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About This Manual

This Technical Reference Manual (TRM) describes the System-on-Chip (SoC) and each peripheral in the
device. The SoC consists of the following primary components
* ARM subsystem and associated memories

» A set of I/O peripherals

Notational Conventions

This document uses the following conventions.

* Hexadecimal numbers are shown with the suffix h. For example, the following number is 40
hexadecimal (decimal 64): 40h.

» 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 below. A legend explains the notation used for the properties.

— Reserved bits in a register figure designate a bit that is used for future device expansion.

Code Composer Studio is a trademark of Texas Instruments.
ARM926EJ-S, Jazelle are trademarks of ARM Limited.

SPl is a trademark of Motorola, Inc..

SD is a trademark of SanDisk Corporation.
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1.1

Introduction

ARM subsystem and associated memories
A set of I/O peripherals
A powerful DMA subsystem and SDRAM EMIF interface

Block Diagram

1.2

ARM Subsystem

The ARM926EJ-S™ 32-bit RISC CPU in the ARM subsystem (ARMSS) acts as the overall system
controller. The ARM CPU performs general system control tasks, such as system initialization,
configuration, power management, user interface, and user command implementation. The ARM
Subsystem chapter describes the ARMSS components and system control functions that the ARM core

A block diagram for the AM1806 ARM Microprocessor is shown in Figure 1-1.

The AM1806 ARM microprocessor contains an ARM RISC CPU for general-purpose processing and
systems control. The AM1806 ARM microprocessor consists of the following primary components:

performs.
Figure 1-1. AM1806 ARM Microprocessor Block Diagram
| JTAG Interface I ARM Subsystem
System Control
ARM926EJ-S CPU
Input PLL/Clock With MMU
Clock(s) —»| Generator
w/osC Memory Protection 4KB ETB
gﬁ:‘:;g'e 16KB | 16KB
Timer (x4) Power/Sleep I-Cache || D-Cache
Controller 8KB RAM
RTC/ (Vector Table)
32-kHz Pin
oscC Multiplexing 64KB ROM
’ Switched Central Resource (SCR) ‘
Peripherals Parallel Shared Customizable
DMA Audio Ports Serial Interfaces Display Video Port Memory Interface
EDMA3 McASP McBSP 12c SPI UART LCD VPIF uPP 128KB PRU
(x2) w/FIFO (x2) (x2) (x2) (x3) Ctir RAM Subsystem
Control Timers Connectivity External Memory Interfaces
HRPWM USB2.0 MMC/SD| [EMIFA(8b/16B)| | DDR2/mDDR
i (x2) e&;\)P OTG Ctir HPI (8b) NAND/Flash Memory
PHY (x2) 16b SDRAM Controller

Note: Not all peripherals are available at the same time due to multiplexing.

DMA Subsystem

The DMA subsystem includes two instances of the enhanced DMA controller (EDMA3). For more
information, see the Enhanced Direct Memory Access (EDMA3) Controller chapter.
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2.1 Introduction
This chapter describes the ARM subsystem and its associated memories. The ARM subsystem consists of
the following components:
 ARM926EJ-S™ 32-bit RISC CPU
» 16-KB Instruction cache
» 16-KB Data cache
* Memory Management Unit (MMU)
» Co-Processor 15 (CP15) to control MMU, cache, etc.
» Jazelle™ Java Accelerator
e ARM Internal Memory
— 8 KB RAM
— 64 KB built-in ROM
» Embedded Trace Module and Embedded Trace Buffer (ETM/ETB)
* Features:
— The main write buffer has a 16-word data buffer and a 4-address buffer
— Support for 32-bit ARM/16-bit THUMB instruction sets
— Fixed little-endian memory format
The ARM926EJ-S processor is a member of the ARM9 family of general-purpose microprocessors. The
ARMO926EJ-S processor targets multi-tasking applications where full memory management, high
performance, low die size, and low power are all important.
The ARM926EJ-S processor supports the 32-bit ARM and the 16-bit THUMB instruction sets, enabling
you to trade off between high performance and high code density. This includes features for efficient
execution of Java byte codes and providing Java performance similar to Just in Time (JIT) Java interpreter
without associated code overhead.
The ARM926EJ-S processor supports the ARM debug architecture and includes logic to assist in both
hardware and software debugging. The ARM926EJ-S processor has a Harvard architecture and provides
a complete high performance subsystem, including the following:
* An ARM926EJ-S integer core
* A Memory Management Unit (MMU)
» Separate instruction and data Advanced Microcontroller Bus Architecture (AHBA) Advanced High
Performance Bus (AHB) bus interfaces
NOTE: There is no TCM memory and interface on this device.
The ARM926EJ-S processor implements ARM architecture version 5TEJ.
The ARM core also has 8 KB RAM (typically used for vector table) and 64 KB ROM (for boot images)
associated with it. The RAM/ROM locations are not accessible by any other master peripherals.
Furthermore, the ARM has DMA and CFG bus master ports via the AHB interface.
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2.2 Operating States/Modes

The ARM can operate in two states: ARM (32-bit) mode and THUMB (16-bit) mode. You can switch the
ARMO926EJ-S processor between ARM mode and THUMB mode using the BX instruction.

The ARM can operate in the following modes:

» User mode (USR): Non-privileged mode, usually for the execution of most application programs.

» Fast interrupt mode (FIQ): Fast interrupt processing

e Interrupt mode (IRQ): Normal interrupt processing

e Supervisor mode (SVC): Protected mode of execution for operating systems

* Abort mode (ABT): Mode of execution after a data abort or a pre-fetch abort

» System mode (SYS): Privileged mode of execution for operating systems

» Undefined mode (UND): Executing an undefined instruction causes the ARM to enter undefined mode.

You can only enter privileged modes (system or supervisor) from other privileged modes.

To enter supervisor mode from user mode, generate a software interrupt (SWI). An IRQ interrupt causes
the processor to enter the IRQ mode. An FIQ interrupt causes the processor to enter the FIQ mode.

Different stacks must be set up for different modes. The stack pointer (SP) automatically changes to the
SP of the mode that was entered.

2.3 Processor Status Registers

The processor status register (PSR) controls the enabling and disabling of interrupts and setting the mode
of operation of the processor. The 8 least-significant bits PSR[7:0] are the control bits of the processor.
PSR[27:8] are reserved bits and PSR[31:28] are status registers. The details of the control bits are:

» Bit 7 - | bit: Disable IRQ (I =1) or enable IRQ (I = 0)
» Bit 6 - F bit: Disable FIQ (F = 1) or enable FIQ (F = 0)
e Bit5- T bit: Controls whether the processor is in thumb mode (T = 1) or ARM mode (T = 0)
» Bits 4:0 Mode: Controls the mode of operation of the processor
— PSR [4:0] = 10000 : User mode
— PSR [4:0] = 10001 : FIQ mode
— PSR [4:0] = 10010 : IRQ mode
— PSR [4:0] = 10011 : Supervisor mode
— PSR [4:0] = 10111 : Abort mode
— PSR [4:0] = 11011 : Undefined mode
— PSR [4:0] = 11111 : System mode

Status bits show the result of the most recent ALU operation. The details of status bits are:
* Bit 31 - N bit: Negative or less than

» Bit 30 - Z bit: Zero

e Bit 29 - C bit; Carry or borrow

e Bit 28 - V bit: Overflow or underflow

NOTE: See the Programmer’'s Model of the ARM926EJ-S Technical Reference Manual (TRM),
downloadable from http://infocenter.arm.com/help/index.jsp for more detailed information.
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2.4 Exceptions and Exception Vectors
Exceptions arise when the normal flow of the program must be temporarily halted. The exceptions that
occur in an ARM system are given below:
» Reset exception: processor reset
* FIQ interrupt: fast interrupt
* IRQ interrupt: normal interrupt
» Abort exception: abort indicates that the current memory access could not be completed. The abort
could be a pre-fetch abort or a data abort.
* SWI interrupt: use software interrupt to enter supervisor mode.
« Undefined exception: occurs when the processor executes an undefined instruction
The exceptions in the order of highest priority to lowest priority are: reset, data abort, FIQ, IRQ, pre-fetch
abort, undefined instruction, and SWI. SWI and undefined instruction have the same priority. The ARM is
configured with the VINITHI signal set high (VINITHI = 1), such that the vector table is located at address
FFFF 0000h. This address maps to the beginning of the ARM local RAM (8 KB).
NOTE: The VINITHI signal is configurable by way of the register setting in CP15. However, it is not
recommended to set VINITHI = 0, as the device has no physical memory in the 0000 0000h
address region.
The default vector table is shown in Table 2-1.
Table 2-1. Exception Vector Table for ARM
Vector Offset Address Exception Mode on entry | Bit State on Entry F Bit State on Entry
Oh Reset Supervisor Set Set
4h Undefined instruction Undefined Set Unchanged
8h Software interrupt Supervisor Set Unchanged
Ch Pre-fetch abort Abort Set Unchanged
10h Data abort Abort Set Unchanged
14h Reserved — — —
18h IRQ IRQ Set Unchanged
1Ch FIQ FIQ Set Set
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2.5

2.6

The 16-BIS/32-BIS Concept

The key idea behind 16-BIS is that of a super-reduced instruction set. Essentially, the ARM926EJ
processor has two instruction sets:

« ARM mode or 32-BIS: the standard 32-bit instruction set
« THUMB mode or 16-BIS: a 16-bit instruction set

The 16-bit instruction length (16-BIS) allows the 16-BIS to approach twice the density of standard 32-BIS

code while retaining most of the 32-BIS’s performance advantage over a traditional 16-bit processor using
16-bit registers. This is possible because 16-BIS code operates on the same 32-bit register set as 32-BIS
code. 16-bit code can provide up to 65% of the code size of the 32-bit code and 160% of the performance
of an equivalent 32-BIS processor connected to a 16-bit memory system.

16-B1S/32-BIS Advantages

16-bit instructions operate with the standard 32-bit register configuration, allowing excellent inter-
operability between 32-BIS and 16-BIS states. Each 16-bit instruction has a corresponding 32-bit
instruction with the same effect on the processor model. The major advantage of a 32-bit architecture over
a 16-bit architecture is its ability to manipulate 32-bit integers with single instructions, and to address a
large address space efficiently. When processing 32-bit data, a 16-bit architecture takes at least two
instructions to perform the same task as a single 32-bit instruction. However, not all of the code in a
program processes 32-bit data (for example, code that performs character string handling), and some
instructions (like branches) do not process any data at all. If a 16-bit architecture only has 16-bit
instructions, and a 32-bit architecture only has 32-bit instructions, then the 16-bit architecture has better
code density overall, and has better than one half of the performance of the 32-bit architecture. Clearly,
32-bit performance comes at the cost of code density. The 16-bit instruction breaks this constraint by
implementing a 16-bit instruction length on a 32-bit architecture, making the processing of 32-bit data
efficient with compact instruction coding. This provides far better performance than a 16-bit architecture,
with better code density than a 32-bit architecture. The 16-BIS also has a major advantage over other 32-
bit architectures with 16-bit instructions. The advantage is the ability to switch back to full 32-bit code and
execute at full speed. Thus, critical loops for applications such as fast interrupts can be coded using the
full 32-BIS and linked with 16-BIS code. The overhead of switching from 16-bit code to 32-bit code is
folded into sub-routine entry time. Various portions of a system can be optimized for speed or for code
density by switching between 16-BIS and 32-BIS execution, as appropriate.
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2.7 Co-Processor 15 (CP15)
The system control coprocessor (CP15) is used to configure and control instruction and data caches,
Tightly-Coupled Memories (TCMs), Memory Management Units (MMUs), and many system functions. The
CP15 registers are only accessible with MRC and MCR instructions by the ARM in a privileged mode like
supervisor mode or system mode.
2.7.1 Addresses in an ARM926EJ-S System

Three different types of addresses exist in an ARM926EJ-S system. They are listed in Table 2-2.

Table 2-2. Different Address Types in ARM System

Domain ARMOYEJ-S Caches and MMU TCM and AMBA Bus
Address type Virtual Address (VA) Modified Virtual Address (MVA) Physical Address (PA)

An example of the address manipulation that occurs when the ARM9EJ-S core requests an instruction is
shown in Example 2-1

Example 2-1. Address Manipulation

The VA of the instruction is issued by the ARM9EJ-S core.

The VA is translated to the MVA. The Instruction Cache (Icache) and Memory Management Unit (MMU) detect
the MVA.

If the protection check carried out by the MMU on the MVA does not abort and the MVA tag is in the Icache,
the instruction data is returned to the ARM9EJ-S core.

If the protection check carried out by the MMU on the MVA does not abort, and the MVA tag is not in the
cache, then the MMU translates the MVA to produce the PA.

2.7.2

NOTE: See the Programmers Model of the ARM926EJ-S Technical Reference Manual (TRM),
downloadable from http://infocenter.arm.com/help/index.jsp for more detailed information.

Memory Management Unit (MMU)

The ARM926EJ-S MMU provides virtual memory features required by operating systems such as
SymbianOS, WindowsCE, and Linux. A single set of two level page tables stored in main memory controls
the address translation, permission checks, and memory region attributes for both data and instruction
accesses. The MMU uses a single unified Translation Lookaside Buffer (TLB) to cache the information
held in the page tables.

