4.2
08h STCTPR Self-Test Run Timeout Counter Preload Register Section 7.4.3
0Ch STC_CADDR STC Current ROM Address Register Section 7.4.4
10h STCCICR STC Current Interval Count Register Section 7.4.5
14h STCGSTAT Self-Test Global Status Register Section 7.4.6
18h STCFSTAT Self-Test Fail Status Register Section 7.4.7
1Ch CPU1_CURMISR3 CPU1 Current MISR Register 3 Section 7.4.8
20h CPU1_CURMISR2 CPU1 Current MISR Register 2 Section 7.4.8
24h CPU1_CURMISR1 CPU1 Current MISR Register 1 Section 7.4.8
28h CPU1_CURMISRO CPU1 Current MISR Register 0 Section 7.4.8
2Ch CPU2_CURMISR3 CPU2 Current MISR Register 3 Section 7.4.9
30h CPU2_CURMISR2 CPU2 Current MISR Register 2 Section 7.4.9
34h CPU2_CURMISR1 CPU2 Current MISR Register 1 Section 7.4.9
38h CPU2_CURMISRO CPU2 Current MISR Register 0 Section 7.4.9
3Ch STCSCSCR Signature Compare Self Check Register Section 7.4.10
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7.4.1 STC Global Control Register 0 (STCGCRO)
This register is described in Figure 7-3 and Table 7-3.

NOTE: On a power-on reset or system reset, this register gets reset to its default values.

Figure 7-3. STC Global Control Register 0 (STCGCRO) (offset = 00h)

31 16
\ INTCOUNT |
RIW-1
15 1 0
‘ Reserved RS_CNT ‘
R-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privilege mode only; -n = value after reset

Table 7-3. STC Global Control Register 0 (STCGCRO) Field Descriptions

Bit Field Value Description
31-16 |INTCOUNT 0-FFFFh | Number of intervals of self-test run.

This register specifies the number of intervals to run for the self-test run. This corresponds to
the number of intervals to be ran from the value reflected in the current interval counter.

15-1 |Reserved 0 Reads return 0. Writes have no effect.
0 RS_CNT Restart or Continue

This bit specifies whether to continue the run from next interval onwards or to restart from
interval 0. This bit gets reset after the completion of a self-test run.

Continue STC run from the previous interval.
Restart STC run from interval 0.

7.4.2 STC Global Control Register 1 (STCGCR1)
This register is described in Figure 7-4 and Table 7-4.

NOTE: On a power-on reset or system reset, this register resets to its default value. Also at the
completion of a self-test run, this register automatically resets to its default value.

Figure 7-4. STC Global Control Register 1 (STCGCR1) (offset = 04h)
31 16
‘ Reserved ‘
R-0

\ Reserved \ STC_ENA |
R-0 R/WP-5h
LEGEND: R/W = Read/Write; R = Read only; WP = Write in privilege mode only; -n = value after nPORST (power on reset) or System reset

Table 7-4. STC Global Control Register 1 (STCGCRL1) Field Descriptions

Bit Field Value Description
31-4 | Reserved 0 Reads return 0. Writes have no effect.
3-0 STC_ENA Self-test run enable key.
Ah Self-test run is enabled.
All other values | Self-test run is disabled.

SPNU516C—-March 2018 CPU Self-Test Controller (STC) Module 275

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

13 TEXAS
INSTRUMENTS

STC Control Registers www.ti.com

7.4.3 Self-Test Run Timeout Counter Preload Register (STCTPR)
This register is described in Figure 7-5 and Table 7-5.

NOTE: On a power-on reset or system reset, this register gets reset to its default values.

Figure 7-5. Self-Test Run Timeout Counter Preload Register (STCTPR) (offset = 08h)
31 0
RTOD
R/WP-FFFF FFFFh
LEGEND: R/W = Read/Write; WP = Write in privilege mode only; -n = value after nPORST (power on reset) or System reset

Table 7-5. Self-Test Run Timeout Counter Preload Register (STCTPR)

Bit Field Description
31-0 RTOD Self-test timeout count preload.

This register contains the total number of VBUS clock cycles it will take before a self-test timeout error
(TO_ERR) will be triggered after the initiation of the self-test run. This is a fail safe feature to prevent the device
from hanging up due to a runaway test during the self-test execution.

The preload count value gets loaded into the self-test time out down counter whenever a self-test run is
initiated (STC_KEY is enabled) and gets disabled on completion of a self-test run.

7.4.4 STC Current ROM Address Register (STC_CADDR)
This register is described in Figure 7-6 and Table 7-6.

NOTE: When the RS_CNT bit in STCGCRO is set to a 1 on the start of a self-test run, or on a
power-on reset or system reset, this register resets to all zeroes.

