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Introduction

1.1 Features

CPU Features

— Fully static RISC processor core, capable of
operating from 0 to 96 MHz with zero
wait/hold state

— Minimum 10.4 ns instruction cycle time with
a 96-MHz internal clock frequency, based on
a 12-MHz external input

— 4K-byte, 4-way set-associative instruction
cache

— 69 independently vectored peripheral
interrupts

DSP Features
— Capable of operating up to 96 MHz

— 16-bit fixed-point arithmetic, dual-MAC
architecture

— 32-bit interface to 4K-byte RAM shared with
CPU

— 32-bit external bus interface

— Bus master interface to audio peripherals
and I/O

Memory

— 4K bytes CPU instruction cache

— 32K bytes CPU data RAM

— 4K bytes CPU/DSP shared RAM

— 24K bytes DSP program RAM

— 24K bytes DSP data RAM

— 8K bytes Bluetooth® sequencer and data
RAM

— Addresses up to 96M bytes (FBGA-224
package) or 8M bytes (FBGA-144 package) of
external memory

Broad Range of Hardware Communications

Peripherals

— Bluetooth Lower Link Controller (LLC)
including a shared 7K byte Bluetooth data
RAM and 1K byte Bluetooth Sequencer RAM

— Universal Serial Bus (USB) 2.0 On-The-Go

— Audio/telematics codec with dual ADC
inputs and high quality stereo DAC output

— Two CAN interfaces with 15 message buffers
conforming to CAN specification 2.0B active

— Two ACCESS.bus serial bus interfaces (I°C
compatible)

— Two 8/16-bit SPI, Microwire/Plus serial
interfaces

— 1°S digital audio bus interface

— Four Universal Asynchronous
Receiver/Transmitter (UART) channels, one
channel has USART capability

— Advanced Audio Interface (AAI) to connect
to external 8/ 13-bit PCM Codecs as well as
to ISDN-Controllers through the IOM-2
interface (slave only)

— Two CVSD/PCM converters, for supporting
two bidirectional audio connectionsM

External Bus Interface Shared Between CPU

and DSP

— 16/32-bit data busbus interface

23-bit address bus

3 programmable chip select outputs

Up to 96M bytes external memory

— 8-level write buffer

General-Purpose Hardware Peripherals

— 10-channel, 10-bit A/D Converter (ADC)

— 16-channel DMA controller

— Dual 16-bit Multi-Function Timer (MFT)

— Dual Versatile Timer Units (VTU), each with
four independent timers

— Timing and Watchdog Unit

Extensive Power and Clock Management

Support

— Two Phase Locked Loops (PLL) for
synthesizing independent system and audio
peripheral clocks

— Two independent oscillators for Active mode
(12 MHz) and Power Save mode (32.768 kHz)
clocks

— Low-power modes (Power Save, Idle, and
Halt) for slowing or stopping clocks to
optimize power consumption while meeting
application needs

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Bluetooth is a registered trademark of Bluethooth SIG, Inc.
Teak is a registered trademark of ParthusCeva, Inc.

PRODUCTION DATA information is current as of publication date. Products conform to
specifications per the terms of the Texas Instruments standard warranty. Production
processing does not necessarily include testing of all parameters.
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* Flexible I/O

— Up to 64 general-purpose I/O pins (shared
with on-chip peripheral I/O)

— Programmable I/O pin characteristics: TRI-
STATE output, push-pull output, weak
pullup/pulldown input, high impedance
input, high-speed drive capability

— Schmitt triggers on general-purpose inputs

— Multi-Input Wake-Up (MIWU) capability...

* Power Supply

— 1/O port operation at 3.0-3.3V

— Core logic operation at 1.8V

— On-chip power-on reset

 Temperature Range
— —40°C to +85°C (Industrial)
» Packages
— FBGA-224, FBGA-144
e Complete Development Environment
— Pre-integrated hardware and software

Multi-file C source editor, source debugger,
and project manager

Comprehensive, integrated, one-stop
technical support

» Bluetooth Protocol Stack

support for rapid prototyping and production

Applications can interface to the high-level
protocols or directly to the low-level Host
Controller Interface (HCI)

Transport layer support allows HCI
command-based interface over UART port
Baseband (Link Controller) hardware
minimizes the bandwidth demand on the
CPU

Link Manager (LM)

Logical Link Control and Adaptation
Protocol (L2CAP)

Service Discovery Protocol (SDP)
RFCOMM Serial Port Emulation Protocol
All packet types, piconet, and scatternet
functionality

1.2 CP3SP33 Connectivity Processor Selection Guide

Speed On-Chip Maximum External Data General Package
NSID (MHz) Temp. Range RAM External Memory Bus Width Purpose 11O Type
CP3SP33SMS 96 —40°C to +85°C 32K 96M 32 64 FBGA-224
CP3SP33SMR 96 —40°C to +85°C 32K 8M 16 36 FBGA-144
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2 Description

2.1

L o

The CP3SP33 connectivity processor combines high performance with the massive integration needed for
embedded Bluetooth applications. A powerful RISC core with 4Kbyte instruction cache and a Teak® DSP
coprocessor provides high computing bandwidth, DMA-driven hardware communications peripherals
provide high 1/0 bandwidth, and an external bus provides system expandability.

On-chip communications peripherals include: Bluetooth Lower Link Controller, Universal Serial Bus (2.0)
OTG node and host controller, dual CAN, dual Microwire/Plus/SPI, dual ACCESS.bus, quad UART, 10-bit
A/D converter, and telematics/audio codec. Additional on-chip peripherals include DMA controller, dual
CVSD/PCM conversion module, IS and AAI digital audio bus interfaces, Timing and Watchdog Unit, dual
Versatile Timer Unit, dual Multi-Function Timer, and Multi-Input Wake-Up (MIWU) unit.

In addition to providing the features needed for the next generation of embedded Bluetooth products, the
CP3SP33 is backed up by the software resources that designers need for rapid time-to-market, including
an operating system, Bluetooth protocol stack implementation, peripheral drivers, reference designs, and
an integrated development environment. Combined with an external program memory and a Bluetooth
radio transceiver such as National's LMX5252, the CP3SP33 provides a complete Bluetooth system
solution.

National Semiconductor offers a complete and industry proven application development environment for
CP3SP33 applications, including the IAR Embedded Workbench, iISYSTEM winIDEA and iC3000 Active
Emulator, Bluetooth Development Board, Bluetooth protocol stack, and application examples.
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3 Device Overview

3.1

3.2

3.3

3.4

3.5

The CP3SP33 connectivity processor is an advanced microcomputer with system timing, interrupt logic,
instruction cache, data memory, and I/O ports included on-chip, making it well-suited to a wide range of
embedded applications. The Section 2.1 shows the major on-chip components of the CP3SP33.

CR16CPIlus CPU Core

The CP3SP33 contains a CR16CPIlus CPU core. This core improves upon the performance of previous
CP3000 devices by adding a 4-Kbyte instruction cache and doubling the CPU core data bus bandwidth.
The cache greatly reduces instruction-fetch bandwidth on the 32-bit system bus, which leaves more bus
bandwidth available for DMA-based 1/0. The cache moves the average execution rate closer to the peak
rate of one instruction per clock cycle, especially when executing from off-chip program memory. The
DMA controller provides efficient sharing of the CPU core bus between the CPU and high-bandwidth
peripherals such as wired and wireless communication interfaces.

For information on the instruction set architecture, refer to the CR16C Programmer's Reference Manual
(document number 424521772-101, which may be downloaded from Texas Instruments web site at
http://www.ti.com).

Teak DSP Core

The Teak 16-bit fixed-point DSP core is designed for lowpower, high-speed digital signal processing
applications, including acoustic echo cancellation, noise reduction, and MP3/WMA decoding. It features a
four-bus, dual-MAC, enhanced Harvard architecture. The DSP has 24K bytes of dedicated program RAM,
24K bytes of data RAM, and a 4K-byte RAM shared with the CPU. The DSP has a bus master interface to
the 4K-byte shared RAM and an external memory bus. It also has a bus master interface to a shared
audio peripheral bus. The DSP is slave on the CPU peripheral bus, for downloading software to the
program RAM.

The DSP has its own DMA controller for I/O and memory access.

AMBA Bus Architecture

The CPU and DSP core buses implement AMBA-compatible AHB high-performance 32-bit buses with
bursting and split transactions. The CPU peripheral bus and CPU/DSP shared audio peripheral bus
implement AMBA-compatible 32-bit APB buses. The CPU and DSP buses operate at independent rates
up to 96 MHz. The APB buses operate at a rate which is a factor of 1, 2, or 4 slower than the CPU AHB
bus.

External Bus Interface Unit

The External Bus Interface Unit (EBIU) provides programmable timing, memory type, base address, size,
and bus width (8, 16, or 32 bits) for three regions of up to 32M bytes. An 8-level write buffer releases the
bus master to continue execution without waiting for write cycles to complete.

Memory

The CP3SP33 devices support a uniform linear address space. Three types of on-chip memory occupy
specific regions within this address space, along with any external memory:

¢ 32K bytes of CPU RAM

e 4K bytes of CPU/DSP shared RAM

e 8K hytes of Bluetooth sequencer and data RAM

e Up to 96M bytes of external memory

A non-volatile external program memory is used to store the application program, Bluetooth protocol stack,
and real-time operating system.

Copyright © 2013, Texas Instruments Incorporated Device Overview 7

Submit Documentation Feedback
Product Folder Links :CP3SP33


http://www.ti.com/product/cp3sp33?qgpn=cp3sp33
http://www.ti.com
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCW5&partnum=CP3SP33
http://www.ti.com/product/cp3sp33?qgpn=cp3sp33

13 TEXAS
INSTRUMENTS

CP3SP33

SNOSCW5 —MAY 2013 www.ti.com

3.6

3.7

3.8

The 32K bytes of CPU RAM are used for temporary storage of data and for the program stack and
interrupt stack. Read and write operations can be byte-wide or word-wide, depending on the instruction
executed by the CPU.

Bluetooth LLC

The integrated hardware Bluetooth Lower Link Controller (LLC) complies to the Bluetooth Specification
Version 1.2 and integrates the following functions:

* 7K-byte dedicated Bluetooth data RAM
» 1K-byte dedicated Bluetooth sequencer RAM

» Support of all Bluetooth 1.2 packet types and extended Synchronous Connection-Oriented (eSCO)
links

» Support for fast frequency hopping of 1600 hops/s
» Access code correlation and slot timing recovery circuit
* Power Management Control Logic

» BlueRF-compatible interface (mode 2/3) to connect with National's LMX5252 and other RF transceiver
chips

USB

The full-speed Universal Serial Bus (USB) node and host controller is compatible with USB Specification
2.0 and USB On-The-Go. It integrates the required USB transceiver, the Serial Interface Engine (SIE), and
USB endpoint FIFOs. A total of seven endpoint pipes are supported: one bidirectional pipe for the
mandatory control EPO and an additional six pipes for unidirectional endpoints to support USB interrupt,
bulk, and isochronous data transfers.

The on-chip USB transceiver features an integrated pullup resistor on the D+ line to UVCC. This pullup
resistor can be switched in or out by the USB VBUS sense input (VBUS), which eliminates the need for
external components.

CAN Interface

The two CAN modules support Full CAN 2.0B class, CAN serial bus interfaces for applications that require
a highspeed (up to 1 Mbits per second) or a low-speed interface with CAN bus master capability. The data
transfer between CAN and the CPU is established by 15 memory-mapped message buffers, which can be
individually configured as receive or transmit buffers. An incoming message is filtered by two masks, one
for the first 14 message buffers and another one for the 15th message buffer to provide a basic CAN path.
A priority decoder allows any buffer to have the highest or lowest transmit priority. Remote transmission
requests can be processed automatically by automatic reconfiguration to a receiver after transmission or
by automated transmit scheduling upon reception. In addition, a 16-bit time stamp counter supports real-
time applications.

The CAN modules allow single-cycle byte or word read/ write access. A set of diagnostic features (such as
loopback, listen only, and error identification) support the development with the CAN modules and provide
a sophisticated error management tool.

The CAN receivers can trigger a wake-up condition out of low-power modes through the Multi-Input Wake-
Up unit.
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3.9 Audio/Telematics Codec
The on-chip codec is designed for voice input and stereo audio playback. It includes dual mono ADC
channels operating at a sample rate of 8-24 kHz (125% oversampling clock required). A stereo DAC
operates at selected sample rates from a 125x or 128x oversampling clock, driving two configurable, gain-
programmable differential line driver outputs. The DAC features click and pop reduction, zero-crossing
detection, tone/compensation filter, sidetone injection from the ADC, and internal power management. The
ADCs accept differential or single-ended analog microphone inputs. The DAC employs fully differential
signaling for high PSRR and low crosstalk. DMA transfers are supported to allow for fast CPU-
independent receive and transmit.
3.10 CVSD/PCM Conversion Modules
The two CVSD/PCM modules perform conversion between CVSD data and PCM data, in which the CVSD
encoding is as defined in the Bluetooth specification and the PCM data can be 8-bit p-Law, 8-bit A-Law, or
13-bit to 16-bit Linear.
3.11 I°S Digital Audio Bus
The Inter-IC Sound (I?S) interface is a synchronous serial interface intended for the transfer of digital
audio data. The IS interface can be configured as a master or a slave, and it supports all three common
data formats: 1°S-mode, left-justified, and right-justified. It has programmable word length from 8 to 32 bits
and programmable valid data resolution from 8 to 24 bits.
3.12 Advanced Audio Interface
The Advanced Audio Interface (AAI) provides a serial synchronous, full-duplex interface to codecs and
similar serial devices. Transmit and receive paths operate asynchronously with respect to each other.
Each path uses three signals for communication: shift clock, frame synchronization, and data.
When the receiver and transmitter use external shift clocks and frame sync signals, the interface operates
in its asynchronous mode. Alternatively, the transmit and receive path can share the same shift clock and
frame sync signals for synchronous mode operation.
3.13 Analog to Digital Converter
This device contains a 10-channel, multiplexed input, successive approximation, 10-bit Analog-to-Digital
Converter. It supports both single-ended and differential modes of operation.
The integrated 10-bit ADC provides the following features:
* 10-channel, multiplexed input
» 5 differential channels
» Single-ended and differential external filtering capability
» 12-bit resolution; 10-bit accuracy
* Sign bit
* 10-microsecond conversion time
» External start trigger
» Programmable start delay after start trigger
* Poll or interrupt on conversion completion
The ADC provides several options for the voltage reference source. The positive reference can be
ADVCC (internal), VREF, ADCO, or ADC1. The negative reference can be AD-VCC (internal), ADC2, or
ADC3.
Two specific analog channel selection modes are supported. These are as follows:
* Allow any specific channel to be selected at one time. The A/D Converter performs the specific
conversion requested and stops.
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3.14

3.15

3.16

3.17

» Allow any differential channel pair to be selected at one time. The A/D Converter performs the specific
differential conversion requested and stops.

In both single-ended and differential modes, there is the capability to connect the analog multiplexer
output and A/D converter input to external pins. This provides the ability to externally connect a common
filter/signal conditioning circuit for the A/D Converter.

Quad UART

Four UART modules support a wide range of programmable baud rates and data formats, parity
generation, and several error detection schemes. The baud rate is generated on-chip, under software
control. All UART modules support DMA and hardware flow control. One module has USART capability
(synchronous mode). The maximum speed is 3.072 Mbaud in either synchronous or asynchronous mode.

The UARTSs offer a wake-up condition from the low-power modes using the Multi-Input Wake-Up module.

Microwire/SPI

The two Microwire/SPI (MWSPI) interface modules support synchronous serial communications with other
devices that conform to Microwire or Serial Peripheral Interface (SPI) specifications. It supports 8-bit and
16-bit data transfers. The maximum bus clock frequency is 12 MHz.

The Microwire interfaces allows several devices to communicate over a single system consisting of four
wires: serial in, serial out, shift clock, and slave enable. At any given time, the Microwire interfaces operate
as a master or a slave. The Microwire interfaces supports the full set of slave select for multi-slave
implementation.

In master mode, the shift clock is generated on-chip under software control. In slave mode, a wake-up out
of a low-power mode may be triggered using the Multi-Input WakeUp module.

Dual ACCESS.BUS Interface

The two ACCESS.bus (ACB) interface modules support a two-wire serial interface compatible with the
ACCESS.bus physical layer. It is also compatible with Intel's System Management Bus (SMBus) and
Philips’ I°C bus. The ACB modules can be configured as a bus master or slave, and they can maintain
bidirectional communications with both multiple master and slave devices. The maximum bus clock
frequency is 400 kHz (Fast-mode).

The ACCESS.bus receivers can trigger a wake-up condition out of the low-power modes through the
Multi-Input Wake-Up module.

Dual Multi-Function Timer

The two Multi-Function Timer (MFT) modules each contain a pair of 16-bit timer/counter registers. Each

timer/counter unit can be configured to operate in any of the following modes:

» Processor-Independent Pulse Width Modulation (PWM) mode: Generates pulses of a specified width
and duty cycle and provides a general-purpose timer/ counter.

» Dual Input Capture mode: Measures the elapsed time between occurrences of external event and
provides a general-purpose timer/counter.

» Dual Independent Timer mode: Generates system timing signals or counts occurrences of external
events.

* Single Input Capture and Single Timer mode: Provides one external event counter and one system
timer.

10
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3.18 Versatile Timer Units

The two Versatile Timer Unit (VTU) modules each contain four independent timer subsystems, which
operate as a dual 8-bit PWM configuration, a single 16-bit PWM timer, or a 16-bit counter with two input
capture channels. Each of the timer subsystems offer an 8-bit clock prescaler to accommodate a wide
range of frequencies.

3.19 Timing and Watchdog Module

The Timing and Watchdog Module (TWM) contains a Real-Time timer and a Watchdog unit. The Real-
Time Clock Timing function can be used to generate periodic real-time based system interrupts. The timer
output is one of 16 inputs to the Multi-Input Wake-Up module which can be used to exit from a low-power
mode. The Watchdog unit is designed to detect the application program getting stuck in an infinite loop
resulting in loss of program control or “runaway” programs. When the watchdog triggers, it resets the
device. The TWM is clocked by the low-speed Slow Clock.

3.20 Power Management

The Power Management Module (PMM) improves the efficiency of the device by changing the operating
mode and power consumption to match the required level of activity.

The device can operate in any of four power modes:

» Active: The device operates at full speed using the high-frequency clock. All device functions are fully
operational.

 Power Save: The device operates at reduced speed using the Slow Clock. The CPU and some
modules can continue to operate at this low speed.

« Idle: The device is inactive except for the Power Management Module and Timing and Watchdog
Module, which continue to operate using the Slow Clock.

» Halt: The device is inactive but still retains its internal state (RAM and register contents).

The PMM provides a mechanism to handle Bluetooth-specific power management modes, for optimizing
power consumption during special Bluetooth states, like Park, Page Scan, Inquiry Scan, etc.

3.21 Multi-Input Wake-up

The Multi-Input Wake-Up (MIWU) feature is used to return (wake-up) the device from low-power modes to
the active mode. The 64-channel MIWU unit receives wake-up signals from various internal and external
sources. In addition to the wake-up function, the MIWU unit can generate up to eight interrupt requests.
Each MIWU channel can be individually programmed to activate one of the interrupt requests.

3.22 Input/Output Ports

The device has 64 software-configurable I/O pins (36 in the FBGA-144 package), organized into four ports
called Port E, Port F, Port G, and Port H. Each pin can be configured to operate as a general-purpose
input or general-purpose output. In addition, many 1/O pins can be configured to operate as inputs or
outputs for on-chip peripheral modules such as the UARTS or timers.

The /0O pin characteristics are fully programmable. Each pin can be configured to operate as a TRI-
STATE output, push-pull output, weak pullup/pulldown input, high-speed drive, or high-impedance input.

3.23 Clock and Reset Module

The Clock and Reset module generates a 12-MHz Main Clock from an external crystal network or external
clock in-put. Main Clock may be used as a reference clock for two PLL-based clock multipliers available
for generating higher-speed clocks.
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3.24

3.25

3.26

Most modules operate from clocks derived from Main Clock or a PLL clock. Modules on the CPU core
AHB bus operate from HCLK Clock, while modules on the peripheral APB buses operate from PCLK
Clock. PCLK Clock is generated by dividing HCLK Clock by 1, 2, or 4. Some peripheral modules may use
one of several auxiliary clocks, which also are derived from Main Clock or a PLL clock using 12-bit
programmable prescalers.

In Power-Save mode, HCLK Clock is driven by Slow Clock, which is typically a 32.768 kHz signal
generated from an external clock network or a prescaled Main Clock may be used to eliminate the 32.768
kHz crystal network, for the most cost-sensitive applications. In the most power-sensitive applications,
operation from an external 32.768 kHz crystal network allows the high-frequency oscillator and PLLs to be
shut down.

In addition, the Clock and Reset module generates the device reset by using reset input sighals coming
from an external reset, the watchdog timer, or the SDI debugging interface. A power-on reset (POR) circuit
eliminates the need for an external RC network. The POR circuit generates an internal reset of sufficient
length if the power supply rise time specification is met.

DMA Controller

The Direct Memory Access Controller (DMAC) can speed up data transfer between memory and I/O
devices or between two regions of memory, as compared to data transfers performed directly by the CPU.
Cycle stealing allows the CPU and the DMAC to interleave access to the CPU core bus for greater
utilization of the available bandwidth. The following on-chip modules can assert a DMA request to the
DMA controller:

* USART 0 (2 request channels)

* UART 1/2/3 (6 request channels

* Advanced Audio Interface (6 request channels)
* CVSD/PCM Converter 0/1 (8 request channels)
* Microwire/SPI 0/1 (4 request channels)

* ACCESS.bus 0/1 (2 request channels)

» Codec (4 request channels)

* 12S Interface (4 request channels)

The DSP has its own DMA controller which can be configured to accept DMA requests from peripherals
on the shared audio peripheral APB bus.

Serial Debug Interface

The Serial Debug Interface module (SDI module) provides a JTAG-based serial link to an external
debugger, for example running on a PC. In addition, the SDI module integrates an on-chip debug module,
which allows the user to set up to eight hardware breakpoints on instruction execution and data transfer.
The SDI module can act as a CPU bus master to access all memory-mapped resources, such as RAM
and peripherals. Therefore it also allows for fast program code download using the JTAG interface.

Development Support

In addition to providing the features needed for the next generation of embedded Bluetooth products, the
CP3SP33 devices are backed up by the software resources that designers need for rapid product
development, including an operating system, Bluetooth protocol stack implementation, peripheral drivers,
reference designs, and an integrated development environment. Combined with National's LMX5252
Bluetooth radio transceiver, the CP3SP33 devices provide a total Bluetooth system solution.

Texas Instruments offers a complete and industry-proven application development environment for
CP3SP33 applications, including the IAR Embedded Workbench, iISYSTEM winIDEA and iC3000 Active
Emulator, Bluetooth Development Board, Bluetooth Protocol Stack, and Application Software. See your
Texas Instruments sales representative for current information on availability and features of emulation
equipment and evaluation boards.
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4 Signal Descriptions
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Figure 4-1. CP3SP33 Device Signals

Some pins may be enabled as general-purpose I/O-port pins or as alternate functions associated with
specific peripherals or interfaces. These pins may be individually configured as port pins, even when the
associated peripheral or interface is enabled.

Table 4-1 describes the device signals. When the number of signals differs between packages, the first
number in the Pins column is for the FBGA-224 package and the second number is for the FBGA-144

package.
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Table 4-1. CP3SP33 Signal Descriptions

NAME | PINS | 1/O PRIMARY FUNCTION ALTATE L o ALTERNATE FUNCTION

CLKIN 1 Input | 12 MHz Clock Input RFCK Input | RF Interface Clock

X1CKI 1 Input | 12 MHz Oscillator Input None None | None

X1CKO 1 Output | 12 MHz Oscillator Output None None | None

X2CKI 1 Input | 32 kHz Oscillator Input None None | None

X2CKO 1 Output | 32 kHz Oscillator Output None None | None

RESET 1 Input | Chip general reset None Input | None

ENVO 1 Input | SPecial mode select input with internal TSTCLKO | Output |Internal Clock Output
pullup during reset

ENV1 1 Input | SPecial mode select input with internal TSTCLKL | Output |Internal Clock Output
pullup during reset

VCC 4 Input | Core Logic, 1.8V Power Supply None None None

GND 4 Input | Core Ground None None | None

IovCcC 12/6 Input | I/O 3.3V Power Supply None None | None

IOGND 12/6 Input | I/O Ground None None | None

PLLVCC 1 Input | PLL 1.8V Power Supply None None | None

PLLGND 1 Input | PLL Ground None None | None

ADVCC 1 Input | ADC 1.8V Power Supply None None | None

ADGND 1 Input | ADC Ground None None | None

-CI-:CDACVC 1 Input | Codec 3.3V Power Supply None None | None

BCDACGN 1 Input | Codec 3.3V Ground None None | None

-CI-:CADCVC 1 Input | Codec 1.8V Power Supply None None | None

BCADCGN 1 Input | Codec 1.8V Ground None None | None

RFVCC 1 Input | RF Interface Power Supply None None | None

RFGND 1 Input | RF Interface Ground None None | None

uvCccC 1 Input | USB 3.3V Transceiver Supply None None | None

UGND 1 Input | USB 3.3V Transceiver Ground None None | None

™S 1 Input CPU JTAG Test Mode Select (with internal None None | None
weak pullup)

TCK 1 Input CPU JTAG Test Clock Input (with internal None None |None
weak pullup)

DI 1 Input CPU JTAG Test Data Input (with internal None None | None
weak pullup)

TDO 1 Output | CPU JTAG Test Data Output None None | None

RDY 1 Output | NEXUS Ready Output None None | None

MCKO 1/0 Output | NEXUS Trace Clock Output None None | None

MSEO 1/0 Output | NEXUS Trace End of Message Output None None | None

DSPTMS 10 | input |DSP JTAG Test Mode Select (with intemnal MDOO Output | NEXUS Trace Data Output
weak pullup)

DSPTDI 10 | input |DSP JTAG Test Data Input (with internal MDO1 Output | NEXUS Trace Data Output
weak pullup)

DSPTDO 1/0 Output | DSP JTAG Test Data Output MDO2 Output | NEXUS Trace Data Output

DSPTCK 10 | input |DSP JTAG Test Clock Input (with internal MDO3 Output | NEXUS Trace Data Output
weak pullup)

RFDATA 110 RF Interface Data None None | None

RFCE 1 Output | RF Interface Chip Enable None None | None

VBUS Input | USB VSENSE (5V tol.) None None | None
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Table 4-1. CP3SP33 Signal Descriptions (continued)

NAME PINS 110 PRIMARY FUNCTION ALLiR,\T?TE 110 ALTERNATE FUNCTION
D+ 1 110 USB D+ Upstream Port None None | None
D— 1 110 USB D- Upstream Port None None | None
ADCO 1 Input | ADC Input Channel O None None | None
ADC1 1 Input | ADC Input Channel 1 None None | None
ADC2 1/0 Input | ADC Input Channel 2 None None | None
ADC3 1/0 Input | ADC Input Channel 3 None None | None
ADC4 1/0 Input | ADC Input Channel 4 MUXOUTO Output | Analog Multiplexer Output O
ADC5 1/0 Input | ADC Input Channel 5 MUXOUT1 Output | Analog Multiplexer Output 1
ADC6 1/0 Input | ADC Input Channel 6 None None | None
ADC7 1/0 Input | ADC Input Channel 7 ADCIN Input | ADC Input (in MUX mode)
ADC8 1/0 Input | ADC Input Channel 8 None None | None
ADC9 1/0 Input | ADC Input Channel 9 None None | None
VREF 1/0 Input | ADC Voltage Reference None None | None
TCVBUEL 1 Input (C::Log\%: ADCL1 External Filter Capacitor Pin None None | None
TCVBUF2 1 Input 80?5;: ADC2 External Filter Capacitor Pin None None |None
TCVCM1 1 Input (C(:)ogg;: ADCL1 External Filter Capacitor Pin None None | None
TCVCM2 1 Input g)og\%: ADC2 External Filter Capacitor Pin None None |None
Codec ADC1/ADC2 1.5V Reference
TCVRFP 1 Output | (buffered version to provide microphone None None | None
bias)
TCVRFN 1 Input (Cég?}izgl?occl)@DCZ Reference Ground None None | None
TCMIC1P 1 Input | Codec Microphone 1 Input (+) None None | None
TCMICIN 1 Input | Codec Microphone 1 Input (=) None None | None
TCMIC2P 1 Input | Codec Microphone 2 Input (+) None None | None
TCMIC2N 1 Input | Codec Microphone 2 Input (=) None None | None
TCRP 1 Output | Codec Right Channel Output (+) None None | None
TCRN 1 Output | Codec Right Channel Output (-) None None | None
TCLP 1 Output | Codec Left Channel Output (+) None None | None
TCLN 1 Output | Codec Left Channel Output (-) None None | None
SCL1 1 110 ACCESS.bus 1 Clock None None | None
SDAl 1 110 ACCESS.bus 1 Serial Data None None | None
. RXDO Input UART 0 Receive Data Input
PEO 1 1/0 Generic 110 —— -
TIOO_1 I/0 Versatile Timer Unit O Input 1
PE1 1 1/0 Generic I1/10 TXDO Output | UART 0 Transmit Data Output
) RTSO Output | UART 0 Ready-To-Send Output
PE2 1 110 Generic I/0
TIOO0_3 I/0 Versatile Timer Unit O Input 3
PE3 1 I/O | Generic I/O CTSO Input | UART 0 Clear-To-Send Input
PE4 1/0 110 Generic I/0 ChX0 o UART _0 CI,OCk |an.Jt
TIOO_2 I/0 Versatile Timer Unit O Input 2
PES 1 Vo Generic 110 E I/10 Multi-Function Timer 0 Port A
NMI Input | Non-Maskable Interrupt
PE6 1 1/0 Generic I1/0 CAN1RX Input | CAN 1 Receive Input
PE7 1 1/0 Generic I1/0 CAN1TX Output | CAN 1 Transmit Output
PE8 1 110 Generic 1/0 MSKO I/10 Microwire/SPI1 0 Shift Clock
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Table 4-1. CP3SP33 Signal Descriptions (continued)

NAME PINS 110 PRIMARY FUNCTION ALLiR,\TéTE 110 ALTERNATE FUNCTION
PE9 1 IO | Generic /0 MDIDOO 1o} '(\)/“uctro""”e/ SP10 Master In Slave
PE10 1 IO | Generic 110 MDODIO o | Microwire/SP1 0 Master Out

Slave In
. MWCSO /o Microwire/SPI 0 Slave Select
PE11 1 I/O | Generic IO Input
TIOO_7 I/0 Versatile Timer Unit O Input 7
. SCLO 110 ACCESS.bus 0 Clock
PE12 1 110 Generic 1/0 — -
TIOO0_5 I/0 Versatile Timer Unit O Input 5
. IDPULLUP Output | USB OTG ID Pullup Enable
PE13 1 1/0 Generic 110 —— -
TIO1_ 1 I/0 Versatile Timer Unit 1 Input 6
. DRVVBUS Output | USB OTG VBUS Driver Enable
PE14 1 110 Generic 1/0 — -
TIO1_3 I/0 Versatile Timer Unit 1 Input 3
. IDDIG Input USB OTG ID Input
PE15 1 1/0 Generic I1/10 —— -
TIO1 5 I/0 Versatile Timer Unit 1 Input 5
RF Interface Frequency
PFO 1 110 Generic 1/0 RFSYNC Output | Correlation/DC Compensation
Output
PF1 1 1/0 Generic I1/10 SCLK Output | RF Interface Shift Clock Output
PF2 1 110 Generic 1/0 SDAT 110 RF Interface Data
PF3 1 1/0 Generic I1/0 SLE Output | RF Interface Load Enable
PF4 1 1/0 Generic I1/10 BTSEQ1 Output | Bluetooth Sequencer Status
PF5 1/0 1/0 Generic I1/10 BTSEQ2 Output | Bluetooth Sequencer Status
PF6 1/0 1/0 Generic I1/10 BTSEQS3 Output | Bluetooth Sequencer Status
. ASYNC Input | ADC External Start Trigger
PF7 1/0 1/0 Generic I1/10 - - -
TBO Input Multi-Function Timer O Port B
. RXD1 Input UART 1 Receive Data Input
PF8 1 1/0 Generic I1/10 —— -
TIOO_4 I/0 Versatile Timer Unit O Input 4
PF9 1 1/0 Generic I1/0 TXD1 Output | UART 1 Transmit Data Output
. RTS1 Output | UART 1 Ready-To-Send Output
PF10 1 1/0 Generic I1/10 —— -
TIOO_6 I/0 Versatile Timer Unit 6 Input 6
PF11 1 1/0 Generic I1/10 CTS1 Input | UART 1 Clear-To-Send Input
. RXD2 Input UART 2 Receive Data Input
PF12 1/0 1/0 Generic 110 —— -
TIOO_8 I/0 Versatile Timer Unit O Input 8
PF13 1/0 1/0 Generic I1/10 TXD2 Output | UART 2 Transmit Data Output
. RTS2 Output | UART 2 Ready-To-Send Output
PF14 1/0 1/0 Generic 110 —— -
TIO1_2 I/0 Versatile Timer Unit 1 Input 2
PF15 1/0 1/0 Generic I1/0 CTS2 Input | UART 2 Clear-To-Send Input
PGO 110 Generic 1/0 12SCLK I/10 I°S Serial Clock
PG1 1 110 Generic 1/0 12SWS 110 1°S Word Select
PG2 1/0 Generic I1/10 12SSDI Input | I?S Serial Data Input
PG3 1/0 Generic I1/0 12SSDO Output | I?S Serial Data Output
PG4 1/0 110 Generic 1/0 MSK1 I/10 Microwire/SPI 1 Shift Clock
PG5 10 | VO |Generic IO MDIDO1 o | pherowire/SPI 1 Master In Slave
PG6 1/0 IO | Generic 110 MDODI1 o | Microwire/SPI 1 Master Out
Slave In
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Table 4-1. CP3SP33 Signal Descriptions (continued)

NAME PINS 110 PRIMARY FUNCTION ALLiRhTSTE 110 ALTERNATE FUNCTION
. MWCST /o Microwire/SPI 1 Slave Select
PG7 1/0 I/O | Generic IO Input
TAl I/0 Multi-Function Timer 1 Port A
. SRFS I/0 AAl Serial Receive Frame Sync
PG8 1/0 110 Generic 1/0 —
RTS3 Output | UART 3 Ready-To-Send Output
. SCK 110 AAI Serial Transmit Clock
PG9 1/0 1/0 Generic /10 — -
DIGMIC1 Input | Digital Microphone Input 1
. SFS I/0 AAl Serial Transmit Frame Sync
PG10 1/0 110 Generic 1/0
TClO1 110 Codec GPIO
. STD Output | AAI Serial Transmit Data
PG11 1/0 1/0 Generic I1/10 — -
DIGMIC2 Input | Digital Microphone Input 2
PG12 1/0 1/0 Generic I1/10 SRD Input | AAI Serial Receive Data
. SRCLK 110 AAI Serial Receive Clock
PG13 1/0 110 Generic 1/0 —
CTS3 Input | UART 3 Clear-To-Send Input
. RXD3 Input UART 3 Receive Data Input
PG14 1/0 1/0 Generic I1/10 - - -
TB1 Input Multi-Function Timer 1 Port B
PG15 1/0 1/0 Generic I1/0 TXD3 Output | UART 3 Transmit Data Output
PHO 1/0 1/0 Generic I1/10 TIO1_ 4 I/0 Versatile Timer Unit 1 Input 4
. SDAO 110 ACCESS.bus 0 Serial Data
PH1 1 1/0 Generic 110 —— -
TIO1_6 I/0 Versatile Timer Unit 1 Input 6
. CANORX Input | CAN 0 Receive Input
PH2 1 1/0 Generic I1/10 —— -
TIO1_ 7 I/0 Versatile Timer Unit 1 Input 7
. CANOTX Output | CAN 0 Transmit Output
PH3 1 1/0 Generic I1/10 —— -
TIO1_8 I/0 Versatile Timer Unit 1 Input 8
PH4 1/0 1/0 Generic I1/10 None None | None
PH5 1/0 1/0 Generic I1/10 None None | None
PH6 1/0 1/0 Generic I1/0 None None | None
PH7 1/0 Generic I1/10 None None | None
PH8 1/0 Generic I1/0 None None | None
PH9 1 1/0 Generic I1/0 None None | None
PH10 1/0 Generic I1/10 None None | None
PH11 1/0 1/O Generic I1/0 None None | None
PH12 1/0 1/0 Generic I1/10 None None | None
PH13 1/0 1/0 Generic I1/0 None None | None
PH14 1/0 1/0 Generic I1/0 None None | None
PH15 1/0 1/0 Generic I1/10 None None | None
XWE 1 Output | External Bus Write Enable None Output | None
XOE 1 Output | External Bus Output Enable None Output | None
XBE[3:0] 4/2 Output | External Bus Byte Enables None Output | None
XCS[2:0] 3/2 Output | External Bus Chip Selects None Output | None
XA[22:0] 23/21 | Output | External Address Bus None Output | None
XD[31:0] 32/16 1/0 External Data Bus None I/0 None
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5 CPU Architecture

The CP3SP33 uses the CR16CPlus third-generation 16-bit CompactRISC processor core. The CPU
implements a Reduced Instruction Set Computer (RISC) architecture that allows an effective execution
rate of up to one instruction per clock cycle. For a detailed description of the CR16CPIlus architecture, see
the CompactRISC CR16C Programmer’'s Reference Manual which is available on the Texas Instruments
web site (http://www.ti.com).

