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Preface

Overview

The primary objective of this document is to define the functionality of the PXD20 microcontroller for use
by software and hardware developers. The PXD20 is built on Power Architecture® technology and
integrates technologies that are important for today’s instrument cluster applications.

The information in this document is subject to change without notice, as described in the disclaimers on
the title page. As with any technical documentation, it is the reader’s responsibility to be sure he or she is
using the most recent version of the documentation.

To locate any published errata or updates for this document, visit the Freescale Web site at
www.freescale.com.

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products with the PXD20 device. It is assumed that the reader understands operating
systems, microprocessor system design, basic principles of software and hardware, and basic details of the
Power Architecture.

Organization

This document includes chapters that describe:

* The microcontroller as a whole

* The functionality of the individual modules on the microcontroller
When the microcontroller is specified as “PXD20,” the reader is instructed to apply this information to all
of the microcontrollers specified on the front cover of this manual, unless individual device-specific details
are provided in that chapter.
The following summary provides a brief description of the major sections of this manual:

» Chapter 1, Introduction, includes general descriptions of the modules and features incorporated in
the device while focusing on new features.

» Chapter 2, Memory Map, provides a high-level listing of the PXD20 memory map.

» Chapter 3, Signal Description, summarizes the external signal functions, their static electrical
characteristics, and pad configuration settings for the PXD20.

» Chapter 4, Safety, describes a set of features to support using the PXD20 for applications that need
to fulfill functional safety requirements.

» Chapter 5, Analog-to-Digital Converter (ADC), describes the ADC module implemented on the
PXD20.
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Chapter 6, Boot Assist Module (BAM), describes the BAM, which contains the MCU boot
program code supporting the different booting modes for this device.

Chapter 7, CAN Sampler, describes detecting a CAN message while no precise clock is running.
Chapter 8, Clock Description, describes the various clock sources that are available on the PXD20.
Chapter 9, Crossbar Switch (XBAR), describes the multi-port AXBS crossbar switch that supports
simultaneous connections between the master ports and slave ports on the PXD20.

Chapter 10, Deserial Serial Peripheral Interface (DSPI), describes the serial peripheral interface
(SP1) block, which provides a synchronous serial interface for communication between the PXD20
and external devices.

Chapter 11, Display Control Unit (DCU3), describes the module that displays to a TFT LCD panel.
Chapter 12, Display Control Unit Lite (DCUL.te), describes the module that displays to a TFT
LCD panel.

Chapter 13, DRAM Controller (DRAMC), describes the DRAM controller on the PXD20.
Chapter 14, DRAMC Priority Manager, describes the submodule of the DRAMC that services
prioritized requests from different buses on the PXD20.

Chapter 15, e200z4d Core, describes the organization of the e200z4 Power processor cores and an
overview of the programming models as they are implemented on the device.

Chapter 16, Enhanced Direct Memory Access (eDMA), describes the enhanced DMA controller
implemented on the PXD20.

Chapter 17, eDMA Channel Mux (DMACHMUX), describes the DMA multiplexer block
implemented on the PXD20.

Chapter 18, Enhanced Modular 10 Subsystem (eMIOS),describes the eMIOS module, which
provides timed 1/O channels for communications with off-chip devices.

Chapter 19, Error Correction Status Module (ECSM), describes the ECSM block, which provides
monitoring and control functions to report memory errors and apply error-correcting code (ECC)
implementations.

Chapter 20, FlexCAN, describes the CAN module, a communication controller implementing the
CAN protocol according to Bosch Specification version 2.0B and ISO Standard 11898.

Chapter 21, Flash Memory, describes the flash memory block and the flash memory controller.
Chapter 22, Graphics Accelerator Gasket (GXG), describes a graphics accelerator (GFX2D) with
a 32-bit IPS-to-AHB bridge to the slave port and a 64-bit AXI-to-AHB bridge to the master port.

Chapter 23, Graphics Static RAM (GSRAM), describes a block of RAM with an array controller
and dual AHB input ports.

Chapter 24, IEEE 1149.1 Test Access Port Controller (JTAGC), describes configuration and
operation of the Joint Test Action Group (JTAG) controller implementation. It describes those
items required by the IEEE® 1149.1 standard and provides additional information specific to the
device. For internal details and sample applications, see the IEEE 1149.1 document.

Chapter 25, Inter-Integrated Circuit Bus Controller Module (12C), describes the 12C module,
including 12C protocol, clock synchronization, and 12C programming model registers.

Chapter 26, Interrupt Controller (INTC), summarizes the software and hardware interrupts for the
PXD20 device.
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e Chapter 27, LIN Controller (LINFlexD), describes the LINFlex (Local Interconnect Network
Flexible) controller, which provides UART capabilities as well as an interface to a LIN network.

» Chapter 28, Memory Protection Unit (MPU), describes the block that provides hardware access
control for all memory references generated in the PXD20.

» Chapter 29, Mode Entry Module (MC_ME), describes the module that controls the PXD20 mode
and mode transition sequences in all functional states.

» Chapter 30, Nexus Development Interface (NDI), describes the Nexus Development Interface
(NDI) block, which provides real-time development support capabilities for the PXD20 in
compliance with the IEEE-ISTO 5001-2003 standard.

» Chapter 31, OpenVG Graphics Accelerator (GFX2D), describes a graphics accelerator module.

e Chapter 32, Periodic Interrupt Timer (PIT), describes an array of timers that can be used to initiate
interrupts and trigger DMA channels.

» Chapter 33, Peripheral Bridge (PBRIDGE), describes the interface between the system bus and
lower bandwidth peripherals via the AIPS bridge.

» Chapter 34, Power Control Unit (MC_PCU), describes the controls for the bridge that maps the
PMC peripheral to the MC_PCU address space.

» Chapter 35, Quad Serial Peripheral Interface (QuadSPl), describes a module that provides a
synchronous serial bus for communication with an external peripheral device.

» Chapter 36, Real-Time Clock (RTC/API), describes a free running counter used for time keeping
applications that may be configured to generate an interrupt at a predefined interval.

» Chapter 37, Reset Generation Module (MC_RGM), describes the module that centralizes the
different reset sources and manages the reset sequence of the device.

» Chapter 38, Run-Length Encoding Decoder (RLE_DEC), describes the module that is used to
decode data that has been compressed using a Run Length Encoding (RLE) scheme.

» Chapter 39, Sound Generator Module (SGM), describes the module is a 4-channel sound generator
supporting autonomous audio note generation, mono linear PCM data playback, mixing, and
amplitude control.

» Chapter 40, Static RAM (SRAM), describes the on-chip static RAM (SRAM) implementation, and
covers general operations, configuration, and initialization.

» Chapter 41, Stepper Motor Controller (SMC), describes the SMC, a PWM motor controller
suitable for driving small stepper and air core motors used in instrumentation applications.

» Chapter 42, Stepper Stall Detect (SSD), describes a block that connects to a stepper motor (SM)
with two coils and monitors the movement of the SM.

e Chapter 43, System Integration Unit Lite (SIUL), describes the SIU module, which controls MCU
reset configuration, pad configuration, external interrupt, general-purpose 1/0 (GPIO), internal
peripheral multiplexing, and the system reset operation.

» Chapter 44, System Status and Configuration Module (SSCM), describes the module that provides
information about the current state and configuration of the system, which may be useful for
configuring application software and for debugging the system.

» Chapter 45, System Timer Module (STM), describes the timer control module.
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e Chapter 46, Timing Controller (TCON), describes an alternative interface for the DCU3 that
provides RGB data and timing signals for TFT panels.

» Chapter 47, Video Input Unit (VIU2), describes a video input module.

» Chapter 48, \oltage Regulators and Power Supplies, describes the three on-chip voltage regulators
for power management and distribution, allowing low-power operation and optimization of power
consumption.

» Chapter 49, Wakeup Unit (WKPU), describes the module that supports an external source that can
cause non-maskable interrupt requests or wakeup events.

» Chapter 50, Device Performance Optimization, describes methods to enhance performance of the
PXD20.

* Appendix A, Registers Under Protection, lists the registers under protection on the PXD20.
» Appendix B, Revision History, provides the revision history of this document.

PXD20 Microcontroller Reference Manual, Rev. 1

xliv Freescale Semiconductor
Preliminary—Subject to Change Without Notice



Document conventions

This document uses the following notational conventions:

cleared/set

reserved

MNEMONICS
mnemonics
italics

0x
Ob
REG[FIELD]

nibble

byte
halfword
word
doubleword
X

|
OVERBAR

When a bit takes the value 0, it is said to be cleared; when it takes a value of 1, it
is said to be set.

When a bit or address is reserved, it should not be written. If read, its value is not
guaranteed. Reading or writing to reserved bits or addresses may cause
unexpected results.

In text, instruction mnemonics are shown in uppercase.
In code and tables, instruction mnemonics are shown in lowercase.

Italics indicate variable command parameters.
Book titles in text are set in italics.

Prefix to denote hexadecimal number
Prefix to denote binary number

Abbreviations for registers are shown in uppercase. Specific bits, fields, or ranges
appear in brackets. For example, RAMBAR[BA] identifies the base address field
in the RAM base address register.

A 4-bit data unit
An 8-bit data unit
A 16-bit data unit!
A 32-bit data unit
A 64-bit data unit

In some contexts, such as signal encodings, x (without italics) indicates a “don’t
care” condition.

With italics, used to express an undefined alphanumeric value (e.g., a variable in
an equation); or a variable alphabetic character in a bit, register, or module name
(e.g., DSPI1_x could refer to DSPI_A or DSPI_B).

Used to express an undefined numerical value; or a variable numeric character in
a bit, register, or module name (e.g., EIFn could refer to EIF1 or EIFO0).

NOT logical operator

AND logical operator

OR logical operator

Field concatenation operator

An overbar indicates that a signal is active-low.

Register Figure Conventions

1. The only exceptions to this appear in the discussion of serial communication modules that support variable-length data
transmission units. To simplify the discussion these units are referred to as words regardless of length.
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This document uses the following conventions for the register reset values in register figures:
— Bit value is undefined at reset.

U Bit value is unchanged by reset. Previous value preserved during reset.
[signal_name] Reset value is determined by the polarity of the indicated signal.

The following descriptions are used in register bit field description tables:

R| O Indicates a reserved bit field in a memory-mapped register. These bits are always read
W as 0.

R 1 Indicates a reserved bit field in a memory-mapped register. These bits are always read
W as 1.

R | FIELDNAME Indicates a read/write bit in a memory-mapped register.

w

R | FIELDNAME Indicates a read-only bit field in a memory-mapped register.

w

R Indicates a write-only bit field in a memory-mapped register.

W | FIELDNAME

R | FIELDNAME Write 1 to clear: indicates that writing a 1 to this bit field clears it.

W wilc

R 0 Indicates a self-clearing bit.

W | FIELDNAME

Acronyms and abbreviated terms

The following table lists some acronyms and abbreviations used in this document.

Term Meaning
GPIO General-purpose 1/0
IEEE Institute for Electrical and Electronics Engineers

JEDEC Joint Electron Device Engineering Council

JTAG Joint Test Action Group
Mux Multiplex
Rx Receive
RTL Register transfer language

PXD20 Microcontroller Reference Manual, Rev. 1

xIvi Freescale Semiconductor
Preliminary—Subject to Change Without Notice



Term Meaning

TX Transmit
UART Universal asynchronous/synchronous receiver transmitter
References

In addition to this reference manual, the following documents provide additional information on the
operation of the PXD20:

* |IEEE-ISTO 5001-2003 Standard for a Global Embedded Processor Interface (Nexus)
* |EEE 1149.1-2001 standard - IEEE Standard Test Access Port and Boundary-Scan Architecture

* Power Architecture Book E V1.0
(http://www.freescale.com/files/32bit/doc/user_guide/BOOK_EUM.pdf)

PXD20 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor Xlvii
Preliminary—Subject to Change Without Notice


http://www.freescale.com/files/32bit/doc/user_guide/BOOK_EUM.pdf

PXD20 Microcontroller Reference Manual, Rev. 1

xlviii Freescale Semiconductor
Preliminary—Subject to Change Without Notice



Chapter 1
Introduction

1.1 The PXD20 microcontroller

The PXD20 represents a new generation of 32-bit microcontrollers targeting single-chip automotive
instrument cluster applications. PXD20 devices are part of the family of Power Architecture®-based
devices. This family has been designed with an emphasis on providing cost-effective and high quality
graphics capabilities in order to satisfy the increasing market demand for color Thin Film Transistor (TFT)
displays within the vehicle cockpit. Traditional cluster functions, such as gauge drive, real time counter,
and sound generation are also integrated on each device.

The PXD20:
* Includes 2 MB internal flash memory, 1 MB internal graphics SRAM and 64 KB system SRAM
» Offers high processing performance operating at speeds up to 125 MHz
* Is optimized for low power consumption

The PXD20 is designed to reduce development and production costs of TFT-based instrument cluster

displays by providing a single-chip solution with the processing and storage capacity to host and execute
real-time application software and drive TFT displays directly.

The PXD20 features a 2D OpenVG and raster graphics accelerator, Video Input Unit (VIU2) and two
on-chip Display Control Units (DCU3 and DCUL.te) designed to drive two color TFT displays
simultaneously. The PXD20 includes a enhanced QuadSPI serial flash controller and an optional DRAM
controller allowing graphics RAM expansion externally.

The PXD20 is compatible with the existing development infrastructure of current Power Architecture
devices and are supported with software drivers, operating systems and configuration code to assist with
application development.

1.2 PXD20 device summary

Table 1-1 summarizes the PXD20 device.
Table 1-1. PXD20 Family feature set

Feature PXD20
Package 176 LQFP 208 LQFP 416 MAPBGA
CPU €200z4d

4 KB Instruction-Cache
16-entry Memory Management Unit (MMU)
Floating Point Unit (FPU)
Signal Processing Extension (SPE)

Execution speed Static—125 MHz
Flash memory (ECC) 2 MB
RAM (ECC) 64 KB
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Table 1-1. PXD20 Family feature set (continued)

Feature PXD20
Package 176 LQFP 208 LQFP 416 MAPBGA
On-chip graphics RAM (no ECC) 1 MB
MPU 16 entry
eDMA 16 channels
DRAM controller No Yes
OpenVG Graphics Accelerator Yes (OpenVG 1.1)
(GFX2D)
Display Control Unit (DCU3) Yes
Display Control Unit Lite (DCULite) No Yes
Timing Controller (TCON) and RSDS No Yes
interface
Video Input Unit (VIU2) Yes
QuadSPI serial flash interface Yes
Stepper Motor Controller (SMC) 4 motors 6 motors
Stepper Stall Detect (SSD) Yes
Sound Generator Module (SGM) Yes
32 kHz external crystal oscillator Yes
Real Time Counter and Autonomous Yes
Periodic Interrupt (RTC/API)
Periodic interrupt timer (PIT) 8 ch, 32-hit
Software Watchdog Timer (SWT) Yes
System Timer Module (STM) 4 ch, 32-bit
Timed I/O 20 ch, 16-bit: IC/ OC / OPWM
8 ch, 16-bit: IC/OC
4 ch, 16-bit: IC/ OC / OPWM / QDEC
Analog-to-Digital Converter (ADC) 16 channels, 10-hit 20 channels, 10-bit
CAN (64 mailboxes) 3 x CAN
CAN sampler Yes
Serial communication interface 3 xLIN 4 x LIN
SPI 2 x SPI 3 x SPI
12C 4
GPIO 128 150 177
Debug Nexus Class 3 (4xMDO) Nexus Class 3 (12xMDO)
PXD20 Microcontroller Reference Manual, Rev. 1
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1.3  Device block diagram
Figure 1-1 shows a top-level block diagram of the PXD20.

PXD20 Block Diagram

System Debug Crossbar Masters
JTAG / | -
Nexus e200z4d Core | | 200\ |\ | |DCU || o | eonHRsps
Class 3+ ||| |4 KB I-Cache) GEX Lite
A A A A A

MMU » <

A A < _
> 16-ch DMA <

A 4

Eiany

Crossbar Slaves

\

NN

ADC — Analog-to-digital converter RTC — Real time clock

CAN — Controller area network controller RSDS — Reduced-swing differential sgnal interface
DCU — Display control unit SGM — Sound generator module

DMA — Direct memory access controller SMD SSD - Stepper motor driver/stepper stall detect
DRAM — Dynamic random-access memory SPI — Serial peripheral interface controller

ECC — Error correction code SRAM — Sraric random-access memory

eMIOS — Timed input/output STM — System timer module

FMPLL — Frequency-modulated phase-locked loop SWT — Software watchdog timer

GFX — OpenVG graphics accelerator TCON — Timing controller

12c — Inter-integrated circuit controller UART/LIN — Universal asynchronous receiver/transmitter/
JTAG — Joint Test Action Group interface local interconnect network

MMU — Memory management unit VIu2 — Video input unit

PBRIDGE - Peripheral I/O bridge VLE — Variable-length execution set

PIT — Periodic interrupt timer VREG — Voltage regulator

RLE — Run length encoding

Figure 1-1. PXD20 block diagram
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1.4

Feature summary

Dual-issue, 32-bit Power Architecture Book E compliant CPU core complex (e200z4d)
— Memory Management Unit (MMU)

— 4 KB, 2/4-way instruction cache

2 MB on-chip ECC flash memory with:

— Flash memory controller

— Prefetch buffers

64 KB on-chip ECC SRAM

1 MB on-chip non-ECC graphics SRAM with two-port graphics SRAM controller

Memory Protection Unit (MPU) with up to 16 region descriptors and 32-byte region granularity to
provide basic memory access permission and ensure separation between different codes and data

Interrupt Controller (INTC) with 181 peripheral interrupt sources and eight software interrupts
Two Frequency-Modulated Phase-Locked Loops (FMPLLS)
— Primary FMPLL (FMPLLO) provides a system clock up to 125 MHz

— Auxiliary FMPLL (FMPLL1) is available for use as an alternate, modulated or non-modulated
clock source to eMIOS modules, QuadSPI and as alternate clock to the DCU and DCU-L.ite for
pixel clock generation

Crossbar switch architecture enables concurrent access of peripherals, flash memory or RAM from
multiple bus masters

16-channel Enhanced Direct Memory Access controller (eDMA) with multiple transfer request
sources using a DMA channel multiplexer

Boot Assist Module (BAM) with 8 KB dedicated ROM for embedded boot code supports boot
options including download of boot code via a serial link (CAN or SCI)

Two Display Control Units (DCU3 and DCUL.te) for direct drive of up to two TFT LCD displays
up to XGA resolution

Timing Controller (TCON) and RSDS interface for the DCU3 module
2D OpenVG 1.1 and raster graphics accelerator (GFX2D)

Video Input Unit (VIU2) supporting 8/10-bit ITU656 video input, YUV to RGB conversion, video
down-scaling, de-interlacing, contrast adjustment and brightness adjustment.

DRAM controller supporting DDR1, DDR2, LPDDR1 and SDR DRAMSs
Stepper Motor Controller (SMC)

— High-current drivers for as many as six stepper motors driven in full dual H-bridge
configuration

— Stepper motor return-to-zero and stall detection module
— Stepper motor short circuit detection

Sound Generator Module (SGM)

— 4-channel mixer

— Supports PCM wave playback and synthesized tones
— Optional PWM or 1%S outputs

PXD20 Microcontroller Reference Manual, Rev. 1
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* Two 16-channel Enhanced Modular Input Output System (eMIOS) modules

— Support a range of 16-bit Input Capture, Output Compare, Pulse Width Modulation and
Quadrature Decode functions

» 10-bit Analog-to-Digital Converter (ADC) with a maximum conversion time of 1 us
— Up to 20 internal channels
— Up to 8 external channels

» Three Deserial Serial Peripheral Interface (DSPI) modules for full-duplex, synchronous,
communications with external devices

* QuadSPI serial flash memory controller
— Supports single, dual and quad 10 serial flash memory
— Interfaces to external, memory-mapped serial flash memories

— Supports simultaneous addressing of 2 external serial flashes to achieve up 80 MB/s read
bandwidth

* RLE decoder supporting memory to memory decoding of RLE data in conjunction with eDMA
» Four local interconnect network (LINFlex) controller modules

— Capable of autonomous message handling (master), autonomous header handling (slave
mode), and UART support

— Compliant with LIN protocol rev 2.1
* Three controller-area network (FlexCAN) modules
— Compliant with the CAN protocol version 2.0 C
— 64 configurable buffers
— Programmable bit rate of up to 1 Mb/s
* Four Inter-Integrated Circuit (IZC) internal bus controllers with master/slave bus interface

* Low-power loop controlled pierce crystal oscillator supporting 4-16MHz external crystal or
resonator

» Real Time Counter (RTC) with clock source from internal 128 kHz or 16 MHz oscillator
supporting autonomous wake-up with 1 ms resolution with maximum timeout of 2 seconds

— Support for real time counter (RTC) with clock source from external 32 KHz crystal oscillator,
supporting wake-up with 1 s resolution and maximum timeout of one hour

— RTC optionally clocked by fast 4-16 MHz external oscillator
o System timers:

— Four-channel 32-bit System Timer Module (STM)

— Eight-channel 32-bit Periodic Interrupt Timer (PIT) module (including ADC trigger)

— Software Watchdog Timer (SWT)
» System Integration Unit Lite (SIUL) module to manage external interrupts, GPI1O and pad control
» System Status and Configuration Module (SSCM)

— Provides information for identification of the device, last boot mode, or debug status

— Provides an entry point for the censorship password mechanism
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» Clock Generation Module (MC_CGM) to generate system clock sources and provide a unified
register interface, enabling access to all clock sources

* Clock Monitor Unit (CMU)

— Monitors the integrity of the fast (4-16 MHz) external crystal oscillator and the primary
FMPLL (FMPLLO)

— Acts as a frequency meter, measuring the frequency of one clock source and comparing it to a
reference clock

* Mode Entry Module (MC_ME)
— Controls the device power mode, i.e., RUN, HALT, STOP, or STANDBY
— Controls mode transition sequences

— Manages the power control, voltage regulator, clock generation and clock management
modules

» Power Control Unit (MC_PCU) to implement standby mode entry/exit and control connections to
power domains

* Reset Generation Module (MC_RGM) to manage reset assertion and release to the device at initial
power-up

* Nexus Development Interface (NDI) per IEEE-ISTO 5001-2008 Class 3 standard with additional
Class 4 features:
— Watchpoint Triggering
— Processor Overrun Control

» Device/board boundary-scan testing supported per Joint Test Action Group (JTAG) of IEEE (IEEE
1149.1)

»  On-chip voltage regulator controller for regulating the 3.3-5 V supply voltage down to 1.2 V for
core logic (requires external ballast transistor)

 Package:!
— 176 LQFP, 0.5 mm pitch, 24 mm x 24 mm outline
— 208 LQFP, 0.5 mm pitch, 28 mm x 28 mm outline
— 416 TEPBGA, 1mm ball pitch, 27 mm x 27 mm outline

1.5 Feature details

151 Low-power operation

The PXD20 is designed for optimized low-power operation and dynamic power management of the CPU
and peripherals. Power management features include software-controlled clock gating of peripherals and
multiple power domains to minimize leakage in low-power modes.

There are three low-power modes:

1. See the device comparison table for package offerings for each device in the family.
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« STANDBY
« STOP
« HALT

and five dynamic power modes — RUN]JO0..3] and DRUN. All low-power modes use clock gating to halt
the clock for all or part of the device.

STANDBY mode turns off the power to the majority of the chip to offer the lowest power consumption
mode.

The device can be awakened from STANDBY mode via from any of up to 23 I/O pins, a reset or from a
periodic wake-up using a low power oscillator. If required, it is possible to enable the internal 16 MHz
oscillator, the external 4-16 MHz oscillator and the external 32 KHz oscillator.

In STANDBY mode the contents of the CPU, on-chip peripheral registers and potentially some of the
volatile memory are lost. The two possible configurations in STANDBY mode are:

» The device retains 64 KB of the on-chip SRAM, but the content of the graphics SRAM is lost.
» The device retains 8 KB of the on-chip SRAM, but the content of the graphics SRAM is lost.

STOP mode maintains power to the entire device allowing the retention of all on-chip registers and
memory, and providing a faster recovery low power mode than the lowest-power STANDBY mode. There
IS no need to reconfigure the device before executing code. The clocks to the CPU and peripherals are
halted and can be optionally stopped to the oscillator or PLL at the expense of a slower start-up time.

STOP is entered from RUN mode only. Wake-up from STOP mode is triggered by an external event or by
the internal periodic wake-up, if enabled.

RUN modes are the main operating modes where the entire device can be powered and clocked and from
which most processing activity is done. Four dynamic RUN modes are supported—RUNO - RUN3. The
ability to configure and select different RUN modes enables different clocks and power configurations to
be supported with respect to each other and to allow switching between different operating conditions. The
necessary peripherals, clock sources, clock speed and system clock prescalers can be independently
configured for each of the four RUN modes of the device.

HALT mode is a reduced activity, low power mode intended for moderate periods of lower processing
activity. In this mode the CPU system clocks are stopped but user-selected peripheral tasks can continue
to run. It can be configured to provide more efficient power management features (switch-off PLL, flash
memory, main regulator, etc.) at the cost of longer wake up latency. The system returns to RUN mode as
soon as an event or interrupt is pending.

Table 1-2 summarizes the operating modes of the PXD20.

PXD20 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor 1-7
Preliminary—Subject to Change Without Notice



Table 1-2. Operating mode summary?

SoC features Clock sources Wake-up time?
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RUN On OP|OP|OP|On|OP|OP|On|OP|ON|OP| — | — |FP| — | —| — — — | =] =
3
HALT CG OP|OP|OP|On|OP|OP|On|OP|On|OP|OP|OP|FP| — | —| — — — | — | TBD
3
STOP CG |CG|CG|OP|On|CG|CG|OP|OP|On|OP|OP|OP|LP|350u|4u|20ps|1m|200pu|— |24
3 s s s s s
STANDB off | Off | Off | 64 | Off | Off | Off | OP | OP |OP |OP |OP |OP | LP | 350 | 8| 100 | 1m | 200 | Va| 28
Y KB s s s s s r s
4
Off | Off | Off | 8 | Off | Off | Off | OP |OP |OP |OP |OP |OP | LP | 200 | 8 | 200 |1 m | 200 | Va | 28
KB S S S S S r S
5
POR 500 | 8| 100 | 1 m | 200 p BAM
s s s s s 6

1 Table Key:
On—Powered and clocked
OP—Optionally configurable to be enabled or disabled (clock gated)
CG—Clock Gated, Powered but clock stopped
Off-—Powered off and clock gated
FP—VREG Full Performance mode
LP—VREG Low Power mode, reduced output capability of VREG but lower power consumption
Var—Variable duration, based on the required reconfiguration and execution clock speed
BAM—Boot Assist Module Software and Hardware used for device start-up and configuration
A high level summary of some key durations that need to be considered when recovering from low power modes. This
does not account for all durations at wake up. Other delays will be necessary to consider including, but not limited to the
external supply start-up time.
IRC Wake-up time must not be added to the overall wake-up time as it starts in parallel with the VREG.
All other wake-up times must be added to determine the total start-up time.
Either 64 KB or 8 KB available.
64 KB of the RAM contents is retained, but not accessible in STANDBY mode.
8 KB of the RAM contents is retained, but not accessible in STANDBY mode.
Dependent on boot option after reset.

o o b~ W

Additional notes on low power operation:

» Fast wake-up using the on-chip 16 MHz internal RC oscillator allows rapid execution from RAM
on exit from low power modes
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152

The 16 MHz internal RC oscillator supports low speed code execution and clocking of peripherals
when it is selected as the system clock and can also be used as the PLL input clock source to
provide fast start-up without the external oscillator delay

The device includes an internal voltage regulator that includes the following features:
— Regulates input to generate all internal supplies

— Manages power gating

— External ballast transistor for high power regulator

— Low-Power and Ultra-Low-Power regulators support operation when in STOP and STANDBY
modes, respectively, to minimize power consumption

— Startup on-chip regulators in <350 ps for rapid exit of STOP and STANDBY modes
— Low voltage detection on main supply and 1.2 V regulated supplies.

€200z4d core

The e200z4d Power Architecture core provides the following features:

Dual issue, 32-bit Power Architecture Book E compliant CPU
Implements the VLE APU for reduced code footprint
In-order execution and retirement

Precise exception handling

Branch processing unit

— Dedicated branch address calculation adder

— Branch target prefetching using 8-entry BTB

Supports independent instruction and data accesses to different memory subsystems, such as
SRAM and Flash memory via independent Instruction and Data Bl1Us.

Load/store unit

— 2 cycle load latency

— Fully pipelined

— Big and Little endian support

— Misaligned access support
64-bit General Purpose Register file
Dual AHB 2.v6 64-bit System buses

Memory Management Unit (MMU) with 16-entry fully-associative TLB and multiple page size
support

4 KB, 2/4-Way Set Associative Instruction Cache

Signal Processing Extension (SPE1.1) APU supporting SIMD fixed-point operations using the
64-bit General Purpose Register file.

Embedded Floating-Point (EFP2) APU supporting scalar and vector SIMD single-precision
floating-point operations, using the 64-bit General Purpose Register file.

Nexus Class 3 real-time Development Unit
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» Dynamic power management of execution units, cache and MMU

153 Crossbar switch (XBAR)

The XBAR multi-port crossbar switch supports simultaneous connections between seven master ports and
eight slave ports. The crossbar supports a 32-bit address bus width and a 64-bit data bus width.

The crossbar allows concurrent transactions to occur from any master port to any slave port but one of
those transfers must be an instruction fetch from internal flash. If a slave port is simultaneously requested
by more than one master port, arbitration logic selects the higher priority master and grants it ownership
of the slave port. All other masters requesting that slave port are stalled until the higher priority master
completes its transactions. Requesting masters having equal priority are granted access to a slave port in
round-robin fashion, based upon the ID of the last master to be granted access.
The crossbar provides the following features:
e Seven master ports:
— e200z4d core instruction port
— e200z4d core complex load/store data port
— eDMA controller
— DCU
— DCU-Lite
— VIU
— 2D Graphics Accelerator (GFX2D)
* Seven slave ports:
— Platform Flash Controller (2 Ports)
— Platform SRAM Controller
— Graphics SRAM Controller (2 Ports)
— QuadSPI serial flash Controller and RLE Decoder
— Peripheral Bridge
» 32-bit internal address bus, 64-bit internal data bus
* Programmable Arbitration Priority

— Requesting masters can be treated with equal priority and will be granted access to a slave port
in round-robin fashion, based upon the ID of the last master to be granted access or a priority
order can be assigned by software at application run time

e Temporary dynamic priority elevation of masters

154 Enhanced Direct Memory Access (eDMA)

The eDMA module is a controller capable of performing complex data movements via 16 programmable
channels, with minimal intervention from the host processor. The hardware micro architecture includes a
DMA engine which performs source and destination address calculations, and the actual data movement
operations, along with an SRAM-based memory containing the transfer control descriptors (TCD) for the
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channels. This implementation is utilized to minimize the overall block size. The eDMA module provides
the following features:

» 16 channels support independent 8-, 16- or 32-bit single value or block transfers

e Supports variable sized queues and circular queues

» Source and destination address registers are independently configured to post-increment or remain
constant

» Each transfer is initiated by a peripheral, CPU, periodic timer interrupt or eDMA channel request

» Each DMA channel can optionally send an interrupt request to the CPU on completion of a single
value or block transfer

« DMA transfers possible between system memories, QuadSPI, RLE Decoder, SPIs, 1°C, ADC,
eMIOS and General Purpose 1/0s (GPIOs)

* Programmable DMA Channel Mux allows assignment of any DMA source to any available DMA
channel with up to a total of 64 potential request sources.

155 Interrupt Controller (INTC)

The INTC (interrupt controller) provides priority-based preemptive scheduling of interrupt requests,
suitable for statically scheduled hard real-time systems.

For high priority interrupt requests, the time from the assertion of the interrupt request from the peripheral
to when the processor is executing the interrupt service routine (ISR) has been minimized. The INTC
provides a unique vector for each interrupt request source for quick determination of which ISR needs to
be executed. It also provides an ample number of priorities so that lower priority ISRs do not delay the
execution of higher priority ISRs. To allow the appropriate priorities for each source of interrupt request,
the priority of each interrupt request is software configurable.

When multiple tasks share a resource, coherent accesses to that resource need to be supported. The INTC
supports the priority ceiling protocol for coherent accesses. By providing a modifiable priority mask, the
priority can be raised temporarily so that all tasks which share the resource can not preempt each other.

Multiple processors can assert interrupt requests to each other through software settable interrupt requests.
These same software settable interrupt requests also can be used to break the work involved in servicing
an interrupt request into a high priority portion and a low priority portion. The high priority portion is
initiated by a peripheral interrupt request, but then the ISR asserts a software settable interrupt request to
finish the servicing in a lower priority ISR. Therefore these software settable interrupt requests can be used
instead of the peripheral ISR scheduling a task through the RTOS. The INTC provides the following
features:

» Unique 9-bit vector for each of the possible 128 separate interrupt sources

» Eight software triggerable interrupt sources

o 16 priority levels with fixed hardware arbitration within priority levels for each interrupt source

» Ability to modify the ISR or task priority.

— Maodifying the priority can be used to implement the Priority Ceiling Protocol for accessing
shared resources.

» External non maskable interrupt directly accessing the main CPU critical interrupt mechanism
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1.5.6

32 external interrupts

QuadSPI serial flash memory controller

The QuadSPI module enables use of external serial flash memories supporting single, dual and quad
modes of operation. It features the following:

1.5.7

Maximum serial clock frequency 80 MHz
Memory mapped read access for AHB crossbar switch masters

Automatic serial flash read command generation by CPU, eDMA, DCU, or DCU-L.te read access
on AHB bus

Supports single, dual and quad serial flash read commands
Simultaneous mode:
— Supports concurrent read of two external serial flashes

— The quad data streams from the two flashes can be recombined in the QuadSPI to achieve up
to 80 MB/s read bandwidth with 80 MHz serial flash

16x64-bit buffer with speculative fetch and buffer flush mechanisms to maximize read bandwidth
of serial flash

DMA support
All Serial Flash program, erase, read and configuration commands available via IP bus interface.

System Integration Unit Lite (SIUL)

The SIUL controls MCU reset configuration, pad configuration, external interrupt, general purpose 1/0
(GPI10), internal peripheral multiplexing, and the system reset operation.

The GPIO features the following:

1.5.8

Up to four levels of internal pin multiplexing, allowing exceptional flexibility in the allocation of
device functions for each package

Centralized general purpose input output (GPIO) control
All GPIO pins can be independently configured to support pull-up, pull down, or no pull
Reading and writing to GP10O supported both as individual pins and 16-bit wide ports

All peripheral pins can be alternatively configured as both general purpose input or output pins
except ADC channels which support alternative configuration as general purpose inputs

Direct readback of the pin value supported on all digital output pins through the SIU

Configurable digital input filter that can be applied to up to 24 general purpose input pins for noise
elimination on external interrupts

Register configuration protected against change with soft lock for temporary guard or hard lock to
prevent modification until next reset.

On-chip flash memory with ECC

The PXD20 microcontroller has the following flash memory features:
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2 MB of flash memory

— Typical flash memory access time: 0 wait-state for buffer hits, 3 wait-states for page buffer miss
at 125 MHz

— Two 4 x 128-bit page buffers with programmable prefetch control

— One set of page buffers can be allocated for code-only, fixed partitions of code and data, all
available for any access

— One set of page buffers allocated to Display Controller Units, Graphics Accelerator and the
eDMA

— 64-bit ECC with single-bit correction, double-bit detection for data integrity

Small block flash arrangement to support features such as boot block, EEPROM Emulation,
operating system block.

— 8x16 KB

— 2x64 KB

— 2x128 KB

— 6x256 KB

Hardware managed Flash writes, erase and verify sequence
Censorship protection scheme to prevent Flash content visibility

Static random-access memory (SRAM)

The PXD20 microcontroller has 64 KB general-purpose on-chip SRAM with the following features:

Typical SRAM access time: 1 wait-state for reads and 32-bit writes
32-bit ECC with single-bit correction, double bit detection for data integrity

Supports byte (8-bit), half word (16-bit), word (32-bit) and double-word (64-bit) writes for optimal
use of memory

User transparent ECC encoding and decoding for byte, half word, and word accesses

Separate internal power domains applied to 56 KB and 8 KB SRAM blocks during STANDBY
modes to retain contents during low power mode.

1.5.10 On-chip graphics SRAM
The PXD20 microcontroller has 1 MB on-chip graphics SRAM with the following features:

Two crossbar slave ports:

— One dedicated to the 2D Graphics Accelerator (GFX2D) access
— One dedicated to all other crossbar masters

Usable as general purpose SRAM

Supports byte (8-bit), half word (16-bit), word (32-bit) and double-word (64-bit) writes for optimal
use of memory

RAM controller with hardware RAM fill function supporting all-zeroes or all-ones SRAM
initialization
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* Independent data buffers (one per AHB port) for maximum system performance
— Optimized for burst transfers (read + write)
— Programmable read prefetch capabilities

1.5.11 Memory Protection Unit (MPU)

The MPU features the following:
» Sixteen region descriptors for per master protection
» Start and end address defined with 32-byte granularity
» Overlapping regions supported
» Protection attributes can optionally include process ID
» Protection offered for 4 concurrent read ports
» Read and write attributes for all masters
» Execute and supervisor/user mode attributes for processor masters

1.5.12 2D graphics accelerator (GFX2D)

» Native vector graphics rendering
— Compatible with OpenVG1.1
— Complete hardware OpenVG 1.1 rendering pipeline
— Both geometry and pixel processing
— Adaptive processing of Bezier curves and strokes
» 16-sample edge anti-aliasing
— High image quality, font scalability, etc.
— 4x Rotated Grid Supersampling (RGSS) AA for Flash
» 3D perspective texturing, reflections, and shadowing
» Shading (linear or radial gradient)
» Separate 2D engine for BitBlt, fill and ROP operations

 Significant performance improvement when compared to software or 3D GPU-based OpenVG
implementations

1.5.13 Display Control Unit (DCU3)

The DCU3 is adisplay controller designed to drive TFT LCD displays up to WV GA resolution using direct
blit graphics and video.

The DCU3 generates all the necessary signals required to drive the TFT LCD displays: up to 24-bit RGB
data bus, Pixel Clock, Data Enable, Horizontal-Sync and Vertical-Sync.

The flexible architecture of the DCU3 enables the display of OpenVG-rendered frame buffer content and
direct blit rendered graphics simultaneously.
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An optional Timing Controller (TCON) and RSDS interface is available to directly drive the row and
column drivers of a display panel.

Internal memory resource of the device allows to easily handle complex graphics contents (pictures, icons,
languages, fonts).

The DCUS3 supports 4-plane blending and 16 graphics layers. Control Descriptors (CDs) associated with
each of the 16 layers enable effective merging of different resolutions into one plane to optimize use of
internal memory buffers. A layer may be constructed from graphic content of various resolutions including
indexed colors of 1, 2, 4 and 8 bpp, direct colors of 16, 24 and 32 bpp, and a YUV 4:2:2 color space. The
ability of the DCU3 to handle input data in resolutions as low as 1bpp, 2bpp and 4bpp enables a highly
efficient use of internal memory resources of the PXD20. A special tiled mode can be enabled on any of
the 16 layers to repeat a pattern optimizing graphic memory usage.

A hardware cursor can be managed independently of the layers at blending level increasing the efficient
use of the internal DCU3 resources.

To secure the content of all critical information to be displayed, a safety mode can be activated to check
the integrity of critical data along the whole system data path from the memory to the TFT pads.
The DCUS features the following:

» Display color depth: up to 24 bpp

» Generation of all RGB and control signals for TFT

» Four-plane blending

* Maximum number of Input Layers: 16 (fixed priority)

* Dynamic Look-Up-Table (Color and Gamma Look-Up)

» o-blending range: up to 256 levels

» Transparency Mode

* Gamma Correction

* Tiled mode on all the layers

» Hardware Cursor

e Supports YCrCb 4:2:2 input data format

* RLE decode inline supporting direct read of RLE compressed images from system memory

» Critical display content integrity monitoring for Functional Safety support

* Internal Direct Memory Access (DMA) module to transfer data from internal and / or external

memory.

The DCU3 also features a Parallel Data Interface (PDI) to receive external digital video or graphic content
into the DCU3. The PDI input is directly injected into the DCU3 background plane FIFO. When the PDI
is activated, all the DCU3 synchronization is extracted from the external video stream to guarantee the
synchronization of the two video sources.
The PDI can be used to:

» Connect a video camera output directly to the PDI

» Connect a secondary display driver as slave with a minimum of extra cost
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» Connect a device gathering various Video sources
» Provide flexibility to allow the DCU to be used in slave mode (external synchronization)

The PDI features the following:
» Supported color modes:
— 8-bit mono
— 8-bit color multiplexed
— RGB565
— 16-bit/18-bit RAW color
» Supported synchronization modes:
— embedded ITU-R BT.656-4 (RGB565 mode 2)
— HSYNC, VSYNC
— Data Enable
» Direct interface with DCU3 background plane FIFO
» Synchronization generation for the DCU3

1.5.14 Display Control Unit Lite (DCUL.ite)

The DCUL.te is a display controller designed to enable the PXD20 to drive a second TFT LCD display up
to XGA resolution using direct blit graphics and video. The DCUL.ite includes all features of the DCU3,
including the PDI with the following exceptions:

» Reduced from 4-plane to 2-plane blending
* Reduced from 16 layers to 4 layers
* Reduced CLUT size

1.5.15 Timing controller (TCON) and RSDS interface
The TCON enables direct drive of the row and column drivers of display panels enabling emulation of
TCON ICs used in display panels.

» Programmable Timing Generation unit featuring 12 waveform generators allowing high degree of
flexibility in panel waveform generation

» Reduced Swing Differential Signaling (RSDS) interface for RGB data and pixel clock
» Conforms to “RSDS ‘Intra Panel’ Interface Specification” Rev. 1.0 (National Semiconductor)

1.5.16 RLE decoder

The RLE decoder is a crossbar slave sharing a slave port with the QuadSP1 module. The platform eDMA
is used to stream compressed image data into and extract decompressed data out of the RLE Decoder.

* Lossless decompression

» Pixel formats supported: 8bpp, 16bpp, 24bpp and 32bpp

» AHB mapped read and write registers in RLE_DEC to achieve higher throughput
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» Programmable fill levels of read and write buffers for initiating burst transfers

» Crop feature: Support for selectively reading out a part of decompressed image data taking
complete compressed data for the full image as input.

1.5.17 DRAM controller

The DRAM controller is a multi-port DRAM controller supporting SDR, LPDDR1, DDR-1, and DDR-2
memories. The DRAM controller listens to the incoming requests to the seven buses in parallel and then
sends commands to the DRAM from the highest priority bus at the current time
The seven incoming 64-bit buses are:

« DCU3

» DCULite

» e200z4d core - instruction bus

» e200z4d core - data bus

* VIU2
« GFX2D
« eDMA

The DRAM controller features the following:
» Supports CAS latency of 2, 3, and 4 clock cycles.
* Master buses
— 7 incoming master buses
— Supports 16-byte and 32-byte bursts
— Supports byte enables
— Supports 4-bit priority signal for each bus
»  Write buffer contains five 32-byte entries
e Supports 16-wide and 32-wide SDR, DDR1, DDR2 and LPDDR1 DRAM devices
» Controller supports one chip select, 8-bank DRAM system
» Supports dynamic on-die termination in the host device and in the DRAM.
* Supports memory sizes as small as 64Mbit

1.5.18 Video Input Unit (VIU2)

The VIUZ2 is a crossbar master module accepting an ITU656 compatible video input stream on a parallel
interface, converting the pixel data to RGB or YUV format and transferring the video image to internal
frame buffer memory or external DRAM if available.

» Supports 8-bit/10-bit ITUG56 video input
e QOutput formats:

— RGB888

— RGB565
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— 8-bit monochrome

— YCrCb 4:2:2

Video downscaling

Contrast and Brightness adjustment

De-interlace for interlaced video image

Internal DMA engine for data transfer to memory

1.5.19 Boot assist module (BAM)

The BAM is a block of read-only memory that is programmed once by Freescale. The BAM program is
executed every time the MCU is powered-on or reset in normal mode. The BAM supports different modes
of booting. They are:

Booting from internal flash memory
Serial boot loading (A program is downloaded into RAM via CAN or LIN and then executed)
Booting from external memory

Additionally the BAM:

Enables and manages the transition of the MCU from reset to user code execution
Configures device for serial bootload

Enables multiple bootcode starting locations out of reset through implementation of search for
valid Reset Configuration Halfword

Enables or disables software watchdog timer out of reset through BAM read of Reset
Configuration Halfword option bit

1.5.20 Enhanced Modular Input/Output System (eMIOS)

This device has two eMIOS modules, each with 16 channels supporting a range of 16-bit Input Capture,
Output Compare, Pulse Width Modulation, and Quadrature Decode functions.

Selectable clock source from primary FMPLL, secondary FMPLL, external 4-16 MHz oscillator
or 16 MHz Internal RC oscillator on a per module basis

Timed 1/0 channels with 16-bit counter resolution

Buffered updates

Support for shifted PWM outputs to minimize occurrence of concurrent edges
Edge aligned output pulse width modulation

— Programmable pulse period and duty cycle

— Supports 0% and 100% duty cycle

— Shared or independent time bases

Programmable phase shift between channels

4 channels of Quadrature Decode

DMA transfer support
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1.5.21 Analog-to-digital converter (ADC)
The ADC features the following:

10-bit A/D resolution

0-5V or 0-3.3 V common mode conversion range

Supports conversions speeds of up to 1us

20 internal and 8 external channels support

Up to 20 single-ended inputs channels

— 10 channels configured as input only pins
— 10-bit = 2 counts accuracy (TUE)

— 10 channels configured to have alternate function as general purpose input/output pins
— 10-bit = 3 counts accuracy (TUE)

External multiplexer support to increase up to 27 channels

— Automatic 1 x 8 multiplexer control

— External multiplexer connected to a dedicated input channel

— Shared register between the 8 external channels

Result register available for every non-multiplexed channel

Configurable Left or Right aligned result format

Supports for one-shot, scan and injection conversion modes

Injection mode status bit implemented on adjacent 16-bit register for each result

— Supports Access to Result and injection status with single 32-bit read

Independently enabling of function for channels:

— Pre-sampling

— Offset error cancellation

— Offset Refresh

Conversion Triggering support

— Internal conversion triggering from periodic interrupt timer (PIT)

Four configurable analog comparator channels offering range comparison with triggered alarm

— Greater than

— Less than

— Out of range

All unused analog pins available as general purpose input pins

Selected unused analog pins available as general purpose pins

Power Down mode

Optional support for DMA transfer of results
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1.5.22 Serial Peripheral Interface (SPI)

The SPI modules provide a synchronous serial interface for communication between the MCU and
external devices.

The SPI features:
* Full duplex, synchronous transfers
» Master or slave operation
» Programmable master bit rates
» Programmable clock polarity and phase
» End-of-transmission interrupt flag
» Programmable transfer baud rate
* Programmable data frames from 4 to 16 bits

» Up to 3 chip select lines available, depending on package and pin multiplexing, enable 8 external
devices to be selected using external muxing from a single SPI

» Eight clock and transfer attributes registers

» Chip select strobe available as alternate function on one of the chip select pins for de-glitching
* FIFOs for buffering up to 4 transfers on the transmit and receive side

» General purpose 1/0 functionality on pins when not used for SPI

* Queueing operation possible through use of eDMA

1.5.23 Controller Area Network (CAN) module

The PXD20 includes up to three controller area network (CAN) modules. The CAN module is a
communication controller implementing the CAN protocol according to Bosch Specification version 2.0B.
The CAN protocol was designed to be used primarily as a vehicle serial data bus, meeting the specific
requirements of this field: real-time processing, reliable operation in the EMI environment of a vehicle,
cost-effectiveness and required bandwidth.
Each CAN module offers the following:
» Compliant with CAN protocol specification, Version 2.0B active
* 64 mailboxes, each configurable as transmit or receive
— Mailboxes configurable while module remains synchronized to CAN bus
* Transmit features
— Supports configuration of multiple mailboxes to form message queues of scalable depth
— Arbitration scheme according to message 1D or message buffer number
— Internal arbitration to guarantee no inner or outer priority inversion
— Transmit abort procedure and notification
* Receive features
— Individual programmable filters for each mailbox
— 8 mailboxes configurable as a 6-entry receive FIFO
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— 8 programmable acceptance filters for receive FIFO
* Programmable clock source

— System clock

— Direct oscillator clock to avoid PLL jitter
» Listen only mode capabilities
» CAN Sampler

— Can catch the 1st message sent on the CAN network while the MCU is stopped. This
guarantees a clean startup of the system without missing messages on the CAN network.

— The CAN sampler is connected to one of the CAN RX pins.

1.5.24 Serial communication interface module (UART)

The PXD20 devices include up to four UART modules and support for UART Master mode, UART Slave
mode and UART mode. The modules are UART state machine compliant to the LIN 1.3 and 2.0 and 2.1
Specifications and handle UART frame transmission and reception without CPU intervention.
The serial communication interface module offers the following:
* UART features:

— Full-duplex operation

— Standard non return-to-zero (NRZ) mark/space format

— Data buffers with 4-byte receive, 4-byte transmit

— Configurable word length (8-bit or 9-bit words)

— Error detection and flagging

— Parity, noise and framing errors

— Interrupt driven operation with 4 interrupts sources

— Separate transmitter and receiver CPU interrupt sources

— 16-bit programmable baud-rate modulus counter and 16-bit fractional

— 2 receiver wake-up methods

* LIN features:

— Autonomous LIN frame handling

— Message buffer to store identifier and up to eight data bytes

— Supports message length of up to 64 bytes

— Detection and flagging of LIN errors

— Sync field; Delimiter; 1D parity; Bit, Framing; Checksum and Timeout errors

— Classic or extended checksum calculation

— Configurable Break duration of up to 36-bit times

— Programmable Baud rate prescalers (13-bit mantissa, 4-bit fractional)

— Diagnostic features

— Loop back

PXD20 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor 1-21
Preliminary—Subject to Change Without Notice



— Self Test
— LIN bus stuck dominant detection
— Interrupt driven operation with 16 interrupt sources
— LIN slave mode features
— Autonomous LIN header handling
— Autonomous LIN response handling
— Discarding of irrelevant LIN responses using up to 16 ID filters

1.5.25 Inter-Integrated Circuit (I1°C) controller modules

The PXD20 includes four 1°C modules. Each module features the following:
» Two-wire bi-directional serial bus for on-board communications
« Compatibility with 12C bus standard
* Multi-master operation
» Software-programmable for one of 256 different serial clock frequencies
» Software-selectable acknowledge bit
* Interrupt-driven, byte-by-byte data transfer
» Arbitration-lost interrupt with automatic mode switching from master to slave
» Calling address identification interrupt
» Start and stop signal generation/detection
* Repeated START signal generation
» Acknowledge bit generation/detection
* Bus-busy detection

1.5.26 System clocks and clock generation modules

The system clock on the PXD20 can be derived from an external oscillator, an on-chip FMPLL, or the
internal 16 MHz oscillator.