Figure 7-6. STC Current ROM Address Register (STC_CADDR) (offset = 0Ch)

ADDR
R-0
LEGEND: R = Read only; -n = value after nPORST (power on reset) or System reset

Table 7-6. STC Current ROM Address Register (STC_CADDR) Field Descriptions

Bit Field Description
31-0 ADDR Current ROM Address

This register reflects the current ROM address (for micro code load) which is the current value of the STC
program counter.
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7.4.5 STC Current Interval Count Register (STCCICR)
This register is described in Figure 7-7 and Table 7-7.

NOTE: When the RS_CNT bit in STCGCRO is set to a 1 or on a power-on reset, the current interval
counter resets to the default value.

Figure 7-7. STC Current Interval Count Register (STCCICR) (offset = 10h)

31
Reserved
R-0
15
\ N
R-0

LEGEND: R = Read only; -n = value after reset

Table 7-7. STC Current Interval Count Register (STCCICR) Field Descriptions

Bit Field Value Description
31-16 |Reserved 0 Reads return 0. Writes have no effect.
15-0 [N 0-FFFFh | Interval Number
This specifies the last executed interval number.
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7.4.6 Self-Test Global Status Register (STCGSTAT)
This register is described in Figure 7-8 and Table 7-8.

NOTE: The two status bits can be cleared to their default values on a write of 1 to the bits.
Additionally, when the STC_ENA key in STCGCR1 is written from a disabled state to
enabled state, the two status flags get cleared to their default values. This register gets reset
to its default value with power-on reset assertion.

Figure 7-8. Self-Test Global Status Register (STCGSTAT) (offset = 14h)

31 8
‘ Reserved ‘
R-0
2 1 0
Reserved TEST_FAIL TEST_DONE
R-0 R/WP-0 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privilege mode only; -n = value after reset

Table 7-8. Self-Test Global Status Register (STCGSTAT) Field Descriptions

Bit Field Value | Description
31-2 | Reserved 0 Reads return 0. Writes have no effect.
1 TEST_FAIL Test Fail
Self-test run has not failed.
1 Self-test run has failed.
0 TEST_DONE Test Done
Not completed.
1 Self-test run completed.

The test done flag is set to a 1 for any of the following conditions:
1. When the STC run is complete without any failure

2. When a failure occurs on a STC run

3.  When a timeout failure occurs

Reset is generated to the CPU on which the STC run is being performed when TEST_DONE goes
high (the test is completed).
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7.4.7 Self-Test Fail Status Register (STCFSTAT)
This register is described in Figure 7-9 and Table 7-9.

NOTE: The three status bits can be cleared to their default values on a write of 1 to the bits.
Additionally, when the STC_ENA key in STCGCR1 is written from a disabled state to an
enabled state, the three status bits get cleared to their default values. This register gets reset
to its default value with power-on reset assertion.

Figure 7-9. Self-Test Fail Status Register (STCFSTAT) (offset = 18h)

31 8
‘ Reserved ‘
R-0
3 2 1 0
\ Reserved TO_ERR | CPU2 FAIL | CPUL FAIL |
R-0 RIWP-0 RIWP-0 RIWP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privilege mode only; -n = value after nPORST (power on reset) or System reset

Table 7-9. Self-Test Fail Status Register (STCFSTAT) Field Descriptions

Bit Field Value | Description
31-3 | Reserved 0 Reads return 0. Writes have no effect.
2 TO_ERR Timeout Error
No time out error occurred.
1 Self-test run failed due to a timeout error.
1 CPU2_FAIL CPU2 failure info

No MISR mismatch for CPU2.

1 Self-test run failed due to MISR mismatch for CPU2.
0 CPU1_FAIL CPUL failure info

No MISR mismatch for CPU1.

1 Self-test run failed due to MISR mismatch for CPU1.
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7.4.8 CPUL1 Current MISR Registers (CPU1_CURMISR3-CPU1_CURMISRO)
This register is described in Figure 7-10 through Figure 7-13 and Table 7-10.

NOTE: On a power-on reset or system reset, this register gets reset to its default values.