The MMU features are as follows:
» Standard ARM architecture v4 and v5 MMU mapping sizes, domains, and access protection scheme.
» Mapping sizes are 1 MB (sections), 64 KB (large pages), 4 KB (small pages) and 1 KB (tiny pages)

» Access permissions for large pages and small pages can be specified separately for each quarter of
the page (subpage permissions)

« Hardware page table walks

» Invalidate entire TLB, using CP15 register 8

» Invalidate TLB entry, selected by MVA, using CP15 register 8
* Lockdown of TLB entries, using CP15 register 10

NOTE: See the Memory Management Unit of the ARM926EJ-S Technical Reference Manual (TRM),
downloadable from http://infocenter.arm.com/help/index.jsp for more detailed information.
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2.7.3 Caches and Write Buffer

The ARM926EJ-S processor includes:
e An Instruction cache (Icache)

» A Data cache (Dcache)

* A write buffer

The size of the data cache is 16 KB, instruction cache is 16 KB, and write buffer is 17 bytes.

The caches have the following features:
» Virtual index, virtual tag, addressed using the Modified Virtual Address (MVA)

» Four-way set associative, with a cache line length of eight words per line (32 bytes per line), and two
dirty bits in the Dcache

» Dcache supports write-through and write-back (or copy back) cache operation, selected by memory
region using the C and B bits in the MMU translation tables

» Perform critical-word first cache refilling

» Cache lockdown registers enable control over which cache ways are used for allocation on a line fill,
providing a mechanism for both lockdown and controlling cache pollution.

« Dcache stores the Physical Address TAG (PA TAG) corresponding to each Dcache entry in the
TAGRAM for use during the cache line write-backs, in addition to the Virtual Address TAG stored in the
TAG RAM. This means that the MMU is not involved in Dcache write-back operations, removing the
possibility of TLB misses related to the write-back address.

» Cache maintenance operations to provide efficient invalidation of the following:
— The entire Dcache or Icache
— Regions of the Dcache or Icache
— The entire Dcache
— Regions of virtual memory
* They also provide operations for efficient cleaning and invalidation of the following:
— The entire Dcache
— Regions of the Dcache
— Regions of virtual memory

The write buffer is used for all writes to a non-cachable bufferable region, write-through region, and write
misses to a write-back region. A separate buffer is incorporated in the Dcache for holding write-back for
cache line evictions or cleaning of dirty cache lines.

The main write buffer has a 16-word data buffer and a four-address buffer.
The Dcache write-back has eight data word entries and a single address entry.
The MCR drain write buffer enables both write buffers to be drained under software control.

The MCR wait for interrupt causes both write buffers to be drained and the ARM926EJ-S processor to be
put into a low power state until an interrupt occurs.

NOTE: See the Caches and Write Buffer of the ARM926EJ-S Technical Reference Manual (TRM),
downloadable from http://infocenter.arm.com/help/index.jsp for more detailed information.
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3.1 Introduction

The ARM, the Programmable Real-Time Unit (PRU) subsystem, the EDMA3 transfer controllers, and the

device peripherals are interconnected through a switch fabric architecture (see Section 3.2). The switch

fabric is composed of multiple switched central resources (SCRs) and multiple bridges. The SCRs
establish low-latency connectivity between master peripherals and slave peripherals.

Additionally, the SCRs provide priority-based arbitration and facilitate concurrent data movement between

master and slave peripherals. Bridges are mainly used to perform bus-width conversion as well as bus

operating frequency conversion.

The ARM, the PRU subsystem, the EDMAS3 transfer controllers, and the various device peripherals can be

classified into two categories: master peripherals and slave peripherals. Master peripherals are typically

capable of initiating read and write transfers in the system and do not rely on the EDMA3 or on a CPU to
perform transfers to and from them. The system master peripherals include the ARM, the EDMAS transfer
controllers, HPI, LCDC, PRU subsystems, USB2.0, uPP, and VPIF. Not all master peripherals may

connect to all slave peripherals. The supported connections are designated by an X in Table 3-1.

Table 3-1. AM1806 ARM Microprocessor System Interconnect Matrix
Masters Slaves
ARM

Default ROM, ARM DDR2/ 128K EDMA3 0 EDMA3 1 Peripheral
Master Priority AINTC RAM EMIFA mDDR RAM TCO/TC1 TCO Group®
EDMA3_0_CCO0 0 X
EDMA3_1_CCO 0 X
EDMA3_0_TCO 0 X X X X X X
EDMA3_0_TC1 0 X X X X X X
PRUO 0 X X X X X X X
PRU1 0 X X X X X X
ARM | 2 X X X X X
ARM D 2 X X X X X X X X
EDMA3_1_TCO 4 X X X X X X
uPP 4 X X X
USB2.0 4 X X X
VPIF 4 X X X
LCDC 5 X
HPI 6 X X X X®@

@ Peripheral group: SYSCFG, eCAPO, eCAP1, eCAP2, eHRPWMO, eHRPWM1, GPIO, 12C0, 12C1, LCDC, McASPO, McBSPO,
McBSP1, MDIO, MMC/SDO, MMC/SD1, PLLCO, PLLC1, PRU RAMO, PRU RAM1, PRU Config, PSCO0, PSC1, RTC, SPI0, SPI1,
TIMER64P0, TIMER64P1, TIMER64P2, TIMER64P3, EDMA3_0_CCO, EDMA3_1_CCO, UARTO, UART1, UART2, HPI, USBO
(USB2.0), uPP, VPIF.

@ The HPI does not have access to all registers in the SYSCFG module because it operates with the User Privilege Level.
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3.2 System Interconnect Block Diagram

Figure 3-1 shows a system interconnect block diagram.

HPI
USBO VBUSP
USBO CDMA

Figure 3-1. System Interconnect Block Diagram
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4.1 Introduction
This device has multiple on-chip/off-chip memories and several external device interfaces associated with
the ARM and various subsystems. To help simplify software development, a unified memory-map is used
wherever possible to maintain a consistent view of device resources across all masters.
For details on the memory addresses, actual memory supported and accessibility by various bus masters,
see the detailed memory-map information in the device-specific data manual.
4.2 ARM Memories

The configuration for the ARM internal memory is:
+ 8 KB ARM local RAM

* 64 KB ARM local ROM

* 16 KB Instruction Cache and 16 KB Data cache

The ARM RAM/ROM are only accessible by ARM and PRUO.

On-Chip RAM Memory

This device also offers an on-chip 128-KB single-port RAM, apart from the ARM internal memories. This
on-chip RAM is accessible by the ARM, and is also accessible by several master peripherals. Writes to
this RAM by all masters is atomic.

External Memories

This device has two external memory interfaces that provide multiple external memory options accessible
by the CPU and master peripherals:

« EMIF:

— 8/16-bit wide asynchronous EMIF module that supports asynchronous devices such as ASRAM,
NAND Flash, and NOR Flash (up to 4 devices)

— 8/16-bit wide NAND Flash with 4-bit ECC (up to 4 devices)

— 16-bit SDRAM with 128-MB address space
 DDR2/mDDR memory controller:

— 16-bit DDR2 with up to 256-MB memory address space

— 16-bit mDDR with up to 256-MB memory address space

Internal Peripherals

The peripheral only accessible by the ARM is the ARM interrupt controller (AINTC). For more information
on the AINTC, see the ARM Interrupt Controller (AINTC) chapter.

4.3 Peripherals
The ARM has access to all peripherals. This also includes system modules like the PLL controller (PLLC),
the power and sleep controller (PSC), and the system configuration module (SYSCFG). See the device-
specific data manual for the complete list of peripherals supported on your device.
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5.1 Introduction

This device supports two memory protection units (MPU1 and MPU2). MPU1 supports the 128KB on-chip
RAM and MPU2 supports the DDR2/mDDR SDRAM.

5.1.1 Purpose of the MPU

The memory protection unit (MPU) is provided to manage access to memory. The MPU allows you to
define multiple ranges and limit access to system masters based on their privilege ID. The MPU can
record a detected fault, or invalid access, and notify the system through an interrupt.

5.1.2 Features

The MPU supports the following features:

e Supports multiple programmable address ranges

e Supports 0 or 1 fixed range

» Supports read, write, and execute access privileges

» Supports privilege ID associations with ranges

» Generates an interrupt when there is a protection violation, and saves violating transfer parameters
» Supports protection of its own registers

5.1.3 Block Diagram

Figure 5-1 shows a block diagram of the MPU. An access to a protected memory must pass through the
MPU. During an access, the MPU checks the memory address on the input data bus against fixed and
programmable ranges. If allowed, the transfer is passed unmodified to the output data bus. If the transfer
fails the protection check then the MPU does not pass the transfer to the output bus but rather services
the transfer internally back to the input bus (to prevent a hang) returning the fault status to the requestor
as well as generating an interrupt about the fault. The MPU generates two interrupts: an address error
interrupt (MPU_ADDR_ERR_INT) and a protection interrupt (MPU_PROT_ERR_INT).

Figure 5-1. MPU Block Diagram

MPU
Input Protection ::: Output
Data Checks Data
Bus Bus
—» MPU_ADDR_ERR_INT
@ —» MPU_PROT_ERRL_INT
MPU Register Bus
88 Memory Protection Unit (MPU) SPRUHB83C-April 2013—-Revised September 2016

Submit Documentation Feedback
Copyright © 2013-2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUH83C

13 TEXAS
INSTRUMENTS

www.ti.com Introduction
5.1.4 MPU Default Configuration

Two MPUs are supported on the device, one for the 128KB on-chip RAM and one for the DDR2/mDDR
SDRAM. Table 5-1 shows the memory regions protected by each MPU. Table 5-2 shows the configuration

of each MPU.
Table 5-1. MPU Memory Regions
Memory Region

Unit Memory Protection Start Address End Address

MPU1 128KB On-chip RAM 8000 0000h 8001 FFFFh

MPU2 DDR2/mDDR SDRAM C000 0000h DFFF FFFFh

Table 5-2. MPU Default Configuration

Setting MPU1 MPU2
Default permission Assume allowed Assume allowed
Number of allowed IDs supported 12 12
Number of fixed ranges supported 1 0
Number of programmable ranges supported 6 12
Compare width 1 KB granularity 64 KB granularity

5.2 Architecture

5.2.1 Privilege Levels

The privilege level of a memory access determines what level of permissions the originator of the memory
access might have. Two privilege levels are supported: supervisor and user.

Supervisor level is generally granted access to peripheral registers and the memory protection
configuration. User level is generally confined to the memory spaces that the OS specifically designates
for its use.

ARM CPU instruction and data accesses have a privilege level associated with them. See the ARM926EJ-
S Technical Reference Manual (TRM), downloadable from http://infocenter.arm.com/help/index.jsp for
more details on privilege levels of the ARM CPU.

Although master peripherals like the HPI do not execute code, they still have a privilege level associated
with them. Unlike the ARM CPU, the privilege level of this peripheral is fixed.

Table 5-3 shows the privilege ID of the CPU and every mastering peripheral. Table 5-3 also shows the
privilege level (supervisor vs. user) and access type (instruction read vs. data/DMA read or write) of each
master on the device. In some cases, a particular setting depends on software being executed at the time
of the access or the configuration of the master peripheral.
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Table 5-3. Device Master Settings

Master Privilege ID Privilege Level Access Type

EDMA3_0_CCO0 Inherited Inherited DMA

EDMA3_0_TCO and EDMA3_0_TC1 Inherited Inherited DMA

EDMA3_1_CCO0 Inherited Inherited DMA

EDMA3_1_TCO Inherited Inherited DMA

ARM (instruction access) 0 Software dependant Instruction

ARM (data access) 0 Software dependant Data

PRUO/PRU1 2 Supervisor DMA

HPI 3 User DMA

USB2.0 6 Supervisor DMA

LCD Controller 7 Supervisor DMA

uPP 8 Supervisor DMA

VPIF DMAO 10 Supervisor DMA

VPIF DMA1 11 Supervisor DMA

5.2.2 Memory Protection Ranges

NOTE: In some cases the amount of physical memory in actual use may be less than the maximum
amount of memory supported by the device. For example, the device may support a total of
512 Mbytes of SDRAM memory, but your design may only populate 128 Mbytes. In such
cases, the unpopulated memory range must be protected in order to prevent
unintended/disallowed aliased access to protected memory. One of the programmable
address ranges could be used to detect accesses to this unpopulated memory.

The MPU divides its assigned memory into address ranges. Each MPU can support one fixed address
range and multiple programmable address ranges. The fixed address range is configured to an exact
address. The programmable address range allows software to program the start and end addresses.

Each address range has the following set of registers:

* Range start and end address registers (MPSAR and MPEAR): Specifies the starting and ending
address of the address range.

« Memory protection page attribute register (MPPA): Use to program the permission settings of the
address range.

It is allowed to configure ranges such that they overlap each other. In this case, all the overlapped ranges
must allow the access, otherwise the access is not allowed. The final permissions given to the access are
the lowest of each type of permission from any hit range.

