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Preface

Overview

The primary objective of this document is to define the functionality of the PXD10 microcontroller for use
by software and hardware developers. The PXD10 is built on Power Architecture® technology and
integrates technologies that are important for today’s industrial HMI 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 PXD10 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 “PXD10,” 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, Overview, 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 PXD10 memory map.

» Chapter 3, Signal Description, summarizes the external signal functions, their static electrical
characteristics, and pad configuration settings for the PXD10.

» Chapter 4, Safety, describes a set of features to support using the PXD10 for applications that need
to fulfill functional safety requirements.

» Chapter 5, Analog-to-Digital Converter (ADC), describes the ADC module implemented on the
PXD10.
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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 PXD10.
Chapter 9, Configurable Enhanced Modular 10 Subsystem (eM10S200),

Chapter 10, Crossbar Switch (XBAR), describes the multi-port AXBS crossbar switch that
supports simultaneous connections between the master ports and slave ports on the PXD10.

Chapter 11, Deserial Serial Peripheral Interface (DSPI), describes the serial peripheral interface
(SP1) block, which provides a synchronous serial interface for communication between the PXD10
and external devices.

Chapter 12, Display Control Unit (DCU), describes the module which displays to a TFT LCD
panel.

Chapter 13, DMA Channel Mux (DMACHMUX), describes the DMA multiplexer block
implemented on the PXD10.

Chapter 14, e200z0h Core, describes the organization of the e200z0 Power processor cores and an
overview of the programming models as they are implemented on the device.

Chapter 15, Enhanced Direct Memory Access (eDMA), describes the enhanced DMA controller
implemented on the PXD10.

Chapter 16, 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 17, Flash Memory, describes the flash memory block and the flash memory controller.
Chapter 18, FlexCAN, describes the CAN module, a communication controller implementing the
CAN protocol according to Bosch Specification version 2.0B and ISO Standard 11898.

Chapter 19, 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 speocific to the
device. For internal details and sample applications, see the IEEE 1149.1 document.

Chapter 20, Inter-Integrated Circuit Bus Controller Module (12C), describes the 1°C module,
including 12C protocol, clock synchronization, and 1°C programming model registers.

Chapter 21, Interrupt Controller (INTC), summarizes the software and hardware interrupts for the
PXD10 device.

Chapter 22, LCD Driver (LCD64F6B), describes the liquid-crystal display (LCD) driver on the
PXD10 device.

Chapter 23, Serial Controller (UART), describes a serial controller interface that provides UART
capabilities as well as an interface to a LIN network.

Chapter 24, Memory Protection Unit (MPU), describes the block that provides hardware access
control for all memory references generated in the PXD10.

Chapter 25, Mode Entry Module (MC_ME), describes the module that controls the PXD10 mode
and mode transition sequences in all functional states.
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» Chapter 26, Nexus Development Interface (NDI), describes the Nexus Development Interface
(NDI) block, which provides real-time development support capabilities for the PXD10 in
compliance with the IEEE-ISTO 5001-2003 standard.

» Chapter 27, Periodic Interrupt Timer (PIT), describes an array of timers that can be used to initiate
interrupts and trigger DMA channels.

» Chapter 28, Peripheral Bridge (PBRIDGE), describes the interface between the system bus and
lower bandwidth peripherals via the AIPS bridge.

e Chapter 29, Power Control Unit (MC_PCU), describes the controls for the bridge that maps the
PMC peripheral to the MC_PCU address space.

e Chapter 30, Quad Serial Peripheral Interface (QuadSPl), describes a module that provides a
synchronous serial bus for communication with an external peripheral device.

» Chapter 31, 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 32, Reset Generation Module (MC_RGM), describes the module that centralizes the
different reset sources and manages the reset sequence of the device.

» Chapter 33, Sound Generation Logic (SGL), describes the module that provides an output to the
speaker or buzzer interface.

» Chapter 34, Static RAM (SRAM), describes the on-chip static RAM (SRAM) implementation,
covers general operations, configuration, and initialization. It also provides information and
examples of how to minimize power consumption when using the SRAM.

o Chapter 35, Stepper Motor Controller (SMC), describes the SMC block, a PWM motor controller
suitable for driving small stepper and air core motors used in instrumentation applications.

» Chapter 36, Stepper Stall Detect (SSD), describes a block that connects to a stepper motor (SM)
with two coils and monitors the movement of the SM.

» Chapter 37, System Integration Unit Lite (SIUL), describes the SIU module, which controls MCU
reset configuration, pad configuration, external interrupt, general-purpose 1/0 (GP10), internal
peripheral multiplexing, and the system reset operation.

» Chapter 38, 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 39, System Timer Module (STM), describes the timer control module.

» Chapter 40, Voltage 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 41, Wakeup Unit (WKPU), describes the module that supports an external source that can
cause non-maskable interrupt requests or wakeup events.

* Appendix A, Registers Under Protection, lists the registers under protection on the PXD10.

» Appendix B, Register Map, provides a detailed listing of the memory-mapped registers for the
PXD10.

» Appendix C, Revision History, describes the revision history of this document.
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Document conventions

This document uses the following notational conventions:

cleared/set 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.
reserved 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.

MNEMONICS In text, instruction mnemonics are shown in uppercase.
mnemonics In code and tables, instruction mnemonics are shown in lowercase.
italics Italics indicate variable command parameters.
Book titles in text are set in italics.
0x Prefix to denote hexadecimal number
Ob Prefix to denote binary number
REG[FIELD] 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.

nibble A 4-bit data unit

byte An 8-bit data unit

halfword A 16-bit data unit!

word A 32-bit data unit

doubleword A 64-bit data unit

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

X 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).

n 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

OVERBAR 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
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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 PXD10:

* |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)
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Chapter 1
Overview

1.1 Introduction

The PXD10 family represents a new generation of 32-bit microcontrollers based on the Power
Architecture®. These devices provide a cost-effective, single chip display solution for the industrial

market. An integrated TFT driver with digital video input ability from an external video source, significant

on-chip memory, and low power design methodologies provide flexibility and reliability in meeting
display demands in rugged environments. The advanced processor core offers high performance

processing optimized for low power consumption, operating at speeds as high as 64 MHz. The family itself

is fully scalable from 512 KB to 1 MB internal flash memory. The memory capacity can be further

expanded via the on-chip QuadSPI serial flash controller module.

The PXD10 platform has a single level of memory hierarchy and supports a wide range of on-chip SRAM
and internal flash memories. The 1 MB flash memory version (PXD1010) outlined in detail within this
document features 160 KB of on-chip graphics SRAM to buffer cost-effective color TFT displays driven

via the on-chip Display Control Unit (DCU). Refer to Table 1-1, Table 1-2, and Table 1-3 for specific

memory and feature sets of the product family members.

The PXD10 family benefits from the extensive development infrastructure for Power Architecture
devices, which is already well established. This includes full support from available software drivers,
operating systems, and configuration code to assist with users’ implementations. See Section 1.6,

Developer environment, for more information.

1.2  PXD10 family comparison

Table 1-1 and Table 1-2 report the memory scaling of code flash memory and RAM.

Table 1-1. Code flash memory scaling

Memory size

Start address

End address

512 KB (PXD1005)

0x0000_0000

0x0007_FFFF

1 MB (PXD1010)

0x0000_0000

O0x000F_FFFF

Table 1-2. RAM memory scaling

Memory size

Start address

End address

48 KB (PXD1005 and PXD1010) 0x4000_0000

0x4000_BFFF
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Table 1-3 provides a summary of the different members of the PXDZ10 family. This information is intended
to provide an understanding of the range of functionality offered by this famil
Table 1-3. PXD10 family feature set

Feature PXD1005 PXD1010
CPU €200z0h
Execution speed Static — 64 MHz
Flash (ECC) 512 KB 1 MB
EEPROM Emulation Block (ECC) 4 x 16 KB
RAM (ECC) 48 KB
Graphics RAM No 160 KB
MPU 12 entry
eDMA 16 channels
Display Control Unit (DCU) No Yes
Parallel Data Interface No Yes
Stepper Motor Controller (SMC) 6 motors
Stepper Stall Detect (SSD) Yes
Sound Generation Logic (SGL) Yes
LCD driver 64 x 6 40%x 4,38 %6
32 kHz slow external crystal oscillator Yes
Real-Time Counter and Autonomous Periodic Yes
Interrupt
Periodic Interrupt Timer (PIT) 4 ch, 32-hit
Software Watchdog Timer (SWT) Yes
System Timer Module (STM) 4 ch, 32-bit
Timed I/O (eMIOS) 8 ch, 16-bit IC/OC
16 ch, 16-bit PWM/IC/OC
ADC 16 channels, 10-bit
CAN (64 Mailboxes) 2 x CAN
CAN Sampler Yes
SCI 2 x UART
SPI 2 x SPI 3 x SPI
QuadSPI Serial Flash Interface No Yes
12C 2 4
GPIO 105 105 (144-pin package)
133 (176-pin package)
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Table 1-3. PXD10 family feature set (continued)

Feature PXD1005 PXD1010
Debug Nexus 1 Nexus 2+
Package 144 LQFP 144 LQFP

176 LQFP
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1.3

Block diagram

Figure 1-1 shows a top-level block diagram of the PXD10.

1.4

On-chip modules available within the family include the following features:

PXD10 Block Diagram

€200z0 Core
Integer General
Execution N Purpose
Unit “1 Registers
(32 x 32-bit)
Multiply
Unit o Branch
] Unit
Instruction
Unit .| Load/Store
VLE - Unit

<—| Nexus2+

Instruction Bus

Data Bus

| Oscillators || PLL || AuxPLL |

e

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

BAM — Boot assist module SIU — System integration unit

CAN — Controller area network controller SMD SSD - Stepper motor driver/stepper stall detect
ECC — Error correction code SPI — Serial peripheral interface controller
eDMA — Enhanced direct memory access controller SRAM — Static random-access memory

eMIOS — Timed input/output STM — System timer module

1’c — Inter-integrated circuit controller SWT — Software watchdog timer

INTC — Interrupt controller UART/LIN - Universal asynchronous receiver/transmitter/
JTAG — Joint Test Action Group interface local interconnect network

LCD — Liquid crystal display VLE — Variable-length execution set

PIT — Periodic interrupt timer VREG — Voltage regulator

PLL — Phase-locked loop

Figure 1-1. PXD10 block diagram

Chip-level features
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Single issue, 32-bit Power Architecture technology compliant CPU core complex (e200z0h)
— Compatible with Power Architecture instruction set

— Includes variable length encoding (VLE) instruction set for smaller code size footprint; with
the encoding of mixed 16-bit and 32-bit instructions, it is possible to achieve significant code
size footprint reduction over conventional Book E compliant code

On-chip ECC flash memory with flash controller

— As much as 1 MB primary flash—two 512 KB modules with prefetch buffer and 128-bit data
access port

— 64 KB data flash—separate 4x16 KB flash block for EEPROM emulation with prefetch buffer
and 128-bit data access port

As much as 48 KB on-chip ECC SRAM with SRAM controller
As much as 160 KB on-chip non-ECC graphics SRAM with SRAM controller

Memory Protection Unit (MPU) with as many as 12 region descriptors and 32-byte region
granularity to provide basic memory access permission

Interrupt Controller (INTC) with as many as 127 peripheral interrupt sources and eight software
interrupts

Two Frequency-Modulated Phase-Locked Loops (FMPLLS)
— Primary FMPLL provides a 64 MHz system clock

— Auxiliary 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

Crossbar switch architecture enables concurrent access of peripherals, flash memory or RAM from
multiple bus masters (AMBA 2.0 v6 AHB)

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

Boot Assist Module (BAM) supports internal flash programming via a serial link (FlexCAN or
LINFlex)

Display Control Unit to drive TFT LCD displays
— Includes processing of as many as four planes that can be blended together

— Offers adirect unbuffered hardware bit-blitter of as many as 16 software-configurable dynamic
layers in order to drastically minimize graphic memory requirements and provide fast
animations

— Programmable display resolutions are available up to WVGA

Parallel Data Interface (PDI) for digital video input

LCD segment driver module with two software programmable configurations:
— As many as 40 frontplane drivers and four backplane drivers

— As many as 38 frontplane drivers and six backplane drivers

Stepper Motor Controller (SMC) module with high-current drivers for as many as six stepper
motors driven in full dual H-Bridge configuration including full diagnostics for short circuit
detection
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Stepper motor return-to-zero and stall detection module

Sound generation and playback utilizing PWM channels and eDMA; supports monotonic and
polyphonic sound

24 eMIOS channels providing as many as 16 PWM and 24 input capture / output compare channels
10-bit Analog-to-Digital Converter (ADC)

— Maximum conversion time of 1 ps

— As many as 16 internal channels, expandable to 23 via external multiplexing

As many as two Serial Peripheral Interface (DSPI) modules for full-duplex, synchronous,
communications with external devices (extendable to include up to 8 multiplexed external
channels)

QuadsSPI serial flash memory controller supporting single, dual and quad modes of operation to
interface to external serial flash memory. QuadSPI can be configured to function as another DSPI
module.

Two Local Interconnect Network Flexible (LINFlex) controller modules capable of autonomous
message handling (master), autonomous header handling (slave mode), and UART support.
Compliant with LIN protocol rev 2.1

Two full CAN 2.0B controllers with 64 configurable buffers each; bit rate programmable as fast as
1 Mbit/s

As many as four inter-integrated circuit (12C) internal bus controllers with master/slave bus
interface

As many as 133 configurable general purpose pins supporting input and output operations
Real Time Counter (RTC) with multiple clock sources:

— 128 kHz slow internal RC oscillator or 16 MHz fast internal RC oscillator supporting
autonomous wakeup with 1 ms resolution with maximum timeout of 2 seconds

— 32 KHz slow external crystal oscillator, supporting wakeup with 1 s resolution and maximum
timeout of one hour

— 4-16 MHz fast external crystal oscillator

System timers:

— Four-channel 32-bit System Timer Module (STM)—included in processor platform

— Four-channel 32-bit Periodic Interrupt Timer (PIT) module

— Software Watchdog Timer (SWT)

System Integration Unit (SIU) module to manage resets, external interrupts, GP1O and pad control

System Status and Configuration Module (SSCM) to provide information for identification of the
device, last boot mode, or debug status and provides an entry point for the censorship password
mechanism

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) to monitor the integrity of the main crystal oscillator and the PLL and
act as a frequency meter, measuring the frequency of one clock source and comparing it to a
reference clock
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* Mode Entry Module (MC_ME) to control the device power mode, i.e., RUN, HALT, STOP, or
STANDBY, control mode transition sequences, and manage the power control, voltage regulator,
clock generation and clock management modules

* 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 5001-2003 Class Two Plus standard

» 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 or 5 V supply voltage down to 1.2 V for
core logic (requires external ballast transistor)

«  The PXD10 microcontrollers are offered in the following packages:®
— 144 LQFP, 0.5 mm pitch, 20 mm x 20 mm outline
— 176 LQFP, 0.5 mm pitch, 24 mm x 24 mm outline

1.5 Feature details

151 Low-power operation

PXD10 devices are designed for optimized low-power operation and dynamic power management of the
core processor 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 two static low-power modes, STANDBY and STOP, and two dynamic power modes—RUN and
HALT. Both low power modes use clock gating to halt the clock for all or part of the device. The
STANDBY mode also uses power gating to automatically turn off the power supply to parts of the device
to minimize leakage.

STANDBY mode turns off the power to the majority of the chip to offer the lowest power consumption
mode. The contents of the cores, on-chip peripheral registers and potentially some of the volatile memory
are lost. STANDBY mode is configurable to make certain features available with the disadvantage that
these consume additional current:
» Itis possible to retain the contents of the full RAM or only 8 KB.
» ltis possible to enable the internal 16 MHz or 128 kHz RC oscillator, the external 4-16 MHz
oscillator, or the external 32 KHz oscillator.

* ltis possible to keep the LCD module active.

The device can be awakened from STANDBY mode via from any of as many as 19 1/O pins, a reset or
from a periodic wake-up using a low power oscillator.

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 STANDBY mode. There is no
need to reconfigure the device before executing code. The clocks to the core and peripherals are halted and
can be optionally stopped to the oscillator or PLL at the expense of a slower start-up time.

1. See the device comparison table or orderable parts summary for package offerings for each device in the family.
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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 mode 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 core 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.
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Table 4 summarizes the operating modes of PXD10 devices.

Table 4. Operating mode summary1

SOC features Clock sources o Wake-up time?
5 P
! =] ) c =
Q o o > o (5]
s . O Q X = 3 = a < = =2 3
Dperating 2 é - a %E) O x 8 g a € é 3 % g % “g 2
modes o o 5 = n o > ~ ;) N x 3! 7 o S < 3 =g S o 5]
s | <€ | 3| < o c 5| T |0 | I N | T 2| U @ x i ¢ 2
o) Q < x © = > = ) —l
g g2 |3 |g 81583 g |22 |0 & |28
— = == ) (%) o
O] ™ > o 3 =
UN On | OP |[OP | On | On | OP | OP | On | OP | On | OP | — — FP — — — — — — —
ALT CG|OP|OP |On|On|OP|OP|On|OP|On|OP|OP|OP|FP — — — — — — | TBI
TOP CG|CG|CG|On|On|CG|CGCG|OP | OP | On |OP|OP |OP | LP |50ps |4pus| 20us [Ims | 200pus | — |24}
TANDBY | Off | Off | Off |CG*| Off | Off | Off | OP | OP | On | OP | OP | OP | LP | 50 us | 8 us | 100 ps | Ims | 200 us | Var |28 |
Off | Off | Off | 8K> | Off | Off | Off | OP | OP | On | OP | OP | OP | LP | 50 us | 8 pus | 100 us | Ims | 200 pus | Var |28 |
OR 500 us| 8 ps | 100 ps | Ims | 200 ps BAI
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 duration
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
The LCD can optionally be kept running while the device is in STANDBY mode.
All 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.
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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

» 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

» PXD10 devices include an internal voltage regulator that includes the following features:
— Regulates input to generate all internal supplies
— Manages power gating
— Low power regulators support operation when in STOP and STANDBY modes to minimize

power consumption

— Startup on-chip regulators in <50 s for rapid exit of STOP and STANDBY modes
— Low voltage detection on main supply and 1.2 V regulated supplies

152 e200z0h core processor

The €200z0h processor is similar to other processors in the e200zx series but supports only the VLE
instruction set and does not include the signal processing extension for DSP applications or a floating point
unit.

The €200z0h has all the features of the e200z0 plus:
» Branch acceleration using Branch Target Buffer (BTB)

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

The e200z0h processor uses a four stage in-order pipeline for instruction execution. The Instruction Fetch
(stage 1), Instruction Decode/Register file Read/Effective Address Calculation (stage 2), Execute/Memory
Access (stage 3), and Register Writeback (stage 4) stages operate in an overlapped fashion, allowing single
clock instruction execution for most instructions.

The integer execution unit consists of a 32-bit Arithmetic Unit (AU), a Logic Unit (LU), a 32-bit Barrel
shifter (Shifter), a Mask-Insertion Unit (MIU), a Condition Register manipulation Unit (CRU), a
Count-Leading-Zeros unit (CLZ), an 8 x 32 Hardware Multiplier array, result feed-forward hardware, and
a hardware divider.

Most arithmetic and logical operations are executed in a single cycle with the exception of the divide and
multiply instructions. A Count-Leading-Zeros unit operates in a single clock cycle. The Instruction Unit
contains a PC incrementer and a dedicated Branch Address adder to minimize delays during change of
flow operations. Branch target prefetching from the BTB is performed to accelerate certain taken branches.
Sequential prefetching is performed to ensure a supply of instructions into the execution pipeline. Branch
target prefetching is performed to accelerate taken branches. Prefetched instructions are placed into an
instruction buffer capable of holding four instructions.
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Conditional branches not taken execute in a single clock. Branches with successful target prefetching have an effective execution time
of one clock on e200z0h. All other taken branches have an execution time of two clocks.

Memory load and store operations are provided for byte, halfword, and word (32-bit) data with automatic zero or sign extension of
byte and halfword load data as well as optional byte reversal of data. These instructions can be pipelined to allow effective single cycle
throughput. Load and store multiple word instructions allow low overhead context save and restore operations. The load/store unit
contains a dedicated effective address adder to allow effective address generation to be optimized. Also, a load-to-use dependency
does not incur any pipeline bubbles for most cases.

The Condition Register unit supports the condition register (CR) and condition register operations defined by the Power Architecture.
The condition register consists of eight 4-bit fields that reflect the results of certain operations, such as move, integer and floating-point
compare, arithmetic, and logical instructions, and provide a mechanism for testing and branching.

Vectored and autovectored interrupts are supported. Hardware vectored interrupt support is provided to allow multiple interrupt
sources to have unique interrupt handlers invoked with no software overhead.

The CPU includes support for Variable Length Encoding (VLE) instruction enhancements. This allows the classic PowerPC
instruction set to be represented by a modified instruction set made up from a mixture of 16-bit and 32-bit instructions. This results in
a significantly smaller code size footprint without affecting performance noticeably.

The CPU core is enhanced by an additional interrupt source—Non Maskable Interrupt. This interrupt source is routed directly from
package pins, via edge detection logic in the SIU to the CPU, bypassing the Interrupt Controller completely. Once the edge detection
logic is programmed, it can not be disabled, except by reset. The Non Maskable Interrupt is, as the name suggests, completely
un-maskable and when asserted will always result in the immediate execution of the respective interrupt service routine. The Non
maskable interrupt is not guaranteed to be recoverable.

The CPU core has an additional ‘Wait for Interrupt’ instruction that is used in conjunction with low power STOP mode. When Low
Power Stop mode is selected, this instruction is executed to allow the system clock to be stopped. An external interrupt source or the
system wake-up timer is used to restart the system clock and allow the CPU to service the interrupt.
Additional features include:
» Load/store unit
— 1-cycle load latency
— Misaligned access support
— No load-to-use pipeline bubbles
» Thirty-two 32-bit general purpose registers (GPRs)
» Separate instruction bus and load/store bus Harvard architecture
* Reservation instructions for implementing read-modify-write constructs



» Multi-cycle divide (divw) and load multiple (Imw) store multiple (smw) multiple class
instructions, can be interrupted to prevent increases in interrupt latency

» Extensive system development support through Nexus debug port

153 Display Control Unit (DCU)

The DCU is a display controller designed to drive TFT LCD displays capable of driving up to WQVGA
resolution screens with 16 layers and 4 planes with real time alpha-blending.

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

Internal memory resource of the PXD10 allows to easily handle complex graphics contents (pictures,
icons, languages, fonts) on a color TFT panel in up to Wide Quarter Video Graphics Array (WQVGA)
sizes. All the data fetches from internal and/or external memory are performed by the internal four-channel
DMA of the DCU providing a high speed/low latency access to the system backbone.

Control Descriptors (CDs) associated with each layer 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 1bpp, 2bpp, 4bpp, 8bpp, 16bpp, 24bpp and 24bpp+alpha. The ability of the
DCU to handle input data in resolutions as low as 1bpp, 2bpp and 4bpp enables a highly efficient use of
internal memory resources of the PXD10. 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 DCU 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 DCU features the following:

» Display color depth: up to 24 bpp

» Generation of all RGB and control signals for TFT

* Four-plane blending

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

* Dynamic look-up table (color and gamma look-up)

» a-blending range: as many as 256 levels

» Transparency Mode

» Gamma Correction

* Tiled mode on all the layers

» Hardware cursor

» Critical display content integrity monitoring for functional safety support

» Internal Direct Memory Access (DMA) module to transfer data from internal and/or external
memory.
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154 Parallel Data Interface (PDI)
The PDI is a digital interface used to receive external digital video or graphic content into the DCU.

The PDI input is directly injected into the DCU background plane FIFO. When the PDI is activated, all
the DCU 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

» 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 DCU background plane FIFO
e Synchronization generation for the DCU

155 Liquid Crystal Display (LCD) driver

The LCD driver module has two configurations allowing a maximum of 160 or 228 LCD segments:
* As many as 40 frontplane drivers and four backplane drivers
* As many as 38 frontplane drivers and six backplane drivers

Each segment is controlled and can be masked by a corresponding bit in the LCD RAM.

Four to six multiplex modes (1/1, 1/2, 1/3, 1/4, 1/5, 1/6 duty), and three bias (1/1, 1/2, 1/3) methods are
available. All frontplane and backplane pins can be multiplexed with other port functions.
The LCD driver module features the following:
» Programmable frame clock generator from different clock sources:
— System clock
— Internal RC oscillator
» Programmable bias voltage level selector
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»  On-chip generation of all output voltage levels
— LCD voltage reference taken from main 5V supply
» LCDRAM
— Contains the data to be displayed on the LCD
— Data can be read from or written to the display RAM at any time
* End of Frame interrupt
— Optimizes the refresh of the data without visual artefact
— Provides selectable number of frames between each interrupt
» Contrast adjustment using programmable internal voltage reference
» Remapping capability of four or six backplanes with frontplanes
— Increase pin selection flexibility

* Inlow power modes, the LCD operation can be suspended under software control. The LCD can
also operate in low power modes, clocked by the internal 128 kHz IRC or external 32 KHz crystal
oscillator

» Selectable output current boost during transitions

1.5.6 Stepper Motor Controller (SMC)

The SMC module is a PWM motor controller suitable to drive loads requiring a PWM signal. The motor
controller has twelve PWM channels associated with two pins each (24 pins in total).
The SMC module includes the following features:
* 10/11-bit PWM counter
» 11-bit resolution with selectable PWM dithering function
» Left, right, or center aligned PWM
»  OQutput 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.