The CR16CPIlus CPU core includes these internal registers:

» General-purpose registers (R0-R13, RA, and SP)

» Dedicated address registers (PC, ISP, USP, and INTBASE)
» Processor Status Register (PSR)

» Configuration Register (CFG)

The RO-R11, PSR, and CFG registers are 16 bits wide. The R12, R13, RA, SP, ISP and USP registers are
32 hits wide. The PC register is 24 bits wide. Figure 5-1 shows the CPU registers.

Dedicated Address Registers General-Purpose Registers
23 15 0 15 0
< PC RO
ISPH ISPL R1
USPH USPL R2
INTBASEH INTBASEL R3
R4
R5
Processor Status Register R6
15 0 —
| PSR |
R8
Configuration Register R9
15 0 R10
| CFG | 31 R11
R12
R13
RA
SP

DS004
Figure 5-1. CPU Registers

Some register bits are designated as “reserved.” Software must write a zero to these bit locations when it
writes to the register. Read operations from reserved bit locations return undefined values.

5.1 General-Purpose Registers

The CompactRISC CPU features 16 general-purpose registers. These registers are used individually as

16-bit operands or as register pairs for operations on addresses greater than 16 bits.

» General-purpose registers are defined as RO through R13, RA, and SP.

» Registers are grouped into pairs based on the setting of the Short Register bit in the Configuration
Register (CFG.SR). When the CFG.SR bit is set, the grouping of register pairs is upward-compatible
with the architecture of the earlier CR16A/B CPU cores: (R1,R0), (R2,R1) ... (R11,R10), (R12_L, R11),
(R13_L, R12_L), (R14_L, R13_L) and SP. (R14_L, R13_L) is the same as (RA,ERA).

* When the CFG.SR bit is clear, register pairs are grouped in the manner used by native CR16CPlus
software: (R1,R0), (R2,R1) ... (R11,R10), (R12_L, R11), R12, R13, RA, SP. R12, R13, RA, and SP are
32-bit registers for holding addresses greater than 16 bits.
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With the recommended calling convention for the architecture, some of these registers are assigned
special hardware and software functions. Registers RO to R13 are for general-purpose use, such as
holding variables, addresses, or index values. The SP register holds a pointer to the program run-time
stack. The RA register holds a subroutine return address. The R12 and R13 registers are available to hold
base addresses used in the index addressing mode.

If a general-purpose register is specified by an operation that is 8 bits long, only the lower byte of the
register is used; the upper part is not referenced or modified. Similarly, for word operations on register
pairs, only the lower word is used. The upper word is not referenced or modified.

Dedicated Address Registers

The CR16CPlus has four dedicated address registers to implement specific functions: the PC, ISP, USP,
and INTBASE registers.

Program Counter (PC) Register

The 24-bit value in the PC register points to the first byte of the instruction currently being executed.
CR16CPlus instructions are aligned to even addresses, therefore the least significant bit of the PC is
always 0. At reset, the PC is initialized to 0 or an optional predetermined value. When a warm reset
occurs, value of the PC prior to reset is saved in the (R1,R0) general-purpose register pair.

Interrupt Stack Pointer (ISP)

The 32-bit ISP register points to the top of the interrupt stack. This stack is used by hardware to service
exceptions (interrupts and traps). The stack pointer may be accessed as the ISP register for initialization.
The interrupt stack can be located anywhere in the CPU address space. The ISP cannot be used for any
purpose other than the interrupt stack, which is used for automatic storage of the CPU registers when an
exception occurs and restoration of these registers when the exception handler returns. The interrupt
stack grows downward in memory. The least significant bit and the 8 most significant bits of the ISP
register are always 0.

User Stack Pointer (USP)

The USP register points to the top of the user-mode program stack. Separate stacks are available for user
and supervisor modes, to support protection mechanisms for multitasking software. The processor mode
is controlled by the U bit in the PSR register (which is called PSR.U in the shorthand convention). Stack
grow downward in memory. If the USP register points to an illegal address (any address greater than
O0x00FF_FFFF) and the USP is used for stack access, an IAD trap is taken.

Interrupt Base Register (INTBASE)

The INTBASE register holds the address of the dispatch table for exceptions. The dispatch table can be
located any where in the CPU address space. When loading the INTBASE register, bits 31 to 24 and bit 0
must written with 0.

Processor Status Register (PSR)

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

| Reseved | 1 | P | E | o | N~ z ] F | o | v [ o | 7

C The Carry bit indicates whether a carry or borrow occurred after addition or subtraction.
0 — No carry or borrow occurred.
1 — Carry or borrow occurred.

T The Trace bit enables execution tracing, in which a Trace trap (TRC) is taken after every instruction.
Tracing is automatically disabled during the execution of an exception handler.
0 — Tracing disabled.
1 — Tracing enabled.
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L The Low bit indicates the result of the last comparison operation, with the operands interpreted as
unsigned integers.
0 — Second operand greater than or equal to first operand.
1 — Second operand less than first operand.

U The User Mode bit controls whether the CPU is in user or supervisor mode. In supervisor mode, the
SP register is used for stack operations. In user mode, the USP register is used instead. User mode
is entered by executing the Jump USR instruction. When an exception is taken, the exception
handler automatically begins execution in supervisor mode. The USP register is accessible using the
Load Processor Register (LPR/LPRD) instruction in supervisor mode. In user mode, an attempt to
access the USP register generates a UND trap. 0 — CPU is executing in supervisor mode. 1 — CPU
is executing in user mode.

F The Flag bit is a general condition flag for signaling exception conditions or distinguishing the results
of an instruction, among other thing uses. For example, integer arithmetic instructions use the F bit
to indicate an overflow condition after an addition or subtraction operation

Z The Zero bit is used by comparison operations. In a comparison of integers, the Z bit is set if the two
operands are equal. If the operands are unequal, the Z bit is cleared.
0 — Source and destination operands unequal.
1 — Source and destination operands equal.

N The Negative bit indicates the result of the last comparison operation, with the operands interpreted
as signed integers.
0 — Second operand greater than or equal to first operand.
1 — Second operand less than first operand.

E The Local Maskable Interrupt Enable bit enables or disables maskable interrupts. If this bit and the
Global Maskable Interrupt Enable (I) bit are both set, all interrupts are enabled. If either of these bits
is clear, only the nonmaskable interrupt is enabled. The E bit is set by the Enable Interrupts (EI)
instruction and cleared by the Disable Interrupts (DI) instruction.

0 — Maskable interrupts disabled.
1 — Maskable interrupts enabled.

P The Trace Trap Pending bit is used together with the Trace (T) bit to prevent a Trace (TRC) trap
from occurring more than once for one instruction. At the beginning of the execution of an
instruction, the state of the T bit is copied into the P bit. If the P bit remains set at the end of the
instruction execution, the TRC trap is taken.

0 — No trace trap pending.
1 — Trace trap pending.

I The Global Maskable Interrupt Enable bit is used to enable or disable maskable interrupts. If this bit
and the Local Maskable Interrupt Enable (E) bit are both set, all maskable interrupts are taken. If
either bit is clear, only the non-maskable interrupt is taken. Unlike the E bit, the | bit is automatically
cleared when an interrupt occurs and automatically set upon completion of an interrupt handler.

0 — Maskable interrupts disabled.
1 — Maskable interrupts enabled.

Bits Z, C, L, N, and F of the PSR are referenced from assembly language by the condition code in
conditional branch instructions. A conditional branch instruction may cause a branch in program execution,
based on the value of one or more of these PSR bits. For example, one of the Bcond instructions, BEQ
(Branch EQual), causes a branch if the PSR.Z bit is set.

On reset, bits 0 through 11 of the PSR are cleared, except for the PSR.E bit, which is set. On warm reset,
the values of each bit before reset are copied into the R2 general-purpose register. Bits 4 and 8 of the
PSR have a constant value of 0. Bits 12 through 15 are reserved. In general, status bits are modified only
by specific instructions. Otherwise, status bits maintain their values throughout instructions which do not
implicitly affect them.
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5.4 Configuration Register (CFG)

The CFG register is used to enable or disable various operating modes and to control optional on-chip
caches. All CFG bits are cleared on reset.

15 0 9 8 7 6 5 4 3 2 1 0
\ Reserved | sR | eb | o | o | wc | ic | Reserved | o | o |

IC The Instruction Cache bit controls whether the 4K-byte instruction cache is enabled for satifying
instruction fetches by the CPU. When the instruction cache is disabled, every instruction fetch is
propagated to the CPU core bus. Disabling the cache automatically invalidates all of the cache
entries. When the cache is enabled, instruction fetches that are cache hits do not result in bus
cycles on the CPU core bus.

0 — Instruction cache disabled.
1 — Instruction cache enabled.

LIC The Lock Instruction Cache bit controls whether the 4K-byte instruction cache is locked. When the
instruction cache is locked, no new entries are allocated as a result of cache misses, however
cache hits continue to be handled by the cache.

0 — Instruction cache is not locked.
1 — Instruction cache is locked.

ED The Extended Dispatch bit selects whether the size of an entry in the interrupt dispatch table (IDT)
is 16 or 32 bits. Each entry holds the address of the appropriate exception handler. When the IDT
has 16-bit entries, and all exception handlers must reside in the first 128K of the address space.
The location of the IDT is held in the INTBASE register, which is not affected by the state of the
ED bit.

0 — Interrupt dispatch table has 16-bit entries.
1 — Interrupt dispatch table has 32-bit entries.

SR  The Short Register bit enables a compatibility mode for the CR16B large model. In the CR16CPlus
core, registers R12, R13, and RA are extended to 32 bits. In the CR16B large model, only the
lower 16 bits of these registers are used, and these “short registers” are paired together for 32-bit
operations. In this mode, the (RA, R13) register pair is used as the extended RA register, and
address displacements relative to a single register are supported with offsets of 0 and 14 bits in
place of the index addressing with these displacements.

0 — 32-bit registers are used.
1 — 16-bit registers are used (CR16B mode).

5.5 Addressing Modes

The CR16CPlus CPU core implements a load/store architecture, in which arithmetic and logical
instructions operate on register operands. Memory operands are made accessible in registers using load
and store instructions. For efflcient implementation of |/O-intensive embedded applications, the
architecture also provides a set of bit operations that operate on memory operands.

The load and store instructions support these addressing modes: register/pair, immediate, relative,
absolute, and index addressing. When register pairs are used, the lower bits are in the lower index
register and the upper bits are in the higher index register. When the CFG.SR bit is clear, the 32-bit
registers R12, R13, RA, and SP are also treated as register pairs.

References to register pairs in assembly language use parentheses. With a register pair, the lower
numbered register pair must be on the right. For example,

jump (r5, r4)
load $4(r4,r3), (r6,r5)
load $5(r12), (r13)

The instruction set supports the following addressing modes:
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Register/Pair
Mode

Immediate

Mode

Relative Mode

Index Mode

Absolute
Mode

In register/pair mode, the operand is held in a general-purpose register, or in a general-
purpose register pair. For example, the following instruction adds the contents of the
low byte of register rl to the contents of the low byte of r2, and places the result in the
low byte register r2. The high byte of register r2 is not modified.

ADDB R1, R2

In immediate mode, the operand is a constant value which is encoded in the instruction.
For example, the following instruction multiplies the value of r4 by 4 and places the
result in r4.

MULW $4, R4

In relative mode, the operand is addressed using a relative value (displacement)
encoded in the instruction. This displacement is relative to the current Program Counter
(PC), a general-purpose register, or a register pair.

In branch instructions, the displacement is always relative to the current value of the PC
Register. For example, the following instruction causes an unconditional branch to an
address 10 ahead of the current PC.

BR *+10

In another example, the operand resides in memory. Its address is obtained by adding a
displacement encoded in the instruction to the contents of register r5. The address
calculation does not modify the contents of register r5.

LOADW 12(R5), R6

The following example calculates the address of a source operand by adding a
displacement of 4 to the contents of a register pair (r5, r4) and loads this operand into
the register pair (r7, r6). r7 receives the high word of the operand, and r6 receives the
low word.

LOADD 4(r5, r4), (r7, r6)

In index mode, the operand address is calculated with a base address held in either
R12 or R13. The CFG.SR bit must be clear to use this mode.

e For relative mode operands, the memory address is calculated by adding the
value of a register pair and a displacement to the base address. The displacement
can be a 14 or 20-bit unsigned value, which is encoded in the instruction.

e For absolute mode operands, the memory address is calculated by adding a 20-bit
absolute address encoded in the instruction to the base address.

In the following example, the operand address is the sum of the displacement 4, the
contents of the register pair (r5,r4), and the base address held in register r12. The word
at this address is loaded into register r6.

LOADW [r12]4(r5, r4), r6

In absolute mode, the operand is located in memory, and its address is encoded in the
instruction (normally 20 or 24 bits).

For example, the following instruction loads the byte at address 4000 into the lower 8
bits of register r6.
LOADB 4000, r6

For additional information on the addressing modes, see the CompactRISC CR16C Programmer's
Reference Manual.
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5.6

5.6.1

5.6.2

5.6.3

5.7

Stacks

A stack is a last-in, first-out data structure for dynamic storage of data and addresses. A stack consists of
a block of memory used to hold the data and a pointer to the top of the stack. As more data is pushed
onto a stack, the stack grows downward in memory. The CR16CPlus supports two types of stacks: the
interrupt stack and program stacks.

Interrupt Stack

The processor uses the interrupt stack to save and restore the program state during the exception
handling. Hardware automatically pushes this data onto the interrupt stack before entering an exception
handler. When the exception handler returns, hardware restores the processor state with data popped
from the interrupt stack. The interrupt stack pointer is held in the ISP register.

Program Stack

The program stack is normally used by software to save and restore register values on subroutine entry
and exit, hold local and temporary variables, and hold parameters passed between the calling routine and
the subroutine. The only hardware mechanisms which operate on the program stack are the PUSH, POP,
and POPRET instructions.

User and Supervisor Stack Pointers

To support multitasking operating systems, support is provided for two program stack pointers: a user
stack pointer and a supervisor stack pointer. When the PSR.U bit is clear, the SP register is used for all
program stack operations. This is the default mode when the user/supervisor protection mechanism is not
used, and it is the supervisor mode when protection is used.

When the PSR.U bit is set, the processor is in user mode, and the USP register is used as the program
stack pointer. User mode can only be entered using the JUSR instruction, which performs a jump and sets
the PSR.U bit. User mode is exited when an exception is taken and re-entered when the exception
handler returns. In user mode, the LPRD instruction cannot be used to change the state of processor
registers (such as the PSR).

Instruction Set

Table 5-1 lists the operand specifiers for the instruction set, and Table 3 is a summary of all instructions.
For each instruction, the table shows the mnemonic and a brief description of the operation performed.

In the mnemonic column, the lower-case letter “i” is used to indicate the type of integer that the instruction
operates on, either “B” for byte or “W” for word. For example, the notation ADDi for the “add” instruction
means that there are two forms of this instruction, ADDB and ADDW, which operate on bytes and words,
respectively.

Similarly, the lower-case string “cond” is used to indicate the type of condition tested by the instruction.
For example, the notation Jcond represents a class of conditional jump instructions: JEQ for Jump on
Equal, JNE for Jump on Not Equal, etc. For detailed information on all instructions, see the CompactRISC
CR16C Programmer's Reference Manual.

Table 5-1. Key to Operand Specifiers

OPERAND SPECIFIER DESCRIPTION
abs Absolute address

disp Displacement (numeric suffix indicates number of bits)

imm Immediate operand (numeric suffix indicates number of bits)

Iposition Bit position in memory

Rbase Base register (relative mode)

Rdest Destination register
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Table 5-1. Key to Operand Specifiers (continued)

OPERAND SPECIFIER

DESCRIPTION

Rindex Index register

RPbase, RPbasex Base register pair (relative mode)
RPdest Destination register pair

RPIlink Link register pair

Rposition Bit position in register

Rproc 16-bit processor register

Rprocd 32-bit processor register

RPsrc Source register pair

RPtarget Target register pair

Rsrc, Rsrcl, Rsrc2

Source register

Table 5-2. Instruction Set Summary

MNEMONIC OPERANDS DESCRIPTION
MOVi Rsrc/imm, Rdest Move
MOVXB Rsrc, Rdest Move with sign extension
MOVZB Rsrc, Rdest Move with zero extension
MOVXW Rsrc, RPdest Move with sign extension
MOVZW Rsrc, RPdest Move with zero extension
MOVD imm, RPdest Move immediate to register-pair
RPsrc, RPdest Move between register-pairs
ADDIU]i Rsrc/imm, Rdest Add
ADDCi Rsrc/imm, Rdest Add with carry
ADDD RPsrc/imm, RPdest Add with RP or immediate.
MACQWa Rsrcl, Rsrc2, RPdest Multiply signed Q15: RPdest := RPdest + (Rsrcl x Rsrc2)
MACSWa Rsrcl, Rsrc2, RPdest Multiply signed and add result: RPdest := RPdest + (Rsrcl x Rsrc2)
MACUWa Rsrcl, Rsrc2, RPdest Multiply unsigned and add result: RPdest := RPdest + (Rsrcl x Rsrc2)
MULI Rsrc/imm, Rdest Multiply: Rdest(8) := Rdest(8) x Rsrc(8)/imm
Rdest(16) := Rdest(16) x Rsrc(16)/imm
MULSB Rsrc, Rdest Multiply: Rdest(16) := Rdest(8) x Rsrc(8)
MULSW Rsrc, RPdest Multiply: RPdest := RPdest(16) x Rsrc(16)
MULUW Rsrc, RPdest Multiply: RPdest := RPdest(16) x Rsrc(16);
SUBI Rsrc/imm, Rdest Subtract: (Rdest := Rdest Rsrc/imm)
SUBD RPsrc/imm, RPdest Subtract: (RPdest := RPdest RPsrc/imm)
SUBCi Rsrc/imm, Rdest Subtract with carry: (Rdest := Rdest Rsrc/imm)
CMPi Rsrc/imm, Rdest Compare Rdest Rsrc/imm
CMPD RPsrc/imm, RPdest Compare RPdest RPsrc/imm
BEQOi Rsrc, disp Compare Rsrc to 0 and branch if EQUAL
BNEOQi Rsrc, disp Compare Rsrc to 0 and branch if NOT EQUAL
ANDiI Rsrc/imm, Rdest Logical AND: Rdest := Rdest & Rsrc/imm
ANDD RPsrc/imm, RPdest Logical AND: RPdest := RPsrc & RPsrc/imm
ORI Rsrc/imm, Rdest Logical OR: Rdest := Rdest | Rsrc/imm
ORD RPsrc/imm, RPdest Logical OR: Rdest := RPdest | RPsrc/imm
Scond Rdest Save condition code as boolean
XORIi Rsrc/imm, Rdest Logical exclusive OR: Rdest := Rdest * Rsrc/imm
XORD RPsrc/imm, RPdest Logical exclusive OR: Rdest := RPdest * RPsrc/imm
ASHUI Rsrc/imm, Rdest Arithmetic left/right shift
ASHUD Rsrc/imm, RPdest Arithmetic left/right shift
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Table 5-2. Instruction Set Summary (continued)

MNEMONIC OPERANDS DESCRIPTION
LSHi Rsrc/imm, Rdest Logical left/right shift
LSHD Rsrc/imm, RPdest Logical left/right shift
SBITi Iposition, disp(Rbase) Set a bit in memory o _ _ _
posion, dsp(RPbase) o ey eoieacy, o & resmodiy.ar perenc
Iposition, (Rindex)disp(RPbasex)
Iposition, abs
Iposition, (Rindex)abs
CBITi Iposition, disp(Rbase) Clear a bit in memory
Iposition, disp(RPbase)
Iposition, (Rindex)disp(RPbasex)
Iposition, abs
Iposition, (Rindex)abs
TBIT TBITi Rposition/imm, Rsrc Test a bit in a register
Iposition, disp(Rbase) Test a bit in memory
Iposition, disp(RPbase)
Iposition, (Rindex)disp(RPbasex)
Iposition, abs
Iposition, (Rindex)abs
LPR Rsrc, Rproc Load processor register
LPRD RPsrc, Rprocd Load double processor register
SPR Rproc, Rdest Store processor register
SPRD Rprocd, RPdest Store 32-bit processor register
Bcond disp9 Conditional branch
displ7
disp24
BAL RPIink, disp24 Branch and link
BR disp9 Branch
displ7
disp24
EXCP vector Trap (vector)
Jcond RPtarget Conditional Jump to a large address
JAL RA, RPtarget, Jump and link to a large address
RPIlink, RPtarget
JUMP RPtarget Jump
JUSR RPtarget Jump and set PSR.U
RETX Return from exception
PUSH imm, Rsrc, RA Push “imm” number of registers on user stack, starting with Rsrc and possibly
including RA
POP imm, Rdest, RA Restore “imm” number of registers from user stack, starting with Rdest and
possibly including RA
POPRET imm, Rdest, RA Restore registers (similar to POP) and JUMP RA
LOADiI disp(Rbase), Rdest Load (register relative)
abs, Rdest Load (absolute)
(Rindex)abs, Rdest Load (absolute index relative)
(Rindex)disp(RPbasex), Rdest Load (register relative index)
disp(RPbase), Rdest Load (register pair relative)
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Table 5-2. Instruction Set Summary (continued)

MNEMONIC OPERANDS DESCRIPTION
LOADD disp(Rbase), Rdest Load (register relative)
abs, Rdest Load (absolute)
(Rindex)abs, Rdest Load (absolute index relative)
(Rindex)disp(RPbasex), Rdest Load (register pair relative index)
disp(RPbase), Rdest Load (register pair relative)
STORI Rsrc, disp(Rbase) Store (register relative)
Rsrc, disp(RPbase) Store (register pair relative)
Rsrc, abs Store (absolute)
Rsrc, (Rindex)disp(RPbasex) Store (register pair relative index)
Rsrc, (Rindex)abs Store (absolute index)
STORD RPsrc, disp(Rbase) Store (register relative)
RPsrc, disp(RPbase) Store (register pair relative)
RPsrc, abs Store (absolute)
RPsrc, (Rindex)disp(RPbasex) Store (register pair index relative)
RPsrc, (Rindex)abs Store (absolute index relative)
STOR IMM imm4, disp(Rbase) Store unsigned 4-bit immediate value extended to operand length in memory
imm4, disp(RPbase)
imm4, (Rindex)disp(RPbasex)
imm4, abs
imm4, (Rindex)abs
LOADM imm3 Load 1 to 8 registers (R2-R5, R8-R11) from memory starting at (R0)
LOADMP imm3 Load 1 to 8 registers (R2-R5, R8-R11) from memory starting at (R1, R0)
STORM STORM imm3 Store 1 to 8 registers (R2-R5, R8-R11) to memory starting at (R2)
STORMP imm3 Store 1 to 8 registers (R2-R5, R8-R11) to memory starting at (R7,R6)
DI Disable maskable interrupts
El Enable maskable interrupts
EIWAIT Enable maskable interrupts and wait for interrupt
NOP No operation
WAIT Wait for interrupt
CINV [i] Invalidate instruction cache
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6 Memory

The CP3SP33 supports a uniform 256M-byte linear address space. Program memory must reside in the
first 16M bytes of the address space. Table 6-1 lists the types of memory and peripherals that occupy this
memory space. Reserved addresses must not be read or written.

Table 6-1. CP3SP33 Memory Map

START ADDRESS END ADDRESS SIZE IN BYTES DESCRIPTION
0000 0000h 0000 7FFFh 32K System RAM
0000 8000h 0000 FFFFh 32K Reserved
0001 0000h 0001 OFFFh 4K CPU/DSP Shared RAM
0001 1000h 0001 1FFFh 4K Reserved
0001 2000h 0001 207Fh 128 Bluetooth Registers
0001 2080h 0001 20FFh 128 Reserved
0001 2100h 0001 24FFh 1K Bluetooth Sequencer RAM
0001 2500h 0001 3DBFh 6336 Bluetooth Data RAM (Shared RAM)
0001 3DCOh 0001 FFFFh 49,728 Reserved
0002 0000h OOFE FFFFh 16M 192K Available for External Bus Devices
OOFF 0000h OOFF 03FFh 1K External Bus Interface Unit Registers
OOFF 0400h OOFF O7FFh 1K DMA Controller Registers
OOFF 0800h 00FF OFFFh 2K USB Controller
OOFF 1000h 00FF 3FFFh 12K Reserved
OOFF 4000h OOFF 43FFh 1K 12S Digital Audio Interface
OOFF 4400h OOFF 47FFh 1K Audio Codec
OOFF 4800h O0OFF 4BFFh 1K CVSD/PCM Converter 0
O0O0FF 4C00h O00FF 4FFFh 1K CVSD/PCM Converter 1
O0OFF 5000h OOFF 53FFh 1K Advanced Audio Interface
O0OFF 5400h O0OFF 57FFh 1K ACCESS.bus 1 Interface
OOFF 5800h O0OFF 5BFFh 1K Microwire/SPI 1 Interface
00FF 5C00h 00FF 5FFFh 1K UART3
O0OFF 6000h OOFF 63FFh 1K Multi-Function Timer 1
OOFF 6400h OOFF 67FFh 1K Port G
OOFF 6800h O0OFF 6BFFh 1K Audio Subsystem Controller
00FF 6C00h 00FF 7FFFh 5K Reserved
OOFF 8000h OOFF 83FFh 1K ACCESS.bus 0 Interface
OOFF 8400h OOFF 87FFh 1K Microwire/SPI O Interface
OOFF 8800h O0OFF 8BFFh 1K Versatile Timer Unit O
OOFF 8C00h O00FF 8FFFh 1K Versatile Timer Unit 1
O0OFF 9000h OOFF 93FFh 1K Multi-Function Timer O
O0O0FF 9400h O00FF 97FFh 1K USARTO
OOFF 9800h O0OFF 9BFFh 1K UART1
O0O0FF 9C00h 00FF 9FFFh 1K UART2
O00FF AOOOh O0OFF A3FFh 1K Timing and Watchdog Module
O00FF A400h 00OFF A7FFh 1K Power Management Module
O0O0FF A800h 00FF ABFFh 1K Real-Time Clock
O0OFF ACOOh OOFF AFFFh 1K Analog/Digital Converter
O0OFF BOOOh O0OFF B7FFh 2K Reserved
O0OFF B800h O00FF BBFFh 1K CANO Buffers and Registers
OOFF BCOOh OOFF BFFFh 1K CAN1 Buffers and Registers
O0O0FF C000h OOFF C3FFh 1K Multi-Input Wake-Up Unit
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Table 6-1. CP3SP33 Memory Map (continued)

START ADDRESS END ADDRESS SIZE IN BYTES DESCRIPTION
00FF C400h 00FF C7FFh 1K Port E
O0OFF C800h 00FF CBFFh 1K Port F
00FF CCO00h 00FF CFFFh 1K Port H
O0O0FF D000 00FF EBFFh 7K Reserved
O0OFF ECOOh OOFF EFFFh 1K Teak Access Port
O0OFF FOO0Oh 00FF F3FFh 1K Reserved
OOFF F400h O00FF F7FFh 1K System Configuration
O0OFF F800h 00FF FBFFh 1K Reserved
O00OFF FCOOh 00FF FFFFh 1K Interrupt Control Unit (registers start at 00FF FEOOh)
0100 0000h FFFF FFFFh 4G 16M Available for External Bus Devices (data space only)
7 Instruction Cache

The CPU instruction cache has the following features:
» 4K bytes data memory
* 4-way set-associative organization
» Critical word first, with wrapping cache entry fill

» Pseudo Least Recently Used (PLRU) allocation policy
» Cache locking support

» Cache invalidation support

The instruction cache is enabled by setting the IC bit in the CFG register. At reset, the cache is disabled
by default. When caching is enabled, the instruction cache greatly accelerates program execution by
satisfying most instruction fetches. It also greatly reduces bus traffic to external memory, which increases
the bandwidth available for the DMA controllers and DSP.

The cache is organized as four ways of 64 entries each, as shown in Figure 7-1. Each entry holds 16 data
bytes (8 instructions).

Way 0 Way 1 Way 2 Way 3

Line O Entry O Entry 1 Entry 2 Entry 3

Line 1 Entry 4 Entry 5 Entry 6 Entry 7

Line 63 |Entry 252 | |[Entry 253 | |Entry 254 | [Entry 255

Figure 7-1. CPU Instruction Cache Organization

Each entry consists of:

» Valid Bit—Indicates whether the entry holds valid data. The valid bit is cleared when the cache is
disabled, when the CINV [i] instruction is executed, and at reset. The valid bit is set when the entry is
loaded.

» Address Tag—Holds address bits 31:10 associated with the entry. The address tag is loaded when a
cache entry is allocated on a cache miss.

