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1 Preface
I TEXAS SPRUH79C-April 2013—Revised September 2016

INSTRUMENTS
Read This First

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

e DSP 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.

Related Documentation From Texas Instruments

Copies of these documents are available on the Internet at www.ti.com. Tip: Enter the literature number in
the search box provided at www.ti.com.

The current documentation that describes related peripherals and other technical collateral, is available in
the C6000 DSP product folder at: www.ti.com/c6000.

SPRUFK5— TMS320C674x DSP Megamodule Reference Guide. Describes the TMS320C674x digital
signal processor (DSP) megamodule. Included is a discussion on the internal direct memory access
(IDMA) controller, the interrupt controller, the power-down controller, memory protection, bandwidth
management, and the memory and cache.

SPRUFE8— TMS320C674x DSP CPU and Instruction Set Reference Guide. Describes the CPU
architecture, pipeline, instruction set, and interrupts for the TMS320C674x digital signal processors
(DSPs). The C674x DSP is an enhancement of the C64x+ and C67x+ DSPs with added
functionality and an expanded instruction set.

SPRUG82— TMS320C674x DSP Cache User's Guide. Explains the fundamentals of memory caches
and describes how the two-level cache-based internal memory architecture in the TMS320C674x
digital signal processor (DSP) can be efficiently used in DSP applications. Shows how to maintain
coherence with external memory, how to use DMA to reduce memory latencies, and how to
optimize your code to improve cache efficiency. The internal memory architecture in the C674x
DSP is organized in a two-level hierarchy consisting of a dedicated program cache (L1P) and a
dedicated data cache (L1D) on the first level. Accesses by the CPU to the these first level caches
can complete without CPU pipeline stalls. If the data requested by the CPU is not contained in
cache, it is fetched from the next lower memory level, L2 or external memory.

Code Composer Studio is a trademark of Texas Instruments.
SPI is a trademark of Motorola, Inc..
SD is a trademark of SanDisk Corporation.
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1.1 Introduction

The C6748 DSP efficiently handles communication and audio processing tasks. The C6748 DSP consists

of the following primary components:

e DSP subsystem and associated memories

» A set of I/O peripherals

* A powerful DMA subsystem and SDRAM EMIF interface

Block Diagram
A block diagram for the C6748 DSP is shown in Figure 1-1.

1.2 DSP Subsystem

The DSP subsystem (DSPSS) includes TI's standard TMS320C674x megamodule and several blocks of
internal memory (L1P, L1D, and L2). The DSP Subsystem chapter describes the DSPSS components.

Figure 1-1. TMS320C6748 DSP Block Diagram
DSP Subsystem

C674x™

DSP CPU
Input 4 ELLICIotck
Clock(s) enerator

w/0SC Memory Protection

General- 32KB 32KB

Purpose
. L1 P
Timer (x4) Power/Sleep gm | L1 RAM

Controller
RTC/ 256KB L2 RAM
Pin
Multiplexing BOOT ROM

S

’ Switched Central Resource (SCR)

@
o o T o T

System Control

Peripherals _ Parallel Shared
DMA Audio Ports Serial Interfaces Display Port Memory Control Timers
EDMA3 McASP McBSP 12c SPI UART LCD uPP 128KB eHRPWM | eCAP
(x2) wIFIFO (x2) (x2) (x2) (x3) Ctir RAM (x2) (x3)
Customizable
Interface Connectivity Video External Memory Interfaces
UsB2.0 || usB1.1 EMAC MMC/SD EMIFA(8b/16B)| [ DDR2/mDDR
PRU OTG Ctir| | OHCI Ctir | | 10/100 | MDIO HPI (8b) SATA VPIF NAND/Flash Memory
Subsystem PHY PHY (MI/RMII) (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 (EDMAS3). For more
information, see the Enhanced Direct Memory Access (EDMA3) Controller chapter.
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2.1 Introduction
The DSP subsystem (Figure 2-1) includes TI's standard TMS320C674x megamodule and several blocks
of internal memory (L1P, L1D, and L2). This chapter provides an overview of the DSP subsystem and the
following considerations associated with it:
*  Memory mapping
e Interrupts
* Power management
For more information on the TMS320C674x megamodule, see the TMS320C674x DSP Megamodule
Reference Guide (SPRUFKS5), the TMS320C674x DSP CPU and Instruction Set Reference Guide
(SPRUFES), and the TMS320C674x DSP Cache User’'s Guide (SPRUG82).
Figure 2-1. TMS320C674x Megamodule Block Diagram
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2.2