Addresses not covered by a range are either allowed or disallowed based on the configuration of the
MPU. The MPU can be configured for assumed allowed or assumed disallowed mode as dictated by the
ASSUME_ALLOWED bit in the configuration register (CONFIG).
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5.2.3 Permission Structures

The MPU defines a per-range permission structure with three permission fields in a 32-bit permission
entry. Figure 5-2 shows the structure of a permission entry.

Figure 5-2. Permission Fields
31 22 21 20 19 18 17 16
\ Reserved | Allowed IDs \
AID11 AID1I0 AID9 AID8 AID7 AID6

15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
Allowed IDs Reserved | Access Types
AID5 AID4 AID3  AID2 AID1  AIDO AIX SR SW SX UR uw UX

5.2.3.1 Requestor-ID Based Access Controls

Each master on the device has an N-bit code associated with it that identifies it for privilege purposes.
This privilege ID accompanies all memory accesses made on behalf of that master. That is, when a
master triggers a memory access command, the privilege 1D will be carried alongside the command.

Each memory protection range has an allowed ID (AID) field associated with it that indicates which
requestors may access the given address range. The MPU maps the privilege IDs of all the possible
requestors to bits in the allowed IDs field in the memory protection page attribute registers (MPPA).

» AIDO through AID11 are used to specify the allowed privilege IDs.

* An additional allowed ID bit, AIDX, captures access made by all privilege IDs not covered by AIDO
through AID11.

When set to 1, the AID bit grants access to the corresponding ID. When cleared to 0, the AID bit denies
access to the corresponding requestor.

5.2.3.2 Request-Type Based Permissions

The memory protection model defines three fundamental functional access types: read, write, and
execute. Read and write refer to data accesses -- accesses originating via the load/store units on the CPU
or via a master peripheral. Execute refers to accesses associated with an instruction fetch.

The memory protection model allows controlling read, write, and execute permissions independently for
both user and supervisor mode. This results in six permission bits, listed in Table 5-4. For each bit, a 1
permits the access type and a 0 denies access. For example, UX = 1 means that User Mode may execute
from the given page. The memory protection unit allows you to specify all six of these bits separately; 64
different encodings are permitted altogether, although programs might not use all of them.

Table 5-4. Request Type Access Controls

Bit Field Description
5 SR Supervisor may read
4 SW Supervisor may write
3 SX Supervisor may execute
2 UR User may read
1 uw User may write
0 UX User may execute
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524

525

5.2.6

527

Protection Check

During a memory access, the MPU checks if the address range of the input transfer overlaps one of the
address ranges. When the input transfer address is within a range the transfer parameters are checked
against the address range permissions.

The MPU first checks the transfers privilege ID against the AID settings. If the AID bit is 0, then the range
will not be checked; if the AID bit is 1, then the transfer parameters are checked against the memory
protection page attribute register (MPPA) values to detect an allowed access.

For non-debug accesses, the read, write, and execute permissions are also checked. There is a set of
permissions for supervisor mode and a set for user mode. For supervisor mode accesses, the SR, SW,
and SX bits are checked. For user mode accesses, the UR, UW, and UX bits are checked.

If the transfer address range does not match any address range then the transfer is either allowed or
disallowed based on the configuration of the MPU. The MPU can be configured for assumed allowed or
assumed disallowed mode as dictated by the ASSUME_ALLOWED bit in the configuration register
(CONFIG).

In the case that a transfer spans multiple address ranges, all the overlapped ranges must allow the
access, otherwise the access is not allowed. The final permissions given to the access are the lowest of
each type of permission from any hit range. Therefore, if a transfer matches 2 ranges, one that is RW and
one that is RX, then the final permission is just R.

MPU Register Protection

Access to the range start and end address registers (MPSAR and MPEAR) and memory protection page
attribute registers (MPPA) is also protected. All non-debug writes must be by a supervisor entity. A
protection fault can occur from a register write with invalid permissions and this triggers an interrupt just
like a memory access.

Faults are not recorded (nor interrupts generated) for debug accesses.

Invalid Accesses and Exceptions

When a transfer fails the protection check, the MPU does not pass the transfer to the output bus. The
MPU instead services the transfer locally to prevent a hang and returns a protection error to the requestor.
The behavior of the MPU depends on whether the access was a read or a write:

» For aread: The MPU returns 0s, a permission value is 0 (no access allowed), a protection error status.
* For a write: The MPU receives all the write data and returns a protection error status.

The MPU captures system faults due to addressing or protection violations in its registers. The MPU can
store the fault information for only one fault, so the first detected fault is recorded into the fault registers
and an interrupt is generated. Software must use the fault clear register (FLTCLR) to clear the fault status
so that another fault can be recorded. The MPU will not record another fault nor generate another interrupt
until the existing fault has been cleared. Also, additional faults will be ignored. Faults are not recorded (no
interrupts generated) for debug accesses.

Reset Considerations

After reset, the memory protection page attribute registers (MPPA) default to 0. This disables all protection
features.
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5.2.8 Interrupt Support

5.2.8.1 Interrupt Events and Requests

The MPU generates two interrupts: an address error interrupt (MPU_ADDR_ERR_INT) and a protection
interrupt (MPU_PROT_ERR_INT). The MPU_ADDR_ERR_INT is generated when there is an addressing
violation due to an access to a non-existent location in the MPU register space. The
MPU_PROT_ERR_INT interrupt is generated when there is a protection violation of either in the defined
ranges or to the MPU registers.

The transfer parameters that caused the violation are saved in the MPU registers.

5.2.8.2 Interrupt Multiplexing

The interrupts from both MPUs are combined with the boot configuration module into a single interrupt
called MPU_BOOTCFG_ERR. The combined interrupt is routed to the ARM interrupt controller. Table 5-5
shows the interrupt sources that are combined to make MPU_BOOTCFG_ERR.

Table 5-5. MPU_BOOTCFG_ERR Interrupt Sources

Interrupt Source

MPU1_ADDR_ERR_INT MPUL1 address error interrupt
MPU1_PROT_ERR_INT MPUL protection interrupt
MPU2_ADDR_ERR_INT MPU2 address error interrupt
MPU2_PROT_ERR_INT MPU?2 protection interrupt
BOOTCFG_ADDR_ERR Boot configuration address error
BOOTCFG_PROT_ERR Boot configuration protection error

5.2.9 Emulation Considerations
Memory and MPU registers are not protected against emulation accesses.

SPRUHB83C—April 2013—-Revised September 2016 Memory Protection Unit (MPU) 93

Submit Documentation Feedback
Copyright © 2013-2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUH83C

MPU Registers

I

TEXAS

INSTRUMENTS

www.ti.com

5.3 MPU Registers

There are two MPUs on the device. Each MPU contains a set of memory-mapped registers.

Table 5-7 lists the memory-mapped registers for the MPU2.

Table 5-6. Memory Protection Unit 1 (MPU1) Registers

Address Acronym Register Description Section
01E1 4000h REVID Revision identification register Section 5.3.1
01E1 4004h CONFIG Configuration register Section 5.3.2
01E1 4010h IRAWSTAT Interrupt raw status/set register Section 5.3.3
01E1 4014h IENSTAT Interrupt enable status/clear register Section 5.3.4
01E1 4018h IENSET Interrupt enable set register Section 5.3.5
01E1 401Ch IENCLR Interrupt enable clear register Section 5.3.6
01E1 4200h PROG1_MPSAR Programmable range 1 start address register Section 5.3.10.1
01E1 4204h PROG1_MPEAR Programmable range 1 end address register Section 5.3.11.1
01E1 4208h PROG1_MPPA Programmable range 1 memory protection page attributes register Section 5.3.12
01E1 4210h PROG2_MPSAR Programmable range 2 start address register Section 5.3.10.1
01E1 4214h PROG2_MPEAR Programmable range 2 end address register Section 5.3.11.1
01E1 4218h PROG2_MPPA Programmable range 2 memory protection page attributes register Section 5.3.12
01E1 4220h PROG3_MPSAR Programmable range 3 start address register Section 5.3.10.1
01E1 4224h PROG3_MPEAR Programmable range 3 end address register Section 5.3.11.1
01E1 4228h PROG3_MPPA Programmable range 3 memory protection page attributes register Section 5.3.12
01E1 4230h PROG4_MPSAR Programmable range 4 start address register Section 5.3.10.1
01E1 4234h PROG4_MPEAR Programmable range 4 end address register Section 5.3.11.1
01E1 4238h PROG4_MPPA Programmable range 4 memory protection page attributes register Section 5.3.12
01E1 4240h PROG5_MPSAR Programmable range 5 start address register Section 5.3.10.1
01E1 4244h PROG5_MPEAR Programmable range 5 end address register Section 5.3.11.1
01E1 4248h PROG5_MPPA Programmable range 5 memory protection page attributes register Section 5.3.12
01E1 4250h PROG6_MPSAR Programmable range 6 start address register Section 5.3.10.1
01E1 4254h PROG6_MPEAR Programmable range 6 end address register Section 5.3.11.1
01E1 4258h PROG6_MPPA Programmable range 6 memory protection page attributes register Section 5.3.12
01E1 4300h FLTADDRR Fault address register Section 5.3.13
01E1 4304h FLTSTAT Fault status register Section 5.3.14
01E1 4308h FLTCLR Fault clear register Section 5.3.15
Table 5-7. Memory Protection Unit 2 (MPU2) Registers
Address Acronym Register Description Section
01E1 5000h REVID Revision identification register Section 5.3.1
01E1 5004h CONFIG Configuration register Section 5.3.2
01E1 5010h IRAWSTAT Interrupt raw status/set register Section 5.3.3
01E1 5014h IENSTAT Interrupt enable status/clear register Section 5.3.4
01E1 5018h IENSET Interrupt enable set register Section 5.3.5
01E1 501Ch IENCLR Interrupt enable clear register Section 5.3.6
01E1 5100h FXD_MPSAR Fixed range start address register Section 5.3.7
01E1 5104h FXD_MPEAR Fixed range end address register Section 5.3.8
01E1 5108h FXD_MPPA Fixed range memory protection page attributes register Section 5.3.9
01E1 5200h PROG1_MPSAR Programmable range 1 start address register
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Table 5-7. Memory Protection Unit 2 (MPU2) Registers (continued)

Address Acronym Register Description Section
01E1 5204h PROG1_MPEAR Programmable range 1 end address register

01E1 5208h PROG1_MPPA Programmable range 1 memory protection page attributes register Section 5.3.12
01E1 5210h PROG2_MPSAR Programmable range 2 start address register

01E1 5214h PROG2_MPEAR Programmable range 2 end address register

01E1 5218h PROG2_MPPA Programmable range 2 memory protection page attributes register Section 5.3.12
01E1 5220h PROG3_MPSAR Programmable range 3 start address register

01E1 5224h PROG3_MPEAR Programmable range 3 end address register

01E1 5228h PROG3_MPPA Programmable range 3 memory protection page attributes register Section 5.3.12
01E1 5230h PROG4_MPSAR Programmable range 4 start address register

01E1 5234h PROG4_MPEAR Programmable range 4 end address register

01E1 5238h PROG4_MPPA Programmable range 4 memory protection page attributes register Section 5.3.12
01E1 5240h PROG5_MPSAR Programmable range 5 start address register

01E1 5244h PROG5_MPEAR Programmable range 5 end address register

01E1 5248h PROG5_MPPA Programmable range 5 memory protection page attributes register Section 5.3.12
01E1 5250h PROG6_MPSAR Programmable range 6 start address register

01E1 5254h PROG6_MPEAR Programmable range 6 end address register

01E1 5258h PROG6_MPPA Programmable range 6 memory protection page attributes register Section 5.3.12
01E1 5260h PROG7_MPSAR Programmable range 7 start address register

01E1 5274h PROG7_MPEAR Programmable range 7 end address register

01E1 5268h PROG7_MPPA Programmable range 7 memory protection page attributes register Section 5.3.12
01E1 5270h PROG8_MPSAR Programmable range 8 start address register

01E1 5274h PROG8_MPEAR Programmable range 8 end address register

01E1 5278h PROG8_MPPA Programmable range 8 memory protection page attributes register Section 5.3.12
01E1 5280h PROG9_MPSAR Programmable range 9 start address register

01E1 5284h PROG9_MPEAR Programmable range 9 end address register

01E1 5288h PROG9_MPPA Programmable range 9 memory protection page attributes register Section 5.3.12
01E1 5290h PROG10_MPSAR Programmable range 10 start address register

01E1 5294h PROG10_MPEAR Programmable range 10 end address register

01E1 5298h PROG10_MPPA Programmable range 10 memory protection page attributes register Section 5.3.12
01E1 52A0h PROG11_MPSAR Programmable range 11 start address register

01E1 52A4h PROG11_MPEAR Programmable range 11 end address register

01E1 52A8h PROG11_MPPA Programmable range 11 memory protection page attributes register Section 5.3.12
01E1 52BOh PROG12_MPSAR Programmable range 12 start address register

01E1 52B4h PROG12_MPEAR Programmable range 12 end address register

01E1 52B8h PROG12_MPPA Programmable range 12 memory protection page attributes register Section 5.3.12
01E1 5300h FLTADDRR Fault address register Section 5.3.13
01E1 5304h FLTSTAT Fault status register Section 5.3.14
01E1 5308h FLTCLR Fault clear register Section 5.3.15
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5.3.1 Revision Identification Register (REVID)

The revision ID register (REVID) contains the MPU revision. The REVID is shown in Figure 5-3 and
described in Table 5-8.