The source system clock frequency can be changed via an on-chip programmable clock divider (+1 to
+32). An additional programmable peripheral bus clock divider (ratios +1 to +15) is also available.
The PXD20 has two on-chip FMPLLs (primary and secondary). Each features the following:

* Input clock frequency from 4 MHz to 16 MHz

» Lock detect circuitry continuously monitors lock status

* Loss Of Clock (LOC) detection for reference and feedback clocks

»  On-chip loop filter (for improved electromagnetic interference performance and reduction of
number of external components required)

» Support for frequency ramping from PLL
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The primary FMPLL module is for use as a system clock source. The secondary FMPLL is available for
use as an alternate, modulated or non-modulated clock source to eMIOS modules and as alternate clock to
the DCU for pixel clock generation.
The main oscillator provides the following features:

* Input frequency range 4-16 MHz

e Square-wave input mode

e Oscillator input mode 3.3V (5.0 V)

» Automatic level control

* Low power consumption

* PLL reference

The PXD20 also includes the following oscillators:

e 32 KHz low power external oscillator for slow execution, low power, and RTC

» Dedicated internal 128 kHz RC oscillator for low power mode operation and self wake-up
— +10% accuracy across voltage and temperature (after factory trimming)
— Trimming registers to support improved accuracy with in-application calibration

» Dedicated 16 MHz internal RC oscillator
— Used as default clock source out of reset
— Provides a clock for rapid start-up from low power modes
— Provides a back-up clock in the event of PLL or External Oscillator clock failure
— Offers an independent clock source for the SWT
— 5% accuracy across voltage and temperature (after factory trimming)
— Trimming registers to support frequency adjustment with in-application calibration

1.5.27 Periodic interrupt timer (PIT)

The PIT features the following:
» Eight general purpose interrupt timers
» Two dedicated interrupt timers for triggering ADC conversions
» 32-bit counter resolution
» Clocked by system clock frequency

1.5.28 Real time counter (RTC)

The Real Timer Counter supports wake-up from Low Power modes or Real Time Clock generation
» Configurable resolution for different timeout periods
— 1 sresolution for >1 hour period
— 1 ms resolution for 2 second period

» Selectable clock sources from external 32 KHz crystal, external 4-16 MHz crystal, internal
128 kHz RC oscillator or divided internal 16 MHz RC oscillator
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1.5.29 System timer module (STM)

The STM is a 32-bit timer designed to support commonly required system and application software timing
functions. The STM includes a 32-bit up counter and four 32-bit compare channels with a separate
interrupt source for each channel. The counter is driven by the system clock divided by an 8-bit prescale
value (1 to 256).

» One 32-bit up counter with 8-bit prescaler

» Four 32-bit compare channels

* Independent interrupt source for each channel
» Counter can be stopped in debug mode

1.5.30 Software watchdog timer (SWT)

The SWT features the following:
» Watchdog supporting software activation or enabled out of Reset
» Supports normal or windowed mode
» Watchdog timer value writable once after reset
» Watchdog supports optional halting during low power modes
» Configurable response on timeout: reset, interrupt, or interrupt followed by reset
* Clock source: 128 kHz RC oscillator

1.5.31 Stepper motor controller (SMC)

The SMC module is a PWM motor controller suitable to drive instruments in a cluster configuration or any
other loads requiring a PWM signal. The motor controller has twelve PWM channels associated with two
pins each (24 pins in total) driving up to 6 stepper motors.
The SMC module includes the following features:

» 10/11-bit PWM counter

e 11-bit resolution with selectable PWM dithering function

o Left, right, or center aligned PWM

» Output slew rate control

» Output Short Circuit Detection
This module is suited for, but not limited to, driving small stepper and air core motors used in

instrumentation applications. This module can be used for other motor control or PWM applications that
match the frequency, resolution, and output drive capabilities of the module.

1.5.32 Stepper stall detect (SSD) module

The SSD module provides a circuit to measure and integrate the induced voltage on the non-driven coil of
a stepper motor using full steps when the gauge pointer is returning to zero (RTZ).

The SSD module features the following:
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* Programmable full step state

* Programmable integration polarity

» Blanking (recirculation) state

» 16-bit integration accumulator register

* 16-bit modulus down counter with interrupt

1.5.33 Sound generator module (SGM)

The SGM features the following:

4-channel audio mixer

Each channel capable of independent Tone generation or Wave playback
Individual channel volume control (8-bit resolution)

Tone Mode:
— Programmable Tone frequency
— Programmable amplitude envelope: attack, duration and decay
— Programmable number of tone pulses and inter-tone duration
* Wave Mode:

— One FIFO per channel working in conjunction with eDMA

— Supports standard audio sampling rates (4 kHz, 8 kHz, 11.025 kHz, 16 kHz, 22.050 kHz,
32 kHz, 44.100 kHz, 48 kHz)

— Same sample rate applies to all channels
— 8-bit, 12-bit, 16-bit input data formats
— Programmable wave duration and inter-wave duration
— Repeat mode with programmable number of wave playbacks
*  SGM Output:
— 16-bit PWM channel
— Integrated 12S master interface for connection to external audio DAC

1.5.34 |EEE 1149.1 JTAG controller (JTAGC)

JTAGC features the following:
» Backward compatible to standard JTAG IEEE 1149.1-2001 test access port (TAP) interface
» Support for boundary scan testing

1.5.35 Nexus Development Interface (NDI)

The Nexus 3 module is compliant with Class 3 of the IEEE-ISTO 5001-2008 standard, with additional
Class 4 features available. The following features are implemented:
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» Program Trace via Branch Trace Messaging (BTM). Branch trace messaging displays program
flow discontinuities (direct and indirect branches, exceptions, etc.), allowing the development tool
to interpolate what transpires between the discontinuities. Thus static code may be traced.

» Data Trace via Data Write Messaging (DWM) and Data Read Messaging (DRM). This provides
the capability for the development tool to trace reads and/or writes to selected internal memory
resources.

* Ownership Trace via Ownership Trace Messaging (OTM). OTM facilitates ownership trace by
providing visibility of which process ID or operating system task is activated. An Ownership Trace
Message is transmitted when a new process/task is activated, allowing the development tool to
trace ownership flow.

* Run-time access to embedded processor memory map via the JTAG port. This allows for enhanced
download/upload capabilities.

» Watchpoint Messaging via the auxiliary pins
» Watchpoint Trigger enable of Program and/or Data Trace Messaging

» Data Acquisition Messaging (DQM) allows code to be instrumented to export customized
information to the Nexus Auxiliary Output Port.

» Address Translation Messaging via program correlation messages displays updates to the TLB for
use by the debugger in correlating virtual and physical address information

» Auxiliary interface for higher data input/output
» Registers for Program Trace, Data Trace, Ownership Trace and Watchpoint Trigger.
» All features controllable and configurable via the JTAG port

1.6 How to use the PXD20 documents

This section:
» Describes how the PXD20 documents provide information on the microcontroller
* Makes recommendations on how to use the documents in a system design

1.6.1 The PXD20 document set

The PXD20 document set comprises:

» This reference manual (provides information on the features of the logical blocks on the device and
how they are integrated with each other)

* The device data sheet (specifies the electrical characteristics of the device)

* The device product brief
The following reference documents (available online at www.freescale.com) are also available to support
the CPU on this device:

* Programmer’s Reference Manual for Freescale Embedded Processors

» €200z4 Power Architecture Core Reference Manual

e Variable-Length Encoding (VLE) Programming Environments Manual
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The aforementioned documents describe all of the functional and electrical characteristics of the PXD20
microcontroller.

Depending on your task, you may need to refer to multiple documents to make design decisions. However,
in general the use of the documents can be divided up as follows:

» Use the reference manual (this document) during software development and when allocating
functions during system design.

» Use the data sheet when designing hardware and optimizing power consumption.
» Use the CPU reference documents when:

— Configuring CPU memory, branch and cache optimizations

— Doing detailed software development in assembly language

— Debugging complex software interactions

1.6.2 Reference manual content

The content in this document focuses on the functionality of the microcontroller rather than its
performance. Most chapters describe the functionality of a particular on-chip module, such as a CAN
controller or timer. The remaining chapters describe how these modules are integrated into the memory
map, how they are powered and clocked, and the pin-out of the device.

In general, when an individual module is enabled for use all of the detail required to configure and operate
it is contained in the dedicated chapter. In some cases there are multiple implementations of this module,
however, there is only one chapter for each type of module in use. For this reason, the address of registers
in each module is normally provided as an offset from a base address which can be found in Chapter 2,
Memory Map. The benefit of this approach is that software developed for a particular module can be easily
reused on this device and on other related devices that use the same modules.

The steps to enable a module for use varies but typically these require configuration of the integration
features of the microcontroller. The module will normally have to be powered and enabled at system level,
then a clock may have to be explicitly chosen and finally if required the input and output connections to
the external system must be configured.

The primary integration chapters of the reference manual contain most of the information required to
enable the modules. There are special cases where a chapter may describe module functionality and some
integration features for convenience — for example, the microcontroller input/output (SIUL) module.
Integration and functional content is provided in the manual as shown in Table 1-3.
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Table 1-3. Reference manual integration and functional content

including:

* Internal RAM

* Flash memory

» External memory-mapped resources
and the location of the registers used by
the peripherals®

Chapter Integration content Functional content
Overview » The main features on chip —
« A summary of the functions provided by
each module
Memory Map How the memory map is allocated, —

Signal Description

How the signals from each of the modules
are combined and brought to a particular
pin on a package

Boot Assist Module

CPU boot sequence from reset

Implementation of the boot options if
internal flash memory is not used

Clock Architecture

Clocking architecture of the device (which
clock is available for the system and each
peripheral)

eDMA Channel Mux

Source values for module eDMA channels

How to connect a module eDMA channel
to the eDMA module

Interrupt Controller

Interrupt vector table

Operation of the module

Mode Entry Module

Module numbering for control and status

Operation of operating modes

System Integration Unit
Lite

How input signals are mapped to individual
modules including external interrupt pins

Operation of GPIO

Voltage regulators and
power supplies

Power distribution to the MCU and in
particular to different I/O banks

Wakeup Unit

Allocation of inputs to the Wakeup Unit

Operation of the wakeup feature

1 To find the address of a register in a particular module take the start address of the module given in the memory
map and add the offset for the register given in the module chapter.

1.7  Using the PXD20

There are many different approaches to designing a system using the PXD20 so the guidance in this section

is provided as an example of how the documents can be applied in this task.

Familiarity with the PXD20 modules can help ensure that its features are being optimally used in a system
design. Therefore, the current chapter is a good starting point. Further information on the detailed features
of a module are provided within the module chapters. These, combined with the current chapter, should

provide a good introduction to the functions available on the MCU.
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1.7.1 Hardware design

The PXD20 requires that certain pins are connected to particular power supplies, system functions and
other voltage levels for operation.

The PXD20 internal logic operates from 1.2 VV (nominal) supplies that are normally supplied by the
on-chip voltage regulator froma 5V or 3.3 V supply. The 5V and 3.3 V supplies are also used to supply
the input/output pins on the MCU. This means that different input/output ports can operate at different
voltages simultaneously. Chapter 3, Signal Description, describes the power supply pin names, numbers
and their purpose. For more detail on the voltage supply of each pin, see Chapter 48, Voltage Regulators
and Power Supplies; that chapter also describes the use of the required external ballast transistor to
generate the 1.2 V. For specifications of the voltage ranges and limits and decoupling of the power supplies
see the PXD20 data sheet.

Certain pins have dedicated functions that affect the behavior of the MCU after reset. These include pins
to force test or alternate boot conditions and debug features. These are described in Chapter 3, Signal
Description, and a hardware designer should take care that these pins are connected to allow correct
operation.

Beyond power supply and pins that have special functions there are also pins that have special system
purposes such as oscillator and reset pins. These are also described in Chapter 3, Signal Description. The
reset pin is bidirectional and its function is closely tied to the reset generation module (see Chapter 37,
Reset Generation Module (MC_RGM)). The crystal oscillator pins are dedicated to this function but the
oscillator is not started automatically after reset. The oscillator module is described in Section 8.4.1, Pierce
oscillator (FXOSC), along with the internal clock architecture and the other oscillator sources on chip.

1.7.2 Input/output pins

The majority of the pins on the MCU are input/output pins which may either operate as general purpose
pins or be connected to a particular on-chip module. The arrangement allows a function to be available on
several pins. The system designer should allocate the function for the pin before connecting to external
hardware. The software should then choose the correct function to match the hardware. The pad
characteristics can vary depending on the functions on the pad. Chapter 3, Signal Description, describes
each pad type (for example, SLOW, MEDIUM, or SMD). Two pads may be able to carry the same function
but have different pad types. The electrical specification of the pads is described in the data sheet
dependent on the function enabled and the pad type.

In addition to general purpose input/output pins the PXD20 also includes dedicated pins that have a single
function and connect to an external DRAM device.
There are five modules that configure the various functions available:

» System Integration Unit Lite (SIUL)

*  Wakeup Unit (WKPU)

* Timing controller (TCON)

» 32 KHz oscillator (SXOSC)

* DRAM controller
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The SIUL configures the digital pin functions. Each pin has a register (PCR) in the module that allows
selection of the output functions that is connected to the pin. The available settings for the PCR are
described in Section 3.3.10, Functional ports. Inputs are selected using the PSMI registers; these are
described in Chapter 43, System Integration Unit Lite (SIUL). (PSMI registers connect a module to one of
several pins, whereas the PCR registers connect a pin to one of several modules).

The DRAM controller pins have a single function and use the related PCRs to configure the correct slew
rate control for a connected memory.

The WKPU provides the ability to cause interrupts and wake the MCU from low power modes and
operates independently from the SIUL.

In addition to digital 1/0 functions there are “special functions” that provide analog functionality. These
are listed in Section 3.3.10, Functional ports. The special functions are enabled independently from the
digital 1/0 which means that the digital function on the pin must be disabled when the special function is
active. The TCON module and the SXOSC oscillator are enabled in the modules. The ADC functions are
enabled using the PCRs. The RSDS function of the TCON module has a separate set of PCRs for
configuration of the pin when that special function is enabled.

1.7.3 Software design

Certain modules provide system integration functions, and other modules (such as timers and CAN
modules) provide specific functions.

From reset, the modules involved in configuring the system for application software are:
» Boot Assist Module (BAM) — determines the selected boot source

* Reset Generation Module (MC_RGM) — determines the behavior of the MCU when various reset
sources are triggered and reports the source of the reset

* Mode Entry Module (MC_ME) — controls which operating mode the MCU is in and configures
the peripherals and clocks and power supplies for each of the modes

» Power Control Unit (MC_PCU) — determines which power domains (see Chapter 48, Voltage
Regulators and Power Supplies) are active

* Clock Generation Module (MC_CGM) — chooses the clock source for the system and many
peripherals

After reset, the MCU will automatically select the appropriate reset source and begin to execute code. At
this point the system clock is the 16 MHz FIRC oscillator, the CPU is in supervisor mode and the Memory
Management Unit (MMU) makes available a small area of memory at the selected reset vector.
Initialization is required before most memory and peripherals may be used and before the SRAM can be
read (since it is protected by ECC the syndrome will generally be uninitialized after reset and reads would
fail the check). Accessing disabled features causes error conditions or interrupts.

A typical startup routine would involve initializing the software environment starting with the MMU
configuration and including stacks, heaps, variable initialization and so on and configuring the MCU for
the application.
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The MMU translates physical memory addresses for use by the CPU and it must be configured before any
peripherals or memories are available for use by the CPU. See the e200z4 Power Architecture Core
Reference Manual for details on how to configure the MMU.

The MC_ME module enables the modules and other features like clocks. It is therefore an essential part
of the initialization and operation software. In general, the software will configure an MC_ME mode to
make certain peripherals, clocks, and memory active and then switch to that mode.

Chapter 8, Clock Description, includes a graphic of the clock architecture of the MCU. This can be used
to determine how to configure the MC_CGM module. In general software will configure the module to
enable the required clocks and PLLs and route these to the active modules.

After these steps are complete it is possible to configure the input/output pins and the modules for the
application.

1.7.4 Other features

The MC_ME module manages low power modes and so it is likely that it will be used to switch into
different configurations (module sets, clocks) depending on the application requirements.

The MCU includes two other features (both described in Chapter 4, Safety) to improve the integrity of the
application:

» Itis possible to enable a software watchdog (SWT) immediately at reset or afterwards to help
detect code runaway.

* Individual register settings can be protected from unintended writes using the features of the
Register Protection module. The protected registers are shown in Appendix A, Registers Under
Protection.

Other integration functionality is provided by the System Status and Configuration Module (SSCM).
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Chapter 2
Memory Map

Table 2-1 shows the system memory map for the PXD20. All addresses on the PXD20, including those

that are reserved, are identified in the table. The addresses represent the physical addresses assigned to

each IP block.
Table 2-1. PXD20 system memory map
Start address End address Size (KB) Region
On-chip flash memories (Code Flash)

Code Flash 0: FL-2048_4_0 (8x16k, 2x64k, 2x128k, 6x256k)
0x00000000 0x00003FFF 16 Code Flash Array 0
0x00004000 0x00007FFF 16 Code Flash Array 0
0x00008000 0xO000BFFF 16 Code Flash Array 0
0x000C000 OxO000FFFF 16 Code Flash Array 0
0x00010000 0x00013FFF 16 Code Flash Array 0
0x00014000 0x00017FFF 16 Code Flash Array 0
0x00018000 O0x0001BFFF 16 Code Flash Array 0
0x001C000 Ox0001FFFF 16 Code Flash Array 0
0x00020000 0x0002FFFF 64 Code Flash Array 0
0x00030000 Ox0003FFFF 64 Code Flash Array 0
0x00040000 OxO0005FFFF 128 Code Flash Array 0
0x00060000 0x0007FFFF 128 Code Flash Array 0
0x00080000 OxO00BFFFF 256 Code Flash Array 0
0x000C0000 OxXO00FFFFF 256 Code Flash Array 0
0x00100000 O0x0013FFFF 256 Code Flash Array 0
0x00140000 O0x0017FFFF 256 Code Flash Array 0
0x00180000 O0x001BFFFF 256 Code Flash Array 0
0x001C0000 Ox001FFFFF 256 Code Flash Array 0
0x00200000 0x007FFFFF Reserved

On-chip flash memories (shadow for code flash)
0x00F00000 OXOOFFBFFF Reserved
0x00FFC000 OXO0FFFFFF 16 Code Flash Array 0 Shadow Sector
Emulation mapping
0x01000000 OX1FFFFFFF 507904 | Flash memory emulation mapping
0x20000000 Ox3FFFFFFF 524288 | DRAM (lower 512 MB)
SRAM
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Table 2-1. PXD20 system

memory map (continued)

Start address End address Size (KB) Region
0x40000000 0x40001FFF 8 SRAM (Power Domain PDO — Always ON)
0x40002000 0x4000FFFF 56 SRAM (RAM Domain PD2)
0x40010000 OX5FFFFFFF Reserved
0x60000000 Ox600FFFFF 1024 1 MB graphics SRAM
0x60100000 OX6FFFFFFF Reserved

External, Memory Mapped Serial Flash for QuadSPI
0x70000000 Ox77FFFFFF 131072 | External Serial Flash Memory A
0x78000000 Ox7FFFFFFF 131072 | External Serial Flash Memory B
0x80000000 Ox8FFFFFFF 262144 | External Serial Flash Memory A // B
0x90000000 0x900001FF 0.5 QuadSPI RX Buffer
0x90000200 0x90003FFF Reserved
0x90004000 0x900041FF 0.5 RLE Decoder
0x90004200 OX9FFFFFFF Reserved
0xA0000000 OxBFFFFFFF 524288 | DRAM (upper 512 MB)

PBRIDGE(1) - Off Platform Peripherals (mirrored to PBRIDGE(0) memory range OXFFE80000-0xFFEFFFFF)

0xC0000000 OXC3F87FFF Reserved

0xC3F88000 OxC3F8BFFF 16 Code Flash 0 Configuration (CFLASHO)
0xC3F8C000 OXC3F8FFFF Reserved

0xC3F90000 OxC3F93FFF 16 System Integration Unit Lite (SIUL)
0xC3F94000 OxC3F97FFF 16 Wakeup Unit (WKPU)

0xC3F98000 OXC3F9BFFF Reserved

0xC3F9C000 OXC3F9FFFF Reserved

0xC3FA0000 OXC3FA3FFF 16 Enhanced Modular I/O Subsystem 0 (eMIOSO0)
0xC3FA4000 OXC3FAT7FFF 16 Enhanced Modular I/O Subsystem 1 (eMIOS1)
0xC3FA8000 OXC3FD7FFF Reserved

0xC3FD8000 OxC3FDBFFF 16 System Status and Configuration Module (SSCM)
0xC3FDCO000 OxC3FDFFFF 16 Mode Entry Module (MC_ME)

0xC3FE0000 OXC3FE3FFF 16 Clock Generation Module (MC_CGM)
0xC3FE4000 OXxC3FE7FFF 16 Reset Generation Module (MC_RGM)
O0xC3FE8000 OxC3FEBFFF 16 Power Control Unit (MC_PCU)

0xC3FECO000 OXC3FEFFFF 16 Real Time Counter & Correction Timer
0xC3FF0000 OXC3FF3FFF 16 Periodic Interrupt Timer (PIT/RTI)
0xC3FF4000 OXC3FFFFFF Reserved
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Table 2-1. PXD20 system memory map (continued)

Start address

End address

Size (KB)

Region

PBRIDGE(0) - Off Platfor

m Peripherals (new range)

OxFFE00000 OXFFEO3FFF 16 Analog-to-Digital Converter 0 (ADCO)
OxFFE04000 OXFFE13FFF Reserved
OxFFE14000 OXFFE17FFF 16 RLE Decoder

OxFFE18000 OXFFE23FFF Reserved
OxFFE24000 OXFFE27FFF 16 Video Input Unit (VIU2)

OxFFE28000 OxFFE2BFFF 16 DRAM Controller (DRAMC)
OxFFE2C000 OXFFE2FFFF Reserved
OxFFE30000 OXFFE33FFF 16 Inter-1C Bus Interface Controller O (12C0)
OxFFE34000 OXFFE37FFF 16 Inter-IC bus interface Controller 1 (12C1)
OxFFE38000 OXFFE3BFFF 16 Inter-1C bus interface Controller 2 (12C2)
OxFFE3C000 OXFFE3FFFF 16 Inter-IC Bus Interface Controller 3 (12C3)
OxFFE40000 OxFFE43FFF 16 LINFlex 0

OxFFE44000 OXFFE47FFF 16 LINFlex 1

OxFFE48000 OxFFE4BFFF 16 LINFlex 2

OxFFE4C000 OxFFE4FFFF 16 LINFlex 3

OxFFE50000 OXFFE53FFF 16 OpenVG graphics accelerator (GFX2D)
OxFFE54000 OXFFE57FFF 16 Graphics Accelerator Gasket (GXG)
OxFFE58000 OXFFE5BFFF 16 Display Control Unit Lite (DCULite)
OxFFE5C000 OXFFESFFFF 16 Display Control Unit (DCU3)
OxFFE60000 OXFFEG6OFFF 4 Stepper Motor Controller (SMC)
OxFFE61000 OXFFEG617FF 2 Stepper Stall Detect 0 (SSDO)
OxFFE61800 OXFFEG61FFF 2 Stepper Stall Detect 1 (SSD1)
OxFFE62000 OXFFEG627FF 2 Stepper Stall Detect 2 (SSD2)
OxFFE62800 OXFFEG62FFF 2 Stepper Stall Detect 3 (SSD3)
OxFFE63000 OXFFE637FF 2 Stepper Stall Detect 4 (SSD4)
OxFFE63800 OXFFEG3FFF 2 Stepper Stall Detect 5 (SSD5)
OxFFE64000 OXFFEG6FFFF Reserved
OxFFE70000 OXFFE73FFF 16 CAN sampler

OXFFE74000 OXFFE77FFF Reserved
OxFFE78000 OXFFE7BFFF 16 Sound Generator Module (SGM)
OxFFE7C000 OXFFE7FFFF 16 Timing Controller (TCON)

OxFFE80000 OXFFEFFFFF Reserved
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Table 2-1. PXD20 system memory map (continued)

Start address End address Size (KB) Region
PBRIDGE(0) - On Platform Peripherals

OxFFFO00000 OXFFFO3FFF 16 PBRIDGEO

OxFFF04000 OxFFFO7FFF 16 XBAR

OxFFF08000 OXFFFOBFFF Reserved

OxFFFOCO000 OXFFFOFFFF 16 Graphics RAM Controller

OxFFF10000 OXFFF13FFF 16 Memory Protection Unit (MPU)

OxFFF14000 OXFFF37FFF Reserved

OxFFF38000 OXFFF3BFFF 16 Software Watchdog Timer 0 (SWTO)

OxFFF3CO000 OXFFF3FFFF 16 System Timer Module 0 (STMO)

OxFFF40000 OxFFF43FFF 16 Error Correction Status Module (ECSM)

OxFFF44000 OXFFF47FFF 16 1st Direct Memory Access Controller (eDMA)

OxFFF48000 OxFFF4BFFF 16 Interrupt Controller (INTC)

OxFFF4CO000 OXFFF7FFFF Reserved
PBRIDGE(0) - Off Platform Peripherals

OxFFF80000 OXFFF8FFFF Reserved

OxFFF90000 OxFFF93FFF 16 DSPI 0O

OxFFF94000 OXFFFO7FFF 16 DSPI 1

OxFFF98000 OxFFF9BFFF 16 DSPI 2

OxFFF9CO000 OXFFFOFFFF Reserved

OxFFFAO000 OxFFFA3FFF 16 QuadSPIO

OxFFFA4000 OXFFFBFFFF Reserved

OxFFFCO0000 OxFFFC3FFF 16 FlexCAN 0 (CANO)

OxFFFC4000 OXFFFC7FFF 16 FlexCAN 1 (CAN1)

OxFFFCB8000 OxFFFCBFFF 16 FlexCAN 2 (CAN2)

OxFFFCCO000 OxFFFDBFFF Reserved

OxFFFDCO000 OxFFFDFFFF 16 DMA Channel Mux (DMA_MUX)

OxFFFEO000 OXFFFFBFFF Reserved

OxFFFFCO000 OxFFFFFFFF 16 Boot Assist Module (BAM)
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Chapter 3
Signal Description

3.1 Introduction

The following sections provide signal descriptions and related information about the functionality and
configuration.

3.2 Package pinouts
The 176- and 208-pin LQFP pinouts and the 416 TEPBGA ballmap are provided in the following figures.
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DCU_VSYNC / PG8

DCU_HSYNC / PG9

DCU_DE / PG10

eMIOS0[8] / eMIOS1[9] / PDI_HSYNC_VIUL / PJ1
eMIOSO0[9] / eMIOS1[14] / PDI_VSYNC_VIUO / P32
VDDE_B

%
eMIOSO[13] / eMIOSO[17] / PDI4_VIU6 / PJ8
eMIOS0[12] / eMIOS1[22] / PDI5_VIU7 / PJ9

eMIOSO[11]/ eMIOS1[17] / PDI6_VIU8 / PJ10
eMIOSO[10] / eMIOS1[15] / PDI7_VIU9 / PJ11
RXD_0/CNRX_0/PB1
TXD_0/CNTX_0/PBO

12S_DO / CNRX_T / PB10

SGM_MCLK / CNTX_1/PB11

DCU_TAG / eMIOS1[22] / PDI13_ViU5 / PM5
eMIOS1[23] / PDI14_VIU6 / PM6

R
eMIOS1[10] / PDI8_VIUO / PK2
eMIOS1[11] / PDI9_VIU1 / PK3

eMIOS1[12] / PDI10_VIU2 / PK4
eMIOS1[13] / PDI11_VIU3 / PK5
eMIOS1[9]/ PDI12_VIU4 / PK6

VsS

VDDE_B

eMIOS1[8] / 12S_FS / PDI15_VIU7 / PH5
eMIOS1[16] / 12S_DO / PDI16_VIU8 / PM7
eMIOS1{23] / 12S_SCK / PDIL7_VIU9 / PM8
TCK / PHO

TDI/ PH1

TDO / PH2

TMS / PH3

Note: Functions in bold are
available only on this package.
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116} PAO/ DCU_RO / SDA_1 / eMIOSO[18]
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PXD20 2Eves
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Figure 3-1. 176-pin LQFP pinout
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DCU_VSYNC_TCON2 / PG8
DCU_HSYNC_TCON1/PG9

DCU_DE_TCON3/ PG10

eMIOSO[8] / eMIOS1[9] / PDI_HSYNC_VIU1/PJ1
eMIOS0[9] / eMIOS1[14] / PDI_VSYNC_VIUO / PJ2
E B

\%
eMIOS0[13] / eMIOSO[17] / PDI4_VIU6 / PJ8
eMIOSO[12] / eMIOS1[22] / PDI5_VIU7 / PJ9

eMIOSO[11] / eMIOS1[17] / PDI6_VIU8 / PJ10

eMIOS0[10] / eMIOS1[15] / PDI7_VIU9 / PJ11
RXD_0/CNRX_0/PB1
TXD_0/CNTX_0/PBO
12S_DO/CNRX_1/PB10

SGM_MCLK / CNTX_1/PB11

TCON4 /RXD_3/CNRX_2/PM3

TCONS / TXD_3/CNTX_2/ PM4

VDDE_B
VDDR
R

VSSI
VSUP_TEST
vDD12
Vss
VDDPLL
VREG_BYPASS
EXTAL

XTAL

VRC_CTRL

RESET

TCONS / PDI13_VIU5/ CS2_2/PL4
TCON7/PDI14_VIU6 / CS1_2/PL5
eMIOS1[18] / PDI15_VIU7 / CS0_2/ PL6
eMIOS1[19] / PDI16_VIU8 / SIN_2/ PL7
eMIOS1[20] / PDIL7_VIU9 / SOUT 2/ PL8
eMIOS1[21] / PDI_PCLK / SCK_2 / PL9
VDDE_B

DCULITE_TAG / eMIOS1[10] / PDI8_VIUO / PK2
DCULITE_DE / eMIOS1[11] / PDI9_VIU1 / PK3
DCULITE_HSYNC / eMIOS1[12] / PDI10_VIU2 / PK4
DCULITE_VSYNC / eMIOS1{13] / PDI11_VIU3 / PK5
DCULITE_PCLK / eMIOS1[9] / PDI12_VIU4 / PK6
TCON8/DCULITE_R2/RXD_2/ PK7
TCON9/DCULITE_R3/TXD_2/ PK8

TCON10/ DCULITE_R4 / 125_DO / PK9
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VDDE B

TCK / PHO

TDI / PH1

TDO / PH2

TMS / PH3
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Figure 3-2. 208-pin LQFP pinout
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VDDE B
PA137DCU_G5 / RSDS6M

PA12 / DCU_G4 / RSDS6P

PA11/DCU_G3/ RSDS5M

PA10 / DCU_G2 / RSDS5P

PA9/DCU_G1/ SDA_2/ eMIOSO[19] / RSDS4M
PA8 / DCU_GO / SCL_2 / eMIOS0[20] / RSDS4P
PA7 / DCU_R7 / RSDS3M

PAG / DCU_R6 / RSDS3P

VDDE_B
VREF_RSDS

PA5/ DCU_R5 / RSDS2M

PA4 / DCU_R4 / RSDS2P

PA3/DCU_R3/ RSRSIM

PA2 / DCU_R2 / RSDS1P
PAL/DCU_R1/SCL_1/eMIOSO[17] / RSDSOM
PAQ / DCU_RO / SDA_1 / eMIOSO0[18] / RSDSOP
VDDE_B

VSS

VDD12

PE7 /M5C1P / SSD5_3
PE6/M5C1M / SSD5_2
PE5 / M5COP / SSD5_1
PE4 / M5COM / SSD5_0
VSSM

VDDM
PE3/M4C1P/SSD4_3

PEO / M4COM / SSD4_0
PD15/M3C1P / SSD3_3 / eMIOS0[15]
PD14 /M3C1M/SSD3_2/ eMIOSO[[lA
PD13/M3COP / SSD3_1 / eMIOS0[13
PD12 / M3COM / SSD3_0 / eMIOS0[12]
VSSM

VDDM

PD11/M2C1P / SSD2_3 / eMIOS0[11]
PD10 / M2C1M / SSDZ_2 / eMIOSO[10]
PD9 / M2COP / SSD2_1/ eMIOSO[9]
PD8 / M2COM / SSDZ_0

PD7/M1C1P /SSD1_3

PD6 / M1C1M / SSDI_2 / eMIOS0[23]
PD5/M1COP / SSD1_1 / eMIOSO0[16]
PD4 / M1COM / SSD1_0/ eMIOSO{g]
VSSM

VDDM
PD3/ MOC1P / SSDO_3 / eMIOS0[9]
PD2/MOCIM / SSDO_2 / eMIOS1[23]
PD1/MOCOP / SSDO_1 / eMIOS1{16]
PDO / MOCOM / SSDO_0 / eMIOS1{8]
VDDE_B

Freescale Semiconductor

Preliminary—Subject to Change Without Notice



v-€

992110N 1NoYlIM @Buey) o1 10alqns—Areuiwijaid

JO1oNpuUOdIWBS 3|eJISsaal

T 'A9Y ‘[enuel 92Ua13Jay 19]|0J1U0D0IDIN 0ZAXd

AB

AC

AD

AE

AF

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
ddr_dq[2|ddr_dq[2|ddr_dq[2|ddr_dq[2 ddr_addr|ddr_addr{ddr_addr{ddr_addr|ddr_addr
6 7 i g | 30| e o balojor beftjder bel2) oo\t e ota ez | POL2 | PFL4 | PFIO | PR | PFS | PR | PKO | PB3 | Phi2 | PLIL | PGT | PG
ddr_dq[2 ddr_das[ ddr_dm(3| ddr_addr ddr_addr{ddr_addr ddr_addr
R IER ] Vs | dor_cas | res | Vs oo web| " ) v [TEn GO vss (e | PFIS | VODE | PFIS | VsS | PFL | VDDE | PS5 | PLI3 | VODE | VS | PGS
ddr_dq[2|VDDE_DD) ddr_dq[2|VDDE_DD) iddr_dram|VDDE_DD) ddr_addr|VDDE_DD ddr_addr|VDDE_DD
3 SN o | VS PR 1Y e || VS (e | m | VS | PR2 | Vs | PFT | VDDE | PR | VS | P4 | PLL2 | PLIO | PG3 | PG4
ddr_dq[1{ddr_dq[2|ddr_dq[2|ddr_dq[2 \VDD33_Diddr_dram| ddr_addr{ddr_addr{vDD33_D|ddr_addr|ddr_addr|ddr_addr VREF_RS
6 0 A 2| o | pn | oo |docke | ddres (T E) | DR | esiat] | esqa) | esie | PPLL | PP | PP | PR | Pxa | pe2 | P3| w2 [TLOPN pG2 | pel
ddr_dgf1} g VDDE_DDjddr_dgf1 PGIL | VSS | VDDE | PGO
7 R 8]
ddré?q[l MVTT3 | VSS VD%?—D PAIS | PA4 | PAL3 | PAL2
ddr_dq[1{ddr_dgs[{ddr_dm[2ddr_dq[1 PALL PAY PAS PA7
5] 2] ] 4
ddré?q[l Vs DDFE—DD dd%’q[l PALO | VDDE | VS | VA6
ddr—l?q[l MVTT2 | VSS | MVREF PA3 VRSEIRS S | P4
ddr_dg[o] ddrﬁqs[ ddr—]dmll ddrﬁ?q“ VDD12 | Vs |vbD12 | vss |vopi2 | vss | vop12 | vss P2 | vss | Pal | pao
ddr_dagg]  vss DDFE-DDddr_qu] vss |vop2 | vss |vopi2 | vss |vbpiz | vss | vbpiz PMI3 | PM12 | VDDE | PO
ddr_dqf5]| MVTTL | VSS  |ddr_daf6] voD12 | Vss | vss | vss | vss | vss |vbbiz | vss PO7 | PO | POS | PO4
ddr_daf3] ddrﬁ?qs[ DDFE-DDddr_dq[A] vss [vop2 | vss | vss | vss | vss | vss | vppiz PO3 | VDDE | PO2 | POL
lddr_dm[0)
por o[z vss [ or_dal) vop12 | vss | vss | vss | vss | vss |vopiz | vss POO | PNI5 | P25 | PN4
\VDD33 D
der_dgfo)l MVTTO | Vs [ vss |vop12 | vss | vss | wss | vss | vss | vopi2 PE7 | PE6 | PNI3 | PNI2
PG10 | PGY DDS—DD PGS vop12 | vss |vopi2 | vss |vopi2 | vss | vopiz | vss PES | PE4 | PE3 | PE2
Pg | Ps | P2 | P1 vss |vop2 | vss |vopiz | vss |vbbi2 | vss | vopi2 PEL | VssM | voOM | PEO
PBL | vss | Pu1 | P10 PDI5 | PD14 | PD13 | PD12
RESET | PB10 | VDDE | PBO PDIL | VDDM | vssM | PD10
vss | Pwm4 | PM3 | PBLL PD9 | P8 | PD7 | PDG
yiaL | VREC_BY\VRCCTR)\ e PD5 | VSsM | vDDM | PD4
PASS | L
EXTAL | PL4 | VSS |VDDPLL D3 | Pp2 | PDL | PDO
VSU;—TE PL5 | PNO | PK4 | PK6 | PHO | Pr2 | PB13 | Pk1t | N2 | PN4 | PNs | PB9 | PB7 | P | PBS | MCKO | MDOG | MDO0| Mvoo | PcO | VDDA VSSDE?—A pc3 | pct | Pc2
PL6 | VODE | PNL | vSs | Pk7 | PHL | vODE | EvTl | MSEO | vss | pNs | PN9 | VDDE | PM | P | Vss | MSEO2 | MDO7 | VDDE | MDOL | PCE | VSSA VD%ECH—A pca | pc7 | Pes
PL7 | vss | Pk2 | voDE | k8 | PH2 | wvss | Evio | Pmo | voDE | pne | PN10 | vss | Ps | PH4 | vDDE | MDO4 | MDOS | vss | MDO2 | Pl | o | Pclo | Pcii | Peo | pes
PL8 | PO | PK3 | PKs | ko | PH3 | PBl2 | Pk1o | PwL | N3 | N7 | Pn11 | PB8 | P | PB4 | PB6 | MDOS | MDO9 |MDOLL| MDO3 | P83 | P2 | Pcis | Pci4 | Pci3 | Pei2
1 2 3 7 5 3 7 8 9 1 1 12 1 1@ 15 1 17 1 19 20 21 22 23 24 % %

Figure 3-3. 416-pin TEPBGA ballmap
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3.3  Signal descriptions

The following sections provide signal descriptions and related information about the signals’ functionality
and configuration.

3.3.1 Pad configuration during reset phases

All pads have a fixed configuration under reset.

During the power-up phase, all pads are forced to tristate.

After power-up phase, all pads are floating with the following exceptions:

» PBI5] (FAB) is pull-down. Without external strong pull-up the device starts fetching from flash
memory.

* RESET pad is driven low. This is released only after PHASE?2 reset completion.

» Fast (4-16 MHz) external oscillator pads (EXTAL, XTAL) are tristate.
» The following pads are pull-up:
— PB[6]
— PHI0]
— PHI1]
— PHI3]

3.3.2 Voltage supply pins

\oltage supply pins are used to provide power to the device. Two dedicated pins are used for 1.2 V
regulator stabilization.

Table 3-1. Voltage supply pin descriptions

Pin number
Supply pin Function
176 LQFP 208 LQFP 416 TEPBGA
Vppiot 1.2V core supply (1.08 V- 1.32 V) 23, 50, 67, 110, 23,58, 79,136, | K10,K12,K14,K16,
138, 175 162, 186, 207 L11,L13,L15,L17,M

10,M16,N11,N17,P
10,P16,R11,R17,
10,T12,T14,T16,U1

1,U13,U15,U17

T
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Table 3-1. Voltage supply pin descriptions (continued)

Pin number
Supply pin Function
176 LQFP 208 LQFP 416 TEPBGA
Vsg 1.2 V ground 7,18, 36, 49, 66, 7,18, 38, 47,57, | AB3,AD10,AD16,A
68, 111, 123, 133, 64, 78, 80, 137, | D4,AE13,AE19,AE
139, 154, 167, 176 | 147,157, 163, 185, | 2,AE7,B11,B14,B1
199, 208 9,B2,B25,B5,B8,C1
2,C15,C17,C21,C3
,C6,C9,E2,E24,F3,
H2,H25,J3,K11,K1
3,K15,K17,K24,L10
,L12,1.14,1.16,L.2,M
11,M12,M13,M14,
M15,M17,M3,N10,
N12,N13,N14,N15,
N16,P11,P12,P13,
P14,P15,P17,P2,P
25,R10,R12,R13,R
14,R15,R16,R3,T1
1,T13,T15,T17,U10
,U12,U14,U16,V2,
Y1
VDD12 ground and VDDPLL ground 24 24 —
(VSSPLL)

VbDE B 3.3 V I/O supply. This supply is shared with | 6, 19, 37, 48, 65, 6, 19, 37, 48, 56, | AD13,AD19,AD2,A
internal flash, 16 MHz IRC oscillator and 89, 112, 122, 132, | 63, 77, 105, 138, | D7,AE10,AE16,AE
4-16MHz crystal oscillator. 140, 166 146, 156, 164, 184, | 4,B17,B21,B24,C1

198 9,E25,H24,L.25,N2
4,W3

Vppa’? 3.3 V/5 V reference voltage and analog 79 95 AC22
supply for A/D converter. This supply is
shared with the SXOSC.

Vssa Reference ground and analog ground for 80 96 AD22
A/D converter
VppR Voltage regulator VREG supply 20 20 AA4
Vssr Voltage regulator ground 21 21 —
VppE AZ 3.3 V/5 V I/O supply. This supply is shared 77 93 AD23
h with the SXOSC.
Vsse A 3.3 V/5V /O supply ground 78 94 AC23
VopMm Stepper motor 3.3 V/5 V pad supply. SSD 94, 104 110, 120, 130 U25,W24,AA25
shares this supply.
Vssm Stepper motor ground 95, 105 111,121,131 U24,W24,AA24
VppPLL 1.2 V PLL supply 25 25 AB4
VSUP_TEST3 9V - 12V flash test analog write signal 22 22 AC1
Vbp DR 1.8V, 2.5V, and 3.3V DDR SDRAM supply — — C2,C5,C8,C11,C14
N ,E3,H3,L3,N3,T3
PXD20 Microcontroller Reference Manual, Rev. 1
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Table 3-1. Voltage supply pin descriptions (continued)

Supply pin

Function

Pin number

176 LQFP

208 LQFP

416 TEPBGA

Vpp33_prR

Functional supply for SDRAM pads (where
available must be >= VDD_DR)

D6, D12, F4, R4

1 Decoupling capacitors must be connected between these pins and the nearest Vgg pin.
2 VDDA must be at the same voltage as VDDE_A.
3 This signal needs to be connected to ground during normal operation.

3.3.3

Pad types

The pads available for system pins and functional port pins are described in:
* The port pin summary in Table 1,

» The pad type descriptions in Table 3-6;

» Section 43.5.3.8, “Pad Configuration Registers (PCR0-PCR184) and Section 43.5.3.9, “Pad

Configuration Registers (PCR185-PCR281);

e The device data sheet.

3.3.4

System pins

The system pins are listed in Table 3-2.

Table 3-2. System pin descriptions

System pin

Function

110
direction

Pad
type

RESET
configuration®

Pin number

176 LQFP

208 LQFP

416 TEPBGA

RESET

Bidirectional reset with
Schmitt-Trigger
characteristics and noise
filter.

110

M

Input, weak pull
up

30 30

w1

EXTAL

Analog input to the
oscillator amplifier circuit.
Input for the clock generator
in bypass mode.

27 27

AB1

XTAL

Analog output of the
oscillator amplifier circuit.
Needs to be grounded if
oscillator bypass mode is
used.

28 28

AAl

EXTAL32

Analog input of the 32KHz
oscillator amplifier circuit.

70 86

AF24
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Table 3-2. System pin descriptions (continued)

. . 1o} Pad RESET Pin number
System pin Function direction | type | configuration®
yp 9 176 LQFP | 208 LQFP | 416 TEPBGA
XTAL32 Analog output of the 32 KHz | S — 69 85 AF23
oscillator amplifier circuit.
Input for the clock generator
in bypass mode.
NMI Non-Maskable Interrupt /O S Input, none 45 53 AC7
VRC_CTRL | Voltage Regulator external Analo — 29 29 AA3
NPN Ballast base control g
pin
VREF_ RSDS interface reference Analo — — 145, 165 J24,D24
RSDS?  |voltage g
VREG_ Pin used for factory testing — — 26 26 AA2
BYPASS?®

1 Reset configuration is given as 1/O direction and pull direction (for example, “Input, pullup”).
2 Although this signal is not a supply for RSDS pads, it needs to be terminated in an external capacitor with a value of 47 pF.
3 VREG_BYPASS should be pulled down externally.

3.35

Nexus pins

Onthe 176 LQFP and the 208 LQFP package options a reduced set of Nexus pins are optionally available,
multiplexed with GPIO pins.

On the 416 TEPBGA package option all Nexus pins are dedicated to Nexus only.

Table 3-3. Nexus pins

Pin number?!
System pin Function 52% PCR
176 LQFP 208 LQFP 416 TEPBGA
EVTI Nexus Event In M PCR[80] 169 201 Al7
EVTO Nexus Event Out M PCR[70] 157 189 C20
MCKO Nexus Msg Clock Out F PCRJ[85] 174 206 B18
MSEQI[0] Nexus Msg Start/End Out M PCR[71] 158 190 B20
MSEQ[2] Nexus Msg Start/End Out M PCRJ[73] 159 191 A20
MDOI0] Nexus Msg Data Out M PCR[81] 170 202 D16
MDOI1] Nexus Msg Data Out M PCR[82] 171 203 C16
MDOI2] Nexus Msg Data Out M PCRI[83] 172 204 B16
MDOI3] Nexus Msg Data Out M PCR[84] 173 205 Al6
EVTI Nexus Event In M PCR[197] n/a n/a AD8
PXD20 Microcontroller Reference Manual, Rev. 1
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Table 3-3. Nexus pins (continued)

Pin number?!
System pin Function tlj/?)i PCR
176 LQFP 208 LQFP 416 TEPBGA

EVTO Nexus Event Out M PCR[198] n/a n/a AES8
MCKO Nexus Msg Clock Out F PCR[200] n/a n/a AC17
MSEOQ[0Q] Nexus Msg Start/End Out M PCR[199] n/a n/a AD9
MSEOI2] Nexus Msg Start/End Out M PCR[201] n/a n/a AD17
MDO[0] Nexus Msg Data Out M PCR[185] n/a n/a AC20
MDO[1] Nexus Msg Data Out M PCR[186] n/a n/a AD20
MDO[2] Nexus Msg Data Out M PCR[187] n/a n/a AE20
MDOJ[3] Nexus Msg Data Out M PCR[188] n/a n/a AF20
MDO[4] Nexus Msg Data Out M PCR[189] n/a n/a AE17
MDOQOI[5] Nexus Msg Data Out M PCR[190] n/a n/a AF17
MDO[6] Nexus Msg Data Out M PCR[191] n/a n/a AC18
MDO[7] Nexus Msg Data Out M PCR[192] n/a n/a AD18
MDOI[8] Nexus Msg Data Out M PCR[193] n/a n/a AE18
MDO[9] Nexus Msg Data Out M PCR[194] n/a n/a AF18
MDO[10] Nexus Msg Data Out M PCR[195] n/a n/a AC19
MDO[11] Nexus Msg Data Out M PCR[196] n/a n/a AF19

1 On the 176 LQFP and 208 LQFP package options the Nexus pins are multiplexed with other GP1O. On the 416 TEPBGA
package, there are additional dedicated Nexus pins.
3.3.6 DRAM interface

The DRAM interface pins are listed in Table 3-4.
Table 3-4. DRAM interface pin summary

Port pint Function direlzlcgion t';?)(l PCR ?oEnSfiZ-g Pin number
416 TEPBGA
DRAM Data Bus
DDR_DQ[31] |DRAM Data Bus [31] 110 DDR | PCR[237] | None, None A6
DDR_DQ[30] |DRAM Data Bus [30] 110 DDR | PCR[238] | None, None A5
DDR_DQ[29] |DRAM Data Bus [29] 110 DDR | PCR[239] | None, None A4
DDR_DQ[28] |DRAM Data Bus [28] 110 DDR | PCR[240] | None, None A3
DDR_DQ[27] |DRAM Data Bus [27] 110 DDR | PCR[241] | None, None A2
DDR_DQ[26] |DRAM Data Bus [26] 110 DDR | PCR[242] | None, None Al
PXD20 Microcontroller Reference Manual, Rev. 1
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Table 3-4. DRAM interface pin summary (continued)

Port pint Function dir::‘/gion t?/?)i PCR EoEnSfiEg-g Pin number
416 TEPBGA

DDR_DQ[25] | DRAM Data Bus [25] 110 DDR | PCR[243] | None, None B1
DDR_DQ[24] | DRAM Data Bus [24] 110 DDR | PCR[244] | None, None c4
DDR_DQ[23] |DRAM Data Bus [23] 110 DDR | PCR[245] | None, None c1
DDR_DQ[22] | DRAM Data Bus [22] 110 DDR | PCR[246] | None, None D4
DDR_DQ[21] |DRAM Data Bus [21] 110 DDR | PCR[247] | None, None D3
DDR_DQ[20] | DRAM Data Bus [20] 110 DDR | PCR[248] | None, None D2
DDR_DQ[19] |DRAM Data Bus [19] 110 DDR | PCR[249] | None, None D1
DDR_DQ[18] | DRAM Data Bus [18] 110 DDR | PCR[250] | None, None E4
DDR_DQ[17] |DRAM Data Bus [17] 110 DDR | PCR[251] | None, None E1l
DDR_DQ[16] | DRAM Data Bus [16] 110 DDR | PCR[252] | None, None F1
DDR_DQ[15] | DRAM Data Bus [15] 110 DDR | PCR[253] | None, None G1
DDR_DQ[14] |DRAM Data Bus [14] 110 DDR | PCR[254] | None, None G4
DDR_DQ[13] |DRAM Data Bus [13] 110 DDR | PCR[255] | None, None H1
DDR_DQ[12] |DRAM Data Bus [12] 110 DDR | PCR[256] | None, None H4
DDR_DQ[11] |DRAM Data Bus [11] 110 DDR | PCR[257] | None, None J1
DDR_DQ[10] | DRAM Data Bus [10] 110 DDR | PCR[258] | None, None K4
DDR_DQ[9] DRAM Data Bus [9] 110 DDR | PCR[259] | None, None K1
DDR_DQ[8] DRAM Data Bus [8] 110 DDR | PCR[260] | None, None L1
DDR_DQ[7] DRAM Data Bus [7] 110 DDR | PCR[261] | None, None L4
DDR_DQ[6] DRAM Data Bus [6] 110 DDR | PCR[262] | None, None M4
DDR_DQ[5] DRAM Data Bus [5] 110 DDR | PCR[263] | None, None M1
DDR_DQ[4] DRAM Data Bus [4] 110 DDR | PCR[264] | None, None N4
DDR_DQ[3] DRAM Data Bus [3] 110 DDR | PCR[265] | None, None N1
DDR_DQ[2] DRAM Data Bus [2] 110 DDR | PCR[266] | None, None P4
DDR_DQ[1] DRAM Data Bus [1] 110 DDR | PCR[267] | None, None P1
DDR_DQ[0] DRAM Data Bus [0] 110 DDR | PCR[268] | None, None R1
DRAM Data Strobes

DDR_DQS[3] |DRAM Data Strobe [3] e} DDR | PCR[232] | None, None B3
DDR_DQS[2] |DRAM Data Strobe [2] 110 DDR | PCR[231] | None, None G2
DDR_DQSJ[1] DRAM Data Strobe [1] 1/0 DDR PCR[230] | None, None K2
DDR_DQSJ0] DRAM Data Strobe [0] 110 DDR PCR[229] | None, None N2
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Table 3-4. DRAM interface pin summary (continued)

Pin number
Port pint Function direllcgion tPac‘ie PCR EOEnSﬁEE
yp 9 416 TEPBGA

DRAM Data Enables

DDR_DMJ[3] DRAM Data Enable [3] Output DDR PCR[236] Output, B4
None

DDR_DM[2] DRAM Data Enable [2] Output DDR PCR[235] Output, G3
None

DDR_DM[1] DRAM Data Enable [1] Output DDR PCR[234] Output, K3
None

DDR_DMI[0] DRAM Data Enable [0] Output DDR PCR[233] Output, P3
None

DRAM Address

DDR_A[15] DRAM address [15] Output DDR PCR[217] Output, B15
None

DDR_A[14] DRAM address [14] Output DDR PCR[216] Output, D15
None

DDR_A[13] DRAM address [13] Output DDR PCR[215] Output, D14
None

DDR_A[12] DRAM address [12] Output DDR PCR[214] Output, Al14
None

DDR_A[11] DRAM address [11] Output DDR PCR[213] Output, D13
None

DDR_AJ[10] DRAM address [10] Output DDR PCR[212] Output, C13
None

DDR_A[9] DRAM address [9] Output DDR PCR[211] Output, B13
None

DDR_A[8] DRAM address [8] Output DDR PCR[210] Output, Al13
None

DDR_A[7] DRAM address [7] Output DDR PCR[209] Output, B12
None

DDR_A[6] DRAM address [6] Output DDR PCR[208] Output, A12
None

DDR_A[5] DRAM address [5] Output DDR PCR[207] Output, D11
None

DDR_A[4] DRAM address [4] Output DDR PCR[206] Output, All
None

DDR_AJ[3] DRAM address [3] Output DDR PCR[205] Output, D10
None

DDR_A[2] DRAM address [2] Output DDR PCR[204] Output, C10
None
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Table 3-4. DRAM interface pin summary (continued)

Pin number
Port pint Function direllcgion tPac‘ie PCR EoEnSf’iEE
yp 9 416 TEPBGA
DDR_A[1] DRAM address [1] Output DDR PCR[203] Output, B10
None
DDR_A[0] DRAM address [0] Output DDR PCR[202] Output, A10
None
DRAM Bank Address
DDR_BA[2] DRAM Bank Address[2] Output DDR PCR[220] Output, A9
None
DDR_BA[1] DRAM Bank Address[1] Output DDR PCR[219] Output, A8
None
DDR_BAJ[0] DRAM Bank Address[0] Output DDR PCR[218] Output, A7
None
DRAM Control
DDR_CAS Column Address Strobe Output DDR PCR[221] Output, B6
None
DDR_RAS Row Address Strobe Output DDR PCR[227] Output, B7
None
DDR_WEB Write Enable Output DDR PCR[228] Output, B9
None
DDR_ODT DRAM On-die termination Output DDR PCR[226] Output, D5
Pull Down
DDR_CLK DRAM Clock Output DDR PCR[225] Output, Cc7
None
DDR_CLKB DRAM Clock bar Output DDR NA Output, D7
None
DDR_CK DRAM Clock Enable Output DDR PCR[222] Output, D8
Pull Down
DDR_CS DRAM Chip Select Output DDR PCR[223] Output, D9
None
MVREF DDR Reference Voltage Input — NA — J4
MVTT DRAM Termination Voltage Input — NA — F2,J2,M2,R2

1 These port pins are disabled and unpowered on packages where the DRAM interface is not bonded out.
2 Reset configuration is given as /O direction and pull direction (for example, “Input, pullup”).

