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Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of the

Freescale microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the microcontroller in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

Binary number. For example, the binary equivalent of the
number 5 is written 101b. In some cases, binary numbers are
shown with the prefix 0b.

Decimal number. Decimal numbers are followed by this suffix
only when the possibility of confusion exists. In general,
decimal numbers are shown without a suffix.

Hexadecimal number. For example, the hexadecimal
equivalent of the number 60 is written 3Ch. In some cases,
hexadecimal numbers are shown with the prefix Ox.
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vounventions

1.2.2 Typographic notation

The following typographic notation is used throughout this document:

Example

Description

placeholder, x

Items in italics are placeholders for information that you provide. Italicized text is also used for
the titles of publications and for emphasis. Plain lowercase letters are also used as
placeholders for single letters and numbers.

code Fixed-width type indicates text that must be typed exactly as shown. It is used for instruction
mnemonics, directives, symbols, subcommands, parameters, and operators. Fixed-width type
is also used for example code. Instruction mnemonics and directives in text and tables are
shown in all caps; for example, BSR.

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the

Scaling Mode (SCM) field in the Status Register (SR).

REVNQI[6:4], XADI[7:0]

Numbers in brackets and separated by a colon represent either:
¢ A subset of a register's named field

For example, REVNQ[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 60 of the REVNO register.

* A continuous range of individual signals of a bus
For example, XADI[7:0] refers to signals 7—0 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

asserted

Refers to the state of a signal as follows:
* An active-high signal is asserted when high (1).
¢ An active-low signal is asserted when low (0).

deasserted

Refers to the state of a signal as follows:
* An active-high signal is deasserted when low (0).
* An active-low signal is deasserted when high (1).

In some cases, deasserted signals are described as negated.

reserved

Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
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Chapter 2
Introduction

2.1 Overview

This chapter provides an overview of the WPR1516 of ARM® Cortex™-M0+ MCUs. It
also presents high-level descriptions of the modules available on the devices covered by
this document.

2.2 Module functional categories

The modules on this device are grouped into functional categories. The following
sections describe the modules assigned to each category in more detail.

Table 2-1. Module functional categories

Module category Description

ARM Cortex-MO+ core e 32-bit MCU core from ARM’s Cortex-M class, 1.77 CoreMark®MHz from
single-cycle access memories, 24 MHz CPU frequency

System System integration module (SIM)

Power management and mode controllers (PMC)
Miscellaneous control module (MCM)

Peripheral bridge (AIPS)

Watchdog (WDOG)

Memories ¢ Internal memories include:
¢ 16 KB flash memory
¢ 4 KB SRAM

Clocks * External crystal oscillator or resonator
* Low range: 31.25-39.0625 kHz
¢ High range: 4—24 MHz
e External square wave input clock
¢ Internal clock references
* 31.25 to 39.0625 kHz oscillator
* 20 kHz LPO oscillator
* Frequency-locked loop (FLL) range: 40-50 MHz

Security * Watchdog (WDOG) with independent clock source

UHV * One communication and clamp controller (CNC)

Table continues on the next page...
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Table 2-1. Module functional categories (continued)

Module category

Description

* One power management controller (PMC)
* One linear low dropout voltage regulator controller (LDO)

Analog ¢ One 12-bit analog-to-digital converters (ADC) with up to 12 channels
* One analog comparators (ACMP) with internal 6-bit digital-to-analog
converter (DAC)
* One programmable gain amplifier (PGA) with differential input and output
Timers Two 2-channel FTMs with basic TPM function

One 2-channel periodic interrupt timer (PIT)
One real time clock (RTC)

One FSK demodulation timer (FSKDT)
System tick timer (SysTick)

Communications

One inter-integrated circuit (12C) module
* One universal asynchronous receiver/transmitter (UART) module

Human-Machine Interfaces (HMI)

¢ General purpose input/output (GPIO) controller

2.2.1 ARM® Cortex™-MO0+ Core Modules

The following core modules are available on this device.

Table 2-2. Core modules

Module

Description

ARM Cortex-MO0+

The ARM Cortex-M0+ is the newest member of the Cortex M Series of processors
targeting microcontroller applications focused on very cost sensitive, deterministic,
interrupt driven environments. The Cortex MO+ processor is based on the ARMv6
Architecture and Thumb®-2 ISA and is 100% instruction set compatible with its
predecessor, the Cortex-MO core, and upward compatible to Cortex-M3 and M4
cores.

The ARM® Cortex™-MO0+ improvements include an ARMv6 Thumb-2 DSP, ported
from the ARMv6-A/R profile architectures, that provide 32-bit instructions with
SIMD (single instruction multiple data) DSP style multiply-accumulates and
saturating arithmetic to support single cycle 32x32 multiplier.

Nested vectored interrupt controller
(NVIC)

The ARMv6-M exception model and nested-vectored interrupt controller (NVIC)
implement a relocatable vector table supporting many external interrupts, a single
non-maskable interrupt (NMI), and priority levels.

The NVIC replaces shadow registers with equivalent system and simplified
programmability. The NVIC contains the address of the function to execute for a
particular handler. The address is fetched via the instruction port allowing parallel
register stacking and look-up. The first sixteen entries are allocated to ARM
internal sources with the others mapping to MCU-defined interrupts.

Asynchronous wakeup interrupt
controller (AWIC)

The primary function of the Asynchronous Wake-up Interrupt Controller (AWIC) is
to detect asynchronous wake-up events in stop modes and signal to clock control
logic to resume system clocking. After clock restart, the NVIC observes the
pending interrupt and performs the normal interrupt or event processing.

Debug interfaces

Most of this device's debug is based on the ARM CoreSight™ architecture. One
debug interface is supported:

» Serial Wire Debug (SWD)
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2.2.2 System modules

The following system modules are available on this device.

Table 2-3. System modules

Module

Description

System integration module (SIM)

The SIM includes integration logic and several module configuration settings.

Power management controller (PMC)

The PMC provides the user with multiple power options. Multiple modes are
supported that allow the user to optimize power consumption for the level of
functionality needed. Includes power-on-reset (POR) and integrated low voltage
reset (LVR) with reset (brownout) capability and selectable LVR trip points.

Miscellaneous control module (MCM)

The MCM includes integration logic and details.

Peripheral bridge (AIPS-Lite)

The peripheral bridge converts the ARM AHB interface to an interface to access a
majority of peripherals on the device.

Watchdog (WDOG)

The WDOG monitors internal system operation and forces a reset in case of
failure. It can run from an independent 20 kHz low-power oscillator with a
programmable refresh window to detect deviations in program flow or system
frequency.

2.2.3 Memories and memory interfaces

The following memories and memory interfaces are available on this device.

Table 2-4. Memories and memory interfaces

Module

Description

Flash memory (FTMRE)

Flash memory — 16 KB of the non-volatile flash memory that can execute program
code

SRAM

4 KB internal system RAM.

2.2.4 Clocks

The following clock modules are available on this device.

Table 2-5. Clock modules

Module

Description

Internal Clock Source (ICS)

ICS module containing an internal reference clock (ICSIRCLK) and a frequency-
locked-loop (FLL)

Table continues on the next page...
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Table 2-5. Clock modules (continued)

Module Description
System oscillator (OSC) The system oscillator, in conjunction with an external crystal or resonator,
generates a reference clock for the MCU.
Low-Power Oscillator (LPO) The PMC module contains a 20 kHz low-power oscillator which acts as a
standalone low-frequency clock source in all modes.

2.2.5 Security and integrity modules
The following security and integrity modules are available on this device:

Table 2-6. Security and integrity modules

Module Description

Watchdog (WDOG) The WDOG monitors internal system operation and forces a reset in case of
failure. It can run from an independent 20 kHz low-power oscillator with a
programmable refresh window to detect deviations in program flow or system
frequency.

2.2.6 Analog modules

The following analog modules are available on this device:

Table 2-7. Analog modules

Module Description
Analog-to-digital converters (ADC) 12-bit successive-approximation ADC module with up to 12 channels.
Analog comparators (ACMP) One comparator with support of analog input voltages across the full range of the

supply voltage and CPU interrupt. ACMPO is further capable to trigger an ADC
acquisition and FTM update.

6-bit digital-to-analog converters (DAC) |64-tap resistor ladder network which provides a selectable voltage reference for
comparator.

Programmer gain amplifier (PGA) Differential input voltage amplifier with 8 to 20 programmable gain.

2.2.7 Ultra high voltage modules

The following ultra high voltage modules are available on this device:
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Table 2-8. Ultra high voltage modules

Module

Description

Communication and Clamp Controller
(CNC)

The CNC module is designed for WPC-Qi compliant wireless power receiver. It
acts as communications and control unit of the power receiver.

Power Management Controller (PMC)

The PMC provides internal power to other analog modules and the MCU from an
external DC source. It also provides power-on reset and low voltage detection.

Linear Low Dropout Voltage Regulator
Controller (LDO)

The LDO module is used to deliver power to wireless power receiver loads with the
external N-FET power devices. It can provide up to 5V/3A power supply to loading
system with precious voltage and current control.

2.2.8 Timer modules

The following timer modules are available on this device:

Table 2-9. Timer modules

Module

Description

FlexTimer modules (FTM)

Selectable FTM source clock, programmable prescaler

16-bit counter supporting free-running or initial/final value, and counting is up
or up-down

Input capture, output compare, and edge-aligned and center-aligned PWM
modes

Operation of FTM channels as pairs with equal outputs, pairs with
complementary outputs, or independent channels with independent outputs
Software control of PWM outputs

Configurable channel polarity

Programmable interrupt on input capture, reference compare, overflowed
counter

Periodic interrupt timers (PIT)

One general purpose interrupt timer

Interrupt timers for triggering ADC conversions
32-bit counter resolution

Clocked by bus clock frequency

Real-time counter (RTC)

16-bit up-counter

* 16-bit modulo match limit

» Software controllable periodic interrupt on match
Software selectable clock sources for input to prescaler with programmable
16-bit prescaler

* Bus clock

* IRC clock (31.25~39.0625 kHz)

e LPO (~20 kHz)

» System oscillator output clock

FSK Demodulation Timer (FSKDT)

One frequency-shift keyed signal input channel
16-bit free-running counter

Three 16-bit phase counters

16-bit current position number

Input signal edge-to-edge period error detection
Software module reset

Message bit-stream detection

Message byte packing
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2.2.9 Communication interfaces

The following communication interfaces are available on this device:

Table 2-10. Communication modules

Module Description
Inter-integrated circuit (12C) One 12C module for inter device communications. Also supports the System
Management Bus (SMBus) Specification, version 2.
Universal asynchronous receiver/ One asynchronous serial bus communication interface (UART) modules with
transmitters (UART) optional 13-bit break, full duplex non-return to zero (NRZ), and LIN extension
support.

2.2.10 Human-machine interfaces

The following human-machine interfaces (HMI) are available on this device:

Table 2-11. HMI modules

Module Description
Port Control (PORT) Two sets of I/0O ports.
General purpose input/output (GPIO) Up to 13 general purpose input or output (GPIO) pins.
Interrupt (IRQ) ¢ An external interrupt pin IRQ.

¢ |IRQ Interrupt Control bits

* Programmable edge-only or edge and level interrupt sensitivity
* Automatic interrupt acknowledge

¢ Internal pullup device

2.2.11 Orderable part numbers

The following table summarizes the part numbers of the devices covered by this
document.

Table 2-12. Orderable part numbers summary

Freescale part number CPU Pin count Package | Total flash RAM Temperature range
frequency memory
MWPR1516CFM(R) 24 MHz 32 QFN 16 KB 4 KB -40 to 85 °C
MWPR1516CALR 24 MHz 36 WLCSP 16 KB 4 KB -40 to 85 °C
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Chapter 3

Core Overview

3.1

Introduction

The enhanced ARM Cortex MO+ is the member of the Cortex-M Series of processors
targeting microcontroller cores focused on very cost sensitive, low power applications. It
has a single 32-bit AMBA AHB-Lite interface and includes an NVIC component. The
processor supports the ARMv6-M instruction set (Thumb) architecture including all but
three 16-bit Thumb opcodes (52 total) plus seven 32-bit instructions. It is upward

compatible with other Cortex-M profile processors.

3.1.1 ARM Cortex MO+ core

The ARM Cortex M0+ parameter settings are as follows:

Table 3-1. ARM Cortex-M0+ parameter settings

Parameter Verilog name Value Description
Arch Clock Gating ACG 1 = Present Implements architectural clock gating
DAP Slave Port AHBSLV 1 Support any AHB debug access port (like the
Support CM4 DAP)
DAP ROM Table Base BASEADDR 0xF000_2003 Base address for DAP ROM table
Endianess BE 0 Little endian control for data transfers
Breakpoints BKPT 2 Implements 2 breakpoints
Debug Support DBG 1 = Present —
Halt Event Support HALTEV 1 = Present —
I/O Port IOP 0 = No Present Not implements single-cycle Id/st accesses to
special addr space
IRQ Mask Enable IRQDIS 0x0 —
Debug Port Protocol JTAGNSW 0=SWD SWD protocol, not JTAG
Core Memory MPU 0 = Absent No MPU
Protection
Number of IRQs NUMIRQ 32 Assume full NVIC request vector

Table continues on the next page...
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Table 3-1. ARM Cortex-M0+ parameter settings (continued)
Parameter Verilog name Value Description
Reset all regs RAR 0 = Standard Do not force all registers to be async reset
Multiplier SMUL 0 = Fast Mul Implements single-cycle multiplier
Multi-drop Support SWMD 0 = Absent Do not include serial wire support for multi-drop
System Tick Timer SYST 1 = Present Implements system tick timer (for CM4
compatibility)
DAP Target ID TARGETID 0 —
User/Privileged USER 1 = Present Implements processor operating modes
Vector Table Offset VTOR 1 = Present Implements relocation of exception vector table
Register
WIC Support wIC 1 = Present Implements WIC interface
WIC Requests WICLINES 34 Exact number of wakeup IRQs is 34
Watchpoints WPT 2 Implements 2 watchpoints

For details on the ARM Cortex-MO+ processor core, see the ARM website: arm.com.

3.1.2 Buses, interconnects, and interfaces

The ARM Cortex-MO0O+ core has one bus interfaces:
* single 32-bit AMBA-3 AHB-Lite system interface that provides connections to
peripherals and all system memory, which includes flash and RAM.

3.1.3 System tick timer

The CLKSOURCE field in SysTick Control and Status register selects either the core
clock (when CLKSOURCE = 1) or a divide-by-16 of the core clock (when
CLKSOURCE = 0). Because the timing reference is a variable frequency, the TENMS
field in the SysTick Calibration Value Register is always zero.

3.1.4 Debug facilities
This device supports standard ARM 2-pin SWD debug port.
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Chapter 3 Core Overview

3.1.5 Core privilege levels

The core on this device is implemented with both Privileged and Unprivileged levels. The
ARM documentation uses different terms than this document to distinguish between
privilege levels.

If you see this term... it also means this term...
Privileged Supervisor
Unprivileged or user User

3.2 Asynchronous wakeup interrupt controller (AWIC)

3.2.1 AWIC overview

The primary function of the AWIC block is to detect asynchronous wake-up events in
stop modes and signal to clock control logic to resume system clocking. After clock
restart, the NVIC observes the pending interrupt and performs the normal interrupt or
event processing.

3.2.2 Wakeup sources
The device uses the following internal and external inputs to the AWIC module.

Table 3-2. AWIC stop wakeup sources

Wake-up source Description
Available system resets RESET pin when LPO is its clock source
IRQ IRQ pin
CNC AD_IN status change
12C Address match wake-up
UART UART active edge detect at RX
RTC Alarm interrupt
Non-maskable interrupt NMI pin
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3.3 Nested vectored interrupt controller (NVIC)

3.3.1 Interrupt priority levels

This device supports 4 priority levels for interrupts. Therefore, in the NVIC each source
in the IPR registers contains 2 bits. For example, IPRO is shown below:

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

R 0|/|0|0|0|0O]|O 0|0|0|0|0O]|O 0|0|0|0|0O]|O 0|0|0|0|0O]|O
IRQ3 IRQ2 IRQ1 IRQO

3.3.2 Non-maskable interrupt

The non-maskable interrupt request to the NVIC is controlled by the external NMI signal.
The pin, which the NMI signal is multiplexed on, must be configured for the NMI
function to generate the non-maskable interrupt request.

3.3.3 Interrupt channel assignments
The interrupt vector assignments are defined in the following table.

* Vector number — the value stored on the stack when an interrupt is serviced.

* IRQ number — non-core interrupt source count, which is the vector number minus
16.

The IRQ number is used within ARM's NVIC documentation.

Table 3-4. Interrupt vector assignments

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?

ARM Core System Handler Vectors

0x0000_0000 0 — — ARM core Initial stack pointer

0x0000_0004 1 — — ARM core Initial program counter
0x0000_0008 2 — — ARM core Non-maskable interrupt (NMI)
0x0000_000C 3 — — ARM core Hard fault

0x0000_0010 4 — — — —

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
0x0000_0014 5 — — — —
0x0000_0018 6 — — — —
0x0000_001C 7 — — — —
0x0000_0020 8 — — — —
0x0000_0024 9 — — — —
0x0000_0028 10 — — — —
0x0000_002C 11 — — ARM core Supervisor call (SVCall)
0x0000_0030 12 — — — —
0x0000_0034 13 — — — —
0x0000_0038 14 — — ARM core Pendable request for system service
(PendableSrvReq)
0x0000_003C 15 — — ARM core System tick timer (SysTick)
Non-Core Vectors
0x0000_0040 16 0 0 — —
0x0000_0044 17 1 0 — —
0x0000_0048 18 2 0 — —
0x0000_004C 19 3 0 — —
0x0000_0050 20 4 1 — —
0x0000_0054 21 5 1 FTMRE Command complete
0x0000_0058 22 6 1 PMC Low-voltage warning
0x0000_005C 23 7 1 IRQ External interrupt
0x0000_0060 24 8 2 12C0 Single interrupt vector for all sources
0x0000_0064 25 9 2 — —
0x0000_0068 26 10 2 — —
0x0000_006C 27 11 2 — —
0x0000_0070 28 12 3 UARTO Status and error
0x0000_0074 29 13 3 — —
0x0000_0078 30 14 3 ADC ADC Error or conversion sequence abort
0x0000_007C 31 15 3 ADC ADC conversion complete interrupt
0x0000_0080 32 16 4 ACMPO Analog comparator 0 interrupt
0x0000_0084 33 17 4 FTMO Single interrupt vector for all sources
0x0000_0088 34 18 4 FTM1 Single interrupt vector for all sources
0x0000_008C 35 19 4 — —
0x0000_0090 36 20 5 RTC RTC overflow
0x0000_0094 37 21 5 — —
0x0000_0098 38 22 5 PIT_CHO PIT CHO overflow
0x0000_009C 39 23 5 PIT_CHA1 PIT CH1 overflow

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
0x0000_00A0 40 24 6 — —
0x0000_00A4 41 25 6 — —
0x0000_00A8 42 26 6 FSKDT Single interrupt vector for all sources
0x0000_00AC 43 27 6 ICS Clock loss of lock
0x0000_00B0 44 28 7 WDOG Watchdog timeout
0x0000_00B4 45 29 7 — —
0x0000_00B8 46 30 7 CNC Single interrupt vector for all sources
0x0000_00BC 47 31 7 LDO Single interrupt vector for all sources

1. Indicates the NVIC's interrupt source number.
2. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4
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Chapter 4
Memory and Memory Map

4.1 Flash memory
The device contains 16 KB flash, with 512-byte sector size.

The flash access time supports single cycle access when the CPU operating speed is 24
MHz (1:1).

Table 4-1. WPR1516 flash memory size

Freescale part number Program flash (KB) Block 0 (P-Flash) address range
MWPR1516CFM(R) 16 0x0000_0000 — 0x0000_3FFF
MWPR1516CALR 16 0x0000_0000 — 0x0000_3FFF

4.1.1 Flash memory map

The flash memory and the flash registers are located at different base addresses as shown
in the following figure. The base address for each is specified in System memory map.

Flash memory base address
Registers

Flash base address

Flash configuration field
Flash

Figure 4-1. Flash memory map

The on-chip Flash is implemented in a portion of the allocated Flash range to form a
contiguous block in the memory map beginning at address 0x0000_0000. See Flash
memory for details of supported ranges.
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Accesses to the flash memory ranges outside the amount of Flash on the device causes
the bus cycle to be terminated with an error followed by the appropriate response in the
requesting bus master. Read collision events in which flash memory is accessed while a
flash memory resource is being manipulated by a flash command also generates a bus
eITor response.

4.1.2 Flash security

How flash security is implemented on this device is described in Chip Security.

4.1.3 Flash Modes

The flash memory chapter defines two modes of operation - NVM normal and NVM
special modes. On this device, The flash memory only operates in NVM normal mode.
All references to NVM special mode should be ignored.

4.1.4 Erase all flash contents

In addition to software, the entire flash memory may be erased external to the flash
memory via the SW-DP debug port by setting MDM-AP CONTROL[O] (bit O of the
MDM-AP Control register). MDM-AP STATUS[O] (bit O of the MDM-AP Status
register) is set to indicate the mass erase command has been accepted. MDM-AP
CONTROL[0] is cleared when the mass erase completes.

4.2 SRAM

The SRAM supports single cycle access (zero wait states) at all core speeds.

The amounts of SRAM for the devices covered in this document are:

Table 4-2. SRAM size

Freescale part number SRAM

MWPR1516 4 KB
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4.2.1 SRAM ranges

The on-chip SRAM is split into two ranges, 1/4 is allocated SRAM_L and 3/4 is allocated
to SRAM_U.

The on-chip RAM is implemented such that the SRAM_L and SRAM_U ranges form a
contiguous block in the memory map. As such:

 SRAM_L is anchored to Ox1FFF_FFFF and occupies the space before this ending
address.

* SRAM_U is anchored to 0x2000_0000 and occupies the space after this beginning
address.

Valid address ranges for SRAM_L and SRAM_U are then defined as:

 SRAM_L = [0x2000_0000—(SRAM _size/4)] to Ox1FFF_FFFF
* SRAM_U = 0x2000_0000 to [0x2000_0000+(SRAM_size*(3/4))-1]

This is illustrated in the following figure.

S
"3 A 0x2000_0000 — SRAM_size/4
‘»
<§( SRAM_L
o
%) 0x1FFF_FFFF
0x2000_0000

S
|| SRAM_U
(0]
N
n
s
<
o
(d))]

Y 0x2000_0000 + SRAM_size*(3/4) - 1

Figure 4-2. SRAM blocks memory map

For example, for a device containing 16 KB of SRAM, the ranges are:

« SRAM_L: Ox1FFF_F000 — Ox1FFF_FFFF
* SRAM_U: 0x2000_0000 — 0x2000_2FFF
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4.3 Memory map

4.3.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in a 4 GB memory space. This chapter describes the memory and peripheral
locations within that memory space.

4.3.2 System memory map
The following table shows the high-level device memory map.

Table 4-3. System memory map

System 32-bit Address Range Destination Slave Access
0x0000_0000-0x07FF_FFFF! Program flash and read-only data Cortex-MO0+ core
(Includes exception vectors in first 196 bytes)
0x0800_0000-0xOFFF_FFFF Reserved —
0x1000_0000- Ox1FFF_FBFF Reserved —
0x1FFF_FCO00-0x1FFF_FFFF2 SRAM_L: Lower SRAM Cortex-M0+ core
0x2000_0000-0x2000_0BFF SRAM_U: Upper SRAM Cortex-M0+ core
0x2000_0C00-0x21FF_FFFF Reserved —
0x2200_0000-0x2201_7FFF Reserved —
0x2201_8000-0x23FF_FFFF Reserved —
0x2400_0000-0x3FFF_FFFF Reserved —
0x4000_0000—0x4007_FFFF AIPS peripherals Cortex-MO0+ core
0x4008_0000—0x400F_EFFF Reserved —
0x400F_F000—-0x400F_FFFF Reserved —
0x4010_0000-0x43FF_FFFF Reserved —
0x4400_0000-0x5FFF_FFFF Reserved —
0x6000_0000-0xDFFF_FFFF Reserved —
0xE000_0000-0XEOQOF_FFFF Private peripherals Cortex-M0+ core
0xE010_0000-OxEFFF_FFFF Reserved —
0xF000_0000-0xFO00_OFFF Reserved —
0xF000_1000-0xF000_1FFF Reserved —
0xF000_2000—0xF000_2FFF ROM table® Cortex-M0+ core
0xF000_3000—-0xF000_3FFF Miscellaneous control module (MCM) Cortex-M0+ core
0xF000_4000-0xF7FF_FFFF Reserved —
0xF800_0000—-0xFFFF_FFFF Reserved Cortex-MO+ core
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1. The program flash always begins at 0x0000_0000 but the end of implemented flash varies depending on the amount of
flash implemented for a particular device. See Flash memory for details.

2. This range varies depending on SRAM sizes. See SRAM for details.

3. This device implements a system ROM table which is used to redirect to ARM Cortex MO+ (Flycatcher) ROM table in
CoreSight debug system.

4.3.3 Peripheral bridge (AIPS-Lite) memory map

The peripheral memory map is accessible via one slave port on the crossbar in the
0x4000_0000-0x400F_FFFF region. The device implements one peripheral bridge that
defines a 1024 KB address space.

The three regions associated with this space are:

* A 128 KB region, partitioned as 32 spaces, each 4 KB in size and reserved for on-
platform peripheral devices. The AIPS controller generates unique module enables
for all 32 spaces.

* A 384 KB region, partitioned as 96 spaces, each 4 KB in size and reserved for off-
platform modules. The AIPS controller generates unique module enables for all 96
spaces.

* The last slot is a 4 KB region beginning at 0x400F_F000 for accessing the GPIO
module.

Modules that are disabled via their clock gate control bits in the SIM registers disable the
associated AIPS slots. Access to any address within an unimplemented or disabled
peripheral bridge slot results in a transfer error termination.

For programming model accesses via the peripheral bridges, there is generally only a
small range within the 4 KB slots that is implemented. Accessing an address that is not
implemented in the peripheral results in a transfer error termination.

4.3.3.1 Read-after-write sequence and required serialization of
memory operations
In some situations, a write to a peripheral must be completed fully before a subsequent
action can occur. Examples of such situations include:
 Exiting an interrupt service routine (ISR)
e Changing a mode
* Configuring a function

In these situations, the application software must perform a read-after-write sequence to
guarantee the required serialization of the memory operations:

1. Write the peripheral register.

2. Read the written peripheral register to verify the write.
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3. Continue with subsequent operations.