Figure 5-3. Revision ID Register (REVID)

REV
R-4E81 0101h

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

Table 5-8. Revision ID Register (REVID) Field Descriptions

Bit Field Value Description
31-0 |REV 4E81 0101h Revision ID of the MPU.

5.3.2 Configuration Register (CONFIG)

The configuration register (CONFIG) contains the configuration value of the MPU. The CONFIG is shown
in Figure 5-4 and described in Table 5-9.

NOTE: Although the NUM_AIDS bit defaults to 12 (Ch), not all AIDs may be supported on your
device. Unsupported AIDs should be cleared to 0 in the memory page protection attributes
registers (MPPA). See for a list of AIDs supported on your device.

Figure 5-4. Configuration Register (CONFIG)

31 24 23 20 19 16
] ADDR_WIDTH \ NUM_FIXED \ NUM_PROG \
R-0® or 6h@ R-0® or 1@ R-6h® or Ch®
15 12 11 1 0
\ NUM_AIDS Reserved | ASSUME_ALLOWED |
R-Ch R-0 R-1
LEGEND: R = Read only; -n = value after reset
@ For MPUL.
@ For MPU2.
Table 5-9. Configuration Register (CONFIG) Field Descriptions
Bit Field Value | Description
31-24 | ADDR_WIDTH 0-FFh | Address alignment (2" KByte alignment) for range checking.
23-20 | NUM_FIXED 0-Fh | Number of fixed address ranges.
19-16 | NUM_PROG 0-Fh | Number of programmable address ranges.
15-12 | NUM_AIDS 0-Fh | Number of supported AIDs.
11-1 | Reserved 0 Reserved
0 ASSUME_ALLOWED Assume allowed. When an address is not covered by any MPU protection range, this bit
determines whether the transfer is assumed to be allowed or not allowed.
0 Assume is disallowed.
Assume is allowed.
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5.3.3 Interrupt Raw Status/Set Register (IRAWSTAT)

Reading the interrupt raw status/set register (IRAWSTAT) returns the status of all interrupts. Software can
write to IRAWSTAT to manually set an interrupt; however, an interrupt is generated only if the interrupt is
enabled in the interrupt enable set register (IENSET). Writes of 0 have no effect. The IRAWSTAT is
shown in Figure 5-5 and described in Table 5-10.

Figure 5-5. Interrupt Raw Status/Set Register (IRAWSTAT)

31 16
‘ Reserved ‘
R-0
15 2 1 0
\ ADDRERR PROTERR |
R-0 RIW-0 RIW-0

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

Table 5-10. Interrupt Raw Status/Set Register (IRAWSTAT) Field Descriptions

Bit Field Value | Description
31-2 | Reserved 0 Reserved
1 ADDRERR Address violation error. Reading this bit reflects the status of the interrupt. Writing 1 sets the status;

writing O has no effect.
Interrupt is not set.
Interrupt is set.

0 PROTERR Protection violation error. Reading this bit reflects the status of the interrupt. Writing 1 sets the
status; writing O has no effect.

Interrupt is not set.

Interrupt is set.
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Interrupt Enable Status/Clear Register (IENSTAT)

Reading the interrupt enable status/clear register (IENSTAT) returns the status of only those interrupts
that are enabled in the interrupt enable set register (IENSET). Software can write to IENSTAT to clear an
interrupt; the interrupt is cleared from both IENSTAT and the interrupt raw status/set register
(IRAWSTAT). Writes of 0 have no effect. The IENSTAT is shown in Figure 5-6 and described in Table 5-

11.

Figure 5-6. Interrupt Enable Status/Clear Register (IENSTAT)

31 16
‘ Reserved ‘
R-0
15 2 1 0
] ADDRERR PROTERR |
R-0 RIW-0 RIW-0

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

Table 5-11. Interrupt Enable Status/Clear Register (IENSTAT) Field Descriptions

Bit

Field

Value

Description

31-2

Reserved

0

Reserved

ADDRERR

Address violation error. If the interrupt is enabled, reading this bit reflects the status of the interrupt.
If the interrupt is disabled, reading this bit returns 0. Writing 1 sets the status; writing 0 has no
effect.

Interrupt is not set.
Interrupt is set.

PROTERR

Protection violation error. If the interrupt is enabled, reading this bit reflects the status of the
interrupt. If the interrupt is disabled, reading this bit returns 0. Writing 1 sets the status; writing O
has no effect.

Interrupt is not set.

Interrupt is set.
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5.3.5 Interrupt Enable Set Register (IENSET)

Reading the interrupt enable set register (IENSET) returns the interrupts that are enabled. Software can
write to IENSET to enable an interrupt. Writes of O have no effect. The IENSET is shown in Figure 5-7 and

described in Table 5-12.

Figure 5-7. Interrupt Enable Set Register (IENSET)

31 16
‘ Reserved ‘
R-0
15 2 1 0
] ADDRERR_EN | PROTERR_EN |
R-0 RIW-0 RIW-0

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

Table 5-12. Interrupt Enable Set Register (IENSET) Field Descriptions

Bit Field Value | Description
31-2 | Reserved 0 Reserved
1 ADDRERR_EN Address violation error enable.

Writing O has no effect.
Interrupt is enabled.

0 PROTERR_EN Protection violation error enable.
Writing O has no effect.

Interrupt is enabled.

5.3.6 Interrupt Enable Clear Register (IENCLR)

Reading the interrupt enable clear register (IENCLR) returns the interrupts that are enabled. Software can
write to IENCLR to clear/disable an interrupt. Writes of 0 have no effect. The IENCLR is shown in
Figure 5-8 and described in Table 5-13.

Figure 5-8. Interrupt Enable Clear Register (IENCLR)

31 16
Reserved
R-0
15 2 1 0
] Reserved ADDRERR_CLR | PROTERR_CLR |
R-0 R/W-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 5-13. Interrupt Enable Clear Register (IENCLR) Field Descriptions
Bit Field Value | Description
31-2 | Reserved 0 Reserved
1 ADDRERR_CLR Address violation error disable.
Writing O has no effect.
Interrupt is cleared/disabled.
0 PROTERR_CLR Protection violation error disable.
Writing O has no effect.
Interrupt is cleared/disabled.
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5.3.7 Fixed Range Start Address Register (FXD_MPSAR)

The fixed range start address register (FXD_MPSAR) holds the start address for the fixed range. The
fixed address range manages access to the DDR2/mDDR SDRAM control registers (BO00 0000h—
B000 7FFFh). However, these addresses are not indicated in FXD_MPSAR and the fixed range end
address register (FXD_MPEAR), which instead read as 0. The FXD_MPSAR is shown in Figure 5-9.

Figure 5-9. Fixed Range Start Address Register (FXD_MPSAR)
31 0
Reserved
R-0

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

5.3.8 Fixed Range End Address Register (FXD_MPEAR)

The fixed range end address register (FXD_MPEAR) holds the end address for the fixed range. The fixed
address range manages access to the DDR2/mDDR SDRAM control registers (BO0O0 0000h—

B000 7FFFh). However, these addresses are not indicated in FXD_MPEAR and the fixed range start
address register (FXD_MPSAR), which instead read as 0. The FXD_MPEAR is shown in Figure 5-10.

Figure 5-10. Fixed Range End Address Register (FXD_MPEAR)
31 0
Reserved
R-0

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

100 Memory Protection Unit (MPU) SPRUH83C—-April 2013—Revised September 2016

Submit Documentation Feedback
Copyright © 2013-2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUH83C

13 TEXAS
INSTRUMENTS

www.ti.com MPU Registers

5.3.9 Fixed Range Memory Protection Page Attributes Register (FXD_MPPA)

The fixed range memory protection page attributes register (FXD_MPPA) holds the permissions for the
fixed region. This register is writeable by a supervisor entity only. The FXD_MPPA is shown in Figure 5-11
and described in Table 5-14.

Figure 5-11. Fixed Range Memory Protection Page Attributes Register (FXD_MPPA)

31 26 25 2 21 20 19 18 17 16
\ Reserved | Reserved | AID11 | AID10 | AID9 | AID8 | AID7 | AID6 |
R-0 R-Fh RW-1 RMW-1 RMW-1 RMW-1 RMW-1 RMW-1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| AID5 | AID4 [ AID3 | AID2 | AID1 | AIDO | AIDX | Rsvd [ Rsvd [ Rsvd | SR | sw | sx [ UR | uw | ux |
RW-1 RMW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RO RMW-1 RW-1 RMW-1 RW-1 RMW-1 RMW-1 RMW-1 RMW-1
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 5-14. Fixed Range Memory Protection Page Attributes Register (FXD_MPPA)
Field Descriptions

Bit Field Value | Description
31-26 | Reserved 0 Reserved
25-22 | Reserved Fh Reserved
21-10 | AIDn Controls access from ID = n.
Access is denied.
1 Access is granted.
9 AIDX Controls access from ID > 11.
0 Access is denied.
1 Access is granted.
8 Reserved 0 Reserved
7 Reserved 1 Reserved. This bit must be written as 1.
6 Reserved 1 Reserved. This bit must be written as 1.
5 SR Supervisor Read permission.
0 Access is denied.
Access is allowed.
4 SW Supervisor Write permission.
Access is denied.
Access is allowed.
3 SX Supervisor Execute permission.
Access is denied.
Access is allowed.
2 UR User Read permission.
Access is denied.
Access is allowed.
1 uw User Write permission.
Access is denied.
Access is allowed.
0 UX User Execute permission.
Access is denied.
Access is allowed.
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5.3.10 Programmable Range n Start Address Registers (PROGn_MPSAR)

In some cases the amount of physical memory in actual use may be less than the maximum
amount of memory supported by the device. For example, the device may support a total of
512 Mbytes of SDRAM memory, but your design may only populate 128 Mbytes. In such
cases, the unpopulated memory range must be protected in order to prevent
unintended/disallowed aliased access to protected memory, especially memory. One of the
programmable address ranges could be used to detect accesses to this unpopulated
memory.

NOTE:

The programmable range n start address register (PROGn_MPSAR) holds the start address for the range
n. The PROGn_MPSAR is writeable by a supervisor entity only.

The start address must be aligned on a page boundary. The size of the page depends on the MPU: the
page size for MPU1 is 1 KBbyte; the page size for MPU2 is 64 KBytes. The size of the page determines
the width of the address field in PROGn_MPSAR and the programmable range n end address register
(PROGNn_MPEAR). For example, to protect a 64-KB page starting at byte address 8001 0000h, write
8001 0000h to PROGNn_MPSAR and 8001 FFFFh to PROGn_MPEAR.

5.3.10.1 MPU1 Programmable Range n Start Address Register (PROG1_MPSAR-PROG6_MPSAR)
The PROGn_MPSAR for MPU1 is shown in Figure 5-12 and described in Table 5-15.

Figure 5-12. MPU1 Programmable Range n Start Address Register (PROGn_MPSAR)
31 10 9 0
START_ADDR | Reserved
R/W-20 0000h R-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 5-15. MPU1 Programmable Range n Start Address Register (PROGn_MPSAR)
Field Descriptions

Bit Field Value Description
31-10 | START_ADDR 20 0000h— Start address for range N .
20 007Fh
9-0 Reserved 0 Reserved

5.3.10.2 MPU2 Programmable Range n Start Address Register (PROG1_MPSAR-PROG12_MPSAR)

31

The PROGn_MPSAR for MPU2 is shown in Figure 5-13 and described in Table 5-16.

Figure 5-13. MPU2 Programmable Range n Start Address Register (PROGn_MPSAR)

16 15 0

START_ADDR

‘ Reserved

R/W-CO000h

R-0

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

Table 5-16. MPU2 Programmable Range n Start Address Register (PROGn_MPSAR)

Field Descriptions

Bit Field Value Description
31-16 | START_ADDR CO00h—-DFFFh | Start address for range N.
15-0 | Reserved 0 Reserved
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5.3.11 Programmable Range n End Address Registers (PROGn_MPEAR)

The programmable range n end address register (PROGn_MPEAR) holds the end address for the range
n. This register is writeable by a supervisor entity only.

MPU Registers

The end address must be aligned on a page boundary. The size of the page depends on the MPU: the
page size for MPU1 is 1 KByte; the page size for MPU2 is 64 KBytes. The size of the page determines the
width of the address field in the programmable range n start address register (PROGn_MPSAR) and
PROGN_MPEAR. For example, to protect a 64-KB page starting at byte address 8001 0000h, write

8001 0000h to PROGNn_MPSAR and 8001 FFFFh to PROGn_MPEAR.

5.3.11.1 MPU1 Programmable Range n End Address Register (PROG1_MPEAR-PROG6_MPEAR)
The PROGn_MPEAR for MPU1 is shown in Figure 5-14 and described in Table 5-17.