3.3.7

VIU muxing

The DCUS3, DCUL.ite and VIU2 modules share the same pins for input video. It is, however, possibile to
feed independent video streams to VIU2 and DCU3 (operating in narrow mode). Figure 3-4 explains the
pin sharing arrangement.
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>
PDI_PCLK > Direct feed of PDI interface
VSYNC . - to DCU3 or DCULite
HSYNC . -
DATAIL70] , o -
VIU PCLK

DATA[17:8]
DATA[7:0]

VIU[9:0 -
[ ]. VIU2 DCU3 DCULite
PDI PDI

RGB565

RGB888

8-bit mono

YUV422

XBAR

Figure 3-4. VIU2, DCU3, and DCULite pin sharing

VIU input data selection is done based on select bit (bit 0) of Miscellaneous control register
(OXC3FE0340).

* VIU pix data: VIU[9:0]

» Select bit 1’b0: PDI[7:0],HSYNC,VSYNC

» Select bit 1’b1: PDI[17:8]

3.3.8 SGM muxing

The SGM shares pins between the PWM output signals and the 12S bus signals as shown in the “Port pin
summary” table. When the PWM function is enabled in the SGM (SGMCTL[PWME]) the PWM (PWMO,
PWMOA) signals are available. When the PWM function is disabled the 12S bus signals (12S_DO,
12S_SCK) are available.

3.3.9 RSDS special function muxing

Ports PAJ0:15], PG[0:7], PG[11] and PM[2] have the RSDS signalling option as a special function. The
SIUL allocates pad control registers to these functions (PCR[270:282]), but because these pads share a
common pin with the normal GPIO pins they do not operate in the same way as the normal GPIO ports.
PG[11] in particular has a special configuration separate from the other pads.

The special-function pads are output-only, and the associated PCR[OBE] bit is controlled by the
TCON_CTRL1 register (TCON_BYPASS and RSDS_MODE bits). However, the alternate function
selection is taken from the associated normal GPIO pad. This allows selection of the DCU3 function as
the alternate function of the pad and then the TCON module to select if the output style is TCON/RSDS

or digital RGB format.
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Therefore, when the TCON bypass is active (bypass disabled with or without RSDS active), it is important
not to configure the normal GPIO ports for output operation with a non-DCU3 alternate function on ports
PA[0:15] and PG[0:7].

For PG[11], the PCR[282] OBE bit is fully controlled by the TCON module and will become an output
whenever the DCU3 alternate option is selected. Therefore, only select the DCU3 function on this pin
when ready to configure it as a clock for a TFT panel.
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3.3.10 Functional ports

The functional port pins are listed in Table 5. Note that most port pins have options to independently configure slew rate control and after reset this will be set
to the slowest option. In addition different Pad Types have different slew rate performance and this may mean that the default slew rate needs to be changed to
match the performance required for each signal. Refer to column “Pad Type” when selecting and configuring port pins to determine if slew rate adjustment may
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be required.

Table 5. Port pin summary

. Pin number
qut PCR Alterr_1atel Function Spe(_:lalz Peripheral3 . I/O. Pad4 RES.EE
pin function function direction | Type™ |config 176 LQFP | 208 LQFP | 416 TEPBGA

PORT A

PA[O] |[PCR[0] |Option0 |GPIO[0] RSDSOP SIUL I/0 M/ None, 116 139 K26
Option1l [DCU_RO DCU3 RSDS | none
Option 2 |SDA_1 1’c_1
Option 3 |eMIOSO0[18] PWM/Timer

PA[1] |PCR[1] |Option0 |GPIO[1] RSDSOM SIUL I/0 M/ None, 117 140 K25
Option1l [DCU_R1 DCU3 RSDS | none
Option 2 |SCL_1 ’c_ 1
Option 3 [eMIOS0[17] PWM/Timer

PA[2] |PCR[2] |Option0 |GPIO[2] RSDS1P SIUL I/0 M/ None, 118 141 K23
Option1 |DCU_R2 DCU3 RSDS | none
Option2 |— —
Option3 |— —

PA[3] |[PCR[3] |Option0 |GPIO[3] RSDS1M SIUL I/0 M/ None, 119 142 J23
Option1l |[DCU_R3 DCU3 RSDS | none
Option2 |— —
Option3  |— —

PA[4] |PCR[4] |Option0 |GPIO[4] RSDS2P SIUL I/0 M/ None, 120 143 J26
Option1l [DCU_R4 DCU3 RSDS | none
Option2 |— —
Option3 |— —

PA[5] |PCR[5] |Option0 |GPIO[5] RSDS2M SIUL I/0 M/ None, 121 144 J25
Option1 [DCU_R5 DCU3 RSDS | none
Option2 |— —
Option3  |— —

PA[6] |PCR[6] |Option0 |GPIO[6] RSDS3P SIUL I/0 M/ None, 124 148 H26
Option1l [DCU_RG6 DCU3 RSDS | none
Option2 |— —
Option3 |— —
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PA[7] |PCR[7] |Option0 |GPIO[7] RSDS3M SIUL I/0 M/ None, 125 149 G26
Option1 |DCU_R7 DCU3 RSDS | none
Option2 |— —
Option3 |— —

PA[8] |PCR[8] |Option0 |GPIO[8] RSDS4P SIUL I/10 M/ None, 126 150 G25
Option1l [(DCU_GO DCU3 RSDS | none
Option2 |SCL_2 1’c_2
Option 3 |eMIOS0[20] PWM/Timer

PA[9] |PCR[9] |Option0 |GPIO[9] RSDS4M SIUL I/10 M/ None, 127 151 G24
Option1l |(DCU_G1 DCU3 RSDS | none
Option 2 |SDA 2 1’c 2
Option 3 [eMIOS0[19] PWM/Timer

PA[10] [PCR[10] |Option0 |GPIO[10] RSDS5P SIUL I/0 M/ None, 128 152 H23
Option1l [(DCU_G2 DCU3 RSDS | none
Option2 |— —
Option3 |— —

PA[11] |PCR[11] |(Option0 |GPIO[11] RSDS5M SIUL I/0 M/ None, 129 153 G23
Option1 |[(DCU_G3 DCU3 RSDS | none
Option2 |— —
Option3  |— —

PA[12] |PCR[12] |Option0 |GPIO[12] RSDS6P SIUL I/10 M/ None, 130 154 F26
Option1 |(DCU_G4 DCU3 RSDS | none
Option2 |— —
Option3 |— —

PA[13] [PCR[13] |Option0 |GPIO[13] RSDS6M SIUL I/0 M/ None, 131 155 F25
Option1 [(DCU_G5 DCU3 RSDS | none
Option2 |— —
Option3  |— —

PA[14] |PCR[14] |Option0 |GPIO[14] RSDS7P SIUL I/0 M/ None, 134 158 F24
Option1 |(DCU_G6 DCU3 RSDS | none
Option2 |— —
Option3 |— —
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i Function Spe(_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PA[15] |PCR[15] |[Option0 |GPIO[15] RSDS7M SIUL I/O M/ None, 135 159 F23
Option1l |(DCU_G7 DCU3 RSDS | none
Option2 |— —
Option3 |— —

PORT B

PB[0] |[PCR[16] |Option0 |GPIO[16] — SIUL I/0 S None, 13 13 W4
Option1 [CANTX_O FlexCAN_O none
Option2 |TXD_O LINFlex_0
Option3 |— —

PB[1] |[PCR[17] |Option0 |GPIO[17] — SIUL I/0 S None, 12 12 Vi
Option1 [CANRX_O FlexCAN_0O none
Option2 [(RXD_O0 LINFlex_0
Option3 |— —

PB[2] |PCR[18] |[Option0 |GPIO[18] — SIUL I/O S None, 153 183 D21
Option1l |TXD_O LINFlex_0 none
Option2 |— —
Option3 |— —

PB[3] |[PCR[19] |Option0 |GPIO[19] — SIUL I/0 S None, 152 182 A22
Option1 |RXD_O LINFlex_0 none
Option2 |— —
Option3 |— —

PB[4] |PCR[20] |Option0 |GPIO[20] — SIUL I/0 S None, 62 74 AF15
Option1l |[SCK_1 DSPI_1 none
Option2 |[MAO ADC
Option3 |— _

PB[5] |PCR[21] |[Option0 |GPIO[21] — SIUL I/0 S Input, 63 75 AC16
Option1l [SOUT_1 DSPI_1 pull-
Option 2 |[MA1 ADC down
Option 3 |[FABM Control

PB[6] [PCR[22] |Option0 |GPIO[22] — SIUL I/0 S Input, 64 76 AF16
Option1 |SIN_1 DSPI_1 pull-
Option 2 |MA2 ADC up
Option 3 |ABSI0] Control
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA
PB[7] |PCR[23] |[Option0 |GPIO[23] — SIUL I/O S None, 55 67 AC14
Option1 ([SIN_O DSPI_0 none
Option 2 [eMIOS1[20] PWM/Timer
Option 3 |12S_SCK/PWMOA SGM
PB[8] |PCR[24] |Option0 |GPIO[24] — SIUL I/0 S None, 54 66 AF13
Option1l |[SOUT_O DSPI_O none
Option 2 |eMIOS1[19] PWM/Timer
Option 3 |12S_DO/PWMO SGM
PB[9] [PCR[25] |Option0 |GPIO[25] — SIUL I/0 M None, 53 65 AC13
Option1l |[SCK_O DSPI O none
Option 2 [eMIOS1[18] PWM/Timer
Option 3 [I2S_FS SGM
PB[10] |PCR[26] |[Option0 |GPIO[26] — SIUL I/O S None, 14 14 w2
Option1 |CANRX_1 FlexCAN_1 none
Option 2 |12S_DO/PWMO SGM
Option3 |— —
PB[11] |[PCR[27] |Option0 |GPIO[27] — SIUL I/0 S None, 15 15 Y4
Option1 |[CANTX_1 FlexCAN_1 none
Option 2 [SGM_MCLK SGM
Option3 |— —
PB[12] |PCR[28] |Option0 |GPIO[28] — SIUL I/0 S None, 46 54 AF7
Option1l |[RXD_1 LINFlex_1 none
Option 2 [eMIOS1[10] PWM/Timer
Option3 |CS2_0 DSPI_O
PB[13] |PCR[29] |[Option0 |GPIO[29] — SIUL I/O S None, 47 55 AC8
Option1l |TXD_1 LINFlex_1 none
Option 2 [eMIOS1[11] PWM/Timer
Option3 |CS1_0 DSPI_O
PB[14] — — Reserved — — — — — — — —
PB[15] — — Reserved — — — — — — — —
PORT C
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PC[0] |[PCR[30] |Option0 |GPIO[30] ANS[0] |SIUL I/0 J None, 88 104 AC21
Option1l |— — none
Option2 |— —
Option3 |— —

PC[1] |[PCR[31] |Option0 |GPIO[31] ANS[1] |SIUL I/0 J None, 87 103 AC25
Option1l |— — none
Option2 |— —
Option3 |— —

PC[2] |PCR[32] |Option0 |GPIO[32] ANS[2] |SIUL I/0 J None, 86 102 AC26
Option1l |— — none
Option2 |— —
Option3 |— —

PC[3] |[PCRI[33] |Option0 |GPIO[33] ANS[3] |SIUL I/0 J None, 85 101 AC24
Option1l |— — none
Option2 |— —
Option3 |— —

PC[4] |PCR[34] |Option0 |GPIO[34] ANS[4] |SIUL I/0 J None, 84 100 AD24
Option1l |— — none
Option2 |— —
Option3 |— —

PC[5] |PCR[35] |Option0 |GPIO[35] ANS[5] |SIUL I/0 J None, 83 99 AD26
Option1l |— — none
Option2 |— —
Option3  |— —

PC[6] |PCR[36] |Option0 |GPIO[36] ANS[6] |SIUL I/0 J None, 82 98 AD21
Option1l |— — none
Option2 |— —
Option3 |— —

PC[7] |PCR[37] |Option0 |GPIO[37] ANS[7] |SIUL I/0 J None, 81 97 AD25
Option1l |— — none
Option2 |— —
Option3 |— —
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PC[8] |PCRI[38] |Option0 |GPIO[38] ANS[8] |SIUL I/0 J None, 76 92 AE26
Option1 |— — none
Option2 |— —
Option3 |— —

PC[9] [PCR[39] |Option0 |GPIO[39] ANS[9] |SIUL I/0 J None, 75 91 AE25
Option1l |— — none
Option2 |— —
Option3 |— —

PC[10] |[PCR[40] |Option0 |GPIO[40] ANS[10] |[SIUL I/0 J None, 74 90 AE23
Option1l |— — none
Option 2 |12S_DO/PWMO SGM
Option3 |— —

PC[11] |PCR[41] |Option0 |GPIO[41] ANS[11] |[SIUL I/0 J None, 73 89 AE24
Option1 |— — None
Option 2 |MAO ADC
Option3 |CS2_1 DSPI_1

PC[12] |PCR[42] |Option0 |GPIO[42] ANS[12] |[SIUL I/0 J None, 72 88 AF26
Option1l |— — None
Option 2 |MAl ADC
Option3 |[CS1_1 DSPI_1

PC[13] |PCR[43] |Option0 |GPIO[43] ANS[13] |[SIUL I/0 J None, 71 87 AF25
Option1l |— — None
Option 2 |MA2 ADC
Option3 [CSO0_1 DSPI_1

PC[14] |PCR[44] |Option0 |GPIO[44] ANS[14] |[SIUL I/0 J None, 70 86 AF24
Option1 |— EXTAL32 |— None
Option2 |— —
Option3 |— —

PC[15] |PCR[45] |Option0 |GPIO[45] ANS[15] |[SIUL I/0 J None, 69 85 AF23
Option1l |— XTAL32 |— None
Option2 |— —
Option3  |— —

PORT D
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PD[0] |[PCR[46] |Option0 |GPIO[46] — SIUL I/0 SMD | None, 90 106 AB26
Option1 [MOCOM SMD None
Option 2 |SSDO_0 SSD
Option 3 [eMIOS1[8] PWM/Timer

PD[1] |PCR[47] |Option0 |GPIO[47] — SIUL I/0 SMD | None, 91 107 AB25
Option1 [MOCOP SMD None
Option 2 |SSDO_1 SSD
Option 3 |eMIOS1[16] PWM/Timer

PD[2] |PCR[48] |Option0 |GPIO[48] — SIUL I/0 SMD | None, 92 108 AB24
Option1l [MOC1M SMD None
Option 2 |SSDO_2 SSD
Option 3 [eMIOS1[23] PWM/Timer

PD[3] |[PCR[49] |Option0 |GPIO[49] — SIUL I/0 SMD | None, 93 109 AB23
Option1 [MOC1P SMD None
Option 2 |SSDO_3 SSD
Option 3 [eMIOSO0[9] PWM/Timer

PD[4] |PCRI[50] |Option0 |GPIO[50] — SIUL I/0 SMD | None, 96 112 AA26
Option1l [M1COM SMD None
Option2 |SSD1_0 SSD
Option 3 [eMIOSO0[8] PWM/Timer

PD[5] |PCR[51] |Option0 |GPIO[51] — SIUL I/0 SMD | None, 97 113 AA23
Option1l [M1COP SMD None
Option2 |SSD1_1 SSD
Option 3 [eMIOS0[16] PWM/Timer

PD[6] |PCR[52] |Option0 |GPIO[52] — SIUL I/0 SMD | None, 98 114 Y26
Option1l [M1C1M SMD None
Option2 |SSD1_2 SSD
Option 3 [eMIOS0[23] PWM/Timer

PD[7] |PCRI[53] |Option0 |GPIO[53] — SIUL I/0 SMD | None, 99 115 Y25
Option1l [M1C1P SMD None
Option2 |SSD1_3 SSD
Option3 |— —
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PD[8] |PCR[54] |[Option0 |GPIO[54] — SIUL I/0 SMD | None, 100 116 Y24
Option1 [M2COM SMD None
Option 2 |SSD2_0 SSD
Option3 |— —

PD[9] |PCR[55] |Option0 |GPIO[55] — SIUL I/0 SMD | None, 101 117 Y23
Option1 [M2COP SMD None
Option2 |SSD2_1 SSD
Option 3 [eMIOSO0[9] PWM/Timer

PD[10] |PCR[56] |Option0 |GPIO[56] — SIUL I/0 SMD | None, 102 118 W26
Option1 [M2C1M SMD None
Option 2 |SSD2_2 SSD
Option 3 [eMIOS0[10] PWM/Timer

PD[11] |PCR[57] |Option0 |GPIO[57] — SIUL I/0 SMD | None, 103 119 w23
Option1 [M2C1P SMD None
Option 2 |SSD2_3 SSD
Option 3 [eMIOS0[11] PWM/Timer

PD[12] |PCR[58] |Option0 |GPIO[58] — SIUL I/10 SMD | None, 106 122 V26
Option1l [M3COM SMD None
Option 2 |SSD3_0 SSD
Option 3 |eMIOS0[12] PWM/Timer

PD[13] |[PCR[59] |Option0 |GPIO[59] — SIUL I/0 SMD | None, 107 123 V25
Option1 [M3COP SMD None
Option 2 |SSD3_1 SSD
Option 3 [eMIOS0[13] PWM/Timer

PD[14] |PCR[60] |[Option0 |GPIO[60] — SIUL I/0 SMD | None, 108 124 V24
Option1 [M3C1M SMD None
Option 2 |SSD3_2 SSD
Option 3 [eMIOS0[14] PWM/Timer

PD[15] |PCR[61] |[Option0 |GPIO[61] — SIUL I/0 SMD | None, 109 125 V23
Option1l [M3C1P SMD None
Option 2 |SSD3_3 SSD
Option 3 |eMIOSO[15] PWM/Timer

PORT E
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Table 5. Port pin summary (continued)

. Pin number
P yp 97| 176 LQFP | 208 LQFP | 416 TEPBGA
PE[0] |[PCR[62] |Option0 |GPIO[62] — SIUL I/0 SMD | None, — 126 u26
Option1 [M4COM SMD None
Option 2 |SSD4_0 SSD
Option3 |— —
PE[1] |PCR[63] |[Option0 |GPIO[63] — SIUL I/0 SMD | None, — 127 u23
Option1 [M4COP SMD None
Option2 |SSD4_1 SSD
Option3 |— _
PE[2] |PCR[64] |Option0 |GPIO[64] — SIUL I/0 SMD | None, — 128 T26
Option1 [M4C1M SMD None
Option 2 |SSD4_2 SSD
Option3 |— —
PE[3] |PCR[65] |Option0 |GPIO[65] — SIUL I/0 SMD | None, — 129 T25
Option1 [M4C1P SMD None
Option 2 |SSD4_3 SSD
Option3 |— —
PE[4] |PCR[66] |Option0 |GPIO[66] — SIUL I/0 SMD | None, — 132 T24
Option1l [M5COM SMD None
Option2 |SSD5_0 SSD
Option3 |— _
PE[5] |PCR[67] |Option0 |GPIO[67] — SIUL I/0 SMD | None, — 133 T23
Option1 [M5COP SMD None
Option 2 |SSD5_1 SSD
Option3 |— —
PE[6] |PCR[68] |Option0 |GPIO[68] — SIUL I/0 SMD | None, — 134 R24
Option1 [M5C1IM SMD None
Option 2 |SSD5_2 SSD
Option3 |— —
PE[7] |PCR[69] |Option0 |GPIO[69] — SIUL I/0 SMD | None, — 135 R23
Option1 [M5C1P SMD None
Option2 |SSD5_3 SSD
Option3 |— _
PORT F
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PF[0] [PCR[70] |Option0 |GPIO[70] — SIUL I/0 M None, 157 189 C20
Option1 [eMIOS1[19] PWM/Timer None
Option2 |EVTO NEXUS
Option 3 |DCULITE_B2 DCULite

PF[1] |PCR[71] |Option0 |GPIO[71] — SIUL I/O M None, 158 190 B20
Option1 [eMIOS1[20] PWM/Timer None
Option2 |MSEO NEXUS
Option 3 |DCULITE_B3 DCULite

PF[2] |PCR[72] |Option0 |GPIO[72] — SIUL I/0 S None, 45 53 AC7
Option1 [NMI NMI None
Option2 |— —
Option3 |— —

PF[3] [PCR[73] |Option0 |GPIO[73] — SIUL I/0 M None, 159 191 A20
Option1 |eMIOS1[21] PWM/Timer None
Option 2 |MSEO NEXUS
Option 3 |DCULITE_B4 DCULite

PF[4] |PCR[74] |Option0 |GPIO[74] — SIUL I/O M None, 160 192 D19
Option1 [eMIOS1[14] PWM/Timer None
Option 2 |SDA_1 1’c_1
Option 3 |DCULITE_B5 DCULite

PF[5] |PCR[75] |Option0 |GPIO[75] — SIUL I/O M None, 161 193 A19
Option1 |QUADSPI_IO1_B QuadSPI None
Option 2 [eMIOS1[15] PWM/Timer
Option 3 |VIU8_PDI16 VIU2/PDI

PF[6] |PCR[76] |Option0 |GPIO[76] — SIUL I/0 M None, 162 194 D18
Option1 |QUADSPI_IO0_B QuadSPI None
Option 2 [eMIOS1[16] PWM/Timer
Option 3 |VIU9_PDI17 VIU2/PDI

PF[7] |PCR[77] |Option0 |GPIO[77] — SIUL I/O M None, 163 195 C18
Option1 [eMIOS1[15] PWM/Timer None
Option2 |SCL_1 1’c_1
Option 3 |DCULITE_B6 DCULite
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PF[8] |PCR[78] |Option0 |GPIO[78] — SIUL I/0 S None, 164 196 Al8
Option1 |SDA 0 1’C_o None
Option2 |CS2_1 DSPI_1
Option3 |RXD_1 LINFlex_1

PF[9] |PCR[79] |Option0 |GPIO[79] — SIUL I/O S None, 165 197 D17
Option1 |SCL_O 1’C_0 None
Option2 |CS1_1 DSPI_1
Option3 |TXD_1 LINFlex_1

PF[10] |PCR[80] |[Option0 |GPIO[80] — SIUL I/O M None, 169 201 Al7
Option1 |[QUADSPI_PCS_A QuadSPI None
Option2 |— —
Option 3 |EVTI NEXUS

PF[11] |PCR[81] |Option0 |GPIO[81] — SIUL I/0 M None, 170 202 D16
Option1 |QUADSPI_IO2_A QuadSPI None
Option2 |— —
Option 3 |MDOO NEXUS

PF[12] |PCR[82] |Option0 |GPIO[82] — SIUL I/0 M None, 171 203 C16
Option1 [QUADSPI_IO3_A QuadSPI None
Option2 |— —
Option 3 |MDO1 NEXUS

PF[13] |PCR[83] |Option0 |GPIO[83] — SIUL I/0 M None, 172 204 B16
Option1 [QUADSPI_IO0_A QuadSPI None
Option2 |— —
Option 3 |[MDO2 NEXUS

PF[14] |PCR[84] |Option0 |GPIO[84] — SIUL I/0 M None, 173 205 Al6
Option1 |QUADSPI_IO1_A QuadSPI None
Option2 |— —
Option 3 |MDO3 NEXUS

PF[15] |PCR[85] |Option0 |GPIO[85] — SIUL I/0 F None, 174 206 B18
Option1 [QUADSPI_CLK_A QuadSPI None
Option 2 |[CLKOUT Control
Option 3 |[MCKO NEXUS

PORT G
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PG[0] [PCR[86] |Option0 |GPIO[86] RSDS8P |SIUL I/0 M None, 136 160 E26
Option1 [DCU_BO DCU3 None
Option 2 |SCL_3 1’c_3
Option 3 [eMIOS0[21] PWM/Timer

PG[1] [PCR[87] |Option0 |GPIO[87] RSDS8M |SIUL I/0 M None, 137 161 D26
Option1 ([(DCU_B1 DCU3 None
Option 2 |SDA 3 1’c_3
Option 3 |eMIOS0[22] PWM/Timer

PG[2] |PCR[88] |Option0 |GPIO[88] RSDS9P |SIUL I/0 M None, 141 166 D25
Option1 [(DCU_B2 DCU3 None
Option2 |— —
Option3 |— —

PG[3] [PCR[89] |Option0 |GPIO[89] RSDS9M |SIUL I/0 M None, 142 167 C25
Option1 [DCU_B3 DCU3 None
Option2 |— —
Option3  |— —

PG[4] [PCR[90] |Option0 |GPIO[90] RSDS10P |SIUL I/0 M None, 143 168 C26
Option1l |[(DCU_B4 DCU3 None
Option2 |— —
Option3 |— —

PG[5] [PCR[91] |Option0 |GPIO[91] RSDS10M |SIUL I/0 M None, 144 169 B26
Option1 [DCU_B5 DCU3 None
Option2 |— —
Option3 |— —

PG[6] [PCR[92] |Option0 |GPIO[92] RSDS11P |SIUL I/0 M None, 145 170 A26
Option1 [(DCU_B6 DCU3 None
Option2 |— —
Option3 |— —

PG[7] |PCR[93] |Option0 |GPIO[93] RSDS11M |SIUL I/0 M None, 146 171 A25
Option1 [(DCU_B7 DCU3 None
Option2 |— —
Option3 |— —
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA
PG[8] |PCR[94] |[Option0 |GPIO[94] — SIUL I/0 M None, 1 1 T4
Option1 |[DCU_VSYNC DCU3 None
Option2 |— —
Option3 |— —
PG[9] |[PCR[95] |Option0 |GPIO[95] — SIUL I/0 M None, 2 2 T2
Option1 [DCU_HSYNC DCU3 None
Option2 |— —
Option3 |— —
PG[10] [PCR[96] |Option0 |GPIO[96] — SIUL I/0 M None, 3 3 T1
Option1 [(DCU_DE DCU3 None
Option2 |— —
Option3 |— —
PG[11] [PCR[97] |Option0 |GPIO[97] RSDSCLKP |SIUL I/0 F None, 147 172 E23
Option1 |DCU_PCLK DCUS3 None
Option2 |— —
Option3  |— —
PG[12] [PCR[98] |Option0 |GPIO[98] — SIUL I/0 M None, 168 200 Al5
Option1l |[CSO_1 DSPI_1 None
Option 2 |PDI_DE PDI
Option 3 |DCULITE_B7 DCULite
PG[13] — — Reserved — — — — — — — —
PG[14] — — Reserved — — — — — — — —
PG[15] — — Reserved — — — — — — — —
PORT H
PH[0]® |PCR[99] |Option0 |GPIO[99] — SIUL I/0 S Input, 41 49 AC6
Option1l |[TCK JTAG Pull Up
Option2 |— —
Option3 |— —
PH[1]® |PCR[100] |Option 0 |GPIO[100] — SIUL I/0 S Input, 42 50 AD6
Option1 |[TDI JTAG Pull Up
Option2 |— —
Option3 |— —
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i Function Spe(_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA
PH[2]® |PCR[101] |Option 0 |GPIO[101] — SIUL I/0 M Output, 43 51 AEG6
Option1 |TDO JTAG None
Option2 |— —
Option3 |— —
PH[3]® |PCR[102] |Option 0 |GPIO[102] — SIUL I/0 S Input, 44 52 AF6
Option1l |[TMS JTAG Pull Up
Option2 |— _
Option3 |— _
PH[4] |PCR[103] |Option0 |GPIO[103] — SIUL I/0 M None, 61 73 AE15
Option1l |CSO_O DSPI O None
Option 2 [eMIOS1[21] PWM/Timer
Option 3 |DCULITE_G6 DCULite
PH[5] |PCR[104] |Option 0 |GPIO[104] — SIUL I/0 S None, 38 — —
Option1 |VIU7_PDI15 VIU2/PDI None
Option 2 |I12S_FS SGM
Option 3 [eMIOS1[8] PWM/Timer
PHI[6] — — Reserved — — — — — — — —
PH[7] — — Reserved — — — — — — — —
PH[8] — — Reserved — — — — — — — —
PHI[9] — — Reserved — — — — — — — —
PH[10] — — Reserved — — — — — — — —
PH[11] — — Reserved — — — — — — — —
PH[12] — — Reserved — — — — — — — —
PH[13] — — Reserved — — — — — — — —
PH[14] — — Reserved — — — — — — — —
PH[15] — — Reserved — — — — — — — —
PORT J
PJ[0] |PCR[105]|Option 0 |GPIO[105] — SIUL I/0 M None, — — L26
Option1 |(DCULITE_B6 DCULite None
Option2 |— —
Option 3 |12S_DO / PWMO SGM




1010NpuUOoOdIWLBS 3Jedsaal

992110N 1NoYlIA @6Buey) o1 108lqns—Areuiwiaid

€

T "A9Y ‘[enue a2uUalajay 19]|0JIU0D0IDIN 0ZAXd

Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PJ[1] |PCR[106] |Option0 |GPIO[106] — SIUL I/O S None, 4 4 u4
Option1 |VIU1_PDI_HSYNC VIU2/PDI None
Option 2 [eMIOS1[9] PWM/Timer
Option 3 [eMIOSO0[8] PWM/Timer

PJ[2] |PCR[107]|Option0 |GPIO[107] — SIUL I/0 S None, 5 5 us3
Option1 |VIUO_PDI_VSYNC VIU2/PDI None
Option 2 [eMIOS1[14] PWM/Timer
Option 3 [eMIOSO0[9] PWM/Timer

PJ[3] |PCR[108]|Option 0 |GPIO[108] — SIUL I/0 S None, 60 72 AD15
Option1 |VIU_PCLK VIiu2 None
Option 2 [eMIOS0[22] PWM/Timer
Option 3 |PDI_DE PDI

PJ[4] |PCR[109] |Option 0 |GPIO[109] — SIUL I/O S None, 56 68 AD14
Option 1 |VIU2_PDIO VIU2/PDI None
Option 2 [eMIOS0[21] PWM/Timer
Option 3 [eMIOS0[23] PWM/Timer

PJ[5] |PCR[110]|Option0 |GPIO[110] — SIUL I/0 M None, 57 69 AE14
Option1 |[VIU3_PDI1 VIU2/PDI None
Option 2 |eMIOSO0[20] PWM/Timer
Option 3 |eMIOSO0[16] PWM/Timer

PJ[6] |PCR[111]|Option0 |GPIO[111] — SIUL I/0 S None, 58 70 AF14
Option1 |VIU4_PDI2 VIU2/PDI None
Option 2 [eMIOS0[19] PWM/Timer
Option 3 [eMIOS0[15] PWM/Timer

PJ[7] |PCR[112]|Option0 |GPIO[112] — SIUL I/0 S None, 59 71 AC15
Option1 |VIU5_PDI3 VIU2/PDI None
Option 2 [eMIOS0[18] PWM/Timer
Option 3 [eMIOS0[14] PWM/Timer

PJ[8] |PCR[113]|Option0 |GPIO[113] — SIUL I/0 S None, 8 8 u2
Option1 |[VIU6_PDI4 VIU2/PDI None
Option 2 |eMIOSO0[17] PWM/Timer
Option 3 |eMIOSO0[13] PWM/Timer
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PJ[9] |PCR[114]|Option0 |GPIO[114] — SIUL I/O S None, 9 9 Ul
Option1 |VIU7_PDI5 VIU2/PDI None
Option 2 [eMIOS1[22] PWM/Timer
Option 3 [eMIOS0[12] PWM/Timer

PJ[10] |PCR[115]|Option 0 |GPIO[115] — SIUL I/0 S None, 10 10 \Z:
Option1 |[VIU8_PDI6 VIU2/PDI None
Option 2 [eMIOS1[17] PWM/Timer
Option 3 |eMIOSO0[11] PWM/Timer

PJ[11] |PCR[116]|Option 0 |GPIO[116] — SIUL I/0 S None, 11 11 V3
Option1 |VIU9_PDI7 VIU2/PDI None
Option 2 [eMIOS1[15] PWM/Timer
Option 3 [eMIOS0[10] PWM/Timer

PJ[12] |PCR[117]|Option0 |GPIO[117] — SIUL I/O M None, 148 178 A23
Option1 [DCU_TAG DCU3 None
Option2 |— —
Option 3 |DCULITE_G6 DCULite

PJ[13] |PCR[118]|Option 0 |GPIO[118] — SIUL I/0 M None, 149 179 D22
Option1 [QUADSPI_PCS B QuadSPI None
Option 2 [eMIOS1[8] PWM/Timer
Option 3 |VIU5_PDI13 VIU2/PDI

PJ[14] |PCR[119]|Option 0 |GPIO[119] — SIUL I/0 F None, 150 180 C22
Option1 |[QUADSPI_CLK_B QuadSPI None
Option 2 [eMIOS1[17] PWM/Timer
Option 3 |PDI_PCLK PDI

PJ[15] |PCR[120] |Option 0 |GPIO[120] — SIUL I/0 M None, 151 181 B22
Option1 |QUADSPI_IO3_B QuadSPI None
Option 2 [eMIOS1[9] PWM/Timer
Option 3 |VIU6_PDI14 VIU2/PDI

PORT K

PK[0] |PCR[121]|Option 0 |GPIO[121] — SIUL I/0 M None, 155 187 A21
Option1 [eMIOS1[18]] PWM/Timer None
Option2 |— —
Option3 |— —
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PK[1] |PCR[122]|Option0 |GPIO[122] — SIUL I/O M None, 156 188 D20
Option1 |QUADSPI_IO2_B QuadSPI None
Option 2 [eMIOS1[14] PWM/Timer
Option 3 |VIU7_PDI15 VIU2/PDI

PK[2] |PCR[123]|Option 0 |GPIO[123] — SIUL I/0 M None, 31 39 AE3
Option1 |[VIUO_PDI8 VIU2/PDI None
Option 2 |eMIOS1[10] PWM/Timer
Option 3 |DCULITE_TAG DCULite

PK[3] |PCR[124]|Option 0 |GPIO[124] — SIUL I/0 M None, 32 40 AF3
Option1 |VIU1_PDI9 VIU2/PDI None
Option 2 [eMIOS1[11] PWM/Timer
Option 3 |DCULITE_DE DCULite

PK[4] |PCR[125]|Option0 |GPIO[125] — SIUL I/O M None, 33 41 AC4
Option1 |VIU2_PDI10 VIU2/PDI None
Option 2 [eMIOS1[12] PWM/Timer
Option 3 |DCULITE_HSYNC DCULite

PK[5] |PCR[126]|Option0 |GPIO[126] — SIUL I/0 M None, 34 42 AF4
Option1 |VIU3_PDI11 VIU2/PDI None
Option 2 |eMIOS1[13] PWM/Timer
Option 3 |DCULITE_VSYNC DCULite

PK[6] |PCR[127]|Option 0 |GPIO[127] — SIUL I/0 F None, 35 43 AC5
Option1 |VIU4_PDI12 VIU2/PDI None
Option 2 [eMIOS1[9] PWM/Timer
Option 3 |DCULITE_PCLK DCULite

PK[7] |PCR[128]|Option0 |GPIO[128] — SIUL I/0 M None, — 44 AD5
Option1 |RXD_2 LINFlex_2 None
Option 2 |DCULITE_R2 DCULite
Option 3 | TCONI8] TCON

PK[8] |PCR[129]|Option 0 |GPIO[129] — SIUL I/0 M None, — 45 AE5
Option1l |TXD_2 LINFlex_2 None
Option 2 |DCULITE_RS3 DCULite
Option 3 | TCONI9] TCON
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i Function Spe(_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA
PK[9] |PCR[130] |Option0 |GPIO[130] — SIUL I/O M None, — 46 AF5
Option1 |12S_DO / PWMO SGM None
Option 2 |DCULITE_R4 DCULite
Option 3 | TCON[10] TCON
PK[10] |PCR[131]|Option 0 |GPIO[131] — SIUL I/0 S None, 51 59 AF8
Option1 |SDA 1 ’c_1 None
Option 2 |eMIOS1[12] PWM/Timer
Option 3 |DCULITE_TAG DCULite
PK[11] |PCR[132]|Option 0 |GPIO[132] — SIUL I/0 S None, 52 60 AC9
Option1 |SCL_1 ’c_ 1 None
Option 2 [eMIOS1[13] PWM/Timer
Option 3 |DCU_TAG / TCONJ[3] DCU3/TCON
PK[12] — — Reserved — — — — — — — —
PK[13] — — Reserved — — — — — — — —
PK[14] — — Reserved — — — — — — — —
PK[15] — — Reserved — — — — — — — —
PORT L
PL[0O] |PCR[133]|Option0 |GPIO[133] ANS[19] |[SIUL I/0 M/ None, — 81 AE22
Option1l |— — ANALO| None
Option 2 |CANRX_1 FlexCAN_1 G
Option3  |— —
PL[1] |PCR[134]|Option0 |GPIO[134] ANS[18] |[SIUL I/0 M/ None, — 82 AE21
Option1l |— — ANALO| None
Option2 |[CANTX_1 FlexCAN_1 G
Option3 |— —
PL[2] |PCR[135]|Option0 |GPIO[135] ANS[17] |[SIUL I/0 S/ None, — 83 AF22
Option1l |— — ANALO| None
Option 2 |CANRX_O FlexCAN_O G
Option 3 [eMIOS1[22] PWM/Timer
PL[3] |PCR[136]|Option0 |GPIO[136] ANS[16] |[SIUL I/0 S/ None, — 84 AF21
Option1l |— — ANALO| None
Option 2 |CANTX_O FlexCAN_O G
Option 3 [eMIOS1[23] PWM/Timer
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PL[4] |PCR[137]|Option0 |GPIO[137] — SIUL I/0 M None, — 31 AB2
Option1 |CS2_2 DSPI_2 None
Option 2 |VIU5_PDI13 VIU2/PDI
Option 3 |TCONI6] TCON

PL[5] |PCR[138]|Option0 |GPIO[138] — SIUL I/O M None, — 32 AC2
Option1l |[CS1 2 DSPI_2 None
Option 2 |VIU6_PDI14 VIU2/PDI
Option 3 [TCON[7] TCON

PL[6] |PCR[139]|Option0 |GPIO[139] — SIUL I/0 S None, — 33 AD1
Option1l [CSO_2 DSPI_2 None
Option 2 |VIU7_PDI15 VIU2/PDI
Option 3 [eMIOS1[18] PWM/Timer

PL[7] |PCR[140]|Option 0 |GPIO[140] — SIUL I/0 S None, — 34 AE1l
Option1 |SIN_2 DSPI_2 None
Option 2 |VIU8_PDI16 VIU2/PDI
Option 3 [eMIOS1[19] PWM/Timer

PL[8] |PCR[141] |Option0 |GPIO[141] — SIUL I/0 S None, — 35 AF1
Option1l |[SOUT_ 2 DSPI_2 None
Option 2 |VIU9_PDI17 VIU2/PDI
Option 3 |eMIOS1[20] PWM/Timer

PL[9] |PCR[142]|Option0 |GPIO[142] — SIUL I/0 S None, — 36 AF2
Option1 |[SCK_2 DSPI_2 None
Option 2 |PDI_PCLK PDI
Option 3 [eMIOS1[21] PWM/Timer

PL[10] |PCR[143]|Option 0 |GPIO[143] — SIUL I/0 M None, — 174 C24
Option1 [eMIOS1[10] PWM/Timer None
Option 2 |DCULITE_G2 DCULite
Option3 |— —

PL[11] |PCR[144] |Option 0 |GPIO[144] — SIUL I/O M None, — 175 A24
Option1 [eMIOS1[11] PWM/Timer None
Option 2 |DCULITE_G3 DCULite
Option3 |— —
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Table 5. Port pin summary (continued)

. Pin number
on | PSR |functions|  Functon fanction? | PerPNera® | iecton | ypet |oonfig®
P yp 971176 LQFP | 208 LQFP | 416 TEPBGA
PL[12] |PCR[145]|Option 0 |GPIO[145] — SIUL I/O M None, — 176 Cc23
Option1 |eMIOS1[12] PWM/Timer None
Option 2 |DCULITE_G4 DCULite
Option3 |— —
PL[13] |PCR[146]|Option 0 |GPIO[146] — SIUL I/0 M None, — 177 B23
Option1 [eMIOS1[13] PWM/Timer None
Option 2 |DCULITE_G5 DCULite
Option3 |— _
PL[14] — — Reserved — — — — — — — —
PL[15] — — Reserved — — — — — — — —
PORT M
PM[O] |PCR[147]|Option 0 |GPIO[147] — SIUL I/0 M None, — 61 AE9
Option1 |I12S_SCK/PWMOA SGM None
Option 2 |DCULITE_R5 DCULite
Option 3 |TCON[11] TCON
PM[1] |PCR[148]|Option 0 |GPIO[148] — SIUL I/0 M None, — 62 AF9
Option1 [I2S_FS SGM None
Option 2 [DCULITE_R6 DCULite
Option3 |— _
PM[2] |PCR[149]|Option 0 |GPIO[149] RSDSCLKM |SIUL I/0 M None, — 173 D23
Option1 [eMIOS1[17] PWM/Timer None
Option 2 |DCULITE_R7 DCULite
Option 3 |DCULITE_DE DCULite
PM[3] |PCR[150]|Option 0 |GPIO[150] — SIUL I/0 M None, — 16 Y3
Option1 |CANRX_2 FlexCAN_2 None
Option2 |RXD_3 LINFlex_3
Option 3 | TCON[4] TCON
PM[4] |PCR[151]|Option0 |GPIO[151] — SIUL I/0 M None, — 17 Y2
Option1 |[CANTX_2 FlexCAN_2 None
Option2 |TXD_3 LINFlex_3
Option 3 |TCONI5] TCON
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PM[5] |PCR[152]|Option0 |GPIO[152] — SIUL I/0 M None, 16 — —
Option1 |VIU5_PDI13 VIU2/PDI None
Option 2 [eMIOS1[22] PWM/Timer
Option 3 |DCU_TAG DCU3

PM[6] |PCR[153]|Option 0 |GPIO[153] — SIUL I/0 M None, 17 — —
Option1 |VIU6_PDI14 VIU2/PDI None
Option 2 |eMIOS1[23] PWM/Timer
Option 3 |DCULITE_TAG DCULite

PM[7] |PCR[154]|Option 0 |GPIO[154] — SIUL I/0 S None, 39 — —
Option1 |VIU8_PDI16 VIU2/PDI None
Option 2 |12S_DO / PWMO SGM
Option 3 [eMIOS1[16] PWM/Timer

PM[8] |PCR[155]|Option 0 |GPIO[155] — SIUL I/O S None, 40 — —
Option1 |VIU9_PDI17 VIU2/PDI None
Option 2 |12S_SCK / PWMOA SGM
Option 3 [eMIOS1[23] PWM/Timer

PM[9] |PCR[156]|Option 0 |GPIO[156] — SIUL I/0 M None, 113 — —
Option1 |PDI_PCLK PDI None
Option 2 [SGM_MCLK SGM
Option 3 [eMIOSO0[8] PWM/Timer

PM[10] | PCR[157] |Option 0 |GPIO[157] — SIUL I/0 S None, 114 — —
Option1l |[RXD_2 LINFlex_2 None
Option 2 |CANRX_2 FlexCAN_2
Option 3 [eMIOS0[16] PWM/Timer

PM[11] | PCR[158] |Option 0 |GPIO[158] — SIUL I/0 S None, 115 — —
Option1 |TXD_2 LINFlex_2 None
Option 2 |CANTX_2 FlexCAN_2
Option 3 [eMIOS0[23] PWM/Timer

PM[12] | PCR[159] |Option 0 |GPIO[159] — SIUL I/0 M None, — — L24
Option1 |DCULITE_B7 DCULite None
Option2 |— —
Option 3 |I12S_SCK / PWMOA SGM
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i Function Spe(_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA
PM[13] | PCR[160] [Option 0 |GPIO[160] — SIUL I/O F None, — — L23
Option1 |DCULITE_PCLK DCULite None
Option2 |— —
Option 3  |SGM_MCLK SGM
PM[14] — — Reserved — — — — — — — —
PM[15] — — Reserved — — — — — — — —
PORT N
PN[0] |PCR[161]|Option0 |GPIO[161] — SIUL I/O M None, — — AC3
Option1 |DCULITE_HSYNC DCULite None
Option2 |— —
Option 3 | TCON[4] TCON
PN[1] |PCR[162]|Option0 |GPIO[162] — SIUL I/0 M None, — — AD3
Option1 |DCULITE_VSYNC DCULite None
Option2 |— —
Option 3  |TCONI5] TCON
PN[2] |PCR[163]|Option0 |GPIO[163] — SIUL I/0 M None, — — AC10
Option1 [DCULITE_RO DCULite None
Option2 |RXD_2 LINFlex_2
Option 3 |VIUO_PDI8 VIU2/PDI
PN[3] |PCR[164] |Option0 |GPIO[164] — SIUL I/0 M None, — — AF10
Option1 [DCULITE_R1 DCULite None
Option2 |TXD_2 LINFlex_2
Option 3 |VIU1_PDI9 VIU2/PDI
PN[4] |PCR[165]|Option0 |GPIO[165] — SIUL I/0 M None, — — AC11
Option1 |DCULITE_R2 DCULite None
Option2 |— —
Option 3 | TCONI6] TCON
PN[5] |PCR[166]|Option0 |GPIO[166] — SIUL I/0 M None, — — AD11
Option1 |[DCULITE_R3 DCULite None
Option2 |— —
Option 3 |[TCON[7] TCON
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Table 5. Port pin summary (continued)

qut PCR Alterr_1at(=i= Function Spec_:ialz Peripheral® | . I/O. Pad4 RES_EE Pin number
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PN[6] |PCR[167]|Option0 |GPIO[167] — SIUL I/0 M None, — — AE11
Option1 |DCULITE_R4 DCULite None
Option2 |— —
Option 3 | TCONI8] TCON

PN[7] |PCR[168]|Option 0 |GPIO[168] — SIUL I/0 M None, — — AF11
Option1 |DCU_LITE_R5 DCULite None
Option2 |— —
Option 3 |TCONI9] TCON

PN[8] |PCR[169]|Option0 |GPIO[169] — SIUL I/0 M None, — — AC12
Option1 [DCULITE_R6 DCULite None
Option2 |— —
Option 3 |[TCON[10] TCON

PN[9] |PCR[170]|Option0 |GPIO[170] — SIUL I/0 M None, — — AD12
Option1 |DCULITE_R7 DCULite None
Option2 |— —
Option 3 |TCON[11] TCON

PN[10] |PCR[171] |Option 0 |GPIO[171] — SIUL I/0 M None, — — AE12
Option1 |[DCULITE_GO DCULite None
Option2 |RXD_3 LINFlex_3
Option 3 |VIU2_PDI10 VIU2/PDI

PN[11] |PCR[172] |Option 0 |GPIO[172] — SIUL I/0 M None, — — AF12
Option1 |DCULITE_G1 DCULite None
Option2 |TXD_3 LINFlex_3
Option 3 |VIU3_PDI11 VIU2/PDI

PN[12] |PCR[173]|Option 0 |GPIO[173] — SIUL I/0 M None, — — R26
Option1 |DCULITE_G2 DCULite None
Option2 |— —
Option 3 [eMIOS0[17] PWM/Timer

PN[13] |PCR[174] |Option 0 |GPIO[174] — SIUL I/0 M None, — — R25
Option1 |[DCULITE_G3 DCULite None
Option2 |— —
Option 3 |eMIOSO0[18] PWM/Timer
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Table 5. Port pin summary (continued)

. Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA

PN[14] |PCR[175] |Option 0 |GPIO[175] — SIUL I/O M None, — — P26
Option1 |DCULITE_G4 DCULite None
Option2 |— —
Option 3 |eMIOSO0[19] PWM/Timer

PN[15] | PCR[176] |Option 0 |GPIO[176] — SIUL I/0 M None, — — P24
Option1 |DCULITE_G5 DCULite None
Option2 |— —
Option 3 |eMIOSO0[20] PWM/Timer

PORT P

PP[0] |PCR[177]|Option0 |GPIO[177] — SIUL I/0 M None, — — P23
Option1 |DCULITE_G6 DCULite None
Option2 |— —
Option 3 |eMIOSO0[21] PWM/Timer

PP[1] |PCR[178]|Option0 |GPIO[178] — SIUL I/O M None, — — N26
Option1 |DCULITE_G7 DCULite None
Option2 |— —
Option 3 [eMIOS0[22] PWM/Timer

PP[2] |PCR[179]|Option0 |GPIO[179] — SIUL I/0 M None, — — N25
Option1 |DCULITE_BO DCULite None
Option 2 |CANRX_2 FlexCAN_2
Option 3 |VIU4_PDI12 VIU2/PDI

PP[3] |PCR[180]|Option 0 |GPIO[180] — SIUL I/0 M None, — — N23
Option1 |DCULITE_B1 DCULite None
Option 2 |[CANTX_2 FlexCAN_2
Option 3 |PDI_DE PDI

PP[4] |PCR[181] |Option0 |GPIO[181] — SIUL I/O M None, — — M26
Option1 |DCULITE_B2 DCULite None
Option2 |— —
Option 3 [eMIOS0[11] PWM/Timer

PP[5] |PCR[182]|Option 0 |GPIO[182] — SIUL I/0 M None, — — M25
Option1 |DCULITE_B3 DCULite None
Option2 |— —
Option 3 [eMIOS0[13] PWM/Timer
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Table 5. Port pin summary (continued)

; Pin number
Port PCR Alterr_1at(=i= Function Spec_:|a|2 Peripheral® | . Vo Pad4 RES_EE
pin function function direction | Type™ |config 176 LOFP | 208 LQFP | 416 TEPBGA
PP[6] |PCR[183]|Option0 |GPIO[183] — SIUL I/0 M None, — — M24
Option1 |DCULITE_B4 DCULite None
Option2 |— —
Option 3 [eMIOS0[15] PWM/Timer
PP[7] |PCR[184]|Option 0 |GPIO[184] — SIUL I/0 M None, — — M23
Option1 |[DCULITE_B5 DCULite None
Option2 |— _
Option 3 |I12S_FS SGM
PP[8] — — Reserved — — — — — — — —
PP[9] — — Reserved — — — — — — — —
PP[10] — — Reserved — — — — — — — —
PP[11] — — Reserved — — — — — — — —
PP[12] — — Reserved — — — — — — — —
PP[13] — — Reserved — — — — — — — —
PP[14] — — Reserved — — — — — — — —
PP[15] — — Reserved — — — — — — — —

1 Alternate functions are chosen by setting the values of the PCR[PA] bitfields inside the SIUL module.
PCR[PA] = 00 selects Option 0
PCR[PA] = 01 selects Option 1
PCR[PA] = 10 selects Option 2
PCR[PA] = 11 selects Option 3
This is intended to select the output functions. To use one of the input functions, the PCR[IBE] bit must be written to ‘1’, regardless of the values selected in
the PCR[PA] bitfields. For this reason, the value corresponding to an input only function is reported as “—".