Figure 7-10. CPU1 Current MISR Register 3 (CPU1_CURMISR3) (offset = 1Ch)

31 16
| MISR[31:16] |
R-0
15 0
\ MISR[15:0] |
R-0

LEGEND: R = Read only; -n = value after reset

Figure 7-11. CPU1 Current MISR Register 2 (CPU1_CURMISR2) (offset = 20h)

31 16
\ MISR[63:48] |
R-0
15 0
\ MISR[47:32] |
R-0

LEGEND: R = Read only; -n = value after reset

Figure 7-12. CPU1 Current MISR Register 1 (CPU1_CURMISR1) (offset = 24h)

31 16
] MISR[95:80] \
R-0
15 0
| MISR[79:64] |
R-0

LEGEND: R = Read only; -n = value after reset

Figure 7-13. CPU1 Current MISR Register 0 (CPU1_CURMISRO) (offset = 28h)

31 16
] MISR[127:112] \
R-0
15 0
| MISR[111:96] |
R-0

LEGEND: R = Read only; -n = value after reset

Table 7-10. CPU1 Current MISR Register (CPU1_CURMISR[3:0]) Field Descriptions

Bit Field Description
127-0 |MISR MISR data from CPU1

This register contains the MISR data from the CPU1 for the most recent interval. This value is compared with
the GOLDEN MISR value copied from ROM.
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7.4.9 CPU2 Current MISR Registers (CPU2_CURMISR3-CPU2_CURMISRO0)
This register is described in Figure 7-14 through Figure 7-17 and Table 7-11.

NOTE: On a power-on reset or system reset, this register gets reset to its default values.

Figure 7-14. CPU2 Current MISR Register 3 (CPU2_CURMISR3) (offset = 2Ch)

31 16
| MISR[31:16] |
R-0
15 0
\ MISR[15:0] |
R-0

LEGEND: R = Read only; -n = value after reset

Figure 7-15. CPU2 Current MISR Register 2 (CPU2_CURMISR2) (offset = 30h)

31 16
\ MISR[63:48] |
R-0
15 0
\ MISR[47:32] |
R-0

LEGEND: R = Read only; -n = value after reset

Figure 7-16. CPU2 Current MISR Register 1 (CPU2_CURMISR1) (offset = 34h)

31 16
] MISR[95:80] \
R-0
15 0
| MISR[79:64] |
R-0

LEGEND: R = Read only; -n = value after reset

Figure 7-17. CPU2 Current MISR Register 0 (CPU2_CURMISRO) (offset = 38h)

31 16
] MISR[127:112] \
R-0
15 0
| MISR[111:96] |
R-0

LEGEND: R = Read only; -n = value after reset

Table 7-11. CPU2 Current MISR Register (CPU2_CURMISR[3:0]) Field Descriptions

Bit Field Description
127-0 |MISR MISR data from CPU2

This register contains the MISR data from the CPU2 for the most recent interval. This value is compared with
the GOLDEN MISR value copied from ROM.
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7.4.10 Signature Compare Self Check Register (STCSCSCR)
This register is described in Figure 7-18 and Table 7-12.

NOTE: This register is used to enable the self-check feature of the CPU Self-Test Controller's (STC)
signature compare logic. Self-check can only be done for the STC interval 0 by setting the
RS_CNT bit in STCGCRO to 1 to restart the self-test. The STC run will fail for signature miss-
compare, provided the signature compare logic is operating correctly. To proceed with
regular CPU self-test, STCSCSCR should be programmed to disable the self-check feature
and clear the RS_CNT bit in STCGCRO to 0. This register gets reset to its default value with
power-on or system reset assertion.

Figure 7-18. Signature Compare Self Check Register (STCSCSCR) (offset = 3Ch)

31 15
‘ Reserved ‘
R-0
15 5 4 3 0
\ Reserved FAULT_INS | SELF_CHECK_KEY |
R-0 RIWP-0 RIWP-5h

LEGEND: R/W = Read/Write; R = Read only; WP = Write in privilege mode only; -n = value after nPORST (power on reset) or System reset

Table 7-12. Signature Compare Self Check Register (STCSCSCR) Field Descriptions

Bit | Field Value Description
31-5 | Reserved 0 Reads return 0. Writes have no effect.
4 FAULT_INS Fault Insertion
0 No fault insertion.

Generates a signal out of the STC module to the CPU for inserting a stuck-at fault
(stuck-at-0) in the CPU which will make the signature compare fail.

3-0 | SELF_CHECK_KEY Signature compare logic self-check key
Ah Signature compare self-check is enabled.

All other values | Signature compare self-check is disabled.
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7.5

751

STC Configuration Example

The following example assumes that the PLL is locked and selected as the system clock source with
VCLK = HCLK = 100MHz.

Example 1: Self-Test Run for 24 Interval

This example explains the configurations for running STC Test for maximum Test Intervals 24.