221

222

TMS320C674x Megamodule

The C674x megamodule (Figure 2-1) consists of the following components:
+ TMS320C674x CPU
e Internal memory controllers:

— Level 1 program memory controller (PMC)

— Level 1 data memory controller (DMC)

— Level 2 unified memory controller (UMC)

— Extended memory controller (EMC)

— Internal direct memory access (IDMA) controller
e Internal peripherals:

— Interrupt controller (INTC)

— Power-down controller (PDC)

— Bandwidth manager (BWM)
» Advanced event triggering (AET)

For more information about each of these controllers, see the TMS320C674x DSP Megamodule
Reference Guide (SPRUFKS5).

Internal Memory Controllers

The C674x megamodule implements a two-level internal cache-based memory architecture with external
memory support. Level 1 memory (L1) is split into separate program memory (L1P memory) and data
memory (L1D memory). L1 memory is accessible to the CPU without stalls. Level 2 memory (L2) can also
be split into L2 RAM (normal addressable on-chip memory) and L2 cache for caching external memory
locations. The internal direct memory access controller (IDMA) manages DMA among the L1P, L1D, and
L2 memories.

Internal Peripherals

The C674x megamodule includes the following internal peripherals:
e DSP interrupt controller (INTC)

» DSP power-down controller (PDC)

* Bandwidth manager (BWM)

* Internal DMA (IDMA) controller

This section briefly describes the INTC, PDC, BWM, and IDMA controller. For more information on these
internal peripherals, see the TMS320C674x DSP Megamodule Reference Guide (SPRUFKS5).

2.2.2.1 Interrupt Controller (INTC)

The C674x megamodule includes an interrupt controller (INTC) to manage CPU interrupts. The INTC
maps DSP device events to 12 CPU interrupts. All DSP device events are listed in Table 2-1. The INTC is
fully described in the TMS320C674x DSP Megamodule Reference Guide (SPRUFKS5).

Table 2-1. DSP Interrupt Map

Event Interrupt Name Source

0 EVTO C674x Interrupt Control O

1 EVT1 C674x Interrupt Control 1

2 EVT2 C674x Interrupt Control 2

3 EVT3 C674x Interrupt Control 3

4 T64P0_TINT12 Timer64P0 Interrupt (TINT12)
5 SYSCFG_CHIPINT2 SYSCFG CHIPSIG Register
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TMS320C674x Megamodule

Table 2-1. DSP Interrupt Map (continued)

Event Interrupt Name Source
6 PRU_EVTOUTO PRUSS Interrupt
7 EHRPWMO HiResTimer/PWMO Interrupt
8 EDMA3_0_CCO_INT1 EDMAS3_0 Channel Controller 0 Shadow Region 1 Transfer
Completion Interrupt
9 EMU-DTDMA C674x-ECM
10 EHRPWMOTZ HiResTimer/PWMO Trip Zone Interrupt
11 EMU-RTDXRX C674x-RTDX
12 EMU-RTDXTX C674x-RTDX
13 IDMAINTO C674x-EMC
14 IDMAINT1 C674x-EMC
15 MMCSDO_INTO MMCSDO MMC/SD Interrupt
16 MMCSDO_INT1 MMCSDO SDIO Interrupt
17 PRU_EVTOUT1 PRUSS Interrupt
18 EHRPWM1 HiResTimer/PWML1 Interrupt
19 USBO_INT USBO (USB2.0) Interrupt
20 USB1_HCINT USB1 (USB1.1) OHCI Host Controller Interrupt
21 USB1_R/WAKEUP USB1 (USB1.1) Remote Wakeup Interrupt
22 PRU_EVTOUT2 PRUSS Interrupt
23 EHRPWM1TZ HiResTimer/PWM1 Trip Zone Interrupt
24 SATA_INT SATA Controller Interrupt
25 T64P2_TINTALL Timer64P2 Combined Interrupt (TINT12 and TINT34)
26 EMAC_CORXTHRESH EMAC - Core 0 Receive Threshold Interrupt
27 EMAC_CORX EMAC - Core 0 Receive Interrupt
28 EMAC_COTX EMAC - Core 0 Transmit Interrupt
29 EMAC_COMISC EMAC - Core 0 Miscellaneous Interrupt
30 EMAC_C1RXTHRESH EMAC - Core 1 Receive Threshold Interrupt
31 EMAC_C1RX EMAC - Core 1 Receive Interrupt
32 EMAC_C1TX EMAC - Core 1 Transmit Interrupt
33 EMAC_C1MISC EMAC - Core 1 Miscellaneous Interrupt
34 UHPI_DSPINT HPI DSP Interrupt
35 PRU_EVTOUTS3 PRUSS Interrupt
36 IICO_INT 12CO0 Interrupt
37 SPIO_INT SPIO0 Interrupt
38 UARTO_INT UARTO Interrupt
39 PRU_EVTOUT5 PRUSS Interrupt
40 T64P1_TINT12 Timer64P1 Interrupt (TINT12)
41 GPIO_B1INT GPIO Bank 1 Interrupt
42 IICL_INT I12C1 Interrupt
43 SPI1L_INT SPI1 Interrupt
44 PRU_EVTOUT6 PRUSS Interrupt
45 ECAPO ECAPO Interrupt
46 UART_INT1 UART1 Interrupt
47 ECAP1 ECAP1 Interrupt
48 T64P1_TINT34 Timer64P1 Interrupt (TINT34)
49 GPIO_B2INT GPIO Bank 2 Interrupt
50 PRU_EVTOUT7 PRUSS Interrupt
51 ECAP2 ECAP2 Interrupt
52 GPIO_B3INT GPIO Bank 3 Interrupt
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Table 2-1. DSP Interrupt Map (continued)