2 Special functions are enabled independently from the standard digital pin functions. Enabling standard 1/O functions in the PCR registers may interfere with
their functionality. ADC functions are enabled using the PCR[APC] bit; other functions are enabled by enabling the respective module.

3 Using the PSMI registers in the System Integration Unit Lite (SIUL), different pads can be multiplexed to the same peripheral input. Please see the SIUL chapter
of the PXD20 Microcontroller Reference Manual for details.

See the “Pad types” section for an explanation of the letters in this column.
Reset configuration is given as 1/O direction and pull, e.g., “Input, pullup”.
6 Out of reset pins PH[0:3] are available as JTAG pins (TCK, TDI, TDO and TMS respectively). It is up to the user to configure pins PH[0:3] when needed.



Table 3-6. Pad type descriptions?

Abbreviation Description
F Fast (pad with slew rate)
J Fast / medium / slow / /0 pad with analog feature (GPIO and analog functionality)
M Medium (pad with slew rate control)

M/RSDS |Medium (pad with slew rate control) shared with RSDS alternate function

S Slow (pad with slew rate control)
SMD Stepper motor driver (pad with reduced slew rate control)
X Oscillator

1 The pad descriptions refer to the different Pad Configuration Register (PCR) types. Refer to the SIUL chapter in the
device reference manual for the features available for each pad type.
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Chapter 4
Safety

4.1  Register Protection

411 Introduction

411.1 Overview

The Register Protection module offers a mechanism to protect defined memory-mapped address locations

in a module under protection from being written. The address locations that can be protected are
module-specific.

The protection module is located between the module under protection and the PBRIDGE. This is shown

in Figure 4-1.
r——-—----- - - - - - A
PBRIDGE | Protection Module |
peripheral enable I |
| ) | peripheral
enable
| Access allowed? I [
| A A |
I I
I I
UAA
I Lock GCR |
I Registers |« HLB [
I A A [
supervisor access / | |
address / access size | I -
I I
write data | I -
L e e e e e — - |
Module
- Y under
Other control signals Protection

Figure 4-1. Register Protection Block Diagram

41.1.2 Features

The Register Protection includes these distinctive features:
» Restrict write accesses for the module under protection to supervisor mode only
* Lock registers for first 6 KB of memory-mapped address space
» Address mirror automatically sets corresponding lock bit
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» Once configured lock bits can be protected from changes

4.1.1.3 Modes of Operation

The Register Protection module is operable when the module under protection is operable. For further
details about the availability please see the module’s chapter in this document.

4.1.2 External Signal Description

There are no external signals.

4.1.3 Memory Map and Register Description

This section provides a detailed description of the memory map of a module using the Register Protection.
The original 16 KB module memory space is divided into five areas as shown in Figure 4-2.

Base + 0x0000
Module register space

6 KB Areal

Base + 0x1800
2 KB Reserved Area 2

Base + 0x2000

Mirror module register space
with user defined

soft locking function Area 3
6 KB
Base + 0x3800
1.5 KB Lock Bits Area 4
Base + Ox3EOQO
512 bytes Configuration Area 5

Base + Ox3FFF

Figure 4-2. Register Protection Memory Diagram

Area 1 is 6 KB large and holds the normal functional module registers and is transparent for all read/write
operations.

Area 2 is 2 KB starting at address 0x1800 is a reserved area, which shall not be accessed.

Area 3 is 6 KB large, starting at address 0x2000 and is a mirror of area 1. A read/write access to these
0x2000+X addresses will read/write the register at address X. As a side effect, a write access to address
0x2000+X will set the optional Soft Lock Bits for this address X in the same cycle as the register at address
X is written. Not all registers in area 1 need to have protection defined by associated Soft Lock Bits. For
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unprotected registers at address Y, accesses to address 0x2000+Y will be identical to accesses at address
Y. Only for registers implemented in area 1 and defined as protectable Soft Lock Bits will be available in
area 4.

Area 4 is 1.5 KB large and holds the Soft Lock Bits, one bit per byte in area 1. The four Soft Lock Bits
associated with one module register word are arranged at byte boundaries in the memory map. The Soft
Lock Bit registers can be directly written using a bit mask.

Area 5 is 512 bytes large and holds the configuration bits of the protection mode. There is one
configuration hard lock bit per module that prevents all further modifications to the Soft Lock Bits and can
only be cleared by a system reset once set. The other bits, if set, will allow user access to the protected
module.

If any locked byte is accessed with a write transaction, a transfer error will be issued to the system and the
write transaction will not be executed. This is true even if not all accessed bytes are locked.

Accessing unimplemented 32-bit registers in Areas 4 and 5 will result in a transfer error.

4131 Memory Map

Table 4-1 gives an overview on the Register Protection registers implemented.

Table 4-1. Register protection memory map

Address offset Register name Location
0x0000 Module Register 0 (MRO) on page 4-4
0x0001 Module Register 1 (MR1) on page 4-4
0x0002 Module Register 2 (MR2) on page 4-4

0x0003 - Ox17FF Module Register 3 (MR3) - Module Register 6143(MR6143) on page 4-4

0x1800 - Ox1FFF Reserved
0x2000 Module Register 0 (MRO) + Set Soft Lock Bit 0 (LMRO) on page 4-4
0x2001 Module Register 1 (MR1) + Set Soft Lock Bit 1 (LMR1) on page 4-4

0x2002 - Ox37FF Module Register 2 (MR2) + Set Soft Lock Bit 2 (LMR2) - on page 4-4

Module Register 6143 (MR6143) + Set Soft Lock Bit 6143 (LMR6143)
0x3800 Soft Lock Bit Register 0 (SLBRO): Soft Lock Bits 0-3 on page 4-4
0x3801 Soft Lock Bit Register 1 (SLBR1): Soft Lock Bits 4-7 on page 4-4
0x3802 - Ox3DFF Soft Lock Bit Register 2 (SLBR2): Soft Lock Bits 8-11 - on page 4-4
Soft Lock Bit Register 1535 (SLBR1535): Soft Lock Bits 6140-6143

O0x3EO00 - Ox3FFB Reserved

Ox3FFC Global Configuration Register (GCR) on page 4-5
NOTE

Reserved registers in area #2 will be handled according to the protected IP
(module under protection).
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4.1.3.2 Register description

This section describes in address order all the Register Protection registers. Each description includes a
standard register diagram with an associated figure number. Details of register bit and field function follow
the register diagrams, in bit order.

Figure 4-3. Key to Register Fields

Always| 1 | Always| O |R/W |BIT| Read-| BIT | Write- Write 1| BIT | Self-clear| 0 | N/A
reads 1 reads 0 bit only bit only bit g1 | to clear [ \y1¢ bit [ BT

41321 Module Registers (MR0-6143)

This is the lower 6K module memory space which holds all the functional registers of the module that is
protected by the Register Protection module.

41322 Module Register and Set Soft Lock Bit (LMR0-6143)

This is memory area #3 that provides mirrored access to the MR0-6143 registers with the side effect of
setting Soft Lock Bits in case of a write access to a MR that is defined as protectable by the locking
mechanism. Each MR is protectable by one associated bit in a SLBRn.SLBm, according to the mapping
described in Table 4-2.

4.1.3.2.3 Soft Lock Bit Register (SLBR0-1535)

These registers hold the Soft Lock Bits for the protected registers in memory area #1.

0x3800-0x3DFF Access: Read always
Address Supervisor write
0 1 2 3 4 5 6 7
R 0 0 0 0
SLBO SLB1 SLB2 SLB3
W WEO WE1 WE2 WE3
Reset 0 0 0 0 0 0 0 0

Figure 4-4. Soft Lock Bit Register (SLBRn)

PXD20 Microcontroller Reference Manual, Rev. 1

4-4 Freescale Semiconductor
Preliminary—Subject to Change Without Notice



Table 4-2. SLBRn Field Descriptions

Field Description
WEO Write Enable Bits for Soft Lock Bits (SLB):
WE1 WEO enables writing to SLBO
WE2 WEL1 enables writing to SLB1
WE3 WE?2 enables writing to SLB2
WES3 enables writing to SLB3
1 Value is written to SLB
0 SLB is not modified
SLBO Soft Lock Bits for one MRn register:
SLB1 SLBO can block accesses to MR[n *4 + Q]
SLB2 SLB1 can block accesses to MR[n *4 + 1]
SLB3 SLB2 can block accesses to MR[n *4 + 2]
SLB3 can block accesses to MR[n *4 + 3]
1 Associated MRn byte is locked against write accesses
0 Associated MRn byte is unprotected and writable

Table 4-3 gives some examples of how SLBRn.SLB and MRn go together:

Table 4-3. Soft Lock Bits vs. Protected Address

Soft Lock Bit Protected address
SLBRO.SLBO MRO
SLBRO.SLB1 MR1
SLBRO.SLB2 MR2
SLBRO.SLB3 MR3
SLBR1.SLBO MR4
SLBR1.SLB1 MR5
SLBR1.SLB2 MR6
SLBR1.SLB3 MR7
SLBR2.SLBO MR8

41.3.2.4

This register is used to make global configurations related with the Register Protection.

Global Configuration Register (GCR)
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Address: Ox3FFC Access: Read Always Supervisor write

0 1 2 3|4 5 6 7|8 9 10 11|12 13 14 15|16 17 18 19|20 21 22 23|24 25 26 27|28 29 30 31

RibLlo|ojofo|o|ofofu|o|lo|o|lo|o|o|lo|lo|o|o|lo|lo|o|o|lo|o|o|o|lo]|o|o|o]o

WB A
A

Reset o 90 0 0/0 o0 0 0|0 0 0 0|0 0 0O 0|0 0 O 0|0 0 O 0|0 0 O 0|0 0 0 O
Figure 4-5. Global Configuration Register (GCR)

Table 4-4. GCR Field Descriptions

Field Description

HLB Hard Lock Bit.
This register can not be cleared once it is set by software. It can only be cleared by a system reset.

1 All SLB bits are write protected and can not be modified
0 All SLB bits are accessible and can be modified.

UAA User Access Allowed.

1 The registers in the module under protection can be accessed in the User mode without any
additional restrictions.

0 The registers in the module under protection can only be written in supervisor mode. All write
accesses in non-supervisor mode are not executed and a transfer error is issued. This access
restriction is in addition to any access restrictions imposed by the protected IP module.

NOTE

The GCR.UAA bit has no effect on the allowed access modes for the
registers in the Register Protection module.

4.1.4 Functional Description

414.1 General

This module provides a generic register (address) write-protection mechanism. The protection size can be:
o 32-bit (address == multiples of 4)
» 16-bit (address == multiples of 2)
» 8-bit (address == multiples of 1)
» unprotected (address == multiples of 1)

Which addresses are protected and the protection size depend on the SoC and/or module. Therefore this
section can just give examples for various protection configurations.

For all addresses that are protected there are SLBRn.SLBm bits that specify whether the address is locked.
When an address is locked it can only be read but not written in any mode (supervisor/normal). If an
address is unprotected the corresponding SLBRn.SLBm bit is always 0b0 no matter what software is
writing to.
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4.1.4.2 Change Lock Settings

To change the setting whether an address is locked or unlocked the corresponding SLBRn.SLBm bit needs
to be changed. This can be done using the following methods:

* Modify the SLBRn.SLBm directly by writing to area #4

» Set the SLBRNn.SLBm bit(s) by writing to the mirror module space (area #3)

Both methods are explained in the following sections.

41.4.2.1 Change Lock Settings Directly Via Area #4

In memory area #4 the lock bits are located. They can be modified by writing to them. Each SLBRn.SLBm
bit has a mask bit SLBRn.WEm which protects it from being modified. This masking makes
clear-modify-write operations unnecessary.

Figure 4-6 shows two modification examples. In the left example there is a write access to the SLBRn
register specifying a mask value which allows modification of all SLBRn.SLBm bits. The example on the
right specifies a mask which only allows modification of the bits SLBRn.SLBJ[3:1].

to SLBO |to SLB1 |to SLB2|to SLB3| write data to SLBO |to SLB1 |to SLB2|to SLB3| write data
Y Y Y Y Y Y Y Y
1 1 1 1 SLBRn.WE[3:0] 0 1 1 1 SLBRN.WE[3:0]
change allowed change allowed
Y Y Y Y Y Y Y
SLBO | SLB1| SLB2 | SLB3 | SLBRN.SLB[3:0] SLBO | SLB1| SLB2| SLB3 | SLBRnN.SLB[3:0]

Figure 4-6. Change Lock Settings Directly Via Area #4

Figure 4-6 showed four registers that can be protected 8-bit wise. In Figure 4-7 registers with 16-bit
protection and in Figure 4-8 registers with 32-bit protection are shown:

‘to SLBO ‘to SLB1 |to SLB2 ‘to SLBS| write data ‘to SLBO |t0 SLB1 ‘to SLB2 ‘to SLBS‘ write data
Y Y Y Y Y Y \ Y
‘ 1 X 1 X | SLBRN.WEJ3:0] ‘ 1 X 0 0 ‘ SLBRN.WE[3:0]
update lock bits update lock bits
\ l Y l Y l
‘ stBo| stB1| stB2| sLB3 ‘ SLBR ‘ stBo| stB1| sLB2| sLB3 ‘ SLBR

Figure 4-7. Change Lock Settings for 16-bit Protected Addresses

On the right side of Figure 4-7 it is shown that the data written to SLBRn.SLBJ[0] is automatically written
to SLBRN.SLBJ[1] also. This is done as the address reflected by SLBRn.SLB[0] is protected 16-bit wise.
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Note that in this case the write enable SLBRn.WE[0] must be set while SLBRn.WE[1] does not matter. As
the enable bits SLBRn.WE[3:2] are cleared the lock bits SLBRn.SLB[3:2] remain unchanged.

In the example on the left side of Figure 4-7 the data written to SLBRn.SLB[0] is mirrored to
SLBRnN.SLB[1] and the data written to SLBRN.SLB[2] is mirrored to SLBRn.SLB[3] as for both registers
the write enables are set.

In Figure 4-8 a 32-bit wise protected register is shown. When SLBRn.WE[0] is set the data written to
SLBRn.SLB[0] is automatically written to SLBRn.SLB[3:1] also. Otherwise SLBRn.SLB[3:0] remains
unchanged.

to SLBO |to SLB1 |to SLB2 |to SLB3| write data

1 X X X | SLBRN.WE[3:0]

update lock bits

Y Y Y Y
SLBO| SLB1| SLB2| SLB3| SLBR.SLB[3:0]

Figure 4-8. Change Lock Settings for 32-bit Protected Addresses

In Figure 4-9 an example is shown which has a mixed protection size configuration:

to SLBO |to SLB1 |to SLB2 |[to SLB3| write data

1 X X 1 SLBRN.WE[3:0]

update lock bits
Y

SLBO | SLB1 0 SLB3 | SLBR

Figure 4-9. Change Lock Settings for Mixed Protection

The data written to SLBRn.SLBJ[0] is mirrored to SLBRn.SLBJ[1] as the corresponding register is 16-bit
protected. The data written to SLBRNn.SLB[2] is blocked as the corresponding register is unprotected. The
data written to SLBRn.SLBJ[3] is written to SLBRn.SLBJ3].

41.4.2.2 Enable Locking Via Mirror Module Space (Area #3)

Itis possible to enable locking for a register after writing to it. To do so the mirrored module address space
must be used. Figure 4-10 shows one example:
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write to write to

16-bit write to address 0x0008 ————> MR[9:8] 16-bit write to address 0x2008 ————> MR[9:8]
no change set lock bits
O:O:O:O 0:0:0:O|SLBR2 O:O:O:O 1:1:O:O‘SLBR2
WE[3:0]  SLB[3:0] WE[3:0]  SLB[3:0]

Figure 4-10. Enable Locking Via Mirror Module Space (Area #3)

When writing to address 0x0008 the registers MR9 and MR8 in the protected module are updated. The
corresponding lock bits remain unchanged (left part of Figure 4-7).

When writing to address 0x2008 the registers MR9 and MR8 in the protected module are updated. The
corresponding lock bits SLBR2.SLBJ[1:0] are set while the lock bits SLBR2.SLB[3:2] remain unchanged
(right part of Figure 4-7).

Figure 4-11 shows an example where some addresses are protected and some are not:

write to

Before write access 32-bit write to address 0x200C ————> MRJ[15:12]
set lock bits |

T T T T After T T T 1

0,00 0/00 0 0| SLBR3 write access |0 0 0 0|0 01 1‘ SLBR3
| | | | I |

WE[3:0] SLBJ[3:0] WE[3:0] SLB[3:0]

Figure 4-11. Enable Locking for Protected and Unprotected Addresses

In the example in Figure 4-11 addresses 0xOC and Ox0OD are unprotected. Therefore their corresponding
lock bits SLBR3.SLBJ[1:0] are always 0b0 (shown in bold). When doing a 32-bit write access to address
0x200C only lock bits SLBR3.SLB[3:2] are set while bits SLBR3.SLB[1:0] stay 0b0.

NOTE

Lock bits can only be set via writes to the mirror module space. Reads from
the mirror module space will not change the lock bits.

41.4.2.3 Write Protection for Locking Bits

Changing the locking bits through any of the procedures mentioned in Section 4.1.4.2.1, Change Lock
Settings Directly Via Area #4, and Section 4.1.4.2.2, Enable Locking Via Mirror Module Space (Area #3),
is only possible as long as the bit GCR.HLB is cleared. Once this bit is set the locking bits can no longer
be modified until there was a system reset.

4143 Access Errors

The protection module generates transfer errors under several circumstances. For the area definition refer
to Figure 4-2.

1. If accessing area #1 or area #3, the protection module will pass on any access error from the
underlying Module under Protection.
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2. If user mode is not allowed, user writes to all areas will assert a transfer error and the writes will
be blocked.

3. If accessing the reserved area #2, a transfer error will be asserted.
4. If accessing unimplemented 32-bit registers in area #4 and area #5 a transfer error will be asserted.

5. If writing to a register in area #1 and area #3 with Soft Lock Bit set for any of the affected bytes a
transfer error is asserted and the write will be blocked. Also the complete write operation to
non-protected bytes in this word is ignored.

6. If writing to a Soft Lock Register in area #4 with the Hard Lock Bit being set a transfer error is
asserted.

7. Any write operation in any access mode to area #3 while Hard Lock Bit GCR.HLB is set will result
in a transfer error.

4.1.5 Reset

The reset state of each individual bit is shown within the Register Description section (See Section 4.1.3.2,
Register description). In summary, after reset, locking for all MRn registers is disabled. The registers can
be accessed in Supervisor Mode only.

4.2  Software Watchdog Timer (SWT)

421 Overview

The Software Watchdog Timer (SWT) is a peripheral module that can prevent system lockup in situations
such as software getting trapped in a loop or if a bus transaction fails to terminate. When enabled, the SWT
requires periodic execution of a watchdog servicing sequence. Writing the sequence resets the timer to a
specified time-out period. If this servicing action does not occur before the timer expires the SWT
generates an interrupt or hardware reset. The SWT can be configured to generate a reset or interrupt on an
initial time-out, a reset is always generated on a second consecutive time-out.

The SWT provides a window functionality. When this functionality is programmed, the servicing action
should take place within the defined window. When occurring outside the defined period, the SWT will
generate a reset.

4.2.2 Features

The SWT has the following features:
» 32-bit time-out register to set the time-out period

* The unique SWT counter clock is the undivided low power internal oscillator (IRC 128 khz), no
other clock source can be selected

* Programmable selection of window mode or regular servicing

* Programmable selection of reset or interrupt on an initial time-out
» Master access protection

» Hard and soft configuration lock bits
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» The SWT is started on PHASEL1 exit and counts unconditionally during PHASE2 to monitor flash
boot sequence. SWT is held in reset during PHASE3 but can start again at PHASE3 exit depending
on the value of the shadow flash configuration bit NVUSRO[WATCHDOG_EN].

4.2.3 Modes of operation

When enabled, the SWT is always active in all modes except STANDBY when it is always disabled and
STOP when it may be disabled by the SWT_CR[STP] bit. If the STP bit is set, the counter is stopped in

STOP mode, otherwise it continues to run. On exit from STOP mode, the SWT will continue from the state
it was before entering STOP mode.

To simplify software development it is possible to temporarily suspend the SWT counter while the MCU
is stopped by a debugger. While the MCU is running the SWT counter runs normally. This feature is
enabled by setting the SWT_CR[FRZ] bit and is only available when the CPU has debug mode active (see
the CPU reference manual for more information on debug mode and support).

Software watchdog is not available in STANDBY mode. As soon as out of STANDBY mode, the SWT
behaves as in a usual “out of reset” situation.

Figure 4-12 shows the operation timing diagram of the SWT. Table 4-5describes the SWT operation after
reset.

MC_ME mode RESET DRUN
Reset phases PHASEO PHASE1 PHASE2 PHASE3 IDLE
. Enabled . .
SWT status Disabled Disabled Enabled if WEN =1

(see note 1)

SWT_CR[WEN] See note 2

Notes:
1) The SWT is started on PHASEL exit and counts unconditionally during PHASE?2 to monitor the flash memory boot sequence.
2) Value copied from configuration bit NVUSRO[WATCHDOG_EN] in the shadow flash memory (software can modify it later)

Figure 4-12. SWT operation timing diagram

Table 4-5. SWT operation after reset

SWT_CR CPU debug SWT_CR SWT_CR .
[WEN] MCU mode active [FRZ] [STP] SWT operation
0 — No Oor1l Oorl Off
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Table 4-5. SWT operation after reset (continued)

SWT_CR CPU debug SWT_CR SWT_CR .
[WEN] MCU mode active [FRZ] [STP] SWT operation
1 Normal (MC_ME modes DRUN, No Oorl Oorl Running
RUNO:3, HALT, SAFE)
Debug! (MC_ME modes DRUN, Yes 0 Oor1l Running
RUNO:3, HALT, SAFE)
Yes 1 Oorl Halted
STOP (MC_ME mode STOP) No Oorl 0 Running
No Oorl 1 Halted
Oorl STANDBY No No No Off

1 swrt Debug Mode occurs when the processor is stopped due to user specified debug criteria such as breakpoint.

4.2.4 External signal description

The SWT module does not have any external interface signals.

4.2.5 Memory map and register description

The SWT programming model has six 32-bit registers. The programming model can only be accessed
using 32-bit (word) accesses. References using a different size are invalid. Other types of invalid accesses
include: writes to read only registers, incorrect values written to the service register when enabled,
accesses to reserved addresses and accesses by masters without permission. If the RIA bit in the SWT_CR
is set then the SWT generates a system reset on an invalid access otherwise a bus error is generated. If
either the HLK or SLK bits in the SWT_CR are set then the SWT_CR, SWT_TO and SWT_WN registers
are read only.

4251 Memory map

The SWT memory map is shown in Table 4-6.
Table 4-6. SWT memory map

Address Register name Location

offset

0x0000 SWT Control Register (SWT_CR) on page 4-13
0x0004 SWT Interrupt Register (SWT_IR) on page 4-14
0x0008 SWT Time-out Register (SWT_TO) on page 4-15
0x000C SWT Window Register (SWT_WN) on page 4-15
0x0010 SWT Service Register (SWT_SR) on page 4-16
0x0014 SWT Counter Output Register (SWT_CO) on page 4-16
0x0018— Reserved
Ox3FFF
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4.2.6

Register summary

The following sections detail the individual registers within the SWT programming model.

42.6.1

SWT Control Register (SWT_CR)

The SWT_CR contains fields for configuring and controlling the SWT. This register is read only if either
the SWT_CR.HLK or SWT_CR.SLK bits are set.

Offset 0x0000

Access: Read/Write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| map | MAP | MAP | MAP | 0 0 0 0 0 0 0 0 0 0 0 0
w| © 1 2 3
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl o 0 0 0 0 0 0
W RIA | WND | ITR | HLK | SLK | cSL | STP | FRZ | WEN
Reset o 0 0 0 0 0 0 1 0 0 0 1 1 0 1 See
note

Note: SWT_CR[WEN] value is copied from configuration bit NVUSRO[WATCHDOG_EN] during reset

The SWT_CR reset value is 0x8000_011A or 0x8000_011B, corresponding to MAPO =1 (only CPU

Figure 4-13. SWT Control Register (SWT_CR)

access allowed), RIA =1 (reset on invalid SWT access), SLK =1 (soft lock), CSL = 1 (IRC clock source
for counter), FRZ = 1 (freeze available while debugging), WEN = 0 or 1 (copied from configuration bit
NVUSRO[WATCHDOG_EN]).

Table 4-7. SWT_CR field descriptions

Field Description
MAPN | Master Access Protection for Master n. The platform bus master assignments are device specific.
0 = Access for the master is not enabled
1 = Access for the master is enabled
RIA Reset on Invalid Access.
0 = Invalid access to the SWT generates a bus error
1 = Invalid access to the SWT causes a system reset if WEN=1
WND Window Mode.
0 = Regular mode, service sequence can be done at any time
1 = Windowed mode, the service sequence is only valid when the down counter is less than the value in
the SWT_WN register.
ITR Interrupt Then Reset.
0 = Generate a reset on a time-out
1 = Generate an interrupt on an initial time-out, reset on a second consecutive time-out
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Table 4-7. SWT_CR field descriptions (continued)

Field Description

HLK Hard Lock. This bit is only cleared at reset.
0 =SWT_CR, SWT_TO and SWT_WN are read/write registers if SLK=0
1=SWT_CR, SWT_TO and SWT_WN are read only registers

SLK Soft Lock. This bit is cleared by writing the unlock sequence to the service register.
0 =SWT_CR, SWT_TO and SWT_WN are read/write registers if HLK=0
1=SWT_CR, SWT_TO and SWT_WN are read only registers

CSL Clock Selection. Selects the LP IRC 128 khz oscillator clock that drives the internal timer.
CSL bit can be written.The status of the bit has no effect on counter clock selection on this device.
0 = System clock. (Not applicable on this device)
1 = Oscillator clock.

STP STOP Mode Control. Allows the watchdog timer to be stopped when the device enters STOP mode.
0 = SWT counter continues to run in STOP mode
1 = SWT counter is stopped in STOP mode

FRz Freeze available during debug. This function is only operational when the CPU is in an active debug
mode.
0 = SWT counter continues to run independent of the CPU status
1 = SWT counter is stopped when the CPU is stopped by a debugger

WEN Watchdog Enabled.
0 = SWT is disabled
1=SWT is enabled

4.2.6.2 SWT Interrupt Register (SWT_IR)

The SWT_IR contains the time-out interrupt flag.

Offset 0x0004

Reset

Reset

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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Figure 4-14. SWT Interrupt Register (SWT_IR)
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Table 4-8. SWT_IR Field Descriptions

Field Description

TIF Time-out Interrupt Flag. The flag and interrupt are cleared by writing a 1 to this bit. Writing a 0 has no
effect.

0 = No interrupt request.
1 = Interrupt request due to an initial time-out.

4.2.6.3 SWT Time-Out Register (SWT_TO)

The SWT Time-Out (SWT_TO) register contains the 32-bit time-out period. This register is read-only if
either the SWT_CR.HLK or SWT_CR.SLK bits are set.

Offset 0x008 Access: Read/Write

0 1 2 3|4 5 6 78 9 10 11|12 13 14 15|16 17 18 19|20 21 22 23|24 25 26 27|28 29 30 31

R

WTO
w

Reset o o0 0 0|0 o 0o 0o/0o o 0o 0|0 0 0 0/0 00 O0O/0 1 1 1/1 0 0 0/0 0 0 O

Figure 4-15. SWT Time-Out Register (SWT_TO)

The default counter value (SWT_TO_RST) is 1920 (0x0000_0780 hexadecimal) which corresponds to
15 ms with a 128 kHz clock.

Table 4-9. SWT_TO Register Field Descriptions

Field Description

WTO | Watchdog time-out period in clock cycles. An internal 32-bit down counter is loaded with this value or
0x100 which ever is greater when the service sequence is written or when the SWT is enabled.

42.6.3.1 SWT Window Register (SWT_WN)

The SWT Window (SWT_WN) register contains the 32-bit window start value. This register is cleared on
reset. This register is read only if either the SWT_CR.HLK or SWT_CR.SLK bits are set.

Offset 0x00C Access: Read/Write
0 1 2 3|4 5 6 7|8 9 10 11|12 13 14 15|16 17 1 19|20 21 22 23|24 25 26 27|28 29 30 31
8
R
WST
w

ReSEtoooo‘oooo‘oooo‘oooo‘oooo‘oooo‘oooo‘oooo
Figure 4-16. SWT Window Register (SWT_WN)
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Table 4-10. SWT_WN Register Field Descriptions

Field Description

WST | Window start value. When window mode is enabled, the service sequence can only be written when the
internal down counter is less than this value.

4.2.6.3.2 SWT Service Register (SWT_SR)

The SWT Time-Out (SWT_SR) service register is the target for service sequence writes used to reset the
watchdog timer.

Offset 0x010 Access: Read/Write

0 1 2 3|4 5 6 7|8 9 10 11|12 13 14 15|16 17 18 19|20 21 22 23|24 25 26 27|28 29 30 31

Rlo|o|o|o|o|o|o|ofo|lo|ofofofofo|o|o|o|o|o|o|o|o|o|o|o|o|o|o]o]0]o0
w WSsC

Reset 9 90 0 0|0 o o olo o o 0/0o 0o 0o 0|0 0 0 0|0 0 0 0/0 0O OO 0|0 OO O
Figure 4-17. SWT Service Register (SWT_SR)

Table 4-11. SWT_SR Field Descriptions

Field Description

WSC |Watchdog Service Code.This field is used to service the watchdog and to clear the soft lock bit (SWT_CR.SLK). To
service the watchdog, the value 0xA602 followed by 0xB480 is written to the WSC field. To clear the soft lock bit
(SWT_CR.SLKSWT_CR.), the value 0xC520 followed by 0xD928 is written to the WSC field.

4.2.6.3.3 SWT Counter Output Register (SWT_CO)

The SWT Counter Output (SWT_CO) register is a read only register that shows the value of the internal
down counter when the SWT is disabled.

Offset 0x014 Access: Read Only

0 1 2 3|4 5 6 7|8 9 10 11|12 13 14 15|16 17 1 19|20 21 22 23|24 25 26 27|28 29 30 31
8

R CNT

w

Reset 9 90 0 0|0 0o 0o 0o/0o o o0 0|0 o 0 o|o o 0o o0 0 o o|/0o 0 o0 o0f/0 0 0 O
Figure 4-18. SWT Counter Output Register (SWT_CO)
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Table 4-12. SWT_CO Register Field Descriptions

Field Description

CNT |Watchdog Count. When the watchdog is disabled (SWT_CR.WENSWT_CR.=0) this field shows the value
of the internal down counter. When the watchdog is enabled the value of this field is 0x0000_0000. Values
in this field can lag behind the internal counter value for up to six system plus eight counter clock cycles.
Therefore, the value read from this field immediately after disabling the watchdog may be higher than the
actual value of the internal counter.

4.2.7 Functional Description

The SWT is a 32-bit timer designed to enable the system to recover in situations such as software getting
trapped in a loop or if a bus transaction fails to terminate. It includes a a control register (SWT_CR), an
interrupt register (SWT_IR), time-out register (SWT_TO), a window register (SWT_WN), a service
register (SWT_SR) and a counter output register (SWT_CO).

The SWT_CR includes bits to enable the timer, set configuration options and lock configuration of the
module. The watchdog is enabled by setting the SWT_CR.WEN bit. The reset value of the
SWT_CR.WEN bit is 0 when exiting RESET mode if the flash user option bit 31 (WATCHDOG_EN) is
‘0’. If the reset value of WATCHDOG_EN is 1, the SWT_CR.WEN bit is set and the watchdog starts
operation automatically after reset is released.

The SWT_TO register holds the watchdog time-out period in clock cycles unless the value is less than
0x100 in which case the time-out period is set to 0x100. This time-out period is loaded into an internal
32-bit down counter when the SWT is enabled and each time a valid service sequence is written. The
SWT_CR.CSL bit selects which clock (system or oscillator) is used to drive the down counter.

The configuration of the SWT can be locked through use of either a soft lock or a hard lock. In either case,
when locked the SWT_CR, SWT_TO and SWT_WN registers are read only. The hard lock is enabled by
setting the SWT_CR.HLK bit which can only be cleared by a reset. The soft lock is enabled by setting the
SWT_CR.SLK bit and is cleared by writing the unlock sequence to the service register. The unlock
sequence is a write of 0xC520 followed by a write of 0xD928 to the SWT_SR.WSC field. There is no
timing requirement between the two writes. The unlock sequence logic ignores service sequence writes
and recognizes the 0xC520, 0xD928 sequence regardless of previous writes. The unlock sequence can be
written at any time and does not require the SWT_CR.WEN bit to be set.

When enabled, the SWT requires periodic execution of the watchdog servicing sequence. The service
sequence is a write of 0xA602 followed by a write of 0xB480 to the SWT_SR.WSC field. Writing the
service sequence loads the internal down counter with the time-out period. There is no timing requirement
between the two writes. The service sequence logic ignores unlock sequence writes and recognizes the
0xA602, 0xB480 sequence regardless of previous writes. Accesses to SWT registers occur with no
peripheral bus wait states. (The peripheral bus bridge may add one or more system wait states.) However,
due to synchronization logic in the SWT design, recognition of the service sequence or configuration
changes may require up to three system plus seven counter clock cycles.

If window mode is enabled (SWT_CR.WND bit is set), the service sequence must be performed in the last
part of the time-out period defined by the window register. The window is open when the down counter is
less than the value in the SWT_WN register. Outside of this window, service sequence writes are invalid
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accesses and generate a bus error or reset depending on the value of the SWT_CR.RIA bit. For example,
if the SWT _TO register is set to 5000 and SWT_WN register is set to 1000 then the service sequence must
be performed in the last 20% of the time-out period. There is a short lag in the time it takes for the window
to open due to synchronization logic in the watchdog design. This delay could be up to three system plus
four counter clock cycles.

The interrupt then reset bit (SWT_CR.ITR) controls the action taken when a time-out occurs. If the
SWT_CR.ITR bit is not set, a reset is generated immediately on a time-out. If the SWT_CR.ITR bit is set,
an initial time-out causes the SWT to generate an interrupt and load the down counter with the time-out
period. If the service sequence is not written before the second consecutive time-out, the SWT generates
a system reset. The interrupt is indicated by the time-out interrupt flag (SWT_IR.TIF). The interrupt
request is cleared by writing a one to the SWT_IR.TIF bit.

The SWT_CO register shows the value of the down counter when the watchdog is disabled. When the
watchdog is enabled this register is cleared. The value shown in this register can lag behind the value in
the internal counter for up to six system plus eight counter clock cycles.

The SWT_CO can be used during a software self test of the SWT. For example, the SWT can be enabled
and not serviced for a fixed period of time less than the time-out value. Then the SWT can be disabled
(SWT_CR.WEN cleared) and the value of the SWT_CO read to determine if the internal down counter is
working properly.
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Chapter 5
Analog-to-Digital Converter (ADC)

5.1

5.1.1

Overview

Device-specific features

10-bit resolution

20 channels, expandable to 27 channels via external multiplexing
Minimum conversion time of 1 ps

Conversion triggering sources:

— Software

— PIT channel 2 (used to trigger normal conversion)

— PIT channel 3 (used to trigger injection conversion)

Two different sampling and conversion time registers CTR[1:2] (extended internal channels,
external channels)

As many as 23 data registers for storing converted data. Conversion information, such as mode of
operation (normal, injected), is associated to data value.

Conversions on external channels managed in the same way as internal channels, making it
transparent to the application

External decode signals (3 bits) to control the external analog multiplexers

One Shot/Scan Modes

Chain Injection Mode

Hardware-triggered DMA transfer requests

Power-down mode

2 different Abort functions allow to abort either single-channel conversion or chain conversion
4 programmable analog watchdogs with interrupt capability

— Allows continuous hardware monitoring of as many as 4 analog input channels

— Alternate analog thresholds

Auto-clock-off
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51.2 Device-specific implementation

Up to 8 extended channels
through external MUX

—A
[ENNRENE
PIT2 . MUX 8
PIT Normal trigger "
PIT3 .| ADC system ] *
Injected trigger " - 3 ma [2:0]
ACKO
— —{ ]cCh 47 (ANS15)
System clock Digital
Igital Analog .
Interface switch .
—>) L Ch 42 (ANS10)
3
< 16 channels
=}
=
ADCLKSEL
D
INTC < 3 single-ended interrupts —{ 1ch 32 (ANSO0)
EOC, Watchdog, ECH A

Figure 5-1. ADC implementation

5.2 Introduction

The analog-to-digital converter (ADC) block provides accurate and fast conversions for a wide range of
applications. An ADC analog part has its corresponding digital interface (ADCDig).

The ADC digital interface contains advanced features for normal or injected conversion. An injected
conversion can be triggered by software or hardware (PIT3). A normal conversion can be triggered by
software or hardware (PIT2).

There are two types of input channels:
» Internal extended, ANS (internally multiplexed standard accuracy channels)
» External, ANX (externally multiplexed standard accuracy channels)

The mask registers present within the ADCDig can be programmed to configure which channel has to be
converted.

Three external decode signals MA[2:0] (multiplexer address) are provided for external channel selection
and are available as alternate functions on GPIO.

A conversion timing register for configuring different sampling and conversion times is associated to each
channel type.

Analog watchdogs allow continuous hardware monitoring.
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5.3 Register descriptions

5.3.1 Introduction

Table 5-1 lists the ADC registers with their address offsets and reset values.

Table 5-1. ADC digital registers

Address offset (hex) Register name Location
000 Main Configuration Register (MCR) on page 5-5
004 Main Status Register (MSR) on page 5-7

008 .. 00C Reserved —
010 Interrupt Status Register (ISR) on page 5-9
014 Reserved —
018 Channel Pending Register (CEOCFR1) on page 5-10
01C Channel Pending Register (CEOCFR2) on page 5-10
020 Interrupt Mask Register (IMR) on page 5-11
024 Reserved —
028 Channel Interrupt Mask Register (CIMR1) on page 5-12
02C Channel Interrupt Mask Register (CIMR2) on page 5-12
030 Watchdog Threshold Interrupt Status Register (WTISR) on page 5-13
034 Watchdog Threshold Interrupt Mask Register (WTIMR) on page 5-14
038 .. 03C Reserved —
040 DMA Enable Register (DMAE) on page 5-15
044 Reserved —
048 DMA Channel Select Register 1 (DMAR1) on page 5-15
04C DMA Channel Select Register 2 (DMAR2) on page 5-15
050 Threshold Control Register 0 (TRCO) on page 5-17
054 Threshold Control Register 1 (TRC1) on page 5-17
058 Threshold Control Register 2 (TRC2) on page 5-17
05C Threshold Control Register 3 (TRC3) on page 5-17
060 Threshold Register 0 (THRHLRO) on page 5-17
064 Threshold Register 1 (THRHLR1) on page 5-17
068 Threshold Register 2 (THRHLR2) on page 5-17
06C Threshold Register 3 (THRHLR3) on page 5-17
070 .. 094 Reserved —
098 Conversion Timing Register 1 (CTR1) on page 5-18
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Table 5-1. ADC digital registers (continued)

Address offset (hex) Register name Location
09C Conversion Timing Register 2 (CTR2) on page 5-18
0AO .. 0A4 Reserved —
0A8 Normal Conversion Mask Register 1 (NCMR1) on page 5-20
O0AC Normal Conversion Mask Register 2 (NCMR2) on page 5-20
0BO .. 0OB4 Reserved —
0B8 Injected Conversion Mask Register 1 (JCMR1) on page 5-21
0BC Injected Conversion Mask Register 2 (JCMR2) on page 5-21
0Co Reserved —
0C4 Decode Signals Delay Register (DSDR) on page 5-22
0Cs8 Power-down Exit Delay Register (PDEDR) on page 5-22
0CC ..17C Reserved —
180 Channel 32 Data Register (CDR32) on page 5-24
184 Channel 33 Data Register (CDR33) on page 5-24
188 Channel 34 Data Register (CDR34) on page 5-24
18C Channel 35 Data Register (CDR35) on page 5-24
190 Channel 36 Data Register (CDR36) on page 5-24
194 Channel 37 Data Register (CDR37) on page 5-24
198 Channel 38 Data Register (CDR38) on page 5-24
19C Channel 39 Data Register (CDR39) on page 5-24
1A0 Channel 40 Data Register (CDR40) on page 5-24
1A4 Channel 41 Data Register (CDR41) on page 5-24
1A8 Channel 42 Data Register (CDR42) on page 5-24
1AC Channel 43 Data Register (CDR43) on page 5-24
1BO Channel 44 Data Register (CDR44) on page 5-24
1B4 Channel 45 Data Register (CDR45) on page 5-24
1B8 Channel 46 Data Register (CDR46) on page 5-24
1BC Channel 47 Data Register (CDR47) on page 5-24
1C0 Channel 48 Data Register (CDR48) on page 5-24
1C4 Channel 49 Data Register (CDR49) on page 5-24
1C8 Channel 50 Data Register (CDR50) on page 5-24
1CC .. 1FC Reserved —
200 Channel 64 Data Register (CDR64) on page 5-24
204 Channel 65 Data Register (CDR65) on page 5-24
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Table 5-1. ADC digital registers (continued)

Address offset (hex) Register name Location
208 Channel 66 Data Register (CDR66) on page 5-24
20C Channel 67 Data Register (CDR67) on page 5-24
210 Channel 68 Data Register (CDR68) on page 5-24
214 Channel 69 Data Register (CDR69) on page 5-24
218 Channel 70 Data Register (CDR70) on page 5-24
21C Channel 71 Data Register (CDR71) on page 5-24
220 .. 2FC Reserved —

Table 5-2. Bit access descriptions

Access type

Description

read/write (rw)

Software can read and write to these bits.

read-only (r)

Software can only read these bits.

write-only (w)

Software can only write to these bits.

write 1 to clear (wlc)

Software can clear bits by writing ‘1’

5.3.2 Control logic registers

5.3.2.1

Main Configuration Register (MCR)

The Main Configuration Register (MCR) provides configuration settings for the ADC.

Address: Base + 0x0000

Reset

Reset

Access: User read/write

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

g | o w |y . o | & | 0| & Wl k|00 0| o0

s12]g/8/¢8¢ 5 AN-AE

3| =|83|F U Z 5|l = |93

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

0 0 0 0 0 0 o % |2l k| ol o 0 0 0| 2
8EgE g |3 2
< 20| 2 < a

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Table 5-3. Main Configuration Register (MCR) field descriptions

Bit

Description

OWREN: Overwrite enable

This bit enables or disables the functionality to overwrite unread converted data.
0 Prevents overwrite of unread converted data; new result is discarded.

1 Enables converted data to be overwritten by a new conversion.

WLSIDE: Write left/right-aligned
0 The conversion data is written right-aligned.
1 Datais left-aligned (from 15 to (15 — resolution + 1)).

MODE: One Shot/Scan

0 One Shot Mode—Configures the normal conversion of one chain.

1 Scan Mode—Configures continuous chain conversion mode; when the programmed chain
conversion is finished it restarts immediately.

EDGLEV: Edge or level selection for external start trigger
0 Edge configuration for external trigger usage.
1 Level configuration for external trigger usage.

TRGEN: External trigger enable. This bit must be set to use external triggering to start a conversion.
0 An external trigger cannot be used to start a conversion.
1 An external trigger can start a conversion.

Start trigger edge/ level detection. The following table shows the interaction between the EDGE bit and
the TRGEN and EDGLEYV bits.

Table 0-1

TRGEN EDGLEV EDGE Trigger Detection

n n External triggering disabled

External trigger on falling edge of trigger

Rl R RLR| O
|l o] o

0
1 External trigger on rising edge of trigger
0

External trigger on low edge of trigger

Reserved
Must be kept at 0.

NSTART: Normal Start conversion

Setting this bit starts the chain or scan conversion. Resetting this bit during scan mode causes the
current chain conversion to finish, then stops the operation.

This bit stays high while the conversion is ongoing (or pending during injection mode).

0 Causes the current chain conversion to finish and stops the operation.

1 Starts the chain or scan conversion.

Reserved
Write of any value has no effect, read value is always O.

JTRGEN: Injection external trigger enable

0 External trigger disabled for channel injection (injected conversion cannot be started using an
external signal).

1 External trigger enabled for channel injection.
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Table 5-3. Main Configuration Register (MCR) field descriptions (continued)

Bit

Description

10

JEDGE: Injection trigger edge selection

Edge selection for external trigger, if JTRGEN = 1.
0 Selects falling edge for the external trigger.

1 Selects rising edge for the external trigger.

11

JSTART: Injection start
Setting this bit will start the configured injected analog channels to be converted by software. Resetting
this bit has no effect, as the injected chain conversion cannot be interrupted.

12:13

Reserved
Write of any value has no effect, read value is always O.

14

Reserved
Must be kept at 0.

15:22

Reserved
Write of any value has no effect, read value is always O.

23

ADCLKSEL: Analog clock frequency selector
If this bit is set the AD_clk frequency is equal to ipg_clk frequency. Otherwise, it is half of ipg_clk
frequency. This bit can be written in power-down only.

24

ABORTCHAIN: Abort Chain

When this bit is set, the ongoing Chain Conversion is aborted. This bit is reset by hardware as soon as
a new conversion is requested.

0 Conversion is not affected.

1 Aborts the ongoing chain conversion.

25

ABORT: Abort Conversion

When this bit is set, the ongoing conversion is aborted and a new conversion is invoked. This bit is reset
by hardware as soon as a new conversion is invoked.

0 Conversion is not affected.

1 Aborts the ongoing conversion.

26

ACKO: Auto-clock-off enable

If set, this bit enables the Auto clock off feature.
0 Auto clock off is disabled.

1 Auto clock off is enabled.

27:28

Reserved
Must be kept at 0.

29:30

Reserved
Write of any value has no effect, read value is always O.

31

PWDN: Power-down enable

When this bit is set, the analog module is requested to enter Power Down mode. When ADC status is
PWDN, resetting this bit starts ADC transition to IDLE mode.

0 ADC is in normal mode.

1 ADC has been requested to power down.

5.3.2.2

Main Status Register (MSR)

The Main Status Register (MSR) provides status bits for the ADC.
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Address: Base + 0x0004 Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R E| & i
o|lo|lo]o|o|o|o|E|@|olo|&]|o]|]o|o0]o
()] < (%)
=2 [ Law]
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R CHADDR[0:6] 0 0 0 |ACKO| O 0 | ADCSTATUS[0:2]
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Figure 5-3. Main Status Register (MSR)
Table 5-4. Main Status Register (MSR) field descriptions
Field Description
0:6 Reserved
Write of any value has no effect, read value is always O.
7 NSTART
This status bit is used to signal that a Normal conversion is ongoing.
8 JABORT
This status bit is used to signal that an Injected conversion has been aborted. This bit is reset when a
new injected conversion starts.
9:10 Reserved
Write of any value has no effect, read value is always O.
11 JSTART
This status bit is used to signal that an Injected conversion is ongoing.
12:14 Reserved
Write of any value has no effect, read value is always O.
15 Reserved
Write of any value has no effect, read value is always O.
16:22 | CHADDR[0:6]: Channel under measure address
This status bit is used to signal which channel is under measure.
23:25 |Reserved
Write of any value has no effect, read value is always O.
26 ACKO: Auto-clock-off enable

This status bit is used to signal if the Auto-clock-off feature is on.
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Table 5-4. Main Status Register (MSR) field descriptions (continued)

Field Description

27:28 |Reserved
Write of any value has no effect, read value is always O.