Figure 5-14. MPU1 Programmable Range n End Address Register (PROGn_MPEAR)
31 10 9 0
END_ADDR |
R/W-20 007Fh
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Reserved
R-3FFh

Table 5-17. MPU1 Programmable Range n End Address Register (PROGn_MPEAR)
Field Descriptions

Bit Field Value Description
31-10 | END_ADDR 20 0000h— End address for range N.
20 007Fh
9-0 Reserved 3FFh Reserved

5.3.11.2 MPU2 Programmable Range n End Address Register (PROG1_MPEAR-PROG12_MPEAR)
The PROGn_MPEAR for MPU2 is shown in Figure 5-15 and described in Table 5-18.

Figure 5-15. MPU2 Programmable Range n End Address Register (PROGn_MPEAR)
31 16 15 0
END_ADDR \ Reserved
R/W-DFFFh R-FFFFh
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 5-18. MPU2 Programmable Range n End Address Register (PROGn_MPEAR)
Field Descriptions

Bit Field Value Description
31-16 | END_ADDR CO00h-DFFFh | Start address for range N.
15-0 |Reserved FFFFh Reserved
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5.3.12 Programmable Range n Memory Protection Page Attributes Register (PROGn_MPPA)

The programmable range n memory protection page attributes register (PROGn_MPPA) holds the
permissions for the region n. This register is writeable only by a supervisor entity. The PROGn_MPPA is
shown in Figure 5-16 and described in Table 5-19.

Figure 5-16. Programmable Range Memory Protection Page Attributes Register (PROGn_MPPA)

31 26 25 2 21 20 19 18 17 16
\ Reserved | Reserved | AID11 | AID10 | AID9 | AID8 | AID7 | AID6 |
R-0 R-Fh RW-1 RMW-1 RMW-1 RMW-1 RMW-1 RMW-1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| AID5 | AID4 [ AID3 | AID2 | AID1 | AIDO | AIDX | Rsvd [ Rsvd [ Rsvd | SR | sw | sx [ UR | uw | ux |
RW-1 RMW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RO RMW-1 RW-1 RMW-1 RW-1 RMW-1 RMW-1 RMW-1 RMW-1
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 5-19. Programmable Range Memory Protection Page Attributes Register (PROGn_MPPA)
Field Descriptions

Bit Field Value | Description
31-26 | Reserved 0 Reserved
25-22 | Reserved Fh Reserved
21-10 | AIDn Controls access from ID = n.
Access is denied.
1 Access is granted.
9 AIDX Controls access from ID > 11.
0 Access is denied.
1 Access is granted.
8 Reserved 0 Reserved
7 Reserved 1 Reserved. This bit must be written as 1.
6 Reserved 1 Reserved. This bit must be written as 1.
5 SR Supervisor Read permission.
0 Access is denied.
Access is allowed.
4 SW Supervisor Write permission.
Access is denied.
Access is allowed.
3 SX Supervisor Execute permission.
Access is denied.
Access is allowed.
2 UR User Read permission.
Access is denied.
Access is allowed.
1 uw User Write permission.
Access is denied.
Access is allowed.
0 UX User Execute permission.
Access is denied.
Access is allowed.
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5.3.13 Fault Address Register (FLTADDRR)

The fault address register (FLTADDRR) holds the address of the first protection fault transfer. The
FLTADDRR is shown in Figure 5-17 and described in Table 5-20.

Figure 5-17. Fault Address Register (FLTADDRR)

31 0
FLTADDR
R-0
LEGEND: R = Read only; -n = value after reset
Table 5-20. Fault Address Register (FLTADDRR) Field Descriptions
Bit Field Value Description
31-0 |FLTADDR 0-FFFF FFFFh | Memory address of fault.
Memory Protection Unit (MPU) 105
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5.3.14 Fault Status Register (FLTSTAT)

The fault status register (FLTSTAT) holds the status and attributes of the first protection fault transfer. The
FLTSTAT is shown in Figure 5-18 and described in Table 5-21.

Figure 5-18. Fault Status Register (FLTSTAT)

31 24 23 16
‘ Reserved ‘ MSTID ‘
R-0 R-0
15 13 12 9 8 6 5 0
\ Reserved PRIVID | Reserved TYPE |
R-0 R-0 R0 R-0

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

Table 5-21. Fault Status Register (FLTSTAT) Field Descriptions

Bit Field Value Description
31-24 | Reserved 0 Reserved
23-16 | MSTID 0-FFh Master ID of fault transfer.
15-13 | Reserved 0 Reserved
12-9 |PRIVID 0-Fh Privilege ID of fault transfer.
8-6 Reserved 0 Reserved
5-0 TYPE 0-3Fh Fault type. The TYPE bit field is cleared when a 1 is written to the CLEAR bit in the fault clear
register (FLTCLR).
0 No fault.
1h User execute fault.
2h User write fault.
3h Reserved
4h User read fault.
5h-7h Reserved
8h Supervisor execute fault.
9h-Fh Reserved
10h Supervisor write fault.
11h Reserved
12h Relaxed cache write back fault.
13h-1Fh Reserved
20h Supervisor read fault.
21h-3Eh Reserved
3Fh Relaxed cache line fill fault.
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5.3.15 Fault Clear Register (FLTCLR)

The fault clear register (FLTCLR) allows software to clear the current fault so that another can be captured
in the fault status register (FLTSTAT) as well as produce an interrupt. Only the TYPE bit field in FLTSTAT

is cleared when a 1 is written to the CLEAR bit. The FLTCLR is shown in Figure 5-19 and described in

Table 5-22.

Figure 5-19. Fault Clear Register (FLTCLR)

31
‘ Reserved ‘
R-0
15 1 0
‘ Reserved CLEAR ‘
R-0 W-0

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

Table 5-22. Fault Clear Register (FLTCLR) Field Descriptions

Bit Field Value |Description
31-1 | Reserved 0 Reserved
0 CLEAR Command to clear the current fault. Writing 0 has no effect.

No effect.
Clear the current fault.
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Overview

6.1 Overview

This device requires two primary reference clocks:
» One reference clock is required for the phase-locked loop controllers (PLLCs)
e One reference clock is required for the real-time clock (RTC) module.

These reference clocks may be sourced from either the on-board oscillator via an externally supplied

crystal or by a direct external oscillator input. For detailed specifications on clock frequency and voltage

requirements, see the electrical specifications in your device-specific data manual.

In addition to the reference clocks required for the PLLCs and RTC module, some peripherals, such as the
USB, may also require an input reference clock to be supplied. All possible input clocks are described in

Table 6-1. The CPU and the majority of the device peripherals operate at fixed ratios of the primary
system/ARM clock frequency, as listed in Table 6-2. However, there are two system clock domains that do

not require a fixed ratio to the ARM, these are PLLO_SYSCLK3 and PLLO_SYSCLK?. Figure 6-1 shows
the clocking architecture.

Table 6-1. Device Clock Inputs

Peripheral Input Clock Signal Name
Oscillator/PLL OSCIN

RTC RTC_XI

JTAG TCK, RTCK

USB2.0 USB_REFCLKIN

I12Cs I2Cn_SCL

Timers TM64Pn_IN12

SPIs SPIn_CLK

uPP UPP_CHn_CLK

VPIF VPIF_CLKINNn

McBSPs CLKSn, CLKRn, CLKXn
MCcASPO ACLKR, AHCLKR, ACLKX, AHCLKX

Table 6-2. System Clock Domains

Fixed Ratio to

Default Ratio to

CPU/Device Peripherals System Clock Domain ARM Clock Required? ARM Clock
ARM RAM/ROM, On-chip RAM, UARTO, EDMA, SPI0, PLLO_SYSCLK2 Yes 1:2
MMC/SDs, VPIF, LCDC, uPP, DDR2/mDDR (bus

ports), USB2.0, HPI, PRU subsystem

EMIFA PLLO_SYSCLK3 No 1:3

System configuration (SYSCFG), GPIO, PLLCs, PSCs, PLLO_SYSCLK4 Yes 1:4

12C1, ARM INTC

ARM PLLO_SYSCLK6 Yes 1:1

12C0, Timer64P0/P1, RTC, McASPO serial clock

DDR2/mDDR PHY

PLLO input reference clock
(not configured by default)

ECAPs, UART1/2, Timer64P2/3, eHRPWMs, McBSPs,

McASPO, SPI1

PLLO_AUXCLK
PLL1_SYSCLK1
PLL1_SYSCLK3

ASYNC3

Not Applicable
Not Applicable
Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable
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Figure 6-1. Overall Clocking Diagram
PLLO Multiplier Out
EMIFA (C)
SYSCLKS (/3)
On-chip RAM
FGCHIP3[EMA_CLKSR
[SYsoLeUm|—»[_ARm ] CROCHIIEMACLISRC]
ARM RAM/ROM
T | __Eoma |
el | sPo |
System CFG
Controller
»| CLKSRC
»| EXTCLKSRC
AUXCLK
Timers0/1
PLL
—
Ref CLK SYSCLK2 (12) (
SYSCLK2 (/2)
Confroller CFGCHIP3[ASYNC3_CLKSRC] Timers2/3
SYSCLKS (/3) UART1/2
+ Default Mux Selection
N :|CLKSRC McASPO (E)
A  See Section 6.3.1 for USB clocking.
B  See Section 6.3.2 for DDR2/mDDR clocking.
C  See Section 6.3.3 for EMIFA clocking.
D See Section 6.3.4 for uPP clocking.
E  See Section 6.3.5 for MCASP clocking.
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6.2

Frequency Flexibility

There are two PLLs on the device with similar architecture and behavior. Each PLL has two clocking
modes:

* PLL Bypass
e PLL Active

When the PLL is in Bypass mode, the reference clock supplied on OSCIN serves as the clock source from
which all of the system clocks (SYSCLK1 to SYSCLKY7) are derived. This means that when the PLL is in
Bypass mode, the reference clock supplied on OSCIN passes directly to the system of PLLDIV blocks that
creates each of the system clocks. For PLLO only, the EXTCLKSRC bit in PLLCTL can be configured to
use PLL1 SYSCLKS3 as the Bypass mode reference clock.

When the PLL operates in Active mode, the PLL is enabled and the PLL multiplier setting is used to
multiply the input clock frequency supplied on the OSCIN pin up to the desired frequency. It is this
multiplied frequency that all system clocks are derived from in PLL Active mode.

The output of the PLL multiplier passes through a post divider (POSTDIV) block and then is applied to the
system of PLLDIV blocks that creates each of the system clock domains (SYSCLK1 to SYSCLK7). Each
SYSCLKn has a PLLDIVn block associated with it. See the Phase-Locked Loop Controller (PLLC) chapter
for more details on the PLL.

The combination of the PLL multiplier, POSTDIV, and PLLDIV blocks provides flexibility in the frequencies
that the system clock domains support. This flexibility does have limitations, as follows:

* OSCIN input frequency is limited to a supported range.
» The output of the PLL Multiplier must be within the range specified in the device-specific data manual.

» The output of each PLLDIV block must be less than or equal to the maximum device frequency
specified in the device-specific data manual.

NOTE: The above limitations are provided here as an example and are used to illustrate the
recommended configuration of the PLL controller. These limitations may vary based on core
voltage and between devices. See the device-specific data manual for more details.

Table 6-3 shows examples of possible PLL multiplier settings, along with the available PLL post-divider
modes. The PLL post-divider modes are defined by the value programmed in the RATIO field of the PLL
post-divider control register (POSTDIV). For Divl, Div2, Div3, and Div4 modes, the RATIO field would be
programmed to O, 1, 2, and 3, respectively. The Divl, Div2, Div3, and Div4 modes are shown here as an
example. Additional post-divider modes are supported and are documented in the Phase-Locked Loop
Controller (PLLC) chapter.

NOTE: PLL power consumption increases as the output frequency of the PLL multiplier increases.
To decrease PLL power consumption, the lowest PLL multiplier (PLLM) setting should be
chosen that achieves the desired frequency. For example, if 200 MHz is the desired CPU
operating frequency and the OSCIN frequency is 25 MHz; lower power consumption is
achieved by choosing a PLLM setting of x16 and a post-divider (POSTDIV) setting of /2
instead of a PLLM setting of x24 and a POSTDIV setting of /3, even though both of these
modes would result in a CPU frequency of 200 MHz.
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Table 6-3. Example PLL Frequencies
OSCIN Multiplier
Frequency PLL Multiplier Frequency Divl Div2 Div3 Div4
20 30 600 MHz 600 300 200 150
24 25 600 MHz 600 300 200 150
25 24 600 MHz 600 300 200 150
30 20 600 MHz 600 300 200 150
20 25 500 MHz 500 250 167 125
24 20 480 MHz 480 240 160 120
25 18 450 MHz 450 225 150 112.5
30 14 420 MHz 420 210 140 105
25 16 400 MHz 400 200 133 100

6.3

6.3.1

Peripheral Clocking

USB Clocking

Figure 6-2 shows the clock connections for the USB2.0 module. Note that there is no built-in oscillator.
The USB2.0 subsystem requires a reference clock for its internal PLL. This reference clock can be
sourced from either the USB_REFCLKIN pin or from the AUXCLK of the system PLL. The reference clock
input to the USB2.0 subsystem is selected by programming the USBOPHYCLKMUX bit in the chip
configuration 2 register (CFGCHIP2) of the System Configuration Module. The USB_REFCLKIN source
should be selected when it is not possible (such as when specific audio rates are required) to operate the
device at one of the allowed input frequencies to the USB2.0 subsystem. The USB2.0 subsystem
peripheral bus clock is sourced from PLLO_SYSCLK2. Table 6-4 determines the source origination as well
as the source input frequency to the USB 2.0 PHY. Once the clock source origination (internal/external)
and its frequency is determined, the firmware should program the PHY PLL with the correct input
frequency via CFGCHIP2.USBOREF_FREQ.