Event Interrupt Name Source
53 MMCSD1_INT1 MMCSD1 SDIO Interrupt
54 GPIO_B4INT GPIO Bank 4 Interrupt
55 EMIFA_INT EMIFA Interrupt
56 EDMA3_0_CCO_ERRINT EDMAS3_0 Channel Controller O Error Interrrupt
57 EDMA3_0_TCO_ERRINT EDMAS3_0 Transfer Controller O Error Interrrupt
58 EDMA3_0_TC1_ERRINT EDMAS3_0 Transfer Controller 1 Error Interrrupt
59 GPIO_BS5INT GPIO Bank 5 Interrupt
60 DDR2_MEMERR DDR2 Memory Error Interrupt
61 MCASPO_INT McASPO Combined RX/TX Interrupt
62 GPIO_B6INT GPIO Bank 6 Interrupt
63 RTC_IRQS RTC Combined Interrupt
64 T64P0_TINT34 Timer64PO0 Interrupt (TINT34)
65 GPIO_BOINT GPIO Bank 0 Interrupt
66 PRU_EVTOUT4 PRUSS Interrupt
67 SYSCFG_CHIPINT3 SYSCFG CHIPSIG Register
68 MMCSD1_INTO MMCSD1 MMC/SD Interrupt
69 UART2_INT UART2 Interrupt
70 PSCO_ALLINT PSCO
71 PSC1_ALLINT PSC1
72 GPIO_B7INT GPIO Bank 7 Interrupt
73 LCDC_INT LCD Controller Interrupt
74 PROTERR SYSCFG Protection Shared Interrupt
75 GPIO_BS8INT GPIO Bank 8 Interrupt

76-77 — Reserved
78 T64P2_CMPINTO Timer64P2 - Compare Interrupt O
79 T64P2_CMPINT1 Timer64P2 - Compare Interrupt 1
80 T64P2_CMPINT2 Timer64P2 - Compare Interrupt 2
81 T64P2_CMPINT3 Timer64P2 - Compare Interrupt 3
82 T64P2_CMPINT4 Timer64P2 - Compare Interrupt 4
83 T64P2_CMPINTS Timer64P2 - Compare Interrupt 5
84 T64P2_CMPINT6 Timer64P2 - Compare Interrupt 6
85 T64P2_CMPINT7 Timer64P2 - Compare Interrupt 7
86 T64P3_TINTALL Timer64P3 Combined Interrupt (TINT12 and TINT34)
87 MCBSPO_RINT McBSPO Receive Interrupt
88 MCBSPO_XINT McBSPO Transmit Interrupt
89 MCBSP1_RINT McBSP1 Receive Interrupt
90 MCBSP1_XINT McBSP1 Transmit Interrupt
91 EDMA3_1_CCO_INT1 EDMAS3_1 Channel Controller 0 Shadow Region 1 Transfer

Completion Interrupt

92 EDMA3_1 CCO_ERRINT EDMAS3_1 Channel Controller O Error Interrrupt
93 EDMA3_1 _TCO_ERRINT EDMAS3_1 Transfer Controller O Error Interrrupt
94 UPP_INT uPP Combined Interrupt
95 VPIF_INT VPIF Combined Interrupt
96 INTERR C674x-Interrupt Control
97 EMC_IDMAERR C674x-EMC