29:31 | ADCSTATUS[0:2]

The value of this parameter depends on ADC status:
000 IDLE

001 Power-down

010 Wait state

011 —

100 Sample

101 —

110 Conversion

111 —

5.3.3 Interrupt registers

5.3.3.1 Interrupt Status Register (ISR)
The Interrupt Status Register (ISR) contains interrupt status bits for the ADC.

Address: Base + 0x0010 Access: User read/write

2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 |JEOC|JECH|EOC | ECH

w wlc | wic | wic | wilc

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-4. Interrupt Status Register (ISR)

Table 5-5. Interrupt Status Register (ISR) field descriptions

Field Description

0:24 Reserved
Write of any value has no effect, read value is always O.

25:26 | Reserved
Write of any value has no effect, read value is always O.

27 Reserved
Write of any value has no effect, read value is always 0

28 End of Injected Channel Conversion interrupt (JEOC) flag. It is the interrupt of the digital end of
conversion for the injected channel; active when set. When this bit is set, a JEOC interrupt has occurred.
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Table 5-5. Interrupt Status Register (ISR) field descriptions (continued)

Field Description

29 End of Injected Chain Conversion interrupt (JECH) flag. It is the interrupt of the digital end of chain
conversion for the injected channel; active when set. When this bit is set, a JECH interrupt has occurred.

30 End of Channel Conversion interrupt (EOC) flag. It is the interrupt of the digital end of conversion. When
this bit is set, an EOC interrupt has occurred.

31 End of Chain Conversion interrupt (ECH) flag. It is the interrupt of the digital end of chain conversion.
When this bit is set, an ECH interrupt has occurred.

5.3.3.2 Channel Pending Registers (CEOCFR[1..2])

The 0 to 31 range shown below is the maximum range for the channel type. For the exact number of
available channels, please refer to Table 5-1.

CEOCFR1 = End of conversion pending interrupt for channel 32 to 63 (extended internal channels)

CEOCFR2 = End of conversion pending interrupt for channel 64 to 95 (external channels)

Address: Base + 0x0018

w

Reset

Reset

0

1

2

3

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

EOC_
CH63

EOC_
CH62

EOC_
CH61

EOC_
CH60

EOC_
CH59

EOC_
CH58

EOC_
CH57

EOC_
CH56

EOC_
CH55

EOC_
CH54

EOC_
CH53

EOC_
CH52

EOC_
CH51

EOC_
CH50

EOC_
CH49

EOC_
CH48

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wilc

wilc

wlc

wilc

wlc

wilc

wlc

wilc

0

16

0

17

0

18

19

20

21

22

23

24

25

26

27

0

28

0

29

0

30

0

31

EOC_
CH47

EOC_
CH46

EOC_
CH43

EOC_
CH44

EOC_
CH43

EOC_
CH42

EOC_
CH41

EOC_
CH40

EOC_
CH39

EOC_
CH38

EOC_
CH37

EOC_
CH36

EOC_
CH35

EOC_
CH34

EOC_
CH33

EOC_
CH32

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wilc

wlc

wilc

wlc

wilc

wlc

wilc

0

0

0

0

0

0

0

0

0

0

0

Figure 5-5. Channel Pending Register 1 (CEOCFR1)
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Address: Base + 0x001C

w

Reset

Reset

0

1

2

3

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

EOC_
CH95

EOC_
CHY4

EOC_
CH93

EOC_
CH92

EOC_
CH91

EOC_
CH90

EOC_
CH89

EOC_
CH88

EOC_
CH87

EOC_
CH86

EOC_
CHB85

EOC_
CH84

EOC_
CH83

EOC_
CH82

EOC_
CH81

EOC_
CH80

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wilc

wlc

wilc

wlc

wlc

wlc

wilc

wlc

0

16

0

17

0

18

19

20

21

22

23

24

25

26

27

0

28

0

29

0

30

0

31

EOC_
CHT79

EOC_
CH78

EOC_
CH77

EOC_
CH76

EOC_
CH75

EOC_
CH74

EOC_
CH73

EOC_
CH72

EOC_
CH71

EOC_
CH70

EOC_
CH69

EOC_
CH68

EOC_
CH67

EOC_
CH66

EOC_
CH65

EOC_
CH64

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wlc

wilc

wlc

wilc

wlc

wilc

wlc

wilc

wlc

0

0

0

0

0

0

0

0

0

0

0

Figure 5-6. Channel Pending Register 2 (CEOCFR2)

Table 5-6. Channel Pending Registers (CEOCFR[1..2]) field descriptions

Field

Description

31

EOC_CHO
When set, the measure of channel 0 is completed.

EOC_CHn
When set, the measure of channel n is completed.

5.3.3.3

Interrupt Mask Register (IMR)

The Interrupt Mask Register (IMR) contains the interrupt enable bits for the ADC.

Address: Base + 0x0020

Reset

Reset

0

1

10

11

Access: User read/write

12

13

14

15

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
0 0 0 0 0 0 0 0 0 0 0 0 v OlvI|lxvo|lxT
nolmwO|lmwp|lwno
suizdi=zom =0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-7. Interrupt Mask Register (IMR)
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Table 5-7. Interrupt Mask Register (IMR) field descriptions

Field Description
0:24 Reserved
Write of any value has no effect, read value is always O.
25:26 Reserved
Must be kept at 0.
27 Reserved
Must be kept at 0.
28 MSKJEOC: Mask bit for JEOC
When set, the JEOC interrupt is enabled.
29 MSKJECH: Mask bit for JECH
When set, the JECH interrupt is enabled.
30 MSKEOC: Mask bit for EOC
When set, the EOC interrupt is enabled.
31 MSKECH: Mask bit for ECH
When set, the ECH interrupt is enabled.
5.3.34 Channel Interrupt Mask Register (CIMR][1..2])

The 0 to 31 range shown below is the maximum range for the channel type. For the exact number of
available channels, please refer to Table 5-1.

CIMRL1 = Enable bits for channels 32 to 63 (extended internal channels)
CIMR2 = Enable bits for channels 64 to 95 (external channels)

Address: Base + 0x0028 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ricm|cM|ciM|CIM|CIM|CIM|CIM|CIM|CIM|[CIM |CIM | CIM | CIM | CIM | CIM | CIM
w| 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ricm|cM|cIM|CIM|CIM|CIM|CIM|CIM|CIM|[CIM |CIM | CIM | CIM | CIM | CIM | CIM
wl| 47 46 43 44 | 43 42 41 40 39 38 37 36 35 34 33 32
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-8. Channel Interrupt Mask Register 1 (CIMR1)
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Address: Base + 0x002C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ricm|cm|cm|ciM|ciM | CIM|CIM | CIM|CIM|CIM | CIM|[CIM | CIM | CIM | CIM | CIM
w| 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ricm|cm|cm|ciM|cM | CIM|CIM | CIM|CIM|CIM | CIM|[CIM | CIM | CIM | CIM | CIM
wl| 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-9. Channel Interrupt Mask Register 2 (CIMR2)
Table 5-8. Channel Interrupt Mask Register (CIMR[1..2]) field descriptions
Field Description
31 CIMO: Interrupt enable
When set (CIMO = 1), interrupt for channel 0 is enabled.
n CIMn: Interrupt enable
When set (CIMn = 1), interrupt for channel n is enabled.
5.3.3.5 Watchdog Threshold Interrupt Status Register (WTISR)

Address: Base + 0x0030 Access: User read/write

0 1 2 3 4 6 7 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG
0 0 0 0 0 0 0 0 3H 2H 1H OH 3L 2L 1L oL
W wlc | wic | wilc | wilc | wlc | wlc | wlc | wlc
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-10. Watchdog Threshold Interrupt Status Register (WTISR)
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Table 5-9. Watchdog Threshold Interrupt Status Register (WTISR) field descriptions

Field Description

0:23 Reserved
Write of any value has no effect, read value is always O.

24:27 |WDGXxH [x =0..3]
This corresponds to the status flag generated on the converted value being higher than the programmed
higher threshold.

28:31 |WDGKXxL [x=0..3]
This corresponds to the status flag generated on the converted value being lower than the programmed
lower threshold.

5.3.3.6 Watchdog Threshold Interrupt Mask Register (WTIMR)

Reset value: 0x0000_0000

Address: Base + 0x0034

Reset

Reset

Access: User read/write

0 1 3 6 10 11 12 13 14 15

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
0 0 0 0 0 0 0 0 |MSK|MSK|MSK|MSK |MSK|MSK|MSK | MSK
WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG

3H | 2H | 1H | OH | 3L 2L 1L oL

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-11. Watchdog Threshold Interrupt Mask Register (WTIMR)

Table 5-10. Watchdog Threshold Interrupt Mask Register (WTIMR) field descriptions

Field Description

0:23 Reserved
Write of any value has no effect, read value is always O.

24:27 | MSKWDGxH [x = 0..3]
This corresponds to the mask bit for the interrupt generated on the converted value being higher than
the programmed higher threshold. When set the interrupt is enabled.

28:31 | MSKWDGKXL [x =0..3]
This corresponds to the mask bit for the interrupt generated on the converted value being lower than the
programmed lower threshold. When set the interrupt is enabled.
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534 DMA registers

5.34.1 DMA Enable Register (DMAE)
The DMA Enable (DMAE) register sets up the DMA for use with the ADC.

Address: Base + 0x0040 Access: User read/write

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

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rro|o|]o|o|lo|o|o|o|O|O0O|O0O]O0]|O0O]| 0 |pcLliDva

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-12. DMA Enable Register (DMAE)

Table 5-11. DMA Enable Register (DMAE) field descriptions

Field Description

0:29 Reserved
Write of any value has no effect, read value is always O.

30 DCLR: DMA clear sequence enable
0 DMA request cleared by Acknowledge from DMA controller
1 DMA request cleared on read of data registers

31 DMAEN: DMA global enable
0 DMA feature is disabled.
1 DMA feature is enabled.

5.3.4.2 DMA Channel Select Register (DMAR[1..2])

The 0 to 31 range shown below is the maximum range for the channel type. For the exact number of
available channels, please refer to Table 5-1.

DMARL1 = Enable bits for channels 32 to 63 (extended internal channels)
DMARZ2 = Enable bits for channels 64 to 95 (external channels)
Reset value: 0x0000_0000

PXD20 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor 5-15
Preliminary—Subject to Change Without Notice



Address: Base + 0x0048

Reset

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA
47 46 43 44 43 42 41 40 39 38 37 36 35 34 33 32
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-13. DMA Channel Select Register 1 (DMAR1)

Address: Base + 0x004C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA
w| 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 31
R| DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA
w| 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-14. DMA Channel Select Register 2 (DMAR2)
Table 5-12. DMA Channel Select Register (DMAR[1..2]) field descriptions
Field Description

31

DMAO: DMA enable

When set (DMAO = 1), channel 0 is enabled to transfer data in DMA mode.

DMAnN: DMA enable

When set (DMAnN = 1), channel n is enabled to transfer data in DMA mode.

5.3.5

5.35.1

Threshold registers

Introduction

These four registers are used to store the user programmable lower and upper thresholds’ values. The
inverter bit and the mask bit for mask the interrupt are stored in the TRC registers.
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5.3.5.2 Threshold Control Register (TRCx, x =[0..3])
Reset value: 0x0000_ 0000

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

Reserved

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

THR | THR | Res. Reserved THRCH
EN INV
rw rw — — rw

Figure 5-15. Threshold Control Register (TRCx, x =[0..3])

Table 5-13. Threshold Control Register (TRCx, x = [0..3]) field descriptions

Field Description

0:15 Reserved
Write of any value has no effect, read value is always O.

16 THREN: Threshold enable
When set, this bit enables the threshold detection feature for the selected channel.

17 THRINV: Invert the output pin
Setting this bit inverts the behavior of the threshold output pin.

18 Reserved
Must be kept at 0.

19:24 Reserved
Write of any value has no effect, read value is always O.

25:31 | THRCH: Choose the channel for threshold comparison.

5.3.5.3 Threshold Register (THRHLR[0:3])

The four THRHLRn registers are used to store the user-programmable thresholds’ 10-bit values.
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Address: Base + 0x0060 (THRHLRO)
Base + 0x0064 (THRHLR1)
Base + 0x0068 (THRHLR2)
Base + 0x006C (THRHLR3) Access: User read/write

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

THRH

Reset 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

THRL

Reset 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-16. Threshold Register (THRHLR[0:3])

o
o
o
o

Table 5-14. Threshold Register (THRHLR[O:3]) field descriptions

Field Description

0:5 Reserved
Write of any value has no effect, read value is always 0.

6:15 THRH: High threshold value for channel n.

16:21 Reserved
Write of any value has no effect, read value is always 0.

22:31 THRL: Low threshold value for channel n.

5.3.6 Conversion timing registers CTR[1..2]

The 0 to 31 range shown below is the maximum range for the channel type. For the exact number of
available channels, please refer to Table 5-1.

CTR1 = associated to extended internal channels (from 32 to 63)

CTR2 = associated to external channels (from 64 to 95)
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Address: Base + 0x0098 (CTR1)

Base + 0x009C (CTR2)

Access: User read/write

2 5 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R Tl 0 0 0
a O OFFSHIFT INPCMP
ZE . . INPSAMP[0:7
wl =< [0:1] [0:1] [0:7]
Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1
Figure 5-17. Conversion timing registers CTR[1..2]
Table 5-15. Conversion timing registers CTR[1..2] field descriptions
Field Description
0:15 Reserved
Write of any value has no effect, read value is always O.
16 INPLATCH
Configuration bit for latching phase duration
17 Reserved
Write of any value has no effect, read value is always O.
18:19 | OFFSHIFT[0:1]
Configuration for offset shift characteristic
00 No shift (that is the transition between codes 000h and 001h) is reached when the A,y (analog input
voltage) is equal to 1 LSB.
01 Transition between code 000h and 001h is reached when the Ay, is equal tol/2 LSB
10 Transition between code 00h and 001h is reached when the Ay, is equal to 0
11 Not used
20 Reserved
Write of any value has no effect, read value is always O.
21:22 INPCMP[0:1]
Configuration bits for comparison phase duration
23 Reserved
Write of any value has no effect, read value is always O.
24:31 INPSAMP[0:7]
Configuration bits for sampling phase duration
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5.3.7

53.7.1

These registers are used to program which of the 96 input channels must be converted during Normal and

Introduction

Injected conversion.

5.3.7.2

Mask registers

Normal Conversion Mask Registers (NCMR[1..2])

The 0 to 31 range shown below is the maximum range for the channel type. For the exact number of
available channels, please refer to Table 5-1.

NCMRL1 = Enable bits of normal sampling for channel 32 to 63 (extended internal channels)
Reset value: 0x0000_0000

Address: Base + 0x00A8

Reset

R
w

Reset

0

1

10

11

Access: User read/write

12

13

14

15

CH63

CH62

CH61

CHG60

CH59

CH58

CH57

CH56

CH55

CH54

CH53

CH52

CH51

CH50

CH49

CH48

0

16

0

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

CH47

CH46

CH45

CH44

CH43

CH42

CH41

CH40

CH39

CH38

CH37

CH36

CH35

CH34

CH33

CH32

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure 5-18. Normal Conversion Mask Register 1 (NCMR1)

Address: Base + 0x00AC

R
W

Reset

R
W

Reset

0

1

2

10

11

Access: User read/write

12

13

14

15

CH95

CH94

CH93

CH92

CH91

CH90

CH89

CH88

CH87

CH86

CH85

CH84

CH83

CH82

CH81

CH80

0

16

0

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

CH79

CHT78

CH77

CH76

CHT75

CH74

CHT73

CH72

CH71

CH70

CH69

CHG68

CH67

CHG66

CH65

CH64

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure 5-19. Normal Conversion Mask Register 2 (NCMR2)
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Table 5-16. Normal Conversion Mask Registers (NCMR[1..2]) field descriptions

Field Description
31 CHO: Sampling enable
When set Sampling is enabled for channel 0.
n CHn: Sampling enable
When set Sampling is enabled for channel n.
5.3.7.3 Injected Conversion Mask Registers (JCMR][1..2])

The 0 to 31 range shown below is the maximum range for the channel type. For the exact number of
available channels, please refer to Table 5-1.

JCMRL1 = Enable bits of injected sampling for channel 32 to 63 (extended internal channels)

JCMR?2 = Enable bits of injected sampling for channel 64 to 95 (external channels)
Reset value: 0x0000_0000

Address: Base + 0x00B8

Reset

R
W

Reset

0

1

10

11

Access: User read/write

12

13

14

15

CH63

CH62

CH61

CH60

CH59

CH58

CH57

CH56

CH55

CH54

CH53

CH52

CH51

CH50

CH49

CH48

0

16

0

17

18

19

20

21

22

23

24

25
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27

28

29

30

31

CHA47

CH46
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CH39
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CH36

CH35

CH34

CH33

CH32

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure 5-20. Injected Conversion Mask Register 1 (JCMR1)

Address: Base + 0x00BC

R
w

Reset

R
w

Reset

0

1

2

10

11

Access: User read/write

12

13

14

15

CH95

CH94

CH93

CH92

CHI1

CH90

CH89

CH88

CH87

CH86
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CH80

0
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Figure 5-21. Injected Conversion Mask Register 2 (JCMR2)
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Table 5-17. Injected Conversion Mask Registers (JCMR[1..2]) field descriptions

Field Description

31 CHO: Sampling enable
When set, sampling is enabled for channel 0.

n CHn: Sampling enable
When set, sampling is enabled for channel n.

5.3.8 Delay registers

5.3.8.1 Decode Signals Delay Register (DSDR)
Reset value: 0x0000_0000

Address: Base + 0x00C4 Access: User read/write

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R O 0 0 0 0 0 0 0 DSD[0:7]

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-22. Decode Signals Delay Register (DSDR)

Table 5-18. Decode Signals Delay Register (DSDR) field descriptions

Field Description

0:23 Reserved
Write of any value has no effect, read value is always O.

24:31 | DSD[0:7]: The delay between the external decode signals and the start of the sampling phase. It is used
to take into account the settling time of the external multiplexer.
The decode signal delay is calculated as: DSD x 1/frequency of ADC clock.
Note: When ADC clock = Peripheral Clock/2, the DSD should be incremented by 2, to see an additional
ADC clock cycle delay on the decode signal.
For example:
DSD = 0; 0 ADC clock cycle delay
DSD = 2; 1 ADC clock cycle delay
DSD = 4; 2 ADC clock cycles delay

5.3.8.2 Power-down Exit Delay Register (PDEDR)
Reset value: 0x0000_0000
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Address: Base + 0x00C8 Access: User read/write

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

Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

PDEDI0:7]

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-23. Power-down Exit Delay Register (PDEDR)

Table 5-19. Power-down Exit Delay Register (PDEDR) field descriptions

Field Description

0:23 Reserved
Write of any value has no effect, read value is always O.

24:31 | PDEDI[0:7]: The delay between the power-down bit reset and the start of conversion
The power down delay is calculated as: PDED x 1/frequency of ADC clock

5.3.9 Data registers

5.39.1 Introduction
ADC conversion results are stored in data registers. There is one register per channel.

The 0 to 31 range shown below is the maximum range for the channel type. For the exact number of
available channels, please refer to Table 5-1.

CDR[32..63] = Extended internal channels
CDR[64..95] = External channels

Each data register also gives information regarding the corresponding result as described below.
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5.3.9.2 Channel Data Register (CDRn)

Address: See Table 5-1 Access: User read/write

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

R| O 0 0 0 0 0 0 0 0 0 0 0 VA |OVER| RESULT
W LD | W [0:1]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

CDATA[0:9]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-24. Channel Data Register (CDRn)

Table 5-20. CDRn field descriptions

Field Description

0:11 Reserved
Write of any value has no effect, read value is always 0.

12 VALID
Used to notify when the data is valid (a new value has been written). It is automatically cleared when
data is read.

13 OVERW: Overwrite data

This bit signals that the previous converted data has been overwritten by a new conversion. This
functionality depends on the value of MCR[OWREN]:

—When OWREN = 0, then OVERW is frozen to 0 and CDATA field is protected against being overwritten
until being read.

—When OWREN = 1, then OVERW flags the CDATA field overwrite status.

0 Converted data has not been overwritten

1 Previous converted data has been overwritten before having been read

14:15 RESULT[0:1]

This bit reflects the mode of conversion for the corresponding channel.
00 Data is a result of Normal conversion mode.

01 Data is a result of Injected conversion mode.

10 Reserved.

11 Reserved.

16:21 Reserved
Write of any value has no effect, read value is always 0

22:31 CDATA[0:9]: Channel 0-95 converted data
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5.4  Functional description

54.1 Analog channel conversion

Two conversion modes are available within the ADCDig:

* Normal conversion
* Injected conversion

5411 Normal conversion

This is the normal conversion that the user programs by configuring the normal conversion mask registers
(NCMR). Each channel can be individually enabled by setting ‘1 in the corresponding field of NCMR

registers. Mask registers must be programmed before starting the conversion and cannot be changed until
the conversion of all the selected channels ends (NSTART bit in the Main Status Register (MSR) is reset).

54.1.2 Start of normal conversion

By programming the configuration bits in the Main Configuration Register (MCR), the normal conversion
can be started in two ways:

» By software (TRGEN reset)—If the external trigger enable bit is reset, the conversion chain starts

when the NSTART bit in the MCR is set.

» By trigger (TRGEN set)}—An on-chip internal signal triggers an ADC conversion. The settings in

the MCR select how conversions are triggered based on these internal signals:
— If the EDGLEV (edge/level selection) bit in the MCR is cleared, then a rising/falling edge

(depending on the EDGE bit in MCR) detected in the signal sets the NSTART bit in the MSR
and starts the programmed conversion. EDGE = 0 selects a falling edge. EDGE =1 selects a

rising edge.

— If the EDGLEV bit in the MCR is set, the conversion is started if and only if the NSTART bit

in the MCR is set and the programmed level on the trigger signal is detected. The level is
selected using the EDGE bit in the MCR. EDGE = 0 means that the start of conversion is

enabled if the signal is low. If EDGE = 1, the start of conversion is enabled when the signal is

high.
Table 5-21. Configurations for starting normal conversion
Type of MCR MSR
conversion Result
start TRGEN NSTAR | EDGLE EDGE NSTAR
T \Y T
Software 0 1 — — 1 Conversion chain starts
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Table 5-21. Configurations for starting normal conversion (continued)

MCR MSR
Type of
conversion Result
start TRGEN NSTAR | EDGLE EDGE NSTAR
T \Y T

Trigger 1 — 0 0 1 A falling edge detected in a trigger signal sets the
NSTART bit in the MSR and starts the
programmed conversion.

1 A rising edge detected in a trigger signal sets the
NSTART bit in the MSR and starts the
programmed conversion.

Trigger 1 1 1 0 1 The conversion is started if the programmed level
on the trigger signal is detected: the start of
conversion is enabled if the external pin is low.

1 1 The conversion is started if the programmed level
on the trigger signal is detected: the start of
conversion is enabled if the external pin is high.

The NSTART status bit in the MSR is automatically set when the normal conversion starts. At the same
time the NSTART bit in the MCR s reset, allowing the software to program a new start of conversion. In
that case the new requested conversion starts after the running conversion is completed.

If the content of all the normal conversion mask registers is zero (that is, no channel is selected) the
conversion operation is considered completed and the interrupt ECH (see further) is immediately issued
after the start of conversion.

54.1.3 Normal conversion operating modes

Two operating modes are available for the normal conversion:
* One Shot
* Scan
To enter one of these modes, it is necessary to program the MODE bit in the MCR. The first phase of the

conversion process involves sampling the analog channel and the next phase involves the conversion phase
when the sampled analog value is converted to digital as shown in Figure 5-25.

Sample B>‘<Convert B><Sample C>‘<30nvert C><Samp|e D><Convert D><Sample E X Convert E

Figure 5-25. Normal conversion flow

In One Shot Mode (MODE = 0) a sequential conversion specified in the NCMR registers is performed
only once. At the end of each conversion, the digital result of the conversion is stored in the corresponding
data register.
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Example 5-1. One Shot Mode (MODE = 0)

Channels A-B-C-D-E-F-G-H are present in the device where channels B-D-E are to be converted in
the One Shot Mode. MODE = 0 is set for One Shot mode. Conversion starts from the channel B
followed by conversion of channels D-E. At the end of conversion of channel E the scanning of
channels stops.

The NSTART status bit in the MSR is automatically set when the Normal conversion starts. At the same
time the NSTART bit in the MCR s reset, allowing the software to program a new start of conversion. In
that case the new requested conversion starts after the running conversion is completed.

In Scan Mode (MODE = 1), a sequential conversion of N channels specified in the NCMR registers is
continuously performed. As in the previous case, at the end of each conversion the digital result of the
conversion is stored into the corresponding data register.

The NSTART status bit in the MSR is automatically set when the Normal conversion starts. Unlike One
Shot Mode, the NSTART bit in the MCR is not reset. It can be reset by software when the user needs to

stop scan mode. In that case, the ADC completes the current scan conversion and, after the last conversion,
also resets the NSTART bit in the MSR.

Example 5-2. Scan Mode (MODE = 1)

Channels A-B-C-D-E-F-G-H are present in the device where channels B-D-E are to be converted in
the Scan Mode. MODE = 1 is set for Scan Mode. Conversion starts from the channel B followed by
conversion of the channels D-E. At the end of conversion of channel E the scanning of channel
B starts followed by conversion of the channels D-E. This sequence repeats itself till the
NSTART bit in the MCR is reset by software.

If the conversion is started by an external trigger and EDGLEV is ‘0’, the NSTART bit in the MCR is not
set. As a consequence, once started the only way to stop scan mode conversion is to set the MODE bit to
‘0.

At the end of each conversion an End Of Conversion interrupt is issued (if enabled by the corresponding

mask bit) and at the end of the conversion sequence an End Of Chain interrupt is issued (if enabled by the
corresponding mask bit).

5.4.1.4 Injected channel conversion

A conversion chain can be injected into the ongoing Normal conversion by configuring the Injected
Conversion Mask Registers (JCMR). As Normal conversion, each channel can be individually selected.
This injected conversion can only occur in One Shot mode and interrupts the normal conversion. When an
injected conversion is inserted, ongoing channel conversion is aborted and the injected channel request is
processed. After the last channel in the injected chain is converted, normal conversion resumes from the
channel at which the normal conversion was stopped as shown in Figure 5-26.
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<Sample B><Convert B><Sample C><Convert C><Sample D><Convert D><Sample E> Convert E

[ )
. Injected conversion of channels | and J

<Sample C><Abort C ><Sample I><Convert I><Sample J><Convert \><Sample C><Convert C

The ongoing channel conversion is interrupted and the injected Normal conversion resumes from
conversion chain is processed first, after the injected chain is converted
the normal chain conversion resumes from the channel at which normal
conversion was aborted.

the last aborted channel.

Figure 5-26. Injected sample/conversion sequence

The injected conversion can be started by software setting the JSTART bit in the MCR; the current
conversion is suspended and the injected chain is converted. At the end of the chain, the JSTART bit in the
MSR is reset and the normal chain conversion is resumed.

The JSTART status bit in the MSR is automatically set when the Injected conversion starts. At the same
time the JSTART bit in the MCR is reset, allowing the software to program a new start of conversion. In
that case the new requested conversion starts after the running injected conversion is completed.

At the end of each injected conversion, an End Of Injected Conversion (JEOC) interrupt is issued (if
enabled by the corresponding mask bit) and at the end of the sequence an End Of Injected Chain (JECH)
interrupt is issued (if enabled by the corresponding mask bit).

If the content of all the injected conversion mask registers is zero (that is, no channel is selected) the
interrupt JECH is immediately issued after the start of conversion.

Once started, injected chain conversion cannot be interrupted by any other conversion type (it can,
however, be aborted; see Section 5.4.1.5, Abort conversion).

54.15 Abort conversion

Two different abort functions are provided.

» The user can abort the ongoing conversion by setting the ABORT bit in the MCR. The current
conversion is aborted and the conversion of the next channel of the chain is immediately started
(generating a new start pulse to the Analog ADC). In the case of an abort operation, the
NSTART/JSTART bit remains set and the ABORT bit is reset after the conversion of the next
channel starts. The EOC corresponding to the aborted channel is not generated. This behavior is
true for normal or triggered/Injected conversion modes. If the last channel of a chain is aborted, the
end of chain is reported generating an ECH interrupt.

» ltisalso possible to abort the current chain conversion by setting the ABORTCHAIN bit in the
MCR. In that case the behavior of the ADC depends on the MODE bit. In fact, if scan mode is
disabled, the NSTART bit is automatically reset together with the ABORTCHAIN bit. Otherwise,
if the MODE bit is set to “1’, a new chain conversion is started. The EOC of the current aborted
conversion is not generated but an ECH interrupt is generated to signal the end of the chain.
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When a chain conversion abort is requested (ABORTCHAIN bit is set) while an injected
conversion is running over a suspended Normal conversion, both injected chain and Normal
conversion chain are aborted (both the NSTART and JSTART bits are also reset).

54.2 Analog clock generator and conversion timings

The clock frequency can be selected by programming the ADCLKSEL bit in the MCR. When this bit is
setto “1’ the ADC clock has the same frequency as the system clock. Otherwise, the ADC clock is half of
the system clock frequency. The ADCLKSEL bit can be written only in power-down mode.

When the internal divider is not enabled (ADCCLKSEL = 1), it is important that the associated clock
divider in the clock generation module is “1°. This is needed to ensure 50% clock duty cycle.

The direct clock should basically be used only in low power mode when the device is using only the
16 MHz fast internal RC oscillator, but the conversion still requires a 16 MHz clock (an 8 MHz clock is
not fast enough).

In all other cases, the ADC should use the clock divided by two internally.

5.4.3 ADC sampling and conversion timing

In order to support different loading and switching times, several different Conversion Timing registers
(CTR) are present. There is one register per channel type. INPLATCH and INPCMP configurations are
limited when the system clock frequency is greater than 20 MHz.

When a conversion is started, the ADC connects the internal sampling capacitor to the respective analog
input pin, allowing the capacitance to charge up to the input voltage value. The time to load the capacitor
is referred to as sampling time. After completion of the sampling phase, the evaluation phase starts and all
the bits corresponding to the resolution of the ADC are estimated to provide the conversion result.

The conversion times are programmed via the bit fields of the CTR. Bit fields INPLATCH, INPCMP and
INPSAMPLE are used to define the total conversion duration (T,,p,,) and in particular the partition
between sampling phase duration (Tsample) @nd total evaluation phase duration (Teyz).

The sampling phase duration is:

T = (INPSAMPLE -ndelay) e T,

sample

INPSAMPLE >3

where ndelay is equal to 0.5 if INPSAMPLE is less than or equal to 06h, otherwise it is 1. INPSAMPLE
must be greater than or equal to 3 (hardware requirement).

The total evaluation phase duration is:

Teval = 10° Thiteya) = 10 (INPCMP o To\)

(INPCMP2>1) and (INPLATCH <INPCMP)
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INPCMP must be greater than or equal to 1 and INPLATCH must be less than INCMP (hardware
requirements).

The total conversion duration is (not including external multiplexing):

TCOI'\V

=T

+T

sample = "eval

+(ndelay e T, )

The timings refer to the unit T, where f. = (1/2 x ADC peripheral set clock). The maximum clock
frequency is specified in Table 5-22.

INPLATCH INPCMP INPSAMPLE AD(—&ﬁzf)maX Tsam(Pn'g)mi“'

0 1h 3h 20 125

0 1h 4h 20 + 4% 168

1 2h 4h 20 + 4% 168

1 2h 5h 20 + 4% 135

1 3h 6h 32 + 4% 132

1 3h 7h 40 + 4% 128

1 3h 8h 50 + 4% 134

1 3h oh 60 + 4% 128

Table 5-23 lists the possible combinations by configuring the AD_clk at 60 MHz.
Table 5-23. ADC sampling and conversion timing
INPLATCH INPCMP INPSAMP Tsample™ Teval ndelay Teony

1 11 0000 1001 8 * Tck 30 * Tck 1*Tck 39 * Tck?
1 11 0000 1010 9 * Tck 30 * Tck 1*Tck 40 * Tck
1 11 0000 1011 10 * Tck 30 * Tck 1*Tck 41 * Tck
1 11 0000 1100 11 * Tck 30 * Tck 1*Tck 42 * Tck
1 11 0000 1101 12 * Tck 30 * Tck 1*Tck 43 * Tck
1 11 0000 1110 13 * Tck 30 * Tck 1*Tck 44 * Tck
1 11 0000 1111 14 * Tck 30 * Tck 1*Tck 45 * Tck
1 11 1111 1100 251 * Tck 30 * Tck 1*Tck 282 * Tck
1 11 1111 1101 252 * Tck 30 * Tck 1*Tck 283 * Tck
1 11 1111 1110 253 * Tck 30 * Tck 1*Tck 284 * Tck
1 11 1111 1111 254 * Tck 30 * Tck 1*Tck 285 * Tck

Table 5-22. Max AD_clk frequency and related configuration settings

1 Represents the number of clock cycles that this operation will last

2 The ADC minimum conversion time at 60 MHz frequency is 39 * Tck; that corresponds to 650 ns.
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5.4.4 Programmable analog watchdog

5441 Introduction

The analog watchdogs are used for determining whether the result of a channel conversion lies within a
given guarded area (as shown in Figure 5-27) specified by an upper and a lower threshold value named
THRH and THRL respectively.

Analog voltage A

THRH

Upper threshold

Guarded area
Lower threshold THRL

Figure 5-27. Guarded area

After the conversion of the selected channel, a comparison is performed between the converted value and
the threshold values. If the converted value lies outside that guarded area then corresponding threshold
violation interrupts are generated. The comparison result is stored as WDGxH and WDGXL bits in the
WTISR as explained in Table 5-24. Depending on the mask bits MSKWDGxL and MSKWDGxH in the
WTIMR, an interrupt is generated on threshold violation.

Table 5-24. Values of WDGxH and WDGKxL fields

WDGxH WDGxL Converted data
1 0 converted data > THRH
0 1 converted data < THRL
0 0 THRL <= converted data <= THRH

The channel on which the analog watchdog is to be applied is selected by the THRCH field in the TRC
registers. The analog watchdog is enabled by setting the corresponding THREN bit in the same register.

The lower and higher threshold values for the analog watchdog are programmed using the registers
THRHLR.

For example, if channel number 3 is to be monitored with threshold values in THRHLR1, then the THRCH
field is programmed in the TRC1 register to select channel number 3.

A set of threshold registers (THRHLRx and TRCx) can be linked only to a single channel for a particular
THRCH value. If another channel is to be monitored with same threshold values, then the THRCH field
in the TRCx register has to be programmed again.
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NOTE

If the higher threshold for the analog watchdog is programmed lower than
the lower threshold and the converted value is less than the lower threshold,
then the WDGXL interrupt for the low threshold violation is set, else if the
converted value is greater than the lower threshold (consequently also
greater than the higher threshold) then the interrupt WDGxH for high
threshold violation is set. Thus, the user should avoid that situation as it
could lead to misinterpretation of the watchdog interrupts.

5.4.5 DMA functionality

A DMA request can be programmed after the conversion of every channel by setting the respective
masking bit in the DMAR registers. The DMAR masking registers must be programmed before starting
any conversion. There is one DMAR per channel type.

The DMA transfers can be enabled using the DMAEN bit of DMAE register. When the DCLR bit of
DMAE register is set then the DMA request is cleared on the reading of the register for which DMA
transfer has been enabled.

5.4.6 Interrupts

The ADC generates the following maskable interrupt signals:
 ADC_EOC interrupt requests
— EOC (end of conversion)
— ECH (end of chain)
— JEOC (end of injected conversion)
— JECH (end of injected chain)
WDGXL and WDGxH (watchdog threshold) interrupt requests
Interrupts are generated during the conversion process to signal events such as End Of Conversion as
explained in register description for CEOCFR. Two 7-bit registers named CEOCFR (Channel Pending

Registers) and IMR (Interrupt Mask Register) are provided in order to check and enable the interrupt
request to EIC module.

Interrupts can be individually enabled on a channel by channel base by programming the CIMR (Channel
Interrupt Mask Register).

Several Channel Interrupt Pending Registers are also provided in order to signal which of the channels’
measurement has been completed.

The analog watchdog interrupts are handled by two 8-bit registers WTISR (Watchdog Threshold Interrupt
Status Register) and WTIMR (Watchdog Threshold Interrupt Mask Register) in order to check and enable
the interrupt request to the EIC module. The Watchdog interrupt source sets two pending bits WDGxH and
WDGXL in the WTISR for each of the four channels being monitored.
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The CEOCFR contains the interrupt pending request status. If the user wants to clear a particular interrupt
event status, then writing a ‘1’ to the corresponding status bit clears the pending interrupt flag (at this write
operation all the other bits of the CEOCFR must be maintained at ‘0’).

5.4.7 External decode signals delay

The ADC provides several external decode signals to select which external channel has to be converted.
In order to take into account the control switching time of the external analog multiplexer, a Decode
Signals Delay register (DSDR) is provided. The delay between the decoding signal selection and the actual
start of conversion can be programmed by writing the field DSDJ[0:7].

5.4.8 Power-down mode

The analog part of the ADC can be put in low power mode by setting the PWDN bit in the MCR. After
releasing the reset signal the ADC analog module is kept in power-down mode by default, so this state
must be exited before starting any operation by resetting the appropriate bit in the MCR.

The power-down mode can be requested at any time by setting the PWDN bit in the MCR. If a conversion
is ongoing, the ADC hard macrocell cannot immediately enter the power-down mode. In fact, the ADC
enters power-down mode only after completing the ongoing conversion. Otherwise, the ongoing operation
should be aborted manually by resetting the NSTART bit and using the ABORTCHAIN bit.

Bit ADCSTATUSJO0] in the MSR is set only when ADC enters power-down mode.

After the power-down phase is completed the process ongoing before the power-down phase must be
restarted manually (by setting the appropriate START bit).

Resetting PWDN bit and setting NSTART or JSTART bit during the same cycle is forbidden.

5409 Auto-clock-off mode

To reduce power consumption during the IDLE mode of operation (without going into power-down mode),
an “auto-clock-off” feature can be enabled by setting the ACKO bit in the MCR. When enabled, the analog
clock is automatically switched off when no operation is ongoing, that is, no conversion is programmed
by the user.

PXD20 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor 5-33
Preliminary—Subject to Change Without Notice



PXD20 Microcontroller Reference Manual, Rev. 1

5-34 Freescale Semiconductor
Preliminary—Subject to Change Without Notice



Chapter 6
Boot Assist Module (BAM)

This chapter describes the Boot Assist Module (BAM).

6.1 Overview

The Boot Assist Module is a block of read-only memory containing VLE code which is executed
according to the boot mode of the device.

The BAM allows to download code into internal SRAM through the following serial protocol and execute
it afterwards:

* FlexCAN (without autobaud)

* LINFlex (without autobaud)

6.2 Features

The BAM provides the following features:
» Locate serial communication interface for downloading application boot code
» Detect application boot code
* PXD20 in static mode if internal flash is not initialized or invalid
» System can recover from Static mode only by Reset
» Configures single MMU TBL entry to enable access to startup code
» Programmable 64-bit password protection for serial boot mode
» Serial boot loads the application boot code from a FlexCAN or LINFlex bus into internal SRAM
» Censorship protection for internal flash module

6.3 Boot modes

The PXD20 supports the following boot modes:

« Single Chip (SC) - The device boots from the first bootable section! of the flash memory main
array.

» Serial Boot (SBL) - The device downloads boot code from either LINFlex or FlexCAN interface
and then executes it.

If booting is not possible with the selected configuration (e.g., if no Boot ID is found in the selected boot
location) then the device enters the static mode.

6.4 Memory map

The BAM code resides in a reserved 8 KB ROM mapped from address OxFFFF_C000.

1. Section with valid boot ID
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The RAM location where to download the code can be any 4 byte aligned location starting from the
address 0x4000_0100.

6.5 Functional description

6.5.1 Entering boot modes
The PXD20 detects the boot mode based on external pins and device status (see Figure 6-1).

To boot either from FlexCAN or LINFlex, the device must be forced into an Alternate Boot Loader Mode
via the FAB (Force Alternate Boot Mode) pin which must be asserted before initiating the reset sequence.
The type of alternate boot mode is selected according to the ABS (Alternate Boot Selector) pin (see
Table 6-1).

NOTE

The watchdog (SWT) is disabled at the start of BAM execution. In the case
of an unexpected issue during BAM execution the CPU may be stalled and
it will be necessary to generate an external reset to recover.

The grey blocks represent action done by hardware; the white
ones action done by software (BAM).

Figure 6-1. Boot mode selection
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Table 6-1. Hardware configuration to select boot mode

FAB ABS Stggi?yﬁigM Boot ID Boot Mode
1 0 0 — LINFlex
1 1 0 — FlexCAN
0 - 0 valid SC (Single Chip)
0 - 0 not found Static Mode
- - 1 - From Backup RAM (Ox40000000)1

1 After the device exits standby, it boots from Backup RAM if the Standby-RAM boot flag is set. If this flag is not set, the device
boots internally (SC) or using the BAM depending on the state of the FABM and ABS pins.

6.5.2

PXD20 flash memory is partitioned into boot sectors shown in Table 6-3.

Reset Configuration Half Word Source (RCHW)

Each boot sector contains the Reset Configuration Half-Word (RCHW) at offset 0x00.

2 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 VLE BOOT_ID
w
RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-2. Reset Configuration Half Word (RCHW)
Table 6-2. RCHW field descriptions
Field Description
VLE Selects the VLE or Book E instruction set at application start address.
0 Selects the classic PowerPC instruction set
1 Selects the VLE instruction set
BOOT_ID Is valid if its value is Ox5A, then the sector is considered bootable
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0x0002_0000

0x0001_C000

0x0001_8000

0x0001_4000

0x0001_0000

0x0000_C000

0x0000_8000

0x0000_4000

0x0000_0000

128 KB

16 KB

Boot information

16 KB

Boot information

16 KB

Boot information

16 KB

Boot information

16 KB

Boot information

16 KB

Boot information

16 KB

Boot information

16 KB

Boot information

Internal FLASH
Figure 6-3. PXD20 flash memory partitioning and RCHW search

0x0000_000C

Application

0x0000_0008

Application

0xj000_0004

Application start address

RCHW

0x0000_0000

Table 6-3. Flash boot sector

Block

Address

0x0000_0000

0x0000_4000

0x0000_8000

0x0000_C000

0x0001_0000

0x0001_4000

0x0001_8000

N ol b~ WO| DN L[| O

0x0001_C000
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6.5.3 Single Chip boot mode

In single chip mode the hardware searches flash boot sector for a valid boot ID. As soon the device detects
the first bootable sector, it jumps within this sector and reads the 32-bit word at offset 0x4. This word is
the address where the startup code is located (reset boot vector).

The hardware then sets up a4 KB MMU entry at this address. The instruction set for this entry is selected
by the VLE bit in the RCHW. Then the device executes this startup code. A user application should have
a valid instruction at the reset boot vector address. The user application should set up the MMU to allow
access to peripherals and memory as required.

If a valid RCHW is not found, the BAM code is executed. In this case BAM moves the PXD20 into static
mode.

6.5.3.1 Boot and alternate boot

Some applications require an alternate boot sector so that the main boot can be erased and reprogrammed
in the field.

When an alternate boot is needed, user can create two bootable sectors; the lowest sector shall be the main
boot sector and the highest shall be the alternate boot sector. The alternate boot sector does not need to be
consecutive to the main boot sector.

This scheme allows to ensure that there is always one active boot sector by erasing one of the boot sectors
only:

» Sector shall be activated (that is, program a valid BOOT _ID instead of OXFF as initially
programmed).

» Sector shall be deactivated writing to 0 some of the bits BOOT-ID bit field (bitl and/or bit3, and/or
bit4, and/or bit6).

6.5.4 Boot through BAM

6.5.4.1 Executing BAM
Single Chip mode is managed by hardware and BAM does not participate.

BAM is executed only in the following two cases:
» Serial boot mode has been selected by FAB pin
» Hardware has not found a valid Boot-ID in any Flash boot locations

If one of these conditions is true, the device fetches code at location OxFFFF_C000 and BAM application
starts.

6.5.4.2 BAM software flow

With reference to Figure 6-4 a description of BAM logic flow is done.
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BAM entry
OxFFFF_CO000

Save default

configuration
Which boot mode is selected is verified
Y by reading the SSCM_STATUS register
Check (BMODE)
boot
mode

Boot mode Restore
valid? default > Static mode
’ configuration
Download new Restore
Execute
code and save > default new code
into SRAM configuration

Figure 6-4. BAM logic flow

The first action is to save the initial device configuration. In this way is possible to restore the initial
configuration after downloading the new code but before executing it. This allows the new code being
executed as the device was just coming out of reset.

The BMODE field of the SSCM STATUS register (see Section 44.2.2.1, System Status Register
(STATUYS)) indicates which boot has to be executed (see Table 6-4).

If BMODE field shows either a single-chip value (011) or the reserved values, the boot mode is not

considered valid and the BAM pushes the device into static mode.

In all other cases the code of the relative boot is called. Data is downloaded and saved into proper SRAM

location.
Table 6-4. Fields of SSCM STATUS Register Used by BAM
Field Description
BMODE | BMODE Device Boot Mode.

000 FlexRay Boot Serial Boot Loader (future use)

001 CAN Serial Boot Loader

010 SCI Serial Boot Loader

011 Single Chip

other values are reserved
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Then, the initial device configuration is restored and the code jumps to the address of downloaded code.
At this point BAM has finished its task.

If there is any error (that is, communication error, wrong boot selected, etc.), BAM restores the default
configuration and puts the device into static mode. Static mode means the device enters the low power
mode SAFE and the processor executes a wait instruction. It is needed if the device cannot boot in the
mode which was selected. During BAM execution and after, the mode reported by the field
S _CURRENT_MODE of the register ME_GS in the module MC_ME Module is "DRUN".

6.5.4.3 BAM resources

BAM uses/initializes the following MCU resources:
e MC_ME and MC_CGM to initialize mode and clock sources
* FlexCAN 0, LINFlex 0 and their pads when performing serial boot mode
* SSCM to check the boot mode and during password check (see Table 6-4 and Figure 6-5)
» External oscillator
* SWT (the BAM disables it)

As already mentioned, the initial configuration is restored before executing the downloaded code.

6.5.4.4 Download and execute the new code

From high level perspective, the download protocol follows steps:
1. Send 64 bit password
2. Send start address, size of downloaded code in bytes and VLE bit
3. Download data
4. Execute code from start address.

Each step must be complete before the next step starts.

The communication is done in half duplex manner, any transmission from host is followed by the MCU
transmission:
» host sends data to MCU and start waiting
* MCU echoes to host the data received
» MCU verifies if echoes is correct
— if data is correct host can continue to send data
— if data is not correct host stops to transmit and MCU need to be reset.

All multi-byte data structures are sent with MSB first.

A more detailed description of these steps follows.
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6.5.4.5 Download 64-bit password and password check

The first 64 bits received represent the password. This password is sent to the Password Check procedure
which verifies if it is correct.
The password check data flow is shown in Figure 6-5 where:

e SSCM_STATUS.SEC = 1 means flash secured

* SSCM_STATUS.PUB =1 means flash with public access.

In case of flash with public access, the received password is compared with the public password
OXFEED_FACE_CAFE_BEEF.

If public access is not allowed but the flash is not secured, the received password is compared with the
value saved on NVPWDO0 and NVPWD1 registers.

In both of the previous cases, the comparison is done by the BAM code. The BAM code does not enforce
any compliance checks on the password itself. If comparison fails the BAM forces the MCU into static
mode.

In the case of public access not allowed and flash secured, the password is written into
SSCM.PWCMPH-L registers.

After a fixed time waiting, comparison is done by hardware. Then BAM verifies again SSCM_STATUS’s
SEC flag:

» SEC =0, flash is now unsecured and BAM continues its task
o SEC =1, flash is still secured because password was wrong; BAM puts MCU to static mode.

This fixed time depends on the external crystal oscillator frequency (FXOSC). With FXOSC of 12 MHz,
the fixed time is 350 ms.
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Figure 6-5. Password Check Flow

6.5.4.6 Download start address, VLE bit and code size

The next 8 bytes received by the MCU contain a 32-bit Start Address, the VLE mode bit and a 31-bit code
Length as shown in Figure 6-6.

The VLE bit (Variable Length Instruction) is used to indicate for which instruction set the code has been
compiled. The VLE bit should be set to 1 for VLE instruction set or 0 for BookE.

The Start Address defines where the received data will be stored and where the MCU will branch after the
download is finished. The two LSB bits of the Start Address are ignored by the BAM program, such that
the loaded code should be 32-bit word aligned.

The Length defines how many data bytes have to be loaded.
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START_ADDRESS[31:16]

START_ADDRESS[15:0]

[VLE | CODE_LENGTHI[30:16]

CODE_LENGTHI[15:0]

Figure 6-6. Start address, VLE bit and download size in bytes

6.5.4.7 Download data

Each byte of data received is stored into device’s SRAM, starting from the address specified in the
previous protocol step.

The address increments until the number of bytes of data received matches the number of bytes specified
in the previous protocol step.

Since the SRAM is protected by 32-bit wide Error Correction Code (ECC), BAM always writes bytes into
SRAM grouped into 32-bit words. If the last byte received does not fall onto a 32-bit boundary, BAM fills
it with 0 bytes.

Then a “dummy” word (0x0000_0000) is written to avoid ECC error during core prefetch.

6.5.4.8 Execute code
The BAM program waits for the last echo message transmission being completed.

Then it restores the initial MCU configuration and jumps to the loaded code at Start Address which was
received in step 2 of the protocol.

At this point BAM has finished its tasks and MCU is controlled by new code executing from SRAM.

6.5.5 Boot from UART

6.5.5.1 Configuration

Boot from UART protocol is implemented by the LINFlex 0 module. The pins used are:
* LINFlex_TX corresponds to pin PB[2]
* LINFlex_RX corresponds to pin PBJ3].

The system clock is driven by an external oscillator.
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The LINFlex controller is configured to operate at a baud rate = system clock frequency/833, using an 8-bit
data frame without parity bit and 1 stop bit.

6.5.5.2

Protocol

Figure 6-7. LINFlex Bit Timing in UART Mode

Table 6-5 summarizes the protocol and BAM action during this boot mode.