1. Maximum STC clock rate support is HCLK/2. STCCLKDIV[26:24] register in the secondary system
module frame at location OxFFFF E108 is used to program the STCCLK prescaler to divide down from
HCLK as necessary (0 for /1, 1 for /2, 2 for /3, and so on).

2. Clear CPU RST status bit in the System Exception Status Register in the system module.
SYSESR[5] =1

3. Configure the test interval count in the STC module.
STCGCRO[31:16] = 24

4. Configure the self-test run rime out counter preload Register. This will be set to the maximum time for
this example but can be calculated as t;o = STCPTR X tyycix

STCTPR[31:0] = OXFFFFFFFF
5. Enable CPU self-test.
STCGCR1[3:0] = OxA
6. Perform a context save of CPU state and configuration registers that gets reset on CPU reset.

7. Put the CPU in idle mode by executing CPU Idle Instruction.
asm(“ WFI")

8. Upon CPU reset, verify the CPU RST status bit in the System Exception Status Register is set. This
also verifies that no other resets occurred during the self-test.

SYSESRI[5] ==
9. Check the STCGSTAT register for the self-test Status.
Check the TEST_DONE bit before evaluating the TEST_FAIL bit.

If TEST_DONE = 0, the self-test is not completed. Restart/resume the STC test.

If (TEST_DONE =1 and TEST_FAIL = 1), the self-test is completed and failed.

* Read the STC Fail Status Register STCFSTAT[2:0] to identify the type of Failure (Timeout, CPUL1 fail,
CPU2 fail).

In case there is no failure (TEST_DONE = 1 and TEST_FAIL = 0), the memory self-test is completed

successfully.

* Recover the CPU status, configuration registers and continue application software.

SPNU516C—-March 2018 CPU Self-Test Controller (STC) Module 283
Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

I3 TEXAS
INSTRUMENTS

Chapter 8

SPNU516C—March 2018

CPU Compare Module for Cortex™-R4 (CCM-RA4)

This chapter describes the CPU compare module for Cortex-R4 (CCM-R4). This device implements two
instances of the Cortex-R4 CPU which are running in lock step to detect faults which may result in unsafe
operating conditions. The CCM-R4 detects faults and signals them to an error signaling module (ESM).
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8.1 Main Features
Safety-critical applications require run-time detection of faults in the Central Processing Unit (CPU). For
this purpose, the CPU Compare Module for Cortex-R4 (CCM-R4) compares the core compare bus outputs
of two Cortex-R4 CPUs running in a 1001D (one-out-of-one, with diagnostics) lockstep configuration. Any
difference in the core compare bus outputs of the CPUs is flagged as an error. For diagnostic purposes,
the CCM-R4 also incorporates a self-test capability to allow for boot time checking of hardware faults
within the CCM-R4 itself.
The main features of the CCM-R4 are:
* run-time detection of faults
» self-test capability
» error forcing capability
8.2 Block Diagram
Figure 8-1 shows the interconnection diagram of the CCM-R4 with the two Cortex-R4 CPUs. The core
compare bus outputs of the CPUs are compared in the CCM-R4. To avoid common mode impacts, the
signals of the CPUs to be compared are temporally diverse. The output signals of the master CPU are
delayed 2 cycles while the input signals of checker CPU are delayed 2 cycles.
Figure 8-1. Block Diagram
A CCM-R4
2 cycles delay -
| CCM-R4 ator ESM
CPU1CLK A compare (Error
Signaling
ﬁ Module)
|
CPU 1 CPU 2
Master CPU Checker CPU
2 cycles delay
l
‘ CPU2CLK
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8.3

8.3.1

8.3.2

Module Operation

The CCM-R4 compares the core compare bus outputs of the master and checker Cortex-R4 CPUs on the
microcontroller and signals an error on any mismatch. This comparison is started 6 CPU clock cycles after
the CPU comes out of reset to ensure that CPU output signals have propagated to a known value after
reset. Once comparison is started, the CCM module continues to monitor the outputs of two CPUs without
any software intervention. Upon an error software needs to handle it.

The CCM-R4 can run in one of the following four operating modes:
1. 1001D lock step

2. self-test

3. error forcing

4. self-test error forcing

The operating mode can be selected by writing a dedicated key to the key register (MKEY).

1001D Lock Step Mode
This is the default mode on start-up.

In lock step mode, the compare bus output signals of both CPUs are compared. A difference in the CPU
compare bus outputs is indicated by signaling an error to the ESM which sets the error flag “CCM-R4 -
compare”.

NOTE: The CPU compare error asserts “CCM-R4 self-test error” flag as well. By doing this, the CPU
compare error has two paths (“CCM-R4 - compare” and “CCM-R4 self-test error” flag) to the
ESM, so that even if one of the paths fails, the error is still propagated to the ESM.