1.5.7 Stepper Stall Detector (SSD)

The stepper stall detector (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:

Programmable full step state

* Programmable integration polarity

Blanking (recirculation) state

16-bit integration accumulator register
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* 16-bit modulus down counter with interrupt

1.5.8 Flash memory

The PXD10 microcontroller has the following flash memory features:
e As much as 1 MB of burst flash memory

— Typical flash memory access time: 0 wait-state for buffer hits, 2 wait-states for page buffer miss
at 64 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 Unit and the eDMA
— 64-bit ECC with single-bit correction, double-bit detection for data integrity

— 64 KB data flash memory — separate 4 x 16 KB flash block for EEPROM emulation with
prefetch buffer and 128-bit data access port

» Small block flash memory arrangement to support features such as boot block, operating system
block

» Hardware managed flash memory writes, erase and verify sequence
» Censorship protection scheme to prevent flash memory content visibility
e Separate dedicated 64 KB data flash memory for EEPROM emulation
— Four erase sectors each containing 16 KB of memory
— Offers Read-While-Write functionality from main program space
— Same data retention and program erase specification as main program flash memory array

159 Static random-access memory (SRAM)
The PXD10 microcontrollers have as much as 48 KB general-purpose on-chip SRAM with the following
features:

» Typical SRAM access time: 0 wait-state for reads and 32-bit writes; 1 wait-state for 8- and 16-bit
writes if back to back with a read to same memory block

» 32-bit ECC with single-bit correction, double bit detection for data integrity
e Supports byte (8-bit), half word (16-bit), and word (32-bit) writes for optimal use of memory
» User transparent ECC encoding and decoding for byte, half word, and word accesses

» Separate internal power domain applied to full SRAM block, 8 KB SRAM block during
STANDBY maodes to retain contents during low power mode.

1.5.10 On-chip graphics SRAM

The PXD10 microcontroller has 160 KB on-chip graphics SRAM with the following features:
» Usable as general purpose SRAM
» Typical SRAM access time: 0 wait-state for reads and 32-bit writes
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Supports byte (8-bit), half word (16-bit), and word (32-bit) writes for optimal use of memory

1.5.11 QuadSPI serial flash controller

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

Memory mapping of external serial flash

Automatic serial flash read command generation by CPU, DMA or DCU read access on AHB bus
Supports single, dual and quad serial flash read commands

Flexible buffering scheme to maximize read bandwidth of serial flash

‘Legacy’ mode allowing QuadSPI to be used as a standard SPI (no DSI or CSI mode)

1.5.12 Analog-to-digital converter (ADC)
The ADC features the following:

10-bit A/D resolution

0 to 5 V common mode conversion range

Supports conversions speeds of as fast as 1 ps

16 internal and 8 external channels support

As many as 16 single-ended inputs channels

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

External multiplexer support to increase as many as 23 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
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— Less than

— Out of range

All unused analog inputs can be used as general purpose input and output pins
Power down mode

Optional support for DMA transfer of results

1.5.13 Sound generation logic (SGL) module

The SGL module has two modes of operation:

Amplitude modulated PWM mode for low cost buzzers using any two eMIOS channels
— Monophonic signal with amplitude control

— 8-bit amplitude resolution

— Ability to mix any two eMIOS channels.

— Requires simple external RC lowpass filter

Digital sample mode for higher quality sound using one eMIOS channel and eDMA
— Up to 10-bit audio amplitude resolution

— Polyphonic sound synthesis

— Playback of sample based waveforms

— Text-to-speech possibility

— Requires external lowpass filter

1.5.14 Serial communication interface module (UART)

The PXD10 devices include as many as two UART modules and support UART Master mode, UART
Slave mode and UART mode. The modules are UART state machine compliant to the UART 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 four interrupts sources
— Separate transmitter and receiver CPU interrupt sources
— 16-bit programmable baud-rate modulus counter and 16-bit fractional
— Two receiver wake-up methods
LIN features:
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— Autonomous LIN frame handling

— Message buffer to store identifier and as many as 8 data bytes

— Supports message length of as long as 64 bytes

— Detection and flagging of LIN errors

— Sync field; Delimiter; ID 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
— 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 as many as 16 ID filters

1.5.15 Serial Peripheral Interface (SPI) module

The SPI modules provide a synchronous serial interface for communication between the PXD10 MCU and
external devices.

The SPI features the following:

As many as two SPI modules

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 four to 16 bits

As many as six chip select lines available, depending on package and pin multiplexing, enable 64
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 deglitching
FIFOs for buffering as many as four 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
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1.5.16 Controller Area Network (CAN) module
The PXD10 contains two CAN modules that offer the following features:

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 ID 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

— 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 first message sent on the CAN network while the PXD10 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.

1.5.17 Inter-IC Communications (I1°C) module

The 12C module features the following:

As many as four 12C modules supported

Two-wire bi-directional serial bus for on-board communications
Compatibility with 1°C bus standard

Multimaster operation

Software-programmable for one of 256 different serial clock frequencies
Software-selectable acknowledge bit

Interrupt-driven, byte-by-byte data transfer

Avrbitration-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
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* Bus-busy detection

1.5.18 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

1.5.19 Enhanced Modular Input/Output System (Timers, PWM)

PXD10 microcontrollers have two eMIOS modules—one with 16 channels and one with 8—with
input/output channels supporting a range of 16-bit input capture, output compare, and Pulse Width
Modulation functions.

The modules are configurable and can implement 8-channel, 16-bit input capture/output compare or
16-channel, 16-bit output pulse width modulation/input compare/output compare. As many as five
additional channels are configurable as modulus counters.

eMIOS features include:

» Selectable clock source from main FMPLL, auxiliary FMPLL, external 4-16 MHz oscillator or

16 MHz Internal RC oscillator
» Timed I/O 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
» Selectable combination of pairs of eMIOS outputs to support sound generation
* DMA transfer support
» Selectable clock source from the primary FMPLL, auxiliary FMPLL, external 4-16 MHz
oscillator or the 16 MHz internal RC oscillator.

The channel configuration options for the 16-channel eMIOS module are summarized in Table 5.
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Table 5. 16-channel eMIOS module channel configuration

Channel number
Channel mode 8 9-15 16 17-22 23
IC/OC IC/OC PWM PWM PWM
Counter Counter Counter
General Purpose Input/Output X X X X X
Single Action Input Capture X X X X
Single Action Output Compare X X X X
Modulus Counter Buffered* X X X
Output Pulse Width and Frequency Modulation Buffered X X X
Output Pulse Width Modulation Buffered X X

1 Modulus up and down counters to support driving local and global counter busses

The channel configuration options for the 8-channel eMIOS module are summarized in Table 6.

Table 6. 8-Channel eMIOS module channel configuration

Channel number
Channel mode 16 17-92 23
PWM Counter PWM PWM Counter
General Purpose Input/Output X X X
Single Action Input Capture X X X
Single Action Output Compare X X X
Modulus Counter Buffered! X X
Output Pulse Width and Frequency Modulation Buffered X X
Output Pulse Width Modulation Buffered X X

1 Modulus up and down counters to support driving local and global counter busses

1.5.20 Periodic interrupt timer (PIT) module

The PIT features the following:
» Four general purpose interrupt timers
* As many as two dedicated interrupt timers for triggering ADC conversions
»  32-bit counter resolution
» Clocked by system clock frequency
» 32-bit counter for Real Time Interrupt, clocked from main external oscillator
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1.5.21 System Timer Module (STM)

The STM is a 32-bit timer that supports 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

1.5.22 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
» Selectable clock source for main system clock or internal 16 MHz RC oscillator clock

1.5.23 Interrupt Controller (INTC)

The INTC 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
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Eight software-triggerable interrupt sources
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 core critical interrupt mechanism
32 external interrupts

1.5.24 System Integration Unit (SIV)

The SIU 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:

As many as 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 of as many as 132 input/output pins
(package dependent)

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 as many as 14 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.

1.5.25 System Clocks and Clock Generation Modules

The system clock on the PXD10 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).
Additional programmable peripheral bus clock divider ratio (+1 to +16)
The PXD10 has two on-chip FMPLLs—the primary module and an auxiliary module.
— 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
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— On-chip loop filter (for improved electromagnetic interference performance and reduction
of number of external components required)

— Support for frequency ramping from PLL

— The primary FMPLL module is for use as a system clock source. The auxiliary 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
— Square-wave input mode
— Oscillator input mode 3.3V (5.0 V)
— Automatic level control
— PLL reference

* PXD10 includes a 32 KHz low power external oscillator for slow execution, low power, and Real
Time Clock

» 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 Watchdog timer
— 5% accuracy across voltage and temperature (after factory trimming)
— Trimming registers to support frequency adjustment with in-application calibration

1.5.26 Crossbar Switch (XBAR)

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

The crossbar allows four 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:
» Four master ports
— e200z0h core instruction port
— e200z0h core complex load/store data port
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— eDMA controller

— Display control unit

Four slave ports

— One flash port dedicated to the CPU

— Platform SRAM

— QuadSPI serial flash controller

— One slave port combining:
— Flash port dedicated to the Display Control Unit and eDMA module
— Graphics SRAM
— Peripheral bridge

32-bit internal address bus, 32-bit internal data bus

1.5.27 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
channels. This implementation is utilized to minimize the overall block size. The eDMA module provides
the following features:

1.5.28

16 channels support independent 8-, 16- or 32-bit single value or block transfers
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, 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 a total of as many as 64 potential request sources.

Memory Protection Unit (MPU)

The MPU features the following:

12 region descriptors for per-master protection

Start and end address defined with 32-byte granularity
Overlapping regions supported

Protection attributes can optionally include process 1D
Protection offered for 3 concurrent read ports
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» Read and write attributes for all masters
» Execute and supervisor/user mode attributes for processor masters

1.5.29 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 UART 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 the Reset
Configuration Halfword option bit

1.5.30 |IEEE 1149.1 JTAG Controller (JTAGC)

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

1.5.31 Nexus Development Interface (NDI)

Nexus features the following:

* Per IEEE-ISTO 5001-2003

* Nexus 2 Plus features supported
— Static debug
— Watchpoint messaging
— Ownership trace messaging
— Program trace messaging
— Real time read/write of any internally memory mapped resources through JTAG pins

— Overrun control, which selects whether to stall before Nexus overruns or keep executing and
allow overwrite of information

— Watchpoint triggering, watchpoint triggers program tracing
» Configured via the IEEE 1149.1 (JTAG) port
» Nexus Auxiliary port supported on the 176 LQFP package FOR DEVELOPMENT ONLY
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— Narrow Auxiliary Nexus port supporting support trace, with two MDO pins
— Wide Auxiliary Nexus port supporting higher bandwidth trace, with four MDO pins

1.6  Developer environment

The PXD10 MCU family uses tools and third-party developers which offer a widespread, established
network of tool and software vendors. It also features a high-performance Nexus debug interface.
The following development support is available:

» Evaluation boards (EVB) featuring display capability and serial interfaces

e Compilers

» Debuggers

» JTAG and Nexus interfaces

1.7 How to use the PXD10 documents

This section:
» Describes how the PXD10 documents provide information on the microcontroller
» Makes recommendations on how to use the documents in a system design

1.7.1 The PXD10 document set

The PXD10 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

» e200z0 Power Architecture Core Reference Manual

e Variable-Length Encoding (VLE) Programming Environments Manual

The aforementioned documents describe all of the functional and electrical characteristics of the PXD10
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.
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» Use the CPU reference documents when doing detailed software development in assembly
language or debugging complex software interactions.

1.7.2 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 1-7.

Table 1-7. Reference manual integration and functional content

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, —
including:

* Internal RAM

* Flash memory

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

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 Description Clocking architecture of the device (which | Description of operation of different clock
clock is available for the system and each |sources
peripheral)
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Table 1-7. Reference manual integration and functional content (continued)

Chapter Integration content Functional content

DMA Channel Mux Source values for module DMA channels | How to connect a module DMA 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 How input signals are mapped to individual | Operation of GPIO

Lite modules including external interrupt pins

Voltage regulators and Power distribution to the MCU and in —

power supplies 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.

1.8  Using the PXD10

There are many different approaches to designing a system using the PXD10 so the guidance in this section
is provided as an example of how the documents can be applied in this task.

Familiarity with the PXD10 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.

1.8.1 Hardware design

The PXD10 requires that certain pins are connected to particular power supplies, system functions and
other voltage levels for operation.

The PXD10 internal logic operates from 1.2 VV (nominal) supplies that are normally supplied by the
on-chip voltage regulator from a5 V 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 40, Voltage Regulators
and Power Supplies; that chapter also describes the use of the required external ballast transistor to
generate the 1.2V. For specifications of the voltage ranges and limits and decoupling of the power supplies
see the PXD10 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
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reset pin is bidirectional and its function is closely tied to the reset generation module (see Chapter 32,
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 Chapter 8, Clock
Description, along with the internal clock architecture and the other oscillator sources on chip.

1.8.2 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, M1, 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.

There are four modules that configure the various functions available:

o System Integration Unit Lite (SIUL)

e Wakeup Unit (WKPU)

e LCD

» 32 KHz oscillator (SXOSC)
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 3.8, Functional ports. Inputs are selected using the PSMI registers; these are described

in Chapter 37, 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 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 3.8, 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 LCD module and the SXOSC oscillator are enabled in the modules. The ADC functions are enabled
using the PCRs.

1.8.3 Software design

Certain modules provide system integration functions, and other modules (such as timers) 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
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e 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 40, 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 all the
memory is available. Initialization is required before most peripherals may be used and before the SRAM
can be read (since the SRAM 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 including stacks, heaps,
variable initialization and so on and configuring the MCU for the application.

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.

1.8.4 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:

e 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 PXD10. All addresses on the PXD10, including those
that are reserved, are identified in the table. The addresses represent the physical addresses assigned to
each IP block.

Table 2-1. PXD10 system memory map

o Size g é Region?
Start Address | End Address KBl % % ’
On Chip Flash Memories (Code Flash)
0x00000000 0x00007FFF 32 Yes Yes? Code Flash Array 0
0x00008000 0x0000BFFF 16 Yes Yes? Code Flash Array 0
0x0000C000 Ox0000FFFF 16 Yes Yes? Code Flash Array 0
0x00010000 Ox00017FFF 32 Yes Yes? Code Flash Array 0
0x00018000 Ox0001FFFF 32 Yes Yes? Code Flash Array 0
0x00020000 0x0003FFFF 128 Yes Yes? Code Flash Array 0
0x00040000 Ox0005FFFF 128 Yes Yes? Code Flash Array 0
0x00060000 0x0007FFFF 128 Yes Yes? Code Flash Array 0
0x00080000 Ox0009FFFF 128 No Yes? Code Flash Array 1
0x000A0000 Ox000BFFFF 128 No Yes? Code Flash Array 1
0x000C0000 OxO000DFFFF 128 No Yes? Code Flash Array 1
0x000E0000 OX000FFFFF 128 No Yes? Code Flash Array 1
0x00100000 Ox001FFFFF 1024 — — Reserved
On Chip Flash Memories (Shadow for Code Flash)
0x00200000 0x00203FFF 16 Yes Yes Code Flash Array 0 Shadow Sector
0x00204000 0X003FFFFF 2032 — — Reserved
On Chip Flash Memories (Test for Code Flash)

0x00400000 0x00403FFF 16 Yes Yes Code Flash Array 0 Test Sector
0x00404000 0x0047FFFF 496 — — Reserved
0x00480000 0x00483FFF 16 No Yes Code Flash Array 1 Test Sector
0x00484000 0x007FFFFF 3568 — — Reserved
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Table 2-1. PXD10 system memory map (continued)

ol SIS é g. Region?®
Start Address | End Address [KBI Q Q ’
o o
On Chip Flash Memories (Data Flash)
0x00800000 0x00803FFF 16 Yes Yes Data Flash Array O
0x00804000 0x00807FFF 16 Yes Yes Data Flash Array O
0x00808000 0x0080BFFF 16 Yes Yes Data Flash Array O
0x0080C000 O0xO080FFFF 16 Yes Yes Data Flash Array O
0x00810000 O0X00BFFFFF 4032 — — Reserved
On Chip Flash Memories (Test for Data Flash)
0x00C00000 0xO0CO3FFF 16 yes Yes Data Flash Array 0 Test Sector
0x00C04000 OxO0FFFFFF 2032 — — Reserved
Emulation Mapping
0x01000000 OX1FFFFFFF 507904 Yes Yes Flash Emulation Mapping
0x20000000 OX3FFFFFFF 524288 — — Reserved
SRAM
0x40000000 0x40001FFF 8 Yes Yes SRAM (ECC protection, standby
support)
0x40002000 0x40005FFF 16 Yes Yes SRAM (ECC protection, in PD2)
0x40006000 0x4000BFFF 24 Yes Yes SRAM (ECC protection, in PD2)
0x4000C000 OX5FFFFFFF 524240 — — Reserved
0x60000000 0x60027FFF 160 No Yes Graphics SRAM (no ECC protection,
no standby support)
0x60028000 OX7FFFFFFF 524128 = = Reserved

External, Memory Mapped Serial

| Flash (supports one [Quad]SPI Serial Flash)

0x80000000 Ox87FFFFFF 131072 No Yes External Serial Flash Memory 0
0x88000000 OxBFFFFFFF 917504 — — Reserved

AIPS(1) - Off Platform Peripherals (mirrored to AIPS(0) memory range OxFFE80000-0xFFEFFFFF)
0xC3F80000 OxC3F87FFF 32 — — Reserved
0xC3F88000 OxC3F8BFFF 16 Yes Yes Code Flash 0 Configuration

(CFLASHO)
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Table 2-1. PXD10 system memory map (continued)

AP si 3 =
ize S o . q
[KB] = = Region
Start Address | End Address x x
o o
0xC3F8C000 OXC3F8FFFF 16 Yes Yes Data Flash 0 Configuration
(DFLASHO)
0xC3F90000 OXC3F93FFF 16 Yes Yes System Integration Unit Lite (SIUL)
0xC3F94000 OXC3F97FFF 16 Yes Yes WakeUp Unit (WKUP)
0xC3F98000 OxC3F9FFFF 32 — — Reserved
0xC3FA0000 OXC3FA3FFF 16 Yes Yes Enhanced Modular I/O Subsystem 0
(eMIOS0)
0xC3FA4000 OXC3FATFFF 16 Yes Yes Enhanced Modular I/O Subsystem 1
(eMIOS1)
0xC3FA8000 OXC3FAFFFF 32 — — Reserved
0xC3FB0000 OxC3FB3FFF 16 No Yes Code Flash 1 Configuration
(CFLASH1)
0xC3FB4000 OxC3FD7FFF 144 — — Reserved
0xC3FD8000 OXC3FDBFFF 16 Yes Yes System Status and Configuration
Module (SSCM)
OxC3FDC000 | OxC3FDFFFF 16 Yes Yes Mode Entry Module (MC_ME)
O0xC3FE0000 OXC3FE3FFF 16 Yes Yes Clock Generation Module (MC_CGM,
XOSC, IRCOSC, FMPLL_O,
FMPLL_1, CMUO, CMU1)
O0xC3FE4000 OXC3FE7FFF 16 Yes Yes Reset Generation Module (MC_RGM)
O0xC3FE8000 O0xC3FEBFFF 16 Yes Yes Power Control Unit (MC_PCU)
0xC3FECO000 OXC3FEFFFF 16 Yes Yes Real Time Counter (RTC/API)
O0xC3FF0000 OXC3FF3FFF 16 Yes Yes Periodic Interrupt Timer (PIT/RTI)
O0xC3FF4000 OXC3FFFFFF 48 — — Reserved
AIPS(0) - Off Platform Peripherals (new range)
OxFFEO00000 OXFFEO3FFF 16 Yes Yes Analog to Digital Converter 0 (ADCO)
OxFFE04000 OXFFE2FFFF 176 (0] Reserved
O0xFFE30000 OXFFE33FFF 16 Yes Yes Inter-IC Bus Interface Controller 0
(12C0)
OxFFE34000 OXFFE37FFF 16 Yes Yes Inter-1C Bus Interface Controller 1
(1°C1)
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Table 2-1. PXD10 system memory map (continued)

ol SIS é g. Region?®
Start Address | End Address [KBI Q Q ’
o o
OxFFE38000 OXFFE3BFFF 16 No Yes Inter-IC Bus Interface Controller 2
(1C2)
OXFFE3C000 OXFFE3FFFF 16 No Yes Inter-IC Bus Interface Controller 3
(1°C3)
OxFFE40000 OxFFE43FFF 16 Yes Yes LINFlex 0
OxFFE44000 OXFFE47FFF 16 Yes Yes LINFlex 1
OxFFE48000 OXFFESFFFF 96 = = Reserved
OxFFE60000 OXFFE60OFFF 4 Yes Yes Stepper Motor Control (SMC)
OXFFE61000 OXFFEG617FF 2 Yes Yes Stepper Stall Detect (SSDO)
OXFFE61800 OXFFE61FFF 2 Yes Yes Stepper Stall Detect (SSD1)
OXFFE62000 OXFFE627FF 2 Yes Yes Stepper Stall Detect (SSD2)
OxFFE62800 OXFFE62FFF 2 Yes Yes Stepper Stall Detect (SSD3)
OXFFE63000 OXFFE637FF 2 Yes Yes Stepper Stall Detect (SSD4)
OXFFE63800 OXFFEG63FFF 2 Yes Yes Stepper Stall Detect (SSD5)
OxFFE64000 OXFFEG6FFFF 48 = = Reserved
OxFFE70000 OXFFE73FFF 16 Yes Yes CAN Sampler (CANSP)
OxFFE74000 OXFFE77FFF 16 Yes Yes LCD Controller 0 (LCDO)
OXFFE78000 OxFFE7BFFF 16 Yes Yes Sound Generation Logic (SGL)
OXFFE7C000 OXFFE7FFFF 16 Yes Yes Display Control Unit 0 (DCUO)
AIPS(0) - Off Platform Mirror From AIPS(1) (Mirrored range from AIPS(1) range
0xC3F80000-0xC3FFFFFF) (new range)
OxFFE80000 OXFFEFFFFF 512 Yes Yes Reserved
AIPS(0) - On Platform Peripherals (existing eSys range)
OxFFFO00000 OXFFFO3FFF 16 Yes Yes AIPSO
OxFFF04000 OxFFFO7FFF 16 Yes Yes AXBS
OxFFF08000 OXFFFOFFFF 16 = = Reserved
OxFFF10000 OXFFF13FFF 16 Yes Yes Memory Protection Unit (MPU)
OxFFF14000 OXFFF37FFF 144 — = Reserved
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Table 2-1. PXD10 system memory map (continued)

- 8 =]
ize s} o L1
Start Address | End Address KBl >S< é Heger
o o
OxFFF38000 OXFFF3BFFF 16 Yes Yes Software Watchdog (SWTO0)
OxFFF3C000 OXFFF3FFFF 16 Yes Yes System Timer Module (STMO)
OxFFF40000 OxFFF43FFF 16 Yes Yes Error Correction Status Module
OxFFF44000 OXFFFA47FFF 16 Yes Yes Direct Memory Access Controller 2
(DMA2x)
O0xFFF48000 OXFFF4BFFF 16 Yes Yes Interrupt Controller (INTC)
OxFFF4C000 OxFFF8FFFF 272 — — Reserved
OxFFF90000 OXFFF93FFF 16 Yes Yes DSPI 0
O0xFFF94000 OXFFF97FFF 16 Yes Yes DSPI 1
OxFFF98000 OXFFFA7FFF 64 — — Reserved
OxFFFA8000 OxFFFABFFF 16 No Yes QuadSPI 0
OxFFF9CO000 OXFFFBFFFF 144 — — Reserved
OxFFFCO0000 OxFFFC3FFF 16 Yes Yes FlexCan 0 (CANO)
OxXFFFC4000 OXFFFC7FFF 16 Yes Yes FlexCan 1 (CAN1)
OxFFFC8000 OxFFFDBFFF 80 — — Reserved
OxFFFDCO000 OXFFFDFFFF 16 Yes Yes DMA Channel Multiplexer (DMA_MUX)
OxFFFEOO000 OxFFFFBFFF 112 — — Reserved
OXFFFFC000 OXFFFFFFFF 16 Yes Yes Boot Assist Module (BAM)

The contents of memory addresses marked as reserved and individual bits within a memory address that

are marked as reserved may return any value when read unless otherwise indicated.

Flash sector can be accessed via both slave ports. Arbitration logic required in case two different masters
do access the same address at the same time.
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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.
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3.2 Package pinouts
The 144- and 176-pin LQFP pinouts and the 208 MAPBGA ball map are provided in the following figures.

o
&
<0 Q IS 33
] o ] oo
an [ < - ww
ey a3 ) 59 S
S Q 0w Noo0 o T} INEN
lNlo~ooodn3 NN AR L Il < <
IS S3ANN 2 peooan= Sa o BN
00nnoaonoaoaQ I T TR T (A Lo~00
QOUULLLLLL® SESSNS 028 PR
CHBODMNDBO O AN ISaldolZ < Xa zga==
SNddgdgddaa N XN A3S Exuw FLLoQ
[ R e ’—x‘oguo Sa5 ISe B
NDRBDBDBD B DR <ZER989% @ o7 SBa5o0D
0000000000 FIZLggd Iy  QERER
SSS55555sSs A28 BBa8R 85333
Llo3obvoeby FNODALR gagd 237337
CErERaPeE? 5008090 TSS 28282099
S S SSS IS ISS PQE=53==2 0808 33353 22
0000000000 Q002022 QDD D 3333z
gogoogogogooga DIRILSS e Semooeo
PERChIBNTS 5555580 R2REES  REERERAZ
Q0000000000 facoaal <000 0000000 .,
oo NNOO0000600YYaaan qaaaaaaat
0o T P TodSoNWLWOO000 G000 0000 ww
X no8I0NdSSn0ssNocNOpTddod® 0D
I < VoLULLLLULOMOLLULULWOULWLULLLO®D®AO
aa >>0o0o000o0Qa>>0a000>>0000000>>
[0 00000000000 00000000000000T(1
/vm TONAODONOLMITOMNAONDO~OUOLILTMNA O D
< < OOHOMHOOOMOANNNNNNNNNNAAAAAAA AT O
— AddddddddddddAdd A AAdAAAAAT A F
(see detail inset) PATOC] 1 108 |1 PB11/GPIO[27)/CANTX_1/PDI3/eMIOSA16
(see detail inset) PA11C] 2 107 |7 PB1OGPIO[26]//CANRX_1/PDI2/eMIOSA23
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Figure 3-1. LQFP 144-pin configuration (top view)?!