» Data—Eight bytes of data. The data is passed to the CPU on a cache hit, and it is loaded when a
cache entry is allocated on a cache miss.
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On an instruction fetch, address bits 9:4 select one of the lines. Any of the four ways may hold the target
of the instruction fetch. The tags in each of the four ways are compared against bits 32:10 of the
instruction address to determine which way (if any) holds the data. If one of the entries has matching
address bits and its valid bit is set, the instruction fetch is a cache hit, and the cache data is passed to the
CPU to satisfy the instruction fetch.

If none of the valid tags match the instruction address bits, the instruction fetch is a cache miss, and a bus
cycle will be generated on the CPU core bus to read the memory location containing the target of the
instruction fetch. When the memory data is received, it is loaded into the cache and passed to the CPU,
which releases the CPU to continue execution. Three subsequent bus cycles read the remainder of an
aligned 16-byte block to fill a cache entry.

A PLRU algorithm is used to allocate a cache entry in one of the four ways to receive the block. For each
line, there are three bits B2:0 used by the algorithm. These bits are not directly visible to application
software, but they may be indirectly visible by their effect on the execution speed of some programs. (It
would be unusual for execution speed to be significantly affected.)

The way selected by the PLRU bits is shown in Table 7-1.

Table 7-1. Way Selected for Allocation on Cache Miss

B2:0 Way Selected for Allocation
0 Way 0
1 Way 2
10 Way 1
11 Way 2
100 Way 0
101 Way 3
110 Way 1
111 Way 3

The PLRU bits are cleared when the cache is disabled, and they are updated on a cache hit. Table 7-2
shows the next state of the PLRU bits when they are updated.

Table 7-2. Next State of PLRU Bits on Cache Hit

Way Selected by Cache Hit B2 B1 BO
Way 0 Unchanged 1 1
Way 1 Unchanged 0 1
Way 2 1 Unchanged 0
Way 3 0 Unchanged 0
7.1 Cache Locking
Cache locking is typically used for performance-sensitive algorithms, to assure that the program memory
will be in the cache during execution. It may also be used when deterministic behavior is required, to
ensure that programs always execute in the same number of cycles.
When the cache is locked, the contents of the cache do not change. The cache is locked by setting the
LIC bit in the CFG register.
When a cache miss occurs while the cache is locked, no cache entry is allocated on a cache miss, and
the PLRU bits are not updated.
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7.2

When a cache hit occurs while the cache is locked, the cache data is passed to the CPU, and the PLRU
bits are up-dated. However, the PLRU bits have no effect while the cache is locked, because no new
cache entries are allocated.

Cache Invalidation

The cache does not snoop any bus cycles. Software is responsible for invalidating the cache when the
CPU or any other device writes to program memory. The cache is invalidated by executing the CINV [i]
instruction. This clears the valid bits for all of the cache entries.

The cache is automatically invalidated at reset and when it is disabled.

8 CPU Core Bus Arbitration

The CPU core AHB bus can be controlled by either of two bus masters:
« CPU Core
 CPU DMA Controller

The bus arbiter implements two levels of priority arbitration among the potential bus masters:

» Group Priority—each potential bus master is assigned to one of four priority groups. The priority
among groups is linear, with group A at highest priority and group D at lowest priority.

» Priority within a Group—either of two arbitration policies may be selected for a group: linear priority and
round-robin. Linear priority gives bus ownership to the requesting device with the lowest master
number. Round-robin assigns bus ownership in a cyclic sequence (for example, 2-3-4-2-3-4) among
reguesting devices.

Group priority is always considered before priority within a group. Priority within a group is only considered
after the group is selected.

With only two potential bus masters, the bus arbitration mechanism may seem excessively complex,
however this architecture is designed for scalability to future devices which may have a greater number of
potential bus masters.

The default register settings for the bus arbiter provide an efficient arbitration policy across a wide range of

applications:

» One Group—all potential bus masters are assigned to group A.

* Round-Robin Arbitration—a round-robin policy avoids starving any potential bus master of bandwidth.

» Default Bus Master is CPU—when no potential bus master asserts a request for control of the bus, the
CPU is given ownership of the bus. This avoids stalling the CPU when it needs to access an idle bus.

When a linear priority policy is selected for a priority group, the master number is used to resolve
arbitration among devices within that group, with lower numbers receiving higher priority. Table 8-1 shows
the assignment of master numbers.

Table 8-1. Master Number Assignment

POTENTIAL BUS MASTER MASTER NUMBER
CPU
CPU DMA Controller

Whether or not any default settings are changed, software should lock the bus arbiter configuration during
system initialization by writing 1 to the LOCK bit in the ARBCFGLK register.
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8.1 Bus Arbiter Registers

The bus arbiter registers control and provide status for certain aspects of the bus arbiter. The bus arbiter

registers are listed in Table 8-2.

Table 8-2. Bus Arbiter Registers

NAME ADDRESS DESCRIPTION
MASTGP FF FOOOh Master Group Register
ARBALGO FF FOO4h Arbitration Algorithm Register
DFTMAST FF FO08h Default Master Register
ARBCFGLK FF FOOch Arbiter Configuration Lock Register

8.1.1 Master Group Register (MASTGP)

The MASTGP register is a 32-bit, read/write register that selects the priority group for each potential bus

master. After reset, this register is clear.

31 6 5 43 21 0
\ Reserved \ MAS4 | MAS3 \ MAS2
MASNH The Master field selects the priority group for the corresponding potential bus master.
00 — Group A.
01 — Group B.
10 — Group C.
11 — Group D.

8.1.2 Arbitration Algorithm Register (ARBALGO)

The ARBALGO register is a 32-bit, read/write register that selects the arbitration policy used for each

priority group. A ter reset, this register is initialized to 0000 0001h.31

31 4 3 2 1 0
! Reserved | GRD \ GRC \ GRB \ GRA
GRn The Group bit selects the arbitration policy for the corresponding group.

0 — Linear priority based on master number.
1 — Round-robin.

8.1.3 Default Master Register (DFTMAST)

The DFTMAST register is a 32-bit, read/write register that selects the master number of the default bus

master. After reset, this register is initialized to 0000 0002h.

31 4 3 0
\ Reserved \ DFTMAST
DFTMAST The Default Master field specifies the master number. There are two defined values:
2h - CPU.
3h — CPU DMA controller.
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8.1.4 Arbiter Configuration Lock Register (ARBCFGLK)

The ARBALGO register is a 32-bit, read/write register that is used to lock the bus arbiter configuration.
When the configuration is locked, writes to the bus arbiter registers are ignored. Reads are unaffected.
Once locked, the configuration may not be unlocked until the device is reset. After reset, this register is
initialized to 0000 0000h.

31 1 0
‘ Reserved | LOCK ‘
LOCK The Lock bit controls whether the bus arbiter registers are locked.
0 — Unlocked.
1 — Locked.

9 DSP and Audio Peripherals

The CP3SP33 includes a Teak DSP for supporting high-performance audio applications. DSP software
packages are available from Texas Instruments for signal processing operations commonly used to
process audio data.

The DSP implements 16-bit fixed-point arithmetic with a 4bus (X, Y, Z, and Program) Harvard architecture.
The fast DSP core (96 MHz) and large on-chip 24K-byte program and 24K-byte data memories satisfy a
wide range of compute-intensive applications. The DSP has a 32-bit high-bandwidth bus separate from
that of the CPU, and it has an independent DMA controller, for efficient bus utilization.

The CPU host has a register-based interface for controlling the DSP and accessing the DSP program and
data memory space. The CPU can reset the DSP, interrupt the DSP, and assert a DSP DMA request. The
DSP can assert an interrupt request to the CPU, and it can wake the CPU from a low-power mode.

Figure 9-1 shows the architecture of the DSP and audio peripherals. The DSP DMA controller is a slave

on the CPU APB bus, so that the CPU host can use a DMA channel for downloading software to the DSP

program and data memories. Once released to begin execution, the DSP is bus master on its own 32-bit,

high-bandwidth bus, which the DSP uses to access three types of slave devices:

» 4K-byte Shared RAM—data memory which is mapped into CPU and DSP address spaces.

» External Bus Interface—interface to external (off-chip) memory devices.

« Shared Audio Peripheral APB Bus—peripherals shared between the CPU and DSP (codec, 1°S
interface, etc.).

The Audio Subsystem Controller (ASC) provides multiplexing of interrupt and DMA signals between
shared peripherals and the independent interrupt and DMA controllers of the CPU and DSP.
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Figure 9-1. DSP and Audio Peripherals
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9.1 DSP Memory Spaces

The DSP has a four-bus architecture. Instructions are received on the 16-bit P bus, the DSP data memory
is accessed through the 16-bit X and Y buses, and external memory and DSP peripherals are accessed
through the Z bus. Word addressing is used for all buses. Table 9-1 shows the mapping of the DSP data
memory space.

Table 9-1. DSP Data Memory Map

ADDRESS RANGE BUS DESCRIPTION
0000h to 17FFh X On-chip 6K-word data memory
1800h to DFFFh 4 Available for mapping to the external memory bus
8000h to 87FFh 7 Memory-mapped /O re_gister§ used by peripherals that are only directly accessible by the DSP.
(Default address after reset) The base address of this region can be reprogrammed by the DSP software.
EO000h to F7FFh Y On-chip 6K-word data memory
F800h to FFFFh 4 Available for mapping to the external memory bus

9.2

The DSP program space is implemented as two blocks, as shown in Table 9-2. While the DSP executes
from one block, the other block can be accessed by the DMA controller without degrading DSP
performance.

Table 9-2. DSP Program Memory Map

ADDRESS RANGE DESCRIPTION
0000h to OFFFh 4K-word program memory block
1000h to 3FFFh Reserved
4000h to 5FFFh 8K-word program memory block
6000h to FFFFh Reserved

The DSP accesses peripherals shared with the CPU indirectly, through the DSP DMA controller or the
memorymapped I/O registers (MMIO).

CPU/DSP Interface

The CPU has read and write access to the entire DSP data memory space (X, Y, Z), and write access to
the DSP program memory space. The CPU/DSP interface makes use of the DSP DMA controller to avoid
interrupting the DSP when servicing the CPU. The interface is hardcoded to use DSP DMA channel 0 for
DMA transfers between its FIFOs and DSP memory. This DMA channel has a slave interface on the CPU
peripheral data bus.

The CPU/DSP interface also includes hardware features to support interprocessor communications such
as a command/reply interface and semaphores. It also provides mechanisms for the CPU and DSP to
interrupt each other.

Data is transferred between the CPU and the DSP memory spaces through a set of indirect address and
data registers. An auto-increment address function eliminates the need to resend the address for every
word transferred. By default, the number of transactions is limited to 65535 (the default DMA transfer
size). The interface contains a 16-word read FIFO and a 16-word write FIFO to buffer transfers. These
FIFOs can be programmed to generate interrupts to the CPU on particular events (full, empty, etc.).
Additionally, the PBUSY bit in the ADMAS register indicates when the interface cannot accept another
access, for example if the write FIFO is full or a new operation is initiated before the current one
completes.

The CPU/DSP interface cannot be used when HCLK Clock or PCLK Clock is faster than DSP clock.

34

DSP and Audio Peripherals Copyright © 2013, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links :CP3SP33


http://www.ti.com/product/cp3sp33?qgpn=cp3sp33
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCW5&partnum=CP3SP33
http://www.ti.com/product/cp3sp33?qgpn=cp3sp33

i3 TEXAS
INSTRUMENTS

CP3SP33

www.ti.com SNOSCWS5 —MAY 2013

9.2.1 DSP Reset

There are two reset bits for the DSP:

» ADMAC.DSPRSTN—this bit in the CPU/DSP interface asserts a reset signal that is external to the
DSP module.

» PCFG.DSPR—this bit within the DSP module can be used to hold the DSP in reset.

The ADMAC.DSPRSTN bit is like a power-on reset, which should be used when complete reset of the
DSP is required. The DSP memories cannot be accessed while the ADMAC.DSPRSTN bit is clear (reset
asserted). The DSP clock (Auxiliary Clock 7) must be enabled for at least two cycles before the
ADMAC.DSPRSTN bit is set (reset deasserted). After deasserting reset, the PSTS.PRST bit can be polled
to determine when the DSP has completed its reset sequence.

The PCFG.DSPR bit can be used to hold the processor in reset while accessing the DSP block, for
example while downloading software to the DSP program memory. When asserted, it must be held for
eight DSP clock cycles before being deasserted.

9.2.2 Downloading to DSP Program Memory

The CPU interface can be used to download software to the DSP memories. After power-on-reset or other

system resets, the DSP will be held in reset with the DSP clock (Auxiliary Clock 7) enabled. The DSP

clock must be enabled during reset to properly reset the DSP.

1. Enable the clock to the DSP (if necessary).

2. Set the DSPR bit in the PCFG register. This will hold the DSP in reset.

3. Deassert the reset signal to the DSP module by setting the DSPRSTN bit in the ADMAC register. A
delay of at least two DSP clocks must be maintained between enabling the DSP clock and deasserting
the reset signal.

4. Poll the PRST bit in the PSTS register until a 1 to 0 transition is observed, which indicates that the
MMIO registers that control a DMA transfer have been reset.

5. Set up and perform the transfer.
6. Clear the DSPR bit in the PCFG register, which restarts the DSP.

9.2.3 Audio Subsystem Controller (ASC)

As shown in Figure 9-2, the ASC multiplexes the interrupt and DMA signals between the independent
interrupt and DMA controllers for the CPU and DSP. Peripherals capable of requesting interrupts from
both the CPU and DSP must have their selections programmed in the ASCINTSEL register, in addition to
having their requests enabled in the interrupt controllers. Peripherals capable of requesting DMA from
both the CPU and DSP must have their selections programmed in the ASCDMASELDRn registers, in addition
to having their requests enabled in the DMA controllers. By default after reset, all interrupt and DMA
requests are routed to the CPU interrupt and DMA controllers.

The DSP DMA controller provides eight DMA request inputs and eight DMA acknowledge outputs. For
each DSP DMA channel, a 5-bit field in the one of the ASCDDMASELRnN registers selects which of the 21
sources of DMA requests is serviced by that channel.
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Figure 9-2. Audio Subsystem Controller

The ASC multiplexes interrupt request signals from devices capable of requesting interrupts from either of
the CPU and DSP interrupt controllers. These requests are assigned to ASC interrupt channels 0 to 10, as
shown in Table 9-3.

The ASC multiplexes DMA request/acknowledge signals from devices capable of requesting DMA from
either of the CPU and DSP DMA controllers. These requests are assigned to ASC DMA channels 0 to 20,
as shown in Table 9-4.

Table 9-3. ASC Interrupt Channel Assignment

CHANNEL PERIPHERAL
0 Microwire/SPI 1
ACCESS.bus 1
UART3 TX
UART3 RX
CVSD/PCM 1
CVSD/PCM 0
12S Interface
AAI
Telematics Codec
Multifunction Timer 1 TB1
Multifunction Timer 1 TA1

O | O |IN|(O|A|[R~|W[IN|EF

[
o
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Table 9-4. ASC DMA Channel Assignment

CHANNEL RIW PERIPHERAL REGISTER
0 R UART3 RXBUF3
1 w UART3 TXBUF3
2 R CVSD/PCMO PCMOUTO
3 w CVSD/PCMO PCMINO
4 R CVSD/PCM1 PCMOUT1
5 w CVSD/PCM1 PCMIN1
6 R AAI Slot 0 ARDRO
7 w AAI Slot 0 ATDRO
8 R AAI Slot 1 ARDR1
9 w AAI Slot 1 ATDR1
10 R Codec ADC1 TCDCADC1
11 R Codec ADC2 TCDCADC2
12 w Codec Left DAC TCDCLEFT
13 w Codec Right DAC TCDCRIGHT
14 R 12S Left I2SRXDATALEFT
15 R 12S Right I2SRXDATARIGHT
16 w 12S Left I2STXDATALEFT
17 w 12S Right I2STXDATARIGHT
18 R MWSPI1 MWDAT
19 w MWSPI1 MWDAT
20 RIW ACB1 ACB1SDA

9.3 DSP and ASC Registers

The DSP and ASC registers control and provide status for the interface between the CPU and the DSP.
The DSP and ASC registers are listed in Table 9-5.

Table 9-5. DSP and ASC Registers

NAME ADDRESS DESCRIPTION
ADMAC FF 6820h ASC DSP Control Register
ADMAS FF 681Ch ASC DSP Status Register
PDATA FF ECOOh DSP DMA Channel 0 Data Register
PADR FF EC04h DSP DMA Channel 0 Address Register
PCFG FF EC08h CPU/DSP Interface Configuration Register
PSTS FF ECOCh CPU/DSP Interface Status Register
PSEM FF EC10h CPU-to-DSP Semaphore Register
PMASK FF EC14h CPU Interrupt Mask Register
PCLEAR FF EC18h CPU-to-DSP Semaphore Clear Register
APBP_SEM FF EC1Ch DSP-to-CPU Semaphore Register
APBP_COMO FF EC20h CPU-to-DSP Command Register 0
APBP_REPO FF EC24h DSP-to-CPU Reply Register 0
APBP_COM1 FF EC28h CPU-to-DSP Command Register 1
APBP_REP1 FF EC2Ch DSP-to-CPU Reply Register 1
APBP_COM2 FF EC30h CPU-to-DSP Command Register 2
APBP_REP2 FF EC34h DSP-to-CPU Reply Register 2
ASCDMASELO FF 6800h ASC DMA Controller Select Register 0
ASCDMASEL1 FF 6804h ASC DMA Controller Select Register 1
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Table 9-5. DSP and ASC Registers (continued)

NAME ADDRESS DESCRIPTION
ASCDDMASELO FF 6808h ASC DSP DMA Channel Select Register O
ASCDDMASEL1 FF 680Ch ASC DSP DMA Channel Select Register 1
ASCDDMASEL2 FF 6810h ASC DSP DMA Channel Select Register 2
ASCDDMASEL3 FF 6814h ASC DSP DMA Channel Select Register 3

ASCINTSEL FF 6818h ASC Interrupt Controller Select Register

9.3.1 ASC DSP Control Register (ADMAC)

The ADMAC register is a 16-bit, read/write register used by the CPU to reset the DSP. After reset, this
register is 0000h.

15 1 0
! Reserved \ DSPRSTN \

DSPRSTN The DSP Reset bit is used to assert reset to the DSP. The DSP reset signal is the OR
function of this bit and the CPU reset signal. CPU software must set this bit to enable the
DSP.
0 — DSP module reset.
1 — DSP module may run (if PCFG.DSPR is clear).

9.3.2 ASC DSP Status Register (ADMAYS)

The ADMAS register is a 16-bit, read-only register that indicates whether the CPU host interface to the
DSP DMA controller is busy and whether the DSP in reset. After reset, this register is 0000h.

15 2 1 0
Reserved RRSTN PBUSY

PBUSY The Port Busy bit indicates whether the CPU host interface to the DSP DMA controller is
busy. If the DSP write FIFO is full, the DSP read FIFO is empty (and a read has been
requested), or the PADR register has been written, this bit will be set. Software must poll the
PBUSY bit before using the CPU host interface to access the DSP memory space.

0 — CPU host interface is ready.
1 — CPU host interface is busy.

RRSTN The Reflected Reset bit indicates whether the DSP is being held in reset.
0 — DSP is in reset.
1 - DSP is not in reset.

9.3.3 DSP DMA Channel 0 Data Register (PDATA)

The PDATA register is a 16-bit, read/write register that provides the CPU with access to the read and
write FIFOs for DSP DMA channel 0. Writing the register loads the write FIFO, and reading the register
unloads the read FIFO.

15 1
\ PDATA
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9.3.4 DSP DMA Channel 0 Address Register (PADR)

The PADR register is a 16-bit, write-only register that provides the lower 16 address bits for DSP DMA
Channel 0. The page address (page 0) must be programmed in the DSP DMA controller. In autoincrement
mode (PCFG.AIM = 1), this address is autoincremented on every DMA cycle. After reset, this register is
clear.

15 1
\ PADR |

9.3.5 CPU/DSP Interface Configuration Register (PCFG)

The PADR register is a 16-bit, read/write register that controls the configuration of the CPU/DSP interface.
After reset, this register is clear.

15 12 11 10 9 8 7 6 5 4 3 2 1 0
| MEMSEL |RRIE2|RRIEL| RRIEO | WFEIE | WFFIE | RFNEIE | RFFIE | RS | DRS | AM | DsPR

DSPR The DSP Reset bit, when set, resets the DSP. To properly reset the DSP, this bit must
remain set for 8 DSP clock cycles.
0 — DSP reset is not asserted.
1 — DSP reset is asserted.

AIM The Autoincrement Mode bit enables automatic increment of the address counter when the
CPU uses DSP DMA channel 0 (the host interface used for downloading to the DSP).
0 — No increment of the DMA address.
1 — Automatic increment enabled.

DRS The Data Read Select field selects the transfer mode used on the 32-bit high-performance
DSP bus to read data for satisfying a CPU read request. This field is ignored if the RS bit is
clear.

00 — Single read transfer.

01 — 8-word burst read transfer.
10 — 16-word burst read transfer.
11 — Free running (continuous).

RS Setting the Read Start bit initiates a read transfer of the type specified in the DRS field.
Clearing the bit flushes the read FIFO and terminates any read transfer in progress.
0 — No transfer is initiated or in progress.
1 — Write 1 to initiate a read transfer.

RFFIE The Read FIFO Full Interrupt Enable bit asserts IRQ60 to the CPU interrupt controller when
the read FIFO becomes full.
0 — Interrupt disabled.
1 — Interrupt enabled

RFENEIE  The Read FIFO Not Empty Interrupt Enable bit asserts IRQ60 to the CPU interrupt controller
when the read FIFO holds valid data.
0 — Interrupt disabled.
1 — Interrupt enabled.

WFFIE The Write FIFO Full Interrupt Enable bit asserts IRQ60 to the CPU interrupt controller when
the write FIFO is full.
0 — Interrupt disabled.
1 — Interrupt enabled.

WFEIE The Write FIFO Empty Interrupt Enable bit asserts IRQ60 to the CPU interrupt controller
when the write FIFO is empty.
0 — Interrupt disabled.
1 — Interrupt enabled.
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RRIEO

RRIE1

RRIE2

MEMSEL

The Reply Register 0 Interrupt Enable bit asserts IRQ60 to the CPU interrupt controller on
DSP writes to the APBP_REPO register.

0 — Interrupt disabled.

1 — Interrupt enabled.

The Reply Register 1 Interrupt Enable bit asserts IRQ60 to the CPU interrupt controller on
DSP writes to the APBP_REP1 register.

0 — Interrupt disabled.

1 — Interrupt enabled.

The Reply Register 2 Interrupt Enable bit asserts IRQ60 to the CPU interrupt controller on
DSP writes to the APBP_REP2 register.

0 — Interrupt disabled.

1 — Interrupt enabled.

The Memory Select field selects the DSP memory space accessed by the CPU. Values other
than those listed below are reserved. 0000 — DSP data memaory.

0001 — MMIO registers.

0101 — DSP program memory.

0110 — Expansion bus (16M EBIU region).

0111 — Expansion bus (240M EBIU region).

9.3.6 CPU/DSP Interface Status Register (PSTS)
The PSTS register is a 16-bit, read-only register that provides status bits for the CPU/DSP interface.

7 6 5 4 3 2 1 0

\ WFFI \ RFNEI \ RFFI \ Reserved | _pPrsT | wmp | RTP ]
15 14 13 12 11 10 9 8

| rcomm2 | rcommMi | Rrcommo | RR2 | RRL | RRIO | pPsem |  wrEl |

RTIP The Read Transfer in Progress bit indicates when a read transfer is in progress. A read
transfer can be terminated while it is in progress by writing O to the PCFG.RS bit.
0 — No transfer is in progress.

1 — A transfer is in progress.

WTIP The Write Transfer In Progress bit indicates when a write transfer is in progress.

0 — No transfer is in progress.
1 — A transfer is in progress.

PRST The Peripheral Reset Indicator bit is asserted from the start of DSP reset (PCFG.DSPR = 1)
until the reset has completed. When the bit goes clear, the MMIO registers have received
their reset values. The CPU must poll this bit before downloading software to the DSP.

0 — DSP is not in reset.
1 — DSP reset in progress.
RFFI The Read FIFO Full Indicator bit is asserted when the read FIFO is full.
0 — FIFO is not full.
1 - FIFO is full.
RFNEI The Read FIFO Not Empty Indicator bit is asserted when the read FIFO holds valid data.
0 — FIFO is empty.
1 - FIFO holds valid data.
WEFFI The Write FIFO Full Indicator bit is asserted when the write FIFO is full.
0 — FIFO is not full.
1 - FIFO is full.
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WEFEI

PSEMI

PRIO

RRI1

RRI2

RCOMIMO

RCOMIM1

RCOMIM2

The Write FIFO Empty Indicator bit is asserted when the write FIFO is empty.
0 — FIFO is not empty.
1 - FIFO is empty.

The Peripheral Semaphore Access Indicator bit is set when a bit in the APBP_SEM register
has been set by the DSP and the corresponding bit in the PMASK register is clear.

0 — No unmasked semaphore bit is set.

1 — An unmasked semaphore bit is set.

The Reply Register 0 Indicator bit is set when the DSP writes the APBP_REPO register. The
RRIO bit is cleared when the CPU reads the APBP_REPO register.

0 — APBP_REPO has not been written.

1 — APBP_REPO was written but not read.

The Reply Register 1 Indicator bit is set when the DSP writes the APBP_REP1 register. The
RRI1 bit is cleared when the CPU reads the APBP_REPL1 register.

0 — APBP_REP1 has not been written.

1 - APBP_REP1 was written but not read.

The Reply Register 2 Indicator bit is set when the DSP writes the APBP_REP2 register. The
RRI2 bit is cleared when the CPU reads the APBP_REP?2 register.

0 — APBP_REP2 has not been written.

1 - APBP_REP2 was written but not read.

The Read Command Register O Indicator bit is set when the CPU writes the APBP_COMO
register. The RCOMIMO bit is cleared when the DSP or CPU reads the APBP_COMO
register.

0 — APBP_COMO has not been written.

1 - APBP_COMO was written but not read.

The Read Command Register 1 Indicator bit is set when the CPU writes the APBP_COM1
register. The RCOMIML1 bit is cleared when the DSP or CPU reads the APBP_COM1
register.

0 — APBP_COML1 has not been written.

1 - APBP_COM1 was written but not read.

The Read Command Register 2 Indicator bit is set when the CPU writes the APBP_COM2
register. The RCOMIM2 bit is cleared when the DSP or CPU reads the APBP_COM?2
register.

0 — APBP_COM2 has not been written.

1 - APBP_COM2 was written but not read.

9.3.7 CPU-to-DSP Semaphore Register (PSEM)

The PSEM register is a 16-bit, read/write register used by the CPU to assert an interrupt to the DSP. If a
bit in this register is set and the corresponding bit in the APBP_MASK register (only visible to the DSP) is
clear, the DSP is interrupted. After reset, this register is clear.

15 1
\ PSEM |
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9.3.8 CPU Interrupt Mask Register (PMASK)

The PMASK register is a 16-bit, read/write register used by the CPU to mask interrupt requests from the
DSP. If the DSP sets a bit in the APBP_SEM register and the corresponding bit in the PMASK register is
clear, the CPU is interrupted. After reset, this register is clear.

15 1
\ PMASK |

9.3.9 CPU-to-DSP Semaphore Clear Register (PCLEAR)

The PCLEAR register is a 16-bit, write-only register used by the CPU to clear interrupt requests from the
DSP. Writing 1 to bits in the PCLEAR register clears the corresponding bits in the APBP_SEM register.

15 1
\ PCLEAR |

9.3.10 DSP-to-CPU Semaphore Register (APBP_SEM)

The APBP_SEM register is a 16-bit, read-only register which indicates interrupt requests from the DSP.
When the DSP sets a bit in this register while the corresponding bit in the PMASK register is clear, an
interrupt is asserted to the CPU. After reset, this register is clear.

15 1
\ APBP_SEM

9.3.11 CPU-to-DSP Command Register n (APBP_COMN)

The APBP_COMN registers are 16-bit registers that are read/write to the CPU and read-only to the DSP
(as MMIO registers). After reset, these registers are clear.

15 1
\ APBP_COMn

9.3.12 DSP-to-CPU Reply Register n (APBP_REPN)

The APBP_REPN registers are 16-bit registers that are read/write to the DSP (as MMIO registers) and
read-only to the CPU. After reset, these registers are clear.

15 1
\ APBP_REPn |

9.3.13 ASC DMA Controller Select Register n (ASCDMASELnN)

The ASCDMASELNn registers are 16-bit, read/write registers that select between the CPU and DSP DMA
controllers for the ASC DMA channels (listed in Table 9-4). Bits 15:0 of ASCDMASELO correspond to ASC
DMA channels 15:0, and bits 4:0 of ASCDMASEL1 correspond to ASC DMA channels 20:16. Clear bits
select the CPU DMA controller, and set bits select the DSP DMA controller. After reset, these registers are
clear.

15 1
DCH15:0
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15 5 4 3 2 1 0
\ Reserved \ DCH20 | DCH19 | DCH18 | DCH17 | DCH16 |

DCHn  The DMA Controller Select bit controls which DMA controller receives the DMA request and
returns the DMA acknowledge signal for the corresponding ASC DMA channel.
0 — CPU DMA controller is selected.
1 — DSP DMA controller is selected.

9.3.14 ASC DSP DMA Channel Select Register n (ASCDDMASELRnN)

The ASCDDMASELRnN registers are 16-bit, read/write registers that provide 5-bit fields for specifying the
ASC DMA channels (listed in Table 12) that activate the corresponding DSP DMA channels. Each
ASCDDMASELRn register provides fields for two DMA channels. ASCDDMASELO controls channels 0 and
1, ASCDDMASEL1 controls channels 2 and 3, ASCDDMASEL2 controls channels 4 and 5, and
ASCDDMASELS3 controls channels 6 and 7. After reset, these registers are clear.

15 13 12 8 7 5 4 0
‘ Reserved ‘ DDMA(2n+1) ‘ Reserved ‘ DDMA(2n) ‘

DDMA The ASCDDMASELNn registers are 16-bit, read/write registers that provide 5-bit fields for
specifying the ASC DMA channels (listed in Table 9-4) that activate the corresponding DSP
DMA channels. Each ASCDDMASELDn register provides fields for two DMA channels.
ASCDDMASELO controls channels 0 and 1, ASCDDMASEL1 controls channels 2 and 3,
ASCDDMASEL?2 controls channels 4 and 5, and ASCDDMASELS3 controls channels 6 and 7.
After reset, these registers are clear.

9.3.15 ASC Interrupt Select Register (ASCINTSEL)

The ASCINTSEL register is a 16-bit, read/write register that selects between the CPU and DSP interrupt
controllers for the ASC interrupt channels (listed in Table 9-3). Clear bhits select the CPU interrupt
controller, and set bits select the DSP interrupt controller. After reset, this register is clear.

15 11 10 0
’ Reserved ‘ ICH ‘

ICH The Interrupt Controller Select bit controls which interrupt controller receives the interrupt
request from the corresponding ASC interrupt channel.
0 — CPU interrupt controller is selected.
1 — DSP interrupt controller is selected.
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10 External Bus Interface Unit

10.1

10.2

The External Bus Interface Unit (EBIU) provides a memory bus interface that supports three types of
external memory:

e Asynchronous RAM
» Page-Mode Flash Memory
« ROM

Because the CP3SP33 does not have on-chip non-volatile memory, the EBIU is typically used to add at
least one non-volatile memory device for holding the boot code. The EBIU provides programmable chip
select outputs XCSn for two or three memory devices, depending on package type. The memory type,
base address, width (8, 16, or 32 bits), size, and timing are independently programmable for each of the
memory devices.

The physical address space available on the external bus does not occupy a fixed location in the address

space of the CPU or Teak on-chip 32-bit buses. The location(s) are programmable in the EBIU registers.

The EBIU asserts a chip select to an external memory device when an on-chip bus uses a region of its

address space mapped to an external memory device. There are two regions in the on-chip bus address

space which are available for external devices:

e 0002 0000h to OOFE FFFFh—a 16M-byte space, minus a 128K space at the bottom and a 64K space
at the top

e 0100 0000h to OFFF FFFFh—a 240M-byte space (256M, minus a 16M space at the bottom)

The EBIU does not relocate the address passed from the on-chip AHB buses to the external bus. The
mapping only affects activation of the chip select signals. Any of the chip selects may be configured for
either of two regions.

External Bus Signals

There are 6 types of bus signals. The number of signals varies with the package type, as shown in
Table 10-1.

Table 10-1. External Bus Signals

NAME PACKAGE PIN COUNT DESCRIPTION
FBGA-224 FBGA-144
XAn 23 21 Address Bus
XDn 32 16 Data Bus
XWE 1 1 Write Enable
XOE 1 1 Output Enable
XBEnN 4 2 Byte Enables
XCSn 3 2 Chip Selects

The byte order is little-endian (LSB at lowest address). The EBIU shifts the address to correspond to the
width of the external memory device, so the XA address may be either a byte, word, or doubleword
address. Mixing of memory types is allowed.

Default Memory Configuration

The default configuration after reset for the external memory devices is shown in Table 10-2. Booting from
an 8-bit external memory is not supported.