98-112 — Reserved
113 PMC_ED C674x-PMC

114-115 — Reserved
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Table 2-1. DSP Interrupt Map (continued)

Event Interrupt Name Source

116 UMC_ED1 C674x-UMC

117 UMC_ED2 C674x-UMC

118 PDC_INT C674x-PDC

119 SYS_CMPA C674x-SYS

120 PMC_CMPA C674x-PMC

121 PMC_CMPA C674x-PMC

122 DMC_CMPA C674x-DMC

123 DMC_CMPA C674x-DMC

124 UMC_CMPA C674x-UMC

125 UMC_CMPA C674x-UMC

126 EMC_CMPA C674x-EMC

127 EMC_BUSERR C674x-EMC

2.2.2.1.1 Interrupt Controller Registers

For more information on the DSP interrupt controller (INTC) registers, see the TMS320C674x DSP
Megamodule Reference Guide (SPRUFKS5).

2.2.2.1.2 NMI Interrupt

In addition to the interrupts listed in Table 2-1, the DSP also supports a special interrupt that behaves
more like an exception, non-maskable interrupt (NMI). The NMI interrupt is controlled by two registers in
the System Configuration Module, the chip signal register (CHIPSIG) and the chip signal clear register
(CHIPSIG_CLR).

The NMI interrupt is asserted by writing a 1 to the CHIPSIG4 bit in CHIPSIG. The NMI interrupt is cleared
by writing a 1 to the CHIPSIG4 bit in CHIPSIG_CLR. For more information on CHIPSIG and
CHIPSIG_CLR, see the System Configuration (SYSCFG) Module chapter.

2.2.2.2 Power-Down Controller (PDC)
The C674x megamodule includes a power-down controller (PDC). The PDC can power-down all of the
following components of the C674x megamodule and internal memories of the DSP subsystem:
+ C674x CPU
* Level 1 program memory controller (PMC)
» Level 1 data memory controller (DMC)
» Level 2 unified memory controller (UMC)
e Extended memory controller (EMC)
e Internal direct memory access (IDMA) controller
* L1P memory
* L1D memory
* L2 memory
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This device supports the static power-down feature from the C674x megamodule. The TMS320C674x
DSP Megamodule Reference Guide (SPRUFKS5) describes the power-down control in more detail.

» Static power-down: The PDC initiates power-down (clock gating) of the entire C674x megamodule and
all internal memories immediately upon command from software.

Static power-down (clock gating) affects all components of the C674x megamodule and all internal
memories. Software can initiate static power-down by way of a register bit in the power-down controller
command register (PDCCMD) of the PDC. For more information on the PDC, see the TMS320C674x DSP
Megamodule Reference Guide (SPRUFKS5).

2.2.2.3 Bandwidth Manager (BWM)

The bandwidth manager (BWM) provides a programmable interface for optimizing bandwidth among the
requesters for resources, which include the following:

 EDMAS-initiated DMA transfers (and resulting coherency operations)
» DSP subsystem IDMA-initiated transfers (and resulting coherency operations)
» Programmable cache coherency operations
— Block based coherency operations
— Global coherency operations
* CPU direct-initiated transfers
— Data access (load/store)
— Program access

The resources include the following:

e L1P memory

 L1D memory

* L2 memory

» Resources outside of the C674x megamodule: external memory, on-chip peripherals, registers

Since any given requestor could potentially block a resource for extended periods of time, the bandwidth
manager is implemented to assure fairness for all requesters.

The bandwidth manager implements a weighted-priority-driven bandwidth allocation. Each requestor
(EDMAZ3, DSP subsystem IDMA, CPU, etc.) is assigned a priority level on a per-transfer basis. The
programmable priority level has a single meaning throughout the system. There are a total of nine priority
levels, where priority zero is the highest priority and priority eight is the lowest priority. When requests for
a single resource contend, access is granted to the highest-priority requestor. When the contention occurs
for multiple successive cycles, a contention counter assures that the lower-priority requestor gets access
to the resource every 1 out of n arbitration cycles, where n is programmable. A priority level of -1
represents a transfer whose priority has been increased due to expiration of the contention counter or a
transfer that is fixed as the highest-priority transfer to a given resource.