See also Section 6.5.7, Flash memory password swapping, for information on password swapping.
Table 6-5. UART Boot Mode Download Protocol (Autobaud Disabled)

Protocol Host sent message BAM response Action
step message
1 64-bit password (MSB 64-bit password Password checked for validity and compared against stored
first) password.
2 32-bit store address 32-bit store address Load address is stored for future use.
3 VLE bit + VLE bit + Size of download is stored for future use.
31-bit number of bytes 31-bit number of bytes | Verify if VLE bit is setto 1
(MSB first) (MSB first)
4 8 hits of raw binarydata | 8 bits of raw binary data | 8-bit data are packed into 32-bit words. This word is saved in
SRAM starting from the “Load address.”
“Load address” increments until the number of data received
and stored matches the size as specified in the previous step.
5 none none Branch to dowloaded code
6.5.6 Bootstrap with CAN
6.5.6.1 Configuration

Boot from FlexCAN protocol is implemented by the FlexCAN_0 module. The pins used are:
» CAN_TX corresponds to pin PB[0]
» CAN_RX corresponds to pin PB[1].

Boot from FlexCAN uses the system clock driven by an external oscillator.

The FlexCAN controller is configured to operate at a baud rate = system clock frequency/40.
It uses the standard 11-bit identifier format detailed in FlexCAN 2.0A specification.

FlexCAN controller bit timing is programmed with 10 time quanta, and the sample point is 2 time quanta
before the end, as shown in Figure 6-8.
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6.5.6.2

NRZ Signal

i

/

SYNC_SEG

Time Segment 1

Time Segment 2

A

-

A

1 7 2
time quantum time quanta time quanta
1 Bit Time >
Transmit Point Sample Point

1 time quantum = 4 system clock periods
Figure 6-8. FlexCAN Bit Timing

Protocol

Table 6-6 summarizes the protocol and BAM action during this boot mode. All data are transmitted byte

wise.

See also Section 6.5.7, Flash memory password swapping, for information on password swapping.

Table 6-6. FlexCAN Boot Mode Download Protocol (Autobaud Disabled)

Protocol Host sent message BAM response Action
step message

1 CAN ID 0x011+ CAN ID 0x001+ Password checked for validity and compared against stored
64-bit password 64-bit password password.

2 CAN ID 0x012+ CAN ID 0x002+ Load address is stored for future use.
32-bit store address+ | 32-bit store address+ Size of download is stored for future use.
VLE bit+ VLE bit+ Verify if VLE bitis setto 1
31-bit number of 31-bit number of bytes
bytes

3 CAN ID 0x013+ CAN ID 0x003+ 8-bit data are packed into 32-bit words. These words are saved in
8 to 64 bits of raw 810 64 bits of raw binary | SRAM starting from the “Load address.”
binary data data “Load address” increments until the number of data received and

stored matches the size as specified in the previous step.
5 none none Branch to dowloaded code
Table 6-7. System clock frequency related to external clock frequency
fosc [MHZ] fre/fosc™ fsys [MHZ]
4-8 4-2 16 - 32
8-12 2-4/3 32-48
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Table 6-7. System clock frequency related to external clock frequency

fosc IMHZ] freffosc™ fsys [MHZ]
12-16 4/3-1 36 - 48
16 - 24 1-2/3 32-48
> 24 <2/3 > 24

1 These values and consequently the fsys suffer from the precision of the RC internal oscillator used to
measure fyqc through the CMU module.

6.5.7 Flash memory password swapping

When the chip uses the BAM to boot using CAN or UART, the required flash memory password is
different depending on whether the flash memory is secured or unsecured. This difference affects how you
must program the NVPWDO0, NVPWD1, NVSCIO0, and NVSCIL1 registers.
When the flash memory is secured:
» The registers are programmed as follows:
— NVPWDO = 0x87654321
— NVPWDL1 = 0x12345678
— NVSCI0 = 0x55AA1111
— NVSCI1 = 0x55AA1111
* To download the code via serial boot, the provided password is 0x1234 5678 8765 4321
(NVPWDL1 followed by NVPWDO).
When the flash memory is unsecured:
» The registers are programmed as follows:
— NVPWDO = 0x87654321
— NVPWDL1 = 0x12345678
— NVSCIO0 = 0x55AA55AA
— NVSCI1 = 0x55AA55AA

» To download the code via serial boot, the provided password is 0x8765 4321 1234 5678
(NVPWDO followed by NVPWD1).

6.5.8 Interrupts
No interrupts are generated by or are enabled by the BAM.
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Chapter 7
CAN Sampler

7.1 Introduction

The CAN Sampler peripheral has been designed to store the first identifier of CAN message "detected" on
the CAN bus while no precise clock (Crystal) is running at that time on the device, typically in Low Power

modes (STOP, HALT or STANDBY) or in RUN mode with crystal switched off.

Depending on both CAN baudrate and Low Power mode used, it is possible to catch either the first or the
second CAN frame by sampling one of two CAN Rx ports and storing all samples in internal registers.

After selection of the mode (first or second frame), the CAN Sampler stores samples of the 48 bits or skips
the first frame and stores samples of the 48 bits of second frame using the 16-MHz IRC oscillator and the

5-bit clock prescaler.

After completion, Software has to process the sampled data in order to rebuild the 48 minimal bits.

Base Identifier (11 bit)

SOF

Extended Identifier (18 bit)

RTR-bit

IDE-bit

Figure 7-1. Extended CAN data frame

7.2 Main features

» Store 384 samples, equivalent to 48 CAN bit @8 samples/bit
» Sample frequency from 500 kHz up to 16 MHz, equivalent at 8 samples/bit to CAN baud rates of

62.5 Kbps to 2 Mbps

» User selectable CAN Rx sample port, CANORX, CAN1RX, or CAN2RX

* 16 MHz IRC clock
» 5-bit clock prescaler
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» Configurable trigger mode (immediate, next frame)
» Flexible samples processing by software
* \ery low power consumption

7.3  Register description

The CAN Sampler registers are listed in Table 7-1.
Table 7-1. CAN Sampler registers

Register Name Address Offset Reset Value Location
Control Register (CR) 00h 0000 0000h on page 7-2
Sample registers 0 04h xxxx xxxxh® on page 7-3
Sample register 1 08h Xxxx xxxxh® on page 7-3
Sample register 11 30h xxxx xxxxh® on page 7-3

1 The initialization data is unknown. They will be filled only after first CAN sampling.

7.3.1 CAN Sampler Control Register (CR)

Address Offset: 0x00 Reset value: 0000 0000h
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

RIRx_c | BUSY | Active | © 0 0 | mode CAN_RX_SEL BRP CAN_
OMPL _CK SMPL
ETE R_EN

W

Figure 7-2. Control Register (CR)

Table 7-2. CR field descriptions

0-15 Reserved
16 1: CAN frame is stored in the sample registers
RX_COMPLETE | 0: CAN frame has not been stored in the sample registers
17 This bit indicates the status of sampling
BUSY 1: Sampling is ongoing
0: Sampling is complete or has not started
18 This bit indicates which is the current clock for sample registers.
Active_CK 1: FIRC is the currently selected clock

0: The peripheral set clock is the currently selected clock
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Table 7-2. CR field descriptions (continued)

19-21 Reserved
These are reserved bits. These bits are always read as ‘0’.
22 0:Skip the first frame and sample and store the second frame (SF_MODE)
Mode 1:Sample and store the first frame (FF_MODE)
23-25 These bits determine which RX bit is sampled.

CAN_RX_SEL |000: Rx0 is selected
001: Rx1 is selected
010: Rx2 is selected
011: Reserved
100: Reserved
101: Reserved
110: Reserved
111: Reserved

26-30 Baud Rate Prescaler

BRP These bits are used to set the baud rate before going into standby mode
00000: Prescaler has 1

11111: Presacler has 32

31 CAN SAMPLER Enable
CAN_SMPLR_E | This bit enables the CAN Sampler before going into standby or stop mode.
N 0 CAN Sampler is Disabled

1 CAN Sampler is Enabled

7.3.2 CAN Sampler Sample Registers 0-11

The CAN sampler sample registers 0-11 have the same structure; Figure 7-3 and Figure 7-4 show this
structure for registers 0 and 11, respectively.

Address Offset: 0x04 Reset value: xxxx xxxxh
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R SR[0:15]
w

16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R SR[16:31]

Figure 7-3. Sample Register 0
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Address Offset: 0x30 Reset value: xxxx xxxxh

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

R SR[0:15]
w
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R SR[16:31]
w

Figure 7-4. Sample Register 11

7.4  Functional description

As the CAN Sampler is driven by the 16 MHz IRC to sample properly the CAN identifier, two modes are
possible depending on both CAN baudrate and Low Power mode used:

» Immediate sampling on falling edge detection (first CAN frame): this mode is used when the IRC
16 MHz is available in LP mode, e.g. STOP or HALT.

» Sampling on next frame (second CAN frame): this mode is used when the IRC 16 MHz is switched
off in LP mode, e.g. STANDBY. Due to the start-up times of both the Voltage regulator and the IRC
16 MHz (~10 us), the CAN sampler would miss the first bits of a CAN identifier sent at 500kbps.
Therefore the first identifier is ignored and the sampling is performed on the first falling edge of
after interframe space.

The CAN sampler performs sampling on a user selected CAN Rx port, normally when the device is in
standby or stop mode storing the samples in internal registers. The user is required to configure the baud
rate to achieve 8 samples per CAN nominal bit.It does not perform any sort of filtering on input samples.
Thereafter the software must enable the sampler by setting CAN_SMPLR_EN bit in CR register.It then
becomes the master controller for accessing the internal registers implemented for storing samples.

The CAN sampler, when enabled, waits for a low pulse on the selected Rx line, taking it as a valid bit of
the first CAN frame and generates the RC wakeup request which can be used to start the RC oscillator.
Depending upon the mode, it stores the first 8 samples of the 48 bits on selected Rx line or skips the first
frame and stores 8 bits for first 48 bits of second frame. In FF_MODE, it samples the CAN Rx line on RC
clock and stores the 8 samples of first 48 bits (384 samples). In SF_MODE, it samples the Rx and waits
for 11 consecutive dominant bits (11 * 8 samples), taking it as the end of first frame. It then waits for first
low pulse on the Rx, taking it as a valid Start of Frame (SOF) of the second frame. The sampler takes 384
samples (48 bytes * 8) using the RC clock (configuring 8 samples per nominal bit) of the second frame,
including the SOF bit. These samples are stored in consecutive addresses of the (12 x 32) internal registers.
RX_COMPLETE bit is set to “1’, indicating that sampling is complete.

Software should now process the sampled data by first becoming master for accessing samples internal
registers by resetting CAN_SMPLR_EN bit.The sampler will need to be enabled again to start waiting for
a new sampling routine.
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7.4.1 Enabling/disabling the CAN Sampler

The CAN sampler is disabled on reset and the CPU is able to access the 12 registers used for storing
samples. The CAN Sampler must be enabled before entering standby or stop mode by setting
CR[CAN_SMPLR_EN].

When the CAN sampler is enabled, the A, D, WEN, CSN and CK to the (12 x 32) block of registers are
switched to those generated by the kernel of the sampler. You can monitor CR[Active_CK] to check which
is the active clock to the registers.

Any activity on selected Rx line, the sampler enables the 16 MHz RC oscillator. When CAN_SMPLR_EN
is reset to 0, the sampler should at least receive 3 RC clock pulses to reset itself, after which the RC can
be switched off.

When the software wishes to access the sample registers contents it must first reset the CAN_SMPLR_EN
bit by writing a ‘0’. Before accessing the register contents it must monitor Active_CK bit for ‘0’.When this
bit is reset it can safely access the (12 x 32) sample registers. While shifting from normal to sample mode
and vice versa, the sample register signals must be static and inactive to ensure the data is not corrupt.

7.4.2 Selecting the Rx port
One Rx port can be selected per sampling routine; the port to be sampled is selected by CAN_RX_SEL.

Table 7-3. Internal multiplexer correspondence

CAN_RX_SEL Rx selected

000 CANRX_0 PB[1]

001 CANRX_1 PB[10]

010 CANRX_2 PMJ[3]

011 Reserved

100 Reserved

101 Reserved

110 Reserved

111 Reserved

7.4.3 Baud rate generation

Sampling is performed at a baud rate that is set by the software as a multiple of RC oscillator frequency of
62.5 ns (assuming RC is configured for high frequency mode i.e. 16 MHz). User must set the baud rate
prescaler (BRP) such that 8 samples per bit are achieved.

Baud rate setting must be made by software before going into standby or stop mode. This is done by setting
BRP bits 5:1 in Control register. The reset value of BRP is 00000 and can be set to max. 11111 which gives
a prescale value of BRP+1 thus providing a BRP range of 1 to 32.

* Maximum bitrate supported for sampling is 2Mbps using BRP as 1
* Minimum bitrate supported for sampling is 62.5kbps using BRP as 32
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For example, suppose system is transmitting at 125kbps. In this case, nominal bit period:

T=1/(125*10%)s =8*103*10"3s = 8u's Eqn. 7-1
To achieve 8 samples per bit
Sample period=8/8 ns =1u5s
BRP = 1,5/62.5ns = 16. Thus, in this case BRP = 01111.
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Chapter 8

Clock Description

8.1 Clock architecture

Figure 8-1 shows the how the system clocks on PXD20 are generated.

The peripheral groupings mentioned in the figure are listed in Table 8-1. Peripherals not explicitly listed
in a peripheral set or using an auxiliary clock use the system clock (or where available an alternative
chosen within the peripheral) as their reference.

Table 8-1. PXD20 peripheral sets

Peripheral set 1

Peripheral set 2

Peripheral set 3

Peripheral set 4

All LINFlex modules

All FlexCAN modules

ADC

Sound Generation Module

All I2C modules

CAN Sampler

Stepper Motor Controller

All DSPI modules

NOTE

The system clock and modules may not select the FMPLLO clock directly.
The option available is FMPLLO divided by 2. Therefore, to select a
125 MHz clock, the FMPLLO must be configured to produce 250 MHz.

The DRAM Controller requires FMPLLO to be operational and selected as
the system clock for correct operation.
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Figure 8-1. PXD20 system clock generation
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8.2  Auxiliary clocks

This device has five auxiliary clocks configurable using the MC_CGM registers. These auxiliary clocks
allow the associated peripherals to operate at clock speeds independent of the system clock (sys_clk). The
peripherals also use the undivided system clock to synchronously interface with the rest of the device. The
auxiliary clock configuration is:

» Auxiliary Clock 0: DCU3

* Auxiliary Clock 1: eMIOS0
* Auxiliary Clock 2: eMIOS1
* Auxiliary Clock 3: QuadSPI
* Auxiliary Clock 4: DCUL.ite

8.3  Clock Generation Module (MC_CGM)

8.3.1 Introduction

This document describes the Clock Generation Module (MC_CGM) which includes, but is not limited to,
the functionality, pin description, and registers of the MC_CGM module.

8.3.1.1 Overview

The clock generation module (MC_CGM) generates reference clocks for all the SoC blocks. The
MC_CGM selects one of the system clock sources to supply the system clock. The MC_ME controls the
system clock selection (see the MC_ME documentation for more details). A set of MC_CGM registers
controls the clock dividers which are used for divided system and peripheral clock generation. The
MC_CGM memory space also includes the control registers of the clock sources themselves, for example
PLLs, IRCs, and oscillators. The MC_CGM also selects and generates an output clock.

Figure 8-2 depicts the MC_CGM block diagram.
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MC_CGM

FIRC I

<@— MC_ME

FXOSC L

Registers

Platform Interface <« | MC_RGM

FMPLLO |

System Clock

FMPLLL Multiplexer/Divider ———p- PEriphErals
1
Auxiliary Clock
Selector/Divider — PF[15]

§—P CPU

Output Clock
Selector/Divider

< > mapped

peripherals

Mapped Modules Interface

Figure 8-2. MC_CGM block diagram

8.3.1.2 Features

The MC_CGM includes the following features:
» Generates system and peripheral clocks

» selects and enables/disables the system clock supply from system clock sources according to
MC_ME control

» Contains a set of registers to control clock dividers for divided clock generation

PXD20 Microcontroller Reference Manual, Rev. 1

8-4 Freescale Semiconductor
Preliminary—Subject to Change Without Notice



» Supports multiple clock sources and maps their address spaces to its memory map
» Generates an output clock
» Guarantees glitch-less clock transitions when changing the system clock selection
» Supports 8, 16 and 32-bit wide read/write accesses

8.3.2

External signal description

The MC_CGM delivers an output clock to the PF[15] pin for off-chip use and/or observation.

8.3.3 Memory map and register definition
Table 8-2. MC_CGM register description
Access
Address Name Description Size Location
User | Supervisor Test

OXC3FE- | CGM_VIU_MUX VIU2 multiplex select word | read read/write | read/write | on page 8-11
0340

OXC3FE |CGM_OC_EN Output Clock Enable word | read read/write | read/write | on page 8-12
_0370

OXC3FE |CGM_OCDS_SC Output Clock Division byte | read read/write | read/write | on page 8-13
0374 Select

OXC3FE |CGM_SC_SS System Clock Select byte | read read read on page 8-14
0378 Status

OxXC3FE |CGM_SC_DCO0 System Clock Divider byte | read read/write | read/write | on page 8-15
_037C Configuration 0

OxC3FE |CGM_SC_DC1 System Clock Divider byte | read read/write |read/write | on page 8-15
_037D Configuration 1

OXC3FE |CGM_SC_DC2 System Clock Divider byte | read read/write |read/write | on page 8-15
_037E Configuration 2

OXC3FE |CGM_SC_DC3 System Clock Divider byte | read read/write |read/write | on page 8-15
_037F Configuration 3

OXC3FE |CGM_ACO0_SC Aux Clock 0 Select word | read read/write | read/write | on page 8-16
0380 Control

OxC3FE |CGM_ACO0_DC Aux Clock 0 Divider byte | read read/write | read/write | on page 8-17
0384 Configuration

OXC3FE |CGM_AC1_SC Aux Clock 1 Select word | read read/write | read/write | on page 8-17
0388 Control

OXC3FE |CGM_AC1_DC Aux Clock 1 Divider byte | read read/write | read/write | on page 8-18
_038C Configuration

OXC3FE |CGM_AC2_SC Aux Clock 2 Select word | read read/write | read/write | on page 8-19
_0390 Control

OXC3FE |CGM_AC2_DC Aux Clock 2 Divider byte | read read/write | read/write | on page 8-20
0394 Configuration
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Table 8-2. MC_CGM register description (continued)

Access
Address Name Description Size Location
User | Supervisor Test
OXC3FE |CGM_AC3_SC Aux Clock 3 Select word | read read/write |read/write | on page 8-20
0398 Control
OXC3FE |CGM_AC3 _DC Aux Clock 3 Divider byte | read read/write | read/write | on page 8-21
_039C Configuration
OXC3FE |CGM_AC4_SC Aux Clock 4 Select word | read read/write | read/write | on page 8-22
_03A0 Control
OXC3FE |CGM_AC4 _DC Aux Clock 4 Divider byte | read read/write | read/write | on page 8-23
_03A4 Configuration
NOTE
Any access to unused registers as well as write accesses to read-only
registers will:

* Not change register content
» Cause a transfer error
Table 8-3. MC_CGM memory map

o|l1|2]|3| 4|5 |6 | 7| 8| 9 |10|11|12]13]| 14| 15
Address Name

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

0xC3FE
_ 0000
reserved
0xC3FE
_003C

OXC3FE
_0040
SXOSC registers (see Section 8.4, Oscillators)
OxC3FE
_005C

OxC3FE
_0060
FIRC registers (see Section 8.4, Oscillators)
OxC3FE
_007C

OxC3FE
0080
SIRC registers (see Section 8.4, Oscillators)
OxC3FE
_009C
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Table 8-3. MC_CGM memory map (continued)

o|l 1|2 ]3| 4|5 |6 | 7| 8| 9 |10]|11|12]13]| 14| 15
Address Name

16 17 18 19 20 21 22 23 24 25 | 26 27 28 | 29 | 30 31

OxC3FE
_00AO
FMPLLO registers
OxC3FE
_00BC

OXC3FE
_0oco
FMPLL1 registers
OXC3FE
_oobc

OxC3FE
_00EO
reserved
OxC3FE
_00FC

OxC3FE
_0100
CMU registers (see Section 8.6, Clock Monitor Unit (CMU))
OxC3FE
_011cC

OxC3FE
_0120
reserved
OxC3FE
~013C

OxC3FE
_ 0140
reserved
OxC3FE
_015C

OxC3FE
0160
reserved
O0xC3FE
_017C

OxC3FE
0180
reserved
OxC3FE
~019C

OxC3FE
_01A0
reserved
OxC3FE
_01BC
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Table 8-3. MC_CGM memory map (continued)

o|l 1|2 ]3| 4|5 |6 | 7| 8| 9 |10]|11|12]13]| 14| 15
Address Name

16 17 18 19 20 21 22 23 24 25 | 26 27 28 | 29 | 30 31

OxC3FE
_01co
reserved
OxC3FE
_01DC

OxC3FE
_01EO0
reserved
OxC3FE
_01FC

OxC3FE
_ 0200
reserved
OxC3FE
_021C

OxC3FE
0220
reserved
OxC3FE
_023C

OxC3FE
_ 0240
reserved
OxC3FE
_025C

OxC3FE
0260
reserved
OxC3FD
_Cc2r7C

OxC3FE
0280
reserved
OxC3FE
_029C

OxC3FE
_02A0
reserved
OxC3FE
_02BC

OxC3FE
_02Co
reserved
OxC3FE
_02DC
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Table 8-3. MC_CGM memory map (continued)

0 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13 | 14 | 15
Address Name
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
0xC3FE
_02EO0
reserved
0xC3FE
_02FC
OxC3FE
_0300
reserved
0xC3FE
_031C
0xC3FE
_ 0320
reserved
OxC3FE
_033C
OXC3FE |[CGM_VIU_ |R|g |O0O|lO|O|]O|O]J]O|]O|O|O|]O|O|O|]O|O|O
0340 |MUX — ‘g
wl 2
>
RIO|O|O|lO|O|]O|J]O|O|]O]J]O|lO]O]O|O0O]O0]O
w
OxC3FE
0344
reserved
0xC3FE
_036C
OXC3FE |CGM_OC EN|R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0370
w
rR/O}|O}|O|O0O|O|]O|J]O|O]O]O|O|O]|]O]O]|O
EN
w
OXC3FE |CGM_OCDS_|R| O 0 0 0 0 0 0 0 0 0
0374 |sc SELDIV SELCTL
- w
rRfO|O|O|lO|O|]O|J]O|O|]O]J]O|lO]O]O|O0O]|O0]O
w
OXC3FE |CGM_SC SS |R| O 0 0 0 SELSTAT 0 0 0 0 0 0 0 0
0378
w
rRfO|O|O|lO|O|]O|J]O|O|]O]J]O|lO]O]O|O0O]|O0]O
w
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Table 8-3. MC_CGM memory map (continued)

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

Address Name

16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
OxC3FE |CGM_SC_DC o 0 0 0 - 0 0 0

w w
_037C [0...3 W DIVO a DIVl

0 0 0 0 0 0

o DIV2 i DIV3

a a
OxC3FE |CGM_ACO_S 0 0 0 0 0 0 0 0 0 0 0 0
0380 |C SELCTL

OXC3FE |CGM_ACO_D
0384 |CO

DEO
9
<
S

OXC3FE |CGM_AC1_S

0388 |C SELCTL

OXC3FE |CGM_AC1 D
_038C |CO

DEO
9
<
S

OXC3FE |CGM_AC2_S

0390 |C SELCTL

OXC3FE |CGM_AC2_D
0394 |CoO

DEO
9
<
S

E:UE:UE:UE‘:UE:UE:UE:UE‘:UE:UE:UE:UE‘:UE:UE:UE‘:UE‘:U

OXxC3FE |CGM_AC3_S 0 0 0 0 0 0 0 0 0 0 0 0
0398 |C SELCTL
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 8-3. MC_CGM memory map (continued)

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

Address Name
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
OxC3FE |CGM_AC3_D R | o 0 0 0 0 0 0 0 0 0 0 0
_039C |Co — 4 DIvo
W
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
OxC3FE |CGM_AC4_S |R| O 0 0 0 0 0 0 0 0 0 0 0
03A0 |C SELCTL
- W
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
OxC3FE |CGM_AC4_ D R | o 0 0 0 0 0 0 0 0 0 0 0
_03A4 |CO — '-éJ DIVO
W
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
OxC3FE
_03A8
reserved
0xC3FE
_3FFC

8.3.3.1 Register Descriptions

All registers may be accessed as 32-bit words, 16-bit half-words, or 8-bit bytes. The bytes are ordered
according to big endian. For example, the CGM_OC_EN register may be accessed as a word at address
OxC3FE_0370, as a half-word at address OXC3FE_0372, or as a byte at address OXxC3FE_0373.

8.3.3.1.1 VIU2 multiplex select register (CGM_VIU_MUX)

Address: OXC3FE_0340 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| viU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w| SEL

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Rl 0 0 o | o 0 o | o 0 o | o 0 o | o 0
AUTO_DIV2

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-3. VIU2 multiplex select register (CGM_VIU_MUX)
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This register is used to select which pins to use for VIU2 input. For details, see Section 3.3.6, DRAM
interface.

Table 8-4. CGM_VIU_MUX field descriptions

Field Description

VIUSEL | Selects which pins to use for VIU2 input.
0 PDI[7:0], HSYNC, VSYNC
1 PDI[17:8]

AUTO_DIV2 |00 System clock automatically set to half the SDRAM clock frequency
01 Reserved - do not select
10 Reserved - do not select
11 Reserved - do not select

8.3.3.1.2 Output Clock Enable Register (CGM_OC_EN)

Address OxC3FE_0370 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

EN

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-4. Output Clock Enable Register (CGM_OC_EN)

This register is used to enable and disable the output clock.
Table 8-5. Output Clock Enable Register (CGM_OC_EN) Field Descriptions

Field Description

EN Output Clock Enable control
0 Output Clock is disabled
1 Output Clock is enabled
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8.3.3.1.3 Output Clock Division Select Register (CGM_OCDS_SC)
Address OXC3FE_0374 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0
SELDIV SELCTL
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-5. Output Clock Division Select Register (CGM_OCDS_SC)

This register is used to select the current output clock source and by which factor it is divided before being
delivered at the output clock.

Table 8-6. Output Clock Division Select Register (CGM_OCDS_SC) Field Descriptions

0000 16 MHz int. RC osc.
0001 4-16 MHz ext. xtal osc.
0010 primary PLL/2

0011 secondary PLL
0100 128 kHz int. RC osc.
0101 32 kHz ext. xtal osc.
0110 reserved

0111 RTC clock

1000 system clock

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

Field Description
SELDIV |Output Clock Division Select
00 output selected Output Clock without division
01 output selected Output Clock divided by 2
10 output selected Output Clock divided by 4
11 output selected Output Clock divided by 8
SELCTL | Output Clock Source Selection Control — This value selects the current source for the output clock.
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8.3.3.14

System Clock Select Status Register (CGM_SC_SS)

Address OXC3FE_0378

Access: User read, Supervisor read, Test read

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

w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-6. System Clock Select Status Register (CGM_SC_SS)

This register provides the current system clock source selection.
Table 8-7. System Clock Select Status Register (CGM_SC_SS) Field Descriptions

Field

Description

SELSTAT

System Clock Source Selection Status — This value indicates the current source for the system clock.

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

16 MHz int. RC osc.
reserved

reserved

div. 4-16 MHz ext. xtal osc.
primary PLL/2

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

system clock is disabled
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8.3.3.1.5 System Clock Divider Configuration Registers (CGM_SC_DCO...3)
Address OXxC3FE_037C Access: User read, Supervisor read/write, Test read/write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0
DEO DIVO DE1 DIV1
W
Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 DIV3
DE2 DIV2 DE3
w ]
Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Figure 8-7. System Clock Divider Configuration Registers (CGM_SC_DCO0...3)

These registers control the system clock dividers. The divided clock is the reference for the associated
peripheral set.

Table 8-8. System Clock Divider Configuration Registers (CGM_SC_DCO...3) Field Descriptions

Field Description

DEO Divider 0 Enable
0 Disable system clock divider 0
1 Enable system clock divider 0

DIVO |Divider 0 Division Value — The resultant peripheral set 1 clock will have a period DIVO + 1 times that of
the system clock. If the DEO is set to ‘0’ (Divider O is disabled), any write access to the DIVO field is ignored
and the peripheral set 1 clock remains disabled.

DE1 Divider 1 Enable
0 Disable system clock divider 1
1 Enable system clock divider 1

DIV1 |Divider 1 Division Value — The resultant peripheral set 2 clock will have a period DIV1 + 1 times that of
the system clock. If the DE1 is set to ‘0’ (Divider 1 is disabled), any write access to the DIV1 field is ignored
and the peripheral set 2 clock remains disabled.

DE2 |Divider 2 Enable
0 Disable system clock divider 2
1 Enable system clock divider 2

DIV2 | Divider 2 Division Value — The resultant peripheral set 3 clock will have a period DIV2 + 1 times that of
the system clock. If the DE2 is set to ‘0’ (Divider 2 is disabled), any write access to the DIV2 field is ignored
and the peripheral set 4 clock remains disabled.

DE3 Divider 3 Enable
0 Disable system clock divider 3
1 Enable system clock divider 3

DIV3 | Divider 3 Division Value — The clock for peripheral clock 4 (SGM) is fixed at divide by 2. This field is not
writable and always reads as 0.
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8.3.3.1.6 Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC)

Address OxC3FE_0380 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0
W SELCTL

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-8. Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC)

This register is used to select the current clock source for the following clocks:

e Undivided: unused
» Divided by auxiliary clock 0 divider 0: DCU3 clock
Table 8-9. CGM_ACO_SC field descriptions

Field Description

SELCTL | Auxiliary Clock 0 Source Selection Control — This value selects the current source for auxiliary clock
0.

0000 div. 16 MHz int. RC osc.
0001 div. 4-16 MHz ext. xtal osc.
0010 secondary PLL

0011 primary PLL/2

0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved
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8.3.3.1.7 Auxiliary Clock 0 Divider Configuration Register (CGM_ACO0_DC)

Address OxC3FE_0384 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0
W DEO DIVO

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-9. Auxiliary Clock 0 Divider Configuration Register (CGM_ACO0_DC)

This register controls the auxiliary clock 0 divider.
Table 8-10. CGM_ACO_DC field descriptions

Field Description

DEO |Divider 0 Enable
0 Disable auxiliary clock O divider O
1 Enable auxiliary clock O divider O

DIVO |Divider 0 Division Value — The resultant DCU3 clock will have a period DIVO + 1 times that of auxiliary
clock 0. If the DEO is set to O (Divider O is disabled), any write access to the DIVO field is ignored and the
DCU3 clock remains disabled.

8.3.3.1.8 Auxiliary Clock 1 Select Control Register (CGM_AC1_SC)

Address OxC3FE_0388 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0
W SELCTL

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-10. Auxiliary Clock 1 Select Control Register (CGM_AC1_SC)

This register is used to select the current clock source for the following clocks:
* Undivided: unused
» Divided by auxiliary clock 1 divider 0: eMIOSO0 clock
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Table 8-11. Auxiliary Clock 1 Select Control Register (CGM_AC1_SC) Field Descriptions

Field Description

SELCTL | Auxiliary Clock 1 Source Selection Control — This value selects the current source for auxiliary clock
1.

0000 div. 16 MHz int. RC osc.
0001 div. 4-16 MHz ext. xtal osc.
0010 secondary PLL

0011 primary PLL/2

0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

8.3.3.1.9 Auxiliary Clock 1 Divider Configuration Register (CGM_AC1 _DC)

Address OXxC3FE_038C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0
W DEO DIVO

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-11. Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DC)

This register controls the auxiliary clock 1 divider.
Table 8-12. CGM_AC1_DC field descriptions

Field Description

DEO Divider 0 Enable
0 Disable auxiliary clock 1 divider O
1 Enable auxiliary clock 1 divider O

DIVO |Divider 0 Division Value — The resultant eMIOSO clock will have a period DIVO + 1 times that of auxiliary
clock 1. If the DEO is set to O (Divider 0 is disabled), any write access to the DIVO field is ignored and the
eMIOSO0 clock remains disabled.
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8.3.3.1.10 Auxiliary Clock 2 Select Control Register (CGM_AC2_SC)
Address OxC3FE_0390 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0
SELCTL
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-12. Auxiliary Clock 2 Select Control Register (CGM_AC2_SC)

This register is used to select the current clock source for the following clocks:
* Undivided: unused
» Divided by auxiliary clock 2 divider 0: eMIOS1 clock
Table 8-13. Auxiliary Clock 2 Select Control Register (CGM_AC2_SC) Field Descriptions

Field

Description

SELCTL

Auxiliary Clock 2 Source Selection Control — This value selects the current source for auxiliary clock

2

0000 div. 16 MHz int. RC osc.
0001 div. 4-16 MHz ext. xtal osc.
0010 secondary PLL

0011 primary PLL/2

0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved
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8.3.3.1.11 Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DC)

Address OxC3FE_0394 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0
W DEO DIVO

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-13. Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DC)

This register controls the auxiliary clock 2 divider.
Table 8-14. CGM_AC2_DC field descriptions

Field Description

DEO |Divider 0 Enable
0 Disable auxiliary clock 2 divider 0
1 Enable auxiliary clock 2 divider O

DIVO |Divider 0 Division Value — The resultant eMIOS1 clock will have a period DIVO + 1 times that of auxiliary
clock 2. If the DEO is set to O (Divider O is disabled), any write access to the DIVO field is ignored and the
eMIOS1 clock remains disabled.

8.3.3.1.12 Auxiliary Clock 3 Select Control Register (CGM_AC3_SC)

Address OxC3FE_0398 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0
W SELCTL

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-14. Auxiliary Clock 3 Select Control Register (CGM_AC3_SC)

This register is used to select the current clock source for the following clocks:
* Undivided: unused
» Divided by auxiliary clock 3 divider 0: QuadSPI clock

See Figure 8-23 for details.
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Table 8-15. Auxiliary Clock 3 Select Control Register (CGM_AC3_SC) Field Descriptions

Field Description

SELCTL | Auxiliary Clock 3 Source Selection Control — This value selects the current source for auxiliary clock
3.

0000 system clock
0001 primary PLL
0010 secondary PLL
0011 reserved
0100 reserved

0101 reserved
0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

8.3.3.1.13 Auxiliary Clock 3 Divider Configuration Register (CGM_AC3_DC)

Address OXxC3FE_039C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0
W DEO DIVO

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-15. Auxiliary Clock 3 Divider Configuration Register (CGM_AC3_DC)

This register controls the auxiliary clock 3 divider.
Table 8-16. CGM_AC3_DC field descriptions

Field Description

DEO |Divider 0 Enable
0 Disable auxiliary clock 3 divider O
1 Enable auxiliary clock 3 divider O

DIVO |Divider 0 Division Value — The resultant QuadSPI clock will have a period DIVO + 1 times that of
auxiliary clock 3. If the DEO is set to 0 (Divider 0 is disabled), any write access to the DIVO field is ignored
and the QuadSPI clock remains disabled.
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8.3.3.1.14  Auxiliary Clock 4 Select Control Register (CGM_AC4_SC)
Address OXxC3FE_03A0 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0
SELCTL
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-16. Auxiliary Clock 4 Select Control Register (CGM_AC4_SC)

This register is used to select the current clock source for the following clocks:

* Undivided: unused
» Divided by auxiliary clock 4 divider 0: DCUL.te clock

Table 8-17. CGM_AC4_SC field descriptions

Field

Description

SELCTL

Auxiliary Clock 4 Source Selection Control — This value selects the current source for auxiliary clock

4

0000 div. 16 MHz int. RC osc.
0001 div. 4-16 MHz ext. xtal osc.
0010 secondary PLL

0011 primary PLL/2

0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

PXD20 Microcontroller Reference Manual, Rev. 1

8-22

Freescale Semiconductor
Preliminary—Subject to Change Without Notice



8.3.3.1.15 Auxiliary Clock 4 Divider Configuration Register (CGM_AC4_DC)

Address OXC3FE_03A4 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0
W DEO DIVO

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-17. Auxiliary Clock 4 Divider Configuration Register (CGM_AC4_DC)

This register controls the auxiliary clock 4 divider.
Table 8-18. CGM_AC4_DC field descriptions

Field Description

DEO |Divider 0 Enable
0 Disable auxiliary clock 4 divider 0
1 Enable auxiliary clock 4 divider O

DIVO |Divider 0 Division Value — The resultant DCULite clock will have a period DIVO + 1 times that of
auxiliary clock 4. If the DEO is set to 0 (Divider 0 is disabled), any write access to the DIVO field is ignored
and the DCULite clock remains disabled.

8.3.4 Functional description

8.3.4.1 System clock generation

Figure 8-19 shows the block diagram of the system clock generation logic. The MC_ME provides the
system clock select and switch mask (see MC_ME documentation for more details), and the MC_RGM
provides the safe clock request (see MC_RGM documentation for more details). The safe clock request
forces the selector to select the 16 MHz int. RC osc. as the system clock and to ignore the system clock
select.
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system clock is disabled if
0 ME_<current mode> MC.SYSCLK =*"1111"

3
4
o
— X » system clock

16 MHz int. RC osc.

div. 4-16 MHz ext. xtal osc.
primary PLL/2

CGM_SC_DCO Register

LA
MC_RGM SAFE mode request 1 > clock divider —» peripheral set 1 clock
“0000" —» 1
ME_<current mode> —p{Q _
MC.SYSCLK CGM_SC_DC1 Register
y
CGM_SC_SS Register
clock divider I » peripheral set 2 clock

CGM_SC_DC2 Register

clock divider I » peripheral set 3 clock

> ) I » peripheral set 4 clock

Figure 8-18.
Figure 8-19. MC_CGM system clock generation overview

8.34.1.1 System clock source selection

During normal operation, the system clock selection is controlled
e Ona SAFE mode or reset event, by the MC_RGM
» Otherwise, by the MC_ME
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8.34.1.2 System clock disable
During the STOP and TEST modes, the system clock can be disabled by the MC_ME.

8.3.4.1.3 System clock dividers
The MC_CGM generates the following derived clocks from the system clock that are used as the reference
clocks for their associated peripherals:

» peripheral set 1 clock - controlled by the CGM_SC_DCO register

» peripheral set 2 clock - controlled by the CGM_SC_DCL1 register

» peripheral set 3 clock - controlled by the CGM_SC_DC2 register

» peripheral set 4 clock - fixed at +2

8.34.14 Auxiliary clock generation

Figure 8-20 (and those following) shows the block diagram of the auxiliary clock generation logic. See:
o Section 8.3.3.1.6, Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC)
o Section 8.3.3.1.8, Auxiliary Clock 1 Select Control Register (CGM_AC1_SC)
» Section 8.3.3.1.12, Auxiliary Clock 3 Select Control Register (CGM_AC3_SC)
» Section 8.3.3.1.14, Auxiliary Clock 4 Select Control Register (CGM_AC4_SC)

8.34.15 Auxiliary clock dividers

div. 16 MHz int. RC osc. — |0
div. 4-16 MHz ext. xtal osc. 1
secondary PLL 2
primary PLL/2 3
» unused
CGM_ACO_DC Register
A clock divider » DCUS3 clock

CGM_ACOQ_SC Register

Figure 8-20. MC_CGM auxiliary clock 0 generation overview
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div. 16 MHz int. RC osc. 0
div. 4-16 MHz ext. xtal osc. —_al1
secondary PLL 2
primary PLL/2 3
» unused
CGM_AC1_DC Register
A clock divider [~ €MIOSO clock

CGM_ACL1_SC Register

Figure 8-21. MC_CGM Auxiliary Clock 1 Generation Overview

div. 16 MHz int. RC osc. 0
div. 4-16 MHz ext. xtal osc. 1
secondary PLL 2
primary PLL/2 3
» unused
CGM_AC2_DC Register
£ > clockdivider [ eMIOSIclock

CGM_AC2_SC Register

Figure 8-22. MC_CGM Auxiliary Clock 2 Generation Overview
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system clock 0
primary PLL 1
secondary PLL 2
» unused
CGM_AC3_DC Register
A clock divider ——» QuadSPI clock

CGM_AC3_SC Register

Figure 8-23. MC_CGM Auxiliary Clock 3 Generation Overview

div. 16 MHz int. RCosc. — {0
div. 4-16 MHz ext. xtal osc. 1
secondary PLL 2
primary PLL/2 3
» unused
CGM_AC4_DC Register
e clock divider I » DCULite clock

CGM_AC4_SC Register

Figure 8-24. MC_CGM Auxiliary Clock 4 Generation Overview

8.3.4.2 Dividers Functional Description

Dividers are used for the generation of divided system and peripheral clocks. The MC_CGM has the
following control registers for built-in dividers:
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e Section 8.3.3.1.5, System Clock Divider Configuration Registers (CGM_SC_DCO0...3)
» Section 8.3.3.1.7, Auxiliary Clock 0 Divider Configuration Register (CGM_AC0_DC)
e Section 8.3.3.1.9, Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DC)
» Section 8.3.3.1.11, Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DC)
» Section 8.3.3.1.13, Auxiliary Clock 3 Divider Configuration Register (CGM_AC3_DC)
» Section 8.3.3.1.15, Auxiliary Clock 4 Divider Configuration Register (CGM_AC4_DC)

The reset value of all counters is “1’. If a divider has its DE bit in the respective configuration register set
to ‘0’ (the divider is disabled), any value in its DIVn field is ignored.

8.3.4.3 DRAM Controller Clock

For correct operation, the DRAM controller requires two clocks: the system clock and 2x system clock.
Since the only clock source available on the device that can provide this is the FMPLLO, the DRAM
Controller can only operate when FMPLLO is selected as the system clock. This is not a limitation because
in practice FMPLLDO is the only clock that can provide operating frequencies high enough for the DRAM
controller.

8.3.4.4 Output Clock Multiplexing

The MC_CGM contains a multiplexing function for a number of clock sources which can then be used as
output clock sources. The selection is done via the CGM_OCDS_SC register.

8.3.45 Output Clock Division Selection

Nl ] B CGM_OC_EN Register

| ] J

16 MHz int. RC osc.
4-16 MHz ext. xtal osc.
primary PLL/2 —
secondary PLL

128 kHz int. RC osc. —
32 kHz ext. xtal osc.
reserved — o

RTC clock

system clock

co~NoGhwWNRFRO

R g e

o » N W

/k
CGM_OCDS_SC.SELDIV | |
CGM_OCDS_SC.SELCTL Register

Register

Figure 8-25. MC_CGM Output Clock Multiplexer and PA[0] Generation

The MC_CGM provides the following output signals for the output clock generation:

» PA[O] (see Figure 8-25). This signal is generated by using one of the 3-stage ripple counter outputs
or the selected signal without division. The non-divided signal is not guaranteed to be 50% duty
cycle by the MC_CGM.
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the MC_CGM also has an output clock enable register (see Section 8.3.3.1.2, Output Clock Enable
Register (CGM_OC_EN)) which contains the output clock enable/disable control bit.

8.4 Oscillators

8.4.1 Pierce oscillator (FXOSC)

84.1.1 Introduction

The Pierce oscillator (FXOSC) module provides a robust, low-noise and low-power clock source. The
module is operated from the internally generated Vppg g supply rail (3.3 V) and require the minimum
number of external components. It is designed for optimal start-up margin with typical crystal oscillators.

8.4.1.2 Features
The FXOSC contains circuitry to dynamically control current gain in the output amplitude. This ensures
a signal with low harmonic distortion, low power and good noise immunity.
* High noise immunity due to input hysteresis
* Low RF emissions with peak-to-peak swing limited dynamically
» Transconductance (gm) sized for optimum start-up margin for typical oscillators
» Dynamic gain control eliminates the need for external current limiting resistor
* Integrated resistor eliminates the need for external bias resistor in loop controlled Pierce mode.
* Low power consumption:
— Operates from externally provided power Vppe g (3.3 V)
— Amplitude control limits power )
* Clock monitor

8.4.1.3 Modes of operation

Two modes of operation exist:
1. Loop controlled Pierce (LCP) oscillator
2. External square wave mode

8.4.1.4 Block diagram
Figure 8-26 shows a block diagram of the FXOSC.
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Monitor_Failure
Clock 5
Monitor
OSCCLK
Peak <
Detector Gain Control
Y QVDDE_B =33V
Rf
EXTAL XTAL
I 11
|D|
J i .

v v

Figure 8-26. FXOSC block diagram

8.4.15 External signal description

This section lists and describes the signals that connect off chip

8.4.1.5.1 Vppe_g and Vgg — operating and ground voltage pins

Theses pins provides operating voltage (Vppg g) and ground (Vgg) for the FXOSC circuitry. This allows
the supply voltage to the FXOSC to use an independent bypass capacitor.

8.4.1.5.2 EXTAL and XTAL — input and output pins

These pins provide the interface for either a crystal or a 3.3 V CMOS compatible clock to control the
internal clock generator circuitry. EXTAL is the external clock input or the input to the crystal oscillator
amplifier. XTAL is the output of the crystal oscillator amplifier. The MCU internal system clock is derived
from the EXTAL input frequency. In full stop mode (PSTP = 0), the EXTAL pin is pulled down by an
internal resistor of typical 200 kQ.
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NOTE

This low-power loop-controlled circuit is not suited for overtone resonators
and crystals.

Freescale recommends an evaluation of the layout and performance of the
application board and chosen resonator or crystal by the resonator or crystal
supplier. The low-power nature of the circuit should be noted when
performing this evaluation since the impact of stray capacitance and
external disturbances can be larger than seen with higher power oscillators.

EXTAL []
C1
MCU |_:_| Crystal or
—— Ceramic Resonator
XTAL i i

(o =
— VsspLL

Figure 8-27. Loop controlled Pierce oscillator connections (LCP mode selected)

CMOS Compatible
EXTAL l«——— External Oscillator

(VopeLL Level)
MCU

XTAL —— Not Connected

Figure 8-28. External clock connections

8.4.1.6 Memory map and register definition

The FXOSC does not contain any configuration registers. The oscillator is enabled and disabled using the
Mode Entry module.

8.4.1.7 Functional description

The FXOSC module has control circuitry to maintain the crystal oscillator circuit voltage level to an
optimal level which is determined by the amount of hysteresis being used and the maximum oscillation
range.

The oscillator block has two external pins, EXTAL and XTAL. The oscillator input pin, EXTAL, is
intended to be connected to either a crystal or an external clock source. The XTAL pin is an output signal
that provides crystal circuit feedback.
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A buffered EXTAL signal becomes the internal clock. To improve noise immunity, the oscillator is
powered by the VDDPLL and VSSPLL power supply pins.

84.1.7.1 Gain control

A closed loop control system is utilized whereby the amplifier is modulated to keep the output waveform
sinusoidal and to limit the oscillation amplitude. The output peak to peak voltage will be kept above twice
the maximum hysteresis level of the input buffer.

8.4.1.7.2 Clock monitor

The clock monitor circuit is based on an internal RC time delay so that it can operate without any MCU
clocks. If no OSCCLK edges are detected within this RC time delay, the clock monitor indicates failure
which asserts self-clock mode or generates a system reset depending on the state of SCME bit. If the clock
monitor is disabled or the presence of clocks is detected no failure is indicated. The clock monitor function
is enabled/disabled by the CME control bit, described in the MC_CGM chapter.

8.4.2 External crystal oscillator (SXOSC)

8.4.2.1 Features

» External crystal oscillator (SXOSC) digital interface
» Oscillator powerdown control and status

» Oscillator clock available interrupt

» Oscillator bypass mode

» Output clock division factors ranging from 1,2,3....32

8.4.2.2 Functional description

The crystal oscillator circuit includes an internal oscillator driver and an external crystal circuitry. It can
be used as a reference clock to specific modules depending on system needs.

The crystal oscillator is controlled by the OSC_CTL register. The OSCON bit controls the powerdown
while S_OSC bit provides the oscillator clock available status.

After system reset, the oscillator is put to power down state and software has to switch on when required.
Whenever the crystal oscillator is switched on from off state, OSCCNT counter starts and when it reaches
the value EOCV[7:0]*512, oscillator clock is made available to the system. Also an interrupt pending bit
I_OSC of OSC_CTL register is set. An interrupt will be generated if the interrupt mask bit M_OSC is set.

The oscillator circuit can be bypassed by writing OSCBYP bit to OSC_CTL register to “1’. This bit can

only be set by the software. System reset is needed to reset this bit. In this bypass mode, the output clock
has the same polarity as external clock applied on EXTAL32 pin and the oscillator status is forced to ‘1.
The bypass configuration is independent of the powerdown mode of the oscillator.

The table below shows the truth table of different configurations of oscillator.
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Table 8-19. Truth table of crystal oscillator

ENABLE BYP XTAL32 EXTAL32 CK_OSCM OSC MODE
0 0 No crystal, No crystal, 0 Power down, IDDQ
High Z High Z
X 1 Ext clock X EXTAL32 Bypass, OSC Disabled
1 0 Crystal Crystal EXTAL32 Normal, OSC Enabled
Gnd Ext clock EXTAL32 Normal, OSC Enabled

The crystal oscillator clock can be further divided by a configurable factor in the range 1 to 32 to generate
the divided clock to match system requirements. This division factor is specified by the OSCDIV[4:0] bits

of OSC_CTL register.

8.4.2.3 Register description

Address offset: 0x0000 Base Address: 0xC3FE0040

Reset value: 0b00000000_10000000_00000000_00000000

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
OoscCB reserved EOCV
YP
rs r w
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
M—COS reserved OSCDIV I_OSC reserved S_OSC OSNC 0
w r rw rc r r w

Table 8-20. SXOSC Crystal Oscillator Control Register (OSC_CTL)

Note: OSC32 is by default always ON, but can be configured OFF in standby by writing OSCON bit.
Table 8-21. OSC_CTL field descriptions

Field Description

Bit 0 OSCBYP: Crystal Oscillator bypass

This bit specifies whether the oscillator should be bypassed or not. Software can only set this bit.
System reset is needed to reset this bit.

0: Oscillator output is used as root clock.

1: EXTAL32 is used as root clock.

Bits 1-7 Reserved

Bits 8-15 EOCV[7:0]: End of Count Value

These bits specify the end of count value to be used for comparison by the oscillator stabilization
counter OSCCNT after reset or whenever it is switched on from the off state. This counting period
ensures that external oscillator clock signal is stable before it can be selected by the system. When
oscillator counter reaches the value EOCV[7:0]*512, oscillator available interrupt request is
generated. The reset value of this field depends on the device specification. The OSCCNT counter

will be kept under reset if oscillator bypass mode is selected.
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Table 8-21. OSC_CTL field descriptions

Bit 16 M_QOSC: Crystal oscillator clock interrupt mask
0: Crystal oscillator clock interrupt is masked.
1: Crystal oscillator clock interrupt is enabled.

Bits 17-18 Reserved

Bits 19-23 OSCDIV[4:0]: Crystal oscillator clock division factor
These bits specify the crystal oscillator output clock division factor. The output clock is divided by the
factor OSCDIV+1.

Bit 24 |_OSC: Crystal oscillator clock interrupt

This bit is set by hardware when OSCCNT counter reaches the count value EOCV[7:0]*512. It is
cleared by software by writing ‘1’.

0: No oscillator clock interrupt occurred.

1: Oscillator clock interrupt pending.

Bits 25-29 Reserved

Bit 30 S_OSC: Crystal oscillator statusl
0: Crystal oscillator output clock is not stable.
1: Crystal oscillator is providing a stable clock.