4.3.3.2 Peripheral bridge (AIPS-Lite) memory map
NOTE

e Slots 0-95 and 128 are for 32-bit data width modules, with
the exception that slots 32, 49, and 82 are for 8-bit data
width modules (flash memory, IRQ, and WDOG) and slot
52 and 59, are for 16-bit data width modules(FSKDT and

ADC)

e Slots 96-127 are for 8-bit data width modules , with the
exception that slots 110 and 112 are for 16-bit data width
modules (CNC and LDO).

Table 4-4. Peripheral bridge 0 slot assignments

System 32-bit base address Slot Module
number
0x4000_0000 0 —
0x4000_1000 1 —
0x4000_2000 2 —
0x4000_3000 3 —
0x4000_4000 4 —
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 —
0x4000_9000 9 —
0x4000_A000 10 —
0x4000_B000 11 —
0x4000_C000 12 —
0x4000_D000 13 —
0x4000_E000 14 —
0x4000_F000 15 GPIO controller
0x4001_0000 16 —
0x4001_1000 17 —
0x4001_2000 18 —
0x4001_3000 19 —
0x4001_4000 20 —
0x4001_5000 21 —
0x4001_6000 22 —
0x4001_7000 23 —

Table continues on the next page...
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Table 4-4. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4001_8000 24 —
0x4001_9000 25 —
0x4001_A000 26 —
0x4001_B000 27 —
0x4001_C000 28 —
0x4001_D000 29 —
0x4001_E000 30 —
0x4001_F000 31 —
0x4002_0000 32 Flash memory (FTMRE)
0x4002_1000 33 —
0x4002_2000 34 —
0x4002_3000 35 —
0x4002_4000 36 —
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 —
0x4002_8000 40 —
0x4002_9000 41 —
0x4002_A000 42 —
0x4002_B000 43 —
0x4002_C000 44 —
0x4002_D000 45 —
0x4002_E000 46 —
0x4002_F000 47 —
0x4003_0000 48 —
0x4003_1000 49 IRQ controller (IRQ)
0x4003_2000 50 —
0x4003_3000 51 —
0x4003_4000 52 FSK demodulation timer (FSKDT)
0x4003_5000 53 —
0x4003_6000 54 —
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 Flex timer O (FTMO)
0x4003_9000 57 Flex timer 1 (FTM1)
0x4003_A000 58 —
0x4003_B000 59 Analog-to-digital converter (ADC)
0x4003_C000 60 —
0x4003_D000 61 Real time clock (RTC)
0x4003_E000 62 —

Table continues on the next page...
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Table 4-4. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4003_F000 63 —
0x4004_0000 64 —
0x4004_1000 65 —
0x4004_2000 66 —
0x4004_3000 67 —
0x4004_4000 68 —
0x4004_5000 69 —
0x4004_6000 70 —
0x4004_7000 71 —
0x4004_8000 72 System integration module (SIM)
0x4004_9000 73 Port controller (PORT)
0x4004_A000 74 —
0x4004_B000 75 —
0x4004_C000 76 —
0x4004_D000 77 —
0x4004_E000 78 —
0x4004_FO000 79 —
0x4005_0000 80 —
0x4005_1000 81 —
0x4005_2000 82 Watchdog (WDOG)
0x4005_3000 83 —
0x4005_4000 84 —
0x4005_5000 85 —
0x4005_6000 86 —
0x4005_7000 87 —
0x4005_8000 88 —
0x4005_9000 89 —
0x4005_A000 90 —
0x4005_B000 91 —
0x4005_C000 92 —
0x4005_D000 93 —
0x4005_E000 94 —
0x4005_F000 95 —
0x4006_0000 96 —
0x4006_1000 97 —
0x4006_2000 98 —
0x4006_3000 99 —
0x4006_4000 100 Internal clock source (ICS)
0x4006_5000 101 System oscillator (OSC)

Table continues on the next page...
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Table 4-4. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4006_6000 102 Inter-integrated circuit 0 (12C0)
0x4006_7000 103 —
0x4006_8000 104 —
0x4006_9000 105 —
0x4006_A000 106 Universal asynchronous receiver/transmitter 0 (UARTO)
0x4006_B000 107
0x4006_C000 108
0x4006_D000 109 —
0x4006_E000 110 WPC communication and clamp controller (CNC)
0x4006_F000 111
0x4007_0000 112 Linear regulator controller (LDO)
0x4007_1000 113 Differential input voltage PGA (PGA)
0x4007_2000 114 —
0x4007_3000 115 Analog comparator 0 (ACMPO)
0x4007_4000 116 —
0x4007_5000 117 —
0x4007_6000 118 —
0x4007_7000 119 —
0x4007_8000 120 —
0x4007_9000 121 —
0x4007_A000 122 —
0x4007_B000 123 —
0x4007_C000 124 —
0x4007_DO000 125 Power management controller (PMC)
0x4007_E000 126 —
0x4007_F000 127 —
0x400F_F000 128 —
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Chapter 5
Clock Distribution

5.1 Introduction

This chapter presents the clock architecture for the device, the overview of the clocks and
includes a terminology section.

The Cortex M0+ resides within a synchronous core platform, where the processor and
bus masters, Flash and peripherals clocks can be configured independently.

The ICS module is used for main system clock generation. The ICS module controls
which clock sources (internal references, external crystals or external clock signals)
generate the source of the system clocks.

5.2 Programming model

The selection and multiplexing of system clock sources is controlled and programmed via
the ICS module. The setting of clock dividers and module clock gating for the system are
programmed via the SIM module. Reference those sections for detailed register and bit
descriptions.

5.3 High-level device clocking diagram
This device contains following on-chip clock sources:

* Internal Clock Source (ICS) module: The main clock source generator providing bus
clock and other reference clocks to peripherals

e Low-Power Oscillator (LPO) module: The on-chip low-power oscillator providing
20 kHz reference clock to RTC and Watchdog (WDOG)
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Figure 5-1 shows how clocks from the ICS modules are distributed to the
microcontroller’s other function units. Some modules in the microcontroller have

selectable clock input.

The following registers of ICS, and SIM modules control the multiplexers, dividers, and

clock gates shown in the figure:

Table 5-1. Registers controlling multiplexers, dividers, and clock gate

osC ICS SIM
Multiplexers OSC_CR ICS_CH1 -
Dividers ICS_C2 SIM_CLKDIV
Clock gates - SIM_SCGC
ICS SIM
= ICSIRCLK [cel—> RTCWDOG
ICSFFCLK [co— FTM
32 kHz IRC
FLL
IREFS (csouToi FTM/FSKDT
ICSFLLCLK BDIV
] Core/System/Platform Clock

]

System oscillator

™ osceLk

CLKS
Bus/Flash Clock

OSCERCLK

[cal> RTC/WDOG

EXTAL [X—
L

XTAL_CLK

0OSC

XTAL [Xp—— logic

0scos

CG — Clock gate

PMC
20 kHz LPO

LPOCLK RTC/WDOG

Note: See subsequent sections for details on where these clocks are used.

Figure 5-1. Clocking diagram

5.4 Clock definitions

The following table describes the clocks in Figure 5-1.
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Table 5-2. Clock definitions

Clock name

Description

Core clock

ICSOUTCLK divided by DIV1, clocks the ARM Cortex-M0+ core. It's the CPU HCLK

Platform clock

ICSOUTCLK divided by DIV1, clocks the crossbar switch and NVIC, It's the free-running
FCLK

System clock

ICSOUTCLK divided by DIV1, clocks the bus masters directly

Bus clock System clock divided by DIV2, clocks the bus slaves and peripherals

Flash clock System clock divided by DIV2, clocks the Flash memory module. It is same as Bus clock in
this device

Timer clock ICSOUTCLK divided by DIV3, clocks the FTM and FSKDT modules

Debug clock Debug logic clock. On this device it is derived from platform clock

SWD clock DAP interface clock. SWD clock is typically driven by an external debugger and completely
asynchronous to Core clock and platform clock

ICSIRCLK ICS output of the internal 32 kHz IRC reference clock. ICSIRCLK can be selected as the
clock source of RTC or WDOG modules

ICSOUTCLK ICS output of either IRC, ICSFLLCLK or ICS's external reference clock that sources the core,
system, bus, and flash clock

ICSFLLCLK Output of the FLL

ICSFFCLK ICS output of the fixed frequency clock. ICSFFCLK can be selected as clock source for the
FTM modules. The frequency of the ICSFFCLK is determined by the setting of the ICS

OSCCLK System oscillator output of the internal oscillator or sourced directly from EXTAL. Used as
ICS external reference clock

OSCERCLK System oscillator output sourced from OSCCLK that can be selected as the clock source of
RTC, WDOG.

LPOCLK PMC 20 kHz output, The LPOCLK can be selected as the clock source to the RTC or WDOG

modules

5.4.1 Device clock summary

The following table provides more information regarding the on-chip clocks.

Table 5-3. Clock summary

Clock name Run mode frequency Clock source Clock is disabled when...
Core clock Up to 24 MHz ICSOUTCLK clock In Wait and Stop modes
divider
Platform clock Up to 24 MHz ICSOUTCLK clock In Stop mode
divider
System clock Up to 24 MHz ICSOUTCLK clock In Stop mode
divider
Timer clock Up to 48 MHz ICSOUTCLK clock In Stop mode
divider
Bus clock Up to 24 MHz ICSOUTCLK clock In Stop mode
divider
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Table 5-3. Clock summary (continued)

Clock name Run mode frequency Clock source Clock is disabled when...
Debug clock Up to 24 MHz Derive from Platform |Debug not enabled
clock
SWD clock Up to 24MHz SWD_CLK pin Input from external clock, so will not be
disabled.
Flash clock Up to 24 MHz ICSOUTCLK clock In Stop mode
divider
Internal reference |31.25-39.0625 kHz IRC IRC ICS_CH1[IRCLKEN] =0
(ICSIRCLK)!
External reference |DC up to 48 MHz (bypass), System OSC OSC_CR[OSCEN] =0
(OSCERCLK)' 31.25-39.0625 kHz
or
4-24 MHz (crystal)
FLL out clock 40-50 MHz System OSC In Stop mode,
(ICSFLLCLK) orIRC or
FLL not enabled
ICS Fixed Frequency |31.25-39.0625 kHz System OSC In Stop mode
clock (ICSFFCLK) or IRC
LPOCLK 20 kHz PMC Optional be OFF in STOP mode

1. This clock does not support being enabled during entering stop mode.

5.4.2 Clock distribution

The following figure shows a simplified clock distribution diagram
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20 kHz LPOCLK

LPO
EXTAL X osc 0OSCCLK
XTAL X
ICSIRCLK
ICSFFCLK
FTMO/ FSKDT cNe || wpoG || RTC ADC GPIO IRQ
TIMER_CLK T T
BUS_CLK o R R . J
a2 kHz [ 1 [
IRC
LDO SIM PIT PORT PMC 12Co || uArTo || PGA ACMPO
q CPU NVIC AWIC DEBUG DAP RAM
FLL |y
[) CORE_CLK
PLAT_CLK

CLK_GEN
ICSOUTCLK -

SYS_CLK
FLASH_CLK

FLASH FMC AIPS
ICS

Figure 5-2. High-level clock distribution diagram

NOTE
Clock divide and gating are not shown in clock distribution
diagram.

5.5 Internal clocking sources
The internal clock sources on this device are as following:

* On-chip RC oscillator range of 31.25-39.0625 kHz as the reference of FLL input
with 0.2% trim step and 1% accuracy across temperature range of 0 °C to 70 °C and
1.5% accuracy across temperature of —40 °C to 85 °C.

* On-chip internal 20 kHz oscillator as the low-frequency low-power source for RTC,
WDOG and PORT glitch filter according to specific use case requirement. User can
do calibration to let 20 kHZ fall in + 5% range.

The following table shows the frequency availability of this device:

Table 5-4. ICS bus frequency availability with internal reference

Reference Bus
FEI (high range) BDIV =0 40 MHz ~ 50 MHz!
BDIV =1 20 MHz ~ 25 MHz

Table continues on the next page...
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Table 5-4. ICS bus frequency availability with internal reference (continued)

Reference Bus
BDIV =2 10 MHz ~ 12.5 MHz
BDIV =4 5 MHz ~ 6.25 MHz
BDIV =8 2.5 MHz ~ 3.125 MHz
BDIV = 16 1.25 MHz ~ 1.5625 MHz
BDIV = 32 625 kHz ~ 781.25 kHz
BDIV = 64 312.5 kHz ~ 390.625 kHz
BDIV =128 156.25 kHz ~ 195.3125 kHz

1. On this device, core and system clock can work up to 24 MHz, timer clock can be up to 48 MHz. Hence, the FLL clock
output must be equal or less than 48 MHz and the bus and core frequency must be equal or less than 24 MHz.

5.6 Clock gating

The clock to each module can be individually gated on and off using the SIM_SCGC.
Prior to initializing a module, set the corresponding bit in SIM_SCGC to enable the
clock. Before turning off the clock, make sure to disable the module.

Any bus access to a peripheral that has its clock disabled generates an error termination.

NOTE

Do not disable the SIM_SCGC[ADC] when ADC is running,

otherwise, it may cause system stalling.

5.7 Module clocks

The following table summarizes the clocks associated with each module.

Table 5-5. Module clocks

Module | Bus interface clock | Internal clocks | I/0 interface clocks
Core modules
ARM Cortex-M0+ core Platform clock Core clock —
NVIC Platform clock — —
DAP Platform clock — SWD_CLK
System modules
PORT Bus clock LPOCLK! —
AXBS_Lite Platform clock — —
AIPS_Lite Platform clock Bus clock —
PMC Bus clock LPOCLK —

Table continues on the next page...
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Table 5-5. Module clocks (continued)

Chapter 5 Clock Distribution

Module Bus interface clock Internal clocks I/0 interface clocks
SIM Bus clock Timer clock —
MCM Platform clock — —
WDOG Bus clock Bus clock —
LPOCLK
ICSIRCLK
OSCERCLK
Clocks
ICS Bus clock ICSOUTCLK =
ICSFLLCLK
ICSIRCLK
OSCERCLK

Memory and memory interfaces

Flash Controller

System clock

Flash memory

Flash clock

SRAM Platform clock — —
UHV
CNC Bus clock Bus clock —
LDO5V3A Bus clock Bus clock =
ICSOUTCLK?
Analog
ADC Bus clock — —
ACMPO Bus clock = =
PGA Bus clock — —
Timers

PIT Bus clock = =
FSKDT Timer clock — —
FTMO Timer clock Timer clock —

ICSFFCLK
FTM1 Timer clock Timer clock —

ICSFFCLK

RTC Bus clock Bus clock RTC_CLKOUT
LPOCLK
ICSIRCLK
OSCERCLK
Communication interfaces
[2Co Bus clock — 12C0_SCL
UARTO Bus clock — —
Human-machine interfaces

GPIO System clock — —

Table continues on the next page...
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Table 5-5. Module clocks (continued)

Module Bus interface clock Internal clocks I/0 interface clocks
IRQ Bus clock — —

1. The LPOCLK is used for the glitch filter function.
2. This clock is for charge pump generation.
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Chapter 6
Reset and Boot

6.1 Introduction

The following reset sources are supported in this MCU:

Table 6-1. Reset sources

Reset sources Description

POR reset

Power-on reset (POR)

System resets External pin reset (PIN)

Low-voltage detect (LVD)

Watchdog (WDOG) timer

ICS loss of clock (LOC) reset

Stop mode acknowledge error (SACKERR)
Software reset (SW)

Lockup reset (LOCKUP)

MDM DAP system reset

Each of the system reset sources has an associated bit in the System Reset Status and ID
Register (SIM_SRSID).

The MCU can exit and reset in functional mode where the CPU is executing code
(default) or the CPU is in a debug halted state.

6.2 Reset

This section discusses basic reset mechanisms and sources. Some modules that cause
resets can be configured to cause interrupts instead. Consult the individual peripheral
chapters for more information.
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6.2.1 Power-on reset (POR)

The MCU is powered by the PMC on-chip LDO whose input is the wireless power
receiver rectified voltage. When the LDO output (VDDS5V) is initially applied to the
MCU or when it drops below the power-on reset voltage level (Vpgr), the POR circuit
causes a POR reset condition.

When the on-chip LDO output voltage rises, the LVD circuit holds the MCU in reset
until the supply has risen above the LVD low threshold (Vi ypr). POR and LVD fields of
the System Reset Status and ID Register (SIM_SRSID) register (SIM_SRSID[POR] and
SIM_SRSID[LVD)]) are set following a POR.

6.2.2 System reset sources

Resetting the MCU provides a way to start processing from a known set of initial
conditions. System reset begins with the on-chip regulator in full regulation and system
clocking generation from an internal reference. When the processor exits reset, it
performs the following:

* Reads the start SP (SP_main) from vector-table offset O

» Reads the start program counter (PC) from vector-table offset 4

» The Link Register (LR) is set to 0OxXFFFF_FFFF.

The on-chip peripheral modules are disabled and the non-analog I/O pins are initially
configured as disabled (except that the SWD_DIO/SWD_CLK, NMI and RESET pins
could be enabled after system reset according to the System Options Register
(SIM_SOPTO) setting). The pins with analog functions assigned to them default to their
analog function after reset.

6.2.2.1 External pin reset (RESET)

This pin has an internal pullup resistor. Asserting RESET wakes the device from any
mode.

After POR reset, the PTBO pin functions as RESET. SIM_SOPTO[RSTPE] must be
programmed to enable the other functions. When this field is clear, this pin can function
as GPIO or other alternative functions .

6.2.2.1.1 Reset pin filter

The RESET pin filter supports filtering from both the 20 kHz LPO clock and the bus
clock. It can be used as a simple low-pass filter to filter any glitch that is introduced from
the pin of RESET.
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The glitch width threshold can be adjusted easily by setting Port Filter Control Register 0
(PORT_IOFLTO) between 1~4096 BUSCLKSs (or 1~128 LPOCLKSs). This configurable
glitch filter can replace an on-board external analog filter, and greatly improve the EMC

performance. Setting Port Filter Control Register 0 (PORT_IOFLTO) can configure the
filter of the whole port.

6.2.2.2 Low-voltage detect (LVD)

This device includes a system to protect against low-voltage conditions in order to protect
memory contents and control MCU system states during supply voltage variations. This
system consists of a power-on-reset (POR) circuit, and an LVD circuit with a user
selectable trip voltage, VLyp

The LVD circuit can be enabled/disabled and the LVD voltage threshold can be
configured through its configure bits.

6.2.2.3 Watchdog timer

The watchdog timer (WDOG) monitors the operation of the system by expecting periodic
communication from the software. This communication is generally known as servicing
(or refreshing) the watchdog. If this periodic refreshing does not occur, the watchdog
issues a system reset. The WDOG reset causes SIM_SRSID[WDOG] to set.

6.2.2.4 ICS loss-of-clock (LOC)

The ICS on this chip supports external reference clock monitor with reset capability.

In FBE, FEE, or FBELP modes, if 1 is written to ICS_C4[CME], the clock monitor is
enabled. If the external reference falls below a certain frequency, such as f |y pjgp OF f
loc_low depending on OSC_CR[RANGE)], the MCU will reset. SIM_SRSID[LOC] will be
set to indicate the error.

In FBELP or FBILP modes, the FLL is not on, so the external reference clock monitor
will not function even if 1 1s written to ICS_C4[CME].

External reference clock monitor uses FLL as the internal reference clock. The FLL must
be functional before ICS_C4[CME] is set.
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6.2.2.5 Stop mode acknowledge error (SACKERR)

This reset is generated if the core attempts to enter Stop mode, but not all modules
acknowledge Stop mode within 1025 cycles of the 20 kHz LPO clock.

A module might not acknowledge the entry to Stop mode if an error condition occurs.
The error can be caused by a failure of an external clock input to a module.

6.2.2.6 Software reset (SW)

The SYSRESETREQ field in the NVIC application interrupt and reset control register
can be set to force a software reset on the device. (See ARM's NVIC documentation for
the full description of the register fields, especially the VECTKEY field requirements.)
Setting SYSRESETREQ generates a software reset request. This reset forces a system
reset of all major components except for the debug module.

6.2.2.7 Lockup reset (LOCKUP)

The LOCKUP gives immediate indication of seriously errant kernel software. This is the
result of the core being locked because of an unrecoverable exception following the
activation of the processor’s built in system state protection hardware.

The LOCKUP condition causes a system reset and also causes SIM_SRSID[LOCKUP]
to set.

6.2.2.8 MDM-AP system reset request

Set the System Reset Request field in the MDM-AP Control register to initiate a system
reset. This is the primary method for resets via the SWD interface. The system reset is
held until this bit is cleared.

Set the Core Hold Reset field in the MDM-AP Control register to hold the core in reset as
the rest of the chip comes out of system reset.

6.2.3 MCU resets

A variety of resets are generated by the MCU to reset different modules.
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6.2.3.1 POR Only
The POR Only reset asserts on the POR reset source only. It resets the PMC and RTC.

The POR Only reset also causes all other reset types to occur.

6.2.3.2 Chip POR

The Chip POR asserts on POR and LVD reset sources. It resets the Reset Pin Filter
registers and parts of the SIM and ICS.

The Chip POR also causes the Chip Reset (including Early Chip Reset) to occur.

6.2.3.3 Early Chip Reset

The Early Chip Reset asserts on all reset sources. It resets only the flash memory module
and ARM platform. It negates before flash memory initialization begins ("earlier" than
when the Chip Reset negates).

6.2.3.4 Chip Reset

Chip Reset asserts on all reset sources and only negates after the RESET pin has also
negated. It resets the remaining modules (the modules not reset by other reset types).

6.3 Boot

This section describes the boot sequence, including sources and options.

Some configuration information such as clock trim values stored in factory programmed
flash locations is auto-loaded.

6.3.1 Boot sources

The CMO+ core adds support for a programmable Vector Table Offset Register (VTOR!)
to relocate the exception vector table. This device supports booting from internal flash
and RAM.

1. VTOR: refer to Vector Table Offset Register in the ARMv6-M Architecture Reference Manual.
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This device supports booting from internal flash with the reset vectors located at
addresses 0x0 (initial SP_main), 0x4 (initial PC), and RAM with relocating the exception
vector table to RAM.

6.3.2 Boot sequence

At power up, the on-chip regulator holds the system in a POR state until the input supply
is above the POR threshold. The system continues to be held in this static state until the
internally regulated supplies have reached a safe operating voltage as determined by the
LVD. The Reset Controller logic then controls a sequence to exit reset.

L.

2.

A system reset is held on internal logic, the RESET pin is driven out low (about 4.2
us), and the ICS is enabled in its default clocking mode.

The RESET pin is released. If RESET pin continues to be asserted (an indication of a
slow rise time on the RESET pin or external drive in low), the system continues to be
held in reset. Once the RESET pin is detected high, the core clock is enabled and the
system is released from reset.

. The NVM starts internal initialization. Flash Controller is released from reset and

begins initialization operations while the core is still halted before the flash
initialization completes.

. When the flash Initialization completes(16 ps) , the core sets up the stack, program

counter (PC), and link register (LR). The processor reads the start SP (SP_main)
from vector-table offset 0. The core reads the start PC from vector-table offset 4. LR
1s set to OXFFFF_FFFF. The CPU begins execution at the PC location.

Subsequent system resets follow this same reset flow.
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Chapter 7
Power Management

7.1 Introduction

This chapter describes the various chip power modes and functionality of the individual
modules in these modes.

7.2 Power modes

The power management controller (PMC) provides the user with multiple power options.
The different modes of operation are supported to allow the user to optimize power
consumption for the level of functionality needed.

The device supports Run, Wait,and Stop modes which are easy to use for customers both
from different power consumption level and functional requirement. 1/O states are held in
all the modes.

* Run mode—CPU clocks can be run at full speed and the internal supply is fully
regulated.

* Wait mode—CPU shuts down to conserve power; system clocks and bus clock are
running and full regulation is maintained.

* Stop mode—voltage regulator is in standby.

The three modes of operation are Run, Wait, and Stop. The WFI and WFE instruction
invokes both Wait and Stop modes for the chip.

Table 7-1. Chip power modes

Power mode Description Core mode Normal recover
method
Normal RUN Allows maximum performance of chip. Default mode out of Run
reset; on-chip voltage regulator is on.

Table continues on the next page...
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Table 7-1. Chip power modes (continued)

Power mode Description Core mode Normal recover
method
Normal Wait via |Allows peripherals to function while the core is in Sleep mode, Sleep Interrupt
WFI reducing power. NVIC remains sensitive to interrupts;
peripherals continue to be clocked.
Normal Stop via |Places chip in static state. Lowest power mode that retains all Sleep Deep Interrupt
WEFI registers. NVIC is disabled; AWIC is used to wake up from

interrupt; peripheral clocks are stopped.

7.3 Entering and exiting power modes

The WFI instruction invokes wait and stop modes for the chip. The processor exits the
low-power mode via an interrupt.

NOTE
The WFE instruction can have the side effect of entering a low-
power mode, but that is not its intended usage. See ARM
documentation for more on the WFE instruction.

7.4 Module operation in low-power modes

The following table illustrates the functionality of each module while the chip is in each
of the low-power modes. The standard behavior is shown with some exceptions.

Table 7-2. Module operation in low-power modes

Modules | RUN | WAIT | Stop
Core modules
CPU On Standby Standby
NVIC On On Standby
System modules
PMC Full regulation Full regulation Loose regulation
WDOG On On Optional on
LvVD On On Standby
DBG On On Standby
Clock

ICS On On Standby
0osC On On Standby
LPO On On Optional on

Table continues on the next page...
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Table 7-2. Module operation in low-power modes (continued)

Modules | RUN | WAIT | Stop

Memory

Flash On On Standby

RAM On Standby’ Standby

UHV

CNC On On Optional on?

LDO On On Standby
TIMER

FTM On On Standby

PIT On On Standby

FSKDT On On Standby

RTC On On Optional on
Analog

ADC On On Standby

ACMP On On Standby

Communication Interfaces
UART On On Standby?
12C On On Standby*
Human-machine interfaces
IRQ On On Standby®
I/0 On On State held

—_

akrwbd
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SRAM memory enable signal disables internal clock signal and masks the address and data inputs when held low, RAM
clock can be active in Wait mode.