Not all internal registers of the Cortex R4 CPU have fixed values upon reset. To avoid an erroneous
CCMR4 compare error, the application software needs to ensure that the CPU registers of both CPUs are
initialized with the same values before the registers are used, including function calls where the register
values are pushed onto the stack.

Self-Test Mode

In self-test mode, the CCM-R4 checks itself for faults. During self-test, the compare error module output
signal is deactivated. Any fault detected inside the CCM-R4 will be flagged by ESM error “CCM-R4 - self-
test”.

In self-test mode, the CCM-R4 automatically generates test patterns to look for any hardware faults. If a
fault is detected, then a self-test error flag is set, a self-test error signal is asserted and sent to the ESM,
and the self-test is terminated immediately. If no fault is found during self-test, the self-test complete flag is
set. In both cases, the CCM-R4 remains in self-test mode after the test has been terminated or completed,
and the application needs to switch the CCM-R4 mode by writing another key to the mode key register
(MKEY). During the self-test operation, the compare error signal output to the ESM is inactive irrespective
of the compare result.

There are two types of patterns generated by CCM-R4 during self-test mode:

i. Compare Match Test

ii. Compare Mismatch Test

CCM-RA4 first generates Compare Match Test patterns, followed by Compare Mismatch Test patterns.

Each test pattern is applied on both CPU signal inputs of the CCM-R4’s compare block and clocked for
one cycle. The duration of self-test is 3615 CPU clock cycles (GCLK).

NOTE: During self-test, both CPUs can execute normally, but the compare logic will not be checking
any CPU signals. Also during self-test, only the compare unit logic is tested and not the
memory mapped register controls for the CCM-R4. The self-test is not interruptible.
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8.3.2.1 Compare Match Test

During the Compare Match Test, there are four different test patterns generated to stimulate the CCM-R4.
An identical vector is applied to both input ports at the same time expecting a compare match. These
patterns cause the self-test logic to exercise every CPU compare bus output signal in parallel. If the
compare unit produces a compare mismatch then the self-test error flag is set, the self-test error signal is
generated, and the Compare Match Test is terminated.

The four test patterns used for the Compare Match Test are:

e All 1s on both CPU signal ports

» All Os on both CPU signal ports

* OxAs on both CPU signal ports

* 0x5s on both CPU signal ports

These four test patterns will take four clock cycles to complete. Table 8-1 illustrates the sequence of
Compare Match Test.

Table 8-1. Compare Match Test Sequence

CPU 1 Signal Position CPU 2 Signal Position Cycle
n:8 7 6 5 4 3 2 1 0 n:8 7 6 ) 4 3 2 1 0
1s 1 1 1 1 1 1 1 1 1s 1 1 1 1 1 1 1 1 0
0Os 0 0 0 0 0 0 0 0 0Os 0 0 0 0 0 0 0 0 1
OxA 1 0 1 0 1 0 1 0 OxA 1 0 1 0 1 0 1 0 2
0x5 0 1 0 1 0 1 0 1 0x5 0 1 0 1 0 1 0 1 3
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8.3.2.2 Compare Mismatch Test

During the Compare Mismatch Test, the number of test patterns is equal to twice the number of CPU
output signals to compare in lock step mode. An all 1s vector is applied to the CCM-R4’s CPU1 input port
and the same pattern is also applied to the CCM-R4’s CPUZ2 input port but with one bit flipped starting
from signal position 0. The un-equal vector will cause the CCM-R4 to expect a compare mismatch at
signal position 0, if the CCM-R4 logic is working correctly. If, however, the CCM-R4 logic reports a
compare match, the self-test error flag is set, the self-test error signal is asserted, and the Compare
Mismatch Test is terminated.

This Compare Mismatch Test algorithm repeats in a domino fashion with the next signal position flipped
while forcing all other signals to logic level 1. This sequence is repeated until every single signal position
is verified on both CPU signal ports.

The Compare Mismatch Test is terminated if the CCM-R4 reports a compare match versus the expected
compare mismatch. This test ensures that the compare unit is able to detect a mismatch on every CPU
signal being compared. Table 8-2 illustrates the sequence of Compare Mismatch Test. There is no error
signal is sent to ESM if the expected errors are seen with each pattern.