The cycle times are quoted in HCLK Clock periods. By default, the HCLK Clock frequency following reset
is the input clock frequency (X1CLKI/X1CLKO or CLKIN) divided by 16.
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Table 10-2. Default Memory Configuration

PARAMETER CHIP SELECT

XCS2 XCs1 XCS0
Memory Type RAM RAM RAM
Base Address 0100 0000h 0080 0000h 0040 0000h
Memory Size 16M Bytes 8M Bytes 8M Bytes
Memory Width 16 Bits 32 Bits 16 Bits
Read Cycle Time 22 Cycles 22 Cycles 22 Cycles
RAM Write Address Setup Time 1 Cycle 1 Cycle 1 Cycle
RAM Write Address and Data Hold Time 1 Cycle 1 Cycle 1 Cycle
RAM Write Pulse Width 4 Cycles 4 Cycles 4 Cycles
Bus Turnaround Time 2 Cycles 2 Cycles 2 Cycles
Page-Mode Disabled Disabled Disabled
Page-Mode Read Cycle Time 4 Cycles 3 Cycles 1 Cycle
Page Size 4 Words 4 Words 4 Words
Memory Read Pipe Stages 0 0 0

10.3 External Bus Cycle Timing

Figure 10-1 shows the timing of a read cycle on the external memory bus.

t
- RC >
| 4

e NS N\ "\
| | | | | |
| | | | | |
xan | [ X Address | | |
| ] ] ] | |
| | | | | |
: | | | . :
Xcsn L\ | | | |
| T T T | |
| | | | | |
: | | | ' :
XBEn I\ | | | |
| T T T | |
| | | | | |
| | | | | |
XOE A ! | ! !
| ! ! ! | |
| | | | | |
| | ! ! | |
XDn + t | Data ) .
| | ; —t/ |

Figure 10-1. Read Cycle Timing

DS414
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Figure 10-2 shows the timing of a write cycle on the external memory bus.

tAs twp twRr
-—g— P |— P
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| | | | | |
XAn i X i i Address i X i
| | | | | |
| | | | | |

_ + | | | | =
XCSn | \ | | | | / |
| | | | | |
| | | | | |

+ | | | | o
XBEn A | | VA
| T T T T [
| | | | | |
| | | | | |
XWE ! [\ | ! |
| | ] ] | |
| | | | | |
| | | | | |

XDn ' ' | Data I )—i—-
| | t t t |

Figure 10-2. Write Cycle Timing

DS415

An 8-level write buffer allows the EBIU to accept a write cycle and release the bus master (CPU, DSP, or
one of the DMA controllers) to continue execution without waiting for the write data to propagate to

external memory.

A read cycle is not allowed to propagate to external memory while there are any writes pending in the
write buffer. The read cycle is stalled until the write buffer has been flushed to memory. This mechanism
enforces memory coherency when the target of a read is modified by a pending write. In some cases,
software performance can be optimized by grouping writes together (for example, by loop unrolling) to

avoid alternating between reads and writes.
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Figure 10-3 shows the timing of page-mode read cycles.
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Figure 10-3. Page-Mode Read Cycle Timing

Figure 10-4 shows the read-to-write and write-to-read bus turn-around timing.
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10.4 EBIU Registers

Figure 10-4. Bus Turnaround Timing

For all registers, the contents should only be changed once, in the initialization routine after reset.

The EBIU has two global control registers, two registers specific to each chip select, and 3 registers for
defining 3 sets of timing parameters. Any of the chip selects may use any of the timing parameters.

Table 10-3. Bus Control Registers
NAME ADDRESS DESCRIPTION

SMCTLR FF 00A4h Static Memory Control Register

SCSLRO FF 0014h Chip Select Register 0

SMSKRO FF 0054h Mask Register 0

SCSLR1 FF 0018h Chip Select Register 1

SMSKR1 FF 0058h Mask Register 1

SCSLR2 FF 001Ch Chip Select Register 2

SMSKR2 FF 005Ch Mask Register 2
SMTMGR_SETO FF 0094h Static Memory Timing Register 0
SMTMGR_SET1 FF 0098h Static Memory Timing Register 1
SMTMGR_SET2 FF 009Ch Static Memory Timing Register 2
FLASH_TRPDR FF 00AOh Flash trpp Timing Register
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10.4.1 Static Memory Control Register (SMCTLR)

The SMCTLR register is a 32-bit, read/write register that selects the bus width of the memory devices
associated with the chip selects. At reset, the register is initialized to 0000 0401h, which selects 16-bit
width for XCS2 and XCSO0, and 32-bit width for XCS1. The register format is shown below.

31 16 15 13 12 10 9 7 6 0
\ Reserved | SM_DW_S?2 \ SM_DW_S1 \ SM_DW._S0 | Reserved
SM_DW_SO0 The Static Memory Data Bus Width field selects the width of the XCSO0 device.
000 — 16 hits.
001 — 32 hits.
100 — 8 hits.
SM_DW_S1 The Static Memory Data Bus Width field selects the width of the XCS1 device.
000 — 16 hits.
001 — 32 hits.
100 — 8 hits.
SM_DW_S2 The Static Memory Data Bus Width field selects the width of the XCS2 device.
000 — 16 hits.
001 — 32 hits.
100 — 8 hits.

10.4.2 Chip Select Register n (SCSLRn)

The SCSLRn registers are 32-bit, read/write registers that specify base addresses for the chip selects.
Only bits 31:16 can be used, because the minimum memory device size is 64K bytes. Additional bits are
masked off if the size exceeds 64K. At reset, the SCSLRO register is initialized to 0040 0000h, SCSLR1 is
initialized to 0080 0000h, and SCSLR2 is initialized to 0100 0000h. The register format is shown below.

31 16 15 0
\ EXT_BASE_ADDR \ Reserved |

EXT_BASE_ADDR The External Base Address field specifies the base address of the external memory
device enabled by the chip select.
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10.4.3 Mask Register n (SMSKRn)

The SMSKRn registers are 32-bit, read/write registers that specify timing parameters, memory type, and
memory size for the chip selects. At reset, the SMSKRO register is initialized to 0000 0028h, SMSKR1 is
initialized to 0000 0128h, and SMSKRZ2 is initialized to 0000 0229h. The register format is shown below.

31

11 10

8 7

5 4 0

‘ Reserved

\ REG_SEL \

MEM_TYPE

\ MEM_SIZE

MEM_SIZE

MEM_TYPE

REG_SEL

The Memory Slze field specifies the size of the external memory device. Values of 12h to

1Fh are reserved.

00000 — No memory connected.

00001 — 64K bytes.
00010 — 128K bytes.
00011 — 256K bytes.
00100 — 512K bytes.
00101 — 1M bytes.
00110 — 2M bytes.
00111 — 4M bytes.
01000 — 8M bytes.
01001 — 16M bytes.
01010 — 32M bytes.
01011 — 64M bytes.
01100 — 128M bytes.
01101 — 256M bytes.
01110 — 512M bytes.
01111 - 1G bytes.
10000 - 2G bytes.
10001 — 4G bytes

The Memory Type field specifies the type of external memory device.

000 — Reserved.

001 — RAM.

010 — Flash memory.
011 — ROM.

The Register Select field specifies timing parameters in one of the three SMTMGR_SETn

registers to be used with the external memory device.

000 — SMTMGR_SETO register.
001 - SMTMGR_SET1 register.
010 - SMTMGR_SET2 register.
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10.4.4 Static Memory Timing Register n (SMTMGR_SETn)

The SMTMGR_SETNn registers are 32-bit, read/write registers that specify timing parameters that can be
selected by the REG_SEL field in the SMSKRn registers. Any SMSKRn register may select any
SMTMGR_SETn register. At reset, the SMTMGR_SETO register is initialized to 0002 0D45h, the
SMTMGR_SET1 register is initialized to 0012 0D45h, and the SMTMGR_SET?2 register is initialized to
001A 0D45h. The register format is shown below.

31 30 29 2827 2625 24 23 22 19 18 16 15 10 9 8 7 65 0
| Res. | sMRP | Res. | ps | pm| TPRc | TBTA | TWR | TWR | TAs | TRC
T_RC  The tge field + 1 specifies the number of HCLK Clock cycles in a read cycle

T_AS  The tug field specifies the number of HCLK Clock cycles in the write address setup time.
00 — Reserved.

01 -1 cycle.
10 — 2 cycles.
11 — 3 cycles.

T_WR The tyy field specifies the number of HCLK Clock cycles in the write address data hold time.
T WP  The typ field + 1 specifies the number of HCLK Clock cycles in a write pulse.

T_BTA The tgra field + 1 specifies the number of HCLK Clock cycles in the bus turnaround time. The
same value is used for read-to-write and write-to-read turnaround.

T_PRC The tpgrc field + 1 specifies the number of HCLK Clock cycles in the page-mode read cycle
time.

PM The Page Mode bit specifies whether page mode is used to access the device
0 — Page mode disabled.
1 — Page mode enabled.

PS The Page Size field specifies the page size. If the page size is larger than 64 bytes, the PS
field should be set to 11b.
00 — 8 bytes.
01 — 16 bytes.
10 — 32 bytes.
11 — 64 bytes.

SMRP  The Static Memory Read Pipe field specifies the number of registers inserted into the read data
path for correctly latching the data.

10.4.5 Flash tgpp Timing Register (FLASH_TRPDR)

The FLASH_TRPDR register is a 32-bit, read/write register that specifies the number of clock cycles
between flash memory reset/power-down and the first flash read/write cycle. At reset, the FLASH_TRPDR
register is initialized to 0000 00C8h.

31 12 11 0
‘ Reserved ‘ T_RPD
T RPD The trpp field + 1 specifies the number of clock cycles between flash memory reset/ power-

down and the first flash memory read/ write cycles. At reset, the default is 201 cycles
(value = C8h = 200d).
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10.5 Usage Notes

T

1.

a s wbn

he EBIU registers must be programmed in the following sequence:
SCSLRn

SMSKRn

SMTMGR_SETn

FLASH_TRPDR

SMCTRL

11 System Configuration

11.1 Operating Environment
The operating environment controls the reset vector (boot address). In ERE16 mode, the vector is 0040
0000h. In ERE32 mode, the vector is 0080 0000h.

The operating mode of the device is controlled by the states sampled from the ENV[1:0] pins at reset, as
shown in Table 11-1. Internal pullups on the ENV[1:0] pins select ERE16 mode if these pins are allowed

to float.

Table 11-1. Operating Environment Selection

ENV[1:0] OPERATING ENVIRONMENT
11 ERE16 mode (boot from 0040 0000h)
10 ERE32 mode (boot from 0080 0000h)

11.2 Freeze Mode
For debugging purposes, a Freeze mode is available which has the following effects:

Disables maskable interrupts.
Suspends DMA transactions.

» Inhibits certain state changes in the following modules (see individual module descriptions for details):

Advanced Audio Interface, A/D Converter, Codec, CVSD/ PCM Converters, Multi-Function Timers,
Timing and Watchdog Module, and Versatile Timer Units.

» Inhibits automatic clear-on-read function applied to the register bits listed in Table 11-2.

Table 11-2. Register Bits Affected By Freeze Mode

MODULE REGISTERS BITS
ACCESS.bus ACBNST SDAST
ADC_DONE, ADC_OFLW,
A/D Converter ADCRESLT SIGN, ADC_RESULT
. ARSCR RXO, RXE, RXF, RXAF
Advanced Audio Interface (AAI)
ATSCR TXU, TXF, TXE, TXAE
Codec TCDCADCn ADCDATA
CVSD/PCM Converter CVSTATNn PCMINT, CVE, CVF
Microwire/SPI MWnDAT RBF
Timing and Watchdog Module TOCSR TC
URBUFN URBF
USARTO, UART 1, 2,3
USTATn UPE, UFE, UDOE, UBKD
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Freeze mode can be entered by setting the FREEZE bit in the MCFG register or using a mechanism
enabled through the Serial Debug Interface (SDI). Freeze mode does not directly affect the DSP

subsystem.

NOTE

Debugging tools may assert Freeze mode to gather information, which may cause periodic
fluctuations in response (bus availability, interrupt latency, etc.). Anomalous behavior often
may be traced to the activity of these tools.

11.3 System Configuration Registers

The system configuration registers control and provide status for certain aspects of device setup and
operation, such as indicating the states sampled from the ENV[1:0] inputs. The system configuration

registers are listed in Table 11-3.

Table 11-3. System Configuration Registers

NAME ADDRESS DESCRIPTION

MCFG FF F400h Module Configuration Register

MSTAT FF F404h Module Status Register
SWRESET FF F408h Software Reset Register
SYSCFG FF F40Ch System Configuration Register

11.4 Module Configuration Register (MCFG)

The MCFG register is a byte-wide, read/write register that selects the clock output features of the device
and enables Freeze mode. The MCFG register format is shown below. At reset, the MCFG register is

initialized to 00h.

7 6 5

4 3

2

1 0

| Reserved | FREEZE \ Reserved \ ENV1SEL |

ENVOSEL |

ENVIOE | ENVOOE

ENVOOE The ENVO Output Enable bit enables driving an internal clock signal selected by the

ENVOSEL bit on the ENVO pin. If no signal is driven on the ENVO pin, it will be undriven

(high impedance) after reset.
0 — ENVO is undriven after reset.
1 — ENVO is driven by an internal clock signal.

ENV1OE The ENV1 Output Enable bit enables driving an internal clock signal selected by the

ENV1SEL bit on the ENV1 pin. If no signal is driven on the ENV1 pin, it will be undriven

(high impedance) after reset.
0 — ENV1 is undriven after reset.
1 - ENVL1 is driven by an internal clock signal.

ENVOSEL The ENVO Select bit selects an internal clock signal to be available for driving on the ENVO
pin. The ENVOOE bhit must be set to enable driving the selected signal on the ENVO pin.

0 — Slow Clock is available to drive on ENVO.
1 — PLL1 Clock is available to drive on ENVO.

ENV1SEL The ENV1 Select bit selects an internal clock signal to be available for driving on the ENV1
pin. The ENV1OE bit must be set to enable driving the selected signal on the ENV1 pin.

0 — Main Clock is available to drive on ENV1.
1 — PLL2 Clock is available to drive on ENV1.
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FREEZE  The Freeze bit controls whether the device is placed in Freeze mode, which is a debugging
mode that inhibits certain automatic state changes in register bits, such as timers and clear-
on-read registers. See Section 11.2 for more information about Freeze mode. The Serial
Debug Interface (SDI) also has the capability of putting the device in Freeze mode through
a separate mechanism.

0 — Freeze mode disabled.
1 - Freeze mode enabled.

11.5 Module Status Register (MSTAT)

The MSTAT register is a byte-wide, read-only register that indicates the general status of the device. The
MSTAT register format is shown below. At reset, the MSTAT register is initialized to 00h, except for bits 0
and 1 which are sampled from the ENV pins.

7 6 5 2 1 0
\ ISPRST \ WDRST \ Reserved \ OENV |

OENV The Operating Environment bits hold the states sampled from the ENV[1:0] input pins at reset.
These states are controlled by external hardware at reset and are held constant in the register
until the next reset.

WDRST The Watchdog Reset bit indicates that a Watchdog timer reset has occurred. Write a 1 to this
bit to clear it. Power-on reset also clears this bit.
0 — No Watchdog timer reset has occurred since this bit was last cleared.
1 — A Watchdog timer reset has occurred since this bit was last cleared.

ISPRST The Software ISP Reset bit indicates that a SWRESET(ISP) reset has occurred since the bit
was last cleared. This bit is cleared by a SWRESET(CLR) sequence or a power-on reset. See
the description of the SWRESET register for more information.

0 — No SWRESET(ISP) reset has occurred since this bit was last cleared.
1 - A SWRESET(ISP) reset has occurred since this bit was last cleared.

11.6 Software Reset Register (SWRESET)

The SWRESET register is an 8-bit, write-only register which provides a mechanism for software to initiate
a reset. There are two software reset sequences, called SWRESET(ISP) and SWRESET(CLR), which are
provided for compatibility with other CP3000 devices that have an in-system programming (ISP) mode,
however the CP3SP33 does not have an ISP mode.

To initiate a SWRESET(ISP) reset, write the value E1h to the SWRESET register, followed within 127
PCLK Clock cycles by writing the value 3Eh. The reset then follows immediately. After the
SWRESET(ISP) reset occurs, the ISPRST bit in the MSTAT register is set.

To initiate a SWRESET(CLR) reset, write the value E1h to the SWRESET register, followed within 127
PCLK Clock cycles by writing the value OEh. The reset then follows immediately. After the
SWRESET(CLR) reset occurs, the ISPRST hit in the MSTAT register is clear.

11.7 System Configuration Register (SYSCFG)

The SYSCFG register is a byte-wide, read/write register that indicates the general status of the device.
The SYSCFG register format is shown below. At reset, the SYSCFG register is initialized to 00h.

7 6 4 3 2 1 0
| xpPupIS | Reserved | USBIDDIGPUEN | USBHCLKDIS | BTHCKLDIS | RFCKEN
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RFCKEN The RF Clock Enable bit controls whether Main Clock is driven on the CLKIN/RFCK

pin.
0 — Main Clock is not driven on CLKIN/RFCK.
1 — Main Clock is driven on CLKIN/RFCK.

BTHCLKDIS The Bluetooth Clock Disable bit controls whether HCLK Clock to the Bluetooth
module is disabled.
0 — HCLK Clock is available to the Bluetooth module.
1 — HCLK Clock is not available to the Bluetooth module.

USBHCLKDIS The USB Clock Disable bit controls whether the HCLK Clock to the USB module is
disabled.
0 — HCLK Clock is available to the USB module.
1 — HCLK Clock is not available to the USB module.

USBIDDIGPUEN The USB IDDIG Pullup Enable bit controls whether the USB module can enable the
internal pullup on the PE15 port pin. This mode only applies when the IDDIG
alternate function for PE15 is enabled.

0 — Internal pullup on PE15 is disabled when IDDIG alternate function is selected.
1 — USB module controls internal pullup on PE15 when IDDIG alternate function is
selected.

XDPUDIS The XD Pullup Disable bit controls whether weak pullup resistors are enabled on the
XD external data bus.
0 — Weak pullups on XD bus.
1 — No pullups on XD bus.

12 CPU DMA Controller

The CPU DMA controller (DMAC) can be used to accelerate peripheral-to-memory, memory-to-peripheral,
and memory-to-memory block transfers. Because it uses cycle stealing to interleave bus cycles with the
CPU, DMA-based data movement uses the available bandwidth on the CPU core bus more efficiently than
software-based data movement

The DMAC provides 16 DMA channels, which may be assigned to any of 34 peripheral registers. For
registers that are loaded by the peripheral (such as a UART receive register), the DMAC gets a DMA
request when the register is loaded. It then reads the register and writes the data to memory. For registers
that are unloaded by the peripheral (such as a UART transmit register), the DMAC gets a DMA request
when the register is empty. It then reads data from memory and writes the data to the register. Only one
register at a time may be enabled to use a DMA channel. Any channel which is not enabled for peripheral
DMA may be used for software DMA (memory-to-memory block transfers).

The DMAC has a register-based programming interface (as opposed to I/O control blocks). After loading
the registers with source and destination addresses, as well as block size and type of operation, a DMAC
channel is ready to respond to DMA transfer requests. A request can only come from onchip peripherals
or software, not external peripherals. On receiving a DMA transfer request, if the channel is enabled, the
DMAC performs the following operations:

1. Arbitrates to become master of the CPU core bus.

2. Determines priority among the DMAC requests. Priority is linear, with channel 0 having the highest
priority.

3. Executes data transfer bus cycle(s) specified by the programming of the control registers for the
channel being serviced. This may be a single cycle or a four cycle burst.

4. If the DMA transfer cycle is complete, the DMAC does the following:

— Updates the termination bits.
— Asserts an interrupt (if enabled).

5. Returns control of the CPU core bus to the CPU, even if a DMA request continues to be asserted.
Priority among DMA channels is re-determined after every cycle.
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All DMA transfers are indirect mode, in which the data is read from the source into a DMAC buffer
register, then written from the buffer register to the destination.

Each DMAC channel has ten 32-bit control and status reg-isters. DMAC registers are named with the
suffix n, in which n is 0 to 15, representing the channel number.

If all of the channels are disabled (DMACNTn.CHEN = 0), the clock to the DMA module is disabled to
reduce power consumption.

12.1 DMA-Capable Peripherals
Table 12-1 shows the DMA-capable peripherals, which may be assigned to any of the 16 DMA channels
by programming the SRCRQ field of the DMACNTnN registers. The SRCRQ field only selects the source of
the DMA request signal and the receiver for the DMA acknowledge signal. It is still necessary to set up the
address of the peripheral, the transfer direction, and other DMA channel control settings.
Table 12-1. DMA-Capable Peripherals
SRCRQ PERIPHERAL TRANSACTION REGISTER ASC CHANNEL
0 UART3 R RXBUF3 0
1 UART3 w TXBUF3 1
2 CVSD/PCMO R PCMOUTO 2
3 CVSD/PCMO w PCMINO 3
4 CVSD/PCM1 R PCMOUT1 4
5 CVSD/PCM1 w PCMIN1 5
6 AAI Slot 0 R ARDRO 6
7 AAI Slot 0 w ATDRO 7
8 AAI Slot 1 R ARDR1 8
9 AAI Slot 1 w ATDR1 9
10 Codec ADC1 R TCDCADC1 10
11 Codec ADC2 R TCDCADC2 11
12 Codec DAC Left w TCDCLEFT 12
13 Codec DAC Right w TCDCRIGHT 13
14 IS Left R I2SRXDATL 14
15 1S Right R I2SRXDATR 15
16 IS Left w I2STXDATL 16
17 1S Right w I2STXDATR 17
18 MWSPI1 R MWDAT 18
19 MWSPI1 w MWDAT 19
20 ACCESS.bus 1 RIW ACBSDA 20
21 USARTO R RXBUFO
22 USARTO w TXBUFO
23 UART1 R RXBUF1
24 UART1 w TXBUF1
25 UART2 R RXBUF2
26 UART2 w TXBUF2
27 CVSD/PCMO R CVSDOUTO
28 CVSD/PCMO w CVSDINO
29 CVSD/PCM1 R CVSDOUT1
30 CVSD/PCM1 w CVSDIN1
31 AAI Slot 2 R ARDR2
32 AAI Slot 2 w ATDR2
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Table 12-1. DMA-Capable Peripherals (continued)
SRCRQ PERIPHERAL TRANSACTION REGISTER ASC CHANNEL
33 MWSPIO R MWDAT
34 MWSPIO w MWDAT
35 ACCESS.bus 0 R/W ACBSDA
The DMA request and DMA acknowledge signals for peripherals shared with the DSP DMA controller are
sent through the Audio Subsystem Controller (ASC), which multiplexes these signals between the CPU
DMA controller and the DSP DMA controller. In Table 12-1, the ASC channel number refers to the
multiplexer channel used to select the DMA controller that handles the DMA request and acknowledge
signals for that peripheral.
12.2 Transfer Types
The DMAC supports three transfer types:
» Single Transfers—A single read cycle followed by a single write cycle.
» Burst Transfers—A four-cycle burst read from memory followed by a four-cycle burst write to memory.
Software DMA requests (memory-to-memory block transfers) are always burst transfers.
« Data Collection Transfers—A four-cycle burst read from memory followed by four single-cycle writes to
a peripheral, or four single-cycle reads from a peripheral followed by a four-cycle burst write to
memory.
Priority among DMA requests is linear for transfers of the same type (channel 0 has highest priority),
however burst transfers and data collection transfers have priority over single transfers.
During a single transfer, the transfer cycle size (number of bytes per cycle) is controlled by the WMODE
and TCS bits of the DMACNTN register, as shown in Table 12-2. During a burst, the transfer cycle size is
always 4 bytes.
Table 12-2. Transfer Cycle Size
TRANSFER CYCLE SIZE WMODE TCS
1 Byte 0
2 Bytes 0 1
4 Bytes 1 X
The transfer type is selected by the SWRQ and BBE bits in the DMACNTnN register, as shown in
Table 12-3. Only channels 0 and 1 support data collection mode.
Table 12-3. DMA Transfer Types
TRANSFER TYPE SWRQ BBE
Single Cycle 0
Data Collection 0
Burst 1 X
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12.2.1 DMA Buffer Flush

12.3

When data collection mode has been used to read data from a peripheral, the number of bytes received
from the peripheral might not correspond to an integral number of bursts. To flush data remaining in the
buffer, perform the following steps:

1. Disable the peripheral DMA request. Do not clear the DMA channel enable bit (the CHEN bit in the
DMACNTN register), because clearing this bit will clear the buffer.

2. Read the BNE bit and the BLV field in the DMASTATN register. The BNE bit indicates whether there is
valid data in the buffer. The BLV field indicates the number of valid bytes in the buffer.

3. Clear the BBE bit in the DMACNTN register. This enables a burst write to memory, even though the
buffer is not full. Invalid entries in the buffer are written to memory with undefined data.

A buffer flush will only occur when the DIR bit in the DMACNTN register is clear, and the buffer is not
empty (the BNE bit in the DMASTATN register is set). If the DIR bit is set, the data in the buffer is
discarded.

Transfer Modes

A DMAC channel may be used in one of three different transfer modes:

» Single Buffer—The transfer performed for the channel is specified by the states sampled from the
control registers when the last DMA request was enabled.

» Double Buffer—The transfer performed for the channel is specified by the states sampled from the
control registers when the last DMA request was enabled. A new set of states is loaded into the control
registers to specify the next transfer to be performed for the channel.

» Auto-initialize—The transfer performed for the channel is specified in its control registers, and the
operation is repeated as long as the channel is enabled.

The OT bit in the DMACNTRN register is clear for single buffer and double buffer mode. The OT bit is set to
enable auto-initialize mode.

Double buffer mode is obtained by reloading the DMAC channel control registers after a DMA request has
been enabled. A DMA request is enabled by loading the DMACNTnN register with a set CHEN bit. After
enabling a DMA request, the DMA control registers may be loaded with new states. The BLTRn register
must be written last, because loading this register sets the VLD bit in the DMASTATnN register, which
indicates that new values have been loaded into the control registers.

When the PF bit in the DMACNTN register is clear, the DMAC is the flow controller for the transfer. When
the PF bit is set, the peripheral is the flow controller. In double buffer mode with the peripheral as the flow
controller, the BLTRn register must be written so that the VLD bit becomes set, even though the value in
the BLTRn register is not used.

12.3.1 Single Buffer Mode

This mode provides the simplest way to accomplish a single data transfer.

12.3.1.1 Initialization

1. Select the peripheral device by writing the SRCRQ field in the DMACNTN register.

2. Write the block transfer addresses and byte count into the corresponding ADCAn, ADCBn, and BLTCn
counters.

3. Clear the DMACNTN.OT bit to select non-auto-initialize mode. Clear the DMASTAT.VLD bit by writing
altoit

4. Set the DMACNTN.CHEN bit to activate the channel and enable it to respond to DMA transfer

requests. If the DMACNTN register is loaded for any other reason, the DMACNTN.CHEN bit must be
clear to avoid prematurely starting a new DMA transfer.
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12.3.1.2 Termination

When the DMAC is the flow controller, the transfer terminates when the transfer count in the BLTCn
register reaches zero. When the peripheral is the flow controller, the peripheral signals the end of transfer.
On termination:

1.
2.

The DMASTAT.TC and DMASTAT.OVR bits are set, and the DMASTAT.CHAC bit is cleared.
An interrupt is asserted if enabled by the DMACNTN.ETC or DMACNTN.EOVR bits.

12.3.2 Double Buffer Mode

This mode allows software to set up the next DMA transfer while the current transfer proceeds.

12321

1.
2.
3.

12.3.2.2

Initialization

Select the peripheral device by writing the SRCRQ field in the DMACNTN register.

Write the block transfer addresses and byte count into the ADCAn, ADCBn, and BLTCn counters.
Clear the DMACNTN.OT bit to select non-auto-initialize mode. Clear the DMASTAT.VLD bit by writing
altoit

Set the DMACNTN.CHEN bit. This activates the cha nel and enables it to respond to DMA transfer
requests. If the DMACNTN register is loaded for any other reason, the DMACNTN.CHEN bit must be
clear to avoid prematurely starting a new DMA transfer.

While the current block transfer proceeds, write the addresses and byte count for the next block into
the ADRAN, ADRBnN, and BLTRn registers. The BLTRn register must be written last, because writing
this register sets the DMASTAT.VLD bit which indicates to the DMAC that the parameters for the next
transfer have been updated.

Continuation/Termination

When the BLTCn counter reaches 0 (DMACNTn.PF = 0) or the last request has been processed
(DMACNTN.PF = 1):

1.
2.
3.

If the DMACNTN.PF bit is clear, the DMASTATN.TC bit is set.
If enabled by the DMACNTN.ETC bit, an interrupt is asserted.
The DMAC channel checks the DMASTAT.VLD bit.

If the DMASTAT.VLD bit is set:

1.

2.
3.

The channel copies the ADRANn, ADRBn, and BLTRn values into the ADCAn, ADCBn, and BLTCn
registers.

The DMASTAT.VLD bit is cleared.
The next block transfer is started.

If the DMASTAT.VLD bit is clear:

1. The transfer operation terminates.
2. The channel sets the DMASTAT.OVR bit.
3. The DMASTAT.CHAC bit is cleared.
4. If enabled by the DMACNTN.EOVR bit, an interrupt is asserted.
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12.3.3 Auto-Initialize Mode

This mode causes the DMA channel to repeat the same operation continuously without software
intervention. The operation is repeated until the channel is disabled.

12.3.3.1 Initialization

1. Select the peripheral device by writing the SRCRQ field in the DMACNTN register.

2. Write the block addresses and byte count into the ADCAn, ADCBn, and BLTCn counters, as well as
the ADRAN, ADRBnN, and BLTRn registers.

3. Set the DMACNTN.OT bit to select auto-initialize mode.

4. Set the DMACNTN.CHEN bit to activate the channel and enable it to respond to DMA transfer
requests. If the DMACNTN register is loaded for any other reason, the DMACNTN.CHEN bit must be
clear to avoid prematurely starting a new DMA transfer.

12.3.3.2 Continuation

When the BLTCn counter reaches 0 (DMACNTNn.PF = 0) or the last request has been processed
(DMACNTN.PF = 1):

1. The contents of the ADRANn, ADRBN, and BLTRn registers are copied to the ADCAn, ADCBn, and
BLTCn counters.

2. The DMAC channel checks the value of the DMASTAT.TC bit.

If the DMASTAT.TC bit is set and the DMACNTN.PF bit is clear:

1. The DMASTAT.OVR bit is set.

2. If enabled by the DMACNTN.EOVR bit, an interrupt is asserted.
3. The DMAC operation is repeated.

If the DMASTAT.TC and DMACNTN.PF bits are clear:

1. The DMASTAT.TC bit is set.

2. If enabled by the DMACNTN.ETC bit, an interrupt is asserted.
3. The DMAC operation is repeated.

12.3.3.3 Termination

12.4

The DMA transfer is terminated when the DMACNTN.CHEN bit is cleared.

Software DMA Request

In addition to the hardware requests from peripherals, a DMA transfer request can also be initiated by
software. A software DMA transfer request is used for memory-to-memory block transfers.

When the DMACNTN.SWRQ bit is set, the corresponding DMA channel receives a software DMA request.
When the DMACNTN.SWRQ bit is clear, the software DMA request for the channel is inactive.

A software DMA request may only be asserted when the associated peripheral DMA request is disabled
and the channel is inactive. Software can poll the DMASTAT.CHAC bit to determine whether the channel
is currently active.

When the DMACNTN.DIR bit is 0, the first bus cycle reads data from the source using the ADCAn counter,
while the second bus cycle writes the data into the destination using the ADCBn counter. When the
DMACNTN.DIR bit is set, the first bus cycle reads data from the source using the ADCBn counter, while
the second bus cycle writes the data into the destination addressed by the ADCAn counter.

60

CPU DMA Controller Copyright © 2013, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links :CP3SP33


http://www.ti.com/product/cp3sp33?qgpn=cp3sp33
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCW5&partnum=CP3SP33
http://www.ti.com/product/cp3sp33?qgpn=cp3sp33

I,

TEXAS

INSTRUMENTS

CP3SP33

www.ti.com SNOSCWS5 —MAY 2013

12.5

12.6

12.7

12.8

12.9

DMA Request Timeout

Each DMA channel may assert a timeout interrupt if too much time occurs between DMA requests. A 10-
bit prescaler divides the HCLK Clock by 1024 to provide a timebase for a timeout counter, as shown in
Figure 12-1.

System 10-Bit

Clock P> Prescaler —|
) S Request Timeout Counter TC|l—P Interrupt

TOEN — Register (RQTCNTN)

A

Request Timeout
Register (RQTRN) DSs427

Figure 12-1. DMA Request Timeout Counter

Software loads a timeout interval in the RQTRn register. When a DMA request is received, the RQTCNTn
register is loaded with the contents of the RQTRn register. If the TOEN bit is set, the RQTCNTn register
decrements on every clock received from the prescaler. When the RQTCNTn register reaches its terminal
count, an interrupt is asserted.

Once the timeout interrupt is enabled and a DMA request is received, the timeout interrupt will occur
unless: the next DMA request is received before the end of the timeout interval, or the TOEN bit is
cleared.