Supports wake-up on Vad_in LVP/OVP in Stop mode
Supports wake-up on edge in Stop mode

Supports address match wake-up in Stop mode
Supports pin interrupt wake-up in Stop mode
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Chapter 8
Security

8.1 Introduction

This device implements security based on the mode selected from the flash module. The
following sections provide an overview of flash security and details of the effects of
security on non-flash modules.

8.2 Flash security

The flash module provides security information to the MCU based on the state held by
the FTMRE_FSEC[SEC ]. The MCU, in turn, confirms the security request and limits
access to flash resources. During reset, the flash module initializes the Flash Security
Register (FTMRE_FSEC) using data read from the security byte of the flash
configuration field.

NOTE
The security features apply only to external accesses: debug.
CPU accesses to the flash are not affected by the status of Flash
Security Register (FTMRE_FSEC).

In the unsecured state, all flash commands are available on the programming interfaces
either from the debug port (SWD) or user code execution. When the flash is secured
(FTMRE_FSEC[SEC ] =00, 01, or 11), the programmer interfaces are only allowed to
launch mass erase operations. Additionally, in this mode, the debug port has no access to
memory locations.
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8.3 Security interactions with other modules

The flash security settings are used by the system to determine what resources are
available. The following sections describe the interactions between modules and the flash
security settings or the impact that the flash security has on non-flash modules.

8.3.1 Security interactions with debug

When flash security is active, the SWD port cannot access the memory resources of the
MCU.

Although most debug functions are disabled, the debugger can write to the Flash Mass
Erase in Progress field of the MDM-AP Control Register to trigger a mass erase (Erase
All Blocks) command. A mass erase via the debugger is allowed even when some
memory locations are protected.
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Chapter 9
Debug

9.1 Introduction

This device's debug is based on the ARM CoreSight™" architecture and is configured to
provide the maximum flexibility as allowed by the restrictions of the pinout and other
available resources.

It provides register and memory accessibility from the external debugger interface, basic
run/halt control plus 2 breakpoints and 2 watchpoints.

This device supports only one debug interface, Serial Wire Debug (SWD).

9.2 Debug port pin descriptions
The debug port pins default to their SWD functionality after power-on-reset (POR).

Table 9-1. Serial wire debug pin description

Pin Name Type Description

SWD_CLK Input Serial Wire Clock. This pin is the clock for debug logic when in the Serial
Wire Debug mode. '

SWD_DIO Input / Output Serial Wire Debug Data input/output. The SWD_DIO pin is used by an
external debug tool for communication and device control. This pin is
pulled up internally.

1. The pad library of this device does not support on-chip pull down; it supports only pullup controlled by PTAPEO, external
pulldown resistor is required to fully support SWD protocol.
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9.3 SWD status and control registers

Through the ARM Debug Access Port (DAP), the debugger has access to the status and
control elements, implemented as registers on the DAP bus as shown in Figure 9-1. These
registers provide additional control and status for low-power mode recovery and typical
run-control scenarios. The status register bits also provide a means for the debugger to
get updated status of the core without having to initiate a bus transaction across the
crossbar switch, thus remaining less intrusive during a debug session.

It is important to note that these DAP control and status registers are not memory-mapped
within the system memory map and are only accessible via the Debug Access Port using
SWD. The MDM-AP is accessible as Debug Access Port 1 with the available registers
shown in the table below.

Table 9-2. MDM-AP register summary

Address Register Description

0x0100_0000 Status See MDM-AP Status Register

0x0100_0004 Control See MDM-AP Control Register

0x0100_00FC IDR Read-only identification register that
always reads as 0x001C_0020
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Table 9-3. MDM-AP Status register assignments

Internal Bus

Access Port

Figure 9-1. MDM AP addressing

Chapter 9 Debug

SW-DP

See the ARM Debug Interface v5p1 Supplement.

SELECT[31:24] (APSEL) selects the AP
SELECT([7:4] (APBANKSEL) selects the bank
A[3:2] from the APACC selects the register
within the bank

AHB-AP

SELECT[31:24] = 0x00 selects the AHB-AP
See ARM documentation for further details

MDM-AP
SELECT[31:24] = 0x01 selects the MDM-AP

SELECT(7:4] = 0x0 selects the bank with Status and Ctrl
A[3:2] = 2’b00 selects the Status Register
A[3:2] = 2’b01 selects the Control Register

SELECT(7:4] = OxF selects the bank with IDR
A[3:2] = 2’b11 selects the IDR Register
(IDR register reads 0x001C_0020)

Description

The Flash Mass Erase Acknowledge field is cleared after POR reset. The
field is also cleared at launch of a mass erase command due to write of
Flash Mass Erase in Progress field in MDM AP Control Register. The
Flash Mass Erase Acknowledge is set after Flash control logic has started
the mass erase operation.

Bit Name
0 Flash Mass Erase Acknowledge
1 Flash Ready

Indicates that flash memory has been initialized and debugger can be
configured even if system is continuing to be held in reset via the

0 Flash is under initialization.

Table continues on the next page...
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Table 9-3. MDM-AP Status register assignments (continued)

Bit Name Description

1 Flash is ready.

2 System Security Indicates the security state. When secure, the debugger does not have
access to the system bus or any memory mapped peripherals. This field
indicates when the part is locked and no system bus access is possible.

0 Device is unsecured.

1 Device is secured.

3 System Reset Indicates the system reset state.
0 System is in reset.

1 System is not in reset.

4 Reserved
5-15 |Reserved for future use Always read 0.
16 Core Halted Indicates the core has entered Debug Halt mode
0 Core is not halted.
1 Core is halted.
17 Core SLEEPDEEP SLEEPDEEP=1 indicates the core has entered Stop mode.
18 Core SLEEPING SLEEPING=1 indicates the core has entered Wait mode.
19 - 31 |Reserved for future use Always reads 0.

9.3.2 MDM-AP Control Register
Table 9-4. MDM-AP Control register assignments

Bit Name Secure! Description

0 |Flash Mass Erase in Progress Y Set to cause mass erase. Cleared by hardware after mass erase
operation completes.

1 Debug Disable N Set to disable debug. Clear to allow debug operation. When set, it
overrides the C_DEBUGEN field within the DHCSR? and forces to
disable Debug logic.

2 |Debug Request N Set to force the core to halt.

If the core is in Stop or Wait mode, this field can be used to wake the
core and transition to a halted state.

3 |System Reset Request Y Set to force a system reset. The system remains held in reset until
this field is cleared.

4 |Core Hold N Configuration field to control core operation at the end of system
reset sequencing.

0 Normal operation—release the core from reset along with the rest
of the system at the end of system reset sequencing.

1 Suspend operation—hold the core in reset at the end of reset
sequencing. Once the system enters this suspended state, clearing
this control bit immediately releases the core from reset and CPU
operation begins.

Table continues on the next page...
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Table 9-4. MDM-AP Control register assignments (continued)

Bit Name Secure! Description

5- 31 |Reserved for future use N

1. Command available in secure mode
2. DHCSR: refer to the Debug Halting Control and Status Register in the ARMv6-M Architecture Reference Mannual.

9.4 Debug resets
The debug system receives the following sources of reset:
* System POR reset

Conversely, the debug system is capable of generating system reset using the following
mechanism:

* A system reset in the DAP control register which allows the debugger to hold the
system in reset.

* Writing 1 to the SYSRESETREQ field in the NVIC Application Interrupt and Reset
Control register

* A system reset in the DAP control register which allows the debugger to hold the
core in reset.

9.5 Debug in low-power modes

In low-power modes in which the debug modules are kept static or powered off, the
debugger cannot gather any debug data for the duration of the low-power mode. In the
case that the debugger is held static, the debug port returns to full functionality as soon as
the low-power mode exits and the system returns to a state with active debug. In the case
that the debugger logic is powered off, the debugger is reset on recovery and must be
reconfigured once the low power mode is exited.

The active debug will prevent the chip entering low power mode. In case that the chip is
already in low-power mode, a debug request from MDM-AP control register will wake
the chip from low-power mode.
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9.6 Debug & security

When flash security is enabled, the debug port capabilities are limited in order to prevent
exploitation of secure data. In the secure state, the debugger still has access to the status
register and can determine the current security state of the device. In the case of a secure
device, the debugger has the capability of performing only a mass erase operation.
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Chapter 10
Signal Multiplexing and Signal Descriptions

10.1 Introduction

This chapter illustrates which of this device's signals are multiplexed on which external
pin.

The System Options Register 0 (SIM_SOPTO) register controls which signal is present on
the external pin. Refer to that register to find the detailed control operation of a specific
multiplexed pin.

10.2 Pinout

10.2.1 Signal multiplexing and pin assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document.

NOTE
VDDI1 and VDD2 must be short on PCB.

PTAG6 and PTA7 are true open drain pins. The external pullup
resistor must be added to make them output correct values in
using 12C0, GPIO, and UARTO.

The NC pin must be floating, and do not tie it to the any of the
VDD or VSS.

kY
QFN

36
WLC
SP

Pin Name

Default

ALTO

ALT1

ALT2

ALT3

3

VSSt

VSSt

VSSt

C4

VSS1

VSS1

VSS1
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rimout
2| % Pin Name Default ALTO ALT1 ALT2 ALT3
QFN | WLC
SP
— | D3 | VDDt VDD1 VDD1
— | D4 | VDD VDD1 VDD1
1 A1 | VREC VREC VREC
2 | A2 | VDD1 VDD1 VDD1
3 | A3 | VSSt VSS1 VSSt
4 | B3 [ PTAO DISABLED PTAO SBAR_IN1 EXTAL
5 | B4 | PTA1 DISABLED PTA1 SBAR_OUTO XTAL
6 | A4 | PTA2 DISABLED PTA2 BUSOUT SBAR_OUT1 FTM0_CHO
7 | A5 | PTA3 DISABLED PTA3 CLAMP ACMP0_OUT FTMO0_CH1
8 | A6 | PTMd SWDIo PTA4 SWDIo FTM1_CHo
9 | B6 | PTAS SWCLK PTA5 SWCLK FTM1_CH1
10 | B5 | PTA6 DISABLED PTAG 12C0_SDA UARTO_RX
11| C5 | PTA7 DISABLED PTA7 [2C0_SCL UARTO_TX
12| C6 | VSSY VSS2/ VSS2/
VSSA VSSA VSSA
13 | D6 | VDD VDD2/ VDD2/
VDDA VDDA VDDA
14| E6 | PTBO/ RESET b PTBO IRQ NMI_b RESET b
RESET b/
NMI_b
15 | D5 | PTBI DISABLED PTB1 ADCADO SBAR_INO
16 | E5 | PTB2 DISABLED PTB2 ADCAD1 ACMPO_INO
17 | F6 | PTB3 DISABLED PTB3 ADCAD2 ACMPO_IN1
18 | E4 | PTB4 DISABLED PTB4 ADCAD3
19 | F5 | VSS3 VSS3 VSS3
20 | F4 | VREFH VREFH VREFH
21 | F3 | VOUT_FB VOUT_FB VOUT_FB
23 | F2 | vout VouT Vout
24 | F1 | ISENS ISENS ISENS
25 | E2 | CLCY CLC1 CLC1
26 | D2 | VILC VLC VLC
27 | E1|GD GD GD
28 | DI | VBOOT VBOOT VBOOT
29 | C2 | ADIN AD_IN AD_IN
30 | B2 | AD_EN AD_EN AD_EN
3t | C1 | AC1 AC1 AC1
32 | B | AC AC2 AC2

10.2.2 Device pin assignment
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VSS1
PTAO
PTA1
PTA2
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Chapter 10 Signal Multiplexing and Signal Descriptions

o EE| Z Eg o O
222235 35
o LTI LILIL
& » 8 & &8 R & &
[ ]+ 24 []
RE 23 [
BE 22 [ ]
[ ] 21 []
HE 20 [
[ e 19 [
[ 17 18 [
[ s 17 [
o £ ¥ ¢ £ F @2 @
HINININENENENEN
n © N < <« o0 - o
< < & v 4 _! m o
R E R 223k E
IR £
CDO'Q‘
=84
0
o
T
o
@
'_
o

Figure 10-1. 32-pin QFN package

NOTE
The NC pin must be floating, and do not tie it to the VDD or

ISENS
vouT
NC
VOUT_FB
VREFH
VSS3
PTB4
PTB3

VREC

VDD1

VSS1

PTA2

PTA3

PTA4

AC2

AD_EN

PTAO

PTA1

PTA6

PTA5

AC1

AD_IN

VSS1

VSS1

PTA7

VSSs2/
VSSA

VBOOT

VLC

VDD1

VDD1

PTB1

VDD2/
VDDA

GD

CLC1

CLC2

PTB4

PTB2

PTBO/
RESET_b/
NMI_b

ISENS

VOouT

VOUT_FB

VREFH

VSS3

PTB3

1

2

Figure 10-2

3

4

5

6

. 36-pin WLCSP package
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10.3 Module signal description tables

The following sections correlate the chip-level signal name with the signal name used in
the module's chapter. They also briefly describe the signal function and direction.

10.3.1 Core modules
Table 10-1. SWD signal descriptions

Chip signal name Module signal Description /0
name
SWDIO SWD_DIO Serial Wire Debug Data input/output. The SWD_DIO pin is used by I/0

an external debug tool for communication and device control. This
pin is pulled up internally.

SWCLK SWD_CLK Serial Wire Clock. This pin is the clock for debug logic when in the

Serial Wire Debug mode. '

1. The pad library of this device does not support on-chip pull down; it supports only pullup controlled by PTAPEO, external
pulldown resistor is required to fully support SWD protocol.

10.3.2 System modules

Table 10-2. System signal descriptions

Chip signal name Module signal Description /0
name
NMI_b NMI Non-maskable interrupt

NOTE: Driving the NMI signal low forces a non-maskable
interrupt, if the NMI function is selected on the
corresponding pin.

RESET_b RESET Reset bidirectional signal I/0
VDD1 — MCU power 1 I/O
vVDD2 — MCU power 2 I
VDDA — MCU analog power I
VREC — MCU power input I
VSS1 — MCU ground 1 I
VSS2 — MCU ground 2 I
VSS3 — MCU ground 3 I
VSSA — MCU analog ground I
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10.3.3 Clock modules
Table 10-3. OSC signal descriptions

Chip signal name Module signal Description /0
name
EXTAL EXTAL External clock/oscillator input Analog
input
XTAL XTAL Oscillator output Analog
output
10.3.4 Memories and Memory Interfaces
10.3.5 Analog
Table 10-4. ADC signal descriptions
Chip signal name Module signal Description /0
name
ADCAD3-ADCADO AN3-ANO Analog channel inputs I
VREFH/VDDA VRH_O/VRH_1 and |High reference voltage for a ADC conversion |
VDDA
VSS3/VSSA VRL_1/VRL_0 and |Low reference voltage for a ADC conversion
VSSA
Table 10-5. ACMPO signal descriptions
Chip signal name Module signal Description /0
name
ACMPO_INN' ACMPn' Analog voltage inputs I
ACMPOQO_OUT External output Comparator output (0]
1. n=0, 1, 2. ACMPO_IN2 has no pinout, it is used for internal connection.
Table 10-6. LDO signal descriptions
Chip signal name Module signal Description /0
name
VOUT VOUT LDO output power I
VOUT_FB VOUT_FB VOUT feedback I
ISENS ISENS Current sensing signal I
VBOOT VBOOT Charge pump power (0]
GD GD Gate drive signal for the external N-FET (0]
VLC VLC Voltage loop compensation I
Table continues on the next page...
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Table 10-6. LDO signal descriptions (continued)

Chip signal name Module signal Description /0
name
CLCH1 CLCH Current loop compensation 1

Table 10-7. CNC signal descriptions

Chip signal name Module signal Description /0
name
VREC VRec Rectifier voltage input I
CLAMP CLAMP Clamp driver for rectifier overvoltage protection (6]
VOUT Vout Wireless power receiver voltage output I
AD_IN AD_IN Wired power voltage input I
AD_EN AD_EN Wired power PMOS switch o]
AC1 AC1 AC input 1 from wireless power receiver coil I
AC2 AC2 AC input 2 from wireless power receiver coll I

Table 10-8. PMC signal descriptions

Chip signal name Module signal Description /0
name

VREC VREC PMC voltage supply input I
vDD1/vDD2 VDDX 5V power voltage output O
VDDA VDDA 5V analog supply O
VREFH VREFH Accurate voltage reference for ADC (0]

— VDDF 2.8V flash supply voltage o}

— vDD 1.8 V core supply voltage (0]

Table 10-9. PGA signal descriptions

Chip signal name Module signal Description /0
name
VOUT VNP Voltage input plus, across the current sensing resistor I
ISENS ViNMm Voltage input minus, across the current sensing resistor I

10.3.6 Timer modules
Table 10-10. FTMO signal descriptions

Chip signal name Module signal Description /0
name
FTMO_CHI[1:0] CHn FTM channel I/0
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Table 10-11. FTM1 signal descriptions

Chip signal name Module signal Description /0
name
FTM1_CH[1:0] CHn FTM channel I/0
Table 10-12. FSKDT signal descriptions
Chip signal name Module signal Description /0
name
— FSKDT_IN The FSK signal input channel (0]
10.3.7 Communication Interfaces
Table 10-13. 12CO0 signal descriptions
Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the I2C system. I/0
12C0_SDA SDA Bidirectional serial data line of the I2C system. I/0
Table 10-14. UARTO signal descriptions
Chip signal name Module signal Description /0
name
UARTO_TX TxD Transmit data I/0
UARTO_RX RxD Receive data |
10.3.8 Human-machine interfaces (HMI)
Table 10-15. GPIO signal descriptions
Chip signal name Module signal Description /0
name
PTA[7:0]' PTA7-PTAO General-purpose input/output I/O
PTB[4:0] PTB4-PTBO General-purpose input/output I/0

1. The available GPIO pins depend on the specific package. See the signal multiplexing section for which exact GPIO signals

are available.
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Chapter 11
Port Control (PORT)

11.1 Introduction
This device has two sets of I/O ports, which include up to 13 general-purpose 1/O pins.
Not all pins are available on all devices.

Many of the I/O pins are shared with on-chip peripheral functions. The peripheral
modules have priority over the I/0, so when a peripheral is enabled, the associated I/0
functions are disabled.

After reset, the shared peripheral functions are disabled so that the pins are controlled by
the parallel I/0 except PTA4, PTAS and PTBO that are default to SWDIO, SWCLK and
RESET function. All of the parallel I/O are configured as high-impedance (Hi-Z). The
pin control functions for each pin are configured as follows:

* input disabled (GPIOx_PIDR[PID] = 1),
* output disabled ( GPIOx_PDDR[PDD] = 0), and
* internal pullups disabled (PORT_PUEO[PTXPEn] =0, x = A, B; n =0-7).

The following figures show the structures of each I/O pin.
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PORT_PUEO[PTXPEn] —
GPIOx_PDDRI[PDD] | :
o

GPIOx_PDOR[PDO] q\

GPI1Ox_PIDRI[PID]

CPU read GPIOx_PDIR[PDI] 0 (except RESET/NMI)

Glitch filter
PORT _IOFLTO

Figure 11-1. Normal I/O structure

PORT_PUEO[PTXPEn]

GPIOx_PDDR[PDD]

O

GPIOx_PDOR[PDO]

w1

GPIOX_PIDRIPID]
CPU read GPIOx PDIR(pDI [ [ © (except RESET/NMI)
0 Glitch filter

Figure 11-2. PTA6/PTA?7 structure

11.2 Port data and data direction

Reading and writing of parallel I/O is accomplished through the port data registers
(GPIOx_PDIR/PDOR). The direction, input or output, is controlled through the input
disable or output enable registers.
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After reset, all parallel I/O default to the Hi-Z state. The corresponding bit in port data
direction register (GPIOx_PDDR) or input disable register (GPIOx_PIDR) must be
configured for output or input operation. Each port pin has an input disable bit and an
output enable bit. When GPIOx_PIDR[PID] = 0, a read from GPIOx_PDIR returns the
input value of the associated pin; when GPIOx_PIDR[PID] = 1, a read from
GPIOx_PDIR[PDI] returns 0 except for RESET/NMI.

NOTE
The GPIOx_PDDR must be clear when the corresponding pin is
used as input function to avoid contention. If the corresponding
GPIOx_PDDR and GPIOx_PIDR bits are set at same time, read
from GPIOx_PDIR will always read the pin status.

When a peripheral module or system function is in control of a port pin, the
GPIOx_PDDR register bit still controls what is returned for reads of the GPIOx_PDOR,
even though the peripheral system has overriding control of the actual pin direction.

When a shared analog function other than ADC is enabled for a pin, all digital pin
functions are disabled. A read of the GPIOx_PDOR returns a value of O for any bits that
have shared analog functions enabled. In general, whenever a pin is shared with both an
alternate digital function and an analog function, the analog function has priority such
that if both of the digital and analog functions are enabled, the analog function controls
the pin.

A write of valid data to a GPIOx_PDOR must occur before setting the GPIOx_PDDR for
the associated port pin. This ensures that the pin will not be driven with an incorrect data
value.

11.3 Internal pullup enable

An internal pullup device can be enabled for each port pin by setting the corresponding
bit in one of the pullup enable registers (PORT_PUEQ). The internal pullup device is
disabled if the pin is configured as an output by the parallel I/O control logic, or by any
shared peripheral function, regardless of the state of the corresponding pullup enable
register bit. The internal pullup device is also disabled if the pin is controlled by an
analog function.

NOTE
When configuring 12C0 to use "[2CO_SDA(PTA6) and
12CO_SCL(PTA7)" pins, and if an application uses internal
pullups instead of external pullups, the internal pullups remain
at present setting when the pins are configured as outputs, but
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they are automatically disabled to save power when the output
values are low.

11.4 Input glitch filter setting

A filter is implemented for PTBO that is configured as a RESET input. It can be used as a
simple low-pass filter to filter any glitch that is introduced from the pin (PTB0O) RESET .
The glitch width threshold can be adjusted easily by setting PORT_IOFLTO[FLTDIVn]
between 1~4096 BUSCLKSs (or 1~128 LPOCLKSs). This configurable glitch filter can
take the place of an on board external analog filter, and greatly improve the EMC
performance because any glitch will not be wrongly sampled or ignored.

Glitches that are shorter than the selected clock period will be filtered out; glitches that
are more than twice the selected clock period will not be filtered out. It will pass to
internal circuitry.

Passto A\
internal rate
100%

> Input high/low width

0
FLTxxx period 2(FLTxxx period)

Note: FLTxxx is contents in register PORT_IOFLTO.
Figure 11-3. Input glitch filter

11.5 Pin behavior in Stop mode

In Stop mode, all I/O is maintained because internal logic circuitry stays powered up.
Upon recovery, normal I/O function is available to the user.
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11.6 Port data registers
PORT memory map

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4004_9000 |Port Filter Control Register 0 (PORT_IOFLTO0) 32 R/W | 0000_0000h | 11.6.1/95
4004_9004 |Port Pullup Enable Register 0 (PORT_PUEDQ) 32 R/W | 0000_0020h | 11.6.2/96

11.6.1 Port Filter Control Register 0 (PORT_IOFLTO)

This register sets the filters for input pins. Configure the high/low level glitch width
threshold. Glitches that are shorter than the selected clock period will be filtered out;
glitches that are more than twice the selected clock period will not be filtered out and will
pass to internal circuitry.

Address: 4004_9000h base + 0Oh offset = 4004_9000h

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

FLTDIV3 FLTDIV2

FLTRST

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

PORT_IOFLTO field descriptions

Field Description

31-29 Filter Division Set 3
FLTDIV3

Port Filter Division Set 3

000 LPOCLK

001 LPOCLK/2
010 LPOCLK/4
011 LPOCLK/8
100 LPOCLK/16
101 LPOCLK/32
110 LPOCLK/64
111 LPOCLK/128

28-26 Filter Division Set 2
FLTDIV2

Port Filter Division Set 2

Table continues on the next page...
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PORT_IOFLTO field descriptions (continued)

Field Description

000 BUSCLK/32
001 BUSCLK/64
010 BUSCLK/128
011 BUSCLK/256
100 BUSCLK/512
101 BUSCLK/1024
110 BUSCLK/2048
111 BUSCLK/4096

25-24 Filter Division Set 1
FLTDIVA
Port Filter Division Set 1
00 BUSCLK/2
01 BUSCLK/4
10 BUSCLK/8
11 BUSCLK/16
23-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

FLTRST Filter Selection for Input from RESET

00 No filter.
01 Selects FLTDIV1, and will switch to FLTDIV3 in Stop mode automatically.

10 Selects FLTDIV2, and will switch to FLTDIV3 in Stop mode automatically.
11 FLTDIV3

11.6.2 Port Pullup Enable Register 0 (PORT_PUEOQ)

Address: 4004_9000h base + 4h offset = 4004_9004h

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

R 0

o
o
o
o
o
o
o
o
o
o
o
o
o

Reset 0 0 0

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

R 0 < ™ oY — o N~ © To) < ™ oV — o

L L L L L L L L L L L L L

o o o o o o o o o o o o o

m om m m m < < < < < < < <

[ == = == = = = = = = = = =

o o o o o o o o o o o o o

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
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PORT_PUEDO field descriptions

Field Description
31-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 Pull Enable for Port B Bit 4
PTBPE4

This control field determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port B bit 4.
1 Pullup is enabled for port B bit 4.

11 Pull Enable for Port B Bit 3
PTBPE3

This control field determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port B bit 3.
1 Pullup is enabled for port B bit 3.

10 Pull Enable for Port B Bit 2
PTBPE2

This control field determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port B bit 2.
1 Pullup is enabled for port B bit 2.

9 Pull Enable for Port B Bit 1
PTBPE1

This control field determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, tthis field has no effect.

0 Pullup is disabled for port B bit 1.
1 Pullup is enabled for port B bit 1.

8 Pull Enable for Port B Bit 0
PTBPEO

This control field determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port B bit 0.
1 Pullup is enabled for port B bit 0.

7 Pull Enable for Port A Bit 7
PTAPE7

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port A bit 7.
1 Pullup is enabled for port A bit 7.

6 Pull Enable for Port A Bit 6
PTAPE6

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port A bit 6.
1 Pullup is enabled for port A bit 6.

Table continues on the next page...
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PORT_PUEDO field descriptions (continued)

Field Description

5 Pull Enable for Port A Bit 5
PTAPE5

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port A bit 5.
1 Pullup is enabled for port A bit 5.