Figure 6-2. USB Clocking Diagram

USB_
AUXCLK REFCLKIN

CFGCHIP2[USBOPHYCLKMUX]

USB 2.0
Subsystem
(USBO0)

Table 6-4. USB Clock Multiplexing Options

CFGCHIP2. USB2.0
USBOPHYCLKMUX Clock
bit Source Additional Conditions

0 USB_REFCLKIN USB_REFCLKIN must be 12, 24, 48, 19.2, 38.4, 13, 26, 20, or 40 MHz. The
PLL inside the USB2.0 PHY can be configured to accept any of these input
clock frequencies.

1 PLLO_AUXCLK PLLO_AUXCLK must be 12, 24, 48, 19.2, 38.4, 13, 26, 20, or 40 MHz. The
PLL inside the USB2.0 PHY can be configured to accept any of these input
clock frequencies.
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6.3.2 DDR2/mDDR Memory Controller Clocking

The DDR2/mDDR memory controller requires two input clocks to source VCLK and 2X_CLK (see

Figure 6-3):

» VCLK is sourced from PLLO_SYSCLK2/2 that clocks the command FIFO, write FIFO, and read FIFO of
the DDR2/mDDR memory controller. From this, VCLK drives the interface to the peripheral bus.

* 2X_CLK s sourced from PLL1_SYSCLK1.

2X_CLK clock is again divided down by 2 in the DDR PHY controller to generate a clock called MCLK.

The MCLK domain consists of the DDR2/mDDR memory controller state machine and memory-mapped
registers. This clock domain is clocked at the rate of the external DDR2/mDDR memory, 2X_CLK/2.

Table 6-5 shows example PLL register settings based on the OSCIN reference clock frequency of
25 MHz. From these example configurations, the following observations are made:

» To achieve the maximum frequency (150 MHz) supported by the DDR2/mDDR memory controller and
the typical CPU frequency of 300 MHz, the output of the PLL multiplier should be set to be 300 MHz
and the DDR_CLK source should be set to PLL1 _SYSCLK1.

» The frequency of the PLL1 direct output clock is fixed at the output frequency of the PLL1 multiplier
block.

e The PLLDIV1 block that sets the divider ratio for SYSCLK1 can be changed to achieve various clock
frequencies.

* For certain PLL1 multiplier and PLL1 post-divider control register (POSTDIV) settings, a higher clock
frequency can be achieved by selecting SYSCLK1 as the clock source for 2X_CLK.

If the DDR2/mDDR memory controller is not in use and the DDR_CLK and DDR_CLK are used in the
application as a free running clock that could be used by an FPGA or for some other purpose, then
2X_CLK should be used as the source for DDR_CLK and DDR_CLK and VCLK should be gated off. This
allows clock gating of the majority of the logic in the DDR2/mDDR memory controller via the LPSC while
still providing a clock on the DDR_CLK and DDR_CLK.

NOTE: DDR_CLK and DDR_CLK are output clock signals.
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Figure 6-3. DDR2/mDDR Memory Controller Clocking Diagram
On Chip
PLLO_SYSCLK2/2—»| LPSC #6 DDR2/mDDR
Memory
Controller —>» DDR_CLK
—> DDR_CLK
VCLK
PLL1_SYSCLK1 — ) 235 L »| mcLK
2X_CLK

Table 6-5. DDR2/mDDR Memory Controller MCLK Frequencies

PLL1 PLL1 PLL1

Multiplier PLL1 PLL1 Post POSTDIV PLLDIV1
OSCIN Register Multiplier Divider Output Register
Frequency Setting Frequency Mode® Frequency Setting PLL1 SYSCLK1 MCLK
24 18h 600 MHz Div2 300 MHz 8000h 300 MHz 150 MHz
24 15h 528 MHz Div2 264 MHz 8000h 264 MHz 132 MHz
24 14h 504 MHz Div2 252 MHz 8000h 252 MHz 126 MHz

@ See Section 6.2 for explanation of POSTDIV divider modes.
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6.3.3 EMIFA Clocking

EMIFA requires a single input clock source. The EMIFA clock can be sourced from either PLLO_SYSCLKS3
or DIV4P5 (see Figure 6-4). The EMA_CLKSRC bit in the chip configuration 3 register (CFGCHIP3) of the
System Configuration Module controls whether PLLO_SYSCLK3 or DIV4P5 is selected as the clock

source for EMIFA.

Selecting the appropriate clock source for EMIFA is determined by the desired clock rate. Table 6-6 shows
example PLL register settings and the resulting DIV4P5 and PLLO_SYSCLKS3 frequencies based on the
OSCIN reference clock frequency of 25 MHz. From these example configurations, the following
observations can be made:

» To achieve a typical frequency of 100 MHz supported by EMIFA and the typical CPU frequency of 300
MHz, the output of the PLL multiplier should be set to 600 MHz and the EMA_CLK source should be
set to PLLO_SYSCLK3 with the PLLDIV3 register set to 3.

« The frequency of the DIV4P5 clock is fixed at the output frequency of the PLL multiplier block divided

by 4.5.

» The PLLDIV3 block that sets the divider ratio for PLLO_SYSCLK3 can be changed to achieve various

clock frequencies.

Figure 6-4. EMIFA Clocking Diagram

PLL Controller LPSC EMIFA
SYSCLK3 0
DIV4P5 CLK 1
CFGCHIP3[EMA_CLKSRC]
Table 6-6. EMIFA Frequencies
PLL Multiplier POSTDIV PLLDIV3
OSCIN Register Multiplier Post Divider  Output Register
Frequency Setting Frequency Mode® Frequency DIV4P5 Setting PLLO_SYSCLK3
25 24 600 MHz Div2 300 MHz 133 MHz 2 100 MHz
Div3 200 MHz 133 MHz 2 66.6 MHz
1 100 MHz
Div4 150 MHz 133 MHz 1 75 MHz
25 18 450 MHz Div2 225 MHz 100 MHz 3 56.3 MHz
2 75 MHz
Div3 150 MHz 100 MHz 1 75 MHz
Div4 112.5 MHz 100 MHz 1 56.3 MHz
0 112.5 MHz
25 16 400 MHz Div2 200 MHz 89 MHz 2 66.6 MHz
1 100 MHz
Div3 133 MHz 89 MHz 1 66.5 MHz
Div4 100 MHz 89 MHz 0 100 MHz

@ See Section 6.2 for explanation of POSTDIV divider modes.
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6.3.4 uPP Clocking

Figure 6-5 displays the clock connections for the uPP module. The uPP subsystem requires a module
clock to drive its internal logic and a transmit clock to drive I/O signals in transmit mode. The module clock
is always sourced by PLLO_SYSCLK2. The transmit clock is sourced by three different clocks:
PLLO_SYSCLK2 (default), PLL1_SYSCLK?2, or the externally driven UPP_2xTXCLK pin. The transmit
clock source is selected by the UPP_TX_CLKSRC and ASYNC3_CLKSRC bits in the chip configuration 3
register (CFGCHIP3) of the System Configuration Module. Table 6-7 lists the register values that select
each of the three possible clock sources.

Regardless of the source, the uPP transmit clock speed cannot exceed the uPP module clock speed. The
module clock speed must be greater than or equal to the transmit clock speed.

Figure 6-5. uPP Clocking Diagram

Module
Clock

PLLO_SYSCLK2 LPSC

CFGCHIP3[UPP_TX_CLKSRC]

uPP

PLLO_SYSCLK2

Transmit
Clock

PLL1_SYSCLK2

CFGCHIP3[ASYNC3_CLKSRC] UPP 2xTXCLK pi
_2x pin

Table 6-7. uPP Transmit Clock Selection

CFGCHIP3.UPP_TX_CLKSRC bit CFGCHIP3.ASYNC3_CLKSRC bit uPP Transmit Clock Source
0 0 PLLO_SYSCLK2
0 1 PLL1_SYSCLK2
1 X UPP_2xTXCLK pin
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6.3.5 MCcASP Clocking

As shown in Figure 6-6, the McASP peripheral requires multiple clock sources. Internally, the module
clock is selected to be either PLLO_SYSCLK2 or PLL1_SYSCLK2 by configuring the ASYNC3_ CLKSRC
bit in the chip configuration 3 register (CFGCHIP3) of the System Configuration Module.

The transmit and receive clocks are sourced internally or externally by configuring the McASP clock
control registers ACLKRCTL, AHCLKRCTL, ACLKXCTL, and AHCLKXCTL. If an external clock is driven
into a high-frequency master clock (AHCLKX or AHCLKR), the McASP module allows for a mixed clock
mode where the associated lower frequency clock (ACLKX or ACLKR) can be derived from the high-
frequency master clock through a programmable divider.

When the internal clock source option is selected, the transmit and receive clocks are derived from the
PLLO_AUXCLK clock through programmable dividers.

Figure 6-6. McASP Clocking Diagram

CFGCHIP3[ASYNC3_CLKSRC] On Chip
Module
PLLO_SYSCLK2 0 Clock
LPSC
PLL1_SYSCLK2 1 McASPO
TX/IRX
Reference
PLLO_AUXCLK |—Ciock Clock Frame Sync
- Generator Generator
ACLKX [X] X X
AHCLKX [X] AFSX  AFSR
ACLKR [X]
AHCLKR [X
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6.3.6 /0O Domains

The 1/0 domains refer to the frequencies of the peripherals that communicate through device pins. In
many cases, there are frequency requirements for a peripheral pin interface that are set by an outside
standard and must be met. It is not necessarily possible to obtain these frequencies from the on-chip clock
generation circuitry, so the frequencies must be obtained from external sources and are asynchronous to
the CPU frequency by definition.

The peripherals can be divided into the following groups, depending upon their clock requirements, as

shown in Table 6-8.

Table 6-8. Peripherals

Peripherals
Contained
Peripheral Group Peripheral Group Definition within Group Source of Peripheral Clock
RTC Operates off of a dedicated 32 kHz RTC —
crystal oscillator.
Fixed-Frequency Peripherals As the name suggests, fixed- Timer64P0/P1 —
frequency peripherals have a fixed- 12C0 —
frequency. They are fed the
AUXCLK directly from the oscillator
input.
Synchronous Peripherals Synchronous peripherals have their MMC/SDs PLLO_SYSCLK2
frequencies derived from_the ARM HPI PLLO SYSCLK2
clock frequency. The peripheral =
system clock frequency changes UARTO PLLO_SYSCLK2
accordingly, if the PLLO frequency LCDC PLLO SYSCLK2
changes. Most synchronous =
peripherals have internal dividers ~ GPIO PLLO_SYSCLK4
so they can generate their required
clock frequencies.
Asynchronous Peripherals Asynchronous peripherals are not  eCAPs ASYNC3
required to operate at a fixed ratio
of the ARM clock. eHRPWMs ASYNC3
UART1/2 ASYNC3
Timer64P2/P3 ASYNC3
EMIFA DIV_4P5 or PLLO_SYSCLK3
DDR2/mDDR PLL1_SYSCLK1 or
PLL1 Direct Output
Synchronous/Asynchronous Synchronous/asynchronous McASPO ASYNC3 or
Peripherals peripherals can be run with either Peripheral Serial Clock
|r;ter|?allyrger:errr?t(leld syr:]cr:r(;ngus McBSPs ASYNC3 or
clocks, or externally generate Peripheral Serial Clock
asynchronous clocks.
SPIO PLLO_SYSCLK2 or
Peripheral Serial Clock
SPI1 ASYNC3 or
Peripheral Serial Clock
12C1 PLLO_SYSCLK4 or
Peripheral Serial Clock
uPP PLLO_SYSCLK2 or
Peripheral Serial Clock
VPIF PLLO_SYSCLK2 or
Peripheral Serial Clock
USB2.0 USB_REFCLKIN or AUXCLK
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7.1 Introduction
This device has two phase-locked loop (PLL) controllers, PLLCO and PLLC1. These PLL controllers
provide clock signals to most of the components of the device through various clock dividers.
Both PLLO and PLL1 provide the following:
» Glitch-free transitions when clock settings are changed
» Domain clock alignment
e Clock gating
e PLL power-down
The clock outputs generated by the PLL controllers are:
» Domain clocks: PLLO_SYSCLK][1-7] and PLL1_SYSCLK]1-3]
e Auxiliary clock (PLLO_AUXCLK) from the PLLCO reference clock source
Dividers that can be used for the PLL controllers are:
* Pre-PLL divider: PREDIV
» Post-PLL divider: POSTDIV
» SYSCLK divider: D1, ..., Dn
Various other control signals supported are:
e PLL multiplier: PLLM
e Software-programmable PLL bypass: PLLEN
7.2 PLL Controllers
PLLO and PLL1 share the same internal architecture so they also share the same approach for mode
configuration.
PLLO provides the primary system clock to the device. PLLO operations are software programmable
through the PLL controller O (PLLCO) registers.
PLL1 provides the reference clocks to various peripherals (including DDR2/mDDR) and may generate
clocks that are asynchronous to the PLLO clocks. PLL1 operations are software programmable through the
PLL controller 1 (PLLC1) registers.
Figure 7-1 shows the PLLCO and PLLC1 architecture.
The PLLO and PLL1 multipliers are controlled by their respective PLL multiplier control register (PLLM).
The PLLM defaults to a multiplier value of 13h at power-up, which results in a PLL multiplier of 20x. The
PLLO and PLL1 output clocks may be divided-down for slower device operation using the PLL post-divider
control register (POSTDIV). The POSTDIV has a default value of /2, but may be modified through
software (using the RATIO field in POSTDIV) to achieve lower device operation frequencies. The default
PLLM and POSTDIV settings produce a 300-MHz PLL output clock when given a 30-MHz clock source.
At power-up, PLLO and PLL1 are powered-down/disabled and must be powered-up by software through
the PLLPWRDN bit in their respective PLL control register (PLLCTL). Before each PLL completes the
power-up and frequency-lock sequence, the system operates in bypass mode by default and the system
clock (OSCIN) is provided directly from an input reference clock (square wave or internal oscillator)
selected by the CLKMODE bit in PLLCTL. After the power-up and frequency-lock sequences are
complete, software can switch the device to PLL mode operation (set the PLLEN bit in PLLCTL to 1).
The PLL controller registers are listed in Section 7.3.
120 Phase-Locked Loop Controller (PLLC) SPRUHB83C-April 2013—-Revised September 2016