Table 8-2. Compare Mismatch Test Sequence

CPU 1 Signal Position CPU 2 Signal Position Cycle

n n-1:8 7/6|5|4[3|2|1]0|n n-1:8 7/6|5|4(3|2|1]|0
1)1 1s 1111111 |1|1)|1 1s 1/1(1{1/1]1]|1]0 0
1)1 1s 11112111 |1|1)|1 1s 1/1(1{1/1 1|01 1
1)1 1s 1111111 |1|1)|1 1s 1/1(1{1/1]0|1]|1 2
1)1 1s 11112111 |1|1)|1 1s 1/1(1{1/0]1]1]|1 3
1)1 1s 1{1(1}j1/212}1|12|1|1|0 1s 1/1 (1|11 ]1]1]1 n-1
1)1 1s 1111111 |1]|]0|12 1s 1/1 (1|11 ]1]1]1 n
1)1 1s 1{1(1j1/1}1|1|0|1) 1 1s 1/1 (1|11 ]1]1]1 n+1
1)1 1s 1{1(1j1/1]1|0|21|1)|1 1s 1/1 (1|11 ]1]1]1 n+2
1)1 1s 1{1(1j1 /10|12 |1|1) 1 1s 1/1 (1|11 ]1]1]1 n+3
1)1 1s 1{1(1j1 /01|21 |21|1)|1 1s 1/1 (1|11 ]1]1]1 n+4
110 1s 1111111 |1|1)|1 1s 1/1 (1|11 ]1]1]1 2n-1

1 1s 1111111 |1|1)|1 1s 1/1 (1|11 ]1]1]1 2n
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8.3.3

8.34

8.3.5

Error Forcing Mode

In error forcing mode, a test pattern is applied to the CPU related inputs of the CCM-R4 compare logic to
force an error in the compare error output signal of the compare unit. The ESM error flag “CCM-R4 -
compare” is expected after the error forcing mode completes. As a side effect, the “CCM-R4 self-test
error” flag is also asserted whenever the CPU compare error is asserted.

Error forcing mode is similar to the Compare Mismatch Test operation of self-test mode in which an
unequal vector is applied to the CCM-R4 CPU signal ports. The error forcing mode forces the compare
mismatch to actually assert the compare error output signal. This ensures that faults in the path between
CCM-R4 and ESM is detected.

Only one hardcoded test pattern is applied into CCM-R4 during error forcing mode. A repeated 0x5
pattern is applied to CPU1 signal port of CCM-R4 input while a repeated 0xA pattern is applied to the
CPU2 signal port of CCM-R4 input. The error forcing mode takes one cycle to complete. Hence, the failing
signature is presented for one clock cycle. After that, the mode is automatically switched to lock step
mode. The key register (MKEY) will indicate the lock step key mode once it is switched to lock step mode.
During the one cycle required by the error forcing test, the CPU output signals are not compared. User
should expect the ESM to trigger a response (report the CCM-R4 fail). If no error is detected by ESM, then
a hardware fault is present.

Self-Test Error Forcing Mode

In self-test error forcing mode, an error is forced at the self-test error signal. The compare unit is still
running in lockstep mode and the key is switched to lockstep after one clock cycle. The ESM error flag
“CCM-R4 - self-test” is expected after the self-test error forcing mode completes. Once the expected
errors are seen, the application can clean the error through ESM module.

Operation During CPU Debug Mode

Certain debug operations place the CPU in a halting debug state where the code execution is halted.
Because halting debug events are asynchronous, there is a possibility for the debug requests to cause
loss of lockstep. CCM-R4 will disable upon detection of halting debug requests. Core compare error will
not be generated and flags will not update. A CPU reset is needed to ensure the CPUs are again in
lockstep and will also re-enable the CCM-R4.

8.4 CCM-R4 Control Registers
Table 8-3 lists the CCM-R4 registers. Each register begins on a 32-bit word boundary. The registers
support 32-bit, 16-bit, and 8-bit accesses. The base address for the control registers is FFFF F600h.
Table 8-3. CCM-R4 Control Registers
Offset Acronym Register Description Section
FFFF F600h CCMSR CCM-R4 Status Register Section 8.4.1
FFFF F604h CCMKEYR CCM-R4 Key Register Section 8.4.2
SPNU516C—-March 2018 CPU Compare Module for Cortex™-R4 (CCM-R4) 289

Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNU516C

CCM-R4 Control Registers

13 TEXAS
INSTRUMENTS

www.ti.com

8.4.1 CCM-R4 Status Register (CCMSR)

The contents of this register should be interpreted in context of what test was selected. That is, in what
mode the CCM is operating.