4 Pull Enable for Port A Bit 4
PTAPE4

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port A bit 4.
1 Pullup is enabled for port A bit 4.

3 Pull Enable for Port A Bit 3
PTAPE3

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

NOTE: When configuring to use this pin as output high for 1IC, the internal pullup device remains active
when PTAPES is set. It is automatically disabled to save power when output low.

0 Pullup is disabled for port A bit 3.
1 Pullup is enabled for port A bit 3.

2 Pull Enable for Port A Bit 2
PTAPE2

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

NOTE: When configuring to use this pin as output high for 1IC, the internal pullup device remains active
when PTAPE2 is set. It is automatically disabled to save power when output low.

0 Pullup is disabled for port A bit 2.
1 Pullup is enabled for port A bit 2.

1 Pull Enable for Port A Bit 1
PTAPE1

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port A bit 1.
1 Pullup is enabled for port A bit 1.

0 Pull Enable for Port A Bit 0
PTAPEO

This control field determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port A bit 0.
1 Pullup is enabled for port A bit 0.
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Chapter 12
System Integration Module (SIM)

12.1 Introduction

The system integration module (SIM) provides system control and chip configuration
registers.

12.1.1 Features
The features of the SIM module are listed below.

* Reset status and device ID information

» System interconnection configuration and special pin enable
 Pin re-mapping control

» System clock gating control and bus clock division

» System peripherals reset control

12.2 Memory map and register definition
This section includes the module memory map and detailed descriptions of all registers.

SIM memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4004_8000 |System Reset Status and ID Register (SIM_SRSID) 32 R See section | 12.2.1/101
4004_8004 |System Options Register 0 (SIM_SOPTO) 32 R/W See section | 12.2.2/104
Trigger Crossbar Configuration Register 0
4004_8008 (SIM_TBARCFGO) 32 R/W | 0000_0000h | 12.2.3/107
Trigger Crossbar Configuration Register 1
4004_800C (SIM_TBARCFG1) 32 R/W | 0000_0000h | 12.2.4/107

Table continues on the next page...
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SIM memory map (continued)

223?::? Register name (ivr\nlilgitt:) Access | Reset value S(::;t;c;n/
(hex)

4004_8010 |Signal Crossbar Configuration Register (SIM_SBARCFG) 32 R/W | 0000_0000h | 12.2.5/108
4004_8014 |FSK Configuration Register (SIM_XBARCFG) 32 R/W 0000_0000h | 12.2.6/109
4004_8018 |System Clock Gating Control Register (SIM_SCGC) 32 R/W | 0000_3000h | 12.2.7/110
4004_801C |Reset control Register (SIM_RST) 32 R/W | 0000_0000h | 12.2.8/113
4004_8020 |Clock Divider Register (SIM_CLKDIV) 32 R/W See section | 12.2.9/115
4004_8024 gg‘g?s‘f;‘:‘?rsnli‘/'lj':al_rg‘; and LDO external shutdown Flags 32 R/W | 0000_0000h | 12.2.10/117
4004_8028 |AOI function Configuration Register (SIM_AOICFG) 32 R/W | 0000_0000h | 12.2.11/118
4004_802C g\r?a'\gz ‘;’:g”igt"’;ﬁgi/’l‘_fg%aﬁ°” and SIM_SCGCIADC write | 55 RW | 0000_0100h | 12.2.12/121
4004_8030 |Universally Unique Identifier Low Register (SIM_UUIDL) 32 R Undefined | 12.2.13/122
4004_8034 (Usr}',\‘;l‘irj‘a:ém‘)q“e Identifier Middle Low Register 32 R Undefined | 12.2.14/122
4004_8038 é’}%‘iﬁﬂ:’ém;‘“e Identifier Middle High Register 32 R Undefined | 12.2.15/123
4004_803C |Peripherals IFR bits Register 0 (SIM_IFRO0) 32 R Undefined |12.2.16/123
4004_8040 |Peripherals IFR bits Register 1 (SIM_IFR1) 32 R Undefined | 12.2.17/124
4004_8044 |Peripherals IFR bits Register 2 (SIM_IFR2) 32 R Undefined |12.2.18/124
4004_8048 |Peripherals IFR bits Register 3 (SIM_IFR3) 32 R Undefined | 12.2.19/125
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Chapter 12 System Integration Module (SIM)

12.2.1 System Reset Status and ID Register (SIM_SRSID)

NOTE

The reset value of the field within bits 13—1 (except the bit7
POR and the bitl LVD) is 1, if its corresponding reset source

caused that reset.

Address: 4004_8000h base + 0Oh offset = 4004_8000h

Bit 31 30 29 28 27 26 25 24 23 22

21

20 19 18

17 16

R FAMID SUBFAMID

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e
o o % 0]
w < 2 i

R 0 Y o | S |sw|[E ]| o |5 [pn]|8 0 8|S | o
S = =

* Notes:

¢ POR field: After POR reset, POR reset value = 1. LVD reset value = u (unaffected).
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SIM_SRSID field descriptions

Field Description

31-28 Wireless power controller Family ID
FAMID
0000 Wireless power receiver (WPR)

0001 Wireless charger receiver (WCR)
1000 Wireless charger transmitter (WCT)
other Reserved

27-24 Wireless power controller Sub-family power ID
SUBFAMID
0000 1W
0001 5W
0010 15W
other Reserved
23-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 Stop Mode Acknowledge Error Reset
SACKERR

Indicates that after an attempt to enter Stop mode, a reset has been caused by the failure of one or more
I12Cs to acknowledge within approximately 50 ms(1024 clock cycles of the 20 kHz LPO) to enter Stop
mode.

0 Reset is not caused by peripheral failure to acknowledge attempt to enter Stop mode.
1 Resetis caused by peripheral failure to acknowledge attempt to enter Stop mode.

12 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
11 MDM-AP System Reset Request

MDMAP

Indicates a reset has been caused by the host debugger system setting of the System Reset Request field
in the MDM-AP Control Register.

0 Resetis not caused by the host debugger system setting of the System Reset Request field.
1 Reset is caused by the host debugger system setting of the System Reset Request field.

10 Software
SW
Indicates a reset has been caused by software setting of the SYSRESETREQ bit in Application Interrupt
and Reset Control Register in the ARM core.

0 Resetis not caused by software setting of the SYSRESETREQ bit.
1 Reset caused by software setting of the SYSRESETREQ bit

9 Core Lockup
LOCKUP

Indicates a reset has been caused by the ARM core indication of a LOCKUP event.

0 Resetis not caused by core LOCKUP event.
1 Resetis caused by core LOCKUP event.

8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Power-on Reset
POR

Causes reset by the power-on detection logic. When the internal supply voltage is ramping up, the LVD
reset status field is also set at that time, to indicate that the reset has occurred while the internal supply
was below the LVD threshold.

Table continues on the next page...
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Chapter 12 System Integration Module (SIM)
SIM_SRSID field descriptions (continued)

Field

Description

NOTE: This bit field is set to 1 by POR, unaffected by LVD reset, and set to 0 at any other reset
condition.

0 Reset not caused by POR.
1 POR-caused reset.

PIN

External Reset Pin
Causes reset by an active low-level on the external reset pin.

0 Resetis not caused by external reset pin.
1 Reset originates from external reset pin.

WDOG

Watchdog (WDOG)
Causes reset by the WDOG timer timing out. This reset source may be blocked by WDOG_CS1[EN] = 0.

0 Resetis not caused by WDOG timeout.
1 Resetis caused by WDOG timeout.

4-3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
LOC

Internal Clock Source (ICS) Module Reset
Causes reset by an ICS module reset.

0 Resetis not caused by the ICS module.
1 Resetis caused by the ICS module.

LVD

Low Voltage Detection

If the supply drops below the LVD trip voltage, an LVD reset occurs.

NOTE: This bit field is set to 1 on POR and LVD reset, and set to 0 on any other reset.

0 Resetis not caused by LVD trip or POR.
1 Resetis caused by LVD trip or POR.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.
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12.2.2 System Options Register 0 (SIM_SOPTO0)

NOTE
RSTPE and NMIE are write-once only on each normal reset.

Address: 4004_8000h base + 4h offset = 4004_8004h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|_
<
R N 0
|
° W
DELAY 5 BUSREF

(@]

Reset 0 0 0 0 0 0 0 0

POR/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LvVD

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R — —_ 0 0
o o
|2 5 |3| = =
AR R 5 w | g
| £ | £ | & I I 2 | E |[NMmE
o o = O O ; (7))
< < T o - S %) o
R = O S s s
o | o | 2 |3 E =
W w s
Reset 0 0 1 1 1 1 1 1 1 u* u* 0
POR/ 0 0 1 1 1 1 1 1 1 1 0 0
LVD
* Notes:

* u = Unaffected by reset.
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Chapter 12 System Integration Module (SIM)
SIM_SOPTO field descriptions

Field Description
31-24 ADC external Trigger Delay
DELAY
Specifies the delay from trigger source to ADC hardware trigger. The 8-bit modulo value allows the delay
from 0 to 255 upon the BUSREF clock settings. This is a one-shot counter that starts ticking when the
trigger arrives and stops ticking when the counter value reaches the modulo value that is defined.
23 ADC external Trigger Delay Active
DLYACT
This read-only field specifies the status if the ADC initial or match delay is active. This field is set when
an ADC trigger arrives and the delay counter is ticking. Otherwise, this field is cleared.
0 The delay is inactive.
1 The delay is active.
22-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19 Bus Clock Output Enable
CLKOE
Enables bus clock output on PTA2
0 Bus clock output is disabled on PTA2.
1 Bus clock output is enabled on PTA2.
18-16 BUS Clock Output select
BUSREF
Enables bus clock output PTA2 via an optional prescaler.
000 Bus
001 Bus divided by 2
010 Bus divided by 4
011 Bus divided by 8
100 Bus divided by 16
101 Bus divided by 32
110 Bus divided by 64
111 Bus divided by 128
15 SBAR_IN1 pin mapping enable on PTAO
SBARIN1EN
0 SBAR_IN1 on PTAO is disabled.
1 SBAR_IN1 on PTAQ is enabled.
14 SBAR_INO pin mapping enable on PTB1
SBARINOEN
0 SBAR_INO on PTB1 is disabled.
1 SBAR_INO on PTB1 is enabled.
13 UARTO_TX pin mapping enable on PTA7
UARTTXEN
NOTE: Both UARTTXEN and UARTRXEN must be set to 1, if using UART single wire mode.
0 UARTO_TX on PTA7 is disabled.
1 UARTO_TX on PTA?7 is enabled.
12 UARTO_RX pin mapping enable on PTA6
UARTRXEN

NOTE: Both UARTTXEN and UARTRXEN must be set to 1, if using UART single wire mode.

Table continues on the next page...
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SIM_SOPTO field descriptions (continued)

Field Description
0 UARTO_RX on PTAG is disabled.
1 UARTO_RX on PTAG6 is enabled.

11-10 FTM1 Channel mapping Enable
FTM1CHENJ1:0]

FTM1CHEN][1] controls the enable of FTM1_CH1 mapping on PTA5, while FTM1CHEN][0] controls the
enable of FTM1_CHO mapping on PTA4. For example, when FTM1CHEN = 10, it enables FTM1_CH1
and disables FTM1_CHO.

9-8 FTMO Channel mapping Enable
FTMOCHENT[1:0]

FTMOCHEN][1] controls the enable of FTMO_CH1 mapping on PTA3, while FTMOCHEN][O0] controls the
enable of FTM0_CHO mapping on PTA2. For example, when FTMOCHEN = 01, it disables FTMO_CH1
and enables FTM0_CHO.

7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Single Wire Debug port pin mapping Enable
SWDE

Enables the PTA4 pin to function as SWDIO, and PTAS5 pin function as SWCLK. When SWDE is cleared,
the two pins function as PTA4 and PTAS. This pin defaults to the SWDIO and SWCLK function following
any MCU reset.

0 SWDIO pin mapping on PTA4 is disabled, and SWCLK pin mapping on PTA5 is disabled.
1  PTA4 as SWDIO function, and PTA5 as SWCLK function.

2 RESET Pin mapping Enable
RSTPE

This write-once field can be written after any reset. When RSTPE is set, the PTBO pin functions as
RESET. When cleared, the pin functions as one of its alternative functions. This pin defaults to RESET
following an MCU POR. Other resets do not affect this field. When RSTPE is set, an internal pullup
device on RESET is enabled.

0 RESET pin mapping is disabled on PTBO.
1 PTBO pin functions as RESET.

1 NMI pin mapping Enable
NMIE

This write-once field can be written after any reset. When NMIE is set (and RSTPE is cleared), the PTBO
pin functions as NMI. When cleared, the pin functions as one of its alternative functions. This pin defaults
to RESET following an MCU POR. Other resets do not affect this bit. When NMIE is set, an internal
pullup device on NMI is enabled.

NOTE: The RSTPE bit takes higher priority than NMIE and GPIO.
0 NMIE pin mapping is disabled on PTBO.
1 PTBO pin functions as NMI, when RSTPE = 0.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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Chapter 12 System Integration Module (SIM)

12.2.3 Trigger Crossbar Configuration Register 0 (SIM_TBARCFGO)

See Figure 12-20 for more detailed information.

Address: 4004_8000h base + 8h offset = 4004_8008h

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

Vl?l LDOSHUTDOWN2 LDOSHUTDOWNH1 LDOSHUTDOWNO CNCEXCLAMP

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

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

VT/ ADCLOADOK ADCABORT ADCRESTART ADCTRIG

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

SIM_TBARCFGO field descriptions

Field Description
31-28 LDO external Shutdown source 2
LDOSHUTDOWN2
TBAR_INPUTN to be muxed as LDOSHUTDOWN?2.
27-24 LDO external Shutdown source 1
LDOSHUTDOWN1
TBAR_INPUTN to be muxed as LDOSHUTDOWNT1.
23-20 LDO external Shutdown source 0
LDOSHUTDOWNO
TBAR_INPUTh to be muxed as LDOSHUTDOWNO.
19-16 CNC External Clamp source selection
CNCEXCLAMP
15-12 ADC LoadOK source selection
ADCLOADOK
If ADCLOADOK is not the same as ADCRESTART, then ADC_LoadOK is connected to O.
11-8 ADC sequence Abort source selection
ADCABORT
7-4 ADC Restart source selection
ADCRESTART
ADCTRIG ADC Trigger source selection

12.2.4 Trigger Crossbar Configuration Register 1 (SIM_TBARCFG1)

Address: 4004_8000h base + Ch offset = 4004_800Ch

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

Reset 0 O 0 0O O O OOOO OOOOT OTO|OOOO OGOOS OOOOOUOOGOUOTGO
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SIM_TBARCFGT1 field descriptions

Field Description
314 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

TBAROUT TBAR_OUT source selection

TBAR_INPUTh to be muxed as TBAR_OUT. TBAR_OUT is connected to SBAR_INPUT15.

12.2.5 Signal Crossbar Configuration Register (SIM_SBARCFQG)

See Figure 12-21 for more detailed information.

Address: 4004_8000h base + 10h offset = 4004_8010h

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

x SBAROUT2 | SBAROUT1 | SBAROUTO UARTRX FTM1CH1IN | FTM1CHOIN IRQ FSKDTIN

Rest 0 O 0O 0 O 0 0O OO OO OO OUOO|0OOOOOOOOOOOOOGOOGODDO

SIM_SBARCFG field descriptions

Field Description
31-28 SBAR_OUT2 source selection
SBAROUT2
SBAR_INPUTn to be muxed as SBAR_OUT2.
27-24 SBAR_OUT1 source selection
SBAROUT1

SBAR_INPUTn to be muxed as SBAR_OUT1.
NOTE: If this field is set to a non-zero value, the SBAR_OUT1 pin mapping is automatically enabled
(SBAR_OUT1 pin map on PTA2 for this case).

23-20 SBAR_OUTO source selection
SBAROUTO

SBAR_INPUTn to be muxed as SBAR_OUTO.

NOTE: If this field is set to a non-zero value, the SBAR_OUTO pin mapping is automatically enabled
(SBAR_OUTO pin map on PTA1 for this case).

19-16 UART_RxD source selection
UARTRX
When setting this field to 0, it selects the source from pin PTAG.
15-12 FTM1_CH1 Input source selection
FTM1CH1IN
When setting this field to 0, it selects the source from pin PTAS5.
11-8 FTM1_CHO Input source selection
FTM1CHOIN
When setting this field to 0, it selects the source from pin PTA4.
7-4 IRQ input source selection
IRQ

When setting this field to 0, it selects the source from pin PTBO.
FSKDTIN FSKDT Input source selection
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12.2.6 FSK Configuration Register (SIM_XBARCFG)

Address: 4004_8000h base + 14h offset = 4004_8014h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R E 0

X

B FILT1

4
w| »

L

Reset 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0
FILTO TBARDIV SBARDIV

w

Reset 0 0 0 0 0 0 0 0

SIM_XBARCFG field descriptions

Field Description
31 FSK glitch filter and divider Clock Enable control
FSKCLKEN

This bit is used to control the glitch filter and divider related clock.

0 Disables the FSK filter/divider clock.
1 Enables the FSK filter/divider clock.

30-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23-16 The second glitch filter width configuration control
FILT1
15-12 The first glitch filter width configuration control
FILTO
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-8 TBAR FSK Divider source control
TBARDIV
N Divided by 2N (if N > 5, then this division factor is not applicable).
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

SBARDIV SBAR FSK Divider source control

N Divided by 2N (if N > 9, then this division factor is not applicable).
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12.2.7 System Clock Gating Control Register (SIM_SCGC)

Address: 4004_8000h base + 18h offset = 4004_8018h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R| O o 0 0 o 0
o =
= ADC o 12C0
(@] <<
W < o)
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 T 0 0 _ o E 0
swp| 2 LDO | PGA | CNC = | 2| 2 PIT | RTC
— T T %)
w (5 -
Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
SIM_SCGC field descriptions
Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 ACMPO Clock Gating Control
ACMPO
Controls the clock gating to the ACMPO module.
0 Bus clock to the ACMPO module is disabled.
1 Bus clock to the ACMPO module is enabled.
29 ADC Clock Gating Control
ADC
Controls the clock gating to the ADC module.
0 Bus clock to the ADC module is disabled.
1 Bus clock to the ADC module is enabled.
28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27 IRQ Clock Gating Control
IRQ
Controls the clock gating to the IRQ module.
0 Bus clock to the IRQ module is disabled.
1 Bus clock to the IRQ module is enabled.
26-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 UARTO Clock Gating Control
UARTO
Controls the clock gating to the UARTO module.

Table continues on the next page...
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SIM_SCGC field descriptions (continued)

Field Description
0 Bus clock to the UARTO module is disabled.
1 Bus clock to the UARTO module is enabled.
19-17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 [2C0 Clock Gating Control
12C0
Controls the clock gating to the 2CO module.
0 Bus clock to the I2C0 module is disabled.
1 Bus clock to the 12C0O module is enabled.
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 Single Wire Debugger (SWD) Clock Gating Control
SWD
Controls the clock gating to the SWD module.
0 Bus clock to the SWD module is disabled.
1 Bus clock to the SWD module is enabled.
12 Flash Clock Gating Control
FLASH
Controls the clock gating to the Flash module.
0 Bus clock to the Flash module is disabled.
1 Bus clock to the Flash module is enabled.
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 LDO Clock Gating Control
LDO
Controls the clock gating to the LDO module.
0 Bus clock to the LDO module is disabled.
1 Bus clock to the LDO module is enabled.
9 PGA Clock Gating Control
PGA
Controls the clock gating to the PGA module.
0 Bus clock to the PGA module is disabled.
1 Bus clock to the PGA module is enabled.
8 CNC Clock Gating Control
CNC
Controls the clock gating to the CNC module.
0 Bus clock to the CNC module is disabled.
1 Bus clock to the CNC module is enabled.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 FTM1 Clock Gating Control
FTMA1

Controls the clock gating to the FTM1 module.

Table continues on the next page...
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SIM_SCGC field descriptions (continued)

Field Description
0 Bus clock to the FTM1 module is disabled.
1 Bus clock to the FTM1 module is enabled.

5 FTMO Clock Gating Control
FTMO

Controls the clock gating to the FTMO module.

0 Bus clock to the FTMO module is disabled.
1 Bus clock to the FTMO module is enabled.

4 FSKDT Clock Gating Control
FSKDT

Controls the clock gating to the FSKDT module.

0 Bus clock to the FSKDT module is disabled.
1 Bus clock to the FSKDT module is enabled.

3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 PIT Clock Gating Control
PIT

Controls the clock gating to the PIT module.

0 Bus clock to the PIT module is disabled.
1 Bus clock to the PIT module is enabled.

0 RTC Clock Gating Control
RTC

Controls the clock gating to the RTC module.

0 Bus clock to the RTC module is disabled.
1 Bus clock to the RTC module is enabled.
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12.2.8 Reset control Register (SIM_RST)

This register is used to reset corresponding peripherals, when writing 1 to the bit fields.
Reading this register always returns 0.

Address: 4004_8000h base + 1Ch offset = 4004_801Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21

n
o

19 18 17 16

12C0

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

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 0 _ o E 0
LDO CNC 2 | B | ¥ PIT | RTC
w o L o

Reset 0 0 0 0 0 0 0 0 0

SIM_RST field descriptions

o
o
o
o
o
o
o

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 ACMPO Reset Control
ACMPO

Controls the reset to the ACMPO module.

0 Reset to the ACMPO module is disabled.
1 Reset to the ACMPO module is enabled.

29-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27 IRQ Reset Control
IRQ

Controls the reset to the IRQ module.

0 Reset to the IRQ module is disabled.
1 Reset to the IRQ module is enabled.

26-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 UARTO Reset Control
UARTO

Controls the reset to the UARTO module.

0 Reset to the UARTO module is disabled.
1 Reset to the UARTO module is enabled.

Table continues on the next page...
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SIM_RST field descriptions (continued)

Field Description
19-17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 12C0 Reset Control
12C0
Controls the reset to the 12C0 module.
0 Reset to the I2CO module is disabled.
1 Reset to the 12C0 module is enabled.
15-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 LDO Reset Control
LDO
Controls the reset to the LDO module.
0 Reset to the LDO module is disabled.
1 Reset to the LDO module is enabled.
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 CNC Reset Control
CNC
Controls the reset to the CNC module.
0 Reset to the CNC module is disabled.
1 Reset to the CNC module is enabled.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 FTM1 Reset Control
FTMA1
Controls the reset to the FTM1 module.
0 Reset to the FTM1 module is disabled.
1 Reset to the FTM1 module is enabled.
5 FTMO Reset Control
FTMO
Controls the reset to the FTMO module.
0 Reset to the FTMO module is disabled.
1 Reset to the FTMO module is enabled.
4 FSKDT Reset Control
FSKDT
Controls the reset to the FSKDT module.
0 Reset to the FSKDT module is disabled.
1 Reset to the FSKDT module is enabled.
3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 PIT Reset Control
PIT

Controls the reset to the PIT module.

Table continues on the next page...
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SIM_RST field descriptions (continued)

Field Description
0 Reset to the PIT module is disabled.
1 Reset to the PIT module is enabled.

0 RTC Reset Control
RTC

Controls the reset to the RTC module.

0 Reset to the RTC module is disabled.
1 Reset to the RTC module is enabled.

12.2.9 Clock Divider Register (SIM_CLKDIV)

This register sets the division factor value for the clock.

NOTE
Carefully configure the OUTDIV1 and OUTDIV?2 fields to
avoid bus clock frequency higher than 24 MHz.

Address: 4004_8000h base + 20h offset = 4004_8020h

19 18 17 16

n
~
n
=]

Bit 31 30 29 28 27 26 25 23 22 21

OUTDIV1

OUTDIV2
OUTDIV3

Reset 0 0 u* u* 0 0 0 u* 0 0 0 u* 0 0 0 0
POR/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LVD

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

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
POR/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LVD

* Notes:
* u = Unaffected by reset.

SIM_CLKDIV field descriptions

Field Description
31-30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_CLKDIV field descriptions (continued)

Field Description

29-28 Clock 1 Output Divider value
OUTDIV1

This field sets the divider value for the core/system clock.

00 Same as ICSOUTCLK.

01 ICSOUTCLK is divided by 2.
10 ICSOUTCLK is divided by 3.
11 ICSOUTCLK is divided by 4.

27-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 Clock 2 Output Divider value
OuUTDIV2

This field sets the divider value for the bus/FLASH, following OUTDIV1.

0 Not divided from Divider1.
1 Divided by 2 from Divider1.

23-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 Clock 3 Output Divider value
OUTDIV3

This field sets the divider value for the timers (FTMO, FTM1, FSKDT).

0 Same as ICSOUTCLK.
1 ICSOUTCLK is divided by 2.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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12.2.10 CNC external clamp and LDO external shutdown Flags
Register (SIM_FLG)

Address: 4004_8000h base + 24h offset = 4004_8024h

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

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

o
o

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

—_
o

By
o
ESHUTF
ECLAMPF

wic wic

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

SIM_FLG field descriptions

Field Description
31-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 LDO External Shutdown status Flag
ESHUTF

This field indicates LDO external shutdown status, and it also drives the LDO external shutdown request
input.

0 LDO external shutdown is de-asserted.
1 LDO external shutdown is asserted. Write 1 to clear this flag.

0 CNC External Clamp status Flag
ECLAMPF
This field indicates CNC external clamp status, and it also drives the CNC external clamp input.

0 CNC external clamp is de-asserted.
1 CNC external clamp is asserted. Write 1 to clear this flag.
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12.2.11 AOI function Configuration Register (SIM_AOICFG)

Address: 4004_8000h base + 28h offset = 4004_8028h

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

R PTo_| PTO_ | PTO_ | PTO_|PT1_|PT1_|PT1_|PT1_|PT2_|PT2_|PT2_|PT2_|PT3_|PT3_|PT3_|PT3_
Wi AC BC CC DC AC BC CcC DC AC BC CcC DC AC BC cC DC

Reset 0 O 0 0O 0O O OOOO OOOOT OTO|OOOO OTOOO OOOOOUOOOUOTGO

SIM_AOICFG field descriptions

Field Description

31-30 Product Term 0, A input Configuration
PTO_AC
This 2-bit field defines the Boolean evaluation associated with the selected input A in product term 0.