Submit Documentation Feedback
Copyright © 2013-2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUH83C

13 TEXAS
INSTRUMENTS

www.ti.com

PLL Controllers

Figure 7-1. PLLC Structure
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7.2.1 Device Clock Generation

The PLL controllers (PLLCO and PLLC1) manage the clock ratios, alignment, and gating for the device
system clocks. Various PLL mode attributes such as pre-division, multiplier, and post-division are software
programmable through the PLL controller registers. Additionally, the reset controller in PLLCO manages
reset propagation through the device, clock alignment, and test points.

The PLLOUT stage in PLLCO and PLLC1 is capable of providing frequencies greater than what the
SYSCLK dividers can handle. The POSTDIV stage should be programmed to keep the input to the
SYSCLK dividers within operating limits. See the device datasheet for the maximum operating
frequencies.

PLLCO and PLLC1 generate several clocks for use by the various processors and modules. These
reference clocks are summarized in Table 7-1. Some output clock dividers require fixed values so that
clock ratios between various device components are maintained regardless of PLL or bypass frequency.

Table 7-1. System PLLC Output Clocks

Default Ratio Fixed Clock
Output Clock Used by (relative to PLLn_SYSCLK1) Ratio
PLLCO®
PLLO_SYSCLK1 Not used /1 Yes
PLLO_SYSCLK2 ARM RAM/ROM, On-chip RAM, UARTO, 2 Yes
EDMA, SPI0, MMC/SDs, VPIF, LCDC, uPP,
DDR2/mDDR (bus ports), USB2.0, HPI, PRU
PLLO_SYSCLK3® EMIFA 13 No
PLLO_SYSCLK4 System configuration (SYSCFG), GPIO, /4 Yes
PLLCs, PSCs, 12C1, ARM INTC
PLLO_SYSCLKS5 Not used 13 No
PLLO_SYSCLK6 ARM /1 Yes
PLLO_AUXCLK 12C0, Timer64P0/P1, RTC, USB2.0 PHY, PLL bypass clock No
MCcASPO serial clock
PLLO_OBSCLK Observation clock (OBSCLK) source Pin configurable No
PLLC1
PLL1_SYSCLK1 DDR2/mDDR PHY /1 or disabled No
PLL1_SYSCLK2® ECAPs, UART1/2, Timer64P2/3, eHRPWMs, /2 or disabled No

McBSPs, McASPO, SPI1 (all these modules
use PLLO_SYSCLK2 by default)

PLL1 SYSCLK3® PLLO input reference clock /3 or disabled No
(not configured by default)

@ The divide values in PLLCO for PLLO_SYSCLK1/PLLO_SYSCLK®6, PLLO_SYSCLK2, and PLLO_SYSCLK4 can be changed for
power savings, but the device must maintain the 1:2:4 clock ratios between the clock domains.

@ PLLCO supports an additional post-divider value of /4.5 that can be used for EMIFA clock generation. When this /4.5 value is
used, the resulting clock will not have a 50% duty cycle. Instead, the duty cycle will be 44.4%. The EMIFA uses PLLO_SYSCLK3
by default, but can be configured to use a /4.5 divide-down of PLLO_PLLOUT instead of PLLO_SYSCLK3 by programming the
EMA_CLKSRC and DIV45PENA bits in the chip configuration 3 register (CFGCHIP3) of the system configuration (SYSCFG)
module.

©®  The ASYNC3 modules use PLLO_SYSCLK2 by default, but all these modules can be configured as a group to use
PLL1_SYSCLK2 by programming the ASYNC3_CLKSRC bit in the chip configuration 3 register (CFGCHIP3) of the system
configuration (SYSCFG) module.

@ The PLLO input clock source can be configured to use PLL1_SYSCLK3 instead of OSCIN by programming the EXTCLKSRC bit
in the PLLCO PLL control register (PLLCTL). The PLL1 input clock source will also be OSCIN.
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7.2.2 Steps for Programming the PLLs

Note that there is a lock mechanism implemented to protect the PLL controller registers. See
Section 7.2.2.1 for information on unlocking the PLL controller registers.

Refer to the appropriate subsection on how to program the PLL clocks:

e If the PLL is powered down (PLLPWRDN bit in PLLCTL is set to 1), follow the full PLL initialization
procedure in Section 7.2.2.2.

e If the PLL is not powered down (PLLPWRDN bit in PLLCTL is cleared to 0), follow the sequence in
Section 7.2.2.3 to change the PLL multiplier.

» If the PLL is already running at a desired multiplier and only the SYSCLK dividers will be updated,
follow the sequence in Section 7.2.2.4.

Note that the PLLs are powered down after a Power-on Reset (POR). The PLLs are not powered down
after a Warm Reset (RESET), but the PLLEN bit in PLLCTL is cleared to 0 (bypass mode) and the
PLLDIVX registers are reset to default values.

7.2.2.1 Locking/Unlocking PLL Register Access

A lock mechanism is implemented on the device to prevent inadvertent writes to the PLL controller
registers. This provides protection from stopping modules when the module clocks are disabled. For
example, the watchdog timer that runs on the PLLO_AUXCLK will stop if this PLL clock is unintentionally
disabled.

The PLL lock bits are located within the system configuration (SYSCFG) module:

*  When set, the PLL_MASTER_LOCK bit in the chip configuration 0 register (CFGCHIPO) locks PLLCO.
*  When set, the PLL1_MASTER_LOCK bit in the chip configuration 3 register (CFGCHIP3) locks PLLC1.
Because the SYSCFG module has its own lock mechanism, the SYSCFG module must be unlocked first
by writing to the KICKOR and KICK1R registers before the PLL lock bits can be cleared. Like the KICK

registers, the PLL lock bits can only be modified while in a privileged mode. See the System Configuration
(SYSCFG) Module chapter for information on privilege type and the KICKOR and KICK1R registers.

NOTE: The PLL_MASTER_LOCK bit in CFGCHIPO and the PLL1_MASTER_LOCK bit in
CFGCHIP3 default to unlocked after reset, so the following procedure is only required if the
PLLs have been locked (set to 1).

To modify the PLL controller registers, use the following sequence:
1. Write the correct key values to KICKOR and KICK1R registers.

2. Clear the PLL_MASTER_LOCK bit in CFGCHIPO and/or the PLL1_MASTER_LOCK bit in CFGCHIPS3,
as required.

3. Configure the desired PLL controller register values.

4. Setthe PLL_MASTER_LOCK bit in CFGCHIPO and/or the PLL1_MASTER_LOCK bit in CFGCHIP3,
as required.

5. Write an incorrect key value to the KICKOR and KICK1R registers.
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7.2.2.2 Initializing PLL Mode from PLL Power Down
If the PLL is powered down (PLLPWRDN bit in PLLCTL is set to 1), perform the following procedure to
initialize the PLL:
1. Program the CLKMODE bit in PLLCO PLLCTL.
2. Switch the PLL to bypass mode:
(a) Clear the PLLENSRC bit in PLLCTL to O (allows PLLEN bit to take effect).
(b) For PLLO only, select the clock source by programming the EXTCLKSRC bit in PLLCTL.
(c) Clear the PLLEN bit in PLLCTL to O (PLL in bypass mode).
(d) Wait for 4 OSCIN cycles to ensure that the PLLC has switched to bypass mode.
Clear the PLLRST bit in PLLCTL to O (resets PLL).
Clear the PLLPWRDN bit in PLLCTL to 0 (brings PLL out of power-down mode).
Program the desired multiplier value in PLLM. Program the POSTDIV, as needed.
If desired, program PLLDIVn registers to change the SYSCLKn divide values:

(a) Wait for the GOSTAT bit in PLLSTAT to clear to O (indicates that no operation is currently in
progress).

(b) Program the RATIO field in PLLDIVn.

(c) Set the GOSET bit in PLLCMD to 1 (initiates a new divider transition).

(d) Wait for the GOSTAT bit in PLLSTAT to clear to 0 (completion of divider change).
7. Setthe PLLRST bit in PLLCTL to 1 (brings PLL out of reset).
8. Wait for the PLL to lock. See the device-specific data manual for PLL lock time.
9. Set the PLLEN bit in PLLCTL to 1 (removes PLL from bypass mode).

o g~ W

7.2.2.3 Changing PLL Multiplier
If the PLL is not powered down (PLLPWRDN bit in PLLCTL is cleared to 0), perform the following
procedure to change the PLL multiplier:
1. Switch the PLL to bypass mode:
(a) Clear the PLLENSRC bit in PLLCTL to O (allows PLLEN bit to take effect).
(b) For PLLO only, select the clock source by programming the EXTCLKSRC bit in PLLCTL.
(c) Clear the PLLEN bit in PLLCTL to O (PLL in bypass mode).
(d) Wait for 4 OSCIN cycles to ensure that the PLLC has switched to bypass mode.
2. Clear the PLLRST bit in PLLCTL to O (resets PLL).
Program the desired multiplier value in PLLM. Program the POSTDIV, as needed.
4. If desired, program PLLDIVn registers to change the SYSCLKn divide values:

(a) Wait for the GOSTAT bit in PLLSTAT to clear to O (indicates that no operation is currently in
progress).

(b) Program the RATIO field in PLLDIVn.

(c) Set the GOSET bit in PLLCMD to 1 (initiates a new divider transition).

(d) Wait for the GOSTAT bit in PLLSTAT to clear to 0 (completion of divider change).
5. Setthe PLLRST bit in PLLCTL to 1 (brings PLL out of reset).
6. Wait for the PLL to lock. See the device-specific data manual for PLL lock time.
7. Setthe PLLEN bit in PLLCTL to 1 (removes PLL from bypass mode).

w
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7.2.2.4 Changing SYSCLK Dividers

If the PLL is already operating at the desired multiplier mode, perform the following procedure to change
the SYSCLK divider values:

1. Wait for the GOSTAT bit in PLLSTAT to clear to 0 (indicates that no operation is currently in progress).
2. Program the RATIO field in PLLDIVn.

3. Set the GOSET bitin PLLCMD to 1 (initiates a new divider transition).

4. Wait for the GOSTAT bit in PLLSTAT to clear to O (completion of divider change).

PLLC Registers

7.3 PLLC Registers

Table 7-2 lists the memory-mapped registers for the PLLCO and Table 7-3 lists the memory-mapped
registers for the PLLCL1.