1. Availability of port pin alternate functions depends on product selection
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(see detail inset) PA12 {3 130 |2 PBO/GPIO[16)/CANTX_0/PDI1
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(see detail inset) PA15 |6 127 |2 PJ10/GPIO[115]/PDI6
DE_A 7 126 |1 PJ9/GPIO[114)/PDI5
VSSE_A s 125 |1 PJ8/GPIO[113]/PDI4
(see detail inset) PGO ]9 1243 VSS12
(see detail inset) PG1 |10 1232 VvDD12
(see detail inset) PG2 c—]11 122 |3 PJ3/GPIO[108]/PDI_PCLK
(see detail inset) PG3 .12 121 |2 PJ2/GPIO[107]/PDI_VSYNC
(see detail inset) PG4 .13 120 = PJ1/GPIO[106]/PDI_HSYNC
(see detail inset) PG5 t—]14 119 = PJO/GPIO[105]/PDI_DE
FP1/DCU_B6/GPIO[92]/PG6 {15 118 |2 PE7/GPIO[69)/M5C1P/SSD5_3/eMIOSA8
FPO/DCU_B7/GPIO[93]/PG7 |16 117 |3 PE6/GPIO[68]/M5C1M/SSD5_2/eMIOSA9
(see detail inset) PG8 17 116 [= PES/GPIO[67]/M5COP/SSD5_1/eMIOSA10
(see detail inset) PG9 |18 115 |~ PE4/GPIO[66]/M5COM/SSD5_0/eMIOSA11|
BP2/DCU_DE/GPIO[96]/PG10 |19 114 VSSMC
(see detail inset) PG11 20 113 = VDDMC
VLCD/GPIO[104]/PH5 |21 176-Pin 112 [ PE3/GPIO[65)/M4C1P/SSD4_3/eMIOSAL2
VDDR —{22 111 |2 PE2/GPIO[64]/MAC1M/SSD4_2/eMIOSA13
VSSR 23 110 |2 PEL/GPIO[63]/M4COP/SSD4 _1/eMIOSAL4
RESET {24 LQ FP 109 |2 PEO/GPIO[62)/MACOM/SSD4_0/eMIOSA1S5
VRC_CTRL 25 108 |2 PD15/GPIO[61)/M3C1P/SSD3_3
VPP {26 T 107 |2 PD14/GPIO[60)/M3C1M/SSD3_2
XTAL {27 etail: 106 |2 PD13/GPIO[59)/M3COP/SSD3 1
VSSOSC 28 FP13/eMIOSB20/DCU_G2/GPIO[10]/PA10 105 = PD12/GPIO[58]/M3COM/SSD3_0
EXTAL —|29 FP12/eMIOSA13/DCU_G3/GPIO[11]/PA1L 104 |5 vssmB
VSSPLL —]30 FP11/eMIOSA12/DCU_G4/GPIO[12]/PA12 | 103 |2 VDDMB
VDDPLL 31 FP10/eMIOSA11/DCU_G5/GPIO[13]/PA13 | 102 | PD11/GPIO[57)/M2C1P/SSD2_3
VREG_BYPASS {32 FP9/eMIOSA10/DCU_G6/GPIO[14]/PA14 | 101 | PD10/GPIO[56]/M2C1M/SSD2_2
PDI10/MCKO/GPIO[123)/PK2 =33 FP8/eMIOSA9/DCU_G7/GPIO[15]/PA15 100 |= PDY/GPIO[55]/M2COP/SSD2_1
RRASOSHORIRG Tl | FTRONDES She S oo ERecP oA oSSr
35 = _| — 98 |2 PD7/GPIO[53]/M1C1P/SSD1 _3/eMIOSB16|
TDI/GPIO[100]/PH1 =36 FP5/eMIOSB19/DCU_B2/GPIO[88]/PG2 = PD6/GPIO%52}/M1C1MISSD1_2/eMIOSBl7
PDI13/EVTI/GPIO[126]/PK5 |37 FP4/eMIOSB21/DCU_B3/GPIO[89]/PG3 96 |2 PD5/GPIO[51]/M1COP/SSD1_1/eMIOSB18
PDI14/MDOO/GPIO[127]/PK6 ]38 FP3/eMIOSB17/DCU_B4/GPIO[90]/PG4 95 |2 PD4/GPIO[50]/M1COM/SSD1_0/eMIOSB19
TDO/GPIO[101)/PH2 =39 FP2/eMIOSA8/DCU_B5/GPIO[91]/PG5 947 VSSMA
S aPlofoalipiis —{a1 BPHIDCU HSYNC/GPIOo5)pGs | SE rogee
41 | — 92 |7 PD3/GPIO[49]/MOC1P/SSDO_3/eMIOSB20|
PDI16/MDO2/GPIO[129)/PK8 42 BP3/DCU_PCLK/GPIO[97]/PG11 91 |2 PD2/GPIO[48]/MOC1M/SSDO_2/eMIOSB21
TCK/GPIO[99]/PHO {43 90 |2 PD1/GPIO[47]/MOCOP/SSDO_1/eMIOSB22
PDI17/MDO3/GPIO[130}/PK9 {44 89 |2 PDO/GPIO[46]/MOCOM/SSDO_0/eMIOSB23|
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Figure 3-2. LQFP 176-pin configuration (top view)1

1. Availability of port pin alternate functions depends on product selection

PXD10 Microcontroller Reference Manual, Rev. 1
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A PAO PJO PJ1 PJ3 PJ5 PJ7 PJ14 PFO PF5 PK9 PK5 NC NC PF10 PF11 PF12
B PA1 VDDE_A PJ2 PJ4 PJ6 PJ8 PJ15 PF1 PF6 NC PK6 PK2 NC NC VDDE_E PF13
c PA2 PA3 VDDE_A PJ9 PJ10 PJ12 PKO PF3 PF7 NC PK7 PK3 NC VDDE_E NC PF14
D PA4 PA5 PGO VvDD12 PJ11 PJ13 PK1 PF4 VDD12 PG12 PK8 PK4 VDD12 NC NC PF15
E PA6 PA7 PG1 PG2 NC NC NC NC
E PA8 PA9 PG3 PG4 NC NC NC NC
G PA10 PA11 PG5 PG6 VSS VSS VSS VSS NC PE7 PE1 NC
H PA12 PA13 PA15 PG7 VSS VSS VSS VSS PES PE6 VvDDMC VSSMC
3| RESET PA14 PG8 PG10 VSS VSS VSS VSS PE4 PE2 PEO PD8
K| EXTAL VDDE_A PG9 PG11 VSS VSS VSS VSS PE3 PD13 PD9 PD7
L | VSSPLL | VDDPLL | NMI/PF2 MDO3 PD15 PD12 VDDMB VSSMB
M XTAL VPP PH3 VREG PD14 PD11 PD5 PD6
BYPASS
N| VDDR VLCD PH2 VvDD12 PK11 PK10 PB8 PB5 PC13 PC9 PC6 PB11 VDDMA PD10 PD4 PD3
= VRC_ PH1 VDDE_B MDO2 MDO1 PB13 PB7 PB4 PC12 PC8 PC5 PC3 PB10 NC PD2 PD1
CTRL
R PHO VDDE_B EVTO PF9 PH4 PB12 PB6 PC15 PC11 PC7 PC4 PC2 PB3 PB2 VDDE_B PDO
7| MCKO MSEO EVTI PF8 MDOO PB9 VDDE_C PC14 PC10 VSSA VDDA PC1 PCO PB1 PBO VSSMA

1. NC = Not connected

Figure 3-3. 208 MAPBGA configuration1 2

2. 208 MAPBGA available only as development package for Nexus2+




3.3

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:

3.4

PBJ[5] (FAB) is pull-down. Without external strong pull-up the device starts fetching from flash.
RESET pad is driven low. This is released only after PHASE?2 reset completion.

Main oscillator pads (EXTAL, XTAL) are tristate.

Nexus output pads (MDO[n], MCKO, EVTO, MSEOQ) are forced to output.

The following pads are pull-up:

— PBJ6]

— PHIO0]

— PH[1]

— PH[3]

— EVTI

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.

There is a preferred power-up sequence for devices in the PXD10 family. That sequence is described in
the following paragraphs.

Broadly, the supply voltages can be grouped as follows:

VREG HV supply (VppRr)
Generic 10 supply or noise free supply
— Vopa

— VpDE A

— VpDE B

— VppE C

— VppE E

— Vppma

— Vobpwme

— Vobpme

— VpppLL

LV supply (Vpp12)

The preferred order of ramp up is as follows:
1. Generic 10 supply or noise free supply

PXD10 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor 3-5

Preliminary—Subject to Change Without Notice



2. VREG HV supply (Vppg - Should be the last HV supply to ramp up. It is also OK if all HV
supplies including Vppgr ramp up together)

3. LV supply
The reason for following this sequence is to ensure that when VREG releases its LVDs, the 1/0 and other

HV segments are powered properly. This is important because the PXD10 does not monitor LVDs on 1/0
HV supplies.

Table 3-1. Voltage supply pin descriptions

Pin number
Supply Pin Function
144 LQFP 176 LQFP

vDD12! 1.2 V core supply 42,51, 103, 118, 133 50, 67, 123, 148, 163

VDDA 3.3 V/5V ADC supply source 53 69
VDDE_A  |3.3V/5V I/O supply 7,124 7,154, 170
VDDE_B |3.3V/5V I/O supply 38 46, 64
VDDE_C  |3.3V/5V I/O supply 63 79
VDDE_E  |3.3V/5V I/O supply 109 133
VDDMA? | Motor pads 5 V supply 77 93
VDDMB? Motor pads 5 V supply 87 103
VDDMC?2 Motor pads 5 V supply 97 113
VDDPLL  |1.2 V PLL supply 31 31

VDDR VREG reg supply 22 22

vPp3 9V - 12V flash test analog write 26 26

signal
VSS Digital ground 8, 23, 39, 43, 52, 64, 104, 8, 23, 47, 51, 68, 80, 124,
110, 119, 125, 134 134, 149, 155, 164, 65, 171

VSSA ADC ground 54 70
VSSMA Stepper motor ground 78 94
VSSMB Stepper motor ground 88 104
VSSMC Stepper motor ground 98 114
VSSOSC MHz oscillator ground 28 28
VSSPLL PLL ground 30 30

1 Decoupling capacitors must be connected between these pins and the nearest Vgg, pin.
2 All stepper motor supplies need to be at same level (3.3 V or 5 V).
3 This signal needs to be connected to ground during normal operation.

3.5 Pad types

The pads available for system pins and functional port pins are described in:

PXD10 Microcontroller Reference Manual, Rev. 1

3-6 Freescale Semiconductor
Preliminary—Subject to Change Without Notice



e The port pin summary table
* The pad type descriptions

» The description of the pad configuration registers in the SIUL chapter of the device reference
manual

* The device data sheet

3.6 System pins

The system pins are listed in Table 3-2.
Table 3-2. System pin descriptions

Pin No.
System pin Function Vo Pad RESET
direction | type config 144 LQFP | 176 LQFP 208(2/|AAPB
RESET Bidirectional reset with /0 M Input, weak 24 24 J1
Schmitt-Trigger pull up
characteristics and noise
filter.
EXTAL Analog output of the X — 29 29 K1
oscillator amplifier circuit.
Input for the clock
generator in bypass mode.
XTAL Analog input of the | X — 27 27 M1
oscillator amplifier circuit.
Needs to be grounded if
oscillator bypass mode is
used.
VRC_CTRL | VREG ballast control gain 25 25 P1
VREG_ | Pin used for factory testing X — 32 32 M1
BYPASS!

1 VREG_BYPASS should be pulled down externally.

3.7 Debug pins

The debug pins are listed in Table 3-3.
Table 3-3. Debug pin descriptions

Pin number
. . Pad /0 .
Debug pin Function type | direction RESET config 144 LOFP 176 LOFP | 208 MAP
! BGA
EVTI Nexus event input M 110 Input, Pull Up — 37 T3
EVTO Nexus event output M 1/0 Input, Pull Up — 35 R3
MCKO | Nexus message clock F 110 Input, Pull Up — 33 T1
output

PXD10 Microcontroller Reference Manual, Rev. 1
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Table 3-3. Debug pin descriptions (continued)

Pin number
. . Pad /0 .
Debug pin Function type | direction RESET config 144 LOFP 176 LQFP | 208 MAP
1 BGA

MDOO Nexus message clock M 110 Input, Pull Up — 38 T5
output

MDO1 Nexus message clock M 110 Input, Pull Up — 40 P5
output

MDO2 | Nexus message clock M 1/0 Input, Pull Up — 42 P4
output

MDO3 | Nexus message clock M 1/0 Input, Pull Up — 44 L4
output

MSEO | Nexus message clock M 110 Input, Pull Up — 34 T2
output

1 Onthe 176-pin package, the debug pins are multiplexed with other pins. The multiplexing is described in the port
pin summary table.

PXD10 Microcontroller Reference Manual, Rev. 1
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3.8

The functional port pins are listed in Table 3-4.

Functional ports

Table 3-4. Port pin summary

Pin number
Port PCR | Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function2 | Peripheral” | directio type* Cogﬂg' 208 MAPB
n 144 LQFP | 176 LQFP GA
PA[O] PCR[0] |Option 0 |GPIO[0] FP23 SIUL I/0 M1 | None, 135 165 Al
Option1 |[DCU_RO DCU None
Option 2 | eMIOSA[22] PWM/Timer
Option 3 | SOUND Sound
PA[1] PCR[1] |[Option0 |GPIO[1] FP22 SIUL /0 M1 | None, 136 166 B1
Option1l |[DCU_R1 DCU None
Option 2 | eMIOSA[21] PWM/Timer
Option3 |— _
PA[2] PCR[2] |Option 0 |GPIO[2] FP21 SIUL I/0 M1 | None, 137 167 C1
Option1 |[DCU_R2 DCU None
Option 2 | eMIOSA[20] PWM/Timer
Option3 |— —
PA[3] PCR[3] [Option0 |GPIO[3] FP20 SIUL /10 M1 | None, 138 168 c2
Option1 |[DCU_R3 DCU None
Option 2 | eMIOSA[19] PWM/Timer
Option3 |— _
PA[4] PCR[4] |Option 0 |GPIO[4] FP19 SIUL I/0 M1 | None, 139 169 D1
Option1l |[DCU_R4 DCU None
Option 2 | eMIOSA[18] PWM/Timer
Option3 |— —
PA[5] PCR[5] |Option0 |GPIO[5] FP18 SIUL /10 M1 | None, 140 172 D2
Option1 |[DCU_R5 DCU None
Option 2 | eMIOSA[17] PWM/Timer
Option3 |— _
PA[6] PCR[6] |Option 0 |GPIO[6] FP17 SIUL I/0 M1 | None, 141 173 El
Option1 |[DCU_RG6 DCU None
Option 2 | eMIOSA[15] PWM/Timer
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* cor15f|g. 208 MAPB
n 144 LQFP | 176 LQFP GA

PA[7] PCR[7] |Option0 |GPIO[7] FP16 SIUL I/0 M1 | None, 142 174 E2
Option1 |[DCU_R7 DCU None
Option 2 | eMIOSA[16] PWM/Timer
Option3 |— _

PA[8] PCR[8] |Option 0 |GPIO[8] FP15 SIUL I/0 M1 | None, 143 175 F1
Option1l |DCU_GO DCU None
Option 2 | eMIOSB[23] PWM/Timer
Option 3 |SCL_2 1’c_2

PA[9] PCR[9] [Option0 |GPIO[9] FP14 SIUL 110 M1 | None, 144 176 F2
Option1l |DCU_G1 DCU None
Option 2 | eMIOSB[18] PWM/Timer
Option 3 |SDA 2 1’c_2

PA[10] | PCR[10] | Option 0 |GPIO[10] FP13 SIUL I/0 M1 | None, 1 1 Gl
Option1l |DCU_G2 DCU None
Option 2 | eMIOSB[20] PWM/Timer
Option3 |— —

PA[11] | PCR[11] |Option 0 |GPIO[11] FP12 SIUL /0 M1 | None, 2 2 G2
Option1l |DCU_G3 DCU None
Option 2 | eMIOSA[13] PWM/Timer
Option3 |— _

PA[12] | PCR[12] |Option 0 |GPIO[12] FP11 SIUL I/0 M1 | None, 3 3 H1
Option1 |DCU_G4 DCU None
Option 2 | eMIOSA[12] PWM/Timer
Option3 |— —

PA[13] | PCR[13] | Option 0 | GPIO[13] FP10 SIUL 110 M1 | None, 4 4 H2
Option1l |DCU_G5 DCU None
Option 2 | eMIOSA[11] PWM/Timer
Option3 |— _

PA[14] | PCR[14] | Option 0 |GPIO[14] FP9 SIUL I/0 M2 | None, 5 5 J2
Option1 |DCU_G6 DCU None
Option 2 | eMIOSA[10] PWM/Timer
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* cor15f|g. 208 MAPB
n 144 LQFP | 176 LQFP GA
PA[15] | PCR[15] | Option 0 |GPIO[15] FP8 SIUL I/0 M1 | None, 6 6 H3
Option1l |DCU_G7 DCU None
Option 2 | eMIOSA[9] PWM/Timer
Option3 |— _
PB[0] | PCR[16] | Option 0 |GPIO[16] — SIUL I/0 M1 | None, 106 130 T15
Option1 |[CANTX_O FlexCAN_O None
Option 2 | PDI1 PDI
Option3 |— —
PB[1] | PCR[17] |Option 0 |GPIO[17] — SIUL 110 S None, 105 129 T14
Option1 |CANRX_O FlexCAN_O None
Option 2 | PDIO PDI
Option3  |— _
PB[2] | PCR[18] | Option 0 |GPIO[18] — SIUL 110 S None, 112 140 R14
Option1l |TXD_O LINFlex_0 None
Option2 |— —
Option3  |— —
PB[3] | PCR[19] | Option 0 |GPIO[19] — SIUL 110 S None, 111 139 R13
Option1l |RXD_O LINFlex_0 None
Option2 |— _
Option3  |— _
PB[4] | PCR[20] | Option 0 |GPIO[20] — SIUL I/O M1 | None, 48 62 P8
Option1 |SCK_1 DSPI_1 None
Option 2 | MAO ADC
Option3 |— —
PB[5] | PCR[21] |Option 0 |GPIO[21] — SIUL 110 M1 Input, 49 63 N8
Option1 |SOUT_1 DSPI_1 Pull-do
Option 2 | MAl ADC wn
Option 3 | FABM Control
PB[6] | PCR[22] | Option 0 |GPIO[22] — SIUL I/0 S Input, 50 66 R7
Option1 |SIN_1 DSPI_1 Pull-up
Option 2 | MA2 ADC
Option 3 | ABS[0] Control
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
in | register |function® Function function? | Peripheral® | directio type* config. 208 MAPB
P n 5 144 LQFP | 176 LQFP oA
PB[7] | PCR[23] | Option 0 |GPIO[23] — SIUL 110 S None, 46 56 P7
Option1 |[SIN_O DSPI_0 None
Option 2 | eMIOSB[22] PWM/Timer
Option3 |— _
PB[8] | PCR[24] | Option 0 |GPIO[24] — SIUL I/0 M1 | None, 45 55 N7
Option1l |SOUT_O DSPI_0 None
Option 2 | eMIOSB[21] PWM/Timer
Option3 |— —
PB[9] | PCR[25] | Option 0 |GPIO[25] — SIUL /0 M1 | None, 44 54 T6
Option1l |[SCK 0 DSPI_0 None
Option 2 | eMIOSB[20] PWM/Timer
Option3 |— _
PB[10] | PCR[26] | Option 0 | GPIO[26] — SIUL I/0 S None, 107 131 P13
Option 1 |CANRX_1 FlexCAN_1 None
Option 2 | PDI2 PDI
Option 3 | eMIOSA[23] PWM/Timer
PB[11] | PCR[27] | Option 0 |GPIO[27] — SIUL 110 M1 | None, 108 132 N12
Option1 |[CANTX_1 FlexCAN_1 None
Option 2 | PDI3 PDI
Option 3 | eMIOSA[16] PWM/Timer
PB[12] | PCR[28] | Option 0 |GPIO[28] — SIUL 110 S None, 40 48 R6
Option1l |RXD_1 LINFlex_1 None
Option 2 | eMIOSB[19] PWM/Timer
Option3 |PCS2_0 DSPI_O
PB[13] | PCR[29] | Option 0 |GPIO[29] — SIUL /10 S None, 41 49 P6
Option1l |TXD_1 LINFlex_1 None
Option 2 | eMIOSBJ[18] PWM/Timer
Option3 |PCS1 0 DSPI_0O
PB[14] — — Reserved — — — — — — — —
PB[15] — — Reserved — — — — — — — —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* config. 208 MAPB
n 5 144 LQFP | 176 LQFP GA
PC[0] | PCR[30] |Option 0 |GPIO[30] ANS[0] |SIUL 1/O J None, 72 88 T13
Option1l |— — None
Option2 |— _
Option3 |— _
PC[1] | PCR[31] |Option0 |GPIO[31] ANS[1] |SIUL 110 J None, 71 87 T12
Option1l |— — None
Option2 |— —
Option3 |— —
PC[2] | PCR[32] |Option 0 |GPIO[32] ANS[2] |SIUL 1/0 J None, 70 86 R12
Option1l |— — None
Option2 |— _
Option3 |— _
PC[3] | PCR[33] |Option0 |GPIO[33] ANSI[3] |SIUL I/0 J None, 69 85 P12
Option1l |— — None
Option2 |— —
Option3 |— —
PC[4] | PCR[34] |Option 0 |GPIO[34] ANS[4] |SIUL 1/0 J None, 68 84 R11
Option1l |— — None
Option2 |— _
Option3 |— _
PC[5] | PCR[35] |Option0 |GPIO[35] ANSI[5] |SIUL 110 J None, 67 83 P11
Option1l |— — None
Option2 |— —
Option3 |— —
PC[6] | PCR[36] |Option 0 |GPIO[36] ANS[6] |SIUL 1/0 J None, 66 82 N11
Option1l |— — None
Option2 |— _
Option3 |— _
PC[7] | PCR[37] |Option0 |GPIO[37] ANS[7] |SIUL 110 J None, 65 81 R10
Option1l |— — None
Option2 |— —
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* config. 208 MAPB
n 5 144 LQFP | 176 LQFP GA

PC[8] | PCR[38] |Option 0 |GPIO[38] ANS[8] |SIUL 1/O J None, 62 78 P10
Option1l |— — None
Option2 |— _
Option3 |— _

PC[9] | PCR[39] |Option0 |GPIO[39] ANS[9] |SIUL 110 J None, 61 77 N10
Option1l |— — None
Option2 |— —
Option3 |— —

PC[10] | PCR[40] | Option 0 | GPIOJ[40] ANS[10] |SIUL 1/0 J None, 60 76 T9
Option1l |— — None
Option 2 | SOUND SGL
Option3 |— _

PC[11] | PCR[41] |Option 0 |GPIO[41] ANSJ[11] |SIUL I/0 J None, 59 75 R9
Option1l |— — None
Option 2 | MAO ADC
Option3 |PCS2_1 DSPI_1

PC[12] | PCR[42] |Option 0 |GPIO[42] ANS[12] |SIUL 1/0 J None, 58 74 P9
Option1l |— — None
Option2 | MAl ADC
Option3 |PCS1_1 DSPI_1

PC[13] | PCR[43] |Option 0 |GPIO[43] ANSJ[13] |SIUL 110 J None, 57 73 N9
Option1l |— — None
Option 2 | MA2 ADC
Option 3 |PCSO0_1 DSPI_1

PC[14] | PCR[44] | Option 0 | GPIO[44] ANS[14] |SIUL 1/0 J None, 56 72 T8
Option1l |— EXTAL32 |— None
Option2 |— _
Option3 |— _

PC[15] | PCR[45] | Option 0 |GPIO[45] ANSJ[15] |SIUL I/0 J None, 55 71 R8
Option1l |— XTAL32 |— None
Option2 |— —
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* cor15f|g. 208 MAPB
n 144 LQFP | 176 LQFP GA
PD[0] | PCR[46] |Option 0 |GPIO[46] — SIUL 110 SMD | None, 73 89 R16
Option1 |MOCOM SMC None
Option 2 | SSDO_0 SSD
Option 3 | eMIOSB[23] PWM/Timer
PD[1] | PCR[47] |Option0 |GPIO[47] — SIUL I/0 SMD | None, 74 90 P16
Option1 | MOCOP SMC None
Option 2 | SSDO_1 SSD
Option 3 | eMIOSB[22] PWM/Timer
PD[2] | PCR[48] |Option0 |GPIO[48] — SIUL /10 SMD | None, 75 91 P15
Option1 |[MOC1M SMC None
Option 2 | SSDO_2 SSD
Option 3 | eMIOSB[21] PWM/Timer
PD[3] | PCR[49] |Option 0 |GPIO[49] — SIUL I/O SMD | None, 76 92 N16
Option1 |[MOC1P SMC None
Option 2 | SSDO_3 SSD
Option 3 | eMIOSB[20] PWM/Timer
PD[4] | PCR[50] |Option0 |GPIO[50] — SIUL /0 SMD | None, 79 95 N15
Option1 |M1COM SMC None
Option2 |SSD1_0 SSD
Option 3 | eMIOSB[19] PWM/Timer
PD[5] | PCR[51] |Option 0 |GPIO[51] — SIUL /0 SMD | None, 80 96 M15
Option1 | M1COP SMC None
Option2 |SSD1_1 SSD
Option 3 | eMIOSB[18] PWM/Timer
PD[6] | PCR[52] |Option0 |GPIO[52] — SIUL 110 SMD | None, 81 97 M16
Option1 |M1C1M SMC None
Option2 |SSD1_2 SSD
Option 3 | eMIOSB[17] PWM/Timer
PD[7] | PCR[53] |Option 0 |GPIO[53] — SIUL I/O SMD | None, 82 98 K16
Option1 |M1C1P SMC None
Option2 |SSD1_3 SSD
Option 3 | eMIOSB[16] PWM/Timer
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* cor15f|g. 208 MAPB
n 144 LQFP | 176 LQFP GA

PD[8] | PCR[54] |Option 0 |GPIO[54] — SIUL 1/0 SMD | None, 83 99 J16
Option1 |M2COM SMC None
Option2 |SSD2_0 SSD
Option3 |— _

PD[9] | PCR[55] |Option 0 |GPIO[55] — SIUL I/0 SMD | None, 84 100 K15
Option1 |[M2COP SMC None
Option 2 |SSD2_1 SSD
Option3 |— —