2.2.2.4 Internal DMA (IDMA) Controller

The IDMA controller performs fast block transfers between any two memory locations local to the C674x
megamodule. Local memory locations are defined as those in Level 1 program (L1P), Level 1 data (L1D),
and Level 2 (L2) memories, or in the external peripheral configuration (CFG) port. The IDMA cannot
transfer data to or from the internal DSP memory-mapped register space. The IDMA is fully described in
the TMS320C674x DSP Megamodule Reference Guide (SPRUFK5).
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2.3 Memory Map
Refer to your device-specific data manual for the addresses of the memory-map registers.

2.3.1 DSP Internal Memory
See the System Memory chapter for a description of the DSP internal memory.

2.3.2 External Memory

See the System Interconnect chapter and the System Memory chapter for a description of the additional
memory and peripherals that the DSP has access to.

2.4 Advanced Event Triggering (AET)

The C674x megamodule supports advanced event triggering (AET). This capability can be used to debug
complex problems as well as understand performance characteristics of user applications. AET provides
the following capabilities:

« Hardware Program Breakpoints: specify addresses or address ranges that can generate events such
as halting the processor or triggering the trace capture.

» Data Watchpoints: specify data variable addresses, address ranges, or data values that can generate
events such as halting the processor or triggering the trace capture.

» Counters: count the occurrence of an event or cycles for performance monitoring.

e State Sequencing: allows combinations of hardware program breakpoints and data watchpoints to
precisely generate events for complex sequences.
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3.1 Introduction

The DSP, 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. Through the SCRs, the DSP can send data to the EMIF without affecting a

data transfer between a device peripheral and internal shared memory. Bridges are mainly used to

perform bus-width conversion as well as bus operating frequency conversion.

The DSP, the PRU subsystem, the EDMAZ3 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 EDMAS3 or on a CPU to perform transfers to and from them. The system master peripherals include

the DSP, the EDMAS3 transfer controllers, EMAC, HPI, LCDC, uPP, SATA, VPIF, PRU subsystem, and

USB DMAs. 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. TMS320C6748 DSP System Interconnect Matrix
Masters Slaves
Default DSP DDR2/ 128K EDMA3 0_  EDMA3 1_ Peripheral
Master Priority SDMA EMIFA mDDR RAM TCO/TC1 TCO Group®
EDMA3_0_CCO0 0 X
EDMA3_1_CCO0 0 X
EDMA3_0_TCO 0 X X X X X X X
EDMA3_0_TC1 0 X X X X X X X
PRUO/PRU1 0 X X X X X X X
DSP CFG 2 X X X
DSP MDMA 2 X X X
EDMA3_1_TCO 4 X X X X X X X
EMAC 4 X X X X
SATA 4 X X X X
uPp 4 X X X X
USB2.0 4 X X X X
USB1.1 4 X X X X
VPIF 4 X X X X
LCDC 5 X
HPI 6 X X X X X@

@ Peripheral group: SYSCFG, EMAC, eCAPO, eCAP1, eCAP2, eHRPWMO, eHRPWM1, GPIO, 12C0, I2C1, LCDC, McASPO,
McBSPO, McBSP1, MDIO, MMC/SDO, MMC/SD1, PLLCO, PLLC1, PRU RAMO, PRU RAM1, PRU Config, PSCO, PSC1, RTC,
SPI0, SPI1, TIMER6G4P0, TIMER64P1, TIMER64P2, TIMER64P3, EDMA3_0_CCO, EDMA3_1_CCO, UARTO, UARTL, UART2,
HPI, USBO (USB2.0), USB1 (USBL1.1), uPP, SATA, 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.
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4.1 Introduction

This device has multiple on-chip/off-chip memories and several external device interfaces associated with
the DSP 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 DSP Memories

The DSP internal memories are accessible by the DSP and other master peripherals (as dictated by the
connectivity matrix) via the system interconnect through the DSP SDMA port.
The DSP internal memory consists of L1P, L1D, and L2. The DSP internal memory configuration is:

e L1P memory includes 32 KB of RAM. The DSP program memory controller (PMC) allows you to
configure part or all of the LIP RAM as normal program RAM or as cache. You can configure cache
sizes of 0 KB, 4 KB, 8 KB, 16 KB, or 32 KB of the 32 KB of RAM. The default configuration is 32 KB
cache.

* L1D memory includes 32 KB of RAM. The DSP data memory controller (DMC) allows you to configure
part of the L1D RAM as normal data RAM or as cache. You can configure cache sizes of 0 KB, 4 KB,
8 KB, 16 KB, or 32 KB of the 32 KB of RAM. The default configuration is 32 KB cache.

e L2 memory includes 256 KB of RAM. The DSP unified memory controller (UMC) allows you to
configure part or all of the L2 RAM as normal RAM or as cache. You can configure cache sizes of 0
KB, 4 KB, 8 KB, 16 KB, 32 KB, 64 KB, 128 KB, or 256 KB of the 256 KB of RAM. The default
configuration is 256 KB normal RAM.