Bit 31 OSCON: Crystal oscillator powerdown control
0: Crystal oscillator is switched off.
1: Crystal oscillator is switched on.

Note: OSC_CTL register is writable only in supervisor mode.

8.4.3 SIRC digital interface

8.4.3.1 Introduction

The SIRC digital interface controls the internal low power 128 kHz RC oscillator (SIRC). It holds control
and status registers accessible for application.

8.4.3.2 Slow Internal RC Oscillator (128 kHz)

The SIRC provides a low frequency (fs;rc) clock in the range of tens of kHz requiring less current
consumption. This clock can be used as reference clock when a fixed base time is required for specific
modules.

The SIRC is always on in all device modes.

The SIRC clock can be further divided by a configurable division factor in the range 1 to 32 to generate
the divided clock to match system requirements. This division factor is specified by the LPRCDIV[4:0]
bits of SIRC_CTL register.

After a power-on reset, the SIRC is trimmed using a factory test value stored in test flash memory.
However, after a power-on reset the test flash memory value is not visible at SIRC_CTL[LPRCTRIM] and
this field shows a value of zero. Therefore, one should be aware that the SIRC_CTL[LPRCTRIM] does
not reflect the current trim value until someone has written to this field. Particular attentionshould be paid
to this feature when a read-modify-write operation is initiated on SIRC_CTL, because a SIRCTRIM value
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of zero may be unintentionally written back and this may alter the SIRC frequency. In this case, the SIRC
should be calibrated using the CMU or it should be made sure that you only write to the upper 16 bits of
this SIRC_CTL.

In this oscillator, two's complement trimming method is implemented. Thus, the trimming code increases
from -16 to 15. As the trimming code increases, the internal time constant increases and frequency reduces.
Please refer to device datasheet for average frequency variation of the trimming step.

8.4.3.3 Register description

Address offset: 0x0000 Base Address: OXC3FE_0080
Reset value: 0b00000000_00000000_00000011_00000000

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

reserved LPRCTRIM
r w
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
reserved LPRCDIV reserved S—(L:PR reserved

r w r r r

Figure 8-29. Slow Internal RC Control Register (SIRC_CTL)

Table 8-22. Slow Internal RC Control Register (SIRC_CTL) field descriptions

Field Description

Bits 0-10 Reserved

Bits 11-15 LPRCTRIM[4:0]: Low power RC trimming bits
Note: All configurations cannot be used. Please refer to the device data sheet.

Bits 16-18 Reserved

Bits 19-23 LPRCDIV[4:0]: Low Power RC clock division factor
These bits specify the low power RC oscillator output clock division factor. The output clock is divided
by the factor LPRCDIV+1.

Bits 24-26 Reserved

Bits 27 S_LPRC: Low Power RC clock status
0: LPRC is not providing a stable clock.
1: LPRC is providing a stable clock.

Bits 28-31 Reserved

Note: SIRC_CTL register is writable only in supervisor mode.
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8.4.4 FIRC digital interface

8.4.4.1 Introduction

The FIRC digital interface controls the fast internal 16 MHz RC oscillator (FIRC). It holds control and
status registers accessible for application.

8.4.4.2 Functional Description (16 MHz)

The main RC oscillator provides a high-frequency (fgjrc) clock. This clock can be used to accelerate the
exit from reset and wakeup sequence from low power modes of the system. It is controlled by the MC_ME
module based on the current device mode. The clock source status is updated in S_RC bit of ME_GS
register. Please refer to MC_ME specification for further details.

The FIRC clock can be further divided by a configurable division factor in the range 1 to 32 to generate
the divided clock to match system requirements. This division factor is specified by the RCDIV[4:0] bits
of the FIRC_CTL register.

After a power-on reset, the FIRC is trimmed using a factory test value stored in test flash memory.
However, after a power-on reset the test flash memory value is not visible at FIRC_CTL[RCTRIM] and
this field shows a value of zero. Therefore, be aware that the FIRC_CTL[RCTRIM] does not reflect the
current trim value until you have written to this field. Pay particular attention to this feature when you
initiate a read-modify-write operation on FIRC_CTL, because a RCTRIM value of zero may be
unintentionally written back and this may alter the FIRC frequency. In this case, you should calibrate the
FIRC using the CMU or be sure that you only write to the upper 16 bits of this FIRC_CTL.

In this oscillator, two's complement trimming method is implemented. So the trimming code increases
from -32 to 31. As the trimming code increases, the internal time constant increases and frequency
reduces. Please refer to device datasheet for average frequency variation of the trimming step.

During the standby mode entry process, the RC oscillator is controlled based on the RCON bit of the
ME_STANDBY _MC register. The is the last step in the standby entry sequence. On any system wake-up
event, the device exits standby mode and switches on the RC oscillator. The actual powerdown status of
the RC oscillator when the device is in standby is provided by the S RC_STDBY bit of the FIRC_CTL
register.
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8.4.4.3

Address offset: 0x0000

Register Description

Base Address: OXC3FE_0060

Reset value: 0b00000000_00000000_00000000_00000000

2 3 ‘ 4 5 6 7 8 9 11‘12

0 1 10 13 14 15
reserved RCTRIM
r rw
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved RCDIV reserved gfgg? reserved
r w rw r
Table 8-23. FIRC Oscillator Control Register (FIRC_CTL)
Table 8-24. FIRC Oscillator Control Register (FIRC_CTL) field descriptions
Field Description
Bits 0-9 Reserved
Bits 10-15 RCTRIM[5:0]: Low power RC trimming bits
Note: Not all configurations can be used. Please refer to the device data sheet.
Bits 16-18 Reserved
Bits 19-23 RCDIV[4:0]: Low Power RC clock division factor
These bits specify the low power RC oscillator output clock division factor. The output clock is divided
by the factor LPRCDIV+1.
Bits 24-25 Reserved
Bits 26 S_RC_STDBY: MRC oscillator powerdown status in standby mode
This bit specifies whether MRC oscillator is powered down or not during standby mode entry. This bit
can be cleared by writing " 1.
0: MRC is not switched off during standby.
1: MRC is switched off during standby.
Bits 28-31 Reserved
Note: FIRC_CTL register is writable only in supervisor mode.
8.5 Frequency-modulated phase-locked loop (FMPLL)
8.5.1 Introduction

This section describes the features and functions of the two independent FMPLL modules (FMPLL_0 and

FMPLL_1) implemented in PXD20.
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85.2 Overview

The FMPLLs enable the user to generate high speed system clocks from a common 4 MHz to 120 MHz
input clock. Further, the FMPLLs support programmable frequency modulation of the system clock. The
PLL multiplication factor, output clock divider ratio are all software configurable.

NOTE

The user must take care not to program device with frequency higher than
allowed (no hardware check).

The FMPLL’s block diagram is shown in Figure 8-30.

A 4

ODF

A 4

IDF

Charge

Pump VCO

FXOSC PHI

BUFFER

v

Low Pass
Filter

p DIV2

A 4

A DIv4

NDIV
Loop
Frequency
Divider

MODE MODE

A\ 4

Figure 8-30. FMPLL block diagram

85.3 Features

Each FMPLL has the following major features:
» Input clock frequency from 4 MHz to 120 MHz
» \ltage controlled oscillator (VCO) range from 256 MHz to 512 MHz
* Frequency modulated PLL
— Modulation enabled/disabled through software
— Triangle wave modulation
» Programmable modulation depth
— +0.25% to £4% deviation from center spread frequency
— —0.5% to —8% deviation from down spread frequency
— Programmable modulation frequency dependent on reference frequency
» Self-clocked mode (SCM) operation
* Five available modes
— Normal mode
— Progressive clock switching
— Normal Mode with SSCG
— Powerdown mode
— 1:1 mode (FMPLLO only)
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8.5.4  Memory map?

Table 8-25 shows the memory map locations. Addresses are given as offsets of the module base address.
Table 8-25. FMPLL Memory Map

Address Register Access Location

Base:
O0xC3FEOOAO (FMPLLO)
0xC3FEO0CO (FMPLL1)

0x0000 Control register (CR) R/W on page 8-39

0x0004 Modulation register (MR) Special | on page 8-42

8.5.5 Register description

The PLL operation is controlled by two registers. Those registers can only be written in supervisor mode.

8.5.5.1 Control register (CR)

Offset 0x0000 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 14 15
Rl o 0 IDF ODF 0 NDIV
W
Reset g 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl o 0 0 0 0 0 0 unlock | 0 | i_lock | s_lock pll_fail| 0
en_pll Il_fail
_p mode | —once pil_] _flag
_sw _mask
w wlc wlc
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 8-26. Control register (CR)

Table 8-27. CR field descriptions

Field Description

IDF The value of this field sets the PLL Input division factor as described in Table 8-28. The reset value
is set during integration.

ODF The value of this field sets the PLL Output division factor as described in Table 8-29. The reset value
is set during integration.

NDIV The value of this field sets the PLL Loop division factor as described in Table 8-30. The reset value
is set during integration.

1.FMPLL_x are mapped through the ME_CGM Register Slot
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Table 8-27. CR field descriptions (continued)

Field Description
en_pll_sw | This bit is used to enable progressive clock switching. After the PLL locks, the PLL output initially is
divided by 8 then progressively divides down until divide by 1.
0 => progressive clock switching disabled
1 => progressive clock switching enabled
Note: The PLL output should not be used if a non-changing clock is needed (such as for serial
communications) until the division has finished
mode This bit is used to activate the 1:1 Mode.
unlock_once | This bit is a sticky indication of PLL loss of lock condition. Unlock_once is set when the PLL loses
lock. Whenever the PLL reacquires lock, unlock_once remains set. Only a power-on reset can clear
this bit.
i_lock This bit is set by hardware whenever there is a lock/unlock event.lt is cleared by software, writing 1.
s_lock This bit is an indication of whether the PLL has acquired lock.
0 => PLL unlocked
1 => PLL locked
pli_fail_mask | This bit is used to mask the pll_fail output.
0 => pll_fail not masked
1 => pll_fail masked
pll_fail_flag | This bit is asynchronously set by hardware whenever a loss of lock event occurs while PLL is
switched on. It is cleared by software, writing 1.
Table 8-28. Input divide ratios
IDF Input divide ratio (Rynp)
0000 Divide by 1
0001 Divide by 2
0010 Divide by 3
0011 Divide by 4
0100 Divide by 5
0101 Divide by 6
0110 Divide by 7
0111 Divide by 8
1000 Divide by 9
1001 Divide by 10
1010 Divide by 11
1011 Divide by 12
1100 Divide by 13
1101 Divide by 14
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Table 8-28. Input divide ratios (continued)

IDF Input divide ratio (Rjnp)

1110 Divide by 15

1111 Clock Inhibit

Table 8-29. Output divide ratios

ODF Output divide ratio (Royr)
00 Divide by 2
01 Divide by 4
10 Divide by 8
11 Divide by 16

Table 8-30. Loop divide ratios

NDIV Loop divide ratio (R_oop)

0000000-0011111 NA

0100000 Divide by 32
0100001 Divide by 33
0100010 Divide by 34
1011111 Divide by 95
1100000 Divide by 96
1100001-1111111 NA
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8.5.5.2

Offset 0x0004

Modulation register (MR)

Access: User read/write

‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15

0 1 2 3

RISTR] 0 | o

W| o5 D_S MOD_PERIOD
YPA = -
SS

Reset O 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
FEN’L— INC_STEP
W

Reset O 0

Table 8-31. Modulation register (MR)

Table 8-32. MR field descriptions

Field

Description

0
STRB_BYPASS

Strobe bypass

The STRB_BYPASS signal is used to bypass the STRB signal used inside PLL to latch the
correct values for control bits (INC_STEP, MOD_PERIOD and SPRD_SEL).

0 = STRB is used to latch PLL modulation control bits

1 = STRB is bypassed. In this case control bits need to be static. The control bits must be
changed only when PLL is in power down mode.

2 Spread type selection
SPRD_SEL The SPRD_SEL control the spread type in Frequency Modulation mode.
0 = Center SPREAD
1 = Down SPREAD
3-15 Modulation period
MOD_PERIOD The MOD_PERIOD field is the binary equivalent of the value modperiod derived from

following formula:

f
modperiod= —=f—
4xf0d
where:
fref: represents the frequency of the feedback divider
fmod: represents the modulation frequency
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Table 8-32. MR field descriptions (continued)

Field Description
16 Frequency Modulation Enable
FM_EN The FM_EN enables the frequency modulation.
0 = Frequency Modulation disabled
1= Frequency Modulation enabled
17-31 Increment step
INC_STEP The INC_STEP field is the binary equivalent of the value incstep derived from following

formula:

(2" _1) x md x MDF )
D

incstep = round(loo x5 x MODPERIO

where:

md: represents the peak modulation depth in percentage (Center spread -- pk-pk=+/-md,
Downspread -- pk-pk=-2*md)

MDF: represents the nominal value of loop divider (NDIV in PLL Control Register)

8.5.6

8.5.6.1

Functional description

Normal mode

In Normal Mode the PLL inputs are driven by the CR (see Section 8.5.5.1, Control register (CR)). This
means that, when the PLL is in lock state, the PLL output clock (PHI) is derived by the reference clock

(CLKIN) through Equation 8-1:

clkin-R
phi= LOOP
Rine - Rout

Egn. 8-1

where the value of R oop, Rinp @nd RgyT are set in the CR and can be derived from Table 8-28,
Table 8-29, and Table 8-30. Some examples are given in Table 8-33.

Table 8-33. Examples of typical PLL settings

Crystal PLL Output DRAM clock Register Values VCO
Frequency Frequency Frequency Frequency
(MHz) (MHz) (MHz) IDF ODF NDIV (MHz)
8 32 64 0 1 32 256

64 128 0 1 64 512
80 160 0 0 40 320
124 248 0 0 62 496
16 32 64 0 1 32 256
64 128 0 1 64 512
80 160 0 0 40 320
124 248 0 0 62 496
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Table 8-33. Examples of typical PLL settings

Crystal PLL OQutput DRAM clock Register Values VCO
Frequency Frequency Frequency Frequency
(MHz) (MHz) (MHz) IDF ODF NDIV (MHz)
10 30 60 0 2 48 480
60 120 0 1 48 480
80 160 1 0 64 320
125 250 0 0 50 500

8.5.6.2 Progressive clock switching

Progressive clock switching allows to switch system clock to PLL output clock stepping through different
division factors. This means that the current consumption gradually increases and so the voltage regulator
has a better response.

This feature can be enabled by programming the en_pll_sw bit in CR. Then, when the input pin pll_select
goes high, the output clock ck_pll_div will progressively increase its frequency as described in Table 8-34
and Figure 8-31.

Table 8-34. Progressive clock switching on pll_select rising edge

Number of PLL output clock cycles ck_pll_frequency (PLL output clock frequency)
8 (ck_pll_out frequency)/8
16 (ck_pll_out frequency)/4
32 (ck_plI_out frequency)/2
onward (ck_pll_out frequency)
R+
R+
ck_pll_out ——p» s —— = ck_pll_div
R+

Figure 8-31. Diagram of progressive clock switching

8.5.6.3 Normal Mode with frequency modulation

The FMPLL default mode is without frequency modulation enabled. When frequency modulation is
enabled, however, two parameters must be set to generate the desired level of modulation: the PERIOD,
and the STEP. The modulation waveform is always a triangle wave and its shape is not programmable.

FM modulation shall be activated in two steps:
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 first: configure the FM modulation characteristics: MOD_PERIOD, INC_STEP.

» second: enable the FM modulation by setting the MR[FM_EN] bit. FM modulated mode can be

enabled only when PLL is in lock state.

To latch these values inside the PLL, two ways are usable depending on the value of STRB_BYPASS

register bit in MR.

If STRB_BYPASS is low, the modulation [parameters are latched in the PLL only when the STRB signal
goes high for at least 2 cycles of INFIN clock. The STRB signal is automatically generated in the PLLD

when the modulation is enabled (FM_EN goes high) if the PLL is locked (s_lock=1) or when the
modulation has been enabled (FM_EN=1) and PLL enters in lock state (s_lock goes high).

If STRB_BYPASS is high, the STRB signal is bypassed. In this case, control bits (MOD_PERIODJ[12:0],
INC_STEP[14:0], SPREAD_CONTROL) need to be static or hardwired to constant values. The control

bits must be changed only when the PLL is in power down mode.

The modulation depth in % is

ModulationDepth = (100 x 5 x INCSTEPXMODPERIOD}

(2" -1)x MDF

NOTE

The user must ensure that the product of INCTEP and MODPERIOD is less
than (21°-1).

Frequency

IS A
/ NN\

Tmod 2Tmod

Figure 8-32. PLL frequency modulation modes
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8.5.6.4 Powerdown mode

The PLL can be switched off when not required to achieve lower consumption by programming the
registers ME_x_MC register on MC_ME module.

8.5.6.5  1:1 Mode (FMPLLO only)

1:1 Mode is set by asserting the mode bit in CR (see Section 8.5.5.1, Control register (CR)). An external
input signal (mode_en) has been provided to disable this feature. If mode_en is tied to 0, the mode bit in
CR is disabled and there is no way to activate 1:1 Mode.

In 1:1 Mode the inputs of the PLL are driven by CR and MR, but the division factors and the modulation
parameters have no influence on the output clock. In fact the dividers and the SSCG control are bypassed
inside the PLL. The PLL output clock (phi) frequency is determined by the following relation:

. _ clkin
phi = -

8.5.7 Recommendations

To avoid any unpredictable behavior of the PLL clock, it is recommended to respect the following
guidelines:

» The PLL VCO frequency should reside in the range 256 MHz to 512 MHz. Care is required when
programming the multiplication and division factors to respect this requirement.

» The user must change the multiplication, division factors only when the PLL output clock is not
selected as system clock. MOD_PERIOD, INC_STEP, SPREAD_SEL bits should be modified
before activating the FM modulated mode. Then strobe has to be generated to enable the new

settings. If STRB_BYP is set to 1 then MOD_PERIOD, INC_STEP and SPREAD_SEL can be
modified only when PLL is in power down mode.

» Use progressive clock switching

8.6  Clock Monitor Unit (CMU)

8.6.1 Introduction

The Clock Monitor Unit (CMU), also referred to as Clock Quality Checker or Clock Fault Detector, serves
two purposes. The main task is to permanently supervise the integrity of the device’s system clock sources,
i.e., crystal oscillator FXOSC, FIRC, and FMPLLO. If FMPLLO leaves an upper or lower frequency
boundary or the crystal oscillator fails it can detect and forward this kind of event towards the mode and
clock management unit. The clock management unit in turn can then switch to a safe mode where it uses
a safe fallback clock source such as an on-chip RC oscillator, reset the device or generate the interrupt
according to the system needs.
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It can also monitor external crystal oscillator clock which must be greater than the internal RC clock

divided by a division factor given by RCDIV[1:0] of CMU_CSR register and generates a system clock

transition request or an interrupt when enabled.

The second task of the CMU is to provide a frequency meter, which allows to measure the frequency of

one clock source vs. a reference clock. This is useful to allow the calibration of the on-chip RC

oscillator(s), as well as being able to correct/calculate the time deviation of a counter which is clocked by

the RC oscillator.

NOTE

The CMU does not monitor SXOSC, SIRC, or FMPLL_1.

IRCOSC_CLK

16 MHz

FXOSC_CLK

4,Ai16 M

FMPLL_O

64 MHz

CK 0 (reference)

CKFX0SC CMU

CK PLL

OLR

FLL

FXOSC valid (on AND stable)/off

FMPLL_O valid (on AND locked)/off

MC_CGM

A

Loss of crystal

FMPLL_O freq.

out of range

FCU

Figure 8-33. CMU component interaction

8.6.2 Main features

* RC oscillator frequency measurement

» External oscillator clock monitoring with respect to CK_FIRC/n clock
* PLL clock frequency monitoring with respect to CK_FIRC/4 clock
» Event generation for various failures detected inside monitoring unit
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8.6.3 Block diagram

CK_FXOSC

CK_FIRC
CK_SIRC
CK_SXOSC
CK_FIRC

CLKSELl[l:O'] CMU_MDR Register

0

01

10

MUX

11

Vi

Frequency Meter

FXOSC Supervisor
FOSC < FRCggt/ 0

Fixed
Prescaler
14

ckpll_a

CMU_FDR
register

‘ CMU_HREF Register

~~

FPLL > href or

FPLL < FRCpag / 4

L

OLR_evt

FXOSC ON/OFF
From MC_ME

FLC_evt a

FPLL < Ifref

FHH_evt_a

Yy

PLL ON/OFF

F

‘ CMU_LFREF register

PLL Supervisor

From MC_ME
—} FLL_evt_a

Figure 8-34. Clock Monitor Unit diagram

8.6.4 Memory map and register description

The memory map of the CMU is shown in the following table.

Table 8-35. RC Digital Interface Register Set - Base address OxC3FE_0100

Address Offset | Register Name Location
0x00 Control Status Register (CMU_CSR) on page 8-49
0x04 Frequency Display Register (CMU_FDR) on page 8-50
0x08 High Frequency Reference Register FMPLLO(CMU_HFREFR_A) on page 8-50
0x0C Low Frequency Reference Register FMPLLO(CMU_LFREFR_A) on page 8-51
0x10 Interrupt Status Register (CMU_ISR) on page 8-51
0x14 reserved —

0x18 Measurement Duration Register (CMU_MDR) on page 8-52
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8.6.4.1 Control Status Register (CMU_CSR)

Address offset: 0x00

Reset value: 0x00000006

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
reserved SFM reserved
r rs r
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved CLKSEL1 reserved RCDIV CME_
A
r rw r rw rw
Table 8-36. Control Status Register (CMU_CSR)
Table 8-37. Control Status Register (CMU_CSR) field descriptions
Field Description
8 Start frequency measure
SFM The software can only set this bit to start a clock frequency measure. It is reset by
hardware when the measure is ready in the CMU_FDR register.
0: Frequency measurement is completed or not yet started.
1: Frequency measurement is not completed.
22-23 RC Oscillator(s) selection bit
CLKSEL1 |CLKSEL1 selects the clock to be measured by the frequency meter.
00: CK_FIRC is selected.
01: CK_SIRC is selected.
10: CK_SXOSC crystal Oscillator clock is selected.
11: CK_FIRC is selected.
29-30 RC clock division factor

]

RCDIV[1:0 | These bits specify the RC clock division factor. The output clock is CK_IRCs,; divided by

the factor 2RCPV. This output clock is used to compare with CK_FXOSC for crystal clock
monitor feature.The clock division coding is as follows.

00: Clock divided by 1 (No division)

01: Clock divided by 2

10: Clock divided by 4

11: Clock divided by 8

31
CME_A

FMPLLO clock monitor enable
0: FMPLLO monitor is disabled.
1. FMPLLO monitor is enabled.
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8.6.4.2

Address offset: 0x04

Reset value: 0x00000000

Frequency Display Register (CMU_FDR)

0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
reserved FD[19:16]
r r
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
FD[15:0]
r
Table 8-38. Frequency Display Register (CMU_FDR)
Table 8-39. Frequency Display Register (CMU_FDR) field descriptions
Field Description
12-31 Measured frequency bits
FD This register displays the measured frequency FRC with respect to FOSC. The measured
value is given by the following formula: FRC = (FOSC * MD) / n, Where n is the value in
CMU_FDR register
8.6.4.3 High Frequency Reference Register FMPLLO (CMU_HFREFR)

Address offset: 0x08

Reset value: 0OXO0000FFF

0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
reserved
r
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved HFREF[11:0]

r

w

Table 8-40. High Frequency Reference Register FMPLLO

Table 8-41. High Frequency Reference Register FMPLLO field descriptions

Field

Description

20-31
HFREF

High Frequency reference value
These bits determine the high reference value for the FMPLLO clock. The reference value

is given by: (HFREF[11:0]/16) * (FRCy,st/4).
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8.6.4.4 Low Frequency Reference Register FMPLLO (CMU_LFREFR)

Address offset: 0x0C
Reset value: 0x00000000

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

reserved
r
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved LFREF[11:0]
r rw

Table 8-42. Low Frequency Reference Register FMPLLO

Table 8-43. Low Frequency Reference Register FMPLLO field descriptions

Field Description
20-31 Low Frequency reference value
LFREF These bits determine the low reference value for the FMPLLO. The reference value is
given by: (LFREF[11:0]/16) * (FRCi,5¢/4).

8.6.4.5 Interrupt Status Register (CMU_ISR)

Address offset: 0x10
Reset value: 0x00000000

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

reserved
r
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved FHHI FLLI OLRI
r rc rc rc

Table 8-44. Interrupt Status Register (CMU_ISR)

Table 8-45. Interrupt Status Register (CMU_ISR) field descriptions

Field Description

29 FMPLLO Clock frequency higher than high reference interrupt

FHHI This bit is set by hardware when CK_FMPLL frequency becomes higher than HFREF
value and CK_FMPLL is ‘ON’ as signalled by the MC_ME. It can be cleared by software
by writing ‘1.

0: No FHH event.

1: FHH event is pending.

PXD20 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor 8-51
Preliminary—Subject to Change Without Notice



Table 8-45. Interrupt Status Register (CMU_ISR) field descriptions (continued)

30 FMPLLO Clock frequency less than low reference event

FLLI This bit is set by hardware when CK_FMPLL frequency becomes lower than LFREF value
and CK_FMPLL is ‘ON’ as signalled by the MC_ME. It can be cleared by software by
writing ‘1.

0: No FLL event.
1: FLL event is pending.

31 Oscillator frequency less than RC frequency event

OLRI This bit is set by hardware when the frequency of CK_FXOSC is less than
CK_FIRC/2RePV frequency and CK_FXOSC is ‘ON'’ as signalled by the MC_ME. It can be
cleared by software by writing ‘1’.

0: No OLR event.

1: OLR event is pending.

8.6.4.6 Measurement Duration Register (CMU_MDR)

Address offset: 0x18
Reset value: 0x00000000

0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
reserved MDI[19:16]
r rw
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
MDI[15:0]
w

Table 8-46. Measurement Duration Register (CMU_MDR)

Table 8-47. Measurement Duration Register (CMU_MDR) field descriptions

Field Description
12-31 Measurement duration bits
MD This register displays the measured duration in term of IRC clock cycles. This value is

loaded in the frequency meter downcounter. When SFM bit is set to ‘1’, downcounter
starts counting.

8.6.5 Functional description

The names of the clocks involved in this block have the following meaning:
» CK_FXOSC: clock coming from the external crystal oscillator.
» CK_SIRC: clock coming from the low frequency internal RC oscillator.
» CK_FIRC: clock coming from the high frequency internal RC oscillator.
e CK_PLL: clock coming from the PLL.
» FOSC: frequency of external crystal oscillator clock.
» FRCslow: frequency of low frequency internal RC oscillator.
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» FRCfast: frequency of high frequency internal RC oscillator.
* FPLL: frequency of FMPLL clock.

8.6.5.1 Crystal clock monitor
If FOSC is smaller than FRCfast divided by 2RP'V. bits of CMU_CSR and the CK_FXOSC is ‘ON’ as
signalled by the MC_ME then:

» Anevent pending bit OLRI in CMU_ISR is set.

o Afailure event OLR is signalled to the MC_RGM which in turn can automatically switch to a safe
fallback clock and generate an interrupt or a reset.

NOTE

F<sub>XOSC</sub> must be greater than F<sub>FIRC</sub> /
2<sup>RCDIV</sup> by at least 0.5 MHz in order to guarantee correct
XOSC monitoring.

8.6.5.2 PLL clock monitor

The PLL clock CK_PLL frequency can be monitored by programming CME bit of CMU_CSR register to
‘1’. CK_PLL monitor starts as soon as CME bit is set. This monitor can be disabled at any time by writing
CME bit to “0’.

If CK_PLL frequency (FPLL) is greater than a reference value determined by the HFREF[11:0] bits of
CMU_HFREFR and the CK_PLL is ‘ON’ as signalled by the MC_ME then
* Anevent pending bit FHHI in CMU_ISR is set,

» Afailure event is signalled to the MC_RGM and Fault Collection Unit which in turn can generate
an interrupt or a reset.

If FPLL is less than a reference clock frequency (FRC/4) and the CK_PLL is ‘ON’ as signalled by the
MC_ME then an event pending bit FLCI in CMU_ISR will be set.

If FPLL is less than a reference value determined by the LFREF[11:0] bits of CMU_LFREFR and the
CK_PLL is “ON’ as signalled by the MC_ME then

» Anevent pending bit FLLI in CMU_ISR is set,
» Afailure event FLL is signalled to the MC_RGM which can generate an interrupt or a reset.

NOTE
F<sub>PLL</sub> must be greater than F<sub>FIRC</sub>/ 4 by at least

0.5 MHz in order to guarantee correct PLL monitoring.
8.6.5.3 Frequency meter

The purpose of frequency meter is to calibrate the internal RC oscillator (CK_IRC) using a known
frequency.

Hint: This value can then be stored into the flash so that application software can reuse it later on.
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The reference clock will be always the FXOSC. The Frequency Meter returns a precise value of CK_32K,
CK _FIRC or CK_SIRC according to the CLKSEL1 bit value. The measure starts when the SFM (Start
Frequency Measure) bit in the CMU_CSR s set to “1’. The measurement duration is given by the
CMU_MDR register in numbers of clock cycles of the selected clock source with a width of 20 bits. The
SFM bit is reset to ‘0’ by the hardware once the frequency measurement is done and the count is loaded
inthe CMU_FDR. The frequency FRC can be derived from the value loaded in the CMU_FDR register as
follows:

FRC = (FOSC * MD) / n, Eqn. 8-2
Where n is the value in the CMU_FDR register and MD is the value in the CMU_MDR.

Frequency Meter by default evaluates CK_FIRC, but the software can swap to CK_SIRC or CK_SXOSC
by programming the CLKSEL bits in the CMU_CSR register.The CKON bits indicate which is the actual
clock at the output of the multiplexer MUXL1.

8.7  Clock Monitor Unit (CMU)

8.7.1 Introduction

The Clock Monitor Unit (CMU), also referred to as Clock Quality Checker or Clock Fault Detector, serves
two purposes. The main task is to permanently supervise the integrity of the device’s system clock sources,
i.e., crystal oscillator FXOSC, FIRC, and FMPLLO. If FMPLLO leaves an upper or lower frequency
boundary or the crystal oscillator fails it can detect and forward this kind of event towards the mode and
clock management unit. The clock management unit in turn can then switch to a safe mode where it uses
a safe fallback clock source such as an on-chip RC oscillator, reset the device or generate the interrupt
according to the system needs.

It can also monitor external crystal oscillator clock which must be greater than the internal RC clock
divided by a division factor given by RCDIV[1:0] of CMU_CSR register and generates a system clock
transition request or an interrupt when enabled.

The second task of the CMU is to provide a frequency meter, which allows to measure the frequency of
one clock source vs. a reference clock. This is useful to allow the calibration of the on-chip RC
oscillator(s), as well as being able to correct/calculate the time deviation of a counter which is clocked by
the RC oscillator.
NOTE
The CMU does not monitor SXOSC, SIRC, or FMPLL_1.
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A
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FMPLL_O freq.

out of range

R

FCU

Figure 8-35. CMU component interaction

8.7.2 Main features

* RC oscillator frequency measurement

» External oscillator clock monitoring with respect to CK_FIRC/n clock
* PLL clock frequency monitoring with respect to CK_FIRC/4 clock
» Event generation for various failures detected inside monitoring unit
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8.7.3 Block diagram

CK_FXOSC

CK_FIRC
CK_SIRC
CK_SXOSC
CK_FIRC

CLKSELl[l:O'] CMU_MDR Register

0

01

10

MUX

11

Vi

Frequency Meter

FXOSC Supervisor
FOSC < FRCggt/ 0

Fixed
Prescaler
14

ckpll_a

CMU_FDR
register

‘ CMU_HREF Register

~~

FPLL > href or

FPLL < FRCpag / 4

L

OLR_evt

FXOSC ON/OFF
From MC_ME

FLC_evt a

FPLL < Ifref

FHH_evt_a

Yy

PLL ON/OFF

F

‘ CMU_LFREF register

PLL Supervisor

From MC_ME
—} FLL_evt_a

Figure 8-36. Clock Monitor Unit diagram

8.7.4 Memory map and register description

The memory map of the CMU is shown in the following table.

Table 8-48. RC Digital Interface Register Set - Base address OxC3FE_0100

Address Offset | Register Name Location
0x00 Control Status Register (CMU_CSR) on page 8-49
0x04 Frequency Display Register (CMU_FDR) on page 8-50
0x08 High Frequency Reference Register FMPLLO(CMU_HFREFR_A) on page 8-50
0x0C Low Frequency Reference Register FMPLLO(CMU_LFREFR_A) on page 8-51
0x10 Interrupt Status Register (CMU_ISR) on page 8-51
0x14 reserved —

0x18 Measurement Duration Register (CMU_MDR) on page 8-52
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8.74.1 Cont

rol Status Register (CMU_CSR)

Address offset: 0x00

Reset value: 0x00000006

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
reserved SFM reserved
r rs r
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved CLKSEL1 reserved RCDIV CME_
A
r w r w w

Table 8-49. Control Status Register (CMU_CSR)

Table 8-50. Control Status Register (CMU_CSR) field descriptions

Field

Description

SFM

Start frequency measure

The software can only set this bit to start a clock frequency measure. It is reset by
hardware when the measure is ready in the CMU_FDR register.

0: Frequency measurement is completed or not yet started.

1: Frequency measurement is not completed.

22-23
CLKSEL1

RC Oscillator(s) selection bit

CLKSEL1 selects the clock to be measured by the frequency meter.
00: CK_FIRC is selected.

01: CK_SIRC is selected.

10: CK_SXOSC crystal Oscillator clock is selected.

11: CK_FIRC is selected.

29-30
RCDIV[1:0
]

RC clock division factor

These bits specify the RC clock division factor. The output clock is CK_IRCy,; divided by
the factor 2RCPV. This output clock is used to compare with CK_FXOSC for crystal clock
monitor feature.The clock division coding is as follows.

00: Clock divided by 1 (No division)

01: Clock divided by 2

10: Clock divided by 4

11: Clock divided by 8

31
CME_A

FMPLLO clock monitor enable
0: FMPLLO monitor is disabled.
1. FMPLLO monitor is enabled.
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8.7.4.2

Address offset: 0x04

Reset value: 0x00000000

Frequency Display Register (CMU_FDR)

0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
reserved FD[19:16]
r r
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
FD[15:0]
r
Table 8-51. Frequency Display Register (CMU_FDR)
Table 8-52. Frequency Display Register (CMU_FDR) field descriptions
Field Description
12-31 Measured frequency bits
FD This register displays the measured frequency FRC with respect to FOSC. The measured
value is given by the following formula: FRC = (FOSC * MD) / n, Where n is the value in
CMU_FDR register
8.7.4.3 High Frequency Reference Register FMPLLO (CMU_HFREFR)

Address offset: 0x08

Reset value: 0OXO0000FFF

0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
reserved
r
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved HFREF[11:0]

r

w

Table 8-53. High Frequency Reference Register FMPLLO

Table 8-54. High Frequency Reference Register FMPLLO field descriptions

Field

Description

20-31
HFREF

High Frequency reference value
These bits determine the high reference value for the FMPLLO clock. The reference value

is given by: (HFREF[11:0]/16) * (FRCy,st/4).
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8.7.4.4 Low Frequency Reference Register FMPLLO (CMU_LFREFR)

Address offset: 0x0C
Reset value: 0x00000000

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

reserved
r
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved LFREF[11:0]
r rw

Table 8-55. Low Frequency Reference Register FMPLLO

Table 8-56. Low Frequency Reference Register FMPLLO field descriptions

Field Description
20-31 Low Frequency reference value
LFREF These bits determine the low reference value for the FMPLLO. The reference value is
given by: (LFREF[11:0]/16) * (FRCi,5¢/4).

8.7.4.5 Interrupt Status Register (CMU_ISR)

Address offset: 0x10
Reset value: 0x00000000

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

reserved
r
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved FHHI FLLI OLRI
r rc rc rc

Table 8-57. Interrupt Status Register (CMU_ISR)

Table 8-58. Interrupt Status Register (CMU_ISR) field descriptions

Field Description

29 FMPLLO Clock frequency higher than high reference interrupt

FHHI This bit is set by hardware when CK_FMPLL frequency becomes higher than HFREF
value and CK_FMPLL is ‘ON’ as signalled by the MC_ME. It can be cleared by software
by writing ‘1.

0: No FHH event.

1: FHH event is pending.
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Table 8-58. Interrupt Status Register (CMU_ISR) field descriptions (continued)

30 FMPLLO Clock frequency less than low reference event

FLLI This bit is set by hardware when CK_FMPLL frequency becomes lower than LFREF value
and CK_FMPLL is ‘ON’ as signalled by the MC_ME. It can be cleared by software by
writing ‘1.

0: No FLL event.
1: FLL event is pending.

31 Oscillator frequency less than RC frequency event

OLRI This bit is set by hardware when the frequency of CK_FXOSC is less than
CK_FIRC/2RePV frequency and CK_FXOSC is ‘ON'’ as signalled by the MC_ME. It can be
cleared by software by writing ‘1’.

0: No OLR event.

1: OLR event is pending.

8.7.4.6 Measurement Duration Register (CMU_MDR)

Address offset: 0x18
Reset value: 0x00000000

0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
reserved MDI[19:16]
r rw
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
MDI[15:0]
w

Table 8-59. Measurement Duration Register (CMU_MDR)

Table 8-60. Measurement Duration Register (CMU_MDR) field descriptions

Field Description
12-31 Measurement duration bits
MD This register displays the measured duration in term of IRC clock cycles. This value is

loaded in the frequency meter downcounter. When SFM bit is set to ‘1’, downcounter
starts counting.

8.7.5 Functional description

The names of the clocks involved in this block have the following meaning:
» CK_FXOSC: clock coming from the external crystal oscillator.
» CK_SIRC: clock coming from the low frequency internal RC oscillator.
» CK_FIRC: clock coming from the high frequency internal RC oscillator.
e CK_PLL: clock coming from the PLL.
» FOSC: frequency of external crystal oscillator clock.
» FRCslow: frequency of low frequency internal RC oscillator.

PXD20 Microcontroller Reference Manual, Rev. 1

8-60 Freescale Semiconductor
Preliminary—Subject to Change Without Notice



» FRCfast: frequency of high frequency internal RC oscillator.
* FPLL: frequency of FMPLL clock.

8.7.5.1 Crystal clock monitor
If FOSC is smaller than FRCfast divided by 2RP'V. bits of CMU_CSR and the CK_FXOSC is ‘ON’ as
signalled by the MC_ME then:

» Anevent pending bit OLRI in CMU_ISR is set.

o Afailure event OLR is signalled to the MC_RGM which in turn can automatically switch to a safe
fallback clock and generate an interrupt or a reset.

NOTE

F<sub>XOSC</sub> must be greater than F<sub>FIRC</sub> /
2<sup>RCDIV</sup> by at least 0.5 MHz in order to guarantee correct
XOSC monitoring.

8.7.5.2 PLL clock monitor

The PLL clock CK_PLL frequency can be monitored by programming CME bit of CMU_CSR register to
‘1’. CK_PLL monitor starts as soon as CME bit is set. This monitor can be disabled at any time by writing
CME bit to “0’.

If CK_PLL frequency (FPLL) is greater than a reference value determined by the HFREF[11:0] bits of
CMU_HFREFR and the CK_PLL is ‘ON’ as signalled by the MC_ME then
* Anevent pending bit FHHI in CMU_ISR is set,

» Afailure event is signalled to the MC_RGM and Fault Collection Unit which in turn can generate
an interrupt or a reset.

If FPLL is less than a reference clock frequency (FRC/4) and the CK_PLL is ‘ON’ as signalled by the
MC_ME then an event pending bit FLCI in CMU_ISR will be set.

If FPLL is less than a reference value determined by the LFREF[11:0] bits of CMU_LFREFR and the
CK_PLL is “ON’ as signalled by the MC_ME then

» Anevent pending bit FLLI in CMU_ISR is set,
» Afailure event FLL is signalled to the MC_RGM which can generate an interrupt or a reset.

NOTE
F<sub>PLL</sub> must be greater than F<sub>FIRC</sub>/ 4 by at least

0.5 MHz in order to guarantee correct PLL monitoring.
8.7.5.3 Frequency meter

The purpose of frequency meter is to calibrate the internal RC oscillator (CK_IRC) using a known
frequency.

Hint: This value can then be stored into the flash so that application software can reuse it later on.
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The reference clock will be always the FXOSC. The Frequency Meter returns a precise value of CK_32K,
CK _FIRC or CK_SIRC according to the CLKSEL1 bit value. The measure starts when the SFM (Start
Frequency Measure) bit in the CMU_CSR s set to “1’. The measurement duration is given by the
CMU_MDR register in numbers of clock cycles of the selected clock source with a width of 20 bits. The
SFM bit is reset to ‘0’ by the hardware once the frequency measurement is done and the count is loaded

inthe CMU_FDR. The frequency FRC can be derived from the value loaded in the CMU_FDR register as
follows:

FRC = (FOSC * MD) / n, Eqgn. 8-3
Where n is the value in the CMU_FDR register and MD is the value in the CMU_MDR.

Frequency Meter by default evaluates CK_FIRC, but the software can swap to CK_SIRC or CK_SXOSC
by programming the CLKSEL bits in the CMU_CSR register.The CKON bits indicate which is the actual
clock at the output of the multiplexer MUX1
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Chapter 9
Crossbar Switch (XBAR)

9.1

Information specific to this device

This section presents device-specific parameterization, customization, and feature availability information
not specifically referenced in the remainder of this chapter.

9.1.1

Device-specific block diagram

Figure 9-1 shows the simplified block diagram for the PXD20.

z4d core
(instruction)
MO

z4d core
(data)
M1

eDMA

M2

GFX2D

M3

VIiu2

M4

M5

DCULite

M6

DCU3

Crossbar Switch

l

l

l

l

l

| |

Master modules

Slave modules

Flash memory
(instruction)
SO

Flash memory

S1

SRAM

S2

Graphics RAM
(GFX2D)
S3

Graphics RAM

S4

Unused*

S5

QuadSPI | |PBRIDGE
RLE
S6 S7

* DRAM accesses do not go through the XBAR.

9.1.2

Figure 9-1. Device-specific block diagram

XBAR Master ID Numbers

The XBAR module refers to individual masters by their physical master port number. Other modules such
as MPU and SWT use the master IDs. This is different from the physical master port numbers which are
in Figure 9-1 above.

Table 9-1. XBAR Master ID Numbers

Master

Master ID Number

XBAR Port ID

CPU (instruction)

CPU (Data)

eDMA

GFX2D

DCULite

Al W|IDN|O| O

|l W N[ PF,]| O
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Table 9-1. XBAR Master ID Numbers (continued)

Master Master ID Number XBAR Port ID
VIU2 5 5
DCU3 6 6

Nexus 1D 8 1

9.1.3 Unsupported features

» The max_halt_request input

* The use of the Alternate Master Priority Registers

* The use of the Alternate General Purpose Control Registers
* Registers for slave 5

* Registers for master 7

9.2 Introduction

9.2.1 Overview

This section provides an overview of the generic multi-layer AHB crossbar switch (XBAR). The purpose
of the XBAR is to concurrently support up to eight simultaneous connections between master ports and
slave ports. The XBAR supports a 64-bit address bus width and almost any data bus width at all master
and slave ports.

9.2.2 Features

The XBAR has the ability to gain control of all the slave ports and prevent any masters from making
accesses to the slave ports. This feature is useful when the user wishes to turn off the clocks to the system
and needs to ensure that no bus activity will be interrupted.

The XBAR can put each slave port into a low power park mode so that slave port will not dissipate any
power transitioning address, control or data signals when not being actively accessed by a master port.

Each slave port can also support multiple master priority schemes. Each slave port has a hardware input
which selects the master priority scheme so the user can dynamically change master priority levels on a
slave port by slave port basis.

The XBAR will allow for concurrent transactions to occur from any master port to any slave port. It is
possible for all master ports and slave ports to be in use at the same time as a result of independent master
requests. If a slave port is simultaneously requested by more than one master port, arbitration logic will
select the higher priority master and grant it ownership of the slave port. All other masters requesting that
slave port will stalled until the higher priority master completes its transactions.
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9.2.3 Limitations

The XBAR routes bus transactions initiated on the master ports to the appropriate slave ports. There is no
provision included to route transactions initiated on the slave ports to other slave ports or to master ports.
Simply put, the slave ports do not support the bus request/bus grant protocol, the XBAR assumes it is the
sole master of each slave port.

Since the XBAR does not support the bus request/bus grant protocol, if multiple masters are to be
connected to a single master port an external arbiter will need to be used. In the case of a single master
connecting to a master port the single master’s bus grant signal must be tied off in the asserted state.

Each master and slave port is fully AHB-Lite + AMBA V6 extensions compliant. The ports are not fully
AHB compliant because the XBAR does not support SPLITs or RETRYS.

9.24 General Operation

When a master makes an access to the XBAR the access will be immediately taken by the XBAR. If the
targeted slave port of the access is available then the access will be immediately presented on the slave
port. It is possible to make single clock (zero wait state) accesses through the XBAR. If the targeted slave
port of the access is busy or parked on a different master port the requesting master will simply see wait
states inserted (hready held negated) until the targeted slave port can service the master’s request. The
latency in servicing the request will depend on each master’s priority level and the responding peripheral’s
access time.

Since the XBAR appears to be just another slave to the master device, the master device will have no
knowledge of whether or not it actually owns the slave port it is targeting. While the master does not have
control of the slave port it is targeting it will simply be wait stated.

A master will be given control of the targeted slave port only after a previous access to a different slave
port has completed, regardless of its priority on the newly targeted slave port. This prevents deadlock from
occurring when a master has an outstanding request to one slave port that has a long response time, has a
pending access to a different slave port, and a lower priority master is also making a request to the same
slave port as the pending access of the higher priority master.

Once the master has control of the slave port it is targeting the master will remain in control of that slave
port until it gives up the slave port by running an IDLE cycle or by leaving that slave port for its next
access. The master could also lose control of the slave port if another higher priority master makes a
request to the slave port; however, if the master is running a locked or fixed length burst transfer it will
retain control of the slave port until that transfer is completed. Based on the AULB bit in the MGPCR
(Master General Purpose Control Register) the master will either retain control of the slave port when
doing undefined length incrementing burst transfers or will lose the bus to a higher priority master.

The XBAR will terminate all master IDLE transfers (as opposed to allowing the termination to come from
one of the slave busses). Additionally, when no master is requesting access to a slave port the XBAR will
drive IDLE transfers onto the slave bus, even though a default master may be granted access to the slave
port. When the XBAR is controlling the slave bus (that is, during low power park or halt mode) the
hmaster field will indicate 4’b0000.
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When a slave bus is being IDLEd by the XBAR it can park the slave port on the master port indicated by
the PARK bits in the SGPCR (Slave General Purpose Control Register). This can be done in an attempt to
save the initial clock of arbitration delay that would otherwise be seen if the master had to arbitrate to gain
control of the slave port. The slave port can also be put into low power park mode in attempt to save power.

9.3 XBAR registers

This section provides information on XBAR registers.

9.3.1 Register summary

There are four registers that reside in each slave port of the XBAR and one register that resides in each
master port of the XBAR. These registers are IP bus compliant registers. Read and write transfers both
require two IP bus clock cycles. The registers can only be read from and written to in supervisor mode.
Additionally, these registers can only be read from or written to by 32-bit accesses.

The registers are fully decoded and an error response is returned if an unimplemented location is accessed
within the XBAR.

The slave registers also feature a bit, which when written with a 1, will prevent the registers from being
written to again. The registers will still be readable, but future write attempts will have no effect on the
registers and will be terminated with an error response.

The memory map for the XBAR program-visible registers is shown in Table 9-2. Table 9-3 shows the
XBAR register summary.

Table 9-2. XBAR registers

Address offset Use Location
0x000 Master Priority Register for Slave port 0 (MPRO) on page 9-6
0x004 Reserved =
0x010 General Purpose Control Register for Slave port 0 (SGPCRO) on page 9-9
0x014 Reserved —
0x100 Master Priority Register for Slave port 1 (MPR1) on page 9-6
0x104 Reserved —
0x110 General Purpose Control Register for Slave port 1 (SGPCR1) on page 9-9
0x114 Reserved =
0x200 Master Priority Register for Slave port 2 (MPR2) on page 9-6
0x204 Reserved —
0x210 General Purpose Control Register for Slave port 2 (SGPCR2) on page 9-9
0x214 Reserved —
0x300 Master Priority Register for Slave port 3 (MPR3) on page 9-6
0x304 Reserved =
0x310 General Purpose Control Register for Slave port 3 (SGPCR3) on page 9-9
0x314 Reserved —
0x400 Master Priority Register for Slave port 4 (MPR4) on page 9-6
0x404 Reserved —
0x410 General Purpose Control Register for Slave port 4 (SGPCR4) on page 9-9
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Table 9-2. XBAR registers (continued)

Address offset Use Location
0x414 Reserved —
0x500 Master Priority Register for Slave port 5 (MPR5) on page 9-6
0x504 Reserved =
0x510 General Purpose Control Register for Slave port 5 (SGPCR5) on page 9-9
0x514 Reserved —
0x600 Master Priority Register for Slave port 6 (MPR6) on page 9-6
0x604 Reserved —
0x610 General Purpose Control Register for Slave port 6 (SGPCR6) on page 9-9
0x614 Reserved =
0x700 Master Priority Register for Slave port 7 (MPR7) on page 9-6
0x704 Reserved —
0x710 General Purpose Control Register for Slave port 7 (SGPCR7) on page 9-9
0x714 Reserved —
0x800 General Purpose Control Register for Master port 0 (MGPCRO) on page 9-11
0x900 General Purpose Control Register for Master port 1 (MGPCR1) on page 9-11
0xA00 General Purpose Control Register for Master port 2 (MGPCR2) on page 9-11
0xB00 General Purpose Control Register for Master port 3 (MGPCR3) on page 9-11
0xCO00 General Purpose Control Register for Master port 4 (MGPCR4) on page 9-11
0xD00 General Purpose Control Register for Master port 5 (MGPCR5) on page 9-11
OxEOO0 General Purpose Control Register for Master port 6 (MGPCRG6) on page 9-11
0xF00 General Purpose Control Register for Master port 7 (MGPCR7) on page 9-11

Always| 1 | Always| O |R/W|BIT| Read-| BIT | Write- Write 1| BIT | Self-clear| 0 | N/A
reads 1 reads O bit only bit only bit BIT |0 clear wilc bit BIT '
Figure 9-2. Key to Register Fields
Table 9-3. XBAR Register Summary
0 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15
Name
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
MPRnN 0 MSTR_7 0 MSTR_6 0 MSTR_5 0 MSTR_4
($BASE + 0x000
+ n*0x100)
R| O MSTR_3 0 MSTR_2 0 MSTR_1 0 MSTR_O
W
SGPCRn R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(SBASE +0x010|w[ RO |[HLP HPE7HPE6HPE5SHPE4HPE3HPE2HPE1HPEOQ
+ n*0x100)
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W ARB PCTL PARK
MGPCRn [R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
($BASE +0x800 [\
+ n*0x100
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Table 9-3. XBAR Register Summary (continued)

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

16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31

0 0 0 0 0 0 0 0 0 0 0 0 0 0
W AULB

A
o
o

Note: forn=0to 7

9.3.2 XBAR Register Descriptions
The following paragraphs provide detailed descriptions of the various XBAR registers.

Table 9-4 provides a key to the terms found in XBAR registers.
Table 9-4. Register Terms

Term Description
Gray bit Unimplemented bit; always reads as zero;writing has no effect
Access
S Supervisor mode only
— Supervisor or user mode
Type
r Read only; writing to this bit has no effect
w Write only
rw Standard read/write bit. Only software can change a bit’s value
(other than a hardware reset).
rwm A read/write bit that may be modified by hardware in some fashion
other than reset.
wlc A status bit that can be read and cleared by writing a logic 1
slfclr Self-clearing bit. Writing a 1 has some effect on module, but it
always reads as a 0.
Reset
0 Resets to a logic 0
1 Resets to a logic 1
u Unaffected by reset
? Reset state is unknown.