PD[10] | PCR[56] | Option 0 | GPIO[56] — SIUL 1/0 SMD | None, 85 101 N14
Option1 |M2C1M SMC None
Option2 |SSD2_2 SSD
Option3 |— _

PD[11] | PCR[57] |Option 0 | GPIO[57] — SIUL I/0 SMD | None, 86 102 M14
Option1 |[M2C1P SMC None
Option 2 | SSD2_3 SSD
Option3 |— —

PD[12] | PCR[58] | Option 0 |GPIO[58] — SIUL 1/0 SMD | None, 89 105 L14
Option1 |M3COM SMC None
Option 2 |SSD3_0 SSD
Option3 |— _

PD[13] | PCR[59] | Option 0 | GPIO[59] — SIUL I/O SMD | None, 90 106 K14
Option 1 | M3COP SMC None
Option 2 | SSD3_1 SSD
Option 3 | — —

PD[14] | PCR[60] | Option 0 |GPIO[60] — SIUL 1/0 SMD | None, 91 107 M13
Option1 |M3C1M SMC None
Option 2 | SSD3_2 SSD
Option3 |— _

PD[15] | PCR[61] | Option 0 |GPIO[61] — SIUL I/0 SMD | None, 92 108 L13
Option1 |M3C1P SMC None
Option 2 | SSD3_3 SSD
Option 3 | — —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
in | register |function® Function function? | Peripheral® | directio type* config. 208 MAPB
P n 5 144 LQFP | 176 LQFP oA
PE[O] | PCR[62] | Option 0 |GPIO[62] — SIUL 110 SMD | None, 93 109 Ji5
Option1 |M4COM SMC None
Option 2 | SSD4_0 SSD
Option 3 | eMIOSA[15] PWM/Timer
PE[1] | PCR[63] |Option 0 |GPIO[63] — SIUL I/0 SMD | None, 94 110 G15
Option1 | M4COP SMC None
Option2 |SSD4_1 SSD
Option 3 | eMIOSA[14] PWM/Timer
PE[2] | PCR[64] | Option 0 |GPIO[64] — SIUL 110 SMD | None, 95 111 J14
Option1 |M4C1M SMC None
Option2 |SSD4_2 SSD
Option 3 | eMIOSA[13] PWM/Timer
PE[3] | PCR[65] | Option 0 |GPIO[65] — SIUL I/0 SMD | None, 96 112 K13
Option 1 | M4C1P SMC None
Option 2 | SSD4_3 SSD
Option 3 | eMIOSA[12] PWM/Timer
PE[4] | PCR[66] | Option 0 |GPIO[66] — SIUL /10 SMD | None, 99 115 J13
Option1 |M5COM SMC None
Option2 |SSD5_0 SSD
Option 3 | eMIOSA[11] PWM/Timer
PE[5] | PCR[67] | Option 0 |GPIO[67] — SIUL I/0 SMD | None, 100 116 H13
Option 1 | M5COP SMC None
Option 2 | SSD5_1 SSD
Option 3 | eMIOSA[10] PWM/Timer
PE[6] | PCR[68] | Option 0 |GPIO[68] — SIUL /10 SMD | None, 101 117 H14
Option1 |M5C1IM SMC None
Option 2 | SSD5_2 SSD
Option 3 | eMIOSA[9] PWM/Timer
PE[7] | PCR[69] | Option 0 |GPIO[69] — SIUL I/O SMD | None, 102 118 Gl14
Option1 |M5C1P SMC None
Option 2 | SSD5_3 SSD
Option 3 | eMIOSA[8] PWM/Timer
PE[8] — — Reserved — — — — — — — —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
in | register |function® Function function? | Peripheral® | directio type* config. 208 MAPB
P n 5 144 LQFP | 176 LQFP oA
PE[9] — — Reserved — — — — — — — —
PE[10] — — Reserved — — — — |— — — —
PE[11] — — Reserved — — — — |— — — —
PE[12] — — Reserved — — — — |— — — —
PE[13] — — Reserved — — — — |— — — —
PE[14] — — Reserved — — — — |— — — —
PE[15] — — Reserved — — — — |— — — —
PF[0] | PCR[70] | Option 0 |GPIO[70] FP39 SIUL I/0 S None, 113 143 A8
Option1 |eMIOSA[13] PWM/Timer None
Option 2 |PDI4 PDI
Option 3 | eMIOSA[22] PWM/Timer
PF[1] | PCR[71] |Option 0 |GPIO[71] FP38 SIUL 110 S None, 114 144 B8
Option 1 | eMIOSA[12] PWM/Timer None
Option 2 | PDI5 PDI
Option 3 | eMIOSA[21] PWM/Timer
PF[2] | PCR[72] |Option 0 |GPIO[72] — SIUL 110 S None, 37 45 L3
Option1 |NMI NMI None
Option2 | — —
Option3 |— _
PF[3] | PCR[73] |Option 0 |GPIO[73] FP37 SIUL I/0 M1 | None, 115 145 c8
Option 1 |eMIOSA[11] PWM/Timer None
Option 2 | PDI6 PDI
Option3 |— —
PF[4] | PCR[74] |Option 0 |GPIO[74] FP36 SIUL /0 M1 | None, 116 146 D8
Option1 |eMIOSA[10] PWM/Timer None
Option 2 | PDI7 PDI
Option3 |— _
PF[5] | PCR[75] |Option 0 |GPIO[75] FP35 SIUL I/0 M1 | None, 117 147 A9
Option 1 |eMIOSA[9] PWM/Timer None
Option 2 |DCU_TAG DCU
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* cor15f|g. 208 MAPB
n 144 LQFP | 176 LQFP GA

PF[6] | PCR[76] | Option 0 |GPIO[76] FP34 |SIUL 110 S | None, 120 150 B9
Option1 |SDA 0 1’C_0 None
Option2 |— _
Option3 |— _

PF[7] | PCR[77] |Option 0 |GPIO[77] FP33 |SIUL 110 S | None, 121 151 C9
Option1 |SCL_0 1’C_0 None
Option2 |PCS2_1 DSPI 1
Option3 |— —

PF[8] | PCR[78] | Option 0 |GPIO[78] FP32 |SIUL 110 S | None, 122 152 T4
Option1 |SDA 1 1’c_1 None
Option2 |PCS1_1 DSPI_1
Option3 |RXD_1 LINFlex_1

PF[9] | PCR[79] | Option 0 |GPIO[79] FP31 |SIUL 110 S | None, 123 153 R4
Option1 |SCL_1 1’c_1 None
Option 2 |PCS0_1 DSPI 1
Option3 |TXD_1 LINFlex_1

PF[10] | PCR[80] | Option 0 | GPIO[80] FP29 |SIUL 110 M1 | None, 127 157 Al4
Option 1 | eMIOSA[16] PWM/Timer None
Option 2 | PCSO0_2 QuadSPI
Option3 |— _

PF[11] | PCR[81] | Option 0 |GPIO[81] FP28 |SIUL I/0 M1 | None, 128 158 Al5
Option 1 | eMIOSB[23] PWM/Timer None
Option 2 |102/PCS1_28 QuadSPI
Option3 |— —

PF[12] | PCR[82] | Option 0 |GPIO[82] FP27 |SIUL 110 M1 | None, 129 159 Al6
Option1 |eMIOSB[16] PWM/Timer None
Option 2 [103/PCS2_28 QuadSPI
Option3 |— _

PF[13] | PCR[83] |Option 0 | GPIO[83] FP26 SIUL 110 M1 | None, 130 160 B16
Option 1 IOO/SIN_26 QuadSPI None
Option 2 |CANRX_1 FlexCAN_1
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* cor15f|g. 208 MAPB
n 144 LQFP | 176 LQFP GA

PF[14] | PCR[84] |Option 0 |GPIO[84] FP25 SIUL I/0 M1 | None, 131 161 C16
Option1 |101/SOUT_2% QuadSPI None
Option 2 | CANTX_1 FlexCAN_1
Option3 |— _

PF[15] | PCRI[85] |Option 0 | GPIO[85] FP24 SIUL I/0 F None, 132 162 D16
Option1 |[SCK_2 QuadSPI None
Option2 |— —
Option3 |— —

PG[0] | PCRI[86] |Option 0 |GPIO[86] FP7 SIUL 110 M2 | None, 9 9 D3
Option1 |DCU_BO DCU None
Option2 |SCL_3 1’c_3
Option 3 | SOUND SGL

PG[1] | PCRI[87] |Option 0 |GPIO[87] FP6 SIUL I/0 M1 | None, 10 10 E3
Option1 |DCU_B1 DCU None
Option 2 |SDA 3 1’C_3
Option3 |— —

PG[2] | PCRI[88] |Option 0 |GPIO[88] FP5 SIUL 110 M2 | None, 11 11 E4
Option1 |DCU_B2 DCU None
Option 2 | eMIOSB[19] PWM/Timer
Option3 |— _

PGI[3] | PCRI[89] |Option 0 |GPIO[89] FP4 SIUL I/0 M1 | None, 12 12 F3
Option1 |DCU_B3 DCU None
Option 2 | eMIOSB[21] PWM/Timer
Option3 |— —

PG[4] | PCR[90] |Option 0 |GPIO[90] FP3 SIUL 110 M2 | None, 13 13 F4
Option1 |DCU_B4 DCU None
Option 2 | eMIOSB[17] PWM/Timer
Option3 |— _

PGI[5] | PCR[91] |Option 0 |GPIO[91] FP2 SIUL I/0 M1 | None, 14 14 G3
Option1 |DCU_B5 DCU None
Option 2 | eMIOSA[8] PWM/Timer
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
in | register |function® Function function? | Peripheral® | directio type* config. 208 MAPB
P n 5 144 LQFP | 176 LQFP oA
PG[6] | PCR[92] |Option0 |GPIO[92] FP1 SIUL I/0 M2 | None, 15 15 G4
Option1l |DCU_B6 DCU None
Option2 |— _
Option3 |— _
PG[7] | PCR[93] |Option 0 |GPIO[93] FPO SIUL I/0 M1 | None, 16 16 H4
Option1 |DCU_B7 DCU None
Option2 |— —
Option3 |— —
PG[8] | PCR[94] |Option 0 |GPIO[94] BPO SIUL 1/0 M2 Input, 17 17 J3
Option1 |[DCU_VSYNC DCU None
Option2 | — —
Option3 |— _
PG[9] | PCRI[95] |Option 0 |GPIO[95] BP1 SIUL 110 M1 Input, 18 18 K3
Option1 |DCU_HSYNC DCU None
Option2 |— —
Option3 |— —
PG[10] | PCR[96] |Option 0 | GPIO[96] BP2 SIUL 1/0 M2 | None, 19 19 J4
Option1 |DCU_DE DCU None
Option2 |— _
Option3 |— _
PG[11] | PCR[97] |Option 0 | GPIO[97] BP3 SIUL I/0 M1 | None, 20 20 K4
Option1 |DCU_PCLK DCU None
Option2 |— —
Option3 |— —
PG[12] | PCR[98] |Option 0 | GPIO[98] FP30 SIUL I/0 S None, 126 156 D10
Option 1 | eMIOSA[23] PWM/Timer None
Option 2 | SOUND SGL
Option 3 | eMIOSA[8] PWM/Timer
PG[13] — — Reserved — — — — — — — —
PG[14] — — Reserved — — — — — — — —
PG[15] — — Reserved — — — — — — — —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
in | register |function® Function function? | Peripheral® | directio type* config. 208 MAPB
P n 5 144 LQFP | 176 LQFP oA
PH[0]” | PCR[99] | Option 0 |GPIO[99] — SIUL 110 S Input, 36 43 R1
Option1l |TCK JTAG Pull-up
Option2 |— _
Option3 |— _
PH[1]” | PCR[100 | Option 0 |GPIO[100] — SIUL I/0 S Input, 33 36 P2
] Option1 |[TDI JTAG Pull-up
Option2 |— —
Option3 |— —
PH[2]” | PCR[101 |Option 0 |GPIO[101] — SIUL I/0 M1 | Output, 34 39 N3
] Option1 |TDO JTAG None
Option2 |— —
Option3 |— _
PH[3]” | PCR[102 | Option 0 |GPIO[102] — SIUL I/0 S Input, 35 41 M3
] Option1l |TMS JTAG Pull-up
Option2 |— —
Option3 |— —
PH[4] |PCR[103|Option0 |GPIO[103] — SIUL /10 F None, 47 61 R5
] Option1l |PCS0_0 DSPI_0O None
Option 2 | eMIOSB[16] PWM/Timer
Option 3 | CLKOUT Control
PH[5] |PCR[104|Option0 |GPIO[104] — SIUL I/0 S None, 21 21 N2
] Option1 |vLCD® LCD None
Option2 |— —
Option3 |— —
PHI[6] — — Reserved — — — — — — — —
PHI[7] — — Reserved — — — — — — — —
PHI[8] — — Reserved — — — — — — — —
PHI[9] — — Reserved — — — — — — — —
PH[10] — — Reserved — — — — — — — —
PH[11] — — Reserved — — — — — — — —
PH[12] — — Reserved — — — — — — — —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR | Alternate . Special . 3 . Vo . Pad RESI.ET
in | register | function? Function function2 | Peripheral” | directio type? config. 208 MAPB
P n 5 | 144LQFP | 176 LQFP oA
PH[13] — — Reserved — — — — — — — —
PH[14] — — Reserved — — — — — — — —
PH[15] — — Reserved — — — — — — — —
PJ[0] |PCR[105|Option0 |GPIO[105] — SIUL 1/0 S None, — 119 A2
] Option1 |PDI_DE PDI None
Option2 | — —
Option3 |— —
PJ[1] |PCR[106 |Option 0 |GPIO[106] — SIUL I/0 S None, — 120 A3
] Option1 |PDI_HSYNC PDI None
Option2 |— —
Option3 |— —
PJ[2] |PCR[107|Option0 |GPIO[107] — SIUL 1/0 S None, — 121 B3
] Option1 |[PDI_VSYNC PDI None
Option2 |— _
Option3 |— _
PJ[3] |PCR[108|Option0 |GPIO[108] — SIUL I/0 M1 | None, — 122 Ad
] Option1 |PDI_PCLK PDI None
Option2 |— —
Option3 |— —
PJ[4] |PCR[109 |Option0 |GPIO[109] — SIUL 1/0 S None, — 57 B4
] Option 1 | PDI[0] PDI None
Option 2 | CANRX_O FlexCAN_O
Option3 |— —
PJ[5] |PCR[110|Option0 |GPIO[110] — SIUL I/0 M1 | None, — 58 A5
] Option 1 | PDI[1] PDI None
Option 2 | CANTX_O FlexCAN_O
Option3 |— —
PJ[6] |PCR[111|Option0 |GPIO[111]] — SIUL 1/0 S None, — 59 B5
] Option 1 | PDI[2] PDI None
Option 2 | CANRX_1 FlexCAN_1
Option 3 | eMIOSA[22] PWM/Timer
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* config. 208 MAPB
n 5 144 LQFP | 176 LQFP GA
PJ[7] |PCR[112|Option0 |GPIO[112] — SIUL I/0 M1 | None, — 60 A6
] Option1 | PDI[3] PDI None
Option 2 | CANTX_1 FlexCAN_1
Option 3 | eMIOSA[21] PWM/Timer
PJ[8] |PCR[113|Option0 |GPIO[113] — SIUL I/0 S None, — 125 B6
] Option 1 | PDI[4] PDI None
Option2 |— —
Option3 |— —
PJ[9] |PCR[114|Option0 |GPIO[114] — SIUL /0 S None, — 126 C4
] Option 1 | PDI[5] PDI None
Option2 |— _
Option3 |— _
PJ[10] | PCR[115 |Option 0 |GPIO[115] — SIUL I/0 S None, — 127 C5
] Option 1 | PDI[6] PDI None
Option2 |— —
Option3 |— —
PJ[11] | PCR[116 |Option 0 |GPIO[116] — SIUL 110 S None, — 128 D5
] Option1 | PDI[7] PDI None
Option2 |— _
Option3 |— _
PJ[12] | PCR[117 |Option 0 |GPIO[117] — SIUL I/0 M1 | None, — 135 Cc6
] Option 1 | PDI[8] PDI None
Option 2 | eMIOSB[17] PWM/Timer
Option3 |— —
PJ[13] | PCR[118 | Option 0 |GPIO[118] — SIUL /10 M1 | None, — 136 D6
] Option 1 | PDI[9] PDI None
Option 2 | eMIOSBJ[20] PWM/Timer
Option3 | — _
PJ[14] | PCR[119 |Option 0 |GPIO[119] — SIUL I/0 M1 | None, — 137 A7
] Option 1 | PDI[10] PDI None
Option 2 | eMIOSA[20] PWM/Timer
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
pin | register | function® Function function? | Peripheral® | directio type* cor15f|g. 208 MAPB
n 144 LQFP | 176 LQFP GA
PJ[15] | PCR[120 | Option 0 |GPIO[120] — SIUL I/0 M1 | None, — 138 B7
] Option 1 | PDI[11] PDI None
Option 2 | eMIOSA[19] PWM/Timer
Option3 |— _
PK[0] |PCR[121|Option0 |GPIO[121] — SIUL I/0 M1 | None, — 141 c7
] Option 1 | PDI[12] PDI None
Option 2 | eMIOSA[18] PWM/Timer
Option 3 |DCU_TAG DCU
PK[1] |PCR[122|Option 0 |GPIO[122] — SIUL /10 M1 | None, — 142 D7
] Option 1 | PDI[13] PDI None
Option 2 | eMIOSA[17] PWM/Timer
Option3 |— _
PK[2] |PCR[123|Option 0 |GPIO[123] — SIUL I/0 F None, — 33 B12
] Option1 |MCKO Nexus None
Option 2 | PDI[10] PDI
Option3 |— —
PK[3] |PCR[124|Option 0 |GPIO[124] — SIUL /10 M1 | None, — 34 C12
] Option1l |MSEO Nexus None
Option 2 | PDI[11] PDI
Option3 |— _
PK[4] | PCR[125|Option 0 |GPIO[125] — SIUL I/0 M1 | None, — 35 D12
] Option1 |EVTO Nexus None
Option 2 | PDI[12] PDI
Option3 |— —
PK[5] | PCR[126 |Option 0 |GPIO[126] — SIUL /10 M1 | None, — 37 All
] Option1 |EVTI Nexus None
Option 2 | PDI[13] PDI
Option3 | — _
PK[6] |PCR[127|Option 0 |GPIO[127] — SIUL I/0 M1 | None, — 38 B11l
] Option1 |MDOO Nexus None
Option 2 | PDI[14] PDI
Option3 |— —
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Table 3-4. Port pin summary (continued)

Pin number
Port PCR Alternate . Special . 3 . Vo . Pad RESI.ET
in | register |function® Function function? | Peripheral® | directio type* config. 208 MAPB
P n 5 144 LQFP | 176 LQFP oA
PK[7] |PCR[128 |Option 0 |GPIO[128] — SIUL 110 M1 | None, — 40 c11
] Option1 |[MDO1 Nexus None
Option 2 | PDI[15] PDI
Option3 |— _
PK[8] |PCR[129 |Option 0 |GPIO[129] — SIUL 110 M1 | None, — 42 D11
] Option1 |MDO2 Nexus None
Option 2 | PDI[16] PDI
Option3 |— —
PK[9] |PCR[130|Option 0 |GPIO[130] — SIUL 110 M1 | None, — 44 A10
] Option1 |MDO3 Nexus None
Option 2 | PDI[17] PDI
Option3 |— _
PK[10] | PCR[131 |Option 0 |GPIO[131] — SIUL I/0 S | None, — 52 N6
] Option1 |SDA_1 1’c_1 None
Option 2 | eMIOSA[15] PWM/Timer
Option3 |— —
PK[11] | PCR[132 |Option 0 |GPIO[132] — SIUL 110 S | None, — 53 N5
] Option1 |SCL_1 1’C_1 None
Option 2 | eMIOSA[14] PWM/Timer
Option3 |— _
PK[12] — — Reserved — — — — — — — —
PK[13] — — Reserved — — — — — — — —
PK[14] — — Reserved — — — — — — — —
PK[15] — — Reserved — — — — — — — —

JO1oNpuUOdIWBS 3|eJISsaal

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

Special functions are enabled independently from the standard digital pin functions. Enabling standard I/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 PXD10 Reference Manual for details.
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See Table 3-5.

Reset configuration is given as I/O direction and pull, e.g., “Input, pullup”.
This option on this pin has alternate functions that depend on whether the QuadSPlI is in SPI mode or in serial flash mode (SFM).

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.

This pin can be used for LCD supply pin VLCD. Refer to the voltage supply pin descriptions in the PXD10 data sheet for details.

Table 3-5. Pad type descriptions

Abbreviation®

Description

F

Fast (with GPIO and digital alternate function)

J

Fast/medium/slow I/O pad with analog feature (GPIO and analog functionality)

M1

Medium (with GPIO and digital alternate function)

M2

Medium (with slew rate control)

Slow (with GPIO and digital alternate function)

SMD

Stepper motor driver (with 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.

Signal details

Table 3-6. Signal details

Signal Peripheral Description
ABSJ[0] BAM Alternate Boot Select. Gives an option to boot by downloading code
via CAN or LIN.
ANSJ[0:15] ADC Inputs used to bring into the device sensor-based signals for A/D
conversion. ANS[0:15] connect to ATD channels [32:47].
MA[0:2] ADC These three control bits are output to enable the selection for an

external Analog Mux for expansion channels. The available 8
multiplexed channels connect to ATD channels [64:71].

FABM

Force Alternate Boot mode. Forces the device to boot from the
external bus (Can or LIN). If not asserted, the device boots up from
the lowest flash sector containing a valid boot signature.




Table 3-6. Signal details (continued)

Signal Peripheral Description

DCU_DE DCU Indicates that valid pixels are present.

DCU_HSYNC DCU Horizontal sync pulse for TFT-LCD display

DCU_PCLK DCU Output pixel clock for TFT-LCD display

DCU_R[0:7], DCU Red, green and blue color 8-bit Pixel values for TFT-LCD displays

DCU_G[0:7],

DCU_B[0:7]

DCU_TAG DCU Indicates when a tagged pixel is present in safety mode

DCU_VSYNC DCU Vertical sync pulse for TFT-LCD display

PCSJ[0..2]_0, DSPI Peripheral chip selects when device is in Master mode; not used in

PCS[0..2]_1 slave modes.

SCK_O, DSPI SPI clock signal—bidirectional

SCK_1

SIN_O, DSPI SPI data input signal

SIN_1

SOUT_O0, DSPI SPI data output signal

SOUT_1

PCS0_2 QuadSPI Peripheral chip select for serial flash mode or chip select 0 for SPI
master mode

102/PCS1_2 QuadSPI Chip select 1 for SPI master mode and bidirectional 102 for serial
flash mode

103/PCS2_2 QuadSPI Chip select 2 for SPI master mode and bidirectional 103 for serial
flash mode

I00/SIN_2 QuadSPI Data input signal for SPI master and slave modes and bidirectional

100 for serial flash mode

101/SOUT_2 QuadSPI Data output signal for SPI master and slave modes and bidirectional
101 for serial flash mode

SCK_2 QuadSPI Clock output signal for SPI master and serial flash modes and clock
input signal for SPI slave mode

eMIOSA[8:23], eMIOS Enhanced Modular Input Output System. 16+8 channel eMIOS for
eMIOSB[16:23] timed input or output functions.

CANRX_O, FlexCAN Receive (RX) pins for the CAN bus transceiver

CANRX_1

CANTX_O, FlexCAN Transmit (TX) pins for the CAN bus transceiver

CANTX_1

SCL_O0, 12c Bidirectional serial clock compatible with 12c specifications
SCL_1,

SCL_2,

SCL_3
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Table 3-6. Signal details (continued)

Signal Peripheral Description

SDA 0, 12C Bidirectional serial data compatible with I12C specifications

SDA 1,

SDA_2,

SDA_3

TCK JTAG Debug port serial clock as per JTAG specifications

TDI JTAG Debug port serial data input port as per JTAG standards
specifications

TDO JTAG Debug port serial data output port as per JTAG standards
specifications

T™MS JTAG Debug port Test Mode Select signal for the JTAG TAP controller state
machine and indicates various state transitions for the TAP controller
in the device

BP[0:3] LCD Backplane signals from the LCD controlling the backplane reference
voltage for the LCD display

FP[0:39] LCD Frontplane signals for LCD segments

EVTI Nexus Nexus2+ event input trigger

EVTO Nexus Nexus2+ event output trigger

MCKO Nexus Output clock for the development tool

MDOJ0:3] Nexus Message output port pins that send information bits to the
development tools for messages such as Branch Trace Message
(BTM), Ownership Trace Message (OTM), Data Trace Message
(DTM). Only available in reduced port mode.

MSEO Nexus Output pin—Indicates the start or end of the variable length message
on the MDO pins

PDI[0:17] DCU (PDI) Video/graphic data in various RGB modes input to the DCU

PDI_DE DCU (PDI) Input signal indicates the validity of pixel data on the Input PDI data
bus.

PDI_HSYNC DCU (PDI) Input indicates the timing reference for the start of each frame line for
the PDI Input data.

PDI_PCLK DCU (PDI) Input pixel clock from PDI

PDI_VSYNC DCU (PDI) Input indicates the timing reference for the start of a frame for the PDI
input data.

RXD_0 LINFlex SCI/LIN Receive data signal—This port is used to download the code
for the BAM boot sequence.

RXD_1 LINFlex SCI/LIN Receive data signal. Input pad for the LIN SCI module.
Connects to the internal LIN second port.

TXD_O0 LINFlex SCI/LIN Transmit data signal. This port is used to download the code
for the BAM boot sequence.

TXD_1 LINFlex SCI/LIN Transmit data signal—Transmit (output) port for the second

LIN module in the chip

PXD10 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor

Preliminary—Subject to Change Without Notice

3-29



Table 3-6. Signal details (continued)

Signal Peripheral Description
SOUND SGL Sound signal to the speaker/buzzer
SSD[0:5] 0 SSD Bidirectional control of stepper motors using stall detection module
SSDJ[0:5]_1
SSDJ[0:5] 2
SSDJ[0:5]_3
M[0:5]COM SMC Controls stepper motors in various configuration
MI[0:5]COP
M[0:5]C1M
M[0:5]C1P
CLKOUT MC_CGM Output clock—It can be selected from several internal clocks of the

device from the clock generation module.
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Chapter 4
Safety

4.1  Register protection

41.1 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 registers that are protected on this device are listed

in Appendix A, Registers Under Protection.