00 Force the A input in this product term to a logic zero.
01 Pass the A input in this product term.

10 Complement the A input in this product term.

11 Force the A input in this product term to a logic one.

29-28 Product Term 0, B input Configuration
PTO_BC
Defines the Boolean evaluation associated with the selected input B in product term 0.

00 Force the B input in this product term to a logic zero.
01 Pass the B input in this product term.

10 Complement the B input in this product term.

11 Force the B input in this product term to a logic one.

27-26 Product Term 0, C input Configuration
PTO_CC
Defines the Boolean evaluation associated with the selected input C in product term 0.

00 Force the C input in this product term to a logic zero.
01 Pass the C input in this product term.

10 Complement the C input in this product term.

11 Force the C input in this product term to a logic one.

25-24 Product Term 0, D input Configuration
PTO_DC
Defines the Boolean evaluation associated with the selected input D in product term O.

00 Force the D input in this product term to a logic zero.
01 Pass the D input in this product term.

10 Complement the D input in this product term.

11 Force the D input in this product term to a logic one.

23-22 Product Term 1, A input Configuration
PT1_AC
Defines the Boolean evaluation associated with the selected input A in product term 1.

00 Force the A input in this product term to a logic zero.
01 Pass the A input in this product term.

Table continues on the next page...
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SIM_AOICFG field descriptions (continued)

Field Description
10 Complement the A input in this product term.
11 Force the A input in this product term to a logic one.
21-20 Product Term 1, B input Configuration
PT1_BC
Defines the Boolean evaluation associated with the selected input B in product term 1.
00 Force the B input in this product term to a logic zero.
01 Pass the B input in this product term.
10 Complement the B input in this product term.
11 Force the B input in this product term to a logic one.
19-18 Product Term 1, C input Configuration
PT1_CC
Defines the Boolean evaluation associated with the selected input C in product term 1.
00 Force the C input in this product term to a logic zero.
01 Pass the C input in this product term.
10 Complement the C input in this product term.
11 Force the C input in this product term to a logic one.
17-16 Product Term 1, D input Configuration
PT1_DC
Defines the Boolean evaluation associated with the selected input D in product term 1.
00 Force the D input in this product term to a logic zero.
01 Pass the D input in this product term.
10 Complement the D input in this product term.
11 Force the D input in this product term to a logic one.
15-14 Product Term 2, A input Configuration
PT2_AC
Defines the Boolean evaluation associated with the selected input A in product term 2.
00 Force the A input in this product term to a logic zero.
01 Pass the A input in this product term.
10 Complement the A input in this product term.
11 Force the A input in this product term to a logic one.
13-12 Product Term 2, B input Configuration
PT2_BC
Defines the Boolean evaluation associated with the selected input B in product term 2.
00 Force the B input in this product term to a logic zero.
01 Pass the B input in this product term.
10 Complement the B input in this product term.
11 Force the B input in this product term to a logic one.
11-10 Product Term 2, C input Configuration
PT2_CC

Defines the Boolean evaluation associated with the selected input C in product term 2.

00 Force the C input in this product term to a logic zero.
01 Pass the C input in this product term.

10 Complement the C input in this product term.

11 Force the C input in this product term to a logic one.

Table continues on the next page...
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SIM_AOICFG field descriptions (continued)

Field Description

9-8 Product Term 2, D input Configuration

PT2_DC
Defines the Boolean evaluation associated with the selected input D in product term 2.

00 Force the D input in this product term to a logic zero.
01 Pass the D input in this product term.

10 Complement the D input in this product term.

11 Force the D input in this product term to a logic one.

7-6 Product Term 3, A input Configuration

PT3_AC
Defines the Boolean evaluation associated with the selected input A in product term 3.

00 Force the A input in this product term to a logic zero.
01 Pass the A input in this product term.

10 Complement the A input in this product term.

11 Force the A input in this product term to a logic one.

5-4 Product Term 3, B input Configuration

PT3_BC
Defines the Boolean evaluation associated with the selected input B in product term 3.

00 Force the B input in this product term to a logic zero.
01 Pass the B input in this product term.

10 Complement the B input in this product term.

11 Force the B input in this product term to a logic one.

3-2 Product Term 3, C input Configuration
PT3_CC
Defines the Boolean evaluation associated with the selected input C in product term 3.

00 Force the C input in this product term to a logic zero.
01 Pass the C input in this product term.

10 Complement the C input in this product term.

11 Force the C input in this product term to a logic one.

PT3_DC Product Term 3, D input Configuration

Defines the Boolean evaluation associated with the selected input D in product term 3.

00 Force the D input in this product term to a logic zero.
01 Pass the D input in this product term.

10 Complement the D input in this product term.

11 Force the D input in this product term to a logic one.
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12.2.12 ACMP channel 2 Configuration and SIM_SCGC[ADC] write
enable Register (SIM_CR)

Address: 4004_8000h base + 2Ch offset = 4004_802Ch

Bit 31 30 29 28 27 26

N
o
N
~
N
w

22 21 20 19 18 17 16

ACMPOCH2SE
L

Reset 0 0 0 0 0 0 0

o
o
o
o
o
o
o
o
o

Bit 15 14 13 12 1 10 9

o]
N
o
(6]
£
w
N
-
o

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

SIM_CR field descriptions

Field Description
31-26 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
25-24 ACMPO_IN[2] Selection
ACMPOCH2SEL

This bit selects the ACMPO input channel 2 source.

00 ACH1 divider output from CNC, the divider value depends on the CNC_ANACFG2[ACDIV], and output
enable is controlled by CNC_ANACFG1[AC1DIVOE].

01 1/5 AD_IN output from CNC, the output enable is controlled by CNC_ANACFG1[VADDIVOE].
10 1/8 VRgc output.

11 7/10 Vpyr output from LDO, the output control is enabled by setting LDO_CR[LDOEN],
LDO_CR[CPEN], LDO_CR[LDOREGEN], and LDO_CR[CPCLKPS] first and waiting
LDO_SR[CPOKF] flag to be set.

23-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 ADC Clock Gating control bit Write Enable
ADCGCWEN

This bit enables user to control the ADC clock gating through SIM_SCGC[ADC].
0 SIM_SCGC[ADC] cannot be changed.

1 SIM_SCGC[ADC] can be changed.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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12.2.13 Universally Unique Identifier Low Register (SIM_UUIDL)

The read-only SIM_UUIDL register contains a serie of numbers to identify the unique
device in the family.

Address: 4004_8000h base + 30h offset = 4004_8030h

Bit31302928272625242322212019181716|1514131211109876543210

R ID[31:0]

Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
e x = Undefined at reset.

SIM_UUIDL field descriptions

Field Description

ID[31:0] Universally Unique Identifier

12.2.14 Universally Unique Identifier Middle Low Register
(SIM_UUIDML)

The read-only SIM_UUIDML register contains a serie of numbers to identify the unique
device in the family.

Address: 4004_8000h base + 34h offset = 4004_8034h

Bit31302928272625242322212019181716|1514131211109876543210

R ID[63:32]

Reset x* X* X* X* X* X* X* X* x* X* X* x* X* X* X* x* X* X* X* x* X* X* x* X* X* X* X* X* X* X* x* X*
* Notes:
e x = Undefined at reset.
SIM_UUIDML field descriptions
Field Description

ID[63:32] Universally Unique Identifier
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12.2.15 Universally Unique Identifier Middle High Register
(SIM_UUIDMH)

The read-only SIM_UUIDMH register contains a serie of numbers to identify the unique
device in the family.

Address: 4004_8000h base + 38h offset = 4004_8038h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16(15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 ID[80:64]

*

Reset X* x* Xx* Xx* xX* X' x* x* X* x* x* x* x* x* x* x*|x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
¢ x = Undefined at reset.

SIM_UUIDMH field descriptions

Field Description

31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

ID[80:64] Universally Unique Identifier

12.2.16 Peripherals IFR bits Register 0 (SIM_IFRO0)

Address: 4004_8000h base + 3Ch offset = 4004_803Ch

Bit31302928272625242322212019181716|1514131211109876543210

R IFRO_31_21 IFRO_20_10 0

Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
¢ x = Undefined at reset.

SIM_IFRO field descriptions

Field Description
31-21 PGA gain = 10 offset. The bit 31 indicates the value is positive or negative.
IFRO_31_21
20-10 PGA gain = 8 offset. The bit 20 indicates the value is positive or negative.
IFRO_20_10

Table continues on the next page...
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SIM_IFRO field descriptions (continued)

Field Description

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

12.2.17 Peripherals IFR bits Register 1 (SIM_IFR1)

Address: 4004_8000h base + 40h offset = 4004_8040h

Bit31302928272625242322212019181716|1514131211109876543210

R 0 IFR1_17_12 IFR1_11_6 IFR1_5_0

Reset x* X* X* X* X* X* X* X* X* X* X* x* X* X* X* x* X* X* X* X* X* X* x* X* X* X* X* X* X* X* X* X*

* Notes:
¢ x = Undefined at reset.

SIM_IFR1 field descriptions

Field Description
31-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17-12 PMC Vggpysy Trim (3.8 V Trim case).
IFR1_17_12
11-6 PMC Vggppsy Trim (4.2 V Trim case).
IFR1_11_6
IFR1_5_0 PMC Vgggnsy Trim (4.6 V Trim case).

12.2.18 Peripherals IFR bits Register 2 (SIM_IFR2)

Address: 4004_8000h base + 44h offset = 4004_8044h

Bit31302928272625242322212019181716|1514131211109876543210

R 0 IFR2_21_11 IFR2_10_0

Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
¢ x = Undefined at reset.
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SIM_IFR2 field descriptions

Field Description
31-22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21-11 PGA gain = 15 offset. The bit 21 indicates the value is positive or negative.
IFR2_21_11
IFR2_10_0 PGA gain = 20 offset. The bit 10 indicates the value is positive or negative.

12.2.19 Peripherals IFR bits Register 3 (SIM_IFR3)

Address: 4004_8000h base + 48h offset = 4004_8048h

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

R 0 IFR3_22_12 IFR3_11_0
Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*
* Notes:
* x = Undefined at reset.
SIM_IFR3 field descriptions
Field Description
31-23 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
22-12 Vgg conversion value. Normal BG, only 11 bit as BG is only about 1.2 V.
IFR3_22_12
IFR3_11_0 Vour divider (0.7 Vo) conversion value.

12.3 Functional description

The following sections describe functional details of the module.

12.3.1 System clock gating and reset control

This device includes clock gating control for each peripheral, that is, the clock to each
peripheral can be explicitly gated ON or OFF, using clock gating control fields in the
SIM_SCGC register.
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Gating the ADC clock during an on-going conversion may cause errors. To avoid such a
condition, SIM module offers the ADC clock gating protection. When
SIM_CR[ADCGCWEN] is cleared, SIM_SCGC[ADC] is protected from writing.

The device also contains reset control for each peripheral, which means peripherals could
be individually reset through software. By setting the control fields in the SIM peripheral
reset control register (SIM_RST), the correspondent peripheral could be reset
accordingly.

12.3.2 TBAR

The module interconnections are managed by two inter-crossbars: TBAR (trigger
crossbar) and SBAR (signal crossbar).

The following figure shows the TBAR configuration.

ADC_Trigger

Delay |

VSS
—

VDD

ADC_Restart

PIT_TIFQ
—

PIT_TIF1 ADC_AbortSeq
—

ACMPO_OUT ADC_LoadOK
—

FTMO_INIT > CNC_ExClamp

FTMA_INIT
—

Trigger

Rising
Crossbar

edge
sampling| >
logic

LDO_ExSDO

VRECT_OVP
—>

VRECT_LVP LDO_ExShutdown
——>

LDO_ExSD1

TBAR_DIV PMC_LVW, |

LDO_ExSD2

RTC_OVF
e

A, 72, ... 732)

2-stage
Glitch
Filter

CNC_zC

TBAR_OUT
{to SBAR_INPUT15)

CNC_ZC_FLT

SBAR_OUT2
— >

Figure 12-20. TBAR configuration diagram

The following table shows the TBAR inputs.
Table 12-21. TBAR inputs

No. SEL[3:0] Name Description
TBAR_INPUTO 0000b VSS Vgs (reset value)
TBAR_INPUT1 0001b VDD Vbp
TBAR_INPUT2 0010b PIT_TIFO PIT CHO timer interrupt flag

Table continues on the next page...
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Table 12-21. TBAR inputs (continued)

No. SEL[3:0] Name Description

TBAR_INPUT3 0011b PIT_TIF1 PIT CH1 timer interrupt flag

TBAR_INPUT4 0100b ACMPO_OUT ACMPO output

TBAR_INPUT5 0101b FTMO_INIT Flex Timer O initialization trigger

TBAR_INPUT6 0110b FTM1_INIT Flex Timer 1 initialization trigger

TBAR_INPUT7 0111b VRECT_OVP CNC rectifier overvoltage protection

TBAR_INPUTS8 1000b VRECT_LVP CNC rectifier low voltage protection

TBAR_INPUT9 1001b PMC_LVW PMC Vpp low voltage warning

TBAR_INPUT10 1010b RTC_OVF RTC overflow flag

TBAR_INPUT11 1011b CNC_ZCDIV Divided CNC AC1/AC2 voltage zero-crossing

TBAR_INPUT12 1100b CNC_ZC_FLT CNC AC1/AC2 voltage zero-crossing, after the
glitch filter

TBAR_INPUT13 1101b SBAR_OUT2 Signal crossbar output 2

TBAR_INPUT14 1110b Reserved Reserved

TBAR_INPUT15 1111b Reserved Reserved

The following table shows the TBAR outputs.

Table 12-22. TBAR outputs

No. Control bits Name Description

0 SIM_TBRACFGO[ADCTRIG] ADC_Trigger ADC trigger

1 SIM_TBRACFGO[ADCRESTART] ADC_Restart ADC restart

2 SIM_TBRACFGO[ADCABORT] ADC_AbortSeq ADC abort sequence

3 SIM_TBRACFGO[ADCLOADOK] ADC_LoadOK ADC load OK

4 SIM_TBRACFGO[CNCEXCLAMP] CNC_ExClamp CNC clamp driver external trigger
5 SIM_TBRACFGO[LDOSHUTDOWNO] LDO_ExSDO LDO external shutdown trigger 0
6 SIM_TBRACFGO[LDOSHUTDOWN1] LDO_ExSD1 LDO external shutdown trigger 1
7 SIM_TBRACFGO[LDOSHUTDOWN2] LDO_ExSD2 LDO external shutdown trigger 2
8 SIM_TBRACFG1[TBAROUT] TBAR_OUT Trigger crossbar output (connected to SBAR

input)

Each TBAR output can select any input as its source through SIM_TBARCFGO and
SIM_TBARCFGI. For example, to configure FTMO_INIT as the ADC_Trigger source,
user needs to set SIM_TBARCFGO[ADCTRG] as 0101b.

12.3.2.1 CNC_ZC 2-stage glitch filter and divider

A 2-stage glitch filter is implemented for the CNC_ZC (CNC AC1/AC2 voltage zero-
crossing) signal.
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User can set SIM_XBARCFG[FSKCLKEN] to enable this filter. The TIMER_CLK is
used as the filter clock.

The first stage filter is a 4-bit configurable digital glitch filter. To enable this first stage,
set SIM_XBARCFG[FILTO] to any non-zero value.

The second stage filter is a 8-bit configurable digital glitch filter. To enable the second
stage, set SIM_XBARCFGI[FILT1] to any non-zero value.

A digital divider is also implemented on the CNC_ZC signal. User can configure
SIM_XBARCFG[TBARDIV] to set the CNC_ZC division factor. The division factor is
calculated as 2TBARDIV The allowed maximum value of division factor is 32. If the

TBARDIV field value is configured to be higher than or equal to 110b, it is then ignored.

12.3.2.2 ADC trigger delay module
A delay module is implemented for ADC trigger signal. This module enables the ADC
trigger signal to be synchronized to any trigger source selected through the TBAR.

Configure the SIM_SOPTO[DELAY] bits to define the delay cycle counts. BUS_CLK is
used as the delay module clock.

12.3.3 SBAR

The module interconnections are managed by two inter-crossbars: TBAR (trigger
crossbar) and SBAR (signal crossbar).

The following figure shows the SBAR configuration.
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NC

|
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Figure 12-21. SBAR configuration diagram

The following table shows the SBAR inputs.
Table 12-23. SBAR inputs

No. SEL[3:0] Name Description

SBAR_INPUTO 0000b NC No connection (tie to O for functions except IRQ,
UARTO_RX, FTM1_CHO_IN, and
FTM1_CH1_IN)

SBAR_INPUT1 0001b VSS Vss

SBAR_INPUT2 0010b VDD Vpp

SBAR_INPUT3 0011b CNC_ZC_FLT CNC AC1/AC2 voltage zero-crossing, after the
glitch filter

SBAR_INPUT4 0100b CNC_zCDIV Divided CNC AC1/AC2 voltage zero-crossing

SBAR_INPUT5 0101b AOQI_OUT And-Or-Invert (AOI) module output

SBAR_INPUT6 0110b FTMO_CHO_OUT Flex Timer 0 channel 0 output

SBAR_INPUT7 0111b FTMO_CH1_OUT Flex Timer 0 channel 1 output

SBAR_INPUT8 1000b UARTO_TX UARTO Tx

SBAR_INPUT9 1001b UARTO_RX UARTO Rx

SBAR_INPUT10 1010b RTCO RTC output

SBAR_INPUT11 1011b ACMPO_OUT ACMPO output

SBAR_INPUT12 1100b PMC_20kHz PMC 20 kHz RC oscillator output

SBAR_INPUT13 1101b SBAR_INO SBAR input 0 (mapped on PTB1)

Table continues on the next page...
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Table 12-23. SBAR inputs (continued)

No. SEL[3:0] Name Description
SBAR_INPUT14 1110b SBAR_IN1 SBAR input 1 (mapped on PTAQ)
SBAR_INPUT15 1111b TBAR_OUT Trigger crossbar output

The following table shows the SBAR outputs.
Table 12-24. SBAR outputs

No. Control bits Name Description
0 SIM_SBARCFG[FSKDTIN] FSKDT_IN FSKDT input

1 SIM_SBARCFG[IRQ] IRQ IRQ input

2 SIM_SBARCFG[FTM1CHOIN] FTM1_CHO_IN Flex Timer 1 channel 0 input
3 SIM_SBARCFG[FTM1CH1IN] FTM1_CH1_IN Flex Timer 1 channel 1 input
4 SIM_SBARCFG[UARTRX] UARTO_RX UART Rx

5 SIM_SBARCFG[SBAROUTO] SBAR_OUTO SBAR output to PTA1

6 SIM_SBARCFG[SBAROUT1] SBAR_OUT1 SBAR output to PTA2

7 SIM_SBARCFG[SBAROUT2] SBAR_OUT2 SBAR output to TBAR input

Each SBAR output can select any input as its source through the SIM_SBARCFG
register. For example, to configure CNC_ZC as the FSKDT input source, user needs to
set SIM_SBARCFG[FSKDTIN] as 0011b.

12.3.3.1 CNC_ZC 2-stage glitch filter and divider

On SBAR, the CNC_ZC (CNC AC1/AC2 voltage zero-crossing) signal shares the same
2-stage digital glitch filter as that on TBAR.

User can set SIM_XBARCFG[FSKCLKEN] to enable this filter. The TIMER_CLK is
used as the filter clock.

The first stage filter is a 4-bit configurable digital glitch filter. To enable the first stage,
set SIM_XBARCFG[FILTO] to any non-zero value.

The second stage filter is a 8-bit configurable digital glitch filter. To enable the second
stage, set SIM_XBARCFGI[FILT1] to any non-zero value.

A digital divider is also implemented on the CNC_ZC signal. User can configure
SIM_XBARCFG[SBARDIV] to set CNC_ZC division factor. The division factor is
calculated as 25BARPIV The allowed maximum value of division factor is 512. If the
SBARDIV field value is configured to be higher than or equal to 1010b, it is then
ignored.
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12.3.3.2 And-Or-Invert (AOI) module

The AOI module supports one event output, and this event output represents a user-
programmed combinational Boolean function based on four event inputs. The AOl is a
highly programmable module for creating combinational Boolean outputs for use as
hardware triggers. Each AOI output channel, as shown in the following figure, has one
logic function: evaluation of a combinational Boolean expression as a sum of four
products, where each product term includes all four selected input sources available as
true or complement values.
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Input A

Input B

Input C

Input D

151 Event
PT1_DC
1:b0

PT2_DC

PT3_AC

PT3_DC

Figure 12-22. Simplified AOI diagram

The AOI module supports access to its programming model via the SIM_AOICFG
register.
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The AOI module provides a universal Boolean function generator using a 4-term sum of
products expression, with each product term containing true or complement values of the
four selected event inputs (A, B, C, D). Specifically, the output is defined by the
following 4 x 4 Boolean expression:

AOI output

= (0,A,A,1) & (0,B,B,1) & (0,C,C,1) & (0,D,D,1) //product term 0
| (0,A,A2,1) & (0,B,B,1) & (0,C,C,1) & (0,D,D,1) //product term 1
| (0,A,2,1) & (0,B,B,1) & (0,C,C,1) & (0,D,D,1) //product term 2
| (0,A,7,1) & (0,B,B,1) & (0,C,C,1) & (0,D,D,1) //product term 3

Each selected input (A, B, C or D) can be configured to produce a logic 0 or 1 or pass the
true or complement of the selected event input, depending on the SIM_AOICFG register
value. Each product term uses 8 bits of configuration information, 2 bits for each of the
four selected event inputs. The resulting logic provides a simple yet powerful Boolean
function evaluation for defining an event output.

Table 12-25. SIM_AOICFG values for simple Boolean expressions

Output PTO PT1 PT2 PT3 SIM_AOICFG

A&B A&B 0 0 0 01011111_00000000_00000000_
00000000

A&B&C A&B&C 0 0 0 01010111_00000000_00000000_
00000000

(A&B&C)+D |[A&B&C D 0 0 01010111_11111101_00000000_
00000000

A+B+C+D |A B Cc D 01111111_11011111_11110111_
11111101

(A&B)+(A& |A&B A&B 0 0 01101111_.10011111_00000000_

B) 00000000

The following table shows the AOI module inputs.

Table 12-26. AOI module inputs assignment

No. Signal Description
A CNC_zCDIV Divided CNC AC1/AC2 voltage zero crossing
B FTMO_CHO_OUT Flex Timer 0 channel 0 output
C FTMO_CH1_OUT Flex Timer 0 channel 1 output
D UARTO_TX UARTO Tx

The AOI output is connected to one of the SBAR inputs.

12.3.3.3 SBAR related pin management
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Some of the signal crossbar (SBAR) inputs and outputs share the other on-chip modules'
signals which are also mapped to GPIO, like FTM channels, UARTO_TX and
UARTO_RX.

Whether these signals are mapped to/from on-chip modules or to/from GPIO inputs/
outputs are controlled by the configuration of the following bits.

» SIM_SOPTO[SBARINI1EN]

* SIM_SOPTO[SBARINOEN]

e SIM_SOPTO[UARTTXEN]

* SIM_SOPTO[UARTRXEN]

e SIM_SOPTO[FTM1CHEN]

» SIM_SOPTO[FTMOCHEN]

For example, when the bit SIM_SOPTO[SBARINI1EN] is set to 1, SBAR_INT1 input from
PTAO is enabled, otherwise the input is disabled. Similarly for the case of other bits, see
the register field descriptions of SIM_SOPTO for more details.
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Power Management Controller (PMC)

13.1 Chip-specific PMC information

13.1.1 LPO measurement and trim

The low-power oscillator (LPO), 20 kHz RC OSC from PMC, and the LVW on VDDX
could be connected to other on-chip timers through the signal crossbar (SBAR) in the
SIM module for measurement.

Based on the measurement result, user is allowed to configure this RC OSC frequency by
setting PMC_RC20KTRM[OSCOT], after setting the general write protection bit
PMC_CTRL[GWREN].

13.2 Introduction

The power management controller (PMC) module contains four main voltage regulators,
which provide internal power to other analog modules and the MCU from an external DC
source. The nominal output voltage remains steady over the input voltage range of 5.3 V
to 20 V.

PMC also contains the power-on reset (POR), the low voltage detection system (low
voltage reset and low voltage warning), a high-accuracy reference voltage output, a 20
kHz low-power oscillator and an internal temperature monitor.

13.3 Features
PMC includes the following features:
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* Four integrated voltage regulators: VREGyppx, VREGyppr, VREGypp and
VREGvReFH
* 5 volt (VREGyppx for analog modules)
* 2.8 volt (VREGyppE for flash memory and oscillator)
* 1.8 volt (VREGypp for digital logics)
* 3.7~4.9 volt output with 6-bit trim (VREGygrggy for ADC voltage reference)
* Output supply decoupling capacitors of 4.7~10 uF for VREGyppx and 10 pF for
VREGVREFH required
* No output supply decoupling capacitors for VREGyppg and VREGypp required
* Reduced performance mode (RPM), full performance mode (FPM), and wake-up
from the RPM state via external input
* Integrated power-on reset (POR)
* Low voltage detection system
* Integrated low voltage reset (LVR) with reset capability in VREGyppx,
VREGVDDF and VREGVDD
* Integrated low voltage warning (LVW) indicator in VREGyppx
* Programmable LVW indicator for VREFH in VREGygrgrg
» Buffered high-accuracy reference voltage output
 Factory programmed trim for high-accuracy reference
* 20 kHz low-power oscillator (LPO) clock source
* Integrated temperature sensor allowing both internal and external monitoring

13.4 Overview

This section presents an overview of the PMC module. The following figure illustrates
the simplified PMC block diagram.
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Figure 13-1. Simplified PMC block diagram

13.5 Modes of operation

PMC supports two operating modes: the reduced performance mode (RPM) and the full
performance mode (FPM).

13.5.1 Reduced performance mode

When the MCU enters the Stop mode, PMC enters the reduced performance mode
(RPM). In this state, the performance of four regulators is reduced but it allows an
external logic input to wake up the PMC. When in RPM, the four internal regulators have
some limitations as follows:

* VREGyppx voltage accuracy is not guaranteed to be 5 V and its drive capability is

reduced.

* VREGyppf output voltage drops and its drive capability is very limited.

* VREGypp output voltage drops and its drive capability is very limited.

b VREGVREFH 1s off.
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When in RPM, the low voltage detection system, the high-accuracy reference voltage and
the temperature sensor are off.

13.5.2 Full performance mode

In the full performance mode (FPM) state, the four regulators of PMC perform full
regulation of the input supply, to produce the internal regulated supplies in the chip.