Error Response

When an error occurs, the DMASTATN.ERR bit is set, and the DMASTATN.CHAC bit is cleared. The
current transfer cycle is completed or terminated, and the channel cannot be used again until the ERR bit
is cleared (by writing 1 to it). An error may occur because the address was invalid or an incremental
access goes out of bounds.

Freeze Mode

When the Freeze mode is entered, all DMA operations are stopped. Pending operations are stopped after
completion of the current transfer. They will start again when the Freeze mode is exited. This allows
breakpoints to be used in debug systems.

Register Programming

The DMAC only handles address-aligned transfers. The addresses loaded into ADCAn, ADRAn, ADCBn,
and ADRBNn must be multiples of the transfer cycle size. Do not write the counter registers ADCAnN,
ADCBN, or BLTCn while the channel is active (DMASTAT.CHAC = 1). When a channel is activated for
DMAC flow control, the BLTCn and BLTRn registers must hold values greater than 0.

DMA Controller Register Set

There are 16 identical sets of 10 DMA controller registers, as listed in Table 12-4.

Table 12-4. DMA Controller Registers

Name

Address Description Name Address Description

ADCAO FF 0400h Device A Address Counter Register ADRB4 FF 050Ch Device B Address Register

ADRAO FF 0404h Device A Address Register BLTC4 FF 0510h Block Length Counter Register

ADCBO FF 0408h Device B Address Counter Register BLTR4 FF 0514h Block Length Register

ADRBO FF 040Ch Device B Address Register RQTR4 FF 0518h Request Timeout Register
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Table 12-4. DMA Controller Registers (continued)

Name Address Description Name Address Description

BLTCO FF 0410h Block Length Counter Register RQTCNT4 FF 051Ch Request Timeout Counter Register
BLTRO FF 0414h Block Length Register DMACNT4 FF 0520h DMA Control Register

RQTRO FF 0418h Request Timeout Register DMASTAT4 FF 0524h DMA Status Register

RQTCNTO FF 041Ch Request Timeout Counter Register ADCA5 FF 0540h Device A Address Counter Register
DMACNTO FF 0420h DMA Control Register ADRA5 FF 0544h Device A Address Register
DMASTATO FF 0424h DMA Status Register ADCB5 FF 0548h Device B Address Counter Register
ADCA1 FF 0440h Device A Address Counter Register ADRB5 FF 054Ch Device B Address Register

ADRA1 FF 0444h Device A Address Register BLTC5 FF 0550h Block Length Counter Register
ADCB1 FF 0448h Device B Address Counter Register BLTR5 FF 0554h Block Length Register

ADRB1 FF 044Ch Device B Address Register RQTR5 FF 0558h Request Timeout Register

BLTC1 FF 0450h Block Length Counter Register RQTCNTS FF 055Ch Request Timeout Counter Register
BLTR1 FF 0454h Block Length Register DMACNT5 FF 0560h DMA Control Register

RQTR1 FF 0458h Request Timeout Register DMASTATS5 FF 0564h DMA Status Register

RQTCNT1 FF 045Ch Request Timeout Counter Register ADCA6 FF 0580h Device A Address Counter Register
DMACNT1 FF 0460h DMA Control Register ADRAG FF 0584h Device A Address Register
DMASTAT1 FF 0464h DMA Status Register ADCB6 FF 0588h Device B Address Counter Register
ADCA2 FF 0480h Device A Address Counter Register ADRB6 FF 058Ch Device B Address Register

ADRA2 FF 0484h Device A Address Register BLTC6 FF 0590h Block Length Counter Register
ADCB2 FF 0488h Device B Address Counter Register BLTR6 FF 0594h Block Length Register

ADRB2 FF 048Ch Device B Address Register RQTR6 FF 0598h Request Timeout Register

BLTC2 FF 0490h Block Length Counter Register RQTCNT6 FF 059Ch Request Timeout Counter Register
BLTR2 FF 0494h Block Length Register DMACNT6 FF 05A0h DMA Control Register

RQTR2 FF 0498h Request Timeout Register DMASTAT6 FF 05A4h DMA Status Register

RQTCNT2 FF 049Ch Request Timeout Counter Register ADCA7 FF 05COh Device A Address Counter Register
DMACNT2 FF 04A0h DMA Control Register ADRA7 FF 05C4h Device A Address Register
DMASTAT2 FF 04A4h DMA Status Register ADCB7 FF 05C8h Device B Address Counter Register
ADCA3 FF 04C0Oh Device A Address Counter Register ADRB7 FF 05CCh Device B Address Register

ADRA3 FF 04C4h Device A Address Register BLTC7 FF 05D0Oh Block Length Counter Register
ADCB3 FF 04C8h Device B Address Counter Register BLTR7 FF 05D4h Block Length Register

ADRB3 FF 04CCh Device B Address Register RQTR7 FF 05D8h Request Timeout Register

BLTC3 FF 04D0Oh Block Length Counter Register RQTCNT7 FF 05DCh Request Timeout Counter Register
BLTR3 FF 04D4h Block Length Register DMACNT7 FF O5EOh DMA Control Register

RQTR3 FF 04D8h Request Timeout Register DMASTAT7 FF O5E4h DMA Status Register

RQTCNT3 FF 04DCh Request Timeout Counter Register ADCAS8 FF 0600h Device A Address Counter Register
DMACNT3 FF 04EOh DMA Control Register ADRAS8 FF 0604h Device A Address Register
DMASTAT3 FF 04E4h DMA Status Register ADCB8 FF 0608h Device B Address Counter Register
ADCA4 FF 0500h Device A Address Counter Register ADRB38 FF 060Ch Device B Address Register

ADRA4 FF 0504h Device A Address Register BLTC8 FF 0610h Block Length Counter Register
ADCB4 FF 0508h Device B Address Counter Register BLTR8 FF 0614h Block Length Register

RQTRS8 FF 0618h Request Timeout Register ADCB12 FF 0708h Device B Address Counter Register
RQTCNTS8 FF 061Ch Request Timeout Counter Register ADRB12 FF 070Ch Device B Address Register
DMACNT8 FF 0620h DMA Control Register BLTC12 FF 0710h Block Length Counter Register
DMASTATS8 FF 0624h DMA Status Register BLTR12 FF 0714h Block Length Register

ADCA9 FF 0640h Device A Address Counter Register RQTR12 FF 0718h Request Timeout Register

ADRA9 FF 0644h Device A Address Register RQTCNT12 FF 071Ch Request Timeout Counter Register
ADCB9 FF 0648h Device B Address Counter Register DMACNT12 FF 0720h DMA Control Register

ADRB9 FF 064Ch Device B Address Register DMASTAT12 FF 0724h DMA Status Register

BLTC9 FF 0650h Block Length Counter Register ADCA13 FF 0740h Device A Address Counter Register
BLTR9 FF 0654h Block Length Register ADRA13 FF 0744h Device A Address Register

RQTR9 FF 0658h Request Timeout Register ADCB13 FF 0748h Device B Address Counter Register
RQTCNT9 FF 065Ch Request Timeout Counter Register ADRB13 FF 074Ch Device B Address Register

62 CPU DMA Controller

Submit Documentation Feedback
Product Folder Links :CP3SP33

Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com/product/cp3sp33?qgpn=cp3sp33
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCW5&partnum=CP3SP33
http://www.ti.com/product/cp3sp33?qgpn=cp3sp33

13 TEXAS

INSTRUMENTS

www.ti.com

CP3SP33

SNOSCWS5 —MAY 2013

Table 12-4. DMA Controller Registers (continued)

Name Address Description Name Address Description

DMACNT9 FF 0660h DMA Control Register BLTC13 FF 0750h Block Length Counter Register
DMASTAT9 FF 0664h DMA Status Register BLTR13 FF 0754h Block Length Register

ADCA10 FF 0680h Device A Address Counter Register RQTR13 FF 0758h Request Timeout Register
ADRA10 FF 0684h Device A Address Register RQTCNT13 FF 075Ch Request Timeout Counter Register
ADCB10 FF 0688h Device B Address Counter Register DMACNT13 FF 0760h DMA Control Register

ADRB10 FF 068Ch Device B Address Register DMASTAT13 FF 0764h DMA Status Register

BLTC10 FF 0690h Block Length Counter Register ADCA14 FF 0780h Device A Address Counter Register
BLTR10 FF 0694h Block Length Register ADRA14 FF 0784h Device A Address Register
RQTR10 FF 0698h Request Timeout Register ADCB14 FF 0788h Device B Address Counter Register
RQTCNT10 FF 069Ch Request Timeout Counter Register ADRB14 FF 078Ch Device B Address Register
DMACNT10 FF 06A0h DMA Control Register BLTC14 FF 0790h Block Length Counter Register
DMASTAT10 FF 06A4h DMA Status Register BLTR14 FF 0794h Block Length Register

ADCA11l FF 06COh Device A Address Counter Register RQTR14 FF 0798h Request Timeout Register
ADRA11 FF 06C4h Device A Address Register RQTCNT14 FF 079Ch Request Timeout Counter Register
ADCB11 FF 06C8h Device B Address Counter Register DMACNT14 FF 07AOh DMA Control Register

ADRB11 FF 06CCh Device B Address Register DMASTAT14 FF 07A4h DMA Status Register

BLTC11 FF 06DOh Block Length Counter Register ADRA15 FF 07C4h Device A Address Register
BLTR11 FF 06D4h Block Length Register ADCB15 FF 07C8h Device B Address Counter Register
RQTR11 FF 06D8h Request Timeout Register ADRB15 FF 07CCh Device B Address Register
RQTCNT11 FF 06DCh Request Timeout Counter Register BLTC15 FF 07DOh Block Length Counter Register
DMACNT11 FF 06EOh DMA Control Register BLTR15 FF 07D4h Block Length Register
DMASTAT11 FF 06E4h DMA Status Register RQTR15 FF 07D8h Request Timeout Register
ADCA12 FF 0700h Device A Address Counter Register RQTCNT15 FF 07DCh Request Timeout Counter Register
ADRA12 FF 0704h Device A Address Register DMACNT15 FF O7EOh DMA Control Register

ADCA15 FF 07COh Device A Address Counter Register DMASTAT15 FF O7E4h DMA Status Register

12.9.1 Device A Address Counter Register n (ADCAnN)

The Device A Address Counter register is a 32-bit, read/ write register. It holds the current address of
either the source data item or the destination location, depending on the state of the DIR bit in the
DMACNTN register. The ADA bit of DMACNTN register controls whether to adjust the pointer in the
ADCAnN register by the step size specified in the INCA field of DMACNTN register.

12.9.2 Device A Address Register n (ADRAN)

31

0

‘ Device A Address Counter

The Device A Address register is a 32-bit, read/write register. It holds the starting address of either the
next source data block, or the next destination data area, according to the DIR bit in the DMACNTnN
register.

31

’ Device A Address

12.9.3 Device B Address Counter Register n (ADCBn)

The Device B Address Counter register is a 32-bit, read/ write register. It holds the address of either the
source data item, or the destination location, according to the DIR bit in the DMACNTN register. The
ADCBRN register is updated after each transfer cycle by INCB field of the DMACNTNnN register according to
ADB bit of the DMACNTN register.
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31 0
‘ Device B Address Counter

12.9.4 Device B Address Register n (ADRBn)

The Device B Address register is a 32-bit, read/write register. It holds the starting address of either the
next source data block or the next destination data area, according to the DIR bit in the DMACNTn
register.

31 0
‘ Device B Address

12.9.5 Block Length Counter Register n (BLTCn)

The Block Length Counter register is a 32-bit, read/write register. It holds the current number of DMA
transfers to be executed in the current block. 0000 0000h is interpreted as 232-1 transfer cycles. BLTCn is
decremented by one after each transfer cycle. A DMA transfer may consist of 1, 2, or 4 bytes, as selected
by the TCS and WMODE bits in the DMACNTN register.

32 0
’ Block Length Counter

12.9.6 Block Length Register n (BLTRn)

The Block Length register is a 32-bit, read/write register. It holds the number of DMA transfers to be
performed for the next block. 0000 0000h is interpreted as 232-1 transfer cycles. Writing this register
automatically sets the DMASTAT.VLD bit.

15 0
‘ Block Length ‘

12.9.7 Request Timeout Register n (RQTRnN)

The Request Timeout register is a 32-bit, read/write register. It holds the timeout time. After reset, the
RQTRnN registers are clear.

31 15 8 0
‘ Reserved ‘ Timeout

12.9.8 Request Timeout Counter Register n (RQTCNTN)

The Request Timeout Count register is a 32-bit, read-only register. It holds the current timeout count. A
RQTCNTN register is loaded from its corresponding RQTRnN register when its DMA request is asserted.
The RQTCNTN register is decremented if the DMACNT.TOEN bit is set. After reset, the RQTCNTn
registers are clear.

31 15 8 0
’ Reserved ‘ Timeout Counter ‘

12.9.9 DMA Control Register n (DMACNTN)

The DMA Control register is a 32-bit, read/write register that controls the operation of DMA channel n. This
register is initialized to 000C 0000h at reset. Reserved bits must be written with 0.
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7 6 5 4 3 2 1 0
| Reserved | oT DIR | TCS \ DTO EOVR | ETC | CcHEN |
15 14 13 12 11 10 9 8
| wMmOoDE | INCB | ADB \ INCA \ ADA | SwRQ |
7 6 5 4 3 2 1 0
| Reserved | oT DIR | TCS \ DTO EOVR | ETC | CcHEN |
31 12 11 0
‘ Reserved ‘ SRCRQ ‘
CHEN The Channel Enable bit must be set to enable any DMA operation on this channel. Writing a

1 to this bit starts a new DMA transfer even if it is currently a 1. If all DMACNTn.CHEN bits
are clear, the DMA clock is disabled to reduce power.

0 — Channel disabled.

1 — Channel enabled.

ETC If the Enable Interrupt on Terminal Count bit is set, it enables an interrupt when the
DMASTAT.TC bit is set.
0 — Interrupt disabled.
1 — Interrupt enabled

EOVR If the Enable Interrupt on OVR bit is set, it enables an interrupt when the DMASTAT.OVR bit
is set.
0 — Interrupt disabled.
1 — Interrupt enabled.

ETO If the Enable Interrupt on Timeout bit is set, it enables an interrupt when the DMASTAT.TO
bit is set.
0 — Interrupt disabled.
1 — Interrupt enabled.

TCS The Transfer Cycle Size bit specifies the number of bytes transferred in each DMA transfer
cycle. This bit will be overridden if the WMODE bit is set.
0 — Byte transfers (8 bhits per cycle).
1 — Word transfers (16 bits per cycle).

DIR The Transfer Direction bit specifies the direction of the transfer relative to Device A.
0 — Device A (addressed by the ADCAnN register) is the source.
1 — Device A is the destination

oT The Operation Type bit specifies the operation mode of the DMA controller.
0 — Single-buffer mode or double-buffer mode enabled.
1 — Auto-Initialize mode enabled.

SWRQ The Software DMA Request bit is written with a 1 to initiate a software DMA request. Writing
a 0 to this bit deactivates the software DMA request. The SWRQ bit must only be written
when the peripheral DMA requests for the channel are disabled and the channel is inactive
(DMASTAT.CHAC = 0).

0 — Software DMA request is inactive.
1 — Software DMA request is active.

ADA If the Device A Address Control bit is set, it enables updating the Device A address.
0 — ADCAnN address unchanged.
1 — ADCAnN address incremented or decremented, as controlled by the INCA field and
WMODE and TCS bits.

INCA The Increment/Decrement ADCAnN field together with the WMODE and TCS bits control the
step size for the Device A address increment/decrement.
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If the Device B Address Control bit is set, it enables updating the Device B Address.
0 — ADCBnN address unchanged.

1 — ADCBn address incremented or decremented, as controlled by the INCB field and
WMODE and TCS bits.

INCB The Increment/Decrement ADCBn field specifies the step size for the Device B address
increment/decrement.

INCB WMODE TCS Step Size
0 0 0 1
1 0 0 2
10 0 0 1
11 0 0 2
0 0 1 2

0 1 4
10 0 1 2
11 0 1 4
0X 1 X 4
1X 1 X 4

WMODE The 32-bit Word Mode bit controls whether the transfer cycle size is 32 bits. If set, it
overrides the TCS bit.

0 — Transfer cycle size selected by the TCS bit.
1 — Transfer cycle size is 32 bits.

BBE The Burst Buffer Enable bit controls whether Single transfer type or data collection/burst
transfer type is used. Only channels 0 and 1 have burst buffers. For the other channels, the
BBE bit is reserved.

0 — Single transfer type.
1 — Data collection or burst transfer type.

PF The Peripheral Flow bit controls whether the DMAC or the peripheral is the flow controller.
0 — The DMAC is the flow controller. The DMA transfer is terminated when the BLTCn
register counts down to zero.

1 — The peripheral is the flow controller.

HPROT  The HPROT field must be 0011b (default value).

TOEN The Enable Timeout bit controls whether DMA request timeout monitoring is enabled.
0 — Timeout disabled.

1 — Timeout enabled.

SRCRQ The Source Request field specifies a peripheral register used as the source or destination for
a DMA transfer.

66 CPU DMA Controller Copyright © 2013, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links :CP3SP33


http://www.ti.com/product/cp3sp33?qgpn=cp3sp33
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCW5&partnum=CP3SP33
http://www.ti.com/product/cp3sp33?qgpn=cp3sp33

i3 TEXAS
INSTRUMENTS

CP3SP33

www.ti.com SNOSCWS5 —MAY 2013

12.9.10 DMA Status Register n (DMASTATN)

The DMA status register is a 32-bit register that holds the status information for the DMA channel. This
register is cleared at reset. The reserved bits always return zero when read. The ERR, VLD, OVR, and TC
bits are sticky (once set by the occurrence of the specific condition, they remain set until explicitly cleared
by software). These bits can be cleared by writing 1 to their bit positions in the DMASTAT register to be
cleared. Writing O to these bits has no effect.

31 16 15 14 13 12 8 7 6 5 4 3 2 1 0
| Reserved | Reserved | \ BLV | Reserved | BNE | ERR | vib | cHAC | owR | TC |
TC The Terminal Count bit indicates whether the transfer was completed by a terminal count

condition (BLTCn Register reached 0 and the PF bit was clear).
0 — Terminal count condition did not occur.
1 — Terminal count condition occurred.

OVR The behavior of the Channel Overrun bit depends on the operation mode (single buffer,
double buffer, or auto-initialize) of the DMA channel.

In double-buffered mode (DMACNTN.OT = 0): The OVR bit is set when the present transfer
is completed (BLTCn = 0), but the parameters for the next transfer (address and block
length) are not valid (DMASTATN.VLD = 0).

In auto-initialize mode (DMACNTN.OT = 1): The OVR bit is set when the present transfer is
completed (BLTCn = 0), and the DMASTATN.TC bit is still set.

In single-buffer mode: Operates in the same way as double-buffer mode. In single-buffered
mode, the DMASTATN.VLD bit should always be clear, so it will also be set when the
DMASTATN.TC bit is set. Therefore, the OVR bit can be ignored in this mode.

CHAC The Channel Active bit continuously indicates the active or inactive status of the channel, and
therefore, it is read-only. Data written to the CHAC bit is ignored.
0 — Channel inactive.
1 — Indicates that the channel is active (CHEN bit in the CNTLn register is 1 and BLTCn > 0)

VLD The Transfer Parameters Valid bit indicates whether the transfer parameters for the next
block to be transferred are valid. Writing the BLTRn register automatically sets this bit. The
bit is cleared in the following cases:

e The present transfer is completed and the ADRAn, ADRBnN, and BLTRn registers have
been loaded to the ADCAn, ADCBn, and BLTCn registers.

e Writing 1 to the VLD bit.

ERR The Error bit indicates whether an error response has been detected during the last transfer.
This may occur because the address was invalid or an incremental access goes out of
bounds.

0 — Error condition did not occur.
1 — Error condition occurred.

BNE The Buffer Not Empty bit indicates whether there is valid data in the burst buffer.
0 — Burst buffer is empty.
1 — Burst buffer holds valid data.

BLV The Burst Buffer Level field indicates the number of valid bytes in the burst buffer.

TO The Timeout bit indicates that a timeout event occurred (RQTCNTnN reached its terminal
count). This bit is cleared every time the DMA request for this channel is asserted.
0 — No timeout occurred since this bit was last cleared.
1 — A timeout occurred.
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13 Interrupts

13.1

The Interrupt Control Unit (ICU) receives interrupt requests from internal and external sources and
generates interrupts to the CPU. The highest-priority interrupt is the NonMaskable Interrupt (NMI), which is
triggered by a falling edge received on the NMI input pin.

The maskable interrupts (IRQn) have a fixed, linear priority from IRQO through IRQ70, in which IRQO has
the lowest priority and IRQ70 has the highest priority. IRQO is not implemented, so IRQ1 is the lowest
priority maskable interrupt that may occur in normal operation.

Non-Maskable Interrupts

The Interrupt Control Unit (ICU) receives the external NMI input and generates the NMI signal driven to
the CPU. The NMI input is an asynchronous input with Schmitt trigger characteristics and an internal
synchronization circuit, therefore no external synchronizing circuit is needed. The NMI pin triggers an
exception on its falling edge.

13.1.1 Non-Maskable Interrupt Processing

13.2

At reset, NMI interrupts are disabled and must remain disabled until software initializes the interrupt table,
interrupt base register (INTBASE), and the interrupt mode. The external NMI interrupt is enabled by
setting the EXNMI.ENLCK bit and will remain enabled until a reset occurs. Alternatively, the external NMI
interrupt can be enabled by setting the EXNMI.EN bit and will remain enabled until an NMI interrupt or a
reset occurs.

Maskable Interrupts

The IRQn interrupt channels are level-sensitive. Any edge sensitivity must be implemented at the interrupt
source. The IRQ interrupts are enabled and disabled by the E and | bits in the PSR register. Both bits
must be set to enable maskable interrupts. The El and DI instructions are used to set (enable) and clear
(disable) the E bit.

Each interrupt source can be individually enabled or disabled under software control through the IENR
register and also through interrupt enable bits in the peripherals that request the interrupts.

13.2.1 Maskable Interrupt Processing

The IVECT register holds the interrupt vector number of the enabled and pending interrupt with the
highest priority, mapped to the range 10h to 56h. IRQO is mapped to 10h, while IRQ70 is mapped to 56h.
The CPU performs an interrupt acknowledge bus cycle on receiving a maskable interrupt request from the
ICU. During the interrupt acknowledge cycle, a byte is read from address FF FEOOh (the IVECT register).
The byte is used as an index into the Dispatch Table to determine the address of the interrupt handler.

Because IRQO is not connected to any interrupt source, the interrupt vector number 10h should not be
generated. However, an entry should be provided for this vector in the dispatch table that points to a
default interrupt handler. One possible condition in which this vector number may occur is deassertion of
an interrupt at its source before the interrupt controller generates an interrupt acknowledge cycle.

13.2.2 Maskable Interrupt Sources

Table 13-1 shows the interrupt sources assigned to the maskable interrupts.

Table 13-1. Maskable Interrupts Assignment

IRQn DESCRIPTION ASC CHANNEL
IRQ70 RTI (Timer 0)
IRQ69 Real-Time Clock
IRQ68 Bluetooth LLC 0
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Table 13-1. Maskable Interrupts Assignment (continued)

IRQN DESCRIPTION ASC CHANNEL
IRQ67 Bluetooth LLC 1

IRQ66 Bluetooth LLC 2

IRQ65 Bluetooth LLC 3

IRQ64 Bluetooth LLC 4

IRQ63 Bluetooth LLC 5

IRQ62 Reserved

IRQ61 USB Interrupt

IRQ60 Teak DSP

IRQ59 DMA Channel 0

IRQ58 DMA Channel 1

IRQ57 DMA Channel 2

IRQ56 DMA Channel 3

IRQ55 DMA Channel 4

IRQ54 DMA Channel 5

IRQ53 DMA Channel 6

IRQ52 DMA Channel 7

IRQ51 DMA Channel 8

IRQ50 DMA Channel 9

IRQ49 DMA Channel 10

IRQ48 DMA Channel 11

IRQ47 DMA Channel 12

IRQ46 DMA Channel 13

IRQ45 DMA Channel 14

IRQ44 DMA Channel 15

IRQ43 Reserved

IRQ42 Reserved

IRQ41 CANO

IRQ40 USARTO Rx

IRQ39 USARTO Tx

IRQ38 USARTO CTS

IRQ37 TAO (MFTO Port A)

IRQ36 TBO (MFTO Port B)

IRQ35 TA1 (MFT1 Port A) 10
IRQ34 TB1 (MFT1 Port B) 9
IRQ33 VTUOA (VTU Interrupt Request 1)

IRQ32 VTUOB (VTU Interrupt Request 2)

IRQ31 VTUOC (VTU Interrupt Request 3)

IRQ30 VTUOD (VTU Interrupt Request 4)

IRQ29 Microwire/SPI 0 Rx/Tx

IRQ28 Codec 8
IRQ27 Advanced Audio Interface 7
IRQ26 12S Interface 6
IRQ25 CVSD/PCM Converter 0 5
IRQ24 CVSD/PCM Converter 1 4
IRQ23 ACCESS.bus 0

IRQ22 VTU1A (VTU Interrupt Request 1)

IRQ21 VTU1B (VTU Interrupt Request 2)
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13.3

Table 13-1. Maskable Interrupts Assignment (continued)

IRQn DESCRIPTION ASC CHANNEL
IRQ20 VTULC (VTU Interrupt Request 3)

IRQ19 VTU1D (VTU Interrupt Request 4)

IRQ18 CAN1

IRQ17 UART1 Rx

IRQ16 UART1 Tx

IRQ15 UART2 Rx

IRQ14 UART2 Tx

IRQ13 UART3 Rx 3
IRQ12 UART3 Tx 2
IRQ11 ACCESS.bus 1 1
IRQ10 Microwire/SPI 1 Rx/Tx 0
IRQ9 ADC (Done)

IRQ8 MIWU Interrupt O

IRQ7 MIWU Interrupt 1

IRQ6 MIWU Interrupt 2

IRQ5 MIWU Interrupt 3

IRQ4 MIWU Interrupt 4

IRQ3 MIWU Interrupt 5

IRQ2 MIWU Interrupt 6

IRQ1 MIWU Interrupt 7

IRQO Reserved

All reserved interrupt vectors must point to default or error interrupt handlers.

Interrupt Priority Groups

When more than one interrupt is asserted, two levels of priority are used to determine which interrupt is

taken:

e Group Priority—each interrupt belongs to one of four priority groups numbered from 0 to 3, in which
lower group numbers have higher priority.

e Channel Priority—each channel has a unique channel number, in which higher channel numbers have

higher priority.

Group priority always takes precedence over channel priority. Channel priority is only used to resolve
priority among interrupts in the same group.

Any interrupt may belong to any group, as programmed in the INTGPAR and INTGPBR registers. The
corresponding bits in each register assign the interrupt channel to one of the groups, as shown in

Table 13-2.

Table 13-2. Interrupt Priority Group Assignment

Priority Group for IRQn INTGPBRnN INTGPARN

Group 0 (highest priority) 0 0
Group 1 0 1
Group 2 1 0

Group3 (lowest priority) 1 1
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13.4

13.5

13.6

For example, if INTGPARG:1 is loaded with 011101b and INTGPBR®6:1 is loaded with 010001b, the priority
groups for these interrupts are assigned as shown in Figure 13-1.

Increasing Channel Priority

-
>
EA Group 0 TRQ6 IRQD
a
2 Group 1 < IRQ4 IRQ3 >
o
a
(]
5
c

Group 3 QQ5 IRQ1
6

INTGPAR 0 1 1 1 0 1
INTGPBR 0 1 0 0 0 1
DS430

Figure 13-1. Interruupt Priority Groups

If the six IRQ1 through IRQ6 interrupts are asserted, then IRQ6 is taken because this interrupt belongs to
the highest priority group (lowest group number), and it has the highest channel number within that group.

If only IRQ1 and IRQ5 are asserted, then IRQ5 is taken because this is the highest priority interrupt in
group 3 and there are no asserted interrupts in other groups.

Nested Interrupts

Nested NMI interrupts are permanently enabled when the ENLCK bit in the EXNMI register is used to
enable NMI interrupts. When nesting is not desired, the EN bit may be set to enable one occurrence of the
NMI interrupt, after which NMI interrupts are disabled until the EN bit is set again.

Nested maskable interrupts are disabled by default, because the | bit in the PSR is automatically cleared
when the interrupt is acknowledged. An interrupt handler can allow nested maskable interrupts by setting
the | bit using the LPR instruction.

Nesting of specific maskable interrupts can be selectively enabled or disabled using the IENR register,
before setting the | bit. Any number of levels of nested interrupts are allowed, limited only by the available
memory for the interrupt stack.

Software Interrupts

Setting a bit in the SOFTR register requests the corresponding maskable interrupt. The request stays
active until the bit is cleared by software or a device reset. Software interrupt requests are maskable in the
IENR registers, and active interrupts (from either hardware or software sources) are indicated in the ISTR
register.

Interrupt Controller Registers

Table 13-3 lists the interrupt controller registers.
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13.6.1

31

Table 13-3. Interrupt Controller Registers

NAME ADDRESS DESCRIPTION
IVECT FF FEOOh | Interrupt Vector Register
NMISTAT FF FEO4h | Non-Maskable Interrupt Status Register
EXNMI FF FEO8h | External NMI Trap Control and Status Register
ISTRO FF FE10h | Interrupt Status Register 0
ISTR1 FF FE14h | Interrupt Status Register 1
ISTR2 FF FE18h | Interrupt Status Register 2
IENRO FF FE20h | Interrupt Enable and Mask Register 0
IENR1 FF FE24h | Interrupt Enable and Mask Register 1
IENR2 FF FE28h | Interrupt Enable and Mask Register 2
SOFTRO FF FE40h | Software Interrupt Register 0
SOFTR1 FF FE44h | Software Interrupt Register 1
SOFTR2 FF FE48h | Software Interrupt Register 2
INTGPARO FF FE50h | Interrupt Priority Group A Register 0
INTGPAR1 FF FE58h | Interrupt Priority Group A Register 1
INTGPAR2 FF FE60h | Interrupt Priority Group A Register 2
INTGPBRO FF FE54h | Interrupt Priority Group B Register 0
INTGPBR1 FF FE5Ch | Interrupt Priority Group B Register 1
INTGPBR2 FF FE64h | Interrupt Priority Group B Register 2
IDBG FF FEFCh | Interrupt Debug Register

Interrupt Vector Register (IVCT)

The IVCT register is a 32-bit, read-only register which reports the encoded value of the highest priority
maskable interrupt that is both asserted and enabled. The register is read by the CPU during an interrupt
acknowledge bus cycle, and INTVECT is valid during that time. It may contain invalid data while INTVECT
is updated. The register is initialized to 0000 0010h at reset.

8 7

Reserved

INTVECT |

INTVECT The Interrupt Vector field indicates the highest priority interrupt which is both asserted and
enabled. The valid range is from 10h to 56h.

13.6.2 Non-Maskable Interrupt Status Register (NMISTAT)

The NMISTAT register is a 32-bit, read-only register. It holds the status of the current pending Non-
Maskable Interrupt (NMI) requests. On the CP3SP33, the external NMI input is the only source of NMI
interrupts. The NMISTAT register is cleared on reset and each time its contents are read.

31

1

0

Reserved ‘

EXT |

EXT

The External NMI request bit indicates whether an external non-maskable interrupt request has

occurred. Refer to the description of the EXNMI register below for additional details.
0 — No external NMI request.
1 — External NMI request has occurred.

13.6.3 External NMI Trap Control and Status Register (EXNMI)

The EXNMI register is a 32-bit, read/write register. It indicates the current value of the NMI pin and
controls the NMI interrupt trap generation based on a falling edge of the NMI pin. ENCLK, PIN, and EN
are cleared on reset. When writing to this register, all reserved bits must be written with O for the device to

function properly
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31 3 2 1 0
\ Reserved \ ENLCK \ PIN \ EN |
EN The EXNMI trap enable bit is one of two bits that can be used to enable NMI interrupts. The bit

is cleared by hardware at reset and whenever the NMI interrupt occurs (EXNMI.LEXT set). It is
intended for applications where the NMI input toggles frequently but nested NMI traps are not
desired. For these applications, the EN bit needs to be re-enabled before exiting the trap
handler. When used this way, the ENLCK bit should never be set. The EN bit can be set and
cleared by software (software can set this bit only if EXNMI.EXT is cleared), and should only be
set after the interrupt base register and the interrupt stack pointer have been set up.

0 — NMl interrupts not enabled by this bit (but may be enabled by the ENLCK bit).

1 — NMl interrupts enabled.

PIN The PIN bit indicates the state (non-inverted) on the NMI input pin. This bit is read-only, data
written into it is ignored.
0 — NMI pin not asserted.
1 — NMI pin asserted.

ENLCK The EXNMI trap enable lock bit is used to permanently enable NMI interrupts. Only a device
reset can clear the ENLCK bit. This allows the external NMI feature to be enabled after the
interrupt base register and the interrupt stack pointer have been set up. When the ENLCK bit is
set, the EN bit is ignored.

0 — NMl interrupts not enabled by this bit (but may be enabled by the EN bit).
1 — NMl interrupts enabled.