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

in Figure 4-1.

PBRIDGE /
APB peripheral enable

Protection Module |

Access allowed?

A A

I

I

I

I

UAA
Lock GCR |
Registers |« HLB [
I

I

I

I

I

[t I

supervisor access /

Y

address / access size

Y

write data

- r
Other control signals

I
peripheral
e enable

Module
under
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 + Ox3EQO
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 Use Location
0x0000 Module Register 0 (MRO) on page 4
0x0001 Module Register 1 (MR1) on page 4
0x0002 Module Register 2 (MR2) on page 4

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

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

0x2002 - Ox37FF Module Register 2 (MR2) + Set Soft Lock Bit 2 (LMR2) - on page 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
0x3801 Soft Lock Bit Register 1 (SLBR1): Soft Lock Bits 4-7 on page 4
0x3802 - Ox3DFF Soft Lock Bit Register 2 (SLBR2): Soft Lock Bits 8-11 - on page 4
Soft Lock Bit Register 1535 (SLBR1535): Soft Lock Bits 6140-6143

0x3EO00 - Ox3FFB Reserved

Ox3FFC Global Configuration Register (GCR) on page 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 O 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.

41.3.2.2 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)
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Table 4-2. SLBRn Field Descriptions

Field Description
WEO Write Enable Bits for Soft Lock Bits (SLB):
WE1 WEDO 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 writeable

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

Reset o 0 0 0/0o o0 0 0|0 0 0 0|0 0 0 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 SLBL |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 |to SLBL1 ‘to SLB2 ‘to suss‘ write data
Y Y Y Y Y Y \ Y
‘ 1 X 1 X | SLBRN.WE[3:0] ‘ 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
0:0:0:0 O:O:O:O|SLBR2 O:O:O:O 1:1:0:0‘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

415 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 occuring outside the defined period, the SWT will
generate a reset.

4.2.2 Features

The SWT has the following features:
e 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 4-5 describes 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

Aggsjs Register name Register description (Sbiifse) Access
0x0000 SWT_CR SWT Control Register 32 R/W
0x0004 SWT_IR SWT Interrupt Register 32 R/W
0x0008 SWT_TO SWT Time-out Register 32 R/W
0x000C SWT_WN SWT Window Register 32 R/W
0x0010 SWT_SR SWT Service Register 32 R/W
0x0014 SWT_CO SWT Counter Output Register 32 R
0x0018- - Reserved - -
Ox3FFF
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4.25.2 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 | O 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 ’
Figure 4-13. SWT Control Register (SWT_CR)
The SWT_CR reset value is 0x8000_011A or 0x8000_011B, corresponding to MAPO =1 (only CPU
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
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
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Table 4-7. SWT_CR field descriptions (continued)

Field Description

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

4.2.5.3 SWT Interrupt Register (SWT_IR)
The SWT_IR contains the time-out interrupt flag.

Offset 0x0004 Access: 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 0 0 0 0
W
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 0 0 0 0 0 0 0 0
TIF
W
Reset g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-14. SWT Interrupt Register (SWT_IR)

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.
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4.25.4 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

16 17 1 19|20 21 22 23|24 25 26 27|28 29 30 31

8

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

R
WTO

w

ReSEtoooo‘oooo‘oooo‘oooo‘oooo‘o101‘0ooo‘oooo
Figure 4-15. SWT Time-Out Register (SWT_TO)
The default counter value (SWT_TO_RST) is 1280 (0x500 hexadecimal) which correspond to 10 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.

42541 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

16 17 1 19|20 21 22 23|24 25 26 27|28 29 30 31

8

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

R
WST

w

Resetoooo‘oooo‘oooo‘oooo‘oooo‘oooo‘oooo‘oooo
Figure 4-16. SWT Window Register (SWT_WN)

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.
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4.25.4.2 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

Rio|lo|lo|o|o|o|o|o|o|o|o|lo|o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o|o|o|o]|o
w WSC

Reset o 0 0 0/0 o0 0 0|0 0 0 0|0 0 0 0|0 0 O 0|0 0 O 0|0 0 O 0|0 0 0 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.

4.25.4.3 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 o 90 0 0|0 o 0 0|0 o 0 o|o o 0 olo o o oo 0 o oo 0o o0 0|0 0 o0 0
Figure 4-18. SWT Counter Output Register (SWT_CO)

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.
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4.2.6 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
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
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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

As many as 16 channels, expandable to 23 channels via external multiplexing
Minimum conversion time of 1 ps

Conversion triggering sources:

— Software

— PIT channel 2 (for normal conversion trigger only)

2 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
Figure 5-1. ADC implementation

Up to 8 extended channels
through external MUX

—A—
[N
MUX 8
PIT3 | *
PIT »| ADC system
Injected and normal trigger L =7 A 0]
ACKO
—— — Jch a7 (ANSlS)\
System clock o
Digital Analog .
Interface switch I .
L Ch 42 (ANS10)
—L 1
S
= & 16 channels
=)
=
ADCLKSEL
D
INTC - -
3 single-ended interrupts
EOC, Watchdog, ECH A —{ ] ch 32 (ANSO) }

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. A conversion can
be triggered by software or hardware (PIT3).

There are several 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.

Several 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  Functional description

5.3.1 Analog channel conversion

Two conversion modes are available within the ADCDig:
* Normal conversion
* Injected conversion

53.1.1 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).

53.1.2 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 EDGLEYV (edge/level selection) bit in the MCR is cleared, then Aa 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.

— Ifthe EDGLEV bit in the MCR is set, Tthe 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.
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Table 5-1. Configurations for starting normal conversion

MCR MSR
Type of
conversion Result
start TRGEN NSTAR | EDGLE EDGE NSTAR
T Y, T
Software 0 1 — — 1 Conversion chain starts

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.

5.3.1.3 Normal conversion operating modes

Two operating modes are available for the normal conversion:
* One Shot
e 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 5-2.

Sample B><Convert B><Sample C><Convert C><Samp|e D><Convert D><Sample E X Convert E

Figure 5-2. 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 s 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).

5.3.14 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 5-3.

PXD10 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor 5-5
Preliminary—Subject to Change Without Notice



<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 the last aborted channel.

converted the normal chain conversion resumes from the channel at
which normal conversion was aborted.

Figure 5-3. 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 5.3.1.5, Abort conversion).

5.3.15 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).

5.3.2 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.

5.3.3 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
INPSAMP are used to define the total conversion duration (T,,,,) and in particular the partition between
sampling phase duration (Tgample) and total evaluation phase duration (Teys))-

The sampling phase duration is:

T = (INPSAMP —ndelay) » T,

sample

INPSAMP >3

where ndelay is equal to 0.5 if INPSAMP is less than or equal to 06h, otherwise it is 1. INPSAMP must
be greater than or equal to 3 (hardware requirement).

The total evaluation phase duration is:

T =10eT = lOO(INPCMPOTCk)

eval biteval

(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 5-2.

INPLATCH INPCMP INPSAMP 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 7h 32 + 4% 132

1 3h 7h 40 + 4% 128

1 3h 8h 50 + 4% 134

1 3h oh 60 + 4% 128

Table 5-3 lists the possible combinations by configuring the AD_clk at 60 MHz.
Table 5-3. 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 5-2. 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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5.34 Programmable analog watchdog

5341 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 5-4) 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 5-4. 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 5-4. Depending on the mask bits MSKWDGXxL and MSKWDGXxH in the
WTIMR, an interrupt is generated on threshold violation.

Table 5-4. 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.

5.3.5 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.

5.3.6 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’).

5.3.7 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].

5.3.8 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.

5.3.9 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.

5.4  Register descriptions

54.1 Introduction

Table 5-5 lists the ADC registers with their address offsets and reset values.
Table 5-5. ADC digital registers

Register name Address offset (hex.) Reset value
Main Configuration Register (MCR) 000 0x0000_0001
Main Status Register (MSR) 004 0x0000_0001
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Table 5-5. ADC digital registers (continued)

Register name Address offset (hex.) Reset value
Reserved 008 .. 00C —
Interrupt Status Register (ISR) 010 0x0000_0000
Reserved 014 —
Channel Pending Register (CEOCFR1) 018 0x0000_0000
Channel Pending Register (CEOCFR?2) 01C 0x0000_0000
Interrupt Mask Register (IMR) 020 0x0000_0000
Reserved 024 —
Channel Interrupt Mask Register (CIMR1) 028 0x0000_0000
Channel Interrupt Mask Register (CIMR2) 02C 0x0000_0000
Watchdog Threshold Interrupt Status Register (WTISR) 030 0x0000_0000
Watchdog Threshold Interrupt Mask Register (WTIMR) 034 0x0000_0000
Reserved 038 .. 03C —
DMA Enable Register (DMAE) 040 0x0000_0000
Reserved 044 —
DMA Channel Select Register 1 (DMAR1) 048 0x0000_0000
DMA Channel Select Register 2 (DMAR2) 04C 0x0000_0000
Threshold Control Register 0 (TRCO) 050 0x0000_0000
Threshold Control Register 1 (TRC1) 054 0x0000_0000
Threshold Control Register 2 (TRC2) 058 0x0000_0000
Threshold Control Register 3 (TRC3) 05C 0x0000_0000
Threshold Register 0 (THRHLRO) 060 0x03FF_0000
Threshold Register 1 (THRHLR1) 064 0x03FF_0000
Threshold Register 2 (THRHLR2) 068 0x03FF_0000
Threshold Register 3 (THRHLR3) 06C 0x03FF_0000
Reserved 070 .. 094 —
Conversion Timing Register 1 (CTR1) 098 0x0000_0203
Conversion Timing Register 2 (CTR2) 09C 0x0000_0203
Reserved 0AO .. 0A4 —
Normal Conversion Mask Register 1 (NCMR1) 0A8 0x0000_0000
Normal Conversion Mask Register 2 (NCMR2) OAC 0x0000_0000
Reserved 0BO .. 0B4 —
Injected Conversion Mask Register 1 (JCMR1) 0B8 0x0000_0000
Injected Conversion Mask Register 2 (JCMR2) 0BC 0x0000_0000
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Table 5-5. ADC digital registers (continued)

Register name

Address offset (hex.)

Reset value

Reserved

0CO

Decode Signals Delay Register (DSDR)

0C4

0x0000_0000

Power-down Exit Delay Register (PDEDR)

0C8

0x0000_0000

Reserved

0CC ..17C

Channel 32 Data Register (CDR32)

180

0x0000_0000

Channel 33 Data Register (CDR33)

184

0x0000_0000

Channel 34 Data Register (CDR34)

188

0x0000_0000

Channel 35 Data Register (CDR35)

18C

0x0000_0000

Channel 36 Data Register (CDR36)

190

0x0000_0000

Channel 37 Data Register (CDR37)

194

0x0000_0000

Channel 38 Data Register (CDR38)

198

0x0000_0000

Channel 39 Data Register (CDR39)

19C

0x0000_0000

Channel 40 Data Register (CDR40)

1A0

0x0000_0000

Channel 41 Data Register (CDR41)

1A4

0x0000_0000

Channel 43 Data Register (CDR43)

1AC

0x0000_0000

Channel 44 Data Register (CDR44)

1BO

0x0000_0000

Channel 45 Data Register (CDR45)

1B4

0x0000_0000

Channel 46 Data Register (CDR46)

1B8

0x0000_0000

Channel 47 Data Register (CDR47)

1BC

0x0000_0000

Channel 48 Data Register (CDR48)

1CO

0x0000_0000

Reserved

1C4 .. 1FC

Channel 64 Data Register (CDR64)

200

0x0000_0000

Channel 65 Data Register (CDR65)

204

0x0000_0000

Channel 66 Data Register (CDR66)

208

0x0000_0000

Channel 67 Data Register (CDR67)

20C

0x0000_0000

Channel 68 Data Register (CDR68)

210

0x0000_0000

Channel 69 Data Register (CDR69)

214

0x0000_0000

Channel 70 Data Register (CDR70)

218

0x0000_0000

Channel 71 Data Register (CDR71)

21C

0x0000_0000

Reserved

220 .. 2FC
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Table 5-6. 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.
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5.4.2

5421

Control logic registers

Main Configuration Register (MCR)

The Main Configuration Register (MCR) provides configuration settings for the ADC.

Address: Base + 0x0000

Access: User read/write

0 1 2 3 4 5 6 7 9 10 11 12 13 14 15
Rﬁgggﬁmo'&oﬁg'&oooo
| @ Q| R 2 Q| a| &
wl 2| g Rl x| 2 0 e o | &
(@] = w = =z 5 ] )
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
Rlro|o|o|o|o0o|o0o o0 |5, EZ&E|Q|O0O|]O0]|O0]|o0]Z
SHIg% 2| ¢ =
w <725 2| < a
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Figure 5-5. Main Configuration Register (MCR)
Table 5-7. Main Configuration Register (MCR) field descriptions
Bit Description
0 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
1 WLSIDE: Write left/right-aligned
0 The conversion data is written right-aligned.
1 Data is left-aligned (from 15 to (15 — resolution + 1)).
2 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.
3 EDGLEV: Edge or level selection for external start trigger
0 Edge configuration for external trigger usage.
1 Level configuration for external trigger usage.
4 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.
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Table 5-7. Main Configuration Register (MCR) field descriptions (continued)

Bit Description
5 Start trigger edge/ level detection. The following table shows the interaction between the EDGE bit and
the TRGEN and EDGLEYV bits.
TRGEN EDGLEV EDGE Trigger Detection
0 n n External triggering disabled
1 0 0 External trigger on falling edge of trigger
1 0 1 External trigger on rising edge of trigger
1 1 0 External trigger on low edge of trigger
1 1 1 External trigger on high edge of trigger

6 Reserved
Must be kept at 0.

7 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

8 Reserved
Write of any value has no effect, read value is always O.

9 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

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.
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Table 5-7. Main Configuration Register (MCR) field descriptions (continued)

Bit

Description

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 disabled

1 Auto clock off 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
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5.4.2.2 Main Status Register (MSR)
The Main Status Register (MSR) provides status bits for the ADC.

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| & ke
olo|lojo|lo|o|]o|E&E|Q|lo|lo|&]|]o]o]o]|o
" < [9)]
2 Law] Law]
w

o
o
o
o
o
o
o
o
o

Reset 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 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Figure 5-6. Main Status Register (MSR)

Table 5-8. 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 5-8. 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 —

5.4.3 Interrupt registers

5431
The Interrupt Status Register (ISR) contains interrupt status bits for the ADC.

Interrupt Status Register (ISR)

Address: Base + 0x0010

Access: User read/write

0 1 3 6 10 11 12 13 14 15
Rl 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
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 |JEOC|JECH|EOC | ECH
W wlc | wlc | wlc | wlc
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-7. Interrupt Status Register (ISR)
Table 5-9. Interrupt Status Register (ISR) field descriptions
Field Description
0:24 Reserved

Write of any value has no effect, read value is always O.

Reserved
Write of any value has no effect, read value is always O.

25:26

27 Reserved
Write of any value has no effect, read value is always 0
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Table 5-9. Interrupt Status Register (ISR) field descriptions (continued)

Field Description

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.

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.

5.4.3.2 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 5-5.

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 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(32) [9V} — o (o] [o0) N~ (o) 0 < ™ (9} - o (o)) [e0]
R (o) (o) (o) © n n n Te) Ln [Te} L0 To} Ln Lo < <
T T T T T T T T T T T T T T T T
Q| Q| Q| Q| Q| Q| Q| Q| Q| OI Q| OI Q| OI Q| OI
(@] (@] (@] (@] (@] (@] (@] (@] O O (@] O (@] O (@] O
@] @] @] @] @] @] @] @] @] O @] O @] O @] @]
L L L L L L L L w L w L w L w L
W| wilc | wic | wic | wic | wilc | wilc | wilc | wic | wlc | wlc | wlc | wlc | wic | wic | wic | wlc
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
RIS | 9|2 |3 | 2|9 || 8| 83| 8|88 |38 |8
T T T T T T T T T T T T T T T T
OI OI OI OI OI OI OI OI Q| OI Q| OI Q| OI Q| OI
O O O O O O O O O (@] O O O O O (@]
@] @] @] @] @] @] @] @] @] @] @] O @] O @] O
L L L L L L L L T} | L L L | L L
W| wilc | wic | wilc | wilc | wilc | wlc | wilc | wilc | wlc | wlc | wlc | wlc | wilc | wic | wlc | wlc
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-8. Channel Pending Register 1 (CEOCFR1)
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Address: Base + 0x001C Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o < ™ AN b o (o2} o0} N~ (o] Lo < ™ AN — o

R (o] (o] (o] (o] (o2} (o2} e} e} 0] [e0] 0] [e0] 0] [e0] 0] [ee]

T T T T T T T T T T T T T T T T

UI UI UI UI UI UI UI UI OI U| O| U| O| U| O| U|

O O O Q Q O Q O Q O Q O Q O Q O

o] o] o] o] o] o] o] o] ] O ] O ] O @] O

| | | | | | | | w w w L w w w w
W| wlc | wic | wlc | wic | wlc | wilc | wlc | wlc | wlc | wlc | wlc | wlc | wlc | wilc | wlc | wlc
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

(o2 [e0] N~ © o <t ™ N - o (o2} Q N~ O [To] <

Rl = ~ ~ ~ ~ ~ N~ ~ N~ ~ © © © © © ©

T T T T T T T T I T T T T T T T

UI UI UI UI OI OI OI OI Q| O| Q| O| Q| O| Q| O|

O ) O O O O O ©) ©) O [®) O [©) O ®) O

O O O O O O O O @] @) @] @) @] @) @] @)

| | | | | | | | w w w w w | w w
W| wlc | wic | wlc | wic | wlc | wlc | wlc | wlc | wic | wlc | wlc | wilc | wlc | wic | wlc | wlc
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-9. Channel Pending Register 2 (CEOCFR2)
Table 5-10. Channel Pending Registers (CEOCFR[1..2]) field descriptions
Field Description

31 EOC_CHO
When set, the measure of channel 0 is completed.

n EOC_CHn
When set, the measure of channel n is completed.

5.4.3.3 Interrupt Mask Register (IMR)
The Interrupt Mask Register (IMR) contains the interrupt enable bits for the ADC.

Address: Base + 0x0020 Access: User 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 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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-10. Interrupt Mask Register (IMR)
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Table 5-11. Interrupt Mask Register (IMR) field descriptions

Field Description
0:24 Reserved
Write of any value has no effect, read value is always 0.
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.
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5.4.3.4

available channels, please refer to Table 5-5.

CIMRL1 = Enable bits for channels 32 to 63 (extended internal channels)

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

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 5-11. Channel Interrupt Mask Register 1 (CIMR1)

Address: Base + 0x002C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ricim|cim|cmM|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 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
Ricm|cm|cm|cm|cm|[cm|[cim|cM|ciM |[ciM [ciM | ciM | CIM | CiM | CIM | CIM
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 5-12. Channel Interrupt Mask Register 2 (CIMR2)
Table 5-12. 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.
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5.4.35 Watchdog Threshold Interrupt Status Register (WTISR)
Address: Base + 0x0030 Access: User read/write
0 1 3 6 10 11 12 13 14 15
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
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 | wic | wic | wlc | wlc | wlc | wlc
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-13. Watchdog Threshold Interrupt Status Register (WTISR)

Table 5-13. 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.

5.4.3.6 Watchdog Threshold Interrupt Mask Register (WTIMR)

Reset value: 0x0000_0000

Address: Base + 0x0034

Access: User read/write

0 1 3 6 10 11 12 13 14 15
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
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 |MSK|MSK |MSK |MSK|MSK|MSK|MSK | MSK
W WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG
3H | 2H | 1H | OH | 3L | 2L | 1L | OL

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-14. Watchdog Threshold Interrupt Mask Register (WTIMR)

PXD10 Microcontroller Reference Manual, Rev. 1

5-24

Preliminary—Subject to Change Without Notice

Freescale Semiconductor




Table 5-14. Watchdog Threshold Interrupt Mask Register (WTIMR) field descriptions

Field Description

0:23 Reserved
Write of any value has no effect, read value is always 0.

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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544 DMA registers

54.4.1 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

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

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
Rlro|lo|]o|o|oflo]o]|]o|o]O|oO|O0]|O0O/|O0 |pclova

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-15. DMA Enable Register (DMAE)

Table 5-15. 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 disabled
1 DMA feature enabled
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5.4.4.2

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 5-5.

31DMARL1 = Enable bits for channels 32 to 63 (extended internal channels)
DMARZ2 = Enable bits for channels 64 to 95 (external channels)
Reset value: 0x0000_0000

Address: Base + 0x0048

Reset

R
w

Reset

0

1

10

11

Access: User read/write

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 5-16. DMA Channel Select Register 1 (DMAR1)

Address: Base + 0x004C

0

1

10

11

Access: User read/write

12

13

14

15

R| DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA
wl| 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
R| DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA
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 5-17. DMA Channel Select Register 2 (DMAR?2)
Table 5-16. DMA Channel Select Register (DMARJ1..2]) field descriptions
Field Description

31

DMAO: DMA enable
When set (DMAO = 1), channel 0 is enabled to transfer data in DMA mode.

DMAN: DMA enable
When set (DMAnN = 1), channel n is enabled to transfer data in DMA mode.
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5.4.5 Threshold registers

5451 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.

5452 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 5-18. Threshold Control Register (TRCx, x =[0..3])
Table 5-17. 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.
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5.4.5.3

Threshold Register (THRHLR][O0:3])

The four THRHLRn registers are used to store the user-programmable thresholds’ 10-bit values.

Address: Base + 0x0060 (THRHLRO)
Base + 0x0064 (THRHLR1)
Base + 0x0068 (THRHLR2)
Base + 0x006C (THRHLRS3)

Access: User read/write

0 1 3 6 7 8 9 10 11 12 13 14 15
R O 0 0 0 0 0
THRH
w
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
R| O 0 0 0 0 0
THRL
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-19. Threshold Register (THRHLR[0:3])
Table 5-18. Threshold Register (THRHLR[O0:3]) 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.

PXD10 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor

Preliminary—Subject to Change Without Notice

5-29



5.4.6

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 5-5.

CTR1 = associated to extended internal channels (from 32 to 63)

CTR2 = associated to external channels (from 64 to 95)

Address: Base + 0x0098 (CTR1)
Base + 0x009C (CTR2)

Access: User read/write

0 1 3 6 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 Ll 0 0 0
oo OFFSHIFT INPCMP
ZE= . ) INPSAMP[0:7
w| =< [0:1] [0:1] [0:7]
Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1
Figure 5-20. Conversion timing registers CTR[1..2]
Table 5-19. 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 Ay (analog input
voltage) is equal to 1 LSB.
01 Transition between code 000h and 001h is reached when the Ay, is equal to1/2 LSB
10 Transition between code 00h and 001h is reached when the Ay, is equal to O
11 Not used
20 Reserved
Write of any value has no effect, read value is always O.
21:22 INPCMPJ[0:1]
Configuration bits for comparison phase duration
23 Reserved

Write of any value has no effect, read value is always O.
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Table 5-19. Conversion timing registers CTR[1..2] field descriptions (continued)

Field Description
24:31 | INPSAMP[0:7]
Configuration bits for sampling phase duration
5.4.7 Mask registers

5.4.7.1

Introduction

These registers are used to program which of the 96 input channels must be converted during Normal and
Injected conversion.

5.4.7.2

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 5-5.

NCMRL1 = Enable bits of normal sampling for channel 32 to 63 (extended internal channels)
Reset value: 0x0000_0000

Address: Base + 0x00A8

0

1

10

11

Access: User read/write

12

13

14

15

R
CH63|CH62|CH61|CH60|CH59 | CH58 | CH57 | CH56 | CH55 | CH54 | CH53 | CH52 | CH51 | CH50 | CH49 [ CH48
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
CH47|CH46|CH45|CH44|CH43|CH42 | CH41|CH40|CH39 | CH38 | CH37|CH36 | CH35 | CH34 | CH33 |CH32
\W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-21. Normal Conversion Mask Register 1 (NCMR1)
Table 5-20. Normal Conversion Mask Registers (NCMRJ[1..2]) field descriptions
Field Description
31 CHO: Sampling enable

When set Sampling is enabled for channel 0.

CHn: Sampling enable
When set Sampling is enabled for channel n.
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5.4.7.3

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 5-5.

JCMRL1 = Enable bits of injected sampling for channel 32 to 63 (extended internal channels)

JCMR2 = Enable bits of injected sampling for channel 64 to 95 (external channels)
Reset value: 0x0000_0000

Address: Base + 0x00B8

R
w

Reset

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 5-22. Injected Conversion Mask Register 1 (JCMR1)

Address: Base + 0x00BC

0

1

2

10

11

Access: User read/write

12

13

14

15

VF:/ CH95|CH94 |CH93|CH92|CH91|CH90 |CH89|CH88|CH87 |CH86 | CH85| CH84 | CH83|CH82 | CH81 | CH80
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 31
VI\?/ CH79|CH78|CH77|CH76|CH75|CH74|CH73|CH72|CH71|CH70|CH69|CH68|CH67 | CH66 | CH65 [ CH64
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-23. Injected Conversion Mask Register 2 (JCMR2)
Table 5-21. Injected Conversion Mask Registers (JCMR[1..2]) field descriptions
Field Description
31 CHO: Sampling enable

When set, sampling is enabled for channel 0.