13.6 External signal description

PMC has one input signal channel. The following table itemizes all the PMC external

pins.

Signal 110 Detailed description Connect from/to
VREC | PMC voltage supply input From pin VREC
VDDX 0] 5 V power voltage output To pin VDD1
VDDA | 5V analog supply From pin VDDA
VREFH 0] Accurate voltage reference for ADC To pin VREFH
VDDF (0] 2.8 V flash supply voltage To flash module
vDD1.8 (0] 1.8 V core supply voltage To MCU digital logics

13.6.1 VREC

VREC is the PMC integrated regulator power supply voltage pin. This is the voltage
supply input from which the voltage regulator generates the on-chip voltage supplies. An
external decoupling capacitor is required on this pin.

13.6.2 VDDX

VDDX is the 5 V voltage regulator (VREGyppx) output to supply power for the digital
I/O drivers. VDDX and VDDA are connected together with an external decoupling

capacitor.
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13.6.3 VDDA

VDDA is the PMC analog power supply pin. It acts as the 5 V power supply for
integrated analog modules such as ADC. VDDX and VDDA are connected together with
an external decoupling capacitor.

13.6.4 VREFH

VREFH is the accurate voltage reference (VREGyggry) output. It can be configured
from 3.7 V to 4.9 V. An external decoupling capacitor is required on this pin.

13.6.5 VDDF

VDDF is the 2.8 V regulator (VREGyppg) output. It is the power supply of the on-chip
NVM block. VDDF is not pinned out because no external decoupling capacitor is
required.

13.6.6 VDD1.8

VDD1.8 is the 1.8 V regulator (VREGypp) output. It is the power supply of the on-chip
digital logics including CPU and RAM. VDD1.8 is not pinned out because no external
decoupling capacitor is required.

13.7 Memory map and register definition
This section includes the module memory map and detailed descriptions of all registers.

PMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4007_DO000 |Control Register (PMC_CTRL) 8 R/W See section | 13.7.1/140
4007_D001 |Reset Flags Register (PMC_RST) 8 R/W See section | 13.7.2/141
Temperature Control and Status Register
4007_D002 (PMC_TPCTRLSTAT) 8 R/W 00h 13.7.3/142
4007_D003 |Temperature Offset Step Trim Register (PMC_TPTM) 8 R/W See section | 13.7.4/143

Table continues on the next page...
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PMC memory map (continued)

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4007_D004 |RC Oscillator Offset Step Trim Register (PMC_RC20KTRM) 8 R/W 1Fh 13.7.5/143
Low Voltage Control and Status Register 1 (system 5 V) .
4007_D005 (PMC_LVCTLSTAT) 8 R/W See section | 13.7.6/144
Low Voltage Control and Status Register 2 (VREFH) .
4007_D006 (PMC_LVCTLSTAT?) 8 R/W See section | 13.7.7/145
4007_D007 |VREFH Configuration Register (PMC_VREFHCFG) 8 R/W See section | 13.7.8/146
VREFH Low Voltage Warning (LVW) Configuration Register
4007_D008 (PMC_VREFHLVW) 8 R/W 02h 13.7.9/146
4007_DO009 |Status Register (PMC_STAT) 8 R/W 05h 13.7.10/147

13.7.1 Control Register (PMC_CTRL)

NOTE

The VREFDN and RC20KENSTP can be cleared only by POR.

Address: 4007_DO000h base + 0h offset = 4007_D000h

Bit

2

1

Read
Write
Reset

POR

* Notes:

* u = Unaffected by reset.

PMC_CTRL field descriptions

RC20KENS 0
i,

u* u* 0

0 1 0

Field

Description

GWREN

General Write protection Enable

control for the following registers:

0 The general write protection is enabled.

* Temperature Offset Step Trim Register (PMC_TPTM)
* RC Oscillator Offset Step Trim Register (PMC_RC20KTRM)
* VREFH Configuration Register (PMC_VREFHCFQG)

General write protection enable by sharing with other trim write enable. This bit is the general write enable

1 The general write protection is disabled. Therefore, the related registers are writable.

6-3
Reserved

This field is reserved.

This read-only field is reserved and always has the value 0.

Table continues on the next page...
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PMC_CTRL field descriptions (continued)

Field Description

2 VREFH Down
VREFDN

This bit controls whether to disable the VREFH regulator.

0 Enables the VREFH regulator.
1 Disables the VREFH regulator.

1 20 kHz RC oscillator Enable in Stop mode
RC20KENSTP

The default reset value is 1. In the Run mode this bit is always ON, and in the Stop mode it selects
whether to enable the 20 kHz RC oscillator.

0 Disables 20 kHz RC oscillator in the Stop mode.
1 Enables 20 kHz RC oscillator in the Stop mode.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

13.7.2 Reset Flags Register (PMC_RST)

Address: 4007_DO000h base + 1h offset = 4007_D001h

Bit 7 6 5 4 | 3 2 1 0
Read 0 PORF LVRF
Write
Reset 0 u* u* 0 0 0 0 0
POR 0 1 1 0 0 0 0 0
LVR 0 1 1 0 0 0 0 0
* Notes:

e u = Unaffected by reset.

PMC_RST field descriptions

Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Power-on Reset Flag
PORF

This bit is set to 1 when a power-on reset (POR) occurs. This flag can only be cleared by writing a 1.
Writing a 0 takes no effect.

0 POR does not occur.
1 POR occurs.

5 Low Voltage Reset (LVR) Flag
LVRF

This bit is set to 1 when a low voltage reset occurs in the full performance mode (FPM). This flag can only
be cleared by writing a 1. Writing a 0 takes no effect.

Table continues on the next page...

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 141




g |

|
wmemory map and register definition

PMC_RST field descriptions (continued)

Field Description
0 Low voltage reset does not occur.
1 Low voltage reset occurs.
Reserved This field is reserved.

This read-only field is reserved and always has the value 0.

13.7.3 Temperature Control and Status Register (PMC_TPCTRLSTAT)

Address: 4007_DO000h base + 2h offset = 4007_D002h

Bit 7 6 5 4 3 2 1 0
Read 0 HTDS
SWON TEMPEN HTIE HTIF
Write
Reset 0 0 0 0 0 0 0 0
PMC_TPCTRLSTAT field descriptions
Field Description
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Switch On
SWON
This bit selects bandgap or temperature sensor output to the ADC channel, when the bit TEMPEN is
enabled.
0 Selects the temperature sensor output.
1 Selects the bandgap output.
3 Temperature sensor Enable
TEMPEN
This bit is the enable control to the temperature sensor.
0 Disables the temperature sensor.
1 Enables the temperature sensor.
2 High Temperature Detection Status
HTDS
This read-only bit indicates the temperature status. Writing a value takes no effect.
0 Junction temperature is below the alert level.
1 Junction temperature is above the alert level.
1 High Temperature Interrupt Enable
HTIE
0 Disables the high temperature interrupt.
1 Enables the high temperature interrupt.
0 High Temperature Interrupt Flag
HTIF

This bit is set to 1 when the HTDS status bit changes. This flag can only be cleared by writing a 1. Writing
a 0 takes no effect. If enabled (HTIE = 1), HTIF causes an interrupt request.

Table continues on the next page...
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PMC_TPCTRLSTAT field descriptions (continued)

Field Description

0 No change in the HTDS bit.
1 The HTDS bit changes.

13.7.4 Temperature Offset Step Trim Register (PMC_TPTM)

Address: 4007_DO000h base + 3h offset = 4007_D003h

Bit 7 6 5 4 | 3 2 1 0
Read | rpyTPEN TOT[3:0]
Write
Reset 0 f f f f
PMC_TPTM field descriptions
Field Description
7 Temperature offset Trim Enable
TRMTPEN
If the bit is set, the temperature sensor offset is enabled.
0 The temperature sensor offset is disabled. TOT[3:0] takes no effect.
1 The temperature sense offset is enabled. TOT[3:0] selects the temperature offset value. See TOT[3:0]
for more details.
6—4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

TOT[3:0] Temperature Offset step Trim

These bits are used to trim the temperature offset. TOT[3:0] determines the trim value for assert or de-
assert of system interrupt. Refer to the electrical specifications information in the chip datasheet to get the
detailed values.

NOTE: After de-assert of system reset, a trim value is automatically loaded from the flash memory.
Normal IPS writable only after PMC_CTRL[GWREN] is set.

NOTE: TOT[3:0] can be cleared only by POR.

13.7.5 RC Oscillator Offset Step Trim Register (PMC_RC20KTRM)

Address: 4007_DO000h base + 4h offset = 4007_D004h

Bit 7 6 5 4 | 3 2 1 0
Read 0 OSCOT[5:0]
Write
Reset 0 0 0 1 | 1 1 1 1
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PMC_RC20KTRM field descriptions

Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
OSCOT[5:0] |RC Oscillator Offset step Trim

These bits are defined as the step trim values for the RC oscillator offset. Refer to the electrical
specifications information in the chip datasheet to get the detailed values.

NOTE: After de-assert of system reset, a trim value is automatically loaded from the flash memory.
Normal IPS writable only after PMC_CTRL[GWREN] is set.

13.7.6 Low Voltage Control and Status Register 1 (system 5 V)
(PMC_LVCTLSTAT1)

Address: 4007_DO000h base + 5h offset = 4007_D005h

Bit 7 6 5 4 3 2 1
Read 0
SLVWIE SLVWSEL
Write
Reset 0 0 0 0 0 0 0 0
POR 0 0 0 1 0 0 0 0
PMC_LVCTLSTAT1 field descriptions
Field Description
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Low Voltage Warning (LVW) Flag for VDDX
SLVWF
This read-only status bit indicates a low voltage warning event. SLVWF is set when Vg, transitions
below the trip point, or after reset and Vgppy is already below Viyw. SLVWF is set to 1 after power-on
reset. Therefore, to use the LVW interrupt function, before enabling SLVWIE, SLVWF must be cleared by
writing SLVWACK first.
0 Low voltage warning event is not detected.
1 Low voltage warning event is detected.
3 Low Voltage Warning Acknowledge
SLVWACK
This write-only bit is used to acknowledge low voltage warning errors. Write 1 to clear SLVWF. Reading
always returns 0.
2 Low Voltage Warning Interrupt Enable
SLVWIE
Enables hardware interrupt requests for SLVWF.
0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when SLVWF = 1.
1 Low Voltage Warning Selection
SLVWSEL

Table continues on the next page...
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PMC_LVCTLSTATI1 field descriptions (continued)

Field Description
0 4.2V LVW threshold selected.
1 3.7V LVW threshold selected.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

13.7.7 Low Voltage Control and Status Register 2 (VRern)
(PMC_LVCTLSTAT2)

Address: 4007_DO000h base + 6h offset = 4007_D006h

Bit 7 6 5 4 3 2 1 0
Read 0
Write
Reset 0 0 0 0 0 0 0 0
POR 0 0 0 1 0 0 0 0
PMC_LVCTLSTAT2 field descriptions
Field Description
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Low Voltage Warning Flag for VREFH
RLVWF

This read-only status bit indicates a low voltage warning event. RLVWF is set when Vg, transitions
below the trip point, or after reset and Vg, is already below Viyyw. RLVWF is set to 1 after power-on
reset. Therefore, to use LVW interrupt function, before enabling RLVWIE, RLVWF must be cleared by
writing RLVWACK first.

0 Low voltage warning event is not detected.
1 Low voltage warning event is detected.

3 Low Voltage Warning Acknowledge
RLVWACK
This write-only bit is used to acknowledge low voltage warning errors. Write 1 to clear RLVWF. Reading
always returns 0.

2 Low Voltage Warning Interrupt Enable
RLVWIE
Enables hardware interrupt requests for RLVWF.

0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when RLVWF = 1.

Reserved This field is reserved.

This read-only field is reserved and always has the value 0.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 145



g |

wmemory map and register definition

13.7.8 VRery Configuration Register (PMC_VREFHCFQG)

Address: 4007_DO000h base + 7h offset = 4007_D007h

Bit 7 6 5 4 | 3 2 1 0
Read 0 T5V
Write
Reset 0 0 f f | f f f f
PMC_VREFHCFG field descriptions
Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
T5V Trim 5 V reference voltage for ADC

Auto-loaded from IFR.
After de-assert of system reset, a trim value is automatically loaded from the flash memory. The default is
3.8 V. Refer to SIM_IFR1 for other setting values.

NOTE: Normal IPS writable only after PMC_CTRL[GWREN] is set.

13.7.9 VREFH Low Voltage Warning (LVW) Configuration Register
(PMC_VREFHLVW)

Address: 4007_DO000h base + 8h offset = 4007_D008h

Bit 7 6 5 4 | 3 2 1 0
Read LVWCFGI[1:0]
Write
Reset 0 0 0 0 0 0 1 0
PMC_VREFHLVW field descriptions
Field Description
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

LVWCFG[1:0] |VREFH LVW reference voltage Configuration
These bits are used to configure the VREFH low voltage warning threshold value.

00 3.6V LVW threshold.
01 3.7 VLVW threshold.
10 4.1V LVW threshold.
11 4.4V LVW threshold.
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13.7.10 Status Register (PMC_STAT)

Address: 4007_DO000h base + 9h offset = 4007_D00%h

Bit 7 6 5 4 | 3 2 1 0
Read 0 HBGRDY 0 VREFRDY
Write
Reset 0 0 0 0 0 1 0 1
PMC_STAT field descriptions
Field Description
7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 High-accuracy Bandgap Ready flag
HBGRDY

0 Below 0.8V, this bit is cleared.
1 Above 1V, this bit is asserted.

1 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
0 VREFH Ready flag

VREFRDY

NOTE: Even after VREFRDY is set, it does not necessarily mean that VREF is okay for use instantly. It
needs to wait about 3 ms, in the chip power-on or stop mode, to wake up before using the VREF
for ADC.

0 Below 3.0V, this bit is cleared.
1 Above 3.45 V, this bit is asserted.

13.8 Functional description

The following sections describe functional details of the module.

13.8.1 Voltage regulators

PMC integrates four voltage regulators: VREGvyppx, VREGyppr, VREGypp and
VREGygrgry- These four voltage regulators are the power supply for all on-chip modules.

13.8.1.1 VREGyppx
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VREGyppx is a 5 V output regulator. It is the power supply for the digital I/Os domain
(VDDX) and the analog modules domain (VDDA).

13.8.1.2 VREGyppr

VREGyppr is a 2.8 V output regulator. It is the power supply for the on-chip NVM
module (VDDF).

13.8.1.3 VREGypp

VREGypp is a 1.8 V output regulator. It is the power supply for the digital logics such as
CPU and RAM.

13.8.1.4 VREGyRern

VREGygrgpy is a 3.7~4.9 V configurable output regulator. It is the reference voltage
output for on-chip analog modules such as ADC.

This regulator can be enabled or disabled by configuring PMC_CTRL[VREFDN]. After
POR or enabled, the flag PMC_STAT[VREFRDY] is set, once the regulator output is
ready.

The regulator output voltage can be trimmed from 3.7 V to 4.9 V through the
PMC_VREFHCFGI[T5V]. After reset, a factory trimmed value is automatically loaded to
the PMC_VREFHCEFG register so that VREGyrgpg has a default output voltage. After
the write protection enable bit PMC_CTRL[GWREN] is set to 1, user can configure this
voltage to other levels according to the application need.

13.8.2 Power-on reset

The POR circuit monitors the VREGypp outputs (VDD1.8), which represent the MCU
VDD domain. When power is initially applied to the MCU, or when the supply voltage
drops below the Vpog level, the POR circuit causes a reset condition.

When POR reset occurs, the flag bit PMC_RST[PORF] is set to 1. This flag is not
affected by other system resets.
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13.8.3 Low voltage reset (LVR)

The LVR circuit monitors the 5 V VREGy ppx output (VDDX), the 2.8 V VREGyppr
output (VDDF), and the 1.8 V VREGypp output (VDD1.8). The LVR circuit can
generate a reset when detecting a low voltage condition on VDDX, VDDF or VDD1.8.

After an LVR reset occurs, the LVR system holds the MCU in reset status until the
supply voltage rises above the low voltage level.

In the FPM mode, when LVR reset occurs, the flag bit PMC_RST[LVRF] is set to 1. The
flag LVRF is also set to 1 when a POR occurs, but is not affected by other system resets.

13.8.3.1 LVR in low power mode

The LVR circuit is disabled when PMC enters the reduced performance mode (RPM).

13.8.4 Low voltage warning (LVW)

The LVW circuit monitors the 5 V VREGyppx outputs (VDDX/VDDA) and the
VREGyggpy output (VREFH). The LVW circuit can generate an interrupt when
detecting a low voltage condition on VDDX/VDDA or VREFH.

13.8.4.1 LVW on VDDX/VDDA

Low voltage on VDDX/VDDA sets the flag bit PMC_LVCTLSTATI1[SLVWF] to 1.
When PMC_LVCTLSTATI[SLVWIE] is set, the low voltage condition incurs an
interrupt.

To clear the SLVWEF flag, user should write 1 to PMC_LVCTLSTATI1[SLVWACK].

13.8.4.2 LVW on VREFH

Low voltage on VREFH sets the flag PMC_LVCTLSTAT2[RLVWF] to 1. When
PMC_LVCTLSTAT2[RLVWIE] is set, the low voltage condition incurs an interrupt.

To clear the RLVWEF flag, user should write 1 to PMC_LVCTLSTAT2[RLVWACK].
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The VREFH low voltage level can be configured through the LVWCFG[1:0] bits in
PMC_VREFHLVW register.

13.8.4.3 LVW in low power mode

The LVW circuit is disabled when PMC enters the reduced performance mode (RPM).

13.8.5 High-accuracy reference voltage

PMC includes a high-accuracy reference voltage. This voltage is available for other on-
chip modules.

After POR, the flag PMC_STAT[HBGRDY] is set to 1 when the high-accuracy output is
ready.

The high-accurary reference voltage is always enabled except in RPM mode.

13.8.6 Temperature sensor

PMC includes an internal temperature sensing voltage generator and a high temperature
warning comparator. The generator is always enabled in FPM mode and can provide the
sensing voltage to ADC to measure the temperature.

To enable the PMC temperature sensor, PMC_TPCTRLSTAT[TEMPEN] should be set
to 1.

After enabled, the temperature sensor voltage output can be provided to external modules
such as ADC. Depending on the PMC_TPCTRLSTAT[SWON] bit value, the voltage
output is selected as follows:
* If SWON = 0, the temperature sensor voltage is as the output.
* If SWON = 1, the bandgap is as the output. Refer to the chip datasheet for the
detailed voltage value.

The temperature sensor is disabled in RPM mode.

13.8.6.1 High temperature warning
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The temperature sensor integrates a high temperature warning circuit with configurable
temperature threshold.

The flag PMC_TPCTRLSTAT[HTDS] shows the temperature status:
* HTDS bit is set when the temperature rises above the HTDS assert threshold.
* HTDS bit is cleared when the temperature falls below the HTDS de-assert threshold.

If PMC_TPCTRLSTATI[HTIE] is set to 1, PMC sets the HTIF flag in the same register
and generates an interrupt when the HTDS status changes. Writing 1 to HTIF can clear
this HTTF flag.

When PMC_TPTM[TRMTPEN] is set, the HTDS flag assert/de-assert threshold is
defined by the TOT([3:0] bits in the same register. For the detailed HTDS flag assert/de-
assert thresholds, see the reference in TOT|[3:0].

Before configuring the TOT|[3:0] bits, user should set PMC_CTRL[GWREN] to unlock
the write protection.

13.8.7 Low-power RC oscillator

PMC integrates a low-power RC oscillator (LPO) which provides a typical 20 kHz
output. This LPO can serve as an independent clock source for the MCU on-chip
modules such as watchdog and RTC.

This RC oscillator is set to ON by default in the FPM mode, and can be controlled to
OFF in the RPM mode by configuring PMC_CTRL[RC20KENSTP].

The RC oscillator out frequency can be configured by user through the OSCOT[5:0] bits
in PMC_RC20KTRM register. Before writing to OSCOT](5:0], user should set
PMC_CTRL[GWREN].

13.9 Application information
1. VREFH readiness

VREFH is a high-accuracy voltage reference. It needs 3 ms to be stable after
PMC_STAT[VREFRDY] is asserted. When entering the Stop mode, VREFH is
disabled automatically. So after exiting from the Stop mode, it requires to wait
enough settling time. After the PMC_VREFHCEFG setting is changed, it takes some
time to get it settled. ADC or other functions using VREFH cannot work correctly
during this transition period.

2. 20 kHz LPO calibration
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LPO has to be calibrated after the PMC powers up, in order to get the £5% precision.
The LPO clock is connected to SBAR (in the SIM module), and the calibration can
be achieved by using FTM1 with on-chip clock. Refer to the SIM chapter for more
detailed setting information.

3. Special write enable register handling

PMC_TPTM, PMC_RC20KTRM and PMC_VREFHCEFG are protected by a special
write enable register handling. They cannot be written unless PMC_CTL[GWREN]
is 1.
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Chapter 14
Miscellaneous Control Module (MCM)

14.1 Introduction

The Miscellaneous Control Module (MCM) provides a myriad of miscellaneous control
functions.

14.1.1 Features
The MCM includes the following features:

* Program-visible information on the platform configuration
* Flash controller speculation buffer configurations

14.2 Memory map/register descriptions

The memory map and register descriptions found here describe the registers using byte
addresses. The registers can be written only when in supervisor mode.

MCM memory map

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Crossbar Switch (AXBS) Slave Configuration
F000_3008 (MCM_PLASC) 16 R 0007h 14.2.1/154
Crossbar Switch (AXBS) Master Configuration
FO00_300A (MCM_PLAMC) 16 R 0009h 14.2.2/154
F000_300C |Platform Control Register (MCM_PLACR) 32 R/W 0000_0050h | 14.2.3/155
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14.2.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC)

PLASC is a 16-bit read-only register identifying the presence/absence of bus slave
connections to the device’s crossbar switch.

Address: FO00_3000h base + 8h offset = FO00_3008h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
MCM_PLASC field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
ASC Each bit in the ASC field indicates whether there is a corresponding connection to the crossbar switch's

slave input port.

0 A bus slave connection to AXBS input port n is absent.

1 Abus slave connection to AXBS input port n is present.

14.2.2 Crossbar Switch (AXBS) Master Configuration (MCM_PLAMC)

PLAMC is a 16-bit read-only register identifying the presence/absence of bus master
connections to the device's crossbar switch.

Address: FO00_3000h base + Ah offset = FO00_300Ah

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

Write
Reset O 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1

MCM_PLAMC field descriptions

Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
AMC Each bit in the AMC field indicates whether there is a corresponding connection to the AXBS master input
port.

Table continues on the next page...
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MCM_PLAMC field descriptions (continued)

Field Description
0 A bus master connection to AXBS input port n is absent
1 A bus master connection to AXBS input port n is present

14.2.3 Platform Control Register (MCM_PLACR)

The PLACR register selects the arbitration policy for the crossbar masters and configures
the flash memory controller.

The speculation buffer in the flash memory controller is configurable via PLACR[15:
14].

The speculation buffer is enabled only for instructions after reset. It is possible to have
these states for the speculation buffer:

DFCS EFDS Description

0 0 Speculation buffer is on for instruction
and off for data.

0 1 Speculation buffer is on for instruction
and on for data.

1 X Speculation buffer is off.

Address: FO00_3000h base + Ch offset = FO00_300Ch

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

R 0

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

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0
3
T |EFDS
wl ©
Reset 0 0
MCM_PLACR field descriptions
Field Description
31-17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 155



A
4

4
A

wemory map/register descriptions

MCM_PLACR field descriptions (continued)

Field Description
16 Enable Stalling Flash Controller
ESFC
Enables stalling flash controller when flash is busy.
When software needs to access the flash memory while a flash memory resource is being manipulated by
a flash command, software can enable a stall mechanism to avoid a read collision. The stall mechanism
allows software to execute code from the same block on which flash operations are being performed.
However, software must ensure the sector the flash operations are being performed on is not the same
sector from which the code is executing.
ESFC enables the stall mechanism. This bit must be set only just before the flash operation is executed
and must be cleared when the operation completes.
0 Disable stalling flash controller when flash is busy.
1 Enable stalling flash controller when flash is busy.
15 Disable Flash Controller Speculation
DFCS
Disables flash controller speculation.
0 Enable flash controller speculation.
1 Disable flash controller speculation.
14 Enable Flash Data Speculation
EFDS
Enables flash data speculation.
0 Disable flash data speculation.
1 Enable flash data speculation.
13-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 Arbitration select
ARB
0 Fixed-priority arbitration for the crossbar masters
1 Round-robin arbitration for the crossbar masters
Reserved This field is reserved.

This read-only field is reserved and always has the value 0.
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Chapter 15
Peripheral Bridge (AIPS-Lite)

15.1 Introduction

The peripheral bridge converts the crossbar switch interface to an interface that can
access most of the slave peripherals on this chip.

The peripheral bridge occupies 64 MB of the address space, which is divided into
peripheral slots of 4 KB. (It might be possible that all the peripheral slots are not used.
See the memory map chapter for details on slot assignments.) The bridge includes
separate clock enable inputs for each of the slots to accommodate slower peripherals.

15.1.1 Features

Key features of the peripheral bridge are:
* Supports peripheral slots with 8-, 16-, and 32-bit datapath width

15.1.2 General operation

The slave devices connected to the peripheral bridge are modules which contain a
programming model of control and status registers. The system masters read and write
these registers through the peripheral bridge. The peripheral bridge performs a bus
protocol conversion of the master transactions and generates the following as inputs to
the peripherals:

* Module enables

e Module addresses

* Transfer attributes

* Byte enables

e Write data

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 157




runctional description

The peripheral bridge selects and captures read data from the peripheral interface and
returns it to the crossbar switch.

The register maps of the peripherals are located on 4-KB boundaries. Each peripheral is
allocated one or more 4-KB block(s) of the memory map.

The AIPS-Lite module uses the data width of accessed peripheral to perform proper data
byte lane routing; bus decomposition (bus sizing) is performed when the access size is
larger than the peripheral's data width.

15.2 Functional description

The peripheral bridge functions as a bus protocol translator between the crossbar switch
and the slave peripheral bus.

The peripheral bridge manages all transactions destined for the attached slave devices and
generates select signals for modules on the peripheral bus by decoding accesses within
the attached address space.