13.6.4 Interrupt Enable and Mask Register 0 (IENRO)

The IENRO register is a 32-bit, read/write register which holds bits that individually enable and disable the
maskable interrupt sources IRQ1 to IRQ31. The register is initialized to 0000 0000h at reset.

31 1 0
‘ IENO ‘ Reserved ‘

IENO  Each Interrupt Enable bit enables or disables the corresponding interrupt channels IRQ1 through
IRQ31. Because IRQO is not used, bit O is ignored.
0 — Interrupt is disabled.
1 — Interrupt is enabled.

13.6.5 Interrupt Enable and Mask Register 1 (IENR1)

The IENRL1 register is a 32-bit, read/write register which holds bits that individually enable and disable the
maskable interrupt sources IRQ63 to IRQ32. The register is initialized to 0000 0000h at reset.

31 0
] IEN1 \

IEN1 Each Interrupt Enable bit enables or disables the corresponding interrupt channels IRQ32
through IRQ63.
0 — Interrupt is disabled.
1 — Interrupt is enabled.

13.6.6 Interrupt Enable and Mask Register 2 (IENR2)

The IENR2 register is a 32-bit, read/write register which holds bits that individually enable and disable the
maskable interrupt sources IRQ70 to IRQ64. Only bits 6:0 of this register are used. The register is
initialized to 0000 0000 at reset.
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31 0

IEN2

IEN2  Each Interrupt Enable bit enables or disables the corresponding interrupt channels IRQ64
through IRQ70.
0 — Interrupt is disabled.
1 — Interrupt is enabled.

13.6.7 Interrupt Status Register 0 (ISTRO)

The ISTRO register is a 32-bit, read-only register. It indicates which maskable interrupt inputs IRQ31 to
IRQ1 are active. These bits are not affected by the state of the corresponding IENRO bits. Because the
IRQO interrupt is not used, bit 0 always reads as 0.

31 1 0
‘ ISTO ‘ Reserved
ISTO  The Interrupt Status bits indicate if a maskable interrupt source is signAling an interrupt request.

0 — Interrupt is not active.
1 — Interrupt is active.

13.6.8 Interrupt Status Register 1 (ISTR1)

The ISTR1 register is a 32-hit, read-only register. It indicates which maskable interrupt inputs IRQ63 to
IRQ31 are active. These bits are not affected by the state of the corresponding IENRL1 bits.

31 0
] IST1 \
IST1 The Interrupt Status bits indicate if a maskable interrupt source is signaling an interrupt request.

0 — Interrupt is not active.
1 — Interrupt is active.

13.6.9 Interrupt Status Register 2 (ISTR2)

The ISTR2 register is a 32-bit, read-only register. It indicates which maskable interrupt inputs IRQ70 to
IRQ64 are active. These bits are not affected by the state of the corresponding IENR2 bits. Only bits 6:0
of this register are used.

31 0
\ IST2

IST2 The Interrupt Status bits indicate if a maskable interrupt source is signaling an interrupt
request.
0 — Interrupt is not active.
1 — Interrupt is active.

13.6.10 Software Interrupt Register 0 (SOFTRO)

The SOFTRO register is a 32-bit, read/write register. Setting a bit in this register activates the
corresponding maskable interrupt IRQ31 to IRQ1. Bit 0 of this register is reserved. The register is
initialized to 0000 0000h at reset.

31 1 0
SOFTO ‘ Reserved ‘
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SOFTO The Software Interrupt bits activate the corresponding maskable interrupt when written with 1.
0 — Interrupt is not active.
1 — Interrupt is active.

13.6.11 Software Interrupt Register 1 (SOFTR1)

The SOFTR1 register is a 32-bit, read/write register. Setting a bit in this register activates the
corresponding maskable interrupt IRQ63 to IRQ31. The register is initialized to 0000 0000h at reset.

31 0
\ SOFT1 |
SOFT1 The Software Interrupt bits activate the corresponding maskable interrupt when written with 1.

0 — Interrupt is not active.
1 — Interrupt is active.

13.6.12 Software Interrupt Register 2 (SOFTR2)

The SOFTR2 register is a 32-bit, read/write register. Setting a bit in this register activates the
corresponding maskable interrupt IRQ70 to IRQ64. Only bits 6:0 of this register are used. The register is
initialized to 0000 0000 at reset.

31 0
! SOFT?2 \
SOFT2 The Software Interrupt bits activate the corresponding maskable interrupt when written with 1.

0 — Interrupt is not active.
1 — Interrupt is active.

13.6.13 Interrupt Priority Group A Register 0 (INTGPARDO)

The INTGPARQO register is a 32-bit, read/write register. Bits in this register specify the least significant bit
for selecting the priority group of the corresponding interrupt IRQ31 to IRQ1. Bit O of this register is
reserved. The register is initialized to 0000 0000h at reset.

31 1 0
‘ INTGPAO ‘ Reserved ‘

INTGPAO The Interrupt Priority Group A bits specify the least significant bit for selecting one of four
interrupt priority groups.
0 — Interrupt belongs to group 0 or 2.
1 — Interrupt belongs to group 1 or 3.

13.6.14 Interrupt Priority Group A Register 1 (INTGPAR1)

The INTGPARL register is a 32-bit, read/write register. Bits in this register specify the least significant bit
for selecting the priority group of the corresponding interrupt IRQ63 to IRQ31. The register is initialized to
0000 0000h at reset.

31 0
\ INTGPAL
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INTGPAL1 The Interrupt Priority Group A bits specify the least significant bit for selecting one of four
interrupt priority groups.
0 — Interrupt belongs to group 0 or 2.
1 — Interrupt belongs to group 1 or 3.

13.6.15 Interrupt Priority Group A Register 2 (INTGPAR2)

The INTGPAR2 register is a 32-bit, read/write register. Bits in this register specify the least significant bit
for selecting the priority group of the corresponding interrupt IRQ70 to IRQ64. Only bits 6:0 of this register
are used. The register is initialized to 0000 0000h at reset.

31 0
\ INTGPA2 |

INTGPA2 The Interrupt Priority Group A bits specify the least significant bit for selecting one of four
interrupt priority groups.
0 — Interrupt belongs to group 0 or 2.
1 — Interrupt belongs to group 1 or 3.

13.6.16 Interrupt Priority Group B Register 0 (INTGPBRO)

The INTGPBRO register is a 32-bit, read/write register. Bits in this register specify the most significant bit
for selecting the priority group of the corresponding interrupt IRQ31 to IRQ1. Bit O of this register is
reserved. The register is initialized to 0000 0000h at reset.

31 1 0
] INTGPBO \ Reserved \

INTGPBO The Interrupt Priority Group B bits specify the most significant bit for selecting one of four
interrupt priority groups.
0 — Interrupt belongs to group 0 or 1.
1 — Interrupt belongs to group 2 or 3.

13.6.17 Interrupt Priority Group B Register 1 (INTGPBR1)

The INTGPBRL1 register is a 32-bit, read/write register. Bits in this register specify the most significant bit
for selecting the priority group of the corresponding interrupt IRQ63 to IRQ31. The register is initialized to
0000 0000h at reset.

15 1
\ INTGPB1

INTGPB1 The Interrupt Priority Group B bits specify the most significant bit for selecting one of four
interrupt priority groups.
0 — Interrupt belongs to group 0 or 1.
1 — Interrupt belongs to group 2 or 3.

13.6.18 Interrupt Priority Group B Register 2 (INTGPBR2)

The INTGPBR2 register is a 32-bit, read/write register. Bits in this register specify the most significant bit
for selecting the priority group of the corresponding interrupt IRQ70 to IRQ64. Only bits 6:0 of this register
are used. The register is initialized to 0000 0000h at reset.

31 0
INTGPB2 |
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INTGPB2 The Interrupt Priority Group B bits specify the most significant bit for selecting one of four
interrupt priority groups.
0 — Interrupt belongs to group 0 or 1.
1 — Interrupt belongs to group 2 or 3.

13.6.19 Interrupt Debug Register (IDBG)

The IDBG register is a 32-bit, read-only register. Fields in this register indicate the interrupt number of the
highest priority currently asserted interrupt and the interrupt number returned to the CPU during the last
interrupt acknowledge cycle. (These may differ if a higher-priority interrupt is asserted after the interrupt
acknowledge cycle.) The register is initialized to 0000 0000h at reset.

31 16 15 8 7 0
\ Reserved | IRQVECT | INTVECT |
INTVECT The INTVECT field indicates the interrupt vector number of the highest priority currently
asserted interrupt.
IRQVECT The IRQVECT field indicates the interrupt vector number returned to the CPU during the last
interrupt acknowledge cycle.
13.7 Usage Notes

The recommended initialization sequence is:

Initialize the INTBASE register of the CPU.

Prepare the interrupt routines of the relevant interrupts.

Set up the interrupt conditions in the peripherals.

Set the relevant bits in the interrupt enable/mask registers (IENRn).
Set the | bit in the PSR.

a s wbdE

Clearing an interrupt request before it is serviced can cause a spurious interrupt, (i.e., the CPU detects an
interrupt not reflected by IVECT). Software must clear interrupt requests only after interrupts are disabled.

Clearing any of the interrupt enable bits should be performed while the | bit in the PSR register is clear.

14 Clock Generation

The clock circuitry includes oscillators for generating a 12MHz Main Clock and an optional 32.768-kHz
Slow Clock from external crystal networks. Alternatively, either clock may be replaced by an external clock
source.

Two identical PLLs are available to provide higher clock frequencies (up to 96 MHz) using Main Clock as
a reference frequency. The PLLs also may be used to synchronize with an external clock driven on the
I2S interface (12SCLK).

Most of the functional blocks of the device operate from one of the global clocks generated by this
module:

* Main Clock—12-MHz clock generated by an on-chip oscillator or received from an external clock
source.

* PLL1 Clock—clock synthesized by PLL1 from Main Clock or the external 12SCLK clock input.

* PLL2 Clock—clock synthesized by PLL2 from Main Clock or the external 12SCLK clock input.

» HCLK Clock—clock used by the CPU and devices on the CPU core AHB bus. HCLK Clock is

generated by a prescaler from Main Clock, PLL1 Clock, or PLL2 Clock. Available prescale factors are
1 to 2048 in increments of 1/2 clock period. In Power Save mode, HCLK Clock is driven by Slow Clock.

» PCLK Clock—clock used by devices on the peripheral APB bus. PCLK Clock is generated by a
prescaler from HCLK Clock. Available prescale factors are 1, 2, and 4.
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» Slow Clock—32.768 kHz clock used in low-power modes. Slow Clock is generated by an on-chip
oscillator, received from an external clock source or generated by a prescaler from Main Clock.
Available prescale factors are 1 to 8192 in increments of 1/2 clock period.

Figure 14-1 is block diagram of the global clock generation logic.

High-Frequency
Oscillator

X1CKI
P Main Clock

X1CKO

CLKIN g—l
PLL1 ¢ P PLL1 Clock
2SCLK E L 4

PMMPLLICTL1PLLIPSEL

:D—> PLL2 P PLL2 Clock

Peripheral Bus Clock >
* 2-Bit Prescaler PCLK Clock

!

PMMPLL2CTL1PLLIPSEL

E | I System Clock
- 12-Bit Prescaler

Low-Frequency
Oscillator

I

PMMPRSPCDIVPCLK

HCLK Clock

PMMPRSHC HPHCLK

}

PMMCKCTLFCLKSRC

xacki [—
Power Save Mode
X2CKO Eﬂ - Slow Clock
> Slow Clock
14-Bit Prescaler
* PMMCKCTL.SCLK
DS431

PMMPRSSCHPSCLK

Figure 14-1. Global Clock Generation

14.1 Extrnal Crystal Networks
An external crystal network is connected to the X1CKI and X1CKO pins to generate the Main Clock,
unless an external clock signal is driven on the CLKIN pin. A similar external crystal network may be used
at pins X2CKI and X2CKO for the Slow Clock. If an external crystal network is not used for the Slow
Clock, the Slow Clock is generated through a prescaler from Main Clock.

The crystal network you choose may require external components different from the ones specified in this
datasheet. In this case, consult with National's engineers for the component specifications

The crystals and other oscillator components must be placed close to the X1CKI/X1CKO and
X2CKI/X2CKO device input pins to keep the trace lengths to an absolute minimum.
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Figure 14-2 shows the external crystal network for the X1CKI and X1CKO pins. The crystal must be an
AT-cut type. Figure 14-3 shows the external crystal network for the X2CKI and X2CKO pins. The crystal
may be an N-cut or XY-bar type. Table 14-1 shows the component specifications for the 12-MHz crystal
network, and Table 14-2 shows the component specifications for the 32.768 kHz crystal network.

\ 4 X1CKI

12 MHz
Crystal

c1_ o—x— X1CKO

c2

-l— ® 87 GND

Figure 14-2. 12 MHz Oscillator Crystal Network

DS189

Table 14-1. 12 MHz Oscillator Component Values

SYMBOL COMPONENT | PARAMETER MIN TYP MAX

f Crystal Resonant Frequency 12 MHz

Rm Crystal Motional Resistance (ESR) 50 Q
(60] Crystal Case Capacitance 7 pF
C1, C2 Capacitors External Capacitance 22 pF

CL Capacitors Load Capacitance 11 pF
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Figure 14-3. 32.768 kHz Oscillator Crystal Network
Table 14-2. 32.768 kHz Oscillator Component Values
SYMBOL COMPONENT | PARAMETER MIN TYP MAX
f Crystal Resonant Frequency 32.768 kHz
Cm Crystal Motional Resistance 1.7 pF
Rm Crystal Motional Resistance (ESR) 65 kQ
Co Crystal Shunt Capacitance 1.3 pF
Q Crystal Q Factor 40000
CL Capacitors Load Capacitance 25 pF
14.2 Main Clock

Main Clock is generated by the 12-MHz high-frequency oscillator or driven by an external signal (typically
the LMX5251 or LMX5252 Bluetooth radio chip). It can be stopped by the Power Management Module to
reduce power consumption during periods of reduced activity. When the Main Clock is started or restarted,
a 14-bit timer generates a start-up delay to determine when the high-frequency oscillator is stable.

An external clock can be driven on the X1CKI input, but it must not exceed 1.8V. Alternatively, a 3.3V
external clock can be driven on the CLKIN pin, in which case the X1CKI input must be tied low. The
frequency must be a multiple of 12 MHz, up to 96 MHz. (If a frequency other than 12 MHz is chosen, the
timing of the external bus must be compatible with the external memory device used to boot up the
system.) If the Power Management Module indicates the high-frequency oscillator should be stopped, the
on-chip Main Clock signal is stopped even if it was driven by an external clock signal on CLKIN or X1CKI
that continues toggling.

14.3 Slow Clock
Slow Clock is necessary for operating the device in reduced power modes and to provide a clock source
for modules such as the Timing and Watchdog Module.
The low-frequency oscillator may be used to generate Slow Clock in a manner similar to the Main Clock. It
can be stopped by the Power Management Module to reduce power consumption during periods of
reduced activity. When the Slow Clock is started or restarted, a 6-bit timer generates a start-up delay to
determine when the low-frequency oscillator is stable.
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14.4

14.4.

For systems that do not require a reduced power consumption mode, the external crystal network may be
omitted for the low-frequency oscillator. In this case, Slow Clock is synthesized by dividing the Main Clock
by a prescaler factor. The prescaler consists of a 14-bit prescaler. This allows a choice of clock divisors
ranging from 1 to 8192 in increments of 1/2 Main Clock period. The resulting Slow Clock frequency must
not exceed 100 kHz.

A software-controlled multiplexer selects either the prescaled Main Clock or the 32.768 kHz oscillator as
the Slow Clock. At reset, the prescaled Main Clock is selected, ensuring that the Slow Clock is always
present initially. Selection of the 32.768 kHz oscillator as the Slow Clock source disables the clock
prescaler, and it may allow the high-frequency oscillator to be turned off in some low-power modes, for
minimum power consumption and radiated emissions. The high-frequency oscillator cannot be disabled
when the prescaler is selected as the source for Slow Clock.

An external clock may be driven on the X2CKI input. It must not exceed 1.8V.

PLL Clocks

The CP3SP33 has two identical PLLs for generating clocks. These are two purposes for providing PLL

clock generators:

» Higher Frequency—the PLLs can generate clock frequencies up to 96 MHz using the 12 MHz Main
Clock as a reference. Frequencies above 12 MHz are needed to run the CPU and DSP at their
maximum speed. Also, the USB peripheral requires a 60 MHz clock.

» Synchronization with External Devices—some devices (such as external codecs) require operation at a
precise frequency which is not an integer multiple of a standard CP3SP33 clock frequency. By
synchronizing a PLL with the external device, it can be interfaced directly without treating its I/O as
asynchronous signals.

After reset, the PLLs are powered down. Software can program and enable the PLLs to start them
running. Each PLL has a programmable start-up counter to indicate when the PLL has become stable. By
default, the start-up counter will indicate the PLL has become stable after 32K cycles of the PLL Clock.

To enable the PLL after reset or after PLL power down, perform the following sequence:

1. Set the divider ratios in the PMMPLLNMDIV, PMMPLLNNDIV, PMMPLLNNMOD, and PMMPLLnPDIV
registers to acceptable values for the desired output frequency. If the number of PLL cycles to allow for
stabilization should be different from the default value (32K cycles), set the PLL Startup Counter
register (PMMPLLNSTUP).

2. Power up the PLL by setting the PMMPLLNCTL1.PLLEN field to O1b.

3. Wait until the PMMPLLNCTL2.PLLCLKSTB bit has become set, which indicates the PLL is stable.

4. The PMMCKCTL.FCLKSRC field can then be loaded with 00b to select PLL1 Clock as the source for
the HCLK Clock. It can be loaded with 01b to select PLL2 Clock as the source. The switch only occurs
if the selected PLL is stable. To switch from PLL1 Clock to PLL2 Clock, Main Clock must be selected
as the clock source during an intermediate step (direct switching between the two PLL Clocks is not
allowed).

If any of the divisors (PMMPLLNMDIV, PMMPLLNNDIV, PMMPLLNNMOD, and PMMPLLNPDIV) are to
be changed, the HCLK Clock source must be switched to Main Clock (if the PLL was driving HCLK
Clock), and the PLL must be powered down (for example, by clearing the PMMPLLNCTL1.PLLEN
field). Then, the procedure above may be performed to restart the PLL after loading new values in the
registers.

1 PLL Programming

The PLLs have the structure shown in Figure 14-4. The PMMPLLNMDIV, PMMPLLNNDIV,
PMMPLLNNMOD, and PMMPLLNPDIV registers specify the M, N, and P divisors which control the
operation of the PLL. The N divisor has an integer part specified in the PMMPLLnNDIV register and a
fractional part specified in the PMMPLLNNMOD register.
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Figure 14-4. PLL Module
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The reference frequency Frgr is derived from the input frequency Fy, as described by the following
equation:
(2m)/(At)

2nnw
Ch=—" . Hp(w)cos
2 D( )

dw
W )

The voltage-controlled oscillator output frequency Fyco is derived from the input frequency Fy, as
described by the following equation:

£ _g (_NvoD
VEo TN 32 MDIV

(2
Free must be between 2 and 4 MHz. F,co must not exceed 153 MHz.

The output frequency FOyr is derived from the input frequency FIN, as described by the following
equation:

NMOD

NDIV +

Fopr =Fyx| — 32
ouT =N\ "BV < PDIV

©)

It is possible for software to load divisors that result in unstable or marginally stable PLL operation.
Therefore, only divisors recommended in Table 14-3 and Table 14-4 should be used. If any other
frequencies are desired, contact Texas Instruments.

Table 14-3. Recommended HCLK Clock Divisors

Fin ; ; ; Fout
(MH2) M Div. N Div. N Mod. P Div. (MH2)
12 4 32 0 4 24
12 6 64 0 4 32
12 4 48 0 4 36
12 4 32 0 2 48
12 3 30 0 2 60
12 6 64 0 2 64
12 4 48 0 2 72
12 4 30 0 1 90
12 3 24 0 1 96

The PLLs are designed to drive the telematics codec and other devices with audio sample rates (F) of
44.1 kHz and 48 kHz (as well as 32 kHz, 24 kHz, 22.05 kHz, etc.) and 125x or 250%x oversampling.
Therefore, the two common clock requirements are 11.025 MHz (44.1 kHz x 250) and 12.000 MHz
(48 kHz x 250). These frequencies can be obtained from any common input clock rate between 10 MHz
and 20 MHz as shown in Table 14-4.

Table 14-4. Recommended Audio Clock Divisors

Submit Documentation Feedback
Product Folder Links :CP3SP33

SOURCE (kFHSZ) (NFI;Q“Z) M Div. N Div. N Mod. P Div.
System 44.1 11 5 55 4 11
System 44.1 11.2896 4 46 2 12
System 44.1 12 5 55 3 12
System 44.1 13 5 55 4 13
System 44.1 14.4 4 30 20 10
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Table 14-4. Recommended Audio Clock Divisors (continued)

SOURCE (k'f_'sz) (,\mz) M Div. N Div. N Mod. P Div.
System 44.1 16.2 5 30 20 9
System 44.1 16.8 4 26 8 10
System 44.1 19.2 4 26 8 10
System 44.1 19.44 6 30 20 9
System 44.1 19.8 6 36 24 11
System 48 11 4 48 0 11
System 48 12 4 40 0 10
System 48 12.288 6 46 28 8
System 48 13 13 96 0 8
System 48 14.4 6 40 0 8
System 48 16.2 6 40 0 9
System 48 16.8 7 40 0 8
System 48 19.2 6 30 0 8
System 48 19.44 9 50 0 9
System 48 19.8 6 40 0 11
12s 48 1.536 1 78 4 10
1’s 44.1 1.4112 1 78 4 10
BT/USB 11.025 12 4 36 24 40
BT/USB 32 12 4 32 0 12
GSM 22.05 13 21 102 16 21
14.5 HCLK Clock
HCLK Clock drives the CPU and the modules on the CPU core AHB bus. It is generated by a 12-bit
prescaler from Main Clock, PLL1 Clock, or PLL2 Clock. The prescaler allows setting the HCLK Clock
period to any length between 1 and 2048 periods of the clock source, in increments of 1/2 period. The
default setting for the HCLK Clock period is 16 clock source periods.
Software may configure Slow Clock to drive HCLK Clock during Power Down and Idle modes.
14.6 PCLK Clock
PCLK Clock drives the modules on the peripheral APB bus. It is generated by a 2-bit prescaler from HCLK
Clock, for a division factor of 1, 2, or 4. The default is 1. The maximum PCLK Clock frequency is 48 MHz.
14.7 Auxiliary Clocks
Independent clocks are available for certain peripherals that may require clock frequencies different from
those provided as global clocks. An auxiliary clock also may be used for peripherals that require
independence from the clock-switching mechanism applied to HCLK Clock and PCLK Clock during low-
power modes. Eight auxiliary clock generators are provided for these peripherals. Some peripherals have
clock multiplexers to allow selection among several available clock sources.
Each auxiliary clock generator has an input multiplexer for selecting an input clock source:
* Main Clock
e PLL1 Clock
e PLL2 Clock
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A 12-bit prescaler provides a prescale factors from 1 to 2048 clock periods of the input clock in increments
of 1/2 clock period. For example, if the selected clock source is 12 MHz and the desired auxiliary clock
frequency is 1 MHz, the divisor should be 2 x 12 or 24. However, the value loaded in the
PMMAUXNPRSC prescaler register is biased by 1, so the actual value loaded into the register will be 23
(decimal).

PMMAUXNPRSC = [Mj ¥
FDES|RED

4

Zero is an undefined value, so the shortest period that an auxiliary clock may have is 2 half-clocks, which
results in the same clock rate as the prescaler input clock.

By default, the auxiliary clocks are disabled following reset, except the DSP clock (Auxiliary Clock 7).

Each auxiliary clock is available for one or more peripherals, as listed in Table 14-5.

Table 14-5. Auxiliary Clocks Available to Peripherals

AUXILIARY
CLOCK PERIPHERAL COMMENTS
1 Bluetooth, ADC, AAI Bluetooth LLC requires an accurate 12 MHz clock, in addition to a variable Auxiliary Clock 1.
2 CVSD/PCM Converter 0 Supports a 2-MHz mode in which data is processed at a fixed rate. Also supports a free-
running mode in which data is processed on demand.
3 CVSD/PCM Converter 1 | The free-running mode does not require a specific clock frequency. The CVSD modules may
operate from independent clocks.
Telematics Codec ADC 1, . .
4 ADC 2. and Stereo DACs Requires an accurate clock frequency, typically 125x or 128x the PCM frame rate.
I°S Interface
UsB Requires an accurate 60 MHz clock. Also requires a HCLK Clock >30 MHz.
DSP Up to 96 MHz
8 AA Requires an accurate frequency to match the bit clock and frame sync required by the external
codec.
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Figure 14-5 is block diagram of the auxiliary clock generation logic.

I
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*—p \l
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L - 12-Bit Prescaler - Converter 0
| 4
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PMMAUX2CTLAUXCLKSRC
- \I
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4
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Figure 14-5. Auxiliary Clock Generators
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14.8 Clock Generation Registers

Table 14-6 lists the clock generation registers.

Table 14-6. Clock and Reset Registers
NAME ADDRESS DESCRIPTION
PMMCKCTL FF A400h Clock and Reset Control Register
PMMSR FF A408h Clock Status Register
PMMPRSHC FF A40Ch HCLK Clock Prescaler Register
PMMPRSPC FF A410h PCLK Clock Prescaler Register
PMMPRSSC FF A414h Low Frequency Clock Prescaler Register
PMMPLL1CTL1 FF A420h PLL1 Control Register 1
PMMPLL1CTL2 FF A424h PLL1 Control Register 2
PMMPLL1IMDIV FF A428h PLL1 M Divider Prescaler Register
PMMPLLINDIV FF A42Ch PLL1 N Divider Prescaler Register
PMMPLL1INMOD FF A434h PLL1 N Divider Prescaler Register
PMMPLL1PDIV FF A430h PLL1 P Divider Prescaler Register
PMMPLL1STUP FF A438h PLL1 Start-Up Counter Register
PMMPLL2CTL1 FF A440h PLL2 Control Register 1
PMMPLL2CTL2 FF A444h PLL2 Control Register 2
PMMPLL2MDIV FF A448h PLL2 M Divider Prescaler Register
PMMPLL2NDIV FF A44Ch PLL2 N Divider Prescaler Register
PMMPLL2NMOD FF A454h PLL2 N Divider Prescaler Register
PMMPLL2PDIV FF A450h PLL2 P Divider Prescaler Register
PMMPLL2STUP FF A458h PLL2 Start-Up Counter Register
PMMAUX1CTL FF A500h Auxiliary Clock 1 Control Register
PMMAUX1PRSC FF A504h Auxiliary Clock 1 Prescaler Register
PMMAUX2CTL FF A510h Auxiliary Clock 2 Control Register
PMMAUX2PRSC FF A514h Auxiliary Clock 2 Prescaler Register
PMMAUX3CTL FF A520h Auxiliary Clock 3 Control Register
PMMAUX3PRSC FF A524h Auxiliary Clock 3 Prescaler Register
PMMAUXA4CTL FF A530h Auxiliary Clock 4 Control Register
PMMAUX4PRSC FF A534h Auxiliary Clock 4 Prescaler Register
PMMAUX5CTL FF A540h Auxiliary Clock 5 Control Register
PMMAUX5PRSC FF A544h Auxiliary Clock 5 Prescaler Register
PMMAUX6CTL FF A550h Auxiliary Clock 6 Control Register
PMMAUX6PRSC FF A554h Auxiliary Clock 6 Prescaler Register
PMMAUX7CTL FF A560h Auxiliary Clock 7 Control Register
PMMAUX7PRSC FF A564h Auxiliary Clock 7 Prescaler Register
PMMAUX8CTL FF A570h Auxiliary Clock 8 Control Register
PMMAUX8PRSC FF A574h Auxiliary Clock 8 Prescaler Register
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14.8.1 Clock and Reset Control Register (PMMCKCTL)

The PMMCKCTL register is a byte-wide, read/write register that controls the clock selection and contains
the power-on reset status bit. At reset, the PMMCKCTL register is initialized as described below:

7 5 4 3 2 1 0
\ Reserved \ FCLKSRC \ SCLK | Reserved | POR |
POR The Power-On-Reset bit is set when a power-on condition has been detected. This bit can

only be cleared by software, not set. Writing a 1 to this bit will be ignored, and the previous
value of the bit will be unchanged.

0 — Software cleared this bit.

1 — Software has not cleared his bit since the last reset.

SCLK The Slow Clock Select bit controls the clock source used for the Slow Clock. If set while
the low-frequency oscillator is not stable, this bit will read as 1 but the clock source will not
switch until the low-frequency oscillator is stable. This bit cannot be cleared while the high-
frequency oscillator is not stable. At reset, this bit is cleared.

0 — Slow Clock driven by prescaled Main Clock.
1 — Request asserted to drive Slow Clock from the 32.768 kHz oscillator.

FCLKSRC The Fast Clock Source field selects the clock source used to generate HCLK Clock. After
reset, the Main Clock is selected. Requesting a switch to a PLL Clock while the
corresponding PMMPLLN.CTL2.PLLCLKSTB bit is clear (PLL Clock not stable) will be
stalled until the PLL Clock is stable. When switching between PLL Clocks, there must be
an intermediate step in which Main Clock is selected. At reset, this field is initialized to 11b.
00 — PLL1.

01 - PLL2.
10 — Reserved.
11 — Main Clock.

14.8.2 Clock Status Register (PMMSR)

The PMMSR register is a byte-wide read-only register that holds the two bits which indicate whether the
high-frequency oscillator and the low-frequency oscillator are stable.

7 2 1 0
\ Reserved \ MCLKSTB \ SCLKSTB |
SCLKSTB The Slow Clock Stable bit indicates whether the low-frequency oscillator is producing a
stable clock.

0 — Low-frequency oscillator is unstable, disabled, or not oscillating.
1 — Low-frequency oscillator is available.

MCLKSTB The Main Clock Stable bit indicates whether the high-frequency oscillator is producing a
stable clock.
0 — High-frequency oscillator is unstable, disabled, or not oscillating.
1 — High-frequency oscillator is available.

14.8.3 HCLK Clock Prescaler Register (PMMPRSHC)

The PMMPRSHC register is a 16-bit read/write register that holds the 12-bit prescaler available to
generate HCLK Clock. The register is initialized to 001Fh at reset.

15 12 11 0
‘ Reserved ‘ HPHCLK
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HPHCLK  The Half Periods High Frequency Clock field holds the divisor (expressed in half-periods of
the input clock source) for the prescaler used to generate HCLK Clock. The clock source is
divided by ((HPHCLK + 1) + 2) to obtain the HCLK Clock. The field is biased by 1, so the
default value of this field specifies 32 half-periods, which is a divisor of 16. Zero is an
undefined value for this field.

14.8.4 PCLK Clock Prescaler Register (PMMPRSPC)

The PMMPRSPC register is a byte-wide, read/write register that holds the divisor for generating PCLK
Clock from HCLK Clock. The maximum PCLK Clock frequency is 48 MHz. The register is initialized to 00h

at reset.
7 2 1 0
\ Reserved | DIVPCLK
DIVPCLK The Divisor PCLK Clock field has four defined values:
00b — +1
0lb — =2
10b - +4

11b — Reserved.

14.8.5 Slow Clock Prescaler Register (PMMPRSSC)

The PMMPRSSC register is a 16-bit, read/write register that holds the 14-bit prescaler available to
generate Slow Clock from Main Clock. The register is initialized to 02DBh at reset.

31 14 13 0
’ Reserved ‘ HPSCLK ‘

HPSCLK  The Half Periods Slow Clock field holds the divisor (expressed in half-periods of the input
clock source) for the prescaler used to generate Slow Clock. The Main Clock is divided by
((HPSCLK + 1) + 2) to obtain the Slow Clock. At reset, the HPSCLK register is initialized to
02DBh, which generates a Slow Clock rate of 32.786885 kHz. This is about 0.5% faster
than a Slow Clock generated from an external 32.768 kHz crystal network. Zero is an
undefined value for this field.

14.8.6 PLLn Control Register 1 (PMMPLLNCTL1)

The PMMPLLNCNT1 registers are 16-bit, read/write registers that hold control fields for the corresponding
PLL. The registers are initialized to 00h at reset.

15 5 4 3 2 1 0
\ Reserved | PLLIPSEL | PLLDCOE \ PLLEN |
PLLEN The PLL Enable field controls whether the PLL is enabled or disabled. Before software can

power down a PLL used to generate HCLK Clock or an Auxiliary Clock, the clocks must be
switched to another clock source.

00 — PLL disabled.

01 — PLL enabled.

10 — Reserved.

11 — Reserved.

PLLDCOE The PLL Direct Clock Output Enable bit controls the corresponding PLL output. The PLL
Clock output is driven only when this bit is set and the PLL Clock is stable.
0 — PLL Clock output disabled.
1 — PLL Clock is enabled when stable.
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PLLIPSEL The PLL Input Select field selects the input clock source for the corresponding PLL.
00 — Main Clock.
01 — 12SCLK pin.
10 — Reserved.
11 — Reserved

14.8.7 PLLn Control Register 2 (PMMPLLNCTL2)

The PMMPLLNCNT2 registers are 16-bit, read/write registers that hold control fields for the corresponding
PLL. The registers are initialized to 00h at reset.