CHn: Sampling enable
When set, sampling is enabled for channel n.
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5.4.8

5481

Reset value: 0x0000_0000

Address: Base + 0x00C4

Delay registers

Decode Signals Delay Register (DSDR)

Access: User read/write

0 1 3 6 10 11 12 13 14 15
Rl 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
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 DSD[0:7]
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-24. Decode Signals Delay Register (DSDR)
Table 5-22. 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]: 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 system clock

5.4.8.2

Reset value: 0x0000_0000

Address: Base + 0x00C8

Reset

Reset

Power-down Exit Delay Register (PDEDR)

Access: User read/write

0 1 3 6 10 11 12 13 14 15
ol o|lo|o|lo|]o|lo]|]o|]o|oO|]oOo]|]O|oO]|]oOo]oO0o]|oO
o o o o/0O O O O|O0 O O O, 0 O 0 O
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ol o|lo|o|lo]|]o] o] o

PDEDI0:7]
o o o o/0O O O O|O0 O O O, 0 O 0 O

Figure 5-25. Power-down Exit Delay Register (PDEDR)
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Table 5-23. Power-down Exit Delay Register (PDEDR) field descriptions

Field Description
0:23 Reserved
Write of any value has no effect, read value is always 0.
24:31 | PDEDI0:7]: 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.
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5.4.9 Data registers

5491 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 5-5.

CDR[32..63] = Extended internal channels
CDR[64..95] = External channels

Each data register also gives information regarding the corresponding result as described below.

5.4.9.2 Channel Data Register (CDR[0..95])

Address: See Table 5-5 Access: User 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 VA |OVER| RESULT
W LID W [0:1]

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

CDATA[0:9]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-26. Channel Data Register (CDR[0..95])

Table 5-24. Channel Data Register (CDR[0..95]) 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
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Table 5-24. Channel Data Register (CDR[0..95]) field descriptions (continued)

Field Description
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

PXD10 Microcontroller Reference Manual, Rev. 1

5-36

Preliminary—Subject to Change Without Notice

Freescale Semiconductor



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 you 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 and detect application boot code
» PXD10 in static mode if internal flash is not initialized or invalid
o System can recover from Static mode only by Reset
» 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 PXD10 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.
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6.4 Memory map
The BAM code resides in a reserved 8 KB ROM mapped from address OxFFFF_CO000.

Table 6-1. BAM memory organization

Parameter Address

BAM entry point OxFFFF_CO000

Downloaded code base address 0x4000_0100

The address space and memory used by BAM application is shown in Table 6-1.

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 PXD10 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 6-2).
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POR

Serial Boot (SBL)
LINFlex

Serial Boot (SBL)
FlexCAN

Flash Boot from
lowest sector

Flash Boot-ID
in any boot sector?

no Boot-ID

The grey blocks represent action done by hardware; the white
ones action done by software (BAM).

Static Mode

Figure 6-1. Boot mode selection

Table 6-2. Hardware configuration to select boot mode

FAB ABS Stggii’ﬁzg'\" Boot ID Boot Mode
1 0 0 - LINFlex
1 1 0 - FlexCAN
0 - 0 valid SC (Single Chip)
0 - 0 not found Static Mode
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6.5.2 Reset Configuration Half Word Source (RCHW)
PXD10 flash memory is partitioned into boot sectors shown in Table 6-4.
Each boot sector contains at offset 0x00 the Reset Configuration Half-Word (RCHW).

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R Reserved BOOT_ID[0:7]
W
RESET: ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-2. Reset Configuration Half Word (RCHW)
Table 6-3. RCHW Field Descriptions
Field Description
0-7 Reserved
8-15 Is valid if its value is Ox5A, then the sector is considered bootable
BOOT_ID[0:7]
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128K

$0002 0000

32K

$0001 8000 Boot information

32K

$0001 0000 Boot information
16K
$0000 CO000] Boot information
Application
16K $0000 000C
$0000 8000 Boot information Application
$0000 0008
Application start address
32K 0000 0004
RCHW
$0000 0000
$0000 0000 Boot information

Internal FLASH
Figure 6-3. PXD10 flash memory partitioning and RCHW search

Table 6-4. Flash boot sector

Block Address

0x0000_0000

0x0000_8000

0x0000_C000

0x0001_0000

Al W|IDN|PFL| O

0x0001_8000

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
a 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).
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Then the device executes this startup code. An user application should have a valid instruction at the reset
boot vector address.

If a valid RCHW is not found, the BAM code is executed. In this case BAM moves the PXD10 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 (bit1 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-1D in any Flash boot locations

If one of these conditions is true, the device fetches code at location OXFFFF_C000 and BAM application
starts.
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6.5.4.2 BAM software flow

With reference to Figure 6-4 a description of BAM logic flow is done.

BAM
entry
OxFFFF_CO000

Save default
configuration

A

check boot
mode

boot mode
valid?

Which boot mode is selected is verified
by reading the SSCM_STATUS

register (BMODE and ABD)

restore
default
configuration

STATIC mode

download new code
and save it into
SRAM

restore

default
configuration

execute new
code

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 and ABD fields of the SSCM STATUS register (see Section 38.2.2.1, System Status Register
(STATUYS)) indicate which boot has to be executed (see Table 6-5).

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.
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Table 6-5. 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

Then, the initial device configuration is restored and the code jumps to the address of downloaded code.
At this point BAM has just 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 uses/initializes the following MCU resources:
* 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 6-5 and Figure 6-5)
» External oscillator
* SWT (the BAM disables it)

The following hardware resources are used only when autobaud feature is selected:
» STM to measure the baud rate
» CMU to measure the external clock frequency related to the internal rc clock source

* FMPLL to work with system clock near the maximum allowed frequency (this to have higher
resolution during baud rate measurement).

BAM resources

As already mentioned, the initial configuration is restored before executing the downloaded code.

The system clock is selected directly from the external oscillator. Thus the oscillator frequency defines
baud rates for serial interfaces used to download the user application (see Table 6-6).

Table 6-6. Serial Boot Mode Without Autobaud - Baud Rates

Crystal frequency LINFlex baud rate CAN bit rate
(MHz) (baud) (bit/sec)
fextal fextal 1833 fextal /40
8 9600 200K
12 14400 300K
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Table 6-6. Serial Boot Mode Without Autobaud - Baud Rates (continued)

Crystal frequency LINFlex baud rate CAN bit rate
(MHz) (baud) (bit/sec)
16 19200 400K
20 24000 500K
40 48000 M

6.5.4.4 Download and execute the new code

From high level perspective, the download protocol follows steps:

0. (optional step) send message and receive acknowledge message for autobaud or autobit rate
selection

Send 64 bits password

Send start address, size of downloded code in bytes and VLE bit?
Download data

4. Execute code from start address.

w N e

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
e 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.

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 verify if it is correct.

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.

1. Since this device supports only VLE code and it does not support Book E code, this flag is used only for backward compatibility.
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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 previous cases, comparison is done by BAM application. If it goes wrong, BAM pushes MCU
into static mode.

In 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

e SEC =1, flash is still secured because password was wrong; BAM puts MCU to standby mode.

This fixed time depends on the external crystal oscillator frequency (FXOSC). With FXOSC of 12 MHz,
the fixed time is 350 ms.

SSCM.
STATUS.
PUB

comparison with
=1 OxFEEDFACE
CAFEBEEF

comparison with
=0 password saved on
NVPWDO-1

=1
v

Write received password to
SSCM.PWCMPH-L

<

Wait

A

verify if Flash is
unsecured

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. This device family supports only VLE =1, the bit is used for backward compatibility.
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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.

| START_ADDRESS[31:16]

START_ADDRESS[15:0]

| VLE | CODE_LENGTH[30:16]

CODE_LENGTH[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.
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6.5.5

6.5.5.1

Configuration

Boot from UART

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.

The LINFlex controller is configured to operate at a baud rate = system clock frequency/833 (see Table 6-6

for baud rate example), using an 8-bit data frame without parity bit and 1 stop bit.

6.5.5.2

Byte Field

e [ R T

Stop
bit

Protocol

Figure 6-7. LINFlex Bit Timing in UART Mode

Table 6-7 summarizes the protocol and BAM action during this boot mode.
Table 6-7. UART Boot Mode Download Protocol (Autobaud Disabled)

Protoc Host sent BAM response .
Action
ol step message message
1 64-bit password 64-bit password Password checked for validity and compared against stored
(MSB 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 31-bit number of Verify if VLE bitis setto 1
bytes (MSB first) bytes (MSB first)
4 8 bits of raw 8 bits of raw binary | 8-bit data are packed into 32-bit words. This word is saved in
binarydata data 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
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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 (see Table 6-6
for examples of baud rate).

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.

A\
NRZ Signal ( )
SYNC_SEG Time Segment 1 Time Segment 2
1 I 2
time quantum time quanta time quanta
- 1Bit Time >
Transmit Point Sample Point

1 time quantum = 4 system clock periods
Figure 6-8. FlexCAN Bit Timing
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6.6

Protocol

Table 6-8 summarizes the protocol and BAM action during this boot mode. All data are transmitted byte

wise.
Table 6-8. FlexCAN Boot Mode Download Protocol (Autobaud Disabled)
Protocol Host sent BAM response .
Action
step message 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 32-bit store Size of download is stored for future use.
address+ address+ Verify if VLE bit is set to 1
VLE bit+ VLE bit+
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
8 to 64 bits of raw | 8 to 64 bits of raw in SRAM starting from the “Load address”.
binary data binary 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 6-9. 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
12-16 4/3-1 36-48
16 - 24 1-2/3 32-48
> 24 <2/3 > 24
1 These values and consequently the fg,s suffer from the precision of the RC internal oscillator used to
measure fyq. through the CMU module.
6.6.1 Interrupts

No interrupts are generated by or are enabled by the BAM.

PXD10 Microcontroller Reference Manual, Rev. 1

6-14

Freescale Semiconductor

Preliminary—Subject to Change Without Notice




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) Extended Identifier (18 bit) Data
Lengt

RTR-bit Code

rl
IDE-bit
SPR
SOF 0
Figure 7-1. Extended CAN data frame
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7.2 Main features

o Store 384 samples, equivalent to 48 CAN bit @8 samples/bit

o 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 or CAN1RX
* 16 MHz IRC clock

» 5-bit clock prescaler

» Configurable trigger mode (immediate, next frame)

» Flexible samples processing by software

* \ery low power consumption

7.3  Register description

The CAN Registers are listed in Table 7-1.
Table 7-1. CAN Registers

Register Name Address Offset Reset Value Location
Control Register (CR) 00h 0000 0000h on page 2
Sample registers 0 04h xxxx xxxxh® on page 3
Sample register 1 08h Xxxx xxxxh® on page 3
Sample register 11 30h Xxxx xxxxh® on page 3

1 The initialization data is unknown. They will be filled only after first CAN sampling.

7.3.1 CAN Sampler Control Register

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

RX_C

Rl owmpL | Busy | ™8| o 0 0 CAN_
ETE _CK mode CAN_RX_SEL BRP SMPL
w R_EN
Figure 7-2. Control Register (CR)
PXD10 Microcontroller Reference Manual, Rev. 1
7-2 Freescale Semiconductor

Preliminary—Subject to Change Without Notice



Table 7-2. Control Register (CR) field description

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 current clock for sample registers i.e xmem_ck.
Active_CK 1: RC_CLK is currently xmem_ck
0: ipg_clk_s is currently xmem_ck
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: Rx3 is selected
100: Rx4 is selected
101: Rx5 is selected (not valid on this device)
110: Rx6 is selected (not valid on this device)
111: Rx7 is selected (not valid on this device)

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]
w
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

Py

SR[0:15]

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

Es)

SR[16:31]

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 ps), 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 PF[13]

011 CANRX_3 PJ[4]

100 CANRX_4 PJ[6]

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.

* Max. bitrate supported for sampling is 2Mbps using BRP as 1
* Min. 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

7.5 Register Map

Table 7-4. CAN Sampler Register Map

Addr. Register 0-15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Offset Name
00 CR Reserved |RX_C|BUSY | Active BRP CAN
OMP _ck _SM
LETE PLR
_EN
04 Sample
Register 0 w

08 Sample

Register 1 w
30 Sample w
Register 11
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Chapter 8
Clock Description

This chapter describes the clock architectural implementation for PXD10.

8.1 Clock architecture

System clocks are generated from three sources:
» External oscillator FXOSC (4-16 MHz)
» High speed internal RC (16 MHz)
* FMPLLO clocked by FXOSC, still one of system clock sources

Additionally, there are two low power oscillators:
* Low speed internal RC (128 kHz)
» Low-power external oscillator SXOSC (32 KHz)

Additionally, there is a secondary FMPLL:

* FMPLL1 clocked by FXOSC is available as a clock source, only for eMIOS_0, eMIOS 1,

QuadSPI, and DCU modules

The clock architecture is shown in Figure 8-1.

PXD10 Microcontroller Reference Manual, Rev. 1

Freescale Semiconductor
Preliminary—Subject to Change Without Notice

8-1



FXOSC_clk DCU
FIRC_clk P> Clock il Display
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v

* Optional Clock to LCD FIRC_clk_divided API/RTC
OscB ~ SXOSC._clk Mto/82 | in standby Modes SXOSC_clk_divided
(XOSC) (32KHz) 1" SXOSC_clk_divided SIRC_clk_divided
Optional Clock to LCD

IRC SIRC_clk in Standby Modes SIRC_clk_divided | Watchdog
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vy
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FXOSC_clk
Optional Clock to LCD
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P oL10 ok Tl selector /1,12, 14, 8] | CLKOUT
(eg 64 MH.
.
PLLL clki2 Clock
s | SEIeCtoN quadsp Serial Interface clk SXOSC_clk
PLLI clk ) >
sys_clk Auxiliary Clk 3 SIRC_clk
=
sys_clk/2 PLLl_CIh

Figure 8-1. PXD10 system clock generation

8.2  Auxiliary clocks

This device has four 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 as follows:
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» Auxiliary Clock 0: Display Control Unit (DCU)

» Auxiliary Clock 1: eMIOS 1

o Auxiliary Clock 2: eMIOS_0

» Auxiliary Clock 3: QuadSPI (uses undivided system clock when in DSPI mode)

8.3  Clock gating

The PXD10 provides the user with the possibility of gating the clock to certain peripherals. See
Section 25.4.6, Peripheral clock gating, for details.

Peripherals sets 1, 2, and 3 and the DCU, eMIOS and QuadSPI peripherals can be configured to use
specific clocks. In the case of peripheral sets 1, 2 and 3 the choice of clock is limited to the system clock
optionally divided by up to 16. See Section 8.4.3.1.4, System Clock Divider Configuration Registers
(CGM_SC_DCQO...2).” In the case of the DCU, eMIOS_0, eMIOS_1 and QuadSPI peripherals there is a
choice of source clocks. For the eMI0OS0 and eMIOS1 peripherals there is the option to further divide the
chosen clock. See Section 8.4.4.2, Auxiliary Clock Generation.

Table 8-1 shows the peripheral sets, their peripherals, and the associated registers to enable and generate
clocks to these peripherals. 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. Peripheral clock generation registers

Peripheral set Peripherals Registers to enable and
generate clock
1 LINFlex CGM_SC_DCO0
1>C
SMC
SSD
SGL
LCD
2 FlexCAN CGM_SC_DC1
CAN Sampler
DSPI
3 ADC CGM_SC_DcC2
- DCU CGM_ACO0_SC
- eMIOS_0 CGM_AC1_SC
CGM_AC1_DCO
- eMIOS_1 CGM_AC2_SC
CGM_AC2_DCO
- QuadSPI CGM_AC3_SC
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8.4  Clock Generation Module (MC_CGM)

8.4.1 Introduction

84.1.1 Overview

The clock generation module (MC_CGM) generates reference clocks for all device 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 chapter for more details). Peripheral clock selection is controlled by MC_CGM
control registers. A set of MC_CGM registers controls the clock dividers which are used for divided
system and peripheral clock generation. The memory spaces of system and peripheral clock sources which
have addressable memory spaces, are accessed through the MC_CGM memory space. 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 >
-<@—pMC_ME
FXOSC EE— i
Registers
Platform Interface <« MC RGM
FMPLLO -
System Clock ioheral
EMPLL1 ! Multiplexer/Divider - PEripREras
Auxiliary Clock
Selector/Divider X PH
<§—P core

Output Clock
Selector/Divider

< > mapped

peripherals

Mapped Modules Interface

Figure 8-2. MC_CGM Block Diagram

84.1.2 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
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» Contains a set of registers to control peripheral clock selection

» 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
e Supports 8-, 16- and 32-bit wide read/write accesses

8.4.1.3

This section describes the basic functional modes of the MC_CGM.

Modes of Operation

8.4.1.3.1 Normal and Reset Modes of Operation

During normal and reset modes of operation, the clock selection for the system clock is controlled by the
MC_ME.

8.4.2
The MC_CGM delivers an output clock to the PH[4] pin for off-chip use and/or observation.

External Signal Description

8.4.3 Memory Map and Register Definition

Table 8-2. MC_CGM Register Description

Address Name Description Size Access
OxC3FE_0370 |CGM_OC_EN Output Clock Enable word read/write
OxC3FE_0374 |CGM_0OCDS_SC Output Clock Division Select byte read/write
OxC3FE_0378 |CGM_SC_SS System Clock Select Status byte read
O0xC3FE_037C |CGM_SC_DCO0 System Clock Divider Configuration O byte read/write
O0xC3FE_037D |CGM_SC_DC1 System Clock Divider Configuration 1 byte read/write
OxC3FE_037E |[CGM_SC_DC2 System Clock Divider Configuration 2 byte read/write
OxC3FE_0380 |CGM_ACO_SC Aux Clock 0 Select Control word read/write
OxC3FE_0388 |CGM_AC1 SC Aux Clock 1 Select Control word read/write
OxC3FE_038C |CGM_AC1 DCO Aux Clock 1 Divider Configuration O byte read/write
OXxC3FE_0398 |CGM_AC2 SC Aux Clock 2 Select Control word read/write
OxC3FE_0394 |CGM_AC2 DCO Aux Clock 2 Divider Configuration O byte read/write
OxC3FE_0398 |CGM_AC3 SC Aux Clock 3 Select Control word read/write

NOTE
Any access to unused registers as well as write accesses to read-only
registers will:
* Not change register content
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Cause a transfer error
Table 8-3. MC_CGM Memory Map

Address

0 1 2 3 27 5 6 7 8 9 10 | 11 | 12 | 13 | 14
Name

15

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

31

O0xC3FE_0000

OxC3FE_001C

FXOSC registers

O0xC3FE_0020

OxC3FE_003C

reserved

OXC3FE_0040

OxC3FE_005C

SXOSC registers

O0xC3FE_0060

OxC3FE_007C

FIRC registers

O0xC3FE_0080

OxC3FE_009C

reserved

OXC3FE_00AO

OxC3FE_00BC

FMPLLO registers

O0xC3FE_00CO

OxC3FE_00DC

FMPLL1 registers

OxC3FE_OOEO

OXC3FE_00FC

reserved

OXC3FE_0100

OXC3FE_011C

CMUO registers

OXC3FE_0120

.. reserved
OxC3FE_013C
O0xC3FE_0140
.. reserved
OxC3FE_015C
O0xC3FE_0160
. reserved
OxC3FE_017C
OxC3FE_0180
.. reserved
O0xC3FE_019C
OxC3FE_01A0
reserved

OXC3FE_01BC
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Table 8-3. MC_CGM Memory Map (continued)

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

O0xC3FE_01C0

reserved
OxC3FE_01DC
OxC3FE_01EO

reserved
OXC3FE_01FC
0xC3FE_0200

reserved
OXC3FE_021C
OXC3FE_0220

reserved
OxC3FE_023C
0xC3FE_0240

reserved
O0xC3FE_025C
O0xC3FE_0260

reserved
OXC3FD_C27C
O0xC3FE_0280

reserved
O0xC3FE_029C
OxC3FE_02A0

reserved
OXC3FE_02BC
O0xC3FE_02C0

reserved
OXC3FE_02DC
OXC3FE_02E0

reserved
O0xC3FE_02FC
0xC3FE_0300

reserved
OxC3FE_031C
0xC3FE_0320

reserved
O0xC3FE_033C
O0xC3FE_0340

reserved
O0xC3FE_035C
0xC3FE_0360

reserved
OxC3FE_036C
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Table 8-3. MC_CGM Memory Map (continued)

o| 1|2 |3 |27| 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_0370 |[CGM_OC_EN rR/O|O|]O|O|]O|O|OjO|]O|]O|J]O|O|O|]O]O0]O
W
rR/O|O|]O|O|]O|]O|O|O|]O]|]O]J]O|J]O|O]O]O
EN
W
O0xC3FE_0374 |CGM_OCDS_SC R|I 0| O o|jo|lOoO|lO|]O|]O]|]O|O
SELDIV SELCTL
W
rR/O|O|]O|O|]O|O|OjO|]O|]O|J]O|O|O|]O]O0]O
W
OxC3FE_0378 |CGM_SC_SS R O|O0O|O0]|O SELSTAT o|jo|lOoO|lO|]O|]O]|]O]|O
W
rR/O|O|]O|O|]O|O|OjO|]O|]O|J]O|O|O]|]O]|]O0]O
W
0xC3FE_037C |CGM_SC_DCo...2 Rilo|0]O0]O | 0070
o DIVO | DIV1
W [a) [a)
Rl 0]0]O ojo|lOoO|lO|]O|]O]|]O|O
1w DIV2
W [a)
0xC3FE_0380 |[CGM_ACO_SC R O|O0O|O0]|O o|jo|lOoO|lO|]O|]O]|]O|O
SELCTL
W
rR/O|O|]O|O|]O|O|OjO|]O|]O|J]O|O|O]|]O]|]O0]O
W
OxC3FE_0384 reserved
O0xC3FE_0388 [CGM_AC1_SC R O|O0O|O0]|O o|jo|lOoO|lO|]O|]O]|]O|O
SELCTL
W
rR/O|O|O|O|]O|O|lOjO|]O|]O|J]O|O|O|]O]O0]O
W
0xC3FE_038C |CGM_AC1_DCO Rilo|0]O0]O o|jo|lOoO|lO|]O|]O]|]O|O
o DIVO
W [a)
rR/O|O|]O|O|]O|O|lOjO|]O|]O|J]O|O|O]|]O]O0]O
W
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Table 8-3. MC_CGM Memory Map (continued)

0 1 2 3 (27| 5 6 7 8 9 |10 | 11 | 12 | 13 | 14 | 15
Address Name
16 | 17 | 18 | 19 | 20 | 22 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
0xC3FE_0390 [CGM_AC2_SC R O|O0O|O0]|O o|jo|lOoO|lO|]O|]O]|]O|O
SELCTL
W
rR/O|O|]O|O|]O|O|OjO|]O|]O|J]O|O|O|]O]O0]O
W
O0xC3FE_0394 |CGM_AC2_DCO0 Rilo|0]O0]O o|jo|lO0O|lO|]O|]O]|]O|O
o DIVO
W [a)
rR/O|O|]O|O|]O|O|OjO|]O|]O|J]O|O|O|]O]O0]O
W
O0xC3FE_0398 |[CGM_AC3_SC R O|O0O|O0]|O o|jo|lOoO|lO|]O|]O]|]O|O
SELCTL
W
rR/O|O|]O|O|]O|O|OjO|]O|]O|J]O|O|O]|]O]|]O0]O
W
OxC3FE_039C reserved
0xC3FE_0400
reserved
OxC3FE_3FFC

8.4.3.1 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.

8.4.3.1.1 Output Clock Enable Register (CGM_OC_EN)

Address OxC3FE_0370 Access: Supervisor 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 8-3. Output Clock Enable Register (CGM_OC_EN)

This register is used to enable and disable the output clock.
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8.4.3.1.2 Output Clock Division Select Register (CGM_OCDS_SC)

Table 8-4. 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
Address OXxC3FE_0374 Access: Supervisor 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
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
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

Figure 8-4. 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 8-5. Output Clock Division Select Register (CGM_OCDS_SC) Field Descriptions

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.
000 16 MHz internal RC oscillator

001 4-16 MHz external oscillator

010 Primary FMPLL

011 Secondary FMPLL

100 128 kHz internal RC oscillator

101 32 kHz external oscillator

110 reserved

111 reserved
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8.4.3.1.3 System Clock Select Status Register (CGM_SC_SS)
Address OXxC3FE_0378 Access: Supervisor read
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O SELSTAT 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| 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. System Clock Select Status Register (CGM_SC_SS)

This register provides the current system clock source selection.

Table 8-6. System Clock Select Status Register (CGM_SC_SS) Field Descriptions

Field

Description

SELSTAT
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

System Clock Source Selection Status — This value indicates the clock source for the system clock.

16 MHz internal RC oscillator
Divided 16 MHz internal RC oscillator
4-16 MHz external oscillator

Divided 4-16 MHz external oscillator
Primary FMPLL

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

system clock is disabled

8.43.1.4

System Clock Divider Configuration Registers (CGM_SC_DCO...2)

Address OXC3FE_037C

Access: Supervisor read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 0 0 0 0 0
DE2 DIV2
w
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-6. System Clock Divider Configuration Registers (CGM_SC_DCO...2)
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These registers control the system clock dividers. The divided clock is the reference for the associated
peripheral set.

Table 8-7. System Clock Divider Configuration Registers (CGM_SC_DCO...2) Field Descriptions

Field

Description

DEO

Divider 0 Enable
0 Disable system clock divider 0
1 Enable system clock divider O

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 0O 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

Divi

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 3 clock remains disabled.

8.4.3.1.5 Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC)

Address OxC3FE_0380 Access: Supervisor 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
SELCTL
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset

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 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-7. Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC)

This register is used to select the current auxiliary clock 0 sources.
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Table 8-8. Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC) Field Descriptions

Field Description

SELCTL | Auxiliary Clock 0 Source Selection Control — This value selects the current source for auxiliary clock 0.
0000 4-16 MHz external oscillator
0001 16MHz int. RC osc.