31

Figure 8-2. CCM-R4 Status Register (CCMSR) (offset = FFFF F600h)

17 16

Reserved | CPME \

15

R-0 R/W1CP-0
9 8 7 2 1 0

Reserved

| stC | Reserved | STET | STE |

LEGEND:

R-0

R-0 R-0 R-0 R-0

R/W = Read/Write; R = Read only; W1CP = Write 1 to clear in privilege mode only; -n = value after reset

Table 8-4. CCM-R4 Status Register (CCMSR) Field Descriptions

Bit

Field

Value

Description

31-17

Reserved

0

Reads return 0. Writes have no effect.

16

CMPE

Compare Error

Read in User and Privileged mode. Write in Privileged mode only.
Read: CPU signals are identical.

Write: Leaves the bit unchanged.

Read: CPU signal compare mismatch.
Write: Clears the bit.

15-9

Reserved

Reads return 0. Writes have no effect.

STC

Self-test Complete

Note: This bit is always 0 when not in self-test mode. Once set, switching from self-test mode to
other modes will clear this bit.

Read/Write in User and Privileged mode.
Read: Self-test on-going if self-test mode is entered.
Write: Writes have no effect.

Read: Self-test is complete.
Write: Writes have no effect.

7-2

Reserved

Reads return 0. Writes have no effect.

STET

Self-test Error Type

Read/Write in User and Privileged mode.

Read: Self-test failed during Compare Match Test if STE = 1.
Write: Writes have no effect.

Read: Self-test failed during Compare Mismatch Test if STE = 1.
Write: Writes have no effect.

STE

Self-test Error

Note: This bit gets updated when the self-test is complete or an error is detected.
Read/Write in User and Privileged mode.

Read: Self-test passed.

Write: Writes have no effect.

Read: Self-test failed.
Write: Writes have no effect.
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8.4.2 CCM-R4 Key Register (CCMKEYR)

31

Figure 8-3. CCM-R4 Key Register (CCMKEYR) (offset = FFFF F604h)

16

Reserved

15

R-0

Reserved MKEY

R-0 R/WP-0

LEGEND: R/W = Read/Write; R = Read only; WP = Write in Privileged mode only; -n = value after reset

Table 8-5. CCM-R4 Key Register (CCMKEYR) Field Descriptions

Bit

Field

Value

Description

31-4

Reserved

0

Reads return 0. Writes have no effect.

3-0

MKEY

Mode Key

Read in User and Privileged mode. Write in Privileged mode only.
Read: Returns current value of the MKEY.

Write: Lockstep mode.

6h

Read: Returns current value of the MKEY.
Write: Self-test mode.

9h

Read: Returns current value of the MKEY.
Write: Error Forcing mode.

Fh

Read: Returns current value of the MKEY.
Write: Self-test Error Forcing mode.

Note: It is recommended to not write any other key combinations. Invalid keys will result in
switching operation to lockstep mode.
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Oscillator, PLL, and Clock Monitoring

This chapter describes the oscillator and PLL clock source paths for the device.
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9.1 Introduction
This chapter provides an overview of the oscillator and PLL clock source paths for the device.
The oscillator macro will pass a signal driven into the OSCIN pin to clock source 0 that is the device
default clock source on reset. When a crystal or resonator with appropriate load circuitry is connected to
OSCIN and OSCOUT, the oscillator macro drives the crystal/resonator to generate the input waveform. In
addition to being directly usable as clock source 0, the oscillator clock is the input to the PLL.
The oscillator frequency is continuously monitored by a dedicated clock detect circuit. If the frequency falls
out of a fixed range, the clock detect switches the clock from the oscillator to an internally generated, free-
running frequency (from the low power oscillator (LPO)).
The phase lock loop (PLL), a circuit in the microcontroller, is used to multiply the input frequency to some
higher (device operation) frequency. This frequency synthesis is useful for generating higher frequencies
than can be conveniently achieved with an external crystal or resonator. Additionally, the PLL allows the
flexibility to be able to synthesize one of multiple frequency options from a given crystal or resonator.
Frequency modulation can be superimposed on the synthesized frequency. The modulation provides a
means to reduce the impact of electromagnetic radiation from the device; this reduction in measured
radiation can be useful in sensitive applications.
9.1.1 Features
The main features of the source clock path are:
» The oscillator may drive a crystal/resonator or be driven from an external source
» The clock detect provides continuous monitoring of the oscillator frequency and provides an automatic
switch over to a free-running clock in case of oscillator failure.
» The FM-PLL module can be operated in either modulation or non-modulation mode.
* The phase-frequency detector assures lock to the fundamental reference frequency.
7 _ fOSCIN % NF
. P NR  ODxR N
— Configurable prescale divider (NR) for the input clock
— Configurable multiplier (NF)
— Configurable postscale dividers (OD, R)
* The PLL may be used with modulation enabled.
— Configurable modulation frequency (NS)
— Configurable modulation depth (NV)
» The slip control circuitry provides flexible response to a PLL failure (slip) including reset or automatic
switch over to oscillator.
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9.2 Quick Start

The purpose of this section is to provide an overview of how to configure the oscillator and PLL clock
paths on power-up. More detailed descriptions are presented in later sections. Figure 9-1 shows the
oscillator and PLL clock paths.