15.2.1 Access support

All combinations of access size and peripheral data port width are supported. An access
that is larger than the target peripheral's data width will be decomposed to multiple,
smaller accesses. Bus decomposition is terminated by a transfer error caused by an access
to an empty register area.
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Chapter 16
Crossbar Switch Lite (AXBS-Lite)

16.1 Chip-specific AXBS-Lite information

16.1.1 Crossbar-Light Switch Master Assignments

The masters connected to the crossbar switch are assigned as follows:

Master module Master port number

ARM core unified bus
ADC

16.1.2 Crossbar Switch Slave Assignments
This device contains 3 slaves connected to the crossbar switch.

The slave assignment is as follows:

Slave module Slave port number
Flash memory controller 0
SRAM controller
Peripheral bridge 2

16.2 Introduction

The information found here provides information on the layout, configuration, and
programming of the crossbar switch.
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The crossbar switch connects bus masters and bus slaves using a crossbar switch
structure. This structure allows up to four bus masters to access different bus slaves
simultaneously, while providing arbitration among the bus masters when they access the
same slave.

16.2.1 Features
The crossbar switch includes these features:
* Symmetric crossbar bus switch implementation
» Allows concurrent accesses from different masters to different slaves
» 32-bit data bus
* Operation at a 1-to-1 clock frequency with the bus masters

* Programmable configuration for fixed-priority or round-robin slave port arbitration

16.3 Memory Map / Register Definition

This crossbar switch is designed for minimal gate count. It, therefore, has no memory-
mapped configuration registers.

16.4 Functional Description

16.4.1 General operation

When a master accesses the crossbar switch, the access is immediately taken. If the
targeted slave port of the access is available, then the access is immediately presented on
the slave port. Single-clock or zero-wait-state accesses are possible through the crossbar.
If the targeted slave port of the access is busy or parked on a different master port, the
requesting master simply sees wait states inserted until the targeted slave port can service
the master's request. The latency in servicing the request depends on each master's
priority level and the responding slave's access time.

Because the crossbar switch appears to be just another slave to the master device, the
master device has no knowledge of whether it actually owns the slave port it is targeting.
While the master does not have control of the slave port it is targeting, it simply waits.
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A master is given control of the targeted slave port only after a previous access to a
different slave port completes, regardless of its priority on the newly targeted slave port.
This prevents deadlock from occurring when:

* A higher priority master has:
* An outstanding request to one slave port that has a long response time and
* A pending access to a different slave port, and
* A lower priority master is also making a request to the same slave port as the pending
access of the higher priority master.

After the master has control of the slave port it is targeting, the master remains in control
of the slave port until it relinquishes the slave port by running an IDLE cycle or by
targeting a different slave port for its next access.

The master can also lose control of the slave port if another higher-priority master makes
a request to the slave port.

The crossbar terminates all master IDLE transfers, as opposed to allowing the termination
to come from one of the slave buses. Additionally, when no master is requesting access to
a slave port, the crossbar drives IDLE transfers onto the slave bus, even though a default
master may be granted access to the slave port.

When a slave bus is being idled by the crossbar, it remains parked with the last master to
use the slave port. This is done to save the initial clock of arbitration delay that otherwise
would be seen if the master had to arbitrate to gain control of the slave port.

16.4.2 Arbitration

The crossbar switch supports two arbitration algorithms:

* Fixed priority
* Round-robin

The selection of the global slave port arbitration is controlled by MCM_PLACR[ARB].
For fixed priority, set MCM_PLACR[ARB] to 0. For round robin, set
MCM_PLACR[ARB] to 1. This arbitration setting applies to all slave ports.

16.4.2.1 Arbitration during undefined length bursts

All lengths of burst accesses lock out arbitration until the last beat of the burst.
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16.4.2.2 Fixed-priority operation

When operating in fixed-priority mode, each master is assigned a unique priority level
with the highest numbered master having the highest priority (for example, in a system
with 5 masters, master 1 has lower priority than master 3). If two masters request access
to the same slave port, the master with the highest priority gains control over the slave
port.

NOTE
In this arbitration mode, a higher-priority master can
monopolize a slave port, preventing accesses from any lower-
priority master to the port.

When a master makes a request to a slave port, the slave port checks whether the new
requesting master's priority level is higher than that of the master that currently has
control over the slave port, unless the slave port is in a parked state. The slave port
performs an arbitration check at every clock edge to ensure that the proper master, if any,
has control of the slave port.

The following table describes possible scenarios based on the requesting master port:

Table 16-1. How the Crossbar Switch grants control of a slave port to a master

When Then the Crossbar Switch grants control to the
requesting master

Both of the following are true: At the next clock edge
¢ The current master is not running a transfer.
* The new requesting master's priority level is higher than
that of the current master.

The requesting master's priority level is lower than the current | At the conclusion of one of the following cycles:

master. e An IDLE cycle

¢ A non-IDLE cycle to a location other than the current
slave port

16.4.2.3 Round-robin priority operation

When operating in round-robin mode, each master is assigned a relative priority based on
the master port number. This relative priority is compared to the master port number (ID)
of the last master to perform a transfer on the slave bus. The highest priority requesting
master becomes owner of the slave bus at the next transfer boundary. Priority is based on
how far ahead the ID of the requesting master is to the ID of the last master.
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After granted access to a slave port, a master may perform as many transfers as desired to
that port until another master makes a request to the same slave port. The next master in
line is granted access to the slave port at the next transfer boundary, or possibly on the
next clock cycle if the current master has no pending access request.

As an example of arbitration in round-robin mode, assume the crossbar is implemented
with master ports 0, 1, 4, and 5. If the last master of the slave port was master 1, and
master 0, 4, and 5 make simultaneous requests, they are serviced in the order: 4 then 5
then O.

The round-robin arbitration mode generally provides a more fair allocation of the
available slave-port bandwidth (compared to fixed priority) as the fixed master priority
does not affect the master selection.

16.5 Initialization/application information
No initialization is required for the crossbar switch.

See the AXBS section of the configuration chapter for the reset state of the arbitration
scheme.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 163




PR 4

imualization/application information

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

164 Freescale Semiconductor, Inc.




Chapter 17
Watchdog timer (WDOG)

17.1 Chip-specific WDOG information

17.1.1 WDOG clocks

The watchdog has four selectable clock sources:
* 20 kHz internal low power oscillator (LPOCLK)
e Internal 32 kHz reference clock (ICSIRCLK)

» External clock (OSCERCLK)
* Bus clock

17.2 Introduction

The Watchdog Timer (WDOG) module is an independent timer that is available for
system use. It provides a safety feature to ensure that software is executing as planned
and that the CPU is not stuck in an infinite loop or executing unintended code. If the
WDOG module is not serviced (refreshed) within a certain period, it resets the MCU.

17.2.1 Features
Features of the WDOG module include:
» Configurable clock source inputs independent from the:

* bus clock
e Internal 32 kHz RC oscillator

e Internal 20 kHz RC oscillator

e External clock source
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e Programmable timeout period

e Programmable 16-bit timeout value

* Optional fixed 256 clock prescaler when longer timeout periods are needed
* Robust write sequence for counter refresh

 Refresh sequence of writing 0x02A6 and then 0x80B4 within 16 bus clocks
* Window mode option for the refresh mechanism

* Programmable 16-bit window value

* Provides robust check that program flow is faster than expected

» Early refresh attempts trigger a reset.
* Optional timeout interrupt to allow post-processing diagnostics

e Interrupt request to CPU with interrupt vector for an interrupt service routine
(ISR)

* Forced reset occurs 128 bus clocks after the interrupt vector fetch.

» Configuration bits are write-once-after-reset to ensure watchdog configuration cannot
be mistakenly altered.

* Robust write sequence for unlocking write-once configuration bits

* Unlock sequence of writing 0x20C5 and then 0x28D9 within 16 bus clocks for
allowing updates to write-once configuration bits

 Software must make updates within 128 bus clocks after unlocking and before
WDOG closing unlock window.

17.2.2 Block diagram
The following figure provides a block diagram of the WDOG module.
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Figure 17-1. WDOG block diagram
17.3 Memory map and register definition
NOTE
If the device uses half-word to access WDOG_CNT,
WDOG_TOVAL and WDOG_WIN, the transposed 16-bit
bytes must follow the format of LowByte:HighByte. So 8-bit
R/W is preferred.
WDOG memory map
Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4005_2000 |Watchdog Control and Status Register 1 (WDOG_CS1) 8 R/W 80h 17.3.1/167
4005_2001 |Watchdog Control and Status Register 2 (WDOG_CS2) 8 R/W 01h 17.3.2/169
4005_2002 |Watchdog Counter Register: High (WDOG_CNTH) 8 R 00h 17.3.3/170
4005_2003 |Watchdog Counter Register: Low (WDOG_CNTL) 8 R 00h 17.3.4/171
4005_2004 |Watchdog Timeout Value Register: High (WDOG_TOVALH) 8 R/W 00h 17.3.5/171
4005_2005 |Watchdog Timeout Value Register: Low (WDOG_TOVALL) 8 R/W FFh 17.3.6/171
4005_2006 |Watchdog Window Register: High (WDOG_WINH) 8 R/W 00h 17.3.7/172
4005_2007 |Watchdog Window Register: Low (WDOG_WINL) 8 R/W 00h 17.3.8/172
17.3.1 Watchdog Control and Status Register 1 (WDOG_CS1)
This section describes the function of Watchdog Control and Status Register 1.
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NOTE
TST is cleared (0:0) on POR only. Any other reset does not
affect the value of this field.

Address: 4005_2000h base + 0h offset = 4005_2000h

Bit 7 6 5 4 | 3 2 1 0
fead EN INT UPDATE TST DBG WAIT STOP
Reset 1 0 0 o | o 0 0 0

WDOG_CSH1 field descriptions
Field Description
7 Watchdog Enable
EN
This write-once bit enables the watchdog counter to start counting.
0 Watchdog disabled.
1 Watchdog enabled.
6 Watchdog Interrupt
INT
This write-once bit configures the watchdog to generate an interrupt request upon a reset-triggering event
(timeout or illegal write to the watchdog), prior to forcing a reset. After the interrupt vector fetch, the reset
occurs after a delay of 128 bus clocks.
0 Watchdog interrupts are disabled. Watchdog resets are not delayed.
1 Watchdog interrupts are enabled. Watchdog resets are delayed by 128 bus clocks.
5 Allow updates
UPDATE
This write-once bit allows software to reconfigure the watchdog without a reset.
0 Updates not allowed. After the initial configuration, the watchdog cannot be later modified without
forcing a reset.
1 Updates allowed. Software can modify the watchdog configuration registers within 128 bus clocks
after performing the unlock write sequence.
4-3 Watchdog Test
TST
Enables the fast test mode. The test mode allows software to exercise all bits of the counter to
demonstrate that the watchdog is functioning properly. See the Fast testing of the watchdog section.
This write-once field is cleared (0:0) on POR only. Any other reset does not affect the value of this field.
00 Watchdog test mode disabled.
01 Watchdog user mode enabled. (Watchdog test mode disabled.) After testing the watchdog, software
should use this setting to indicate that the watchdog is functioning normally in user mode.
10 Watchdog test mode enabled, only the low byte is used. WDOG_CNTL is compared with
WDOG_TOVALL.
11 Watchdog test mode enabled, only the high byte is used. WDOG_CNTH is compared with
WDOG_TOVALH.
2 Debug Enable
DBG
This write-once bit enables the watchdog to operate when the chip is in debug mode.
0 Watchdog disabled in chip debug mode.
1 Watchdog enabled in chip debug mode.

Table continues on the next page...
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WDOG_CSH1 field descriptions (continued)

Field Description
1 Wait Enable
WAIT
This write-once bit enables the watchdog to operate when the chip is in wait mode.
0 Watchdog disabled in chip wait mode.
1 Watchdog enabled in chip wait mode.
0 Stop Enable
STOP

This write-once bit enables the watchdog to operate when the chip is in stop mode.

0 Watchdog disabled in chip stop mode.
1 Watchdog enabled in chip stop mode.

17.3.2 Watchdog Control and Status Register 2 (WDOG_CS2)

This section describes the function of the watchdog control and status register 2.

Address: 4005_2000h base + 1h offset = 4005_2001h

Bit 7 6 4 | 3 2 1 0
Read FLG
WIN CLK
Write wic
Reset 0 0 0 0 0 0 0 1
WDOG_CS2 field descriptions

Field Description

7 Watchdog Window
WIN

This write-once bit enables window mode. See the Window mode section.
0 Window mode disabled.
1 Window mode enabled.

6 Watchdog Interrupt Flag

FLG
This bit is an interrupt indicator when INT is set in control and status register 1. Write 1 to clear it.
0 No interrupt occurred.
1 Aninterrupt occurred.
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

4 Watchdog Prescalar

PRES

This write-once bit enables a fixed 256 pre-scaling of watchdog counter reference clock. (The block
diagram shows this clock divider option.)

0 256 prescalar disabled.
1 256 prescalar enabled.

Table continues on the next page...
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WDOG_CS2 field descriptions (continued)

Field Description
3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
CLK Watchdog Clock
This write-once field indicates the clock source that feeds the watchdog counter. See the Clock source
section.
00 Bus clock.

01 20 kHz internal low-power oscillator (LPOCLK).
10 32 kHz internal oscillator (ICSIRCLK).
11 External clock source.

17.3.3 Watchdog Counter Register: High (WDOG_CNTH)

This section describes the watchdog counter registers: high (CNTH) and low (CNTL)
combined.

The watchdog counter registers CNTH and CNTL provide access to the value of the free-
running watchdog counter. Software can read the counter registers at any time.

Software cannot write directly to the watchdog counter; however, two write sequences to
these registers have special functions:

1. The refresh sequence resets the watchdog counter to 0x0000. See the Refreshing the
Watchdog section.

2. The unlock sequence allows the watchdog to be reconfigured without forcing a reset
(when WDOG_CS1[UPDATE] = 1). See the Example code: Reconfiguring the
Watchdog section.

NOTE
All other writes to these registers are illegal and force a reset.

Address: 4005_2000h base + 2h offset = 4005_2002h

Bit 7 6 5 4 | 3 2 1 0
Read CNTHIGH
Write
Reset 0 0 0 0 0 0 0 0
WDOG_CNTH field descriptions
Field Description

CNTHIGH High byte of the Watchdog Counter
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17.3.4 Watchdog Counter Register: Low (WDOG_CNTL)
See the description of the WDOG_CNTH register.

Address: 4005_2000h base + 3h offset = 4005_2003h

Bit 7 6 5 4 | 3 2 1 0
Read CNTLOW
Write
Reset 0 0 0 0 0 0 0 0
WDOG_CNTL field descriptions
Field Description

CNTLOW Low byte of the Watchdog Counter

17.3.5 Watchdog Timeout Value Register: High (WDOG_TOVALH)

This section describes the watchdog timeout value registers: high (WDOG_TOVALH)
and low (WDOG_TOVALL) combined. WDOG_TOVALH and WDOG_TOVALL
contains the 16-bit value used to set the timeout period of the watchdog.

The watchdog counter (WDOG_CNTH and WDOG_CNTL) is continuously compared
with the timeout value (WDOG_TOVALH and WDOG_TOVALL). If the counter
reaches the timeout value, the watchdog forces a reset.

NOTE
Do not write 0 to the Watchdog Timeout Value Register,
otherwise, the watchdog always generates a reset.

Address: 4005_2000h base + 4h offset = 4005_2004h

Bit 7 6 5 4 | 3 2 1 0
fead TOVALHIGH
Reset 0 0 0 o | o 0 0 0
WDOG_TOVALH field descriptions
Field Description

TOVALHIGH |High byte of the timeout value

17.3.6 Watchdog Timeout Value Register: Low (WDOG_TOVALL)
See the description of the WDOG_TOV ALH register.
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NOTE
All the bits reset to O in read.

Address: 4005_2000h base + 5h offset = 4005_2005h

Bit 7 6 5 4 | 3 2 1 0

Read
Write TOVALLOW

Reset 1 1 1 1 | 1 1 1 1

WDOG_TOVALL field descriptions

Field Description

TOVALLOW  |Low byte of the timeout value

17.3.7 Watchdog Window Register: High (WDOG_WINH)

This section describes the watchdog window registers: high (WDOG_WINH) and low
(WDOG_WINL) combined. When window mode is enabled (WDOG_CS2[WIN] is set),
WDOG_WINH and WDOG_WINL determine the earliest time that a refresh sequence is
considered valid. See the Watchdog refresh mechanism section.

WDOG_WINH and WDOG_WINL must be less than WDOG_TOVALH and
WDOG_TOVALL.

Address: 4005_2000h base + 6h offset = 4005_2006h

Bit 7 6 5 4 | 3 2 1 0
fead WINHIGH
Reset 0 0 0 o | o 0 0 0
WDOG_WINH field descriptions
Field Description

WINHIGH High byte of Watchdog Window

17.3.8 Watchdog Window Register: Low (WDOG_WINL)
See the description of the WDOG_WINH register.

Address: 4005_2000h base + 7h offset = 4005_2007h

Bit 7 6 5 4 | 3 2 1 0
Read
Write WINLOW
Reset 0 0 0 o | o 0 0 0
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WDOG_WINL field descriptions

Field Description
WINLOW Low byte of Watchdog Window

17.4 Functional description

The WDOG module provides a fail safe mechanism to ensure the system can be reset to a
known state of operation in case of system failure, such as the CPU clock stopping or
there being a run away condition in the software code. The watchdog counter runs
continuously off a selectable clock source and expects to be serviced (refreshed)
periodically. If it is not, it resets the system.

The timeout period, window mode, and clock source are all programmable but must be
configured within 128 bus clocks after a reset.

17.4.1 Watchdog refresh mechanism

The watchdog resets the MCU if the watchdog counter is not refreshed. A robust refresh
mechanism makes it very unlikely that the watchdog can be refreshed by runaway code.

To refresh the watchdog counter, software must execute a refresh write sequence before
the timeout period expires. In addition, if window mode is used, software must not start
the refresh sequence until after the time value set in the WDOG_WINH and
WDOG_WINL registers. See the following figure.
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WDOG counter

WDOG_TOVALH and |
WDOG_TOVALL

WDOG_WINHand |
WDOG_WINL Refresh opportunity
in window mode

0 Time
Refresh opportunity (not in window mode)

Figure 17-10. Refresh opportunity for the Watchdog counter

17.4.1.1 Window mode

Software finishing its main control loop faster than expected could be an indication of a
problem. Depending on the requirements of the application, the WDOG can be
programmed to force a reset when refresh attempts are early.

When Window mode is enabled, the watchdog must be refreshed after the counter has
reached a minimum expected time value; otherwise, the watchdog resets the MCU. The
minimum expected time value is specified in the WDOG_WINH:L registers. Setting
CS1[WIN] enables Window mode.

17.4.1.2 Refreshing the Watchdog

The refresh write sequence is a write of 0x02A6 followed by a write of 0x80B4 to the
WDOG_CNTH and WDOG_CNTL registers. The write of the 0x80B4 must occur within
16 bus clocks after the write of 0x02A6; otherwise, the watchdog resets the MCU.
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Note

Before starting the refresh sequence, disable global interrupts.
Otherwise, an interrupt could effectively invalidate the refresh
sequence if writing the four bytes takes more than 16 bus
clocks. Re-enable interrupts when the sequence is finished.

17.4.1.3 Example code: Refreshing the Watchdog

The following code segment shows the refresh write sequence of the WDOG module.

/* Refresh watchdog */

for (;;) // main loop

DisableInterrupts; // disable global interrupt
WDOG_CNT = 0x02A6; // write the 1lst refresh word
WDOG_CNT = 0x80B4; // write the 2nd refresh word to refresh counter

EnableInterrupts; // enable global interrupt

17.4.2 Configuring the Watchdog

All watchdog control bits, timeout value, and window value are write-once after reset.
This means that after a write has occurred they cannot be changed unless a reset occurs.
This provides a robust mechanism to configure the watchdog and ensure that a runaway
condition cannot mistakenly disable or modify the watchdog configuration after
configured.

This is guaranteed by the user configuring the window and timeout value first, followed
by the other control bits, and ensuring that CS1[UPDATE] is also set to 0. The new
configuration takes effect only after all registers except WDOG_CNTH:L are written
once after reset. Otherwise, the WDOG uses the reset values by default. If window mode
is not used (CS2[WIN] is 0), writing to WDOG_WINH:L is not required to make the new
configuration take effect.
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17.4.2.1 Reconfiguring the Watchdog

In some cases (such as when supporting a bootloader function), users may want to
reconfigure or disable the watchdog without forcing a reset first. By setting
CS1[UPDATE] to a 1 on the initial configuration of the watchdog after a reset, users can
reconfigure the watchdog at any time by executing an unlock sequence. (Conversely, if
CSI[UPDATE] remains 0, the only way to reconfigure the watchdog is by initiating a
reset.) The unlock sequence is similar to the refresh sequence but uses different values.

17.4.2.2 Unlocking the Watchdog

The unlock sequence is a write to the WDOG_CNTH:L registers of 0x20C5 followed by
0x28D9 within 16 bus clocks at any time after the watchdog has been configured. On
completing the unlock sequence, the user must reconfigure the watchdog within 128 bus
clocks; .

NOTE
Due to 128 bus clocks requirement for reconfiguring the
watchdog, some delays must be inserted before executing
STOP or WAIT instructions after reconfiguring the watchdog.
This ensures that the watchdog's new configuration takes effect
before MCU enters low power mode. Otherwise, the MCU may
not be waken up from low power mode.

17.4.2.3 Example code: Reconfiguring the Watchdog

The following code segment shows an example reconfiguration of the WDOG module.

/* Initialize watchdog with ~20kHz clock source */

DisableInterrupts; // disable global interrupt

WDOG_CNT = 0x20C5; // write the 1st unlock word

WDOG_CNT 0x28D9; // write the 2nd unlock word
WDOG_TOVAL = 1000; // setting timeout value

WDOG_CS2 WDOG_CS2 CLK MASK; // setting 20-kHz clock source

WDOG_CS1 = WDOG_CS1 EN MASK; // enable counter running

EnableInterrupts; // enable global interrupt
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17.4.3 Clock source

The watchdog counter has four clock source options selected by programming
CS2[CLK]:

* bus clock

* internal Low-Power Oscillator (LPO) running at approximately 20 kHz (This is the
default source.)

* internal 32 kHz clock

e external clock

The options allow software to select a clock source independent of the bus clock for
applications that need to meet more robust safety requirements. Using a clock source
other than the bus clock ensures that the watchdog counter continues to run if the bus
clock is somehow halted; see Backup reset.

An optional fixed prescaler for all clock sources allows for longer timeout periods. When
CS2[PRES] is set, the clock source is prescaled by 256 before clocking the watchdog
counter.

The following table summarizes the different watchdog timeout periods available.

Table 17-10. Watchdog timeout availability

Reference clock Prescaler Watchdog time-out availability
Pass through ~1 ms—65.5 s'
Internal ~20 kHz (LPO)
+256 ~256 ms—16,777 s
Pass through ~31.25 ys—2.048 s
Internal ~32 kHz
+256 ~8 ms—524.3 s
Pass through 1 ys—65.54 ms
1 MHz (from bus or external)
+256 256 pys—16.777 s
Pass through 50 ns—-3.277 ms
20 MHz (from bus or external)
+256 12.8 ys—838.8 ms

1. The default timeout value after reset is approximately 4 ms.

NOTE
When the programmer switches clock sources during
reconfiguration, the watchdog hardware holds the counter at
zero for 2.5 periods of the previous clock source and 2.5
periods of the new clock source after the configuration time
period (128 bus clocks) ends. This delay ensures a smooth
transition before restarting the counter with the new
configuration.
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17.4.4 Using interrupts to delay resets

When interrupts are enabled (CS1[INT] = 1), the watchdog first generates an interrupt
request upon a reset triggering event (such as a counter timeout or invalid refresh
attempt). The watchdog delays forcing a reset for 128 bus clocks to allow the interrupt
service routine (ISR) to perform tasks, such as analyzing the stack to debug code.

When interrupts are disabled (CS1[INT] = 0), the watchdog does not delay forcing a
reset.

17.4.5 Backup reset
NOTE

A clock source other than the bus clock must be used as the
reference clock for the counter; otherwise, the backup reset
function is not available.

The backup reset function is a safeguard feature that independently generates a reset in
case the main WDOG logic loses its clock (the bus clock) and can no longer monitor the
counter. If the watchdog counter overflows twice in succession (without an intervening
reset), the backup reset function takes effect and generates a reset.

17.4.6 Functionality in debug and low-power modes

By default, the watchdog is not functional in Active Background mode, Wait mode, or
Stop mode. However, the watchdog can remain functional in these modes as follows:

* For Active Background mode, set CS1[DBG]. (This way the watchdog is functional
in Active Background mode even when the CPU is held by the Debug module.)

e For Wait mode, set CS1[WAIT].

* For Stop mode, set CS1[STOP].

NOTE

The watchdog can not generate interrupt in Stop mode even if
CS1[STOP] is set and will not wake the MCU from Stop mode.
It can generate reset during Stop mode.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

178 Freescale Semiconductor, Inc.



Chapter 17 Watchdog timer (WDOG)

For Active Background mode and Stop mode, in addition to the
above configurations, a clock source other than the bus clock
must be used as the reference clock for the counter; otherwise,
the watchdog cannot function.

17.4.7 Fast testing of the watchdog

Before executing application code in safety critical applications, users are required to test
that the watchdog works as expected and resets the MCU. Testing every bit of a 16-bit
counter by letting it run to the overflow value takes a relatively long time (64 kHz
clocks).

To help minimize the startup delay for application code after reset, the watchdog has a
feature to test the watchdog more quickly by splitting the counter into its constituent
byte-wide stages. The low and high bytes are run independently and tested for timeout
against the corresponding byte of the timeout value register. (For complete coverage
when testing the high byte of the counter, the test feature feeds the input clock via the 8th
bit of the low byte, thus ensuring that the overflow connection from the low byte to the
high byte is tested.)

Using this test feature reduces the test time to 512 clocks (not including overhead, such as
user configuration and reset vector fetches). To further speed testing, use a faster clock
(such as the bus clock) for the counter reference.

On a power-on reset, the POR bit in the system reset register is set, indicating the user
should perform the WDOG fast test.

17.4.7.1 Testing each byte of the counter
The test procedure follows these steps:

1. Program the preferred watchdog timeout value in the WDOG_TOVALH and
WDOG_TOVALL registers during the watchdog configuration time period.