0010 secondary freq. mod. PLL
0011 primary freq. mod. PLL
0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

8.4.3.1.6 Auxiliary Clock 1 Select Control Register (CGM_AC1_SC)

Address OxC3FE_0388 Access: Supervisor 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

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 1 Select Control Register (CGM_AC1_SC)

This register is used to select the current auxiliary clock 1 sources.
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Table 8-9. 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. 4-16 MHz external oscillator
0001 div. 16MHz int. RC osc.
0010 secondary freq. mod. PLL
0011 primary freq. mod. PLL
0100 reserved
0101 reserved
0110 reserved
0111 reserved
1000 reserved
1001 reserved
1010 reserved
1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 reserved
8.4.3.1.7 Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO0)
Address OXxC3FE_038C Access: Supervisor 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
DEO DIVO
w
Reset 1 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 8-9. Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO0)

This register controls the auxiliary clock 1 divider.
Table 8-10. Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO) Field Descriptions

Field Description

DEO |Divider 0 Enable
0 Disable auxiliary clock 1 divider O
1 Enable auxiliary clock 1 divider 0

DIVO |Divider 0 Division Value — The resultant eMIOSO0 clock will have a period DIVO + 1 times that of auxiliary clock 1.
If the DEO is set to O (Divider O is disabled), any write access to the DIV O field is ignored and the eMIOSO0 clock
remains disabled.
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8.4.3.1.8 Auxiliary Clock 2 Select Control Register (CGM_AC2_SC)
Address OXxC3FE_0398 Access: Supervisor 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
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
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

Figure 8-10. Auxiliary Clock 2 Select Control Register (CGM_AC2_SC)

This register is used to select the current auxiliary clock 1 sources.

Table 8-11. Auxiliary Clock 2 Select Control Register (CGM_AC2_SC) Field Descriptions

Field

Description

0100 reserved
0101 reserved
0110 reserved
0111 reserved
1000 reserved
1001 reserved
1010 reserved
1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 reserved

SELCTL | Auxiliary Clock 2 Source Selection Control — This value selects the current source for auxiliary clock 2.
0000 div. 4-16MHz external oscillator
0001 div. 16MHz int. RC osc.
0010 secondary freq. mod. PLL
0011 primary freq. mod. PLL

8.4.3.1.9

Address OXxC3FE_0394

Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)

Access: Supervisor 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
W DEO DIVO

Reset 1 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 8-11. Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)
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This register controls the auxiliary clock 2 divider.

Table 8-12. Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO) Field Descriptions

Field

Description

DEO

Divider 0 Enable
0 Disable auxiliary clock 2 divider O
1 Enable auxiliary clock 2 divider 0

DIVO

Divider 0 Division Value — The resultant eMIOS1 clock will have a period DIVO + 1 times that of auxiliary clock 2.
If the DEQ is set to 0 (Divider 0 is disabled), any write access to the DIV O field is ignored and the eMIOS1 clock
remains disabled.

8.4.3.1.10

Address OXC3FE_0398

Reset

0

Auxiliary Clock 3 Select Control Register (CGM_AC3_SC)

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

Access: Supervisor read/write

15

0 0 0 0 0
SELCTL

0

16

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

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
Figure 8-12. Auxiliary Clock 3 Select Control Register (CGM_AC3_SC)

This register is used to select the current auxiliary clock 3 sources.

Table 8-13. 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
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

system clock

system clock / 2
secondary freq. mod. PLL
secondary freq. mod. PLL /2
reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved
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8.4.4 Functional Description

8.4.4.1 System Clock Generation

Figure 8-13 shows the block diagram of the system clock generation logic. The MC_ME provides the
system clock select and switch mask (see MC_ME chapter for more details), and the MC_RGM provides
the safe clock request (see MC_RGM chapter for more details). The safe clock request forces the selector
to select the 16 MHz internal RC oscillator as the system clock and to ignore the system clock select.

84411 System Clock Source Selection

During normal operation, the system clock selection is controlled
e Ona mode event, by MC_RGM
» Otherwise, by the MC_ME

8.44.1.2 System Clock Disable
During normal operation, the system clock can be disabled by the MC_ME.

8.4.4.1.3 System clock dividers

The MC_CGM generates three derived clocks from the system clock that are used as the reference clocks
for their associated peripherals.

8.4.4.2 Auxiliary Clock Generation

Figure 8-14 (and those following) shows the block diagram of the auxiliary clock generation logic. See
Section 8.4.3.1.5, Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC), Section 8.4.3.1.6,
Auxiliary Clock 1 Select Control Register (CGM_AC1_SC), Section 8.4.3.1.8, Auxiliary Clock 2 Select
Control Register (CGM_AC2_SC), and Section 8.4.3.1.10, Auxiliary Clock 3 Select Control Register
(CGM_AC3 _SC) for auxiliary clock selection control.
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16 MHz internal RC oscillator

» 0
Divided 16 MHz internal RC oscillator -l
Divided 4-16 MHz external oscillator 3
Primary FMPLL 4
%
A
MC_RGM safe clock request
MC_ME clock select ——]
N A 4

CGM_SC_SS Register

MC_ME system
clock switch mask

» system clock

CGM_SC_DCO Register

A 4

clock divider

I » peripheral set 1 clock

CGM_SC_DC1 Register

clock divider

- » peripheral set 2 clock

CGM_SC_DC2 Register

clock divider

L » peripheral set 3 clock

Figure 8-13. MC_CGM System Clock Generation Overview
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4-16 MHz external oscillator 10
16MHz int. RCosc. —  af1
secondary freq. mod. PLL | 2
primary freq. mod. PLL | 3
» DCU clock
A

CGM_ACO_SC Register

Figure 8-14. MC_CGM Auxiliary Clock 0 Generation Overview
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Figure 8-15. MC_CGM Auxiliary Clock 1 Generation Overview
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Figure 8-16. MC_CGM Auxiliary Clock 2 Generation Overview

PXD10 Microcontroller Reference Manual, Rev. 1

8-22 Freescale Semiconductor
Preliminary—Subject to Change Without Notice



PR 4

system clock

systemclock /2

secondary freq. mod. PLL
secondary freq. mod. PLL/2

WNEF O

» QuadSPI clock

/k
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Figure 8-17. MC_CGM Auxiliary Clock 3 Generation Overview

8.4.4.2.1 Auxiliary Clock Source Selection

During normal operation, the auxiliary clock selection is done via the CGM_ACO0...3_SC registers. If
software selects an “unavailable’ source, the old selection remains, and the register content does not
change.

8.4.4.2.2 Auxiliary clock dividers

The selected auxiliary clock can be optionally divided before use.
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8.4.4.2.3 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:

e Section 8.4.3.1.4, System Clock Divider Configuration Registers (CGM_SC_DCO0...2)

e Section 8.4.3.1.7, Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO0)

» Section 8.4.3.1.9, Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)

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.

8.4.4.3 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.

16 MHz internal RC oscillator 0 med |7
4-16 MHz external oscillator 1
Primary FMPLL 2
Secondary FMPLL 3 L - - - _
128 kHz internal RC oscillator 4 CGM_OC_EN Register
32 kHz external oscillator 5 —> — I
» 3 l
LT
- PH[4
s [4]
» 0
74
A
CGM_OCDS_SC.SELDIV | |
Register

Figure 8-18. MC_CGM Output Clock Multiplexer and PH[4] Generation

8.44.4 Output Clock Division Selection

The MC_CGM provides the following output signals for the output clock generation:

» PHIJ4] (see Figure 8-18). 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.

* The MC_CGM also has an output clock enable register (see Section 8.4.3.1.1, Output Clock
Enable Register (CGM_OC_EN)) which contains the output clock enable/disable control bit.

8.5 FXOSC external oscillator

The FXOSC digital interface controls the external crystal oscillator (FXOSC). It holds control and status
registers accessible for application.
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8.5.1

» External crystal oscillator (FXOSC) digital interface
» Oscillator clock available interrupt

» Oscillator bypass mode

» Output clock division factors ranging from 1,2,3....32

Main features

8.5.2

The crystal oscillator circuit includes an internal oscillator driver and an external crystal circuitry. It
provides an output clock that can be provided to PLL or used as a reference clock to specific modules
depending on system needs.

The crystal oscillator is controlled by the MC_ME module. The OSCON bit of ME_XXX_MCR registers
controls the powerdown of oscillator based on the current device mode while S_OSC of ME_GS register
provides the oscillator clock available status.

Functional Description

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 setting OSC_CTL[OSCBYP]. 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 EXTAL pin and the oscillator status is forced to ‘1’. The bypass
configuration is independent of the powerdown mode of the oscillator.

Table 8-14 shows the truth table of different configurations of oscillator.
Table 8-14. Truth table of crystal oscillator

ENABLE BYP XTAL EXTAL CK_OSCM OSC MODE
0 0 No crystal, No crystal, 0 Power down, IDDQ
Hiz Hiz
X 1 X Ext clock EXTAL Bypass, OSC Disabled
1 0 Crystal Crystal EXTAL Normal, OSC Enabled
Gnd Ext clock EXTAL 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.
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8.5.3 Register description

Address offset: 0x0000 Base Address: OXC3FEO000
Reset value: 0b00000000_10000000_00000000_00000000

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

YP

Is 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

rw rw rc r

Figure 8-19. Crystal Oscillator Control Register (OSC_CTL)

Table 8-15. Crystal Oscillator Control Register (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: EXTAL 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.

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 25-31 Reserved

Note: OSC_CTL register is writable only in supervisor mode.
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8.6 32 kHz OSC digital interface

8.6.1

Introduction

The OSC Digital Interface controls the external crystal oscillator (SXOSC). It holds control and status
registers accessible for application.

8.6.2

» External crystal oscillator (SXOSC) digital interface
» Oscillator powerdown control and status

Main features

» Oscillator clock available interrupt
» Oscillator bypass mode

» Output clock division factors ranging from 1,2,3....32

8.6.3

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.

Table 8-16. Truth table of crystal oscillator

OSCON OSCBYP 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
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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.

8.6.4 Register description

Address offset: 0x0000 Base Address: OXC3FE0040
Reset value: 0b00000000_10000000_00000000_00000000

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

YP

rs r rw

16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
M—COS reserved OSCDIV I_OSsC reserved S_0OSsC OS’\? 0

rw r rw rc r r w

Table 8-17. Crystal Oscillator Control Register (OSC_CTL)

Note: OSC32, after it is enabled, is always ON, but can be configured OFF in standby by writing OSCON bit.
Table 8-18. Crystal Oscillator Control Register (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.

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.
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Table 8-18. Crystal Oscillator Control Register (OSC_CTL) field descriptions

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.

8.7  SIRC digital interface

8.7.1 Introduction

The SIRC digital interface controls the internal low power 128 kHz RC oscillator (SIRC). It holds control
and status registers accessible for application.

8.7.2 Low Power RC Oscillator (128 kHz)

The low power RC oscillator provides a low frequency (f| prc ) 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 low power RC oscillator 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 LPRC_CTL register.

The SIRC oscillator output frequency can be trimmed by LPRCTRIM[4:0] bits of LPRC_CTL register.
These bits can be programmed to modify internal capacitor/resistor. After power on reset, the trimming
bits are provided by the flash options. Only after first write access, the value specified by LPRCTRIM[4:0]
bits will contol the trimming.
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8.7.3 Register description

Address offset: 0x0000 Base Address: OXxC3FE_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 8-20. Low Power RC Control Register (LPRC_CTL)

Table 8-19. Low Power RC Control Register (LPRC_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: LPRC_CTL register is writable only in supervisor mode.

8.8  FIRC digital interface
8.8.1 Introduction

The FIRC digital interface controls the main internal 16 MHz RC oscillator (FIRC). It holds control and
status registers accessible for application.
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8.8.2 Functional Description (16 MHz)

The main RC oscillator provides a high-frequency (f\rc ) clock. This clock can be used to fasten 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 MRC 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 RC_CTL register.

The main RC oscillator output frequency can be trimmed by RCTRIM[5:0] bits of RC_CTL register.
These bits can be programmed to modify internal capacitor/resistor values. After power on reset, the
trimming bits are provided by the flash options. Only after first write access, the value specified by
RCTRIM[5:0] bits will contol the trimming.

During standby mode entry process, the RC oscillator is controlled based on RCON bit of
ME_STANDBY _MC register. The is the last step in the standby entry sequence. On any system wake-up
event, device exits standby mode and switches on the RC oscillator.

8.8.3 Register Description

Address offset: 0x0000 Base Address: OXxC3FE_0060
Reset value: 0b00000000_00000000_00000000_00000000

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

reserved RCTRIM
r w
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved RCDIV reserved
r w r

Table 8-20. RC Oscillator Control Register (RC_CTL)

Table 8-21. RC Oscillator Control Register (RC_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
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Table 8-21. RC Oscillator Control Register (RC_CTL) field descriptions (continued)

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 24-31 Reserved

Note: RC_CTL register is writable only in supervisor mode.

8.9 Frequency-modulated phase locked loops and system clocks
(FMPLLO and FMPLL1)

8.9.1 Introduction

This section describes the features and functions of the two independent FMPLL modules implemented in
PXD10.

8.9.2 Overview

The FMPLLs enable the user to generate high speed system clocks from a common 4 MHz to 16 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 8-21.

IDF > ch ODF >
FXOSC lpump. PHI
BUFFER P\ ow Pass VCO

Filter

p| DIV2 » A DIv4 >
NDIV
Loop
Frequency
Divider

MODE MODE

Figure 8-21. FMPLL block diagram

8.9.3 Features

Each FMPLL has the following major features:
* Input clock frequency from an 4 MHz to 40 MHz
» \Dltage controlled oscillator (VCO) range from 256 MHz to 512 MHz

* Reduced frequency divider (RFD) for reduced frequency operation without forcing the PLL to
relock
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* 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 FM

— Powerdown mode

— 1:1 mode (FMPLLO only)

8.9.4  Memory map?

Table 8-22 shows the memory map locations. Addresses are given as offsets of the module base address.

Table 8-22. FMPLL Memory Map

Address Register Access Location
Base:
O0xC3FEOOAO (FMPLLO)
0xC3FEO0CO (FMPLL1)
0x0000 Control register (CR) R/W on page 34
0x0004 Modulation register (MR) Special |on page 36

8.9.5 Register description

The PLL operation is controlled by two registers. Those registers can only be written in supervisor mode.

1.FMPLL_x are mapped through the ME_CGM Register Slot
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8.9.5.1

Offset 0x0000

Control register (CR)

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 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 g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

! Reset value is determined by the SoC integration.

Table 8-23. Control register (CR)

Table 8-24. CR field descriptions

Field Description
2-5 The value of this field sets the PLL Input division factor as described in Table 8-25. The reset value
IDF is set during integration.
6-7 The value of this field sets the PLL Output division factor as described in Table 8-26. The reset value
ODF is set during integration.
9-15 The value of this field sets the PLL Loop division factor as described in Table 8-27. The reset value
NDIV is set during integration.
23 This bit is used to enable progressive clock switching. After the PLL locks, the PLL output initially is
en_pll_sw |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
24 This bit is used to activate the 1:1 Mode.
mode
25 This bit is a sticky indication of PLL loss of lock condition. Unlock_once is set when the PLL loses
unlock_once |lock. Whenever the PLL reacquires lock, unlock_once remains set. Only a power-on reset can clear
this bit.
27 This bit is set by hardware whenever there is a lock/unlock event.lt is cleared by software, writing 1.
i_lock
28 This bit is an indication of whether the PLL has acquired lock.
s_lock 0 => PLL unlocked

1 =>PLL locked
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Table 8-24. CR field descriptions (continued)

Field Description

29 This bit is used to mask the pll_fail output.
pll_fail_mask |0 => pll_fail not masked
1 => plI_fail masked

30 This bit is asynchronously set by hardware whenever a loss of lock event occurs while PLL is
pll_fail_flag |switched on. It is cleared by software, writing 1.

Table 8-25. Input divide ratios

IDF[3:0] Input divide ratios
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
1110 Divide by 15
1111 Clock Inhibit
Table 8-26. Output divide ratios
ODF[1:0] Output divide ratios
00 Divide by 2
01 Divide by 4
10 Divide by 8
11 Divide by 16
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Table 8-27. Loop divide ratios

NDIV[6:0] loop divide ratios

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

8.9.5.2 Modulation register (MR)

Offset 0x0004 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
R ETE 0 SPR
wl oz D S MOD_PERIOD
YPA EL
SS

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
FEN,L— INC_STEP
w
Reset 0 0 0 0 0 0 0 0 0 0 -t 0 0 0 0 0

Table 8-28. Modulation register (MR)

Table 8-29. MR field descriptions

Field Description

0 Strobe bypass
STRB_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

PXD10 Microcontroller Reference Manual, Rev. 1

8-36 Freescale Semiconductor
Preliminary—Subject to Change Without Notice



Table 8-29. MR field descriptions (continued)

Field Description

3-15 Modulation period
MOD_PERIOD The MOD_PERIOD field is the binary equivalent of the value modperiod derived from
following formula:

fref

modperiod= It

where:
fref: represents the frequency of the feedback divider
fmod: represents the modulation frequency

The maximum value of MOD_PERIOD is 0x1000.

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:
15
incstep = round({Z—zLxMdxMDE )
100 x 5 x MODPERIOD.
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)

8.9.6 Functional description

8.9.6.1 Normal mode

In Normal Mode the PLL inputs are driven by the CR (see Section 8.9.5.1, 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 . LDF

Phi= I 5F ODF

Eqgn. 8-1
where the value of IDF, LDF and ODF are set in CR and can be derived from Table 8-25, Table 8-26, and
Table 8-27.
8.9.6.2 Progressive clock cwitching

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.
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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 8-30
and Figure 8-22.

Table 8-30. 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_pll_out frequency)/2
onward (ck_pll_out frequency)
+8
+4 )
ck_pll_out —— 5 —— = ck_pll_div
+1

Figure 8-22. Diagram of progressive clock switching

8.9.6.3 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:
» first: configure the FM modulation characteristics : MOD_PERIOD, INC_STEP.
» second: enable the FM modulation by programming the FM_EN bit of MR register to 1. 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
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ModulationDepth = (

100 x 5 x INCSTEPXMODPERIOD)
(2" Z1) x MDF

NOTE

You must ensure that the value of MODPERIOD does not exceed 0x1000
and that the product of INCTEP and MODPERIOD is less than (21°-1).

Frequency

= = = -
md Center Spread
Fo o S

}
Tmod 2Tmod

Figure 8-23. PLL frequency modulation modes

8.9.6.4 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.

8.9.6.5 1:1 Mode (FMPLLO only)

1:1 Mode is set by asserting the mode bit in CR (see Section 8.9.5.1, 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 FM control are bypassed
inside the PLL. The PLL output clock (phi) frequency is determined by the following relation:

. _ clkin
phi = -
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8.9.7 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.

8.10 Clock Monitor Unit (CMU)

8.10.1 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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IRCOSC_CLK

16 MHz

FXOSC_CLK

4-16 MHz

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

R

FCU

Figure 8-24. CMU component interaction

8.10.2 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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8.10.3 Block diagram

CKSEL1[1:0] ‘ CMU_MDR Register

CK_FIRC \\
CK_SIRC ° %
CK_SXOSC o

e e M
CK_FIRC CMU FDR
MUX 1 Frequency Meter register

CK_FXOSC

. OLR_evt
FXOSC Supervisor -

FOSC < FRCpag( / N

FXOSC ON/OFF
From MC_ME

Fixed ‘ CMU_HREF Register

Prescaler
: e Il
FLC evt_a
FPLL > href or ] 1
FPLL < FRCiygt / 4 -
ckpll_a J _evt a
PLL ON/OFF
FPLL < Ifref _D—T IVIF(i_[/IEth a
=
?

‘ CMU_LFREF register

PLL Supervisor

Figure 8-25. Clock Monitor Unit diagram

8.10.4 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.
¢ CK_PLL : clock coming from the PLL.
» FOSC : frequency of external crystal oscillator clock.
* FRCslow: frequency of low frequency internal RC oscillator.
» FRCfast: frequency of high frequency internal RC oscillator.
* FPLL : frequency of FMPLL clock.
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8.10.4.1 Crystal clock monitor
If FOSC is smaller than FRCfast divided by 2R¢P'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 s 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.

8.10.4.2 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

The on-chip RC oscillator is used as the reliable reference clock for the
clock supervision. In order to avoid false events, proper programming of the
dividers is required. These have to take into account the accuracy and
frequency deviation of the RC oscillator.

8.10.4.3 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.

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 CKSEL1 bit value. The measure starts when SFM (Start Frequency
Measure) bit in 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 in the CMU_FDR .The
frequency FRC can be derived from the value loaded in the CMU_FDR register as follows :
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FRC = (FOSC * MD) / n, Eqgn. 8-2
Where n is the value in CMU_FDR register and MD is the value in CMU_MDR.

Frequency Meter by default evaluates CK_FIRC, but the software can swap to CK_SIRC or CK_SXOSC
by programming the CKSEL bits in CMU_CSR register.The CKON bits indicate which is the actual clock
at the output of the multiplexer MUX1

8.10.5 Memory Map and Register Description

The memory map of the CMU is shown in the following table.
Table 8-31. RC Digital Interface Register Set - Base address OxC3FE_0100

Register Name Address Offset | Location
Control Status Register (CMU_CSR) 0x00 on page 44
Frequency Display Register (CMU_FDR) 0x04 on page 45
High Frequency Reference Register FMPLLO(CMU_HFREFR_A) 0x08 on page 46
Low Frequency Reference Register FMPLLO(CMU_LFREFR_A) 0x0C on page 46
Interrupt Status Register (CMU_ISR) 0x10 on page 47
reserved 0x14 —
Measurement Duration Register (CMU_MDR) 0x18 on page 48

8.10.5.1 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 CKSEL1 reserved RCDIV CME_
A
r rw r w w

Table 8-32. Control Status Register (CMU_CSR)
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Table 8-33. 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

CKSEL1 CKSEL1 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 FMPLLO clock monitor enable
CME_A 0: FMPLLO monitor is disabled.
1. FMPLLO monitor is enabled.

8.10.5.2 Frequency Display Register (CMU_FDR)

Address offset: 0x04
Reset value: 0x00000000

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]

Table 8-34. Frequency Display Register (CMU_FDR)

Table 8-35. 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
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8.10.5.3 High Frequency Reference Register FMPLLO (CMU_HFREFR)

Address offset: 0x08
Reset value: 0xO0000FFF

11 ‘ 12 13 14

0 1 2 3 4 5 6 15
reserved
r
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
reserved HFREF[11:0]
r rw
Table 8-36. High Frequency Reference Register FMPLLO
Table 8-37. High Frequency Reference Register FMPLLO field descriptions
Field Description
20-31 High Frequency reference value
HFREF These bits determine the high reference value for the FMPLLO clock. The reference value
is given by: (HFREF[11:0)/16) * (FRCt,5t/4).
8.10.5.4 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 w

Table 8-38. Low Frequency Reference Register FMPLLO

Table 8-39. 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).
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8.10.5.5 Interrupt Status Register (CMU_ISR)

Address offset: 0x10

Reset value: 0x00000000

3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14

0 1 2 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 8-40. Interrupt Status Register (CMU_ISR)

Table 8-41. 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.

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/2RCPV 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.
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8.10.5.6 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 MD[19:16]
r rw
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
MD[15:0]
w

Table 8-42. Measurement Duration Register (CMU_MDR)

Table 8-43. 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.

8.10.6 Register map

Address Register 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
Offset Name
00 CMU_CSR — >
= o 2 w
Reserved [ Reserved %) Reserved o =
7] V2 g o
O
04 CMU_FDR Reserved FD[12:31]
08 CMU_HFRE
_ Reserved HFREF
FR
0oC CMU_LFRE
— Reserved LFREF
FR
10 CMU_ISR <| < | —
_| Nz
Reserved T |54
|~ |O
|
14 Reserved Reserved
18 CMU_MDR Reserved | MD[12:31]
Table 8-44. CMU register map
PXD10 Microcontroller Reference Manual, Rev. 1
8-48 Freescale Semiconductor

Preliminary—Subject to Change Without Notice



Chapter 9
Configurable Enhanced Modular 10 Subsystem (eMIOS200)

9.1 Device-specific information

This section describes the features actually implemented on this device. The features which are not
specified in this section are not implemented, even if they are present in other parts of the chapter.

The eMIOS provides Timer (IC/OC) and PWM functionality. On this device, two eMIOS blocks have
channels clocked by either a modulated or a non-modulated clock. eMIOS200_0 is a 16-channel module;
eMI10S200_1 is an 8-channel module.

9.1.1 Unsupported features

* Real-Time Signal Bus Client
*  Wheel Speed Channels
* eMIOSO0 Channels 0-7 and Channels 24-31
— Channels 9-15 do not support operations on internal counter
* eMIOS1 Channels 0-15 and Channels 24-31

9.1.2 Device-specific configuration

* Both eMIOS200_0 and eMI10S200_1 can work on any of the four auxiliary clock sources:
— IRC
— FXOSC
— FMPLLO
— FMPLL1
* ForeMIOS200_0:
— Counter bus A is driven by Unified Channel #23
— Counter bus C is driven by Unified Channel #8
— Counter bus D is driven by Unified Channel #16
— Unified Channels 9-15 do not have their own time base
* ForeMIOS200_1:
— Counter bus A is driven by Unified Channel #23
— Counter bus D is driven by Unified Channel #16
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9.1.3 eMIOS clocking configuration

The clocking configurations of the eMI0S200_0 and eMI10S200_1 modules on this device are shown in
Figure 9-1.

CGM_AC1_SC[SELCTL] I
(in MC_CGM)

|
l 8 Channel IC/OC
|
|

Modulated clock

FMPLL_O —

> eMIOS200_0

> —

!

: 8 Channel OPWM
16 MHz IRC | >
CGM_AC2_SC[SELCTL]
4-16 MHz FXOSC (in MC_CGM)
| —
| |
—> eMIOS200 1 | 8 Channel OPWM
FMPLL_1 . =
Non-modulated clock —'>

Figure 9-1. eMIOS clocking configuration

9.14 PXD10 family comparison

The following table shows the required split of eMIOS channel functionality across the PXD10 family as
a function of flash memory size.