9.3.2.1 Master Priority Register

The Master Priority Register (MPR) sets the priority of each master port on a per slave port basis and
resides in each slave port.
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Addr
$BASE + 0x000 + n*100

MPRn Master Priority Register n Wait State: 0
Access: S
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ ‘ MSTR_7 ‘ ‘ MSTR_6 ‘ | MSTR 5 ‘ ‘ MSTR_4
TYPE: r rw rw rw r rw rw rw r rw rw rw r rw rw rw
Reset: 0 0 0 0 0 1 1 0 0 1 0 1 0 1 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
‘ ‘ MSTR 3 ‘ | MSTR_2 | | MSTR_1 ‘ ‘ MSTR_0
TYPE: r rw rw rw r rw rw rw r rw rw rw r rw rw rw
RESET: O 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0

Note: forn=0to 7

Figure 9-3. Master Priority Register n

Table 9-5. Master Priority Register Descriptions

Name Description Settings

Bit 0 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.

MSTR_7 Master 7 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 7 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 111 when accessing the slave port.

Bit 4 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.

MSTR_6 Master 6 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 6 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 110 when accessing the slave port.

Bit 8 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.

MSTR_5 Master 5 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 5 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 101 when accessing the slave port.

Bit 12 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.
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Table 9-5. Master Priority Register Descriptions (continued)

Name Description Settings

MSTR_4 Master 4 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 4 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 100 when accessing the slave port.

Bit 16 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.

MSTR_3 Master 3 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 3 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 011 when accessing the slave port.

Bit 20 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.

MSTR_2 Master 2 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 2 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 010 when accessing the slave port.

Bit 24 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.

MSTR_1 Master 1 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 1 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 001 when accessing the slave port.

Bit 28 Master Priority Register Reserved - This bitis reserved | NA
for future expansion. It is read as zero and should be
written with zero for upward compatibility.

MSTR_O Master 0 Priority - These bits set the arbitration priority | 000This master has the highest priority
for master port 0 on the associated slave port. when accessing the slave port.
These bits are initialized by hardware reset. 111This master has the lowest priority
The reset value is 000 when accessing the slave port.

The Master Priority Register can only be accessed in supervisor mode with 32-bit accesses. Once the RO
(Read Only) bit has been set in the slave General Purpose Control Register the Master Priority Register
can only be read from, attempts to write to it will have no effect on the MPR and result in an error response.

NOTE

No two available master ports may be programmed with the same priority
level. Attempts to program two or more available masters with the same
priority level will result in an error response and the MPR will not be
updated.
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9.3.2.2 Slave General Purpose Control Register
The Slave General Purpose Control Register (SGPCR) controls several features of each slave port.

The Read Only (RO) bit will prevent any registers associated with this slave port from being written to
once set. This bit may be written with 0 as many times as the user desires, but once it is written to a 1 only
a reset condition will allow it to be written again.

The Halt Low Priority (HLP) bit will set the priority of the max_halt_request input to the lowest possible
priority for initial arbitration of the slave ports. By default it is the highest priority. Setting this bit will not
effect the max_halt_request from attaining highest priority once it has control of the slave ports.

The PCTL bits determine how the slave port will park when no master is actively making a request. The
available options are to park on the master defined by the PARK bits, park on the last master to use the
slave port, or go into a low power park mode which will force all the outputs of the slave port to inactive
states when no master is requesting an access. The low power park feature can result in an overall power
savings if a the slave port is not saturated; however, it will force an extra clock of latency whenever any
master tries to access it when it is not in use because it will not be parked on any master.

The PARK bits determine which master the slave will park on when no master is making an active request
and the max_halt_request input is negated. Please use caution to only select master ports that are actually
present in the design. If the user programs the PARK bits to a master not present in the current design
implementation undefined behavior will result.

Addr
$BASE + 0x010 + n*100
Wait State: 0
Access: S

SGPCRn Slave General Purpose Control Register n

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

RO |HLP HPE | HPE | HPE | HPE | HPE | HPE | HPE | HPE
7|16 | 5|4 |3]2]1]0

TYPE: rw w r r r r r r w rw rw w rw w rw rw
RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Note: Once the RO bit is written to a 1, only hardware reset will return it to a 0.

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

A N N T O N O .
TYPE: r r r r r r wooow r r wooow r w o worw
RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: - - - - - - - - - - - - - - -
Note: forn=0to 7
Figure 9-4. Slave General Purpose Control Register n
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Table 9-6. Slave General Purpose Control Register Descriptions

Name Description Setting
RO Read Only - This bit is used to force all of a slave port's |0 All this slave port’s registers can be
registers to be read only. Once written to 1 it can only be |written.
cleared by hardware reset. 1 All this slave port’s registers are read only
and cannot be written (attempted writes have
This bit is initialized by hardware reset. no effect and result in an error response).
The reset value is 0
HLP Halt Low Priority - This bit is used to set the initial 0 The max_halt_request input has the
arbitration priority of the max_halt_request input. highest priority for arbitration on this slave
port
This bit is initialized by hardware reset. 1 The max_halt_request input has the
The reset value is 0 lowest initial priority for arbitration on this
slave port.
Bits 2-7 | Slave General Purpose Control Register Reserved - | NA
These bits are reserved for future expansion. They read
as zero and should be written with zero for upward
compatibility.
HPEX High Priority Enable - These bits are used to enable the |0 The mX_high_priority input is disabled on
mX_high_priority inputs for the respective master. this slave port
1 The mX_high_priority input is enabled on
These bits are initialized by hardware reset. this slave port.
The reset value is 0
Bits Slave General Purpose Control Register Reserved - | NA
16-21 These bits are reserved for future expansion. They are
read as zero and should be written with zero for upward
compatibility.
ARB Arbitration Mode - These bits are used to select the 00 Fixed Priority.
arbitration policy for the slave port. 01 Round Robin (rotating) Priority.
10 Reserved
These bits are initialized by hardware reset. 11 Reserved
The reset value is 00
Bits Slave General Purpose Control Register Reserved - | NA
24-25 These bits are reserved for future expansion. They are
read as zero and should be written with zero for upward
compatibility.
PCTL Parking Control - These bits determine the parking 00 When no master is making a request the
control used by this slave port. arbiter will park the slave port on the master
port defined by the PARK bit field.
These bits are initialized by hardware reset. 01 When no master is making a request the
The reset value is 00. arbiter will park the slave port on the last
master to be in control of the slave port.
10 When no master is making a request the
arbiter will park the slave port on no master
and will drive all outputs to a constant safe
state.
11 Reserved
Bit 28 Slave General Purpose Control Register Reserved - | NA
This bit is reserved for future expansion. It is read as zero
and should be written with zero for upward compatibility.
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Table 9-6. Slave General Purpose Control Register Descriptions (continued)

Name Description Setting
PARK PARK - These bits are used to determine which master | 000Park on Master Port O
port this slave port parks on when no masters are actively | 001Park on Master Port 1

making requests and the PCTL bits are set to 00. 010Park on Master Port 2

011Park on Master Port 3

These bits are initialized by hardware reset. 100Park on Master Port 4

The reset value is 000 101Park on Master Port 5

110Park on Master Port 6

111Park on Master Port 7

The SGPCR can only be accessed in supervisor mode with 32-bit accesses. Once the RO (Read Only) bit
has been set in the SGPCR the SGPCR can only be read, attempts to write to it will have no effect on the
SGPCR and result in an error response.

9.3.2.3 Master General Purpose Control Register

The Master General Purpose Control Register (MGPCR) presently controls only whether or not the
master’s undefined length burst accesses will be allowed to complete uninterrupted or whether they can be
broken by requests from higher priority masters.

The AULB (Arbitrate on Undefined Length Bursts) bit field determines whether (and when) or not the
XBAR will arbitrate away the slave port the master owns when the master is performing undefined length
burst accesses.

If the user has configured the XBAR to have less than eight master ports only the registers associated with
the remaining master ports will be present, all other registers will become reserved locations in memory.

Addr
$BASE + 0x800 + n*100
Wait State: 0
Access: S

MGPCRnN Master General Purpose Control Register n

TYPE: r r r r r r r r r r r r r r r r
RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Note: - - - - - - - - - - - - - - - -

[ 5 v
TYPE: r r r r r r r r r r r r r w rw rw
RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Note: - - - - - - - - - - - - - - - -
Note: forn=0to 7
Figure 9-5. Master General Purpose Control Register n
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Table 9-7. Master General Purpose Control Register Descriptions

Name Description Setting

Bits 0-28 Master General Purpose Control Register NA
Reserved - These bits are reserved for future
expansion. They read as zero and should be written
with zero for upward compatibility.

AULB Arbitrate on Undefined Length Bursts - These bits | 000No arbitration will be allowed during an
are used to select the arbitration policy during undefined length burst.
undefined length bursts by this master. 001Arbitration will be allowed at any time
during an undefined length burst.
These bits are initialized by hardware reset. 010Arbitration will be allowed after four
The reset value is 000 beats of an undefined length burst.

011Arbitration will be allowed after eight
beats of an undefined length burst.
100Arbitration will be allowed after 16
beats of an undefined length burst.
101Reserved

110Reserved

111Reserved

The MGPCR can only be accessed in supervisor mode with 32-bit accesses.

9.3.3 Coherency

Since the content of the registers has a real time effect on the operation of the XBAR it is important for the
user to understand that any register modifications take effect as soon as the register is written. The values
of the registers do not track with slave port related AHB accesses but instead track only with IP bus
accesses.

The exception to this rule are the AULB bits in the MGPCR. These update of these bits is only recognized
when the master on that master port runs an IDLE cycle, even though the IP bus cycle to write them will
have long since terminated successfully. If the AULB bits in the MGPCR are written in between two burst
accesses the new AULB encodings will not take effect until an IDLE cycle has been initiated by the master
on that master port.

9.4 Function

This section describes in more detail the functionality of the XBAR.

94.1 Arbitration

The XBAR supports two arbitration schemes; a simple fixed-priority comparison algorithm, and a simple
round-robin fairness algorithm. The arbitration scheme is independently programmable for each slave
port.
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94.1.1 Arbitration During Undefined Length Bursts

Arbitration points during an undefined length burst are defined by the current master’s MGPCR AULB
field setting. When a defined length is imposed on the burst via the AULB bits the undefined length burst
will be treated as a single or series of single back to back fixed length burst accesses.

Example: A master runs an undefined length burst and the AULB bits in the MGPCR indicate arbitration
will occur after the fourth beat of the burst. The master runs two sequential beats and then starts what will
be an 12 beat undefined length burst access to a new address within the same slave port region as the
previous access. The XBAR will not allow an arbitration point until the fourth overall access (second beat
of the second burst). At that point all remaining accesses will be open for arbitration until the master loses
control of the slave port.

Assume the master loses control of the slave port after the fifth beat of the second burst. Once the master
regains control of the slave port no arbitration point will be available until after the master has run four
more beats of its burst. After the fourth beat of the (now continued) burst (ninth beat of the second burst
from the master’s perspective) is taken all beats of the burst will once again be open for arbitration until
the master loses control of the slave port.

Assume the master again loses control of the slave port on the fifth beat of the third (now continued) burst
(10th beat of the second burst from the master’s perspective). Once the master regains control of the slave
port it will be allowed to complete its final two beats of its burst without facing arbitration.

Note that fixed length burst accesses are not affected by the AULB bits. All fixed length burst accesses
lock out arbitration until the last beat of the fixed length burst.

9.4.1.2 Fixed Priority Operation

When operating in fixed-priority mode, each master is assigned a unique priority level in the MPR (Master
Priority Register). If two masters both request access to a slave port the master with the highest priority in
the selected priority register will gain control over the slave port.

Any time a master makes a request to a slave port the slave port checks to see if the new requesting master’s
priority level is higher than that of the master that currently has control over the slave port (unless the slave
port is in a parked state). The slave port does an arbitration check at every clock edge to ensure that the
proper master (if any) has control of the slave port.

If the new requesting master’s priority level is higher than that of the master that currently has control of
the slave port the new requesting master will be granted control over the slave port at the next clock edge.
The exception to this rule is if the master that currently has control over the slave port is running a fixed
length burst transfer or a locked transfer. In this case the new requesting master will have to wait until the
end of the burst transfer or locked transfer before it will be granted control of the slave port. If the master
is running an undefined length burst transfer the new requesting master must wait until an arbitration point
for the undefined length burst transfer before it will be granted control of the slave port. Arbitration points
for an undefined length burst are defined in the MGPCR for each master.

If the new requesting master’s priority level is lower than that of the master that currently has control of
the slave port the new requesting master will be forced to wait until the master that currently has control
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of the slave port either runs an IDLE cycle or runs a non IDLE cycle to a location other than the current
slave port.

9.4.1.3 Round-Robin Priority Operation

When operating in round-robin mode, each master is assigned a relative priority based on the master
number.This relative priority is compared to the ID of the last master to perform a transfer on the slave bus.
The highest priority requesting master will become owner of the slave bus as the next transfer boundary
(accounting for locked and fixed-length burst transfers). Priority is based on how far ahead the ID of the
requesting master is to the ID of the last master (ID is defined by master port number, not the hmaster
field).

Once granted access to a slave port, a master may perform as many transfers as desired to that port until
another master makes a request to the same slave port. The next master in line will be granted access to
the slave port at the next assertion of sX_hready, or possibly on the next clock cycle if the current master
has no pending access request.

As an example of arbitration in round-robin mode, assume the XBAR is implemented with master ports 0,
1, 4 and 5. If the last master of the slave port was master 1, and master 0, 4 and 5 make simultaneous
requests, they will be serviced in the order 4, 5 and then 0.

Parking may still be used in a round-robin mode, but will not affect the round-robin pointer unless the
parked master actually performs a transfer. Handoff will occur to the next master in line after one cycle of
arbitration. If the slave port is put into low power park mode the round-robin pointer will be reset to point
at master port 0, giving it the highest priority.

Each master port has an mX_high_priority input which can be enabled by writing the correct data to the
SGPCR or ASGPCR. If a master’s mX_high_priority input is enabled for a slave port programmed for
round-robin mode, that master can force the slave port into fixed priority mode by asserting its
mX_high_priority input while making a request to that particular slave port. While that (or any enabled)
master’s mX_high_priority input is asserted while making an access attempt to that particular slave port,
the slave port will remain in fixed priority mode. Once that (or any enabled) master’s mX_high_priority
input is negated, or the master no longer attempts to make accesses to that particular slave port, the slave
port will revert back to round-robin priority mode and the pointer will be set on the last master to access
the slave port.

9.4.2 Priority Assignment

Each master port needs to be assigned a unique 3-bit priority level. If an attempt is made to program
multiple master ports with the same priority level within a register (MPR or AMPR) the XBAR will
respond with an error and the registers will not be updated.

94.2.1 Context Switching

The XBAR has a hardware input per slave port (sX_ampr_sel) which is used to select which registers the
master priority levels and general purpose control bits will be taken from. When sX_ampr_sel is 0 the

MPR and SGPCR will be selected, when sX_ampr_sel is 1 the AMPR and the ASGPCR will be selected.
This hardware input is useful for context switching so the user does not have to rewrite the MPR or SGPCR
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if a particular slave port would temporarily benefit from modifying the master priority levels or functions
affected by the bits in the SGPCR.

9.4.2.2 Priority Elevation

The XBAR has a hardware input per master port (mX_high_priority) which is used to temporarily elevate
the master’s priority level on all slave ports. When the master’s mX_high_priority input is asserted the
master port will automatically have higher priority than all other master ports that do not have their
mX_high_priority input asserted regardless of the priority levels programmed in the MPR and AMPR. If
multiple master ports have their mX_high_priority input asserted they will have higher priority than all
master ports which do not have their mX_high_priority inputs asserted. The MPR or AMPR priority level
(dependent on the state of sX_ampr_sel) will determine which master port that has its mX_high_priority
input asserted has the highest priority on a slave port by slave port basis.

This functionality is useful because it allows the user to automatically elevate a master port’s priority level
throughout the XBAR in order to quickly perform temporary tasks such as servicing interrupts.

Please note that the HPEX bits must be set in the SGPCR or ASGPCR in the slave port in order for the
mX_high_priority inputs to be received by the slave port.

9.4.3 Master Port Functionality

9.4.3.1 General
Each master port consists of two decoders, a capture unit, a register slice, a mux and a small state machine.

The first decoder is used to decode the mX_hsel_slv and control signals coming directly from the master,
telling the state machine where the master’s next access will be and if it is in fact a legal access. The second
decoder receives its input from the capture unit, so it may be looking directly at the signals coming from
the master or it may be looking at captured signals coming from the master, depending entirely on the state
of the targeted slave port. The second decoder is then used to generate the access requests that go to the
slave ports.

The capture unit is used to capture the address and control information coming from the master in the event
that the targeted slave port cannot immediately service the master. The capture unit is controlled by outputs
from the state machine which tell it to either pass through the original master signals or the captured
signals.

The register slice contains the registers associated with the specific master port. The registers have a
quasi-1P bus interface at this level for reads and writes and the outputs feed directly into the state machine.

The mux is used simply to select which slave’s read data is sent back to the master. The mux is controlled
by the state machine.

The state machine controls all aspects of the master port. It knows which slave port the master wants to
make a request to and controls when that request is made. It also has knowledge of each slave port,
knowing whether or not the slave port is ready to accept an access from the master port. This will
determine whether or not the master may immediately have its request taken by the slave port or whether
the master port will have to capture the master’s request and queue it at the slave port boundary.
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A block diagram of a master port can be seen in Figure 9-6.

Capture Unit

Slave_port_rqst[7:0—»

——— Addr/Cntrl Addr/Cntrl
Async/Flopped_sel Decoder
’—» Addr/Cntrl
Decoder ’—> Request_enable
- Addr/Cntrl

Next_slave port[7:0]
lllegal_access

v

L Next_slave port[7:0] Async/Flopped_sel —

—» lllegal_access Request_enable
» Hready in Slv_hready[7:0] =&
Hready_out Slv_hresp[7:0] =&
Hresp Slv_is_mine[7:0] (=&

State Machine

Control_bits Rdata_sel

A

Registers

— | Read_sel
—— | Write_sel
— | Wdata

<+— Xfr_wait
<«+— Xfr_error
44— Rdata

Control_bits

Mux

Sel [ *———

Hrdata Slv_hrdata[7:0] [

Figure 9-6. XBAR Master Port Block Diagram
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9.4.3.2 Master Port Decoders

The decoders are very simple as they ensure an access request is allowed to be made and that the slave port
targeted is actually present in the design. The decoders feeding the state machine are always enabled. The
decoders that select the slave are enabled only when the master port controlling state machine wants to
make a request to a slave port. This is necessary so that if a master port is making an access to a slave port
and is being wait stated, and its next access is to a different slave port, the request to the second slave port
can be held off until the access to the first slave port is terminated.

The decoders also output a “hole decode” or illegal access signal which tells the state machine that the
master is trying to access a slave port that does not exist.

9.4.3.3 Master Port Capture Unit

The capture unit simply captures the state of the master’s address and control signals if the XBAR cannot
immediately pass the master’s request through to the proper slave port. The capture unit consists of a set
of flops and a mux which selects either the asynchronous path from address and control or the flopped
(captured) address and control information.

9434 Master Port Registers

The registers in the master port are only those registers associated with this particular master port. The read
and write interface for the registers is a quasi-IP bus interface. It is not a full IP bus interface at this level
because not all the IP bus signals are routed this deep in the design.

There is a register control block at the same level of the master port and slave port instantiations in the
XBAR. This control block ensures that all accesses are 64-bit supervisor accesses before passing them on
to the master ports.

The register outputs are connected directly to the state machine.

9.4.3.5 Master Port State Machine

9.4.35.1 Master Port State Machine States

The master side state machine’s main function is to monitor the activities of the master port. The state
machine has six states: busy, idle, waiting, stalled, steady state, first cycle error response and second
cycle error response.

The busy state is used when the master runs a BUSY cycle to the master port. The master port maintains
its request to the slave port if it currently owns the slave port; however, if it loses control of the slave port
it will no longer maintain its request. If the master port loses control of the slave port it will not be allowed
to make another request to the slave port until it runs a NSEQ or SEQ cycle.

The idle state is used when the master runs a valid IDLE cycle to the master port. The master port makes
no requests to the slave ports (disables the slave port decoder) and terminates the IDLE cycle.
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The waiting state is used when the hsel signal is negated to the master port, indicating the master is
running valid cycles to a local slave other than the XBAR. In this case the max disables the slave port
decoder and holds hresp and hready negated.

The stalled state is used when the master makes a request to a slave port that is not immediately ready to
receive the request. In this case the state machine will direct the capture unit to send out the captured
address and control signals and will enable the slave port decoder to indicate a pending request to the
appropriate slave port.

The steady state state is used when the master port and slave port are in fully asynchronous mode, making
the XBAR completely transparent in the access. The state machine selects the appropriate slave’s hresp,
hready and hrdata to pass back to the master.

The first cycle error response and second cycle error response states are self explanatory. The XBAR
will respond with an error response to the master if the master tries to access an unimplemented memory
location through the XBAR (that is, a slave port that does not exist).

9.4.3.5.2 Master Port State Machine Slave Swapping

The design of the master side state machine is fairly straightforward. The one real decision to be made is
how to handle the master moving from one slave port access to another slave port access. The approach
that was taken is to minimize or eliminate when possible any “bubbles” that would be inserted into the
access due to switching slave ports.

The state machine will not allow the master to request access to another slave port until the current access
being made is terminated. This prevents a single master from owning two slave ports at the same time (the
slave port it is currently accessing and the slave port it wishes to access next).

The state machine also maintains watch on the slave port the master is accessing as well as the slave port
the master wishes to switch to. If the new slave port is parked on the master then the master will be able
to make the switch without incurring any delays. The termination of the current access will also act as the
launch of the new access on the new slave port. If the new slave port is not parked on the master then the
master will incur a minimum one clock delay before it can launch its access on the new slave port.

This is the same for switching from the busy, idle or waiting state to actively accessing a slave port. If the
slave port is parked on the master the state machine will go to the steady state state and the access will
begin immediately. If the slave port is not parked on the master (serving another master, parked on another
master or in low power park mode) then the state machine will transition to the stalled state and at least a
one clock penalty will be paid.

9.4.4 Slave Port Functionality

9.44.1 General
Each slave port consists of a register slice, a bank of muxes and a state machine.

The register slice contains the registers associated with the specific slave port. The registers have a
quasi-1P bus interface at this level for reads and writes and the outputs feed directly into the state machine.
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The muxes are a series of 8 to 1 muxes that take in all the address, control and write data information from
each of the master ports and then pass the correct master’s signals to the slave port. The state machine
controls all the muxes.

The state machine is where the main slave port arbitration occurs, it decides which master is in control of
the slave port and which master will be in control of the slave port in the next bus cycle.

A block diagram of a slave port can be seen in Figure 9-7.

Registers
» Read_sel
> \Write_sel ampr_sel
P \Wdata
Control_bits
- Xfr_wait
- Xfr_error
- Rdata
State Machine
B Master_requests[7:0] Control_bits —
B m[7:0]_high_priority Slv_hready [
» halt_request Slv_hresp =&
- slave halted Master_sel[7:0]
- Current_master[7:0] Force_idle
- Master_hready[7:0] Force_nseq
- Master_hresp[7:0]
Muxes
Force_nseq
Force idle e——
P Master_addr[7:0] Master_sel[7:0] ———
B Master_cntrl[7:0] Slv_addr_signals L
B Master_wdata[7:0] Slv_cntrl_signals -
Slv_wdata s

Figure 9-7. XBAR Slave Port Block Diagram

9.4.4.2 Slave Port Muxes

The block diagram (Figure 9-7) shows only one block for all the muxes. In reality that block instantiates
many 8 to 1 muxes, one for each master-to-slave signal in fact. All the muxes are designed in an AND -
OR fashion, so that if no master is selected the output of the muxes will be zero. (This is an important
feature for low power park mode.)
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The muxes also have an override signal which is used by the slave port to asynchronously force IDLE
cycles onto the slave bus. When the state machine forces an IDLE cycle it zeros out htrans and hmastlock,
making sure the slave bus sees a valid IDLE cycle being run by the XBAR.

The enable to the mux controlling htrans also contains an additional control signal from the state machine
so that a NSEQ transaction can be forced. This is done any time the slave port switches masters to ensure
that no IDLE-SEQ, BUSY-SEQ or NSEQ-SEQ transactions are seen on the slave port when they shouldn’t
be. If the state machine indicates to run both an IDLE and an NSEQ cycle, the IDLE directive will have

priority.

NOTE

IDLE-SEQ is in fact an illegal access, but a possible scenario given the
multi-master environment in the XBAR unless corrected by the XBAR.

9.4.4.3 Slave Port Registers

There is a register control block at the same level of the master port and slave port instantiations in the
XBAR. This control block ensures that all accesses are 64-bit supervisor accesses before passing them on
to the master and slave ports.

The registers in the slave port are only those registers associated with this particular slave port. The read
and write interface for the registers is a quasi-IP bus interface. It is not a full IP bus interface at this level
because not all the IP bus signals are routed this deep in the design.

The register outputs are connected directly to the slave state machine with the sX_ampr_sel input
determining which priority register values, halt priority value, arbitration algorithm and parking control
bits are passed to the state machine. The registers can be read from an unlimited number of times. The
registers can only be written to as long as the RO bit is written to 0 in the SGPCR, once it is writtento a 1
only a hardware reset will allow the registers to be written again.

9.4.4.4 Slave Port State Machine

94441 Slave Port State Machine States

At the heart of the slave port is the state machine. The state machine is simplicity itself, requiring only four
states - steady state, transition state, transition hold state and hold state. Either the slave port is owned
by the same master it was in the last clock cycle (either by active use or by parking), it is transitioning to
a new master (either for active use or parking), it is transitioning to a new master during wait states or it is
being held on the same master pending a transition to a new master.

9.4.4.4.2 Slave Port State Machine Arbitration

The real work in the state machine is determining which master port will be in control of the slave port in
the next clock cycle, the arbitration. Each master is programmed with a fixed 3 bit priority level. A fourth
priority bit is derived from the mX_high_priority inputs on the master ports, effectively making each
master’s priority level a 4 bit field with mX_high_priority being the MSB. The XBAR uses these bits in
determining priority levels when programmed for fixed priority mode of operation or when one of the
enabled mX_high_priority inputs is asserted.
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Avrbitration always occurs on a clock edge, but only occurs on edges when a change in mastership will not
violate AHB-L.ite protocols. Valid arbitrations points include any clock cycle in which sX_hready is
asserted (provide the master is not performing a burst or locked cycle) and any wait state in which the
master owning the bus indicates a transfer type of IDLE (provided the master is not performing a locked
cycle).

Since arbitration can occur on every clock cycle the slave port masks off all master requests if the current
master is performing a locked transfer or a protected burst transfer, guaranteeing that no matter how low
its priority level it will be allowed to finish its locked or protected portion of a burst sequence.

94443 Slave Port State Machine Master Handoff

The only times the slave port will switch masters when programmed for fixed priority mode of operation
is when a higher priority master makes a request or when the current master is the highest priority and it
gives up the slave port by either running and IDLE cycle to the slave port or running a valid access to a
location other than the slave port.

If the current master loses control of the slave port because a higher priority master takes it away, the slave
port will not incur any wasted cycles. The current master has its current cycle terminated by the slave port
at the same time the new master’s address and control information are recognized by the slave port. This
appears as a seamless transition on the slave port.

If the current master is being wait-stated when the higher priority master makes its request, then the current
master will be allowed to make one more transaction on the slave bus before giving it up to the new master.
Figure 9-8 illustrates the effect of a higher priority master taking control of the bus when the slave port is
programmed for a fixed priority mode of operation.

1 2 3 4 5 6 7 8 9 10
hek ||| | L] | L] L] L
m2 request _\
m3 request / \
m4 request I
m5 request j
%ﬁgﬁa} D(Master5><Master5XMaster4XMasterSXMasterZX Master 3 XMaster4X None |
Requester
Addressolvc\:”qgl XBAR XMaster SX Master 5 X Master 2 XMaster 3XMaster 4>< XBAR |
htrans | IDLE ¥ NSEQ X NSEQ X NSEQ X NSEQ X NSEQ X IDLE |
hready \ /
Figure 9-8. Low to high priority mastership change
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If the current master is the highest priority master and it gives up the slave port by running an IDLE cycle
or by running a valid cycle to another location other than the slave port the next highest priority master
will gain control of the slave port. If the current access incurs any wait states then the transition will be
seamless and no bandwidth will be lost; however, if the current transaction is terminated without wait
states then one IDLE cycle will be forced onto the slave bus by the XBAR before the new master will be
able to take control of the slave port. If no other master is requesting the bus then IDLE cycles will be run
by the XBAR but no bandwidth will truly be lost since no master is making a request. Figure 9-9 illustrates
the effect of a higher priority master giving up control of the bus.

1 2 3 4 5 6 7 8 9
hek || I L1 L1 ]
mo request _/ \
m2 request / \
m4 request [
Reﬁgﬁg X Master 0 i Master2 ) None ¥ Master 4 Y None |
AddressiCntrl ™" xpar Master O { xBAR ) Master2 \ XxBAR Master 4 { XBAR |
hrans | IDLE X NSEQ X IDLE X NSEQ ) IDLE NSEQ { IDLE |
hready

Figure 9-9. High to low priority mastership change

When the slave port is programmed for round-robin mode of arbitration then the slave port will switch
masters any time there is more than one master actively making a request to the slave port. This will
happen because any master other than the one which presently owns the bus will be considered to have
higher priority. Figure 9-10 shows an example of round-robin mode of operation.
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Figure 9-10. Round-robin mastership change

94444 Slave Port State Machine Parking

If no master is currently making a request to the slave port then the slave port will be parked. It will park
in one of four places, dictated by the PCTL and PARK bits in the GPCR or AGPCR (depending on the
state of the sX_ampr_sel) and the locked state of the last master to access it.

If the last master to access the slave port ran a locked cycle and continues to run locked cycles even after
leaving the slave port the slave port will park on that master without regard to the bit settings in the GPCR
and without regard to pending requests from other masters. This is done so a master can run a locked
transfer to the slave port, leave it, and return to it and be guaranteed that no other master has had access to
it (provided the master maintains all transfers are locked transfers). If locking is not an issue for parking
the GPCR bits will dictate the parking method.

If the PCTL bits are set for “low power park” mode then the slave port will enter low power park mode. It
will not recognize any master as being in control of it and it will not select any master’s signals to pass
through to the slave bus. In this case all slave bus activity will effectively halt because all slave bus signals
being driven from the XBAR will be 0. This of course can save quite a bit of power if the slave port will
not be in use for some time. The down side is that when a master does make a request to the slave port it
will be delayed by one clock since it will have to arbitrate to acquire ownership of the slave port.

If the PCTL bits are set to “park on last” mode then the slave port will park on the last master to access it,
passing all that masters signals through to the slave bus. The XBAR will asynchronously force
htrans[1:0], hmaster[3:0], hburst[2:0] and hmastlock to O for all access that the master does not run to
the slave port. When that master access the slave port again it will not pay any arbitration penalty; however,
if any other master wishes to access the slave port a one clock arbitration penalty will be imposed.
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If the PCTL bits are set to “use PARK/APARK” mode then the slave port will park on the master
designated by the PARK bits. The behavior here is the same as for the “park on last” mode with the
exception that a specific master will be parked on instead of the last master to access the slave port. If the
master designated by the PARK bits tries to access the slave port it will not pay an arbitration penalty while
any other master will pay a one clock penalty. Figure 9-11 illustrates parking on a specific master.

hclk

mO request

m2 request

m4 request

Park
Highest

Priority
Requester

Address/Cntrl
owner

htrans

hready

1 5 6 7 9
| | L ]
SN
—
[\
Master 2 |
| (mastero ) None ) Master2  None ) Master4 } None ) Master 2} None |
XBAR ) Master 0 { Master 2 X XBAR ) XBAR ) Master 4 ) Master 2 i XBAR |
IDLE  f NSEQ )} NSEQ Y IDLE ¥ IDLE ¥ NSEQ NSEQ { IDLE |
(U

Figure 9-11. Parking on a specific master

Figure 9-12 illustrates parking on the last master. Note that in cycle 6 simultaneous requests are made by
master 2 and master 4. Although master 2 has higher priority, the slave bus is parked on master 4 so master
4’s access will be taken first. The slave port parks on master 2 once it has given control to master 2. This
same situation can occur when parking on a specific master as well.
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Figure 9-12. Parking on last master

94445 Slave Port State Machine Halt Mode

If the max_halt_request input is asserted the slave port will eventually halt all slave bus activity and go
into halt mode, which is almost identical to low power park mode. The HLP bit in the GPCR controls the
priority level of the max_halt_request in the arbitration algorithm. If the HLP bit is cleared then the
max_halt_request will have the highest priority of any master and will gain control of the slave port at
the next arbitration point (most likely the next bus cycle, unless the current master is running a locked or
fixed length burst transfer). If the HLP bit is set then the slave port will wait until no masters are actively
making requests before moving to halt mode.

Regardless of the state of the HLP bit, once the slave port has gone into halt mode as a result of
max_halt_request being asserted, it will remain in halt mode until max_halt_request is negated,
regardless of the priority level of any masters that may make requests.

In halt mode no master is selected to own the slave port so all the outputs of the slave port are set to 0.

9.5 Initialization/Application Information

No initialization is required by or for the XBAR. Hardware reset ensures all the register bits used by the
XBAR are properly initialized.

9.6 Interface

This section provides information on the XBAR interface.
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9.6.1 Overview

The main goal of the XBAR is to increase overall system performance by allowing multiple masters to
communicate in parallel with multiple slaves. In order to maximize data throughput it is essential to keep
arbitration delays to a minimum.

This section examines data throughput from the point of view of masters and slaves, detailing when the
XBAR will stall the masters or insert bubbles on the slave side.

9.6.2 Master Ports

Master accesses will receive one of four responses from the XBAR. They will either be ignored,
terminated, taken, stalled or responded to with an error.

9.6.2.1 Ignored Accesses

A master access will be ignored if the hsel input of the XBAR is not asserted. The XBAR will respond to
IDLE transfers when the hsel input is asserted but will not allow the access to pass through the XBAR.

9.6.2.2 Terminated Accesses

A master access will be terminated if the hsel input of the XBAR is asserted and the transfer type is IDLE.
The XBAR will terminated the access and it will not be allowed to pass through the XBAR.

9.6.2.3 Taken Accesses

A master access will be taken if the hsel input of the XBAR is asserted and the transfer type is non IDLE
and the slave port to which the access decodes is either currently servicing the master or is parked on the
master. In this case the XBAR will be completely transparent and the master’s access will be immediately
seen on the slave bus and no arbitration delays will be incurred.

9.6.2.4 Stalled Accesses

A master access will be stalled if the hsel input of the XBAR is asserted and the transfer type is non IDLE
and the access decodes to a slave port that is busy serving another master, parked on another master or is
in low power park mode. The XBAR will indicate to the master that the address phase of the access has

been taken but will then queue the access to the appropriate slave port to enter into arbitration for access
to that slave port.

If the slave port is currently parked on another master or is in low power park mode and no other master
IS requesting access to the slave port then only one clock of arbitration will be incurred. If the slave port is
currently serving another master of a lower priority and the master has a higher priority than all other
requesting masters then the master will gain control over the slave port as soon as the data phase of the
current access is completed (burst and locked transfers excluded). If the slave port is currently servicing
another master of a higher priority then the master will gain control of the slave port once the other master
releases control of the slave port if no other higher priority master is also waiting for the slave port.
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9.6.2.5 Error Response Terminated Accesses

A master access will be responded to with an error if the hsel input of the XBAR is asserted and the transfer
type is non IDLE and the access decodes to a location not occupied by a slave port. This is the only time
the XBAR will respond with an error response. All other error responses received by the master are the
result of error responses on the slave ports being passed through the XBAR.

9.6.3 Slave Ports

The goal of the XBAR with respect to the slave ports is to keep them 100% saturated when masters are
actively making requests. In order to do this the XBAR must not insert any bubbles onto the slave bus
unless absolutely necessary.

There is only one instance when the XBAR will force a bubble onto the slave bus when a master is actively
making a request. This occurs when a higher priority master has control of the slave port and is running
single clock (zero wait state) accesses while a lower priority master is stalled waiting for control of the
slave port. When the higher priority master either leaves the slave port or runs an IDLE cycle to the slave
port the XBAR will take control of the slave bus and run a single IDLE cycle before giving the slave port
to the lower priority master that was waiting for control of the slave port.

The only other times the XBAR will have control of the slave port is when the XBAR is halting or when
no masters are making access requests to the slave port and the XBAR is forced to either park the slave
port on a specific master or put the slave port into low power park mode.

In most instances when the XBAR has control of the slave port it will indicate IDLE for the transfer type,
negate all control signals and indicate ownership of the slave bus via the hmaster encoding of 4’b0000.

One exception to this rule is when a master running locked cycles has left the slave port but continues to
run locked cycles. In this case the XBAR will control the slave port and will indicate IDLE for the transfer
type but it will not affect any other signals.

NOTE

When a master runs a locked cycle through the XBAR, the master will be
guaranteed ownership of all slave ports it accesses while running locked
cycles for one cycle beyond when the master finishes running locked cycles.
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Chapter 10
Deserial Serial Peripheral Interface (DSPI)

10.1 Introduction

This chapter describes the deserial serial peripheral interface (DSPI), which provides a synchronous serial
bus for communication between the MCU and an external peripheral device.

10.2 Block diagram
A block diagram of the DSPI is shown in Figure 10-1.

eDMA INTC
A A
Y SPI Y
DMA and interrupt control
TX FIFO RX FIFO
|
T
|
|
|
|
CMD ! TX data RX data
A
16
16
Y
’_> Shift register >[X] SOUT_x
v X SIN_x
< >& SCK_x
SPI baud rate, < > X| CSO
delay and transfer 4 & =
control < >& CS1:4_x
< >& CS5_x

Figure 10-1. DSPI block diagram

10.3 Overview

The register content is transmitted using an SPI protocol.

For queued operations the SPI queues reside in internal SRAM which is external to the DSPI. Data
transfers between the queues and the DSPI FIFOs are accomplished through the use of the eDMA
controller or through host software.
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Figure 10-2 shows a DSPI with external queues in internal SRAM.

Internal SRAM

_ Address/control

 RXdat
RX queue < aa Address/control

eDMA controller
TX data or host CPU
TX queue >
A
TX data RX data

y DSPI
TXFIFO | | RXFIFO

A

Shift register

Figure 10-2. DSPI with queues and eDMA

10.4 Features
The DSPI supports these SPI features:

Full-duplex, three-wire synchronous transfers
Master and slave mode
Buffered transmit and receive operation using the TX and RX FIFOs, with depths of five entries
Visibility into TX and RX FIFOs for ease of debugging
FIFO bypass mode for low-latency updates to SPI queues
Programmable transfer attributes on a per-frame basis
— 8 clock and transfer attribute registers
— Serial clock with programmable polarity and phase
— Programmable delays
— CSto SCK delay
— SCK to CS delay
— Delay between frames
— Programmable serial frame size of 4 to 16 bits, expandable with software control
— Continuously held chip select capability
3 peripheral chip selects, expandable to 8 with external demultiplexer
2 DMA conditions for SPI queues residing in RAM or flash
— TXFIFO is not full (TFFF)
— RXFIFO is not empty (RFDF)
6 interrupt conditions:
— End of queue reached (EOQF)
— TXFIFOQ is not full (TFFF)
— Transfer of current frame complete (TCF)
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— RXFIFO is not empty (RFDF)

— FIFO overrun (attempt to transmit with an empty TX FIFO or serial frame received while
RX FIFO is full) (RFOF)

— FIFO under flow (slave only and SPI mode, the slave is asked to transfer data when the TX
FIFO is empty) (TFUF)

* Modified SPI transfer formats for communication with slower peripheral devices
» Continuous serial communications clock (SCK)

10.5 Modes of operation

The DSPI has five modes of operation. These modes can be divided into two categories:
* Module-specific modes such as master, slave, and module disable modes
* MCU-specific modes such as external stop and debug modes

The module-specific modes are entered by host software writing to a register. The MCU-specific modes
are controlled by signals external to the DSPI. The MCU-specific modes are modes that the entire device
may enter, in parallel to the DSPI being in one of its module-specific modes.

10.5.1 Master mode

Master mode allows the DSPI to initiate and control serial communication. In this mode the SCK, and CSn
signals are controlled by the DSPI and configured as outputs. (SOUT is always an output.)

For more information, refer to Section 10.9.1.1, Master Mode.

10.5.2 Slave mode

Slave mode allows the DSPI to communicate with SPI bus masters. In this mode the DSPI responds to
externally controlled serial transfers. The DSPI cannot initiate serial transfers in slave mode. In slave
mode, the SCK signal and the CSO_x signal are configured as inputs and provided by a bus master. CS0_x
must be configured as input and pulled high. If the internal pullup is being used then the appropriate bits
in the relevant SIU_PCR must be set (SIU_PCR [WPE = 1], [WPS = 1]).

» All frames need to be masked when operating in Fast Continuous Mode.(User cannot switch to
continuous mode (delays not masked) and come back to the Fast Continuous Mode when Fast
Continuous Mode of operation is selected).

* CPHA isto be kept "1" when operating in Fast Continuous Mode.

For more information, refer to Section 10.9.1.2, Slave Mode.

10.5.3 Module disable mode

The module disable mode is used for MCU power management. The clock to the non-memory mapped
logic in the DSPI is stopped while in module disable mode. The DSPI enters the module disable mode
when the MDIS bit in DSPIx_MCR is set.

For more information, refer to Section 10.9.1.3, Module Disable Mode.
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10.5.4 External stop mode

The external Stop Mode is used for MCU power management. The DSPI supports the IP1 Green-Line
Interface Stop Mode mechanism. When a request is made to enter External Stop Mode, the DSPI block
acknowledges the request and completes the transfer in progress. When the DSPI reaches the frame
boundary it signals that the system clocks to the DSPI block may be shut off.

10.5.5 Debug mode

Debug mode is used for system development and debugging. If the device enters debug mode while the
FRZ bitinthe DSPIx_MCR is set, the DSPI halts operation on the next frame boundary. If the device enters
debug mode while the FRZ bit is cleared, the DSPI behavior is unaffected and remains dictated by the
module-specific mode and configuration of the DSPI.

For more information, refer to Section 10.9.1.5, Debug Mode.

10.6 Device-specific information

This device implements DSPI 0, DSPI 1, and DSPI 2. The "x" appended to signal names signifies the DSPI
module to which the signal applies. Thus CS0_0 is the CS0 signal that applies to DSP1 0, CS0_1 is the CSO
signal that applies to DSPI 1, and so on.

10.7 External signal description

10.7.1 Signal overview
Table 10-1 lists off-chip DSPI signals.
Table 10-1. Signal properties

Function
Name I/0 Type
Master Mode Slave Mode

CS0_x Output / input Peripheral chip select 0 Slave select
CS1:2 x Output Peripheral chip select 1-2 Unused?

SIN_x Input Serial data in Serial data in
SOUT_x Output Serial data out Serial data out
SCK_x Output / input Serial clock (output) Serial clock (input)

1 The SIU allows you to select alternate pin functions for the device.
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10.7.2 Signal names and descriptions

10.7.2.1 Peripheral Chip Select / Slave Select (CS_0)

In master mode, the CS_0 signal is a peripheral chip select output that selects the slave device to which
the current transmission is intended.

In slave mode, the CS_0 signal is a slave select input signal that allows an SPI master to select the DSPI
as the target for transmission. CS_0 must be configured as input and pulled high. If the internal pullup is
being used then the appropriate bits in the relevant SIU_PCR must be set (SIU_PCR [WPE = 1],

[WPS =1]).

Set the IBE and OBE bits in the SIU_PCR for all CS_0 pins when the DSPI chip select or slave select
primary function is selected for that pin. When the pin is used for DSPI master mode as a chip select output,
set the OBE bit. When the pin is used in DSPI slave mode as a slave select input, set the IBE bit.

10.7.2.2 Peripheral Chip Selects 1-2 (CS1:2)

CS1:2 are peripheral chip select output signals in master mode. In slave mode these signals are not used.

10.7.2.3  Serial Input (SIN_x)

SIN_x is a serial data input signal.

10.7.2.4  Serial Output (SOUT_x)

SOUT x is a serial data output signal.

10.7.2.5 Serial Clock (SCK_x)

SCK_x is a serial communication clock signal. In master mode, the DSPI generates the SCK. In slave
mode, SCK_x is an input from an external bus master.

10.8 Memory map and register description

10.8.1 Memory map

Table 10-2 shows the DSPI memory map.
Table 10-2. DSPI detailed memory map

Address Register description Location

Base: DSPI module configuration register (DSPIx_MCR) on page 10-7
OxFFF9_0000 (DSPI 0)
OxFFF9_4000 (DSPI 1)
O0xFFF9_8000 (DSPI 2)

Base + 0x0004 Reserved —
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Table 10-2. DSPI detailed memory map (continued)

Address Register description Location
Base + 0x0008 DSPI transfer count register (DSPIx_TCR) on page
10-10
Base + 0x000C DSPI clock and transfer attributes register 0 (DSPIx_CTARO) on page
10-10
Base + 0x0010 DSPI clock and transfer attributes register 1 (DSPIx_CTAR1) on page
10-10
Base + 0x0014 DSPI clock and transfer attributes register 2 (DSPIx_CTAR?2) on page
10-10
Base + 0x0018 DSPI clock and transfer attributes register 3 (DSPIx_CTAR3) on page
10-10
Base + 0x001C DSPI clock and transfer attributes register 4 (DSPIx_CTAR4) on page
10-10
Base + 0x0020 DSPI clock and transfer attributes register 5 (DSPIx_CTARS5) on page
10-10
Base + 0x0024 DSPI clock and transfer attributes register 6 (DSPIx_CTARG6) on page
10-10
Base + 0x0028 DSPI clock and transfer attributes register 7 (DSPIx_CTARY) on page
10-10
Base + 0x002C DSPI status register (DSPIx_SR) on page
10-16
Base + 0x0030 DSPI DMA/interrupt request select and enable register (DSPIx_RSER) on page
10-18
Base + 0x0034 DSPI push TX FIFO register (DSPIx_PUSHR) on page
10-20
Base + 0x0038 DSPI pop RX FIFO register (DSPIx_POPR) on page
10-22
Base + 0x003C DSPI transmit FIFO register 0 (DSPIx_TXFRO0) on page
10-23
Base + 0x0040 DSPI transmit FIFO register 1 (DSPIX_TXFR1) on page
10-23
Base + 0x0044 DSPI transmit FIFO register 2 (DSPIX_TXFR2) on page
10-23
Base + 0x0048 DSPI transmit FIFO register 3 (DSPIx_TXFR3) on page
10-23
Base + 0x004C DSPI transmit FIFO register 4 (DSPIx_TXFR4) on page
10-23
Base + 0x0050— Reserved —
Base + 0x0078
Base + 0x007C DSPI receive FIFO register 0 (DSPIx_RXFRO) on page
10-23
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Table 10-2. DSPI detailed memory map (continued)

Address Register description Location
Base + 0x0080 DSPI receive FIFO register 1 (DSPIx_RXFR1) on page
10-23
Base + 0x0084 DSPI receive FIFO register 2 (DSPIx_RXFR2) on page
10-23
Base + 0x0088 DSPI receive FIFO register 3 (DSPIx_RXFR3) on page
10-23
Base + 0x008C DSPI receive FIFO register 4 (DSPIX_RXFR4) on page
10-23
Base + 0x0090— Reserved —
Base + 0x00CC

10.8.2

10.8.2.1

Register description

DSPI Module Configuration Register (DSPIx_MCR)

The DSPIx_MCR contains bits which configure attributes of the DSPI operation. The values of the HALT
and MDIS bits can be changed at any time, but their effect begins on the next frame boundary. The HALT
and MDIS bits in the DSPIx_MCR are the only bit values software can change while the DSPI is running.

Address: Base + 0x0000 Access: RIW
0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
R 0
MST [CONT_ MTF RO PCSI|PCSI|PCSI|PCSI|PCSI |PCSI
w| R |scke| PCEONF | FRZ e oe| 9| % |s5|sa|s3|s2]|st]|so
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R CLR_|CLR_
0 vbis | DIS= | DIS_| F | —xF | sy pr 0 0 0 0 0 0 0 AT
TXF | RXF -
W wlc | wilc
Reset O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Figure 10-3. DSPI Module Configuration Register (DSPIx_MCR)
Table 10-3 describes the fields in the DSPI module configuration register.
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Table 10-3. DSPIx_MCR Field Descriptions

Field Description
0 Master/slave mode select. Configures the DSPI for master mode or slave mode.
MSTR
0 DSPIis in slave mode
1 DSPI is in master mode
1 Continuous SCK enable. Enables the serial communication clock (SCK) to run continuously. Refer
CONT_SCKE |to Section 10.9.6, Continuous Serial Communications Clock, for details.
0 Continuous SCK disabled
1 Continuous SCK enabled
2-3 DSPI configuration. The following table lists the DCONF values for the various configurations.
DCONF
[0:1]
DCONF Configuration
00 SPI
01 Invalid value
10 Invalid value
11 Invalid value
4 Freeze. Enables the DSPI transfers to be stopped on the next frame boundary when the device
FRz enters debug mode.
0 Do not halt serial transfers
1 Halt serial transfers
5 Modified timing format enable. Enables a modified transfer format to be used. Refer to
MTFE Section 10.9.5.4, Modified SPI Transfer Format (MTFE = 1, CPHA = 1), for more information.
0 Modified SPI transfer format disabled
1 Modified SPI transfer format enabled
6 Reserved. This bit is writable, but has no effect.
7 Receive FIFO overflow overwrite enable. Enables an RX FIFO overflow condition to ignore the
ROOE incoming serial data or to overwrite existing data. If the RX FIFO is full and new data is received, the
data from the transfer that generated the overflow is ignored or put in the shift register.
If the ROOE bhit is set, the incoming data is put in the shift register. If the ROOE bit is cleared, the
i