Table 7-2. PLL Controller 0 (PLLCO) Registers

Address Acronym Register Description Section

01C1 1000h REVID PLLCO Revision Identification Register Section 7.3.1
01C1 10E4h RSTYPE PLLCO Reset Type Status Register Section 7.3.3
01C1 10E8h RSCTRL PLLCO Reset Control Register Section 7.3.4
01C1 1100h PLLCTL PLLCO Control Register Section 7.3.5
01C1 1104h OCSEL PLLCO OBSCLK Select Register Section 7.3.7
01C1 1110h PLLM PLLCO PLL Multiplier Control Register Section 7.3.9
01C1 1114h PREDIV PLLCO Pre-Divider Control Register Section 7.3.10
01C1 1118h PLLDIV1 PLLCO Divider 1 Register Section 7.3.11
01C1 111Ch PLLDIV2 PLLCO Divider 2 Register Section 7.3.13
01C1 1120h PLLDIV3 PLLCO Divider 3 Register Section 7.3.15
01C1 1124h OSCDIV PLLCO Oscillator Divider 1 Register Section 7.3.21
01C1 1128h POSTDIV PLLCO PLL Post-Divider Control Register Section 7.3.23
01C1 1138h PLLCMD PLLCO PLL Controller Command Register Section 7.3.24
01C1 113Ch PLLSTAT PLLCO PLL Controller Status Register Section 7.3.25
01C1 1140h ALNCTL PLLCO Clock Align Control Register Section 7.3.26
01C1 1144h DCHANGE PLLCO PLLDIV Ratio Change Status Register Section 7.3.28
01C1 1148h CKEN PLLCO Clock Enable Control Register Section 7.3.30
01C1 114Ch CKSTAT PLLCO Clock Status Register Section 7.3.32
01C1 1150h SYSTAT PLLCO SYSCLK Status Register Section 7.3.34
01C1 1160h PLLDIV4 PLLCO Divider 4 Register Section 7.3.17
01C1 1164h PLLDIV5 PLLCO Divider 5 Register Section 7.3.18
01C1 1168h PLLDIV6 PLLCO Divider 6 Register Section 7.3.19
01C1 116Ch PLLDIV7 PLLCO Divider 7 Register Section 7.3.20
01C1 11F0Oh EMUCNTO PLLCO Emulation Performance Counter O Register Section 7.3.36
01C1 11F4h EMUCNT1 PLLCO Emulation Performance Counter 1 Register Section 7.3.37
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Table 7-3. PLL Controller 1 (PLLC1) Registers

Address Acronym Register Description Section

01E1 AOOOh REVID PLLC1 Revision Identification Register Section 7.3.2
01E1 A100h PLLCTL PLLC1 Control Register Section 7.3.6
01E1 A104h OCSEL PLLC1 OBSCLK Select Register Section 7.3.8
01E1 Al10h PLLM PLLC1 PLL Multiplier Control Register Section 7.3.9
01E1 Al18h PLLDIV1 PLLC1 Divider 1 Register Section 7.3.12
01E1 All1Ch PLLDIV2 PLLC1 Divider 2 Register Section 7.3.14
01E1 A120h PLLDIV3 PLLC1 Divider 3 Register Section 7.3.16
01E1 Al24h OSCDIV PLLC1 Oscillator Divider 1 Register Section 7.3.22
01E1 A128h POSTDIV PLLC1 PLL Post-Divider Control Register Section 7.3.23
01E1 A138h PLLCMD PLLC1 PLL Controller Command Register Section 7.3.24
01E1 A13Ch PLLSTAT PLLC1 PLL Controller Status Register Section 7.3.25
01E1 A140h ALNCTL PLLC1 Clock Align Control Register Section 7.3.27
01E1 Al44h DCHANGE PLLC1 PLLDIV Ratio Change Status Register Section 7.3.29
01E1 A148h CKEN PLLC1 Clock Enable Control Register Section 7.3.31
01E1 A14Ch CKSTAT PLLC1 Clock Status Register Section 7.3.33
01E1 A150h SYSTAT PLLC1 SYSCLK Status Register Section 7.3.35
01E1 A1FOh EMUCNTO PLLC1 Emulation Performance Counter 0 Register Section 7.3.36
01E1 A1F4h EMUCNT1 PLLC1 Emulation Performance Counter 1 Register Section 7.3.37

7.3.1 PLLCO Revision Identification Register (REVID)
The PLLCO revision identification register (REVID) is shown in Figure 7-2 and described in Table 7-4.

31

Figure 7-2. PLLCO Revision Identification Register (REVID)

REV

R-4481 3C00h

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

Table 7-4. PLLCO Revision Identification Register (REVID) Field Descriptions

Bit Field

Value

Description

31-0 |REV

4481 3C00h

Peripheral revision ID for PLLCO.
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7.3.2 PLLC1 Revision Identification Register (REVID)
The PLLC1 revision identification register (REVID) is shown in Figure 7-3 and described in Table 7-5.

Figure 7-3. PLLC1 Revision Identification Register (REVID)
31 0
REV
R-4481 4400h

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

Table 7-5. PLLC1 Revision Identification Register (REVID) Field Descriptions

Bit Field Value Description
31-0 |REV 4481 4400h Peripheral revision ID for PLLC1.

7.3.3 Reset Type Status Register (RSTYPE)

The reset type status register (RSTYPE) latches the cause of the last reset. If multiple reset sources are

asserted simultaneously, RSTYPE records the reset source that deasserts last. If multiple reset sources

are asserted and deasserted simultaneously, RSTYPE latches the highest priority reset source. RSTYPE
is shown in Figure 7-4 and described in Table 7-6.

Figure 7-4. Reset Type Status Register (RSTYPE)

31 16
‘ Reserved ‘
R-0
15 3 2 1 0
\ Reserved PLLSWRST | XWRST | POR |
R-0 R-0 R-0 R-0

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

Table 7-6. Reset Type Status Register (RSTYPE) Field Descriptions

Bit Field Value | Description
31-3 | Reserved 0 Reserved
2 PLLSWRST PLL software reset.

PLL soft reset was not the last reset to occur.

PLL soft was the last reset to occur.

1 XWRST External warm reset.

External warm reset was not the last reset to occur.

External warm reset was the last reset to occur.

0 POR Power on reset.
Power On Reset (POR) was not the last reset to occur.
Power On Reset (POR) was the last reset to occur.
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7.3.4 PLLCO Reset Control Register (RSCTRL)

The reset control register (RSCTRL) allows the device to perform a software-initiated reset. Before writing
to the SWRST bit, the register must be unlocked by writing the key value of 5A69h to the KEY bit field.
The KEY bit field reads back as Ch when the register is unlocked; any other key value is invalid and
indicates that the register is locked. Any write to the register following a successful unlock relocks the
register. RSCTRL is shown in Figure 7-5 and described in Table 7-7.

Figure 7-5. Reset Control Register (RSCTRL)

31 17 16
\ Reserved SWRST \
R-0 R/W-1
15 0
] KEY \
R/W-3h

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

Table 7-7. Reset Control Register (RSCTRL) Field Descriptions

Bit Field Value Description
31-17 |Reserved 0 Reserved
16 SWRST PLL software reset. Register must be unlocked before writing to this bit. Writes are possible only
when qualified with a valid key.
0 In software reset
1 Not in software reset
15-0 |KEY 0-FFFFh RSCTRL unlock key. Key used to enable writes to RSCTRL.
3h Register is locked when read value is 3h.
Ch Register is unlocked when read value is Ch.

5A69h RSCTRL unlock key
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7.3.5 PLLCO Control Register (PLLCTL)
The PLLCO control register (PLLCTL) is shown in Figure 7-6 and described in Table 7-8.

Figure 7-6. PLLCO Control Register (PLLCTL)

31 16
’ Reserved ‘
R-0
15 10 9 8
\ Reserved | EXTCLKSRC | CLKMODE
R-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
\ Reserved PLLENSRC Reserved PLLRST Reserved | PLLPWRDN |  PLLEN
R-1 R/W-1 R/W-1 R/W-0 R-0 R/W-1 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 7-8. PLLCO Control Register (PLLCTL) Field Descriptions
Bit Field Value | Description
31-10 | Reserved 0 Reserved
9 EXTCLKSRC External clock source selection.
Use OSCIN for the PLL bypass clock.
1 Use PLL1_SYSCLKS for the PLL bypass clock.
8 CLKMODE Reference clock selection.
0 Internal oscillator (crystal)
1 Square wave
7-6 Reserved 1 Reserved
PLLENSRC 0 This bit must be cleared before the PLLEN bit will have any effect.
Reserved 1 Reserved. Write the default value when modifying this register.
3 PLLRST PLLO reset.
0 PLLO reset is asserted.
PLLO reset is not asserted.
Reserved 0 Reserved
PLLPWRDN PLLO power-down.
PLLO is operating.
PLLO is powered-down.
0 PLLEN PLLO mode enables.
PLLO is in bypass mode.
PLLO mode is enabled, not bypassed.
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7.3.6 PLLC1 Control Register (PLLCTL)
The PLLC1 control register (PLLCTL) is shown in Figure 7-7 and described in Table 7-9.

Figure 7-7. PLLC1 Control Register (PLLCTL)

31 16
’ Reserved ‘
R-0
15 8
‘ Reserved ‘
R-0
7 5 4 3 2 1 0
‘ Reserved PLLENSRC Reserved PLLRST Reserved PLLPWRDN PLLEN ‘
R-1 R/W-1 R/W-1 R/W-0 R-0 R/W-1 R/W-0

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

Table 7-9. PLLC1 Control Register (PLLCTL) Field Descriptions

Bit Field Value | Description
31-8 | Reserved 0 Reserved
7-6 Reserved 1 Reserved
5 PLLENSRC 0 This bit must be cleared before the PLLEN bit will have any effect.
4 Reserved 1 Reserved. Write the default value when modifying this register.
3 PLLRST PLL1 reset.
0 PLL1 reset is asserted.
PLL1 reset is not asserted.
Reserved Reserved
PLLPWRDN PLL1 power-down.
PLL1 is operating.
PLL1 is powered-down.
0 PLLEN PLL1 mode enables.
PLL1 is in bypass mode.
PLL1 mode is enabled, not bypassed.
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7.3.7 PLLCO OBSCLK Select Register (OCSEL)

31

The PLLCO OBSCLK select register (OCSEL) controls which clock is output on the CLKOUT pin so that it
may be used for test and debug purposes (in addition to its normal function of being a direct input clock
divider). The OCSEL is shown in Figure 7-8 and described in Table 7-10.

Figure 7-8. PLLCO OBSCLK Select Register (OCSEL)
16

Reserved ‘

15

R-0

Reserved OCSRC ‘

R-0 R/W-14h

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

Table 7-10. PLLCO OBSCLK Select Register (OCSEL) Field Descriptions

Bit Field Value |Description
31-5 | Reserved 0 Reserved
4-0 OCSRC 0-1Fh | PLLCO OBSCLK source. Output on CLKOUT pin.
0-13h | Reserved
14h | OSCIN
15h-16h | Reserved
17h | PLLO_SYSCLK1
18h | PLLO_SYSCLK2
19h | PLLO_SYSCLKS3
1Ah | PLLO_SYSCLK4
1Bh |PLLO_SYSCLK5
1Ch | PLLO_SYSCLK6
1Dh | PLLO_SYSCLK?7
1Eh |PLLC1 OBSCLK
1Fh Disabled
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7.3.8 PLLC1 OBSCLK Select Register (OCSEL)

31

The PLLC1 OBSCLK select register (OCSEL) controls which clock is output on PLLC1 OBSCLK so that it
may be used for test and debug purposes (in addition to its normal function of being a direct input clock
divider). The OCSEL is shown in Figure 7-9 and described in Table 7-11.

Figure 7-9. PLLC1 OBSCLK Select Register (OCSEL)

16

Reserved

15

R-0

Reserved

OCSRC \

R-0

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

R/W-14h

Table 7-11. PLLC1 OBSCLK Select Register (OCSEL) Field Descriptions

Bit

Field

Value

Description

31-5

Reserved

0

Reserved

4-0

OCSRC

0-1Fh
0-13h
14h
15h-16h
17h
18h
19h
1A-1Fh

PLLC1 OBSCLK source.
Reserved

OSCIN

Reserved

PLL1 SYSCLK1

PLL1 SYSCLK2

PLL1 SYSCLK3
Reserved
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7.3.9 PLL Multiplier Control Register (PLLM)
The PLL multiplier control register (PLLM) is shown in Figure 7-10 and described in Table 7-12.

Figure 7-10. PLL Multiplier Control Register (PLLM)

31 16
‘ Reserved ‘
R-0

\ Reserved PLLM \
R-0 R/W-13h

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

Table 7-12. PLL Multiplier Control Register (PLLM) Field Descriptions

Bit Field Value | Description
31-5 | Reserved 0 Reserved
4-0 PLLM 0-1Fh | PLL multiplier select. Multiplier Value = PLLM + 1. The valid range of multiplier values for a given

OSCIN is defined by the minimum and maximum frequency limits on the PLL VCO frequency. See the
device-specific data manual for PLL VCO frequency specification limits.

7.3.10 PLLCO Pre-Divider Control Register (PREDIV)
The PLLCO pre-divider control register (PREDIV) is shown in Figure 7-11 and described in Table 7-13.

Figure 7-11. PLLCO Pre-Divider Control Register (PREDIV)

31 16
Reserved
R-0
15 14 5 4 0
| PREDEN Reserved RATIO |
R/W-1 R-0 R/W-0

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

Table 7-13. PLLCO Pre-Divider Control Register (PREDIV) Field Descriptions

Bit Field Value | Description
31-14 | Reserved 0 Reserved
15 PREDEN PLLCO pre-divider enable.

0 PLLCO pre-divider is disabled. Clock output from the PREDIV stage is disabled.
1 PLLCO pre-divider is enabled.

14-5 | Reserved 0 Reserved
4-0 RATIO 0-1Fh | Divider ra