While power-on reset is asserted (low), the oscillator and low power oscillator (LPO) are enabled and
start-up by default. After power-on reset is released to a high level, the clock detect circuit (CLKDET)
begins to monitor the oscillator. If the oscillator is within a valid range, the oscillator becomes the default
clock for the device as it exits reset; if the oscillator is not within a valid range, the clock detect selects the
high-frequency low power oscillator as the default clock for the device.

The low power oscillator has a wide frequency range which also creates a large valid window for the clock
detect; in order to refine the clock detect window, the low power oscillator can be trimmed. The initial trim
value is stored in one-time programmable section of the flash memory, address OxFO08 01B4. Bits 31:16
of this word contain a 16 bit value that may be programmed into LPOMONCTL(15:0) in order to initialize
the trim for both HF LPO and LF LPO. Software should read the initial trim values from flash and write
them to the control register.

The PLL is disabled by default on power-up. The PLL control registers (PLLCTL1 and PLLCTL2) must be
configured to set the desired output frequency. Then, the system PLL may be enabled (CLRCLKSR10OFF
bit in the Clock Source Disable Clear Register (CSDISCLR) of the System and Peripheral Control
Registers). The PLL has a valid bit that indicates the PLL is locked (CLKSR1V bit in the Clock Source
Valid Status Register (CSVSTAT) of the System and Peripheral Control Registers).

Prior to selecting the PLL clock as the source for a clock domain (for example, GCLK, HCLK, VCLKA1),
the domain and modules on the domain must be configured to accept the new frequency. An example of a
module that should be configured prior to selecting the PLL as clock source for GCLK and HCLK is the
memory wrapper to insure that access times are maintained correctly.

Figure 9-1. Clock Path From Oscillator Through PLL To Device
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The clock generation path through the PLL begins with the oscillator. The oscillator consists of three
separate pads -- OSCIN, OSCOUT, and KELVIN_GND (see Figure 9-2).

The oscillator is responsible for two independent functions:

1.

The oscillator is responsible for generating positive feedback in the external crystal/resonator with
appropriate load and tank circuitry. At start-up, the oscillator amplifies random noise. The external
circuitry acts like a band-pass and selects the crystal/resonator frequency to provide as positive
feedback into the amplifier. The positive feedback increases the amplitude of the output waveform into
the crystal/resonator (and the load circuitry), and the voltage waveform shows an envelope of
increasing amplitude. The oscillator can drive a crystal frequency that is within the data sheet range
tc(OSC)-

Looking at the input waveform into OSCIN, the voltage waveform is an AC-coupled, filtered version of
the OSCOUT waveform. The band-pass functionality of the crystal/resonator removes distortion from
the OSCOUT waveform, leaving a sinusoidal input waveform.

NOTE: Vendor Validation of Resonators/Crystals

The crystal is a very tight bandpass filter while a resonator is a somewhat wider bandpass.
The load circuitry pulls the center frequency of the bandpass.

Texas Instruments strongly encourages each customer to submit samples of the device to
the resonator/crystal vendor for validation. The vendor is equipped to determine what load

capacitances will best tune their resonator/crystal to the microcontroller device for optimum
start-up and operation over temperature and voltage extremes. The vendor also factors in

margins for variations in the microcontroller process.

The oscillator is also responsible for squaring-up the input waveform. This squaring-up converts the
sinusoid into a square wave at the core logic levels. The input path limits the input frequency range as
a low-pass filter with a cutoff frequency.

The oscillator has a frequency range that is determined by the driving capability of external

crystals/resonators (feedback path). If a clock is driven directly into the oscillator, then the feedback
path is not relevant and the frequency range is determined solely by the forward path (that typically
allows a higher frequency); the device can support inputs within the data sheet range t;osc sqn-

Figure 9-2. Clock Generation Path
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9.3.1 Oscillator Implementation

The oscillator operates at 3.3V and uses a constant current source to drive current onto the OSCOUT
node (see Figure 9-3). An internal transistor shunts the current (and current from the external circuitry) to
GND. This current steering drives the voltage waveform on OSCOUT.

Figure 9-3. Oscillator Implemen