* L2 memory also includes 1024 KB of ROM.
Shared RAM Memory

This device also offers an on-chip 128-KB shared single-port RAM, apart from the DSP level 1 and level 2
internal memories. This shared RAM is accessible by the DSP, 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:
e EMIF:

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

— 8/16-bit wide (package dependent) NAND Flash with 4-bit ECC (up to 4 devices)
— 16-bit SDRAM with 128-MB address space (package dependent)
+ 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
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Internal Peripherals

The following peripherals are internal to the DSP subsystem and are only accessible to the DSP:
» DSP interrupt controller (INTC)

e DSP power down controller (PDC)

« Bandwidth manager (BWM)

* Internal DMA (IDMA)

For more information on the internal peripherals, see the TMS320C674x DSP Megamodule Reference
Guide (SPRUFK5).
4.3 Peripherals

The DSP has access to all peripherals. 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 shared
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 L1/L2 cache accesses
e 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 ; Output
owa [ ) | “nese” | [ oe
Bus Bus
—>» MPU_ADDR_ERR_INT
MPU Register Bus
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5.1.4 MPU Default Configurati

on

Two MPUs are supported on the device, one for the 128KB shared 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 Shared 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.

DSP CPU instruction and data accesses have a privilege level associated with them. The privilege level is
inherited from the code running on the CPU. See the TMS320C674x DSP CPU and Instruction Set
Reference Guide (SPRUFES8) for more details on privilege levels of the DSP CPU.

Although master peripherals like the HPI do not execute code, they still have a privilege level associated
with them. Unlike the DSP 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.

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

DSP 1 Software dependant Software dependant
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Table 5-3. Device Master Settings (continued)

Master Privilege ID Privilege Level Access Type
PRUO/PRU1 2 Supervisor DMA

HPI 3 User DMA
EMAC 4 Supervisor Data/DMA
USB1.1 5 Supervisor DMA
USB2.0 6 Supervisor DMA

LCD Controller 7 Supervisor DMA

uPP 8 Supervisor DMA
SATA 9 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.

e 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).

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 AID10 AID9 AID8 AID7 AID6
15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
’ Allowed IDs Reserved | Access Types ‘
AID5S AID4 AID3 AID2 AID1 AIDO  AIX SR SW SX UR uw UXx
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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 ID 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
100 Memory Protection Unit (MPU) SPRUH79C—-April 2013—-Revised September 2016
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5.25

5.2.6

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.

The MPU has a special mechanism for handling DSP L1/L2 cache controller read accesses, see
Section 5.2.5 for more details.

DSP L1/L2 Cache Controller Accesses

A memory read access that originates from the DSP L1/L2 cache is treated differently to allow memory
protection to be enforced by the DSP level. This is because a subsequent memory access that hits in the
cache does not pass through the MPU. Instead the memory access is serviced directly by the L1/L2
memory controllers.

During a cache memory read, the permission settings stored in the memory protection page attribute
registers (MPPA) are passed to the L1/L2 memory controllers along with the read data. The permissions
settings returned by the MPU are taken from MPPA that covers the address range of the original
request—only the SR, SW, SX, UR, UW, and UX bits are passed. If the request address is covered by
multiple address ranges, then the returned value is the logical-AND of all MPPA permissions. If the
transfer address range is not covered by an address range then the transfer is either allowed or
disallowed based on the configuration of the MPU.

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.
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5.2.8

5.2.9

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.

Interrupt Support

5.2.9.1 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.

5.2.9.2 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 DSP 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

5.2.10 Emulation Considerations

Memory and MPU registers are not protected against emulation accesses.
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5.3

MPU Registers

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

Table 5-6 lists the memory-mapped registers for the MPU1. 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
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Table 5-7. Memory Protection Unit 2 (MPU2) Registers (continued)

Address Acronym Register Description Section

01E1 5200h PROG1_MPSAR Programmable range 1 start address register Section 5.3.10.2
01E1 5204h PROG1_MPEAR Programmable range 1 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5214h PROG2_MPEAR Programmable range 2 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5224h PROG3_MPEAR Programmable range 3 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5234h PROG4_MPEAR Programmable range 4 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5244h PROG5_MPEAR Programmable range 5 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5254h PROG6_MPEAR Programmable range 6 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5274h PROG7_MPEAR Programmable range 7 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5274h PROG8_MPEAR Programmable range 8 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5284h PROG9_MPEAR Programmable range 9 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 5294h PROG10_MPEAR Programmable range 10 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 52A4h PROG11_MPEAR Programmable range 11 end address register Section 5.3.11.2
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 Section 5.3.10.2
01E1 52B4h PROG12_MPEAR Programmable range 12 end address register Section 5.3.11.2
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 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
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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)

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, especially memory. One of the
programmable address ranges could be used to detect accesses to this unpopulated
memory.