15 3 2 1 0
\ Reserved \ HCCPLL \ DPLLC \ PLLCLKSTB |

PLLCLKSTB The PLL Clock Stable bit indicates when the corresponding PLL Clock is stable.
0 — PLL Clock not stable.
1 — PLL Clock is stable.

DPLLC The Disable PLL Clock Enable bit controls whether the corresponding PLL is disabled
when entering the Power Save or Idle modes. This bit is cleared when a hardware wake-
up event occurs.

0 — PLL may be enabled in Power Save and Idle modes.
1 — PLL is always disabled in Power Save and Idle modes.

HCCPLL The Hardware Clock Control PLL bit enables the hardware clock control mechanism,
See Section 16.5 for more information.
0 — Hardware clock control disabled.
1 — Hardware clock control enabled.

14.8.8 PLLn M Divider Register (PMMPLLNMDIV)

The PMMPLLNMDIV registers are byte-wide, read/write registers that hold the 8-bit M divisor for the
corresponding PLL. The registers are initialized to 00h at reset.

] MDIV
MDIV ~ The M Divisor field specifies an integer divisor. See Section 14.4.1 for more information.

14.8.9 PLLn N Divider Register (PMMPLLNNDIV)

The PMMPLLNNDIV registers are byte-wide, read/write registers that hold the 8-bit integer part of the N
divisor. The registers are initialized to 00h at reset.

\ NDIV

NDIV ~ The N Divisor field specifies the integer part of the N divisor. See Section 14.4.1 for more
information.

14.8.10 PLLn N Mod Register (PMMPLLNnNMOD)

The PMMPLLNNMOD registers are 16-bit, read/write registers that hold the 5-bit fractional part of the N
divisor for the corresponding PLL and a control field for the level of dithering in effect. The registers are
initialized to OOh at reset.

15 14 13 8 7 0
NMOD_DITH ‘ Reserved NMOD

90 Clock Generation Copyright © 2013, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links :CP3SP33


http://www.ti.com/product/cp3sp33?qgpn=cp3sp33
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCW5&partnum=CP3SP33
http://www.ti.com/product/cp3sp33?qgpn=cp3sp33

13 TEXAS

INSTRUMENTS
CP3SP33
www.ti.com SNOSCW5 —MAY 2013
NMOD The N Mod field specifies the fractional part of the N divisor. See Section 14.4.1 PLL

Programming for more information.

NMOD_DITH  The N Mod Dithering field specifies the level of dithering to be applied to the PLL Clock
to suppress tone artifacts that may occur in some audio applications. The default level
is sufficient for a wide range of applications.

00 — Medium (default).
01 — Low.

10 - High.

11 — No dithering.

14.8.11 PLLn P Divider Register (PMMPLLNPDIV)

The PMMPLLNPDIV registers are byte-wide, read/write registers that hold the 8-bit P divisor for the
corresponding PLL. The register is initialized to 00h at reset.

\ PDIV

PDIV The P Divisor field specifies an integer divisor. See Section 14.4.1 PLL Programming for more
information.

14.8.12 PLLn Start-Up Counter Register (PMMPLLNSTUP)

The PMMPLLNSTUP registers are 16-bit, read/write registers that specify a 10-bit integer number of clock
periods that must occur before the corresponding PLL Clock is considered stable. The PLL Clock output is
not driven unless the PLL is stable and the PMMPLLNCTL1.PLLDCOE bit is set. The registers are
initialized to 007Fh at reset.

15 10 9 0
‘ Reserved ‘ CLKCNT ‘
CLKCNT The CLKCNT field specifies the number of PLL Clock cycles which must occur before the PLL

is considered stable. The number of cycles is (256 x (CLKCNT + 1)), therefore the default is
32,768 cycles.

14.8.13 Auxiliary Clock n Control Register (PMMAUXNCTL)

The PMMAUXNCTL registers are byte-wide, read/write registers that control the Auxiliary Clock
generators. The registers are initialized to 06h at reset, except PMMAUX7CTL which is initialized to 07h.

7 32 1 0
\ Reserved \ AUXCLKSRC \ AUXCLKEN |

AUXCLKEN The Auxiliary Clock Enable bit enables the corresponding Auxiliary Clock output.
0 — PLL Clock output disabled.
1 — PLL Clock is enabled when stable.

AUXCLKSRC The Auxiliary Clock Source field selects the input clock source for the corresponding
Auxiliary Clock generator. When switching from one PLL to another, there must be an
intermediate step in which Main Clock is selected.

00 — PLL1 Clock.
01 — PLL2 Clock.
10 — Reserved.

11 — Main Clock.
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14.8.14 Auxiliary Clock n Prescaler Register (PMMAUXNPRSC)

The PMMAUXNPRSC registers are 16-bit read/write registers that hold the 12-bit clock divisors
(expressed in halfclocks) for the prescalers used to generate the corresponding Auxiliary Clocks from
Main Clock, PLL1 Clock, or PLL2 Clock (as selected by the PMMAUXNCTL.AUXCLKSRC field). The
registers are initialized to OOFFh at reset, except PMMAUX7PRSC which is initialized to 0001h.

15 12 1 0
\ Reserved \ HPACLK |

HPACLK The Half Periods Per Auxiliary Clock field specifies the number of half-clocks used for

generating the Auxiliary Clock. The clock source is divided by
((HPACLK + 1) + 2) to obtain the auxiliary clock. Zero is an undefined value for this field.

15 Reset

There are five sources of reset:

» Power-On Reset—on-chip power-on detector and timer.

» External Reset—assertion of the RESET input.

» Software Reset—enabled by writing special code sequences to the SWRESET register.
» Timing and Watchdog Module (TWM)—overflow of the watchdog timer

» SDI Reset—reset from the Serial Debug Interface (SDI)

15.1 Power-On Reset

The on-chip Power On Reset (POR) circuit generates a positive edge on the internal reset signal when
VCC rises above Vigp (typically 1.38V). The VCC rise time from 0V to Vqgp must not exceed the
maximum tygp Specification. After triggering the POR circuit, the rise time from Vig;p to a stable VCC must
not exceed the maximum ty specification. After reset has occurred, the POR is specified to rearm when
VCC falls below 400 mV (although it may rearm at a higher voltage, up to 600 mV), and it will be
retriggered when VCC again rises above Vigp. There must be a delay of at least 950 ps before
retriggering the POR.

VCC ramp-up must reach its nominal level before or simultaneous with IOVCC ramp-up, otherwise spikes
may be driven on GPIO-capable pins.

15.2 Reset Input Timing

The CP3SP33 has specific timing requirements that must be met to prevent improper program behavior,
such as corruption of an external flash memory programming operation in progress when the reset is
received. This timing sequence shown in Figure 15-1.

All reset circuits must ensure that this timing sequence is always maintained during power-up and power-
down. The design of the power supply also affects how this sequence is implemented.

The power-up sequence is:

1. The RESET pin must be held low until both IOVCC and VCC have reached the minimum levels
specified in the DC Characteristics section. VCC must reach its nominal level at or before IOVCC.

2. After both of these supply voltage rails have met this condition, then the RESET pin may be driven
high. At power-up an internal 14-bit counter is set to 3FFFh and begins counting down to 0 after the
crystal oscillator becomes stable. When this counter reaches 0, the onchip RESET signal is driven high
unless the external RESET pin is still being held low. This prevents the CP3SP33 from coming out of
reset with an unstable clock source.

The power-down sequence is:

1. The RESET pin must be driven low as soon as either the IOVCC or VCC voltage rail reaches the
minimum levels specified in the DC Characteristics.
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2. The RESET pin must then be held low until the Main Clock is stopped. The Main Clock will decay with
the same profile as IOVCC.

Meeting the power-down reset conditions ensures that software will not be executed at voltage levels that
may cause incorrect program execution or corruption of the flash memories. This situation must be
avoided because the Main Clock decays with the IOVCC supply rather than stopping immediately when
IOVCC falls below the minimum specified level.

The external reset circuits presented in the following sections provide varying levels of additional fault
tolerance and expandability and are presented as possible examples of solutions to be used with the
CP3SP33. It is important to note, however, that any design for the reset circuit and power supply must
meet the timing requirements shown in Figure 15-1.

(el | -———

1
iovecc 1 /

CoreVCC

N

|

. |

RESET 1 |

—e I E—

1 [

1 |

Main 1 | I.I |
Clock 1

| | SRR |

Power Up Power Down

DS516
Figure 15-1. Power-On Reset Timing

15.2.1 Simple External Reset

A simple external reset circuit with brown-out and glitch protection based on the LM809 3-Pin
Microprocessor Reset Circuit is shown in Figure 15-2. The LM809 produces a 240-ms logic low reset
pulse when the power supply rises above a threshold voltage. Various reset thresholds are available for
the LM809, however the options for 2.93V and 3.08V are most suitable for a CP3SP33 device operating
from an 10-VCC at 3.0V to 3.3V.
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Figure 15-2. Simple External Reset

15.2.2 Manual and SDI External Reset

An external reset circuit based on the LM3724 5-Pin Microprocessor Reset Circuit is shown in Figure 15-3.
The LM3724 produces a 190-ms logic low reset pulse when the power supply rises above a threshold
voltage or a manual reset button is pressed. Various reset thresholds are available for the LM3724,
however the option for 3.08V is most suitable for a CP3SP33 device operating from an IOVCC at 3.3V.

I0vVCC

I0vCC

10k Q CP3SP33

LM3724

5-Pin Reset L Pl RESET
! Circuit

Manual
Reset
GND

SDI Reset | > DS491
Figure 15-3. Manual and SDI External Reset

The LM3724 provides a debounced input for a manual pushbutton reset switch. It also has an open-drain
output which can be used for implementing a wire-OR connection with a reset signal from a serial debug
interface. This circuit is typical of a design to be used in a development or evaluation environment,
however it is a good recommendation for all general CP3SP33 designs. If an SDI interface is not
implemented, an LM3722 with active pullup may be used.
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15.2.3 Fault-Tolerant External Reset

An external reset circuit based on the LM3710 Microprocessor Supervisory Circuit is shown in
Figure 15-4. It provides a high level of fault tolerance in that it provides the ability to monitor both the VCC
supply for the core logic and the 10-VCC supply. It also provides a low-voltage indication for the IOVCC
supply and an external watchdog timer.

Core VCC IOVCC
(2.8V) l
IOvVCC
VCC
CP3SP33
107k Q
Reset Output
Power Fail . | RESET
LM3710 ;
Input (PFI) . Power Fail Output (PFO) —
Supervisory -1 NMI
Circuit with .
é Power-Eail Low Line Output (LLO) | =G
332k Q and Low-Lind
b f Detection < Watchdog Input (WDI) GPIO
Manual
Reset
i GND

DS493
Figure 15-4. Fault-Tolerant External Reset

The signals shown in Figure 15-4 are:

Core VCC—the 1.8V power supply rail for the core logic.
IOVCC—the 3.0-3.3V power supply rail for the 1/O logic.

Watchdog Input (WDI)—this signal is asserted by the CP3SP33 at regular intervals to indicate normal
operation. A general-purpose I/O (GPIO) port may be used to provide this signal. If the internal
watchdog timer in the CP3SP33 is used, then the LM3704 Microprocessor Supervisory Circuit can
provide the same features as the LM3710 but without the watchdog timer.

RESET—an active-low reset signal to the CP3SP33. The LM3710 is available in versions with active
pullup or an open-drain RESET output.

Power-Fail Input (PFl)—this is a voltage level derived from the Core VCC power supply rail through a
simple resistor divider network.

Power-Fail Output (PFO)—this signal is asserted when the voltage on PFlI falls below 1.225V. PFO is
connected to the non-maskable interrupt (NMI) input on the CP3SP33. A system shutdown routine can
then be invoked by the NMI handler.

Low Line Output (LLO)—this signal is asserted when the main IOVCC level fails below a warning
threshold voltage but remains above a reset detection threshold. This signal may be routed to the NMI
input on the CP3SP33 or to a separate interrupt input.

These additional status and feedback mechanisms allow the CP3SP33 to recover from software hangs or
perform system shutdown functions before being placed into reset.

The standard reset threshold for the LM3710 is 3.08V with other options for different watchdog timeout
and reset timeouts. The selection of these values are much more application-specific. The combination of
a watchdog timeout period of 1600 ms and a reset period of 200 ms is a reasonable starting point.
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16 Power Management Module

The Power Management Module (PMM) improves the efficiency of the CP3SP33 by changing the
operating mode (and therefore the power consumption) according to the required level of device activity.
The device implements four power modes:

» Active Mode—CPU and core bus peripherals operate from HCLK Clock, which is generated by a
prescaler from Main Clock, PLL1 Clock, or PLL2 Clock. Either PLL may be powered down if its output
is not used to gene ate HCLK Clock or any Auxiliary Clock.

» Power-Save Mode—CPU and core bus peripherals operate from Slow Clock. Any of the PLLs and
high-frequency oscillator may be powered down, if its output is not used to generate Slow Clock or any
Aucxiliary Clock.

» Idle Mode—CPU and most or all peripherals are powered down. A watchdog timeout (from a timer
running on Slow Clock), external reset, or MIWU input can break out of this mode.

» Halt Mode—only an external reset or MIWU input can break out of this mode.

Table 16-1 summarizes the differences between power modes: the state of the high-frequency oscillator
(on or off), PLLs, HCLK Clock source (clock used by CPU and core bus peripherals), and clock source
used by the Timing and Watchdog Module (TWM).

Table 16-1. Power Mode Operating Summary

MODE HIGH-FREQUENCY OSCILLATOR PLLs HCLK CLOCK SOURCE TWM CLOCK SOURCE
Active On On or Off Prescaler Slow Clock
Power Save On or Off On or Off Slow Clock Slow Clock
Idle On or Off On or Off None Slow Clock
Halt Off Off None None

The low-frequency oscillator continues to operate in all four modes and power must be provided
continuously to the device power supply pins. In Halt mode, however, Slow Clock does not toggle, and as
a result, the Timing and Watchdog Module does not operate. For the Power Save and Idle modes, the
high-frequency oscillator can be turned on or off under software control, if the low-frequency oscillator is
used to drive Slow Clock.

Software can configure either PLL to be powered down in Active, Power Save, and Idle mode, as long as
it is not driving HCLK Clock or an Auxiliary Clock generator.

Table 16-2 shows the clock sources used by the CP3SP33 device modules and their behavior in each
power mode.

Table 16-2. Module Activity Summary

MODULE POWER MODE CLOCK SOURCE(s)
ACTIVE POWER SAVE IDLE HALT
CPU On On/Off Off Off HCLK Clock
MIwU On On On Active PCLK Clock
PMM On On On Active Slow Clock
TWM On On On Off Slow Clock
Bluetooth On/Off On/Off On/Off Off Aux Clk 1
A/D Converter On/Off On/Off On/Off off® Aux Clk 1, PCLK Clock
CVSD/PCM 0 On/Off On/Off On/Off Off Aux Clk 2
CVSD/PCM 1 On/Off On/Off On/Off Off Aux Clk 3
Codec On/Off On/Off On/Off Off Aux Clk 1, Aux Clk 4, PCLK Clock, PLL1 CIk, PLL2
Clk, I2SCLK, AAI SCK, TCIO1

(1) The Analog/Digital Converter (ADC) module is not automatically disabled by entering Halt mode, however its clock is stopped so no
conversions may be performed in Halt mode. For maximum power savings, software must disable the ADC module before entering Halt

mode.
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Table 16-2. Module Activity Summary (continued)

POWER MODE

MODULE CLOCK SOURCE(s)

ACTIVE POWER SAVE IDLE HALT

12S Interface On/Off On/Off On/Off Off Aux Clk 5, PCLK Clock, TCIO1

uUsB

On/Off On/Off On/Off Off Aux Clk 6

DSP

On/Off On/Off On/Off Off Aux Clk 7

AAl

On/Off On/Off On/Off Off Aux Clk 1, Aux Clk 8

All Others On/Off On/Off Off Off HCLK Clock, PCLK Clock

16.1

16.2

16.3

A module shown as On/Off in Table 16-2 may be enabled or disabled by software. A module shown as
Active continues to operate even while its clock is suspended, which allows wake-up events to be
processed during Idle and Halt modes.

Active Mode

In Active mode, the high-frequency oscillator is active and generates the 12-MHz Main Clock. If the PLL
Clocks are not needed, the PLLs may remain powered off. Most devices on the CPU core bus are driven
by HCLK Clock, and most APB bus devices are driven by PCLK Clock.

When entering Active mode from a mode in which the high-frequency oscillator, PLLs, or low-frequency
clock were powered down, the mode switch will be stalled until the high-frequency oscillator, any enabled
PLL, and the low-frequency oscillator (if enabled) are producing stable clocks.

The activity of peripheral modules is controlled by their enable bits. Power consumption can be reduced in
Active mode by selectively disabling modules and by executing the WAIT instruction. When the WAIT
instruction is executed, the CPU stops executing new instructions until it receives an interrupt signal.

Power Save Mode

In Power Save mode, Slow Clock is used as the HCLK Clock which drives the CPU and core bus
modules. Power Save mode is intended for applications in which a low level of processing is required
during low-power standby, for example if software needs to detect events for which no hardware wake-up
signal is available.

If Slow Clock is driven by the 32.768 kHz oscillator and no on-chip module currently requires the 12-MHz
Main Clock, software can disable the high-frequency oscillator to further reduce power consumption. The
auxiliary clocks can be turned off under software control before switching to a reduced power mode, or
they may remain active as long as they have an active clock source.

If a PLL Clock is not used to generate HCLK Clock or an auxiliary clock, the corresponding PLL can be
powered down. Control over whether Main Clock and the PLLs are running can be controlled by the
Bluetooth controller through the Hardware Clock Control function (described in Section ), if enabled.

In Power Save mode, some modules are disabled or their operation is restricted. Other modules, including
the CPU, continue to function normally, but operate at a reduced clock rate. See the module descriptions
for details of each module’s activity in Power Save mode.

Idle Mode

In Idle mode, the HCLK Clock and PCLK Clock are disabled and therefore the clock is stopped to most
modules of the device. Idle mode is intended for applications in which no processing is required during
low-power standby, but the capability is needed to break out of the mode due to activity on the Bluetooth
interface or expiration of the watchdog timer. Idle mode can only be entered from Power Save mode.
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16.4

16.5

16.6

The PLLs and the high-frequency oscillator may be disabled as controlled by register bits. The low-
frequency oscillator remains active. The Power Management Module (PMM) and the Timing and
Watchdog Module (TWM) continue to operate from the Slow Clock. The auxiliary clocks can be turned off
under software control before switching to a low-power mode, or they remain active as long as they have
an active clock source (Main Clock, PLL1 Clock, or PLL2 Clock, as selected by the
PMMCKCTL.FCLKSRC bit). Alternatively, generation of Main Clock and the PLL Clocks can be controlled
by the Bluetooth controller through the Hardware Clock Control function (described in Section 16.5), if
enabled.

Halt Mode

In Halt mode, all the device clocks, including the Main Clock, PLL1 Clock, PLL2 Clock, HCLK Clock, PCLK
Clock, and Slow Clock, are disabled. Halt mode is intended for applications in which an external wake-up
signal can be used to power-up the system through the RESET input or an MIWU input.

The high-frequency oscillator and PLLs are turned off. This is the only mode in which the low-frequency
oscillator may be disabled, however its circuitry is optimized to ensure lowest possible power
consumption. This mode allows the device to reach the absolute minimum power consumption without
losing its state (memory, registers, etc.).

Hardware Clock Control

The Hardware Clock Control (HCC) mechanism gives the Bluetooth Lower Link Controller (LLC) individual
control over the high-frequency oscillator and the PLLs. The Bluetooth LLC can enter a Sleep mode for a
specified number of low-frequency clock cycles. While the Bluetooth LLC is in Sleep mode and the
CP3SP33 is in Power Save or Idle mode, the HCC mechanism may be used to control whether the high-
frequency oscillator or PLLs are powered.

The PMMSTCTL.HCCM bhit enables control by the Bluetooth LLC over the high-frequency oscillator, and
the PMMPLLNCTL2.HCCPLL bits enable control over the corresponding PLLs. If the HCCM bit is set, then
control is enabled over both the high-frequency oscillator and the PLLs, and the HCCPLL bits are ignored.
(The PLLs cannot be enabled while the high-frequency oscillator is disabled.)

Altogether, three mechanisms control whether the high-frequency oscillator is active, and four
mechanisms control whether the PLLs are active:

¢ HCC bits—the HCC bits (PMMSTCTL.HCCM and PMMPLLNCTL2.HCCPLL) allow the Bluetooth LLC
to disable the high-frequency oscillator and PLLs during Power Save and Idle modes when the
Bluetooth LLC goes into Sleep mode. The HCC bits are automatically cleared when Active mode is
entered.

e Disable bits—the disable bits (PMMSTCTL.DMC and PMMPLLnCTL2.DPLLC) force the high-
frequency oscillator and PLLs to be disabled when entering the Power Save and Idle modes. When
set, these bits override the HCC mechanism. The DMC and DPLLC bits are automatically cleared by a
hardware wake-up event.

» Power Management Mode—Halt mode disables the high-frequency oscillator and PLLs, without regard
to any register bits. Active mode enables the high-frequency oscillator, again without regard to any bits.
Entering Active mode will restart any PLLs enabled to run.

e PLL enable fields—The PMMPLLNCTL1.PLLEN fields enable the corresponding PLLs to run.

Switching Between Power Modes

Switching from a higher to a lower power consumption mode is performed by writing an appropriate value
to the Power Management Control Register (PMMSTCTL). Switching from a lower power consumption
mode to the Active mode is usually triggered by a hardware event. Figure 16-1 shows the four power
modes and the events that trigger a transition from one mode to another.
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Active Mode

HAT = 1&
WEPSM = 1 &
"WAT" PSM = 1 &WBPSM = 0

or PSM = 1 & WBPSM = 1 & "WAT"

Power Save Mode
HW Event

orPSMM=1&DHC=0&DMC =P

IDLE = 1 & "WAIT"

HALT = 1 & "WAIT"

Halt Mode

HW Event

HW Event
Note:
HW Event = MIWU wake-up,
NMI, or
interrupt acknowledge while PMMSTCTL.WACK = 1 DS444

Figure 16-1. Power Mode State Diagram

Software changes the power mode in either of two ways, as controlled by the PMMSTCTL.WBPSM bit:

* Immediate transition (WBPSM = 0)—new clock sources take effect as soon as stable clocks are
available. Only allowed when going from Active to Power Save mode.

» Transition at next WAIT instruction (WBPSM = 1)—device continues to operate in Active mode until it
executes a WAIT instruction. At execution of the WAIT instruction, the device enters the new mode,
and the CPU waits for the next interrupt event.

A transition to Idle or Halt mode must use the second method (WBPSM = 1).

Some of the power-up transitions are based on the occurrence of a wake-up event:

» Multi-Input Wake-Up Event—most general-purpose 1/O port pins, certain peripheral pins (that don't
share functionality with a GPIO port), and certain peripheral events can be programmed in the MIWU
module to trigger a wake-up event.

* Non-Maskable Interrupt (NMI)—an NMI interrupt is a wake-up event.

* Interrupt Acknowledge Cycle—when the WACK bit in the PMMSTCTL register is set, any interrupt
acknowledge cycle is a wake-up event.

Once a wake-up event is detected, it is latched until an interrupt acknowledge cycle or reset occurs.

A wake-up event causes a transition to the Active mode and restores normal clock operation, but does not
start execution of the program. It is the interrupt handler associated with the wake-up source (MIWU, NMI,
or any interrupt) that causes program execution to resume.

16.6.1 Active Mode to Power Save Mode

A transition from Active mode to Power Save mode is performed by writing a 1 to the PMMSTCTL.PSM

bit. The transition to Power Save mode occurs immediately or at the execution of the next WAIT

instruction, depending on the state of the PMMSTCTL.WBPSM bit. The PSM bit operates differently

depending on this mode:

» WBPSM = 0—PSM bit reads as 1 after the transition to the Power Save mode occurs. If the high-
frequency oscillator or PLLs are not producing a stable output, this transition may be stalled. In this
mode, the PSM bit indicates when the transition has been completed.

« WBPSM = 1—PSM bit reads as 1 after it is written with 1, even before the WAIT instruction has
executed and the transition to Power Save mode has occurred.
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16.6.2 Entering ldle Mode

Idle mode can only be entered from Power Save mode. Idle mode is entered by writing 1 to the
PMMSTCTL.IDLE bit and then executing a WAIT instruction.

16.6.3 Disabling the High-Frequency Clock

When the low-frequency oscillator is used to generate the Slow Clock, power consumption can be
reduced further in the Power Save or Idle mode by disabling the high-frequency oscillator. This is
accomplished by writing a 1 to the PMMSTCTL.DMC bit before executing the WAIT instruction that puts
the device in the Power Save or Idle mode. The high-frequency clock is turned off only after the device
enters the Power Save or Idle mode.

The CPU operates from Slow Clock in Power Save mode. It can turn off the high-frequency oscillator at
any time by writing a 1 to the PMMSTCTL.DMC bit. The high-frequency oscillator is always enabled in
Active mode and is always disabled in Halt mode, without regard to the PMMSTCTL.DMC bit.

Immediately after power-up and entry into Active mode, software must wait for the low-frequency oscillator
to become stable before it can put the device in Power Save mode. It should monitor the
PMMSR.SCLKSTB bit for this purpose. Once this bit is set, the low-frequency oscillator is stable and
Power Save mode can be entered.

Slow Clock must come from the low-frequency oscillator or an external clock (driven on X2CKI), not
derived from Main Clock, if the high-frequency oscillator will be disabled.

16.6.4 Entering Halt Mode

Halt mode can only be entered from the Active and Power Save modes. In Active mode, the
PMMSTCTL.WBPSM bit must be set before entering Halt mode. Halt mode is entered by writing 1 to the
PMMSTCTL.HALT bit and then executing a WAIT instruction.

16.6.5 Software-Controlled Transition to Active Mode

A transition from Power Save mode to Active mode can be accomplished by either a software method or a
hardware wake-up event. The software method is to write a O to the PMMSTCTL.PSM bit. The value of
the register bit changes only after the transition to the Active mode is completed.

If the high-frequency oscillator is disabled for Power Save operation, the oscillator must be enabled and
allowed to stabilize before the transition to Active mode. To enable the high-frequency oscillator, clear the
PMMSTCTL.DMC bit. Before clearing the PMMSTCTL.PSM bit, software must poll the
PMMSR.MCLKSTB bit to determine when the oscillator has stabilized.

16.6.6 Wake-Up Transition to Active Mode

A hardware wake-up event switches the device directly from Power Save, Idle, or Halt mode to Active
mode. When a wake-up event occurs, the on-chip hardware performs the following steps:

1. Clears the PMMSTCTL.DMC, PMMCSTCTL.DSC, and PMMPLLNCTL2.DPLLC bits, which enable the
high-frequency oscillator, low-frequency oscillator, and PLL Clocks (if any were disabled).

2. Waits for the PMMSR.MCLKSTB and PMMSR.SCLKSTB bits to become set. If either of the PLLs were
enabled before entering the low-power mode, waits for the corresponding
PMMPLLNCTL2.PLLCLKSTB bits to become set.

3. Switches the device into Active mode.

16.6.7 Power Mode Switching Protection

The Power Management Module has several mechanisms to protect the device from malfunctions caused
by missing or unstable clock signals.
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The PMMSR.MCLKSTB, PMMSR.SCLKSTB, and PMMPLLNCTL2.PLLCLKSTB bits indicate the current
status of the high-frequency oscillator, low-frequency oscillator, and PLLs, respectively. Software can
check the appropriate bit before switching to a power mode that requires a specific clock. A set bit
indicates an operating, stable clock. A clear bit indicates a clock that is disabled, not available, or not yet
stable.

During a power mode transition, if there is a request to switch to a mode which uses a clock with a clear
stability bit, the switch is delayed until the bit is set by the hardware.

When the system is built without an external crystal network for the low-frequency clock, Main Clock or a
PLL Clock is divided by a prescaler to produce the low-frequency clock. In this situation, Main Clock is
disabled only in the Halt mode, and cannot be disabled for the Power Save or Idle mode.

Following reset, Main Clock drives Slow Clock through a prescaler. The prescaler value results in a Slow
Clock rate of 32.786.885 Hz.

NOTE
For correct operation in the absence of a low-frequency crystal, the X2CKI pin must be tied
low (not left floating) so that the hardware can detect the absence of the crystal.

16.7 Power Management Register

Table 16-3 shows the power management register.

Table 16-3. Power Management Register

NAME ADDRESS DESCRIPTION
PMMSTCTL | FF A404h Power Management State Control Register

16.7.1 Power Management State Control Register (PMMSTCTL)

The PMMSTCTL register is a byte-wide, read/write register that controls the operating power mode
(Active, Power Save, Ildle, or Halt) and enables or disables the high-frequency oscillator in the Power Save
and Idle modes. At reset, the register are cleared. The format of the register is shown below. At reset, the
register is cleared.

7 6 5 4 3 2 1 0
\ psc | wack | Heem | bwmc | wepsM | HALT | IDLE | PSM |

PSM When the Power Save Mode bit is clear, the system is in Active mode. If the WBPSM bit is
clear, writing 1 to the PSM bit causes the device to start the switch to Power Save mode. If
the WBPSM bit is set when the PSM bit is written with 1, entry into Power Save mode is
delayed until execution of a WAIT instruction. The PSM bit becomes set after the switch to
Power Save mode is complete. The PSM bit can be cleared by software, and it can be cleared
by hardware when a hardware wakeup event is detected.

0 — Device is not in Power Save mode.
1 — Device is in Power Save mode.

IDLE The Idle Mode bit indicates whether the device has entered Idle mode. If the WBPSM bit is
clear and the device is in Power Save mode, writing 1 to the IDLE bit causes the device to
start the switch to IDLE mode. If the WBPSM bit is set when the IDLE bit is written with 1,
entry into Idle mode is delayed until execution of a WAIT instruction. The IDLE bit can be set
and cleared by software. It is also cleared by hardware when a hardware wake-up event is
detected. When set, the IDLE bit overrides the PSM bit.
0 — Device is not in Idle mode.
1 — Device is in Idle mode.
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HALT

WBPSM

DMC

HCCM

WACK

DSC

The Halt Mode bit indicates whether the device is in Halt mode. If the WBPSM bit is clear and
the device is in Power Save mode, writing 1 to the HALT bit causes the device to start the
switch to Halt mode. If the WBPSM bit is set when the HALT bit is written with 1, entry into
Halt mode is delayed until execution of a WAIT instruction. When in Halt mode, the PMM
stops HCLK Clock and then turns off the high-frequency oscillator and PLLs. The low-
frequency oscillator also may be stopped in Halt mode by setting the PMMSTCTL.DSC bit.
The HALT bit can be set and cleared by software. Halt mode is exited by a hardware wake-up
event. When this signal is set high, the oscillator is started. After the oscillator has stabilized,
the HALT bit is cleared by hardware. When set, the HALT bit overrides the IDLE and PSM
bits.

0 — Device is not in Halt mode.

1 — Device is in Halt mode.

When the Wait Before Power Save Mode bit is clear, a switch from Active mode to Power
Save mode only requires setting the PSM bit. When the WBPSM bit is set, a switch from
Active mode to Power Save, ldle, or Halt mode is performed by setting the PSM, IDLE, or
HALT bit, respectively, and then executing a WAIT instruction. Also, if the DMC or DPLLC bits
are set, the high-frequency oscillator or PLLs may be disabled only after a WAIT instruction is
executed and the Power Save, Idle, or Halt mode is entered.

0 — Mode transitions may occur immediately.

1 — Mode transitions are delayed until the next WAIT instruction is executed.

The Disable Main Clock bit may be used to disable Main Clock and the high-frequency
oscillator in Power Save and Idle modes. In Active mode, Main Clock is enabled without
regard to the DMC value. In Halt mode, Main Clock is disabled without regard to the DMC
value. Disabling Main Clock will also disable the PLL Clocks. The DMC bit is cleared by
hardware when a hardware wake-up event is detected.

0 — Main Clock is only disabled in Halt mode or when disabled by the HCC mechanism.

1 — Main Clock is also disabled in Power Save and Idle modes, unless Slow Clock is
generated from Main Clock or PLL Clock.

The Hardware Clock Control for Main Clock bit may be used in Power Save and Idle modes to
disable Main Clock and the high-frequency oscillator conditionally, depending on whether the
Bluetooth LLC is in Sleep mode. Disabling Main Clock has the side-effect of disabling the PLL
Clocks. The DMC bit must be clear for this mechanism to operate. The HCCM bit is
automatically cleared when the device enters Active mode.

0 — Main Clock is disabled in Power Save or Idle mode only if the DMC bit is set.

1 — Main Clock is also disabled if the Bluetooth LLC is idle.

The Wake-Up on Interrupt Acknowledge bit is set to enable a mode in which the system wiill
wake up when an interrupt acknowledge occurs. This could be used in Power Save mode
without using the WAIT instruction, so that an interrupt could be used to power up the system
quickly, rather than needing the software to do it. If the WACK bit is clear, then an interrupt
acknowledge will not cause a wake up from a low power mode.