Table 9-1. eMIOS total channel summary

PXD1005 PXD1010
16-bit OPWM 16 16
16-bit IC/OC 8 8

9.1.5 Channel Types

The channels of the eM10S200_0 and eMI0S200 1 blocks on this device are implemented using a variety
of different channel configurations. The available modes of operation for each channel are shown in
Table 9-2 and Table 9-3.
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Table 9-2. eMIOS200_0 channel configurations

Channels
Acronym Mode 8 9-15 16 17-22 23
IC/OC IC/OC PWM PWM PWM
Counter Counter Counter
GPIO General Purpose Input/Output X X X X X
SAIC Single Action Input Capture X X X X X
SAOC Single Action Output Compare X X X X X
MCB Modulus Counter Buffered X X X
OPWFMB | Output Pulse Width and Frequency Modulation X X X
Buffered
OPWMB Output Pulse Width Modulation Buffered X X X
Table 9-3. eMIOS200_1 channel configurations
Channels
Acronym Mode 16 17-22 23
PWM PWM PWM
Counter Counter

GPIO General Purpose Input/Output X X X

SAIC Single Action Input Capture X X

SAOC Single Action Output Compare X X

MCB Modulus Counter Buffered X X

OPWFMB Output Pulse Width and Frequency Modulation X X X

Buffered
OPWMB Output Pulse Width Modulation Buffered X X X
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b -

9.1.6 Unified Channel Block

Figure 9-2 shows the block diagram of Unified Channel Block as it is implemented in this device.
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Figure 9-2. Unified channel block

9.16.1 Channel Mode Selection

The following is a portion of eMIOS200 UC Control Register (EMIOSC[n]), (please refer to
Section 9.4.2.8, eMI10S200 UC Control Register (EMIOSCIn])).
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Address Base + 0x0000 Access: Read/Write

0 1 2 3 4 5 6 7 8 9 10 11 2 13 14 15
Rl o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 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
MODE[0:6]
W
= Reserved

Figure 9-3. Channel mode selection field

Table 9-4. Channel mode selection field description

Field Description

bit 25:31 | The MODE[0:6] bits select the channel mode operation, as shown in Table 9-5.

MODE[25:31
]
Table 9-5. Channel mode selection
MODE[0:6]* mode of operation

0000000 General purpose Input/Output mode (input)
0000001 General purpose Input/Output mode (output)
0000010 Single Action Input Capture
0000011 Single Action Output Compare
0000100

to Reserved
1001111
101000b Modulus Counter Buffered (Up counter)
1010010 Reserved
10101bb Modulus Counter Buffered (Up/Down counter)
10110b0 Output Pulse Width and Frequency Modulation Buffered
10110b1

to Reserved
10111b1
11000b0 Output Pulse Width Modulation Buffered
1100001

to Reserved
1111111

b = adjust parameters for the mode of operation. Refer to Section 9.5.1.1, UC Modes of Operation,” for
details.
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9.2 Introduction
Figure 9-4 shows the block diagram of the configurable eM10S200 block.

._ REDC see note 1
" Real-time signal f
. P ipp_obe_emios_ch[23]
' cHiz3) » EMIOSO[23]
' [ all [A] D] < EMIOSI[23]
BIU . submodules
\ ~ . 5 - » emios_flag_out[23]
' Interrupt signal , I I .
' Slave bus signals ' '
' Global signals L '
. DMA interface signals 1B
. Counter Buses, > -3
(Time bases)
P ipp_obe_emios_ch[16]
Global Time
Base Enable In ) q HIs » EMIOSO[16]
] < EMIOSI[16]
Global Time
Base Enable Out b > P emios_flag_out[16]
sy%» Clock internal counter clock enable
Prescaler
ﬁ P ipp_obe_emios_ch[15]
] » EMIOSO[15]
[A] [c] < EMIOSI[15]
l i > P emios_flag_out[15]
Counter Buses > 1§
(Time bases) * . .
P ipp_obe_emios_ch[8]
— » EMIOSO[8]
CHig] < EMIOSI[8]
. » emios_flag_out[8]
A
Output disable control Bus —p» -
p— » ipp_obe_emios_ch[7]
p» EMIOSO[7]
[A] [B] CHIT < EMIOSI[7]
i > P emios_flag_out[7]
Counter Buses,
(Time bases) . X
P ipp_obe_emios_ch[0]
» EMIOSO[0]
CHIO] <«— EMIOSIQ]
. » emios_flag_out[0]
enhanced Modular Input/Output System ?
Notes: 1. Connection between UC[n-1] and UC[n] T ? T ? Notes: 2: lllustration of a 28 channel eMIOS200
necessary to implement QDEC mode Output Disable
Input[0:3]

Figure 9-4. eMIOS200 block diagram1

1.This diagram shows a 24-channel eM10S200. On PXD10, eMI10S200_0 has 16 channels (8-23) and eMI10S200_1
has 8 channels (16-23). Thus, not all channels shown are available.
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9.2.1 Overview

The configurable enhanced Modular Input/Output Subsystem (eMI10S200) provides functionality to
generate or measure time events. It is the parameterized version of the eMIOS block keeping full
functional backwards compatibility. Its overall architecture resembles that of the MIOS Figure 9-4. The
predecessor MIOS timer block provides a framework where a set of sublocks with different timer functions
are assembled to attend the specific needs of a SoC. The eMI10S200 builds on this concept by using a
Unified Channel module that provides a superset of the functionality of all the individual M10OS channels,
while providing a consistent user interface. This allows more flexibility as each Unified Channel can be
programmed for different functions in different applications of the SoC. Besides that, eM10S200
architecture allows using Dedicated Channels which perform specific functions not included in MIOS
inheritance.

9.2.2 Features

The basic features of the eM10S200 on this device are the following:

e 24 channels (16 in eMI0OS200_0 and 8 in eMI10S200_1) chosen among Unified or Dedicated
Channels not necessarily numbered in a continuous sequence

» Data registers of 16-bit width
» Counter buses C and D can be driven by Unified Channel 8 and 16, respectively

» Counter bus A can be driven by the Unified Channel #23 or by the external shared timer bus
(Real-Time Signal Bus Client)

» Each channel has its own time base, alternative to the counter buses
* One Global prescaler

* One Prescaler per channel (CP)

» Shared timebases through the counter buses

* One Real-Time Signal Bus Client (REDC)

» Control and Status bits grouped in a single register

* Synchronization among timebases

* Global flag register

» State of the UC can be frozen for debug purposes

» Motor control capability

9.2.3 Modes of Operation

The Unified Channels can be configured to operate in the following modes:
» General purpose input/output
» Single Action Input Capture
» Single Action Output Compare
* Modulus Counter Buffered
*  QOutput Pulse Width and Frequency Modulation Buffered
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» Output Pulse Width Modulation Buffered
These modes are described in Section 9.5.1.1, UC Modes of Operation.”
Each channel can have a specific set of modes implemented, according to devices requirements.

If an unimplemented mode is selected the results are unpredictable such as writing a reserved value to
MODE[0:6] in Section 9.4.2.8, eMI0S200 UC Control Register (EMIOSC[n]).

9.3  External Signal Description

9.3.1 Overview

Each channel has one external input and one external output signal, as described in Table 9-6. Depending
on the chip integration, the input and output signals can be connected to two separate pins, or to a single
bidirectional pin.

9.3.2 Detailed Signal Descriptions

Table 9-6. External Signals

Signal Direction Function Reset State Pull up
emiosi[n] input eMIOS200 Channel n input - chip dependent
emioso[n] output eMIOS200 Channel n output 0/ Hi-Z1 chip dependent

emios_flag_out[n] output eMIOS200 Channel n flag 0 chip dependent
1 Value “0” refers to the reset value of the signal. Hi-Z refers to the state of the external pin if a tristate output buffer

is controlled by the corresponding ipp_obe_emios_ch[n] signal.

9.3.2.1 emiosi[n] - eMIOS200 Channel Input Signal

emiosi[n] is synchronized and filtered by the input programmable filter (IPF). The output of the IPF is then
used by the channel logic and is available to be read by the MCU through the UCIN bit of the EMIOSS][n]
register.

9.3.2.2 emioso[n] - eMIOS200 Channel Output Signal

emioso[n] is a registered output and is available for reading by the MCU through the UCOUT bit of the
EMIOSSIn] register. Whilst the channel is operating in input modes the signal state is unknown.

9.3.2.3 emios_flag_out[n] - eMIOS200 Channel Flag Signal
emios_flag_out[n] outputs the state of F[n] bit of EMIOSGFLAG register.
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9.4 Memory map and register description

9.4.1 Memory map

The overall address map organization is shown in Table 9-7.

Whenever an access to either an absent register or absent channel is performed the eMI0S200 responds

asserting Transfer Error signal from the slave bus interface, as well as for access to reserved address.

Table 9-7. eMIOS200 memory map

eMIOS200[n] Base Address Description Location
0x000 Module Configuration register (EMIOSMCR) on page 10
0x003
0x004 Global FLAG register (EMIOSGFLAG) on page 12
0x007
0x008 Output Update Disable (EMIOSOUDIS) on page 13
0x00B
0x00C Disable Channel (EMIOSUCDIS) on page 14
0x00F
0x010 reserved —
Ox11F
0x120 Chantzel [8]
Ox21F Channel [15]
0x220 Chan?oel [16]
Ox31F Channel [23]
0x320 reserved —
OxFFF

94.1.1 Unified Channel Memory Map

Addresses of Unified Channel registers are specified as offsets from the channel’s base address, otherwise
the eMI10S200 base address is used as reference.

Table 9-8 describes the Unified Channel memory map.

Table 9-8. Unified Channel Memory Map

UC[n] Base Address Description
0x00 A register (EMIOSA[N])
0x04 B register (EMIOSB[n])
0x08 Counter register (EMIOSCNT[n])
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Table 9-8. Unified Channel Memory Map

0x0C Control register (EMIOSCIn])

0x10 Status register (EMIOSSI[n])

0x14 Alternate A register (EMIOSALTA[N])
0x18 - Ox1F reserved

9.4.2 Register description

All control registers are 32 bits wide. This document illustrates the eMI10S200 with 24 Unified Channels
and 16-bit wide data registers.

94.2.1 eMIOS200 Module Configuration Register (EMIOSMCR)
The EMIOSMCR contains global control bits for the eMI10S200 block.

address: eMIOS200 base address +0x00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R
0 cpre| © 0 0 0 0 0
MDIS | FRZ | GTBE | ETB SRV
W N
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 0 0 0 0 0 0 0 0
GPRE
w
RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-5. eMIOS200 Module Configuration Register (EMIOSMCR)
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Table 9-9. EMIOSMCR field descriptions

Field Description

MDIS Module Disable
Puts the eMIOS200 in low power mode. The MDIS bit is used to stop the clock of the block, except
the access to registers EMIOSMCR, EMIOSOUDIS and EMIOSUCDIS.
1 = Enter low power mode
0 = Clock is running

FRZ Freeze
Enable the eMIOS200 to freeze the registers of the Unified Channels when the MCU is stopped by
a debugger. Each Unified Channel should have FREN bit set in order to enter freeze state. While in
Freeze state, the eMIOS200 continues to operate to allow the MCU access to the Unified Channels
registers. The Unified Channel will remain frozen until the FRZ bit is written to zero or the MCU exits
Debug mode or the Unified Channel FREN bit is cleared.
1 = Stops Unified Channels operation when in Debug mode and the FREN bit is setin the EMIOSC[n]
register
0 = Exit freeze state

GTBE Global Time Base Enable
The GTBE bit is used to export a Global Time Base Enable from the module and provide a method
to start time bases of several blocks simultaneously.
1 = Global Time Base Enable Out signal asserted
0 = Global Time Base Enable Out signal negated
Note: The Global Time Base Enable input pin controls the internal counters. When asserted, Internal

counters are enabled. When negated, Internal counters disabled.

ETB External Time Base
The ETB bit selects the time base source that drives counter bus[A].
1 = Counter bus[A] assigned to REDC
0 = Counter bus[A] assigned to Unified Channel

GPREN Global Prescaler Enable

The GPREN bit enables the prescaler counter.
1 = Prescaler enabled
0 = Prescaler disabled (no clock) and prescaler counter is cleared

SRV Server Time Slot
The SRV[0:3] bits select the address of a specific real-time signal server to which the REDC is
assigned (refer to Section 9.5.3, Real-Time Signal Client submodule (REDC),” for details).

GPRE Global Prescaler
The GPREJ0:7] bits select the clock divider value for the global prescaler, as shown in Table 9-10.

Table 9-10. Global Prescaler clock divider

GPRE[0:7] Divide ratio
00000000 1
00000001 2
00000010 3
00000011 4
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Table 9-10. Global Prescaler clock divider (continued)

GPRE[0:7] Divide ratio
11111110 255
11111111 256

9.4.2.2

The two modules on this device, EMIOS0 and EMIOS1, have different structures for this register as shown

in Figure 9-6 and Figure 9-7.

For Unified Channels these bits are mirrors of the FLAG bits in the EMIOSS[n] register.

address: eMIOSO0 base address +0x04

RESET:

eMIOS200 Global FLAG Register (EMIOSGFLAG)

The EMIOSGFLAG is a read-only register that groups the FLAG bits from all channels. This organization
improves interrupt handling on simpler devices. Each bit relates to one channel.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 0 0 0 0 0 0 0 F23 F22 F21 F20 F19 F18 F17 F16
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
F15 F14 F13 F12 F11 F10 F9 F8 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved
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address: eMIOS1 base address +0x04

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 F23 F22 F21 F20 F19 F18 F17 F16

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
Rlo | o o of o 0 ol o | ol oo o] o] o] o]o

w
RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved ‘

Figure 9-7. eMIOS200 Global FLAG Register (EMIOSGFLAG) for EMIOS1
F[n] — Channel [n] Flag bit

Channels that occupy a pair of slots are referred to by their lower slot number (LSB=0 standard), therefore
the bits corresponding to their higher slot number always read 0.

9.4.2.3 eMIOS200 Output Update Disable (EMIOSOUDIS)

The two modules on this device, EMIOS0 and EMIOSL1, have different structures for this register as shown
in Figure 9-8 and Figure 9-9.

address: eMIOSO0 base address +0x08

0 1 2 3 4 5 6 7 8 9 10 11 12 138 14 15
Rl o 0 0 0 0 0 0 0 | ou2s|ouz2 |ouz21 | ouzo | ouls | ouis | oU17 | OU16

W
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
R| ou1s | ou14 | ou1s | ou1z | ou11 | outo | ous | ous | o 0 0 0 0 0 0 0

W
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-8. eMIOS200 Output Update Disable Register (EMIOSOUDIS) for EMIOSO0
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address: eMIOS1 base address +0x08

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 |ou2s|ouz2|ouz1 | ouzo | oule | ouis | oul7 | oule

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
Rl 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

= Unimplemented or Reserved

Figure 9-9. eMIOS200 Output Update Disable Register (EMIOSOUDIS) for EMIOS1

Table 9-11. eMIOS200 Output Update Disable Register (EMIOSOUDIS) Field Descriptions

Field Description

Oou[n] Channel [n] Output Update Disable bit

When running MCB or an output mode, values are written to registers A2 and B2. OU[n] bits are used
to disable transfers from registers A2 to A1 and B2 to B1. Each bit controls one channel.

1 = Transfers disabled

0 = Transfer enabled. Depending on the operation mode, transfer may occur immediately or in the
next period. Unless stated otherwise, transfer occurs immediately.

9424 eMIOS200 Disable Channel (EMIOSUCDIS)

The two modules on this device, EMIOS0 and EMIOS1, have different structures for this register as shown
in Figure 9-10 and Figure 9-11.
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address: eMIOSO0 base address +0x0C

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 CHDI | CHDI | CHDI | CHDI | CHDI | CHDI | CHDI | CHDI
W s23 | s22 | s21 | s20 | s19 | si8 | s17 | sie
RESET: 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 CHDI | CHDI | CHDI | CHDI | CHDI [CHDIS| CHDI | CHDI 0 0 0 0 0 0 0 0
w| si5 | s14 | s13 | s12 | su| 10 | so | ss

RESET: o 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-10. eMIOS200 Enable Channel Register (EMIOSUCDIS) for EMIOS200_0

address: eMIOS1 base address +0x0C

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 | cHDI | cHDI | cHDI | cHDI | cHDI | cHDI | cHDI | cHDI
W s23 | s22 | s21 | s20 | s19 | s18 | s17 | si6
RESET: 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:

= Unimplemented or Reserved

Figure 9-11. eMIOS200 Enable Channel Register (EMIOSUCDIS) for EMIOS200_1
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Table 9-12. eMIOS200 Enable Channel Register (EMIOSUCDIS) Field Descriptions

Field

Description

CHDIS|n]

Enable Channel [n] bit

The CHDIS|n] bit is used to disable each of the channels by stopping its respective clock.

1 = Channel [n] disabled

0 = Channel [n] enabled

Note: Channels that occupy a pair of slots are referred to as by their lower slot number (LSB=0
standard), therefore the bits corresponding to their higher slot number are reserved and read 0.

9.4.2.5 eMIOS200 UC A Register (EMIOSA[N])

address: UC[n] base address + 0x00

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

R

A

W

RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-12. eMIOS200 UC A Register (EMIOSA[N])

Depending on the mode of operation, internal registers Al or A2, used for matches and captures, can be
assigned to address EMIOSA[n]. Both Al and A2 are cleared by reset. Figure 9-13 summarizes the
EMIOSA[n] writing and reading accesses for all operation modes. For more information see section
Section 9.5.1.1, UC Modes of Operation.
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9.4.2.6  eMIOS200 UC B Register (EMIOSB[n])

address: UC[n] base address + 0x04

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
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

R

B

w

RESET: ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved ‘

Figure 9-13. eMIOS200 UC B register (EMIOSBI[n])

Depending on the mode of operation, internal registers B1 or B2 can be assigned to address EMIOSBI[n].
Both B1 and B2 are cleared by reset. Table 9-13 summarizes the EMIOSB[n] writing and reading accesses
for all operation modes. For more information see section Section 9.5.1.1, UC Modes of Operation.

Depending on the channel configuration it may have EMIOSB register or not. EMIOSB register is required
for the following modes: OPWMB, OPWFMB, MCB. It means that if no mode requiring EMIOSB register
is implemented then the register can be removed during synthesis through proper parameterization.

Table 9-13. EMIOSA[Nn], EMIOSB[n] and EMIOSALTA[Nn] Values Assignments

Register access
Operation Mode
write read write read alt write alt read
GPIO Al, A2 Al B1,B2 Bl A2 A2
saict - A2 B2 B2 - -
sAoct A2 Al B2 B2 - -
mce?! A2 Al B2 B2 - -
OPWFMB A2 Al B2 Bl - -
OPWMB A2 Al B2 B1 - -

In these modes, the register EMIOSB[n] is not used, but B2 can be accessed.
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9.4.2.7 eMIOS200 UC Counter Register (EMIOSCNT[n])

address: UC[n] base address + 0x08

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

wl
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

RESET: ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or reserved

Figure 9-14. eMIOS200 UC Counter Register (EMIOSCNT[n])
In GPIO mode or Freeze action, this register is writable.

1

The EMIOSCNT(n] register contains the value of the internal counter. When GPIO mode is selected or the
channel is frozen, the EMIOSCNTIn] register is read/write. For all others modes, the EMIOSCNT[n] is a
read-only register. When entering some operation modes, this register is automatically cleared (refer to
Section 9.5.1.1, UC Modes of Operation,” for details).

Depending on the channel configuration it may have EMIOSCNT register or not. EMIOSCNT register is
required for the following modes: OPWFMB, MCB. It means that if no mode requiring EMIOSCNT
register is implemented then the register can be removed during synthesis through proper
parameterization.

It is possible that, for particular reasons, EMIOSCNT be available in one device even if the respective
channel does not feature any mode that requires it. In this case EMIOSCNT availability should be
explicitly described in the device SoC Guide.

9.4.2.8 eMIOS200 UC Control Register (EMIOSC[n])

The Control register gathers bits reflecting the status of the UC input/output signals and the overflow
condition of the internal counter, as well as several read/write control bits.
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address: UC[n]

base address + 0x0C

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R UCPR 0 0
FREN | ODIS | ODISSL[0:1] | UCPRE[0:1] DMA IF[0:3] FCK | FEN
w EN
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
EDSE | EDPO
w rore | Fore BSL[0:1] L L MODEJ0:6]
MA | MB
RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= Unimplemented or reserved
Figure 9-15. eMIOS200 UC Control Register (EMIOSC[n])
Table 9-14. EMIOSC[n] Field Descriptions
Field Description
bit 0 Freeze Enable bit
FREN The FREN bit, if set and validated by FRZ bit in EMIOSMCR register allows the channel to enter
freeze state, freezing all registers values when in debug mode and allowing the MCU to perform
debug functions.
1 = Freeze UC registers values
0 = Normal operation
bit 1 Output Disable bit
ODIS The ODIS bit allows disabling the output pin when running any of the output modes with the exception
of GPIO mode.
1 = If the selected Output Disable Input signal is asserted, the output pin goes to EDPOL for
OPWFMB and OPWMB modes and to the complement of EDPOL for other output modes, but the
Unified Channel continues to operate normally, i.e., it continues to produce FLAG and matches.
When the selected Output Disable Input signal is negated, the output pin operates normally
0 = The output pin operates normally
bit 2:3 Output Disable select bits
ODISSL[0:1] | The ODISSL[0:1] bits select one of the four output disable input signals, as shown in Table 9-15.
bit 4:5 Prescaler bits
UCPRE[0:1] | The UCPRE[0:1] bits select the clock divider value for the internal prescaler of Unified Channel, as
shown in Table 9-16.
bit 6 Prescaler Enable bit
UCPREN | The UCPREN bit enables the prescaler counter.
1 = Prescaler enabled
0 = Prescaler disabled (no clock)0:1
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Table 9-14. EMIOSC[n] Field Descriptions (continued)

Field Description

bit 7 Direct Memory Access bit

DMA The DMA bit selects if the FLAG generation will be used as an interrupt or as a DMA request.
1 = Flag/overrun assigned to DMA request

0 = Flag/overrun assigned to Interrupt request

bit 9:12 Input Filter bits
IF[0:3] The IF[0:3] bits control the programmable input filter, selecting the minimum input pulse width that
can pass through the filter, as shown in Table 9-17. For output modes, these bits have no meaning.

bit 13 Filter Clock select bit

FCK The FCK bit selects the clock source for the programmable input filter.
1 = main clock

0 = prescaled clock

bit 14 FLAG Enable bit

FEN The FEN bit allows the Unified Channel FLAG bit to generate an interrupt signal or a DMA request
signal (The type of signal to be generated is defined by the DMA bit).

1 = Enable (FIAG will generate an interrupt or DMA request)

0 = Disable (FLAG does not generate an interrupt or DMA request)

bit 18 Force Match A bit
FORCMA | For output modes, the FORCMA bhit is equivalent to a successful comparison on comparator A
(except that the FLAG bit is not set). This bit is cleared by reset and is always read as zero. This bit
is valid for every output operation mode which uses comparator A, otherwise it has no effect.
1 = Force a match at comparator A
0 = Has no effect
Note: For input modes, the FORCMA bit is not used and writing to it has no effect.

bit 19 Force Match B bit
FORCMB | For output modes, the FORCMB bhit is equivalent to a successful comparison on comparator B
(except that the FLAG bit is not set). This bit is cleared by reset and is always read as zero. This bit
is valid for every output operation mode which uses comparator B, otherwise it has no effect.
1 = Force a match at comparator B
0 = Has not effect
Note: For input modes, the FORCMB bit is not used and writing to it has no effect.

bit 21:22 Bus Select bits
BSL[0:1] | The BSL[0:1] hits are used to select either one of the counter buses or the internal counter to be used
by the Unified Channel. Refer to Table 9-18 for details.

bit 23 Edge Selection bit

EDSEL For input modes, the EDSEL bit selects whether the internal counter is triggered by both edges of a
pulse or just by a single edge as defined by the EDPOL bit. When not shown in the mode of operation
description, this bit has no effect.

1 = Both edges triggering

0 = Single edge triggering defined by the EDPOL bit

For GPIO in mode, the EDSEL bit selects if a FLAG can be generated.

1 = No FLAG is generated

0 = A FLAG is generated as defined by the EDPOL bit

For SAOC mode, the EDSEL bit selects the behavior of the output flip-flop at each match.

1 = The output flip-flop is toggled

0 = The EDPOL value is transferred to the output flip-flop
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Table 9-14. EMIOSC[n] Field Descriptions (continued)

Field Description
bit 24 Edge Polarity bit
EDPOL For input modes (except QDEC mode), the EDPOL bit asserts which edge triggers either the internal
counter or an input capture or a FLAG. When not shown in the mode of operation description, this bit
has no effect.
1 = Trigger on a rising edge
0 = Trigger on a falling edge
For QDEC (MODE[6] cleared), the EDPOL bit selects the count direction according to direction signal
(UC[n] input).
1 = counts up when UC[n] is asserted
0 = counts down when UC[n] is asserted
Note: UC[n-1] EDPOL bit selects which edge clocks the internal counter of UC[n]
1 = Trigger on a rising edge
0 = Trigger on a falling edge
For QDEC (MODE([6] set), the EDPOL bit selects the count direction according to the phase
difference.
1 = internal counter increments if phase_A is ahead phase_B signal
0 = internal counter decrements if phase_A is ahead phase_B signal
Note: In order to operate properly, EDPOL bit must contain the same value in UC[n] and UC[n-1]
For output modes, the EDPOL bit is used to select the logic level on the output pin.
1 = A match on comparator A sets the output flip-flop, while a match on comparator B clears it
0 = A match on comparator A clears the output flip-flop, while a match on comparator B sets it
bit 25:31 Mode selection bits
MODEJ0:6] | The MODEJO0:6] bits select the mode of operation of the Unified Channel, as shown in Table 9-19.
Note: If a reserved value is written to mode the results are unpredictable.
Table 9-15. UC ODISSL selection
ODISSL[0:1] eMIOS200_0 channel eMIOS200_1 channel input signal
00 emios_flag_out[8] emios_flag_out[16] Output Disable Input O
01 emios_flag_out[9] emios_flag_out[17] Output Disable Input 1
10 emios_flag_out[10] emios_flag_out[18] Output Disable Input 2
11 emios_flag_out[11] emios_flag_out[19] Output Disable Input 3

Table 9-16. UC Internal Prescaler Clock Divider

UCPRE[0:1] Divide ratio
00 1
01 2
10 3
11 4
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Table 9-17. UC Input Filter Bits

IF[0:3]% Minimum input Pulse width [FLT_CLK periods]
0000 bypassed?
0001 02
0010 04
0100 08
1000 16
all others reserved

Filter latency is 3 clock edges.
The input signal is synchronized before arriving to the digital filter.

Table 9-18. UC BSL bits

BSL[0:1] selected bus
00 All channels: counter bus[A]
01 Channels 8 to 15: counter bus[C]
Channels 16 to 23: counter bus[D]
10 reserved
11 All channels