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)
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)
31 16 15 0
START_ADDR \ Reserved
R/W-C000h 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 CO000h-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.

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.

31

Figure 5-14. MPU1 Programmable Range n End Address Register (PROGn_MPEAR)

10 9 0

END_ADDR

| Reserved

R/W-20 007Fh
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

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)

31

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)

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
112 Memory Protection Unit (MPU)
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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)

31

FLTADDRR is shown in Figure 5-17 and described in Table 5-20.

Figure 5-17. Fault Address Register (FLTADDRR)

The fault address register (FLTADDRR) holds the address of the first protection fault transfer. The

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.
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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 R-0 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.
SPRUH79C-April 2013—-Revised September 2016 Memory Protection Unit (MPU) 115

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


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUH79C

13 TEXAS
INSTRUMENTS

MPU Registers www.ti.com

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 16

‘ 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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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/CPU clock frequency, as listed in Table 6-2. However, there are two system clock domains that do
not require a fixed ratio to the CPU, 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
EMAC RMII RMII_MHZ_50_CLK
EMAC Ml MII_TXCLK, MII_RXCLK
USB2.0 and USB1.1 USB_REFCLKIN
12Cs 12Cn_SCL
Timers TM64Pn_IN12
SATA SATA_REFCLKP, SATA_REFCLKN
SPIs SPIn_CLK
uPp UPP_CHn_CLK
VPIF VPIF_CLKINn
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 CPU Clock Required? CPU Clock
DSP PLLO_SYSCLK1 Yes 1:1
DSP ports, Shared RAM, UARTO, EDMA, SPIO, PLLO_SYSCLK2 Yes 1:2
MMC/SDs, VPIF, LCDC, SATA, 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, EMAC/MDIO, USB1.1
EMAC RMII clock PLLO_SYSCLK? No 1:6
12C0, Timer64P0/P1, RTC, USB2.0 PHY, McASPO PLLO_AUXCLK Not Applicable Not Applicable
serial clock
DDR2/mDDR PHY PLL1_SYSCLK1 Not Applicable Not Applicable
PLLO input reference clock PLL1_SYSCLK3 Not Applicable Not Applicable
(not configured by default)
ECAPs, UART1/2, Timer64P2/3, eHRPWMs, McBSPs, ASYNC3 Not Applicable Not Applicable
McASPO, SPI1
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Figure 6-1. Overall Clocking Diagram

PLLO Multiplier Out

SYSCLK3 (13)

CFGCHIP3[EMA_CLKSRC] Shared RAM

System CFG

SYSCLK4 (/4)

MMC/SDs

PLLO
Controller

USB1.1 (A)
EMAC/MDIO (D)

»| CLKSRC

» EXTCLKSRC

AUXCLK

Timers0/1

DDR2/mDDR (B
Timers2/3
UART1/2

PLL_ |
Ref CLK

v

SYSCLK2 (12)
SYSCLK2 (12)

PLL1
Controller CFGCHIP3[ASYNC3_CLKSRC]

SYSCLK3 (/3)
»| CLKSRC

v

+ Default Mux Selection

See Section 6.3.1 for USB clocking.

See Section 6.3.2 for DDR2/mDDR clocking.
See Section 6.3.3 for EMIFA clocking.

See Section 6.3.4 for EMAC clocking.

See Section 6.3.5 for uPP clocking.

See Section 6.3.6 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. 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.

The USBL1.1 subsystem requires both a 48 MHz (CLK48) and a 12 MHz (CLK12) clock input. The 12 MHz
clock is derived from the 48 MHz clock. The 48 MHz clock required by the USB1.1 subsystem can be
sourced from either the USB_REFCLKIN or from the 48 MHz clock provided by the USB2.0 PHY. The
CLKA48 source is selected by programming the USB1PHYCLKMUX bit in CFGCHIP2 of the System
Configuration Module. The USB1.1 subsystem peripheral bus clock is sourced from PLLO_SYSCLK4. See
Table 6-4.