0 — Interrupt acknowledge does not wake up from low-power mode.

1 — Interrupt acknowledge wakes up from low-power mode.

The Disable Slow Clock bit is used to disable the low-frequency oscillator in Halt mode. This
bit would typically be set for maximum power savings, but the low-frequency oscillator is
optimized for very low power so it may not be necessary to disable it. Leaving the oscillator
running avoids a start-up delay for the low-frequency oscillator. The DSC bit is cleared when a
hardware wake-up event occurs.

0 — Low-frequency oscillator is not disabled.

1 - Low-frequency oscillator is disabled when Halt mode is entered.

102 Power Management Module Copyright © 2013, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links :CP3SP33


http://www.ti.com/product/cp3sp33?qgpn=cp3sp33
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCW5&partnum=CP3SP33
http://www.ti.com/product/cp3sp33?qgpn=cp3sp33

13 TEXAS
INSTRUMENTS

www.ti.com

CP3SP33

SNOSCWS5 —MAY 2013

17 Multi-Input Wake-Up

The Multi-Input Wake-Up (MIWU) module allows most general-purpose 1/O port pins, certain peripheral
pins (that do not share functionality with a GPIO port), and certain peripheral events to break the system
out of a low-power mode and return to Active mode. Each MIWU input can be programmed to assert a
wake-up signal for exiting from a low-power mode, and each input can be independently programmed to
assert an interrupt request on any of eight maskable interrupts assigned to the MIWU module.

Eight types of registers control the generation of interrupts and wake-up events, and one register indicates
the status of pending interrupt requests:

WKRPNDx—two 32-bit registers indicate which MIWU inputs have detected rising edges since they
were last cleared (either by reset or writing to WKCLRX).

WKFPNDx—two 32-bit registers indicate which MIWU inputs have detected falling edges since they
were last cleared (either by reset or writing to WKCLRX).

WKCLRx—writing 1 to bits in either of these two 32-bit registers clears the corresponding bits in the
WKRPNDx and WKFPNDx registers. The WKCLRX registers are write-only.

WKRENx—two 32-bit registers hold bits for enabling a wake-up event when a rising edge is detected
on the corresponding MIWU input.

WKFENx—two 32-hit registers hold bits for enabling a wake-up event when a falling edge is detected
on the corresponding MIWU input.

WKREINx—two 32-bit registers hold bits for enabling an interrupt when a rising edge is detected on
the corresponding MIWU input.

WKFEINXx—two 32-bit registers hold bits for enabling an interrupt when a falling edge is detected on
the corresponding MIWU input.

WKICTLx—four 32-bit registers provide two-bit fields to select one of four MIWU interrupt channels
available when an enabled interrupt occurs. MIWU inputs 31:0 can only assert MIWU interrupts 3:0,
while MIWU inputs 63:32 can only assert MIWU interrupts 7:4.

WKISTAT—indicates pending MIWU interrupts.

The MIWU module is always active, including in Halt mode when all device clocks are stopped. Therefore,
detecting an external trigger condition and setting bits in WKRPNDx and WKFPNDx do not require an
active HCLK Clock or PCLK Clock.
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Figure 17-1. Multi-Input Wake-Up Module Block Diagram

Table 17-1 lists the sources connected to the MIWU inputs. A source which is a GPIO port pin cannot be
used unless it is enabled for use as an input, either by enabling an alternate function in which the pin is
used as an input or by setting its corresponding bit in a PxIEN register. If this is not done, the input logic

for the pin is disabled.

Table 17-1. MIWU Sources

MIWU CHANNEL SOURCE MIWU CHANNEL SOURCE
wulo PEO WuI32 PFO
Wwull PE1 WUI33 PF1
wul2 PE2 Wuli34 PF2
WuI3 PE3 WUI35 PF3
wul4 PE4 WUI36 PF4
WUI5 PES WuUI37 PF5
wulé PE6 WuI38 PF6
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Table 17-1. MIWU Sources (continued)
MIWU CHANNEL SOURCE MIWU CHANNEL SOURCE
Wul7 PE7 WUI39 PF7
WuI8 PE8 WuI40 PF8
WuI9 PES Wul41 PF9
WUuI10 PE10 Wul42 PF10
WuUI1l PE11 Wul43 PF11
WuI12 PE12 wul44 PF12
WUuI13 PE13 Wul45 PF13
Wwuli4 PE14 WuI46 PF14
WUI15 PE15 wul47 PF15
WUI16 PGO Wul48 PHO
WuI17 PG1 WulI49 PH1
WuI18 PG2 WUI50 PH2
WUuI19 PG3 WUuI51 DSP
WUuI20 PG4 WuI52 ACCESS.bus 0
WuI21 PG5 WUI53 A/D Converter
WulI22 PG6 Wuli54 Bluetooth LLC
WuI23 PG7 WUI55 Reserved
Wwuli24 PG8 WUI56 USB
WuUI25 PG9 WUuI57 Reserved
WUI26 PG10 WUuI58 ACCESS.bus 1
WulI27 PG11 WUuI59 Reserved
Wuli28 PG12 WuI60 TWM TOOUT
WuI29 PG12 Wul61 RTC RTCEVT3
WUI30 PG14 Wul62 RTC RTCEVT2
WuUI31 PG15 WUuI63 RTC RTCEVT1
17.1 Multi-Input Wake-Up Registers
Table 17-2 lists the MIWU registers.
Table 17-2. Multi-Input Wake-Up Registers
NAME ADDRESS DESCRIPTION
WKRPND1 FF C020h Rising Edge Pending Register 1
WKRPND2 FF C024h Rising Edge Pending Register 2
WKFPND1 FF C030h Falling Edge Pending Register 1
WKFPND2 FF C034h Falling Edge Pending Register 2
WKCLR1 FF C040h Clear Pending Register 1
WKCLR2 FF C044h Clear Pending Register 2
WKREN1 FF C000h Rising Edge Enable Register 1
WKREN2 FF C004h Rising Edge Enable Register 2
WKFEN1 FF C010h Falling Edge Enable Register 1
WKFEN2 FF C014h Falling Edge Enable Register 2
WKRIEN1 FF C050h Rising Edge Interrupt Enable Register 1
WKRIEN2 FF C054h Rising Edge Interrupt Enable Register 2
WKFIEN1 FF C060h Falling Edge Interrupt Enable Register 1
WKFIEN2 FF C064h Falling Edge Interrupt Enable Register 2
WKICTL1 FF C070h Interrupt Control Register 1
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Table 17-2. Multi-Input Wake-Up Registers (continued)

NAME ADDRESS DESCRIPTION
WKICTL2 FF C074h Interrupt Control Register 2
WKICTL3 FF C078h Interrupt Control Register 3
WKICTL4 FF C07Ch Interrupt Control Register 4
WKISTAT FF C090h Interrupt Status Register

17.1.1 Rising Edge Pending Register n (WKRPNDn)

The WKRPNDnN registers are 32-bit, read/write registers that indicate whether a rising edge has been
detected on the corresponding MIWU input. Bits 31:0 of WKRPND1 correspond to MIWU inputs 31:0 Bits
31:0 of WKRPND?2 correspond to MIWU inputs 63:32. Writing 1 to bits in the WKCLRn registers clears the
corresponding bits in the WKRPNDnN registers. The WKRPNDn registers are cleared at reset. The register
format is shown below.

31 0
] WKRPD \

WKRPD The Wake-Up Rising Edge Pending bits indicate whether a rising edge has occurred on the
corresponding MIWU inputs since the bits were last cleared.
0 — No rising edge occurred.
1 — Rising edge occurred.

17.1.2 Falling Edge Pending Register n (WKFPNDn)

The WKFPNDn registers are 32-bit, read/write registers that indicate whether a falling edge has been
detected on the corresponding MIWU input. Bits 31:0 of WKFPND21 correspond to MIWU inputs 31:0 Bits
31:0 of WKFPND?2 correspond to MIWU inputs 63:32. Writing 1 to bits in the WKCLRn registers clears the
corresponding bits in the WKFPNDn registers. The WKFPNDn registers are cleared at reset. The register
format is shown below.

31 0
\ WKFPD |

WKFPD The Wake-Up Falling Edge Pending bits indicate whether a falling edge has occurred on the
corresponding MIWU inputs since the bits were last cleared.
0 — No falling edge occurred.
1 — Falling edge occurred.

17.1.3 Clear Pending Register n (WKCLRn)

The WKCLRn registers are 32-bit, write-only registers that clear bits in the WKRPNDn and WKFPNDnN
registers. Writing 1 to a WKCLRn bit clears the corresponding bit in each of the other registers. WKCLR1
clears bits in WKRPND1 and WKFPND1, and WKCLR2 clears bits in WKRPND2 and WKFPND2. The
register format is shown below.

31 0
WKCL
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WKCL The Wake-Up Clear bits are used to selectively clear bits in WKRPNDn and WKFPNDn.
0 — Writing 0 has no effect.
1 — Writing 1 clears the corresponding bit position in WKRPNDn and WKFPNDn.

17.1.4 Rising Edge Enable Register n (WKRENN)

The WKRENRN registers are 32-bit, read/write registers that enable a wake-up event when a rising edge is
detected on the corresponding MIWU input. Bits 31:0 of WKRENL1 correspond to MIWU inputs 31:0 Bits
31:0 of WKREN2 correspond to MIWU inputs 63:32. The WKRENN registers are cleared at reset. The
register format is shown below.

31 0
\ WKREN

WKREN The Wake-Up Rising Edge Enable bits enable a wake-up event when a rising edge
occurs on the corresponding MIWU input.
0 — No wake-up event enabled.
1 — Wake-up event enabled.

17.1.5 Falling Edge Enable Register n (WKFENRN)

The WKFENN registers are 32-bit, read/write registers that enable a wake-up event when a falling edge is
detected on the corresponding MIWU input. Bits 31:0 of WKFEN1 correspond to MIWU inputs 31:0 Bits
31:0 of WKFEN2 correspond to MIWU inputs 63:32. The WKFENN registers are cleared at reset. The
register format is shown below.

31 0
] WKFEN

WKFEN The Wake-Up Falling Edge Enable bits enable a wake-up event when a falling edge occurs
on the corresponding MIWU input.
0 — No wake-up event enabled.
1 — Wake-up event enabled.

17.1.6 Rising Edge Interrupt Enable Register n (WKRIENN)

The WKRIENN registers are 32-bit, read/write registers that enable an interrupt when a rising edge is
detected on the corresponding MIWU input. Bits 31:0 of WKRIEN1 correspond to MIWU inputs 31:0 Bits
31:0 of WKRIEN2 correspond to MIWU inputs 63:32. The WKRIENN registers are cleared at reset. The
register format is shown below.

31 0
\ WKRIEN ‘

WKRIEN The Rising Edge Interrupt Enable bits enable an interrupt when a rising edge occurs on the
corresponding MIWU input.
0 — No interrupt enabled.
1 — Interrupt enabled.

17.1.7 Falling Edge Interrupt Enable Register n (WKFIENN)

The WKFIENN registers are 32-bit registers, read/write that enable an interrupt when a falling edge is
detected on the corresponding MIWU input. Bits 31:0 of WKFIEN1 correspond to MIWU inputs 31:0 Bits
31:0 of WKFIEN2 correspond to MIWU inputs 63:32. The WKFIENN registers are cleared at reset. The
register format is shown below.
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31 0
\ WKFIEN
WKFIEN The Falling Edge Interrupt Enable bits enable an interrupt when a falling edge occurs on
the corresponding MIWU input.
0 — No interrupt enabled.
1 — Interrupt enabled.
17.1.8 Interrupt Control Register n (WKICTLn)
The WKICTLnN registers are 32-bit, read/write registers that provide 2-bit fields which select the MIWU
interrupt channels used by the associated MIWU channels. Each MIWU input can only activate one of four
interrupt channels. MIWU inputs 31:0 can only activate MIWU interrupt channels 3:0, and MIWU inputs
63:32 can only activate MIWU interrupt channels 7:4.
The WKICTL1 register selects interrupts for MIWU inputs 15:0, WKICTL2 selects interrupts for MIWU
inputs 31:16, WKICTL3 selects interrupts for inputs 47:32, and WKICTL4 selects interrupts for inputs
63:48. At reset, the WKICTLn registers are cleared. The register format of WKICTL1 is shown below (the
other registers have a similar format).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WKIN WKIN WKIN WKIN WKIN WKIN WKIN WKIN
TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
WKIN WKIN WKIN WKIN WKIN WKIN WKIN WKIN
TR15 TR14 TR13 TR12 TR11 TR10 TR9 TR8
WKINTR The Interrupt Request fields select which of four available MIWU interrupt channels are
activated for the corresponding MIWU input.
00 — Selects MIWU interrupt channel O or 4.
01 — Selects MIWU interrupt channel 1 or 5.
10 — Selects MIWU interrupt channel 2 or 6.
11 — Selects MIWU interrupt channel 3 or 7.
17.1.9 Interrupt Status Register (WKISTAT)
The WKISTAT register is a 32-bit read-only register that indicates the status of the 8 MIWU interrupt
channels. No interrupt channels are active following reset. The register format is shown below.
31 7 0
‘ Reserved WKIST |
WKIST The Interrupt Status bits indicate which MIWU interrupt channels are currently asserting an
interrupt request.
0 — No interrupt request is being asserted.
1 — An interrupt request is being asserted.
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18 Input/Output Ports

The CP3SP33 has 64 software-configurable general-purpose 1/0O pins (36 on the FBGA-144 package),
organized into four ports, named Port E, Port F, Port G, and Port H. All 16 pins on Ports E, F, and G and
three pins on 8-bit Port H have independently programmable MIWU channels, which give them the
capability to interrupt the CPU and wake up the system from low-power modes.

In addition to their general-purpose I/O function, most of the pins on Ports E, F, and G have alternate
functions for use with on-chip peripheral modules such as the UARTs and timers. Architecturally, there
may be two alternate functions for a port pin, and software must specify which function to select (A or B),
even when only one function is implemented. The alternate functions of all I/O pins are shown in
Table 18-2. To avoid glitches, software should first select the alternate function, then enable the alternate
function, and finally initialize the module which uses the alternate function.

The /0O pin characteristics are fully programmable. Each pin can be configured to operate as a TRI-
STATE output, push-pull output, input with weak pullup, input with weak pull-down, or high-impedance
input. Different pins within the same port can be individually configured to operate in different modes.

Figure 18-1 shows the 1/O port pin logic. The register bits, multiplexers, and buffers allow the port pin to be
configured into the various operating modes.

To reduce power consumption, input buffers configured for general-purpose 1/O are only enabled when
they are read. When configured for an alternate function, the input buffers are enabled continuously. To
minimize power consumption, input signals to enabled buffers must be held within 0.2 volts of the VCC or

GND voltage.
The electrical characteristics and drive capabilities of the input and output buffers are described in
Section 36.
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Figure 18-1. I/0O Port Pin Logic
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18.1 Open-Drain Operation

A port pin can be configured to operate as an inverting open-drain output buffer. To do this, software must
clear the bit in the PxDOUT register and use the PxDIR bit to set the value of the port pin. In open-drain
operation, the output buffer is toggled between driving logic low and TRI-STATE (high-impedance mode).
This is achieved by using the PxDIR register to switch between driving a low output and configuring the
port pin as an input. If desired, the internal weak pullup or pulldown can be enabled to pull the signal to a
harmless state when the output buffer is in TRI-STATE mode.

18.2 Port Registers

Each port has a set of memory-mapped registers:

» PxDIR—specifies whether the port is an input or output, except when using an alternate function.
When an alternate function is used, peripheral controls port direction.

» PxDIN—indicates the states on the port pins.

e« PxDOUT—holds data driven on the port pins, when the port is configured as an output and no
alternate function is used. When an alternate function is used, the peripheral device controls the data
output. This register also specifies states which cause assertion of interrupts, when interrupts are
enabled (see PxIEN register).

» PxIEN—enables an interrupt when the state on the port pin matches the state in PXxDOUT register.
 PxALT—enables the port alternate function.

* PxALTS—selects between alternate functions (A and B)

PxWPU—enables a weak pullup or pulldown

» PxPDR—selects the pullup/pulldown direction.

Table 18-1. Port Registers

NAME ADDRESS DESCRIPTION
PEDIR FF C404h Port E Direction Register
PEDIN FF C408h Port E Data Input Register
PEDOUT FF C40Ch Port E Data Output Register
PEIEN FF C41Ch Port E Interrupt Enable Register
PEALT FF C400h Port E Alternate Function Register
PEALTS FF C418h Port E Alternate Function Source Register
PEWPU FF C410h Port E Weak Pullup/Pulldown Enable Register
PEPDR FF C420h Port E Weak Pullup/Pulldown Direction Register
PFDIR FF C804h Port F Direction Register
PFDIN FF C808h Port F Data Input Register
PFDOUT FF C80Ch Port F Data Output Register
PFIEN FF C81Ch Port F Interrupt Enable Register
PFALT FF C800h Port F Alternate Function Register
PFALTS FF C818h Port F Alternate Function Source Register
PFWPU FF C810h Port F Weak Pullup/Pulldown Enable Register
PFPDR FF C820h Port F Weak Pullup/Pulldown Direction Register
PGDIR FF 6404h Port G Direction Register
PGDIN FF 6408h Port G Data Input Register
PGDOUT FF 640Ch Port G Data Output Register
PGIEN FF 641Ch Port G Interrupt Enable Register
PGALT FF 6400h Port G Alternate Function Register
PGALTS FF 6418h Port G Alternate Function Source Register
PGWPU FF 6410h Port G Weak Pullup/Pulldown Enable Register
PGPDR FF 6420h Port G Weak Pullup/Pulldown Direction Register
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Table 18-1. Port Registers (continued)

NAME ADDRESS DESCRIPTION

PHDIR FF CC04h Port H Direction Register

PHDIN FF CC08h Port H Data Input Register
PHDOUT FF CCOCh Port H Data Output Register

PHIEN FF CC1Ch Port H Interrupt Enable Register

PHALT FF CCO00h Port H Alternate Function Register

PHALTS FF CC18h Port H Alternate Function Source Register
PHWPU FF CC10h Port H Weak Pullup/Pulldown Enable Register
PHPDR FF CC20h Port H Weak Pullup/Pulldown Direction Register

In the descriptions of the port registers, the lower-case letter “x” represents the port designation, either E,
F, G, or H. For example, “PxDIR register” means any one of the port direction registers: PEDIR, PFDIR,

PGDIR, or PHDIR.

All of the port registers are 16-bit read/write registers, except for the port data input registers, which are
read-only registers. Each register bit controls the function of the corresponding port pin. For example,
PGDIR.2 (bit 2 of the PGDIR register) controls the direction of port pin PG2.

18.2.1 Port Direction Register (PxDIR)

The PxDIR register selects whether the corresponding port pin is used for input or output. A reset
operation clears the port direction registers, which initializes the pins as inputs.

15

PxDIR

PxDIR The Port Direction bits select the direction of the corresponding port pin.

0 — Input.
1 — Output.

18.2.2 Port Data Input Register (PxDIN)

The PxDIN register is a read-only register that returns the current state on each port pin. The CPU can
read this register at any time, even when the pin is configured as an output.

15

PxDIN

PxDIN The Port Data In bits indicate the state on the corresponding port pin.
0 — Pin is low.
1 — Pin is high.

18.2.3 Port Data Output Register (PxDOUT)

The PxDOUT register holds the data to be driven on output port pins. When the pins are configured as
outputs and no alternate function is enabled, writing to this register changes the output value. Reading the
register returns the last value written to the register.

When an interrupt is enabled through the PxIEN register, the PXxDOUT register specifies the signal level
which asserts the interrupt.

A warm reset (software reset or watchdog reset) leaves the register contents unchanged. At power-up, the
PxDOUT registers contain undefined data.
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15 0

\ PXDOUT |

PxDOUT The Port Data Out bits hold the data to be driven on pins configured as outputs in general-
purpose I/O mode. When interrupts are enabled in the PxIEN register, the PxDOUT bits
specify the signal levels which assert interrupts.

0 — Drive output pin low.
1 — Drive output pin high.

18.2.4 Port Interrupt Enable Register (PxIEN)

The PXIEN registers enable the port input logic so that the corresponding pins can be used as wake-up
inputs to the MIWU. All 16 pins on Ports E, F, and G and three pins on 8-bit Port H have independently
programmable MIWU channels, which give them the capability to interrupt the CPU and wake up the
system from low-power modes. If an alternate function is enabled which uses a pin as an input, the port
input logic is already enabled, so it is not required to set the corresponding bit in its PXIEN register. The
PxDOUT register specifies the signal level which asserts the wake-up signal to the MIWU. At reset, the
register is cleared to 0000h.

15 0
\ PXIEN |

PxIEN The Port Interrupt Enable bits enable the port input logic so that the corresponding port pins
can be used as MIWU inputs.
0 — Interrupt disabled.
1 — Interrupt enabled.

18.2.5 Port Alternate Function Register (PXALT)

The PXALT registers control whether the port pins are used for general-purpose I/O or for their alternate
function. Each port pin can be controlled independently.

A clear bit in the alternate function register causes the corresponding pin to be used for general-purpose
I/0. In this configuration, the port pin output buffer is controlled by the direction register (PxDIR) and the
data output register (PxDOUT). The input buffer is visible to software as the data input register (PxDIN).

A set bit in the alternate function register (PXALT) causes the corresponding pin to be used for its
peripheral 1/0O function. When the alternate function is selected, the port direction and output data are
controlled by the peripheral device.

A reset clears the port alternate function registers, which initializes the pins as general-purpose 1/O ports.

15 0
] PXALT \

PXALT The Port Alternate Function bits control whether the corresponding port pins are general-
purpose I/O ports or are used in their alternate function by an on-chip peripheral.
0 — General-purpose I/O selected.
1 — Alternate function selected.
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18.2.6 Port Alternate Function Select Register (PXALTS)

The PxALTS register selects between two peripheral devices available for the alternate function of a port
pin. These bits are ignored unless the corresponding PXALT bits are set. Each port pin can be controlled

independently.
15 0
\ PXALTS |
PXALTS The Alternate Function Select bits select among two alternate functions. Table 18-2 shows
the mapping of the PXALTS bits to the alternate functions. Unused PXALTS bits must be
clear.
Table 18-2. Alternate Function Select

PORTPIN | FiClican). (Device 8) PORTPIN | Seiicen) (Device 8)
PEO USARTO RXDO TIOO0_1 PGO 12SCLK Reserved
PE1 USARTO TXDO Reserved PG1 12SWS Reserved
PE2 USARTO RTSO TIO0_3 PG2 12SSDI Reserved
PE3 USARTO CTSO Reserved PG3 12SSDO Reserved
PE4 USARTO CKX0 TIO0_2 PG4 MSK1 Reserved
PES TAO NMI PG5 MDIDO1 Reserved
PE6 CAN1RX Reserved PG6 MDODI1 Reserved
PE7 CAN1TX Reserved PG7 MWCS1 TAl
PE8 MSK Reserved PG8 SRFS UART3 RTS3
PE9 MDIDOO Reserved PG9 SCK DIGMIC1
PE10 MDODIO Reserved PG10 SFS TCIO1
PE11 MWCSO0 TIOO0_7 PG11 STD DIGMIC2
PE12 SCLO TIOO_5 PG12 SRD Reserved
PE13 IDPULLUP TIO1_ 1 PG13 SRCLK UART3 CTS3
PE14 DRVVBUS TIO1_3 PG14 UART3 RXD3 TB1
PE15 IDDIG TIO1_ 5 PG15 UART3 TXD3 Reserved
PFO RFSYNC Reserved PHO TIO1 4 Reserved
PF1 SCLK Reserved PH1 SDAO TIO1_6
PF2 SDAT Reserved PH2 CANORX TIO1_7
PF3 SLE Reserved PH3 CANOTX TIO1_8
PF4 BTSEQ1 Reserved PH4 Reserved Reserved
PF5 BTSEQ2 Reserved PH5 Reserved Reserved
PF6 BTSEQ3 Reserved PH6 Reserved Reserved
PF7 ASYNC TBO PH7 Reserved Reserved
PF8 UART1 RXD1 TIOO_4 PH8 Reserved Reserved
PF9 UART1 TXD1 Reserved PH9 Reserved Reserved
PF10 UART1 RTS1 TIOO_6 PH10 Reserved Reserved
PF11 UART1 CTS1 Reserved PH11 Reserved Reserved
PF12 UART2 RXD2 TIOO_8 PH12 Reserved Reserved
PF13 UART2 TXD2 Reserved PH13 Reserved Reserved
PF14 UART2 RTS2 TIO1 2 PH14 Reserved Reserved
PF15 UART2 CTS2 Reserved PH15 Reserved Reserved
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18.2.7 Port Weak Pullup/Pulldown Enable Register (PxWPU)

The PxWPU register controls whether a weak pullup or pulldown device is enabled on the output buffer.
The pullup or pulldown device, if enabled by the register bit, operates whenever the port output buffer is
disabled (TRI-STATE mode). Enabling the pullup or pulldown device is unaffected by whether the port pin
is in GPIO or alternate function mode. A reset operation clears the PxXWPU registers, which disables all
pullups and pulldowns.

15 0
\ PXWPU

PXWPU The Weak Pullup/Pulldown Enable bits control whether the weak pullup/pulldown device is
enabled.
0 — Weak pullup/pulldown disabled.
1 — Weak pullup/pulldown enabled.

18.2.8 Port Weak Pullup/Pulldown Direction Register (PxPDR)

The PxPDR register selects whether a weak pullup or pulldown device is enabled on the output buffer.
The pullup or pulldown device, if enabled in the PxXWPU register, operates whenever the port output buffer
is disabled (TRI-STATE mode). The PxPDR bits are ignored unless the corresponding PxXWPU bits are
set. At reset, the registers are initialized to FFFFh, which selects pullups.

15 0
\ PXPDR
PxPDR The Pullup/Pulldown Direction bits select between a pullup and a pulldown device.

0 — Pulldown selected.
1 — Pullup selected.

19 Bluetooth Controller

The integrated hardware Bluetooth Lower Link Controller (LLC) complies to the Bluetooth Specification
Version 1.2 and integrates the following functions:

» 7K-byte dedicated Bluetooth data RAM

» 1K-byte dedicated Bluetooth sequencer RAM

» Support of all Bluetooth 1.2 packet types

» Support for fast frequency hopping of 1600 hops/s

» Access code correlation and slot timing recovery circuit

» Power Management Control Logic

* BlueRF-compatible interface to connect with National's LMX5252 and other RF transceiver chips

For a detailed description of the interface to the LMX5252, consult the LMX5252 data sheet which is

available from the Texas Instruments wireless group. National provides software libraries for using the
Bluetooth LLC. Documentation for the software libraries is also available from National Semiconductor.

19.1 RF Interface
The CP3SP33 interfaces to the LMX5251 or LMX5252 radio chips though the RF interface.
Figure 19-1 shows the interface between the CP3SP33 and the LMX5251 radio chip.
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Figure 19-1. LMX5251 Interface

Figure 19-2 shows the interface between the CP3SP33 and the LMX5252 radio chip.
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Figure 19-2. LMX5252 Interface

The CP3SP33 implements a BlueRF-compatible interface, which may be used with other RF transceiver

chips.
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19.1.1 RF Interface Signhals

The RF interface signals are grouped as follows:

* Modem Signals (CLKIN, RFDATA, and RFSYNC)

» Control Signal (RFCE)

« Serial Interface Signals (SCLK, SDAT, and SLE)

» Bluetooth Sequencer Status Signals (BTSEQ1, BTSEQZ2, and BTSEQ?2)

Software must enable the alternate functions of the RF interface signals to allow them to be controlled by
the Bluetooth module.

19.1.1.1 CLKIN

The CLKIN pin is the input signal for the 12-MHz clock signal. The radio chip uses this signal internally as
the 12x oversampling clock and provides it externally to the CP3SP33 for use as the Main Clock.

19.1.1.2 RFDATA

The RFDATA signal is the multiplexed Bluetooth data receive and transmit signal. The data is provided at
a bit rate of 1 Mbit/s with 12x oversampling, synchronized to the 12 MHz CLKIN. The RFDATA signal is a
dedicated RF interface pin. This signal is driven to a logic high level after reset.

19.1.1.3 RFSYNC

In receive mode (data direction from the radio chip to the CP3SP33), the RFSYNC signal acts as the
frequency correction/DC compensation circuit control output to the radio chip. The RFSYNC signal is
driven low throughout the correlation phase and driven high when synchronization to the received access
code is achieved.

In transmit mode (data direction from the CP3SP33 to the radio chip), the RFSYNC signal enables the RF
output of the radio chip. When the RFSYNC pin is driven high, the RF transmitter circuit of the radio chip
is enabled, corresponding to the settings of the power control register in the radio chip

The RFSYNC signal is the alternate function of the general-purpose 1/0 pin PGO. At reset, this pin is in
TRI-STATE mode. Software must enable the alternate function of the PGO pin to give control over this
signal to the RF interface.

19.1.1.4 RFCE

The RFCE signal is the chip enable output to the external RF chip. When the RFCE signal is driven high,
the RF chip power is controlled by the settings of its power control registers. When the RFCE signal is
driven low, the RF chip is powered-down. However, the serial interface is still operational and the
CP3SP33 can still access the RF chip internal control registers.

The RFCE signal is the alternate function of the general-purpose 1/0O pin PG1. At reset, this pin is in TRI-
STATE mode. Software must enable the alternate function of the PG1 pin to give control over this signal
to the RF interface.

During Bluetooth power-down phases, the CP3SP33 provides a mechanism to reduce the power
consumption of an external RF chip by driving the RFCE signal of the RF interface to a logic low level.
This feature is available when the Power Management Module of the CP3SP33 has enabled the
Hardware Clock Control mechanism. (However, the current version of the radio chip does not implement a
power-reduction mode.)

19.1.1.5 SCLK

The SCLK signal is the serial interface shift clock output. The CP3SP33 always acts as the master of the
serial interface and therefore always provides the shift clock. The SCLK signal is the alternate function of
the general-purpose /0 pin PG3. At reset, this pin is in TRI-STATE mode. Software must enable the
alternate function of the PG3 pin to give control over this signal to the RF interface.
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19.1.1.6 SDAT

The SDAT signal is the multiplexed serial data receive and transmit path between the radio chip and the
CP3SP33.

The SDAT signal is the alternate function of the general-purpose /O pin PG4. At reset, this pin is in TRI-
STATE mode. Software must enable the alternate function of the PG4 pin to give control over this signal
to the RF interface.

SLE
The SLE pin is the serial load enable output of the serial interface of the CP3SP33.

During write operations (to the radio chip registers), the data received by the shift register of the radio chip
is copied into the address register on the next rising edge of SCLK after the SLE signal goes high.

During read operations (read from the registers), the radio chip releases the SDAT line on the next rising
edge of SCLK after the SLE signal goes high

SLE is the alternate function of the general-purpose I/O pin PG5. At reset, this pin is in TRI-STATE mode.
Software must enable the alternate function of the PG5 pin to give control over this signal to the RF
interface.

19.1.1.7 BTSEQ[3:1]

19.2

24

The BTSEQJ3:1] signals indicate internal states of the Bluetooth sequencer, which are used for interfacing
to some external devices.

Serial Interface

The radio chip register set can be accessed by the CP3SP33 through the serial interface. The serial
interface uses three pins of the RF interface: SDAT, SCLK, and SLE.

The serial interface of the CP3SP33 always operates as the master, providing the shift clock (SCLK) and
load enable (SLE) signal to the radio chip. The radio chip always acts as the slave.

A 25-bit shift protocol is used to perform read/write accesses to the radio chip internal registers. The
complete protocol is comprised of the following sections:

» 3-bit Header Field

* Read/Write Bit

» 5-bit Address Field

* 16-bit Data Field

Header
The 3-bit header contains the fixed data 101b (except for Fast Write Operations).

Read/Write Bit
The header is followed by the read/write control bit (R/W). If the Read/Write bit is clear, a write operation
is performed and the 16-bit data portion is copied into the addressed radio chip register.

Address
The address field is used to select one of the radio chip internal registers.

Data
The data field is used to transfer data to or from a radio chip register. The timing is modified for reads, to
transfer control over the data signal from the CP3SP33 to the radio chip.

Figure 19-3 shows the serial interface protocol format.

22 21 20 16 15 0

Header[2:0] ‘ R/W ‘ Address[4:0] ‘ Data[15:0]

Figure 19-3. Serial Interface Protocol Format
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Data is transferred on the serial interface with the most significant bit (MSB) first.

Write Operation

When the R/W bit is clear, the 16 bits of the data field are shifted out of the CP3SP33 on the falling edge
of SCLK. Data is sampled by the radio chip on the rising edge of SCLK. When SLE is high, the 16-bit data
are copied into the radio chip register on the next rising edge of SCLK. The data is loaded in the
appropriate radio chip register depending on the state of the four address bits, Address[4:0]. Figure 19-4
shows the timing for the write operation.

- T\ A\OEE000E0EC

S_I_E_l

DS012

Figure 19-4. Serial Interface Write Timing
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Read Operation

When the R/W bit is set, data is shifted out of the radio chip on the rising edge of SCLK. Data is sampled
by the CP3SP33 on the falling edge of SCLK. On reception of the read command (R/