NOTE: If the USB1.1 subsystem is used and the 48 MHz clock input is sourced from the USB2.0
PHY, then the USB2.0 must be configured to always generate the 48 MHz clock. The
USBOPHY_PLLON bit in CFGCHIP2 controls the USB2.0 PHY, allowing or preventing it from
stopping the 48 MHz clock during USB SUSPEND. When the USBOPHY_PLLON bit is set to
1, the USB2.0 PHY is prevented from stopping the 48 MHz clock during USB SUSPEND;
when the USBOPHY_PLLON bit is cleared to 0, the USB2.0 PHY is allowed to stop the
48 MHz clock during USB SUSPEND.
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Figure 6-2. USB Clocking Diagram

USB_

AUXCLK REFCLKIN

A
CFGCHIP2[USBOPHYCLKMUX] 1 0 7

A

USB 2.0
Subsystem
(UsSB0)

CLK48MHz From

USB2.0 PHY
A

A

\ ° _/— CFGCHIP2[USB1PHYCLKMUX]

CLK48

CLK12

uUsB 1.1
Subsystem
(UsB1)

Table 6-4. USB Clock Multiplexing Options

USB1.1
Clock
Source

Additional Conditions

CFGCHIP2. CFGCHIP2. USB2.0
USBOPHYCLKMUX USB1PHYCLKMUX Clock
bit bit Source
0 0 USB_REFCLKIN
0 1 USB_REFCLKIN
1 0 PLLO_AUXCLK
1 1 PLLO_AUXCLK

CLK48MHz output
from USB2.0 PHY

USB_REFCLKIN

CLK48MHz output
from USB2.0 PHY

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.

USB_REFCLKIN must be 48 MHz. The
PLL inside the USB2.0 PHY can be
configured to accept this input clock
frequency.

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.

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. USB_REFCLKIN must
be 48 MHz.
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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 EMAC Clocking

The EMAC module sources its peripheral bus interface reference clock from PLLO_SYSCLKA4 that is at a
fixed ratio of the CPU clock. The external clock requirement for EMAC varies with the interface used.
When the Ml interface is active, the MIl_TXCLK and MIl_RXCLK signals must be provided from an
external source. When the RMII interface is active, the RMIlI 50 MHz reference clock is sourced either
from an external clock on the RMII_MHZ_50_CLK pin or from PLLO_SYSCLK?7 (as shown in Figure 6-5).
The PINMUX15_3_0 bits in the pin multiplexing control 15 register (PINMUX15) of the System
Configuration Module control this clock selection:

 PINMUX15 3 0 = 0: enables sourcing of the 50 MHz reference clock from an external source on the
RMII_MHZ_50_CLK pin.

* PINMUX15_3 0 = 8h: enables sourcing of the 50 MHz reference clock from PLLO_SYSCLK?7. Also,
PLLO_SYSCLKY is driven out on the RMII_MHZ_50_CLK pin.

Table 6-7 shows example PLL register settings and the resulting PLLO_SYSCLK?Y frequencies based on
the OSCIN reference clock frequency of 25 MHz.

Figure 6-5. EMAC Clocking Diagram

On Chip
PLL Controller 0 LPSC EMAC
[_syscLka |
[_syscLKk7_|

| 50 MHz Reference Clock

PINMUX15[3:0]

"—7‘1000 oooo\

3-State

4
0000 1000

X

RMII_MHZ_50_CLK
Signal

NOTE: The SYSCLK?7 output clock does not meet the RMII reference clock specification of
50 MHz +/-50 ppm.
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Table 6-7. EMAC Reference Clock Frequencies
PLLDIV7
OSCIN PLL Multiplier Multiplier Post Divider POSTDIV Output  Register
Frequency Register Setting  Frequency Mode® Frequency Setting PLLO_SYSCLK?7
25 24 600 MHz Div2 300 MHz 5 50 MHz
Div3 200 MHz 3 50 MHz
Div4 150 MHz 2 50 MHz
25 18 450 MHz Div2 225 MHz Not Applicable®
Div3 150 MHz 2 50 MHz
Div4 112.5 MHz Not Applicable®
@ See Section 6.2 for explanation of POSTDIV divider modes.
@ Certain PLL configurations do not support a 50 MHz clock on PLLO_SYSCLK7.
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6.3.5 uPP Clocking

Figure 6-6 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 6-8 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 6-6. 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 6-8. 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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6.3.6 MCcASP Clocking

As shown in Figure 6-7, 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 6-7. McASP Clocking Diagram

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