2. Select a byte of the counter to test using the WDOG_CS1[TST] = 10b for the low
byte; WDOG_CS1[TST] = 11b for the high byte.

3. Wait for the watchdog to timeout. Optionally, in the idle loop, increment RAM
locations as a parallel software counter for later comparison. Because the RAM is not
affected by a watchdog reset, the timeout period of the watchdog counter can be
compared with the software counter to verify the timeout period has occurred as
expected.

4. The watchdog counter times out and forces a reset.
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5. Confirm the WDOG flag in the system reset register is set, indicating that the
watchdog caused the reset. (The POR flag remains clear.)
6. Confirm that WDOG_CSI[TST] shows a test (10b or 11b) was performed.

If confirmed, the count and compare functions work for the selected byte. Repeat the
procedure, selecting the other byte in step 2.

NOTE
WDOG_CSI1[TST] is cleared by a POR only and not affected
by other resets.

17.4.7.2 Entering user mode

After successfully testing the low and high bytes of the watchdog counter, the user can
configure WDOG_CS1[TST] to 01b to indicate the watchdog is ready for use in
application user mode. Thus if a reset occurs again, software can recognize the reset
trigger as a real watchdog reset caused by runaway or faulty application code.

As an ongoing test when using the default 20 kHz clock source, software can periodically
read the WDOG_CNTH and WDOG_CNTL registers to ensure the counter is being
incremented.
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Flash Memory Module (FTMRE)

18.1 Introduction
The FTMRE module implements the following:
e Program flash (flash) memory

The flash memory is ideal for single-supply applications allowing for field
reprogramming without requiring external high voltage sources for program or erase
operations. The flash module includes a memory controller that executes commands to
modify flash memory contents. The user interface to the memory controller consists of
the indexed Flash Common Command Object (FCCOB) register which is written to with
the command, global address, data, and any required command parameters. The memory
controller must complete the execution of a command before the FCCOB register can be
written to with a new command.

CAUTION
A flash byte or longword must be in the erased state before
being programmed. Cumulative programming of bits within a
flash byte or longword is not allowed.

The flash memory is read as longwords. Read access time is one bus cycle for longwords.
For flash memory, an erased bit reads 1 and a programmed bit reads O.

18.2 Feature

18.2.1 Flash memory features

The flash memory has the following features:
* 16 KB of flash memory composed of one 16 KB flash block divided into 32 sectors
of 512 bytes
e Automated program and erase algorithm with verify
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* Fast sector erase and longword program operation
* Flexible protection scheme to prevent accidental programming or erasing of flash
memory

18.2.2 Other flash module features

The flash memory module has the following other features:
* No external high-voltage power supply required for flash memory program and erase
operations
* Interrupt generation on flash command completion
 Security mechanism to prevent unauthorized access to the flash memory

18.3 Functional description

18.3.1 Modes of operation

The flash memory module provides the normal user mode of operation. The operating
mode is determined by module-level inputs and affects the FPROT, FCNFG, and
FCLKDIV registers.

18.3.1.1 Wait mode

The flash memory module is not affected if the MCU enters Wait mode. The flash
module can recover the MCU from Wait via the CCIF interrupt. See Flash interrupts.

18.3.1.2 Stop mode

If a flash command is active, that is, FSTAT[CCIF] = 0, when the MCU requests Stop
mode, the current NVM operation will be completed before the MCU is allowed to enter
Stop mode.

18.3.2 Flash block read access

If a flash block is read during execution of a command (while FSTAT[CCIF] = 0), the
read operation will return invalid data and it will trigger a illegal access exception in the
MCU.
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18.3.3 Flash memory map
The MCU places the flash memory as shown in the following table.

Table 18-1. Flash memory addressing

Global address Flash size Description
0x0000_0000-0x0000_3FFF 16 KB Flash block contains flash configuration field.

18.3.4 Flash initialization after system reset

On each system reset, the flash module executes an initialization sequence that
establishes initial values for the flash block configuration parameters, the FPROT
protection register, and the FOPT and FSEC registers. The initialization routine reverts to
built-in default values that leave the module in a fully protected and secured state if errors
are encountered during execution of the reset sequence. If an error is detected during the
reset sequence, both FSTAT[MGSTAT] bits will be set.

FSTATI[CCIF] is cleared throughout the initialization sequence. The NVM module holds
off all CPU access for a portion of the initialization sequence. Flash reads are allowed
after the hold is removed. Completion of the initialization sequence is marked by setting
FSTAT[CCIF] high, which enables user commands. While FSTAT[CCIF] remains
cleared, it is not possible to write on registers FCCOBIX or FCCOB.

If a reset occurs while any flash command is in progress, that command will be
immediately aborted. The state of the word being programmed or the sector/block being
erased is not guaranteed.

18.3.5 Flash command operations
Flash command operations are used to modify flash memory contents.
The command operations contain three steps:

1. Configure the clock for flash program and erase command operations.

2. Use command write sequence to set flash command parameters and launch
execution.

3. Execute valid flash commands according to MCU functional mode and MCU

security state.
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The figure below shows a general flowchart of the flash command write sequence.

Read: FCLKDIV register |

¢ no

Clock Divider FDIV - IF
Valce Chook DIV 1o Read: FSTAT register &
.\/&G yes Note: FCLKDIV must be
t h r
FCCOB set after each reset
Availability Check Read: FSTAT register Write: FCLKDIV register |
CCI F
l Results from previous Command
Access Error and Write: FSTAT register
Protection Violation Clear ACCERR/FPVIOL 0x30
Check
Write to FCCOBIX register <
to identify specific command
parameter to load.
Write to FCCOB register
to load required command parameter.

Write: FSTAT register (to launch command)
Clear CCIF 0x8|

Read: FSTAT register —

Bit Polling for
Command Completion
Check

Figure 18-1. Generic flash command write sequence flowchart
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18.3.5.1 Writing the FCLKDIV register

Prior to issuing any flash program or erase command after a reset, the user is required to
write the FCLKDIV register to divide BUSCLK down to a target FCLK of 1 MHz. The
following table shows recommended values for FCLKDIV[FDIV] based on BUSCLK

frequency.

Table 18-2. FDIV values for various BUSCLK frequencies

BUSCLK frequency
(MHz) FDIV[5:0]

MIN? MAX?

1.0 1.6 0x00
1.6 2.6 0x01
2.6 3.6 0x02
3.6 4.6 0x03
4.6 5.6 0x04
5.6 6.6 0x05
6.6 7.6 0x06
7.6 8.6 0x07
8.6 9.6 0x08
9.6 10.6 0x09
10.6 11.6 0x0A
11.6 12.6 0x0B
12.6 13.6 0x0C
13.6 14.6 0x0D
14.6 15.6 Ox0E
15.6 16.6 OxOF
16.6 17.6 0x10
17.6 18.6 0x11
18.6 19.6 0x12
19.6 20.6 0x13
20.6 21.6 0x14
21.6 22.6 0x15
22.6 23.6 0x16
23.6 24.6 0x17
24.6 25.6 0x18

1. BUSCLK is greater than this value.
2. BUSCLK is less than or equal to this value.
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CAUTION

Programming or erasing the flash memory cannot be performed
if the bus clock runs at less than 0.8 MHz. Setting
FCLKDIV[FDIV] too high can destroy the flash memory due to
overstress. Setting FCLKDIV[FDIV] too low can result in
incomplete programming or erasure of the flash memory cells.

When the FCLKDIV register is written, FCLKDIV[FDIVLD] is set automatically. If
FCLKDIV[FDIVLD] is 0, the FCLKDIV register has not been written since the last
reset. If the FCLKDIV register has not been written, any flash program or erase

command loaded during a command write sequence will not execute and
FSTAT[ACCERR] will be set.

18.3.5.2 Command write sequence

The memory controller will launch all valid flash commands entered using a command
write sequence.

Before launching a command, FSTAT[ACCERR] and FSTAT[FPVIOL] must be cleared
and the FSTAT[CCIF] flag will be tested to determine the status of the current command
write sequence. If FSTAT[CCIF] is 0, indicating that the previous command write
sequence is still active, a new command write sequence cannot be started and all writes to
the FCCOB register are ignored.

The FCCOB parameter fields must be loaded with all required parameters for the flash
command being executed. Access to the FCCOB parameter fields is controlled via
FCCOBIX[CCOBIX].

Flash command mode uses the indexed FCCOB register to provide a command code and
its relevant parameters to the memory controller. First, the user must set up all required
FCCOB fields. Then they can initiate the command's execution by writing a 1 to
FSTAT[CCIF]. This action clears the CCIF command completion flag to 0. When the
user clears FSTAT[CCIF], all FCCOB parameter fields are locked and cannot be changed
by the user until the command completes (evidenced by the memory controller returning
FSTAT[CCIF] tol). Some commands return information to the FCCOB register array.

The generic format for the FCCOB parameter fields in flash command mode is shown in
the following table. The return values are available for reading after the FSTAT[CCIF]

flag has been returned to 1 by the memory controller. Writes to the unimplemented
parameter fields, FCCOBIX[CCOBIX] =110b and FCCOBIX[CCOBIX] = 111b, are
ignored with read from these fields returning 0x0000.
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Table 18-3 shows the generic flash command format. The high byte of the first word in
the CCOB array contains the command code, followed by the parameters for this specific
flash command. For details on the FCCOB settings required by each command, see the
flash command descriptions in Flash command summary .

Table 18-3. FCCOB - flash command mode typical usage

CCOBIX[2:0] Byte FCCOB parameter fields in flash command mode
000 HI FCMDJ7:0] defining flash command
LO Global address [23:16]
001 HI Global address [15:8]
LO Global address [7:0]
HI Data 0 [15:8]
010
LO Data 0 [7:0]
HI Data 1 [15:8]
011
LO Data 1 [7:0]
HI Data 2 [15:8]
100
LO Data 2 [7:0]
HI Data 3 [15:8]
101
LO Data 3 [7:0]

The contents of the FCCOB parameter fields are transferred to the memory controller
when the user clears the FSTAT[CCIF] command completion flag by writing 1. The
CCIF flag will remain clear until the flash command has completed. Upon completion,
the memory controller will return FSTAT[CCIF] to 1 and the FCCOB register will be
used to communicate any results.

The following table presents the valid flash commands, as enabled by the combination of
the functional MCU mode with the MCU security state of unsecured or secured.

MCU secured state is selected by FSEC[SEC].

Table 18-4. Flash commands by mode and security state

FCMD Command Unsecured Secured
u’ u?
0x01 Erase verify all blocks * *
0x02 Erase verify block * *
0x03 Erase verify flash section * *
0x04 Read once * *
0x06 Program flash * *
0x07 Program once * *
0x08 Erase all block * *
0x09 Erase flash block * *

Table continues on the next page...
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Table 18-4. Flash commands by mode and security state (continued)

ECMD Command Unsecured Secured
u’ u?
O0x0A Erase flash sector * *
0x0B Unsecure flash * *
0x0C Verify backdoor access key * *
0x0D Set user margin level * *
0xO0E Set factory margin level * *
OxOF Configure NVM * *

1. Unsecured user mode
2. Secured user mode

18.3.6 Flash interrupts

The flash module can generate an interrupt when a flash command operation has

completed.
Table 18-5. Flash interrupt source
Interrupt source Interrupt flag Local enable Global (CCR) mask
CCIF CCIE
Flash command complete | Bit
(FSTAT register) (FCNFG register)

18.3.6.1 Description of flash interrupt operation

The flash module uses the FSTAT[CCIF] flag in combination with the FCNFG[CCIE]
interrupt enable bit to generate the flash command interrupt request.

The logic used for generating the flash module interrupts is shown in the following

figure.
Flash command
CCIE —\ interrupt request
CCIF — J
Figure 18-2. Flash module interrupts implementation
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18.3.7 Protection

The FPROT register can be set to protect regions in the flash memory from accidental
programing or erasing. Two separate memory regions, one growing upward from global
address 0x0000 in the flash memory, called the lower region, and the remaining
addresses in the flash memory, can be activated for protection. The flash memory
addresses covered by these protectable regions are shown in the flash memory map.

< 16 bytes (0x0_0400 - 0xO_040F)

Flash start = 0x0_0000 I Flash e tion field
. 0x0_0800 ash configuration fie
Fixed start
protection 0x0_1000
2,4,8,16 KB

Movable end 0x0_2000 ” Flash potected/unprotected lower region
protection

Flash end= 0x0_3FFF Y )

Figure 18-3. 16 KB flash protection memory map

Default protection settings as well as security information that allows the MCU to restrict
access to the flash module are stored in the flash configuration field as described in the

table below.
Table 18-6. Flash configuration field

Global address Size (Bytes) | Description

Backdoor comparison key. See Verify backdoor access key command and
Unsecuring the MCU using backdoor key access.

0x0400-0x0407 8

0x0408-0x040B
1

4 Reserved

Flash nonvolatile byte - data[31:24]
Flash security byte - data[23:16]
Flash protection byte - data[15:8]
Reserved - data [7:0]

0x040C—0x040F"

—_ | 2| | =

1. 0x0_0408-0x040B and 0x040C—0x0_040F form a flash longword in each address range and must be programmed in a
single command write sequence. Each byte in these longwords that are marked as reserved must be programmed to
OxFF. Alternatively, the Flash phrase 0x0408-0x040F can also be programmed in a single command write sequence.

The flash module provides protection to the MCU. During the reset sequence, the FPROT
register is loaded with the contents of the flash protection byte in the flash configuration
field at global address 0x040D in flash memory. The protection functions depend on the
configuration of bit settings in FPROT register.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 189



runctional description

The flash protection scheme can be used by applications requiring reprogramming in
single chip mode while providing as much protection as possible if reprogramming is not
required.

All possible flash protection scenarios are shown in Figure 18-4. Although the protection
scheme is loaded from the flash memory at global address 0x040D during the reset
sequence, it can be changed by the user.

FPLDIS =1 FPLDIS=0
Scenario 9 7 5 =
0x0_0000 =
I =
-
o
T
i
Z
w
o
(@]
a
o
FLASH END
Scenario B 3 1
0x0_0000 =)
I =
-
o
o
o
1
pd
w
o
o
o
o
FLASH END

|:| Unprotected region

D Protected region Protected region with size
not defined by FPLS |:| defined by FPLS

Figure 18-4. Flash protection scenarios

The general guideline is that flash protection can only be added and not removed. The
following table specifies all valid transitions between flash protection scenarios. Any
attempt to write an invalid scenario to the FPROT register will be ignored. The contents
of the FPROT register reflect the active protection scenario. See the FPROT[FPLS] field
descriptions for additional restrictions.
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Table 18-7. Flash protection scenario transitions

From protection To protection scenario’
scenario 1 3 5 7
1 X X
3 X
5 X X
7 X X X X

1. Allowed transitions marked with X.

The flash protection address range is listed in the following two tables regarding the
scenarios in the table above.

18.3.8 Security

The flash module provides security information to the MCU. The flash security state is
defined by FSEC[SEC]. During reset, the flash module initializes the FSEC register using
data read from the security byte of the flash configuration field. The security state out of
reset can be permanently changed by programming the security byte, assuming that the
MCU is starting from a mode where the necessary flash erase and program commands are
available and that the upper region of the flash is unprotected. If the flash security byte is
successfully programmed, its new value will take effect after the next MCU reset.

The following subsections describe these security-related subjects:
* Unsecuring the MCU using backdoor key access
* Unsecuring the MCU using SWD

* Mode and security effects on flash command availability

18.3.8.1 Unsecuring the MCU using backdoor key access

The MCU may be unsecured by using the backdoor key access feature which requires
knowledge of the contents of the backdoor keys, which are four 16-bit words
programmed at addresses 0x400—0x407. If the KEYEN[1:0] bits are in the enabled state,
the verify backdoor access key command — see Verify backdoor access key command,
allows the user to present four prospective keys for comparison to the keys stored in the
flash memory via the memory controller. If the keys presented in the verify backdoor
access key command match the backdoor keys stored in the flash memory, FSEC[SEC]
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will be changed to unsecure the MCU. Key values of 0x0000 and OxFFFF are not
permitted as backdoor keys. While the Verify Backdoor Access Key command is active,
flash memory will not be available for read access and will return invalid data.

The user code stored in the flash memory must have a method of receiving the backdoor
keys from an external stimulus. This external stimulus would typically be through one of
the on-chip serial ports.

If the KEYEN([1:0] bits are in the enabled state, the MCU can be unsecured by the
backdoor key access sequence described below:

1. Follow the command sequence for the verify backdoor access key command as
explained in Verify backdoor access key command.

2. If the verify backdoor access key command is successful, the MCU is unsecured and
FSEC[SEC] is forced to the unsecure state of 10.

The verify backdoor access key command is monitored by the memory controller and an
illegal key will prohibit future use of the verify backdoor access key command. A reset of
the MCU is the only method to re-enable the verify backdoor access key command. The
security as defined in the flash security byte is not changed by using the verify backdoor
access key command sequence. The backdoor keys stored in addresses 0x400—0x407 are
unaffected by the verify backdoor access key command sequence. The verify backdoor
access key command sequence has no effect on the program and erase protections

defined in the flash protection register, FPROT.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After
the MCU is unsecured, the sector containing the flash security byte can be erased and the
flash security byte can be reprogrammed to the unsecure state, if desired. In the unsecure
state, the user has full control of the contents of the backdoor keys by programming
addresses 0x400—0x407 in the flash configuration field.

18.3.8.2 Unsecuring the MCU using SWD

A secured MCU can be unsecured by using the following method to erase the flash
memory:

1. Reset the device by asserting RESET pin or DAP_CTRL[3].

2. Set DAP_CTRLJO] bit to invoke debug mass erase via SWD

3. Release reset by deasserting RESET pin or DAP_CTRL[3] bit via SWD.

4. Wait till DAP_CTRL[O] bit is cleared ( After mass erase completes, DAP_CTRL[O]
bit is cleared automatically). At this time, CPU will be in hold state, MASS erase is
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completed, and the device is in unsecure state (flash security byte in flash
configuration field is programmed with OxFE) .
5. Reset the device.

18.3.8.3 Mode and security effects on flash command availability

The availability of flash module commands depends on the MCU operating mode and
security state as shown in Table 18-4.

18.3.9 Flash commands

18.3.9.1 Flash commands

The following table summarizes the valid flash commands as well as the effects of the
commands on the flash block and other resources within the flash module.

NOTE
All commands in the following table, regardless of MCU mode
or security state, cannot be launched while the flash array is
being read (i.e. the commands must not be executed if the core
is fetching code from the flash). If the core attempts to read the
flash while any command is running that may result in an
illegal access. Refer to Flash block read access for details.

Table 18-8. Flash commands

FCMD Command Function on flash memory
0x01 Erase Verify All Blocks Verifies that all flash blocks are erased
0x02 Erase Verify Block Verifies that a flash block is erased
0x03 Erase Verify Flash Section |Verifies that a given number of words starting at the address provided are erased
Reads a dedicated 64-byte field in the nonvolatile information register in flash
0x04 Read Once . .
block that was previously programmed using the program once command
0x06 Program Flash Programs up to two longwords in a flash block
Programs a dedicated 64 byte field in the nonvolatile information register in flash
0x07 Program Once .
block that is allowed to be programmed only once
Erases all flash blocks
0x08 Erase All Block An erase of all flash blocks is possible only when the FPROT[FPHDIS],
FPROTI[FPLDIS] and FPROT[FPOEN] and the bit are set prior to launching the
command
0x09 Erase Flash Block Erases a flash block

Table continues on the next page...
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Table 18-8. Flash commands (continued)

FCMD Command Function on flash memory

An erase of the full flash block is possible only when FPROT[FPLDIS],
FPROT[FPHDIS], and FPROT[FPOEN] are set prior to launching the command.

O0x0A Erase Flash Sector Erases all bytes in a flash sector

Supports a method of releasing MCU security by erasing all flash blocks and

0x0B Unsecure Flash verifying that all flash blocks are erased

0x0C Verify Backdoor Access key |Supports a method of releasing MCU security by verifying a set of security keys

0x0D Set User Margin Level Specifies a user margin read level for all flash blocks

O0xOE Set Factory Margin Level | Specifies a factory margin read level for all flash blocks

Configure NVM parameters to enable or disable some features in the NVM array,

OxOF Configure NVM h S
allowing to save current/power under certain circumstances.

18.3.10 Flash command summary

This section provides details of all available flash commands launched by a command
write sequence. The FSTAT[ACCERR] will be set during the command write sequence if
any of the following illegal steps are performed, causing the command not to be
processed by the memory controller:

 Starting any command write sequence that programs or erases flash memory before
initializing the FLCKDIV register.

e Writing an invalid command as part of the command write sequence.

 For additional possible errors, refer to the error handling table provided for each
command.

If a flash block is read during the execution of an algorithm (FSTAT[CCIF] = 0) on that
same block, the read operation will return invalid data. It will also trigger an illegal
access exception.

If FSTAT[ACCERR] or FSTAT[FPVIOL] are set, the user must clear these fields before
starting any command write sequence.

CAUTION

An flash longword must be in the erased state before being
programmed. Cumulative programming of bits within an flash
longword is not allowed.
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18.3.10.1 Erase Verify All Blocks command
The Erase Verify All Blocks command will verify that all flash blocks have been erased.
Table 18-9. Erase Verify All Blocks command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 0x01 Not required

Upon clearing FSTAT[CCIF] to launch the Erase Verify All Blocks command, the
memory controller will verify that the entire flash memory space is erased. The
FSTAT[CCIF] flag will set after the erase verify all blocks operation has completed. If all
blocks are not erased, it means blank check failed and both FSTAT[MGSTAT] bits will

be set.

Table 18-10. Erase verify all blocks command error handling

Register Error bit Error condition
ACCERR Set if CCOBIX[2:0] != 000 at command launch
FPVIOL None
. . PR
FSTAT MGSTATH Set if any errors have been encountered during the read’ or if blank check

failed

Set if any errors have been encountered during the read or if blank check
failed

MGSTATO

1. As found in the memory map for NVM

18.3.10.2 Erase Verify Block command

The Erase Verify Block command allows the user to verify that an entire flash block has
been erased. The FCCOB global address [23:0] bits determine which block must be
verified.

Table 18-11. Erase Verify Block Command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 0x02 Global address [23:16] to identify flash block
001 Global address [15:0] in flash block to be verified

Upon clearing FSTAT[CCIF] to launch the erase verify block command, the memory
controller will verify that the selected flash block is erased. The FSTAT[CCIF] flag will
set after the erase verify block operation has completed. If the block is not erased, it
means blank check failed and both FSTAT[MGSTAT] bits will be set.
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Table 18-12. Erase Verify Block command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 001 at command launch
ACCERR - - - - -
Set if an invalid global address [23:0] is supplied’
FPVIOL None
FSTAT i i i
Set if any errors have been encountered during the read or if blank check
MGSTAT1 :
failed
MGSTATO ;(;tel(]; any errors have been encountered during the read or if blank check

1. As found in the memory map for NVM

18.3.10.3 Erase Verify Flash Section command

The Erase Verify Flash Section command will verify that a section of code in the flash

memory is erased. The Erase Verify Flash Section command defines the starting point of
the code to be verified and the number of longwords.

Table 18-13. Erase verify flash section command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 0x03 Global address [23:16] of flash block
001 Global address [15:0] of the first longwords to be verified
010 Number of long words to be verified

Upon clearing FSTAT[CCIF] to launch the erase verify flash section command, the
memory controller will verify that the selected section of flash memory is erased. The
FSTAT[CCIF] flag will set after the erase verify flash section operation has completed. If
the section 1s not erased, it means blank check failed and both FSTAT[MGSTAT] bits

will be set.

Table 18-14. Erase Verify Flash Section command error handling

Error condition
Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 18-4)

Register Error bit

ACCERR Set if an invalid global address [23:0] is supplied (see Table 18-1)

Set if a misaligned long words address is supplied (global address[1:0] |=
FSTAT 00)

Set if the requested section crosses flash address boundary
FPVIOL None

Set if any errors have been encountered during the read? or if blank check

MGSTAT1 failed

Table continues on the next page...
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Table 18-14. Erase Verify Flash Section command error handling (continued)

Register Error bit Error condition

Set if any errors have been encountered during the read? or if blank check

MGSTATO failed

1. As defined by the memory map for NVM
2. As found in the memory map for NVM

18.3.10.4 Read once command

The read once command provides read access to a reserved 64-byte field (8 phrase)
located in the nonvolatile information register of flash. The read once field can only be
programmed once and can not be erased. It can be used to store the product ID or any
other information that can be written only once. It is programmed using the program once
command described in Program Once command. To avoid code runaway, the read once
command must not be executed from the flash block containing the program once
reserved field.

Table 18-15. Read Once command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x04 | Not required
001 Read once phrase index (0x0000 — 0x0007)
010 Read once word 0 value
011 Read once word 1 value
100 Read once word 2 value
101 Read once word 3 value

Upon clearing FSTAT[CCIF] to launch the read once command, a read once phrase is
fetched and stored in the FCCOB indexed register. The FSTAT[CCIF] flag will set after
the read once operation has completed. Valid phrase index values for the read once
command range from 0x0000 to 0x0007. During execution of the read once command,
any attempt to read addresses within flash block will return invalid data.

Table 18-16. Read Once command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 001 at command launch
ACCERR Set if command is not available in current mode (see Table 18-4)
Set if an invalid phrase index is supplied
FSTAT
FPVIOL None
MGSTAT1 Set if any errors have been encountered during the read
MGSTATO Set if any errors have been encountered during the read
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18.3.10.5 Program Flash command

The program flash operation will program up to two previously erased longwords in the
flash memory using an embedded algorithm.

Note

A flash longword must be in the erased state before being
programmed. Cumulative programming of bits within a flash
longword is not allowed.

Table 18-17. Program Flash command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 0x06 Global address [23:16] to identify flash block
001 Global address [15:0] of longwords location to be programmed
010 Word 0 (longword 0) program value
011 Word 1 (longword 0) program value
100 Word 2 (longword 1) program value
101 Word 3 (longword 1) program value

1. Global address [1:0] must be 00.

Upon clearing FSTAT[CCIF] to launch the Program Flash command, the memory
controller will program the data longwords to the supplied global address and will then
proceed to verify the data longwords read back as expected. The FSTAT[CCIF] flag will
set after the program flash operation has completed.

Table 18-18. Program Flash command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 011 or 101 at command launch
Set if command not available in current mode (see Table 18-4)

Set if an invalid global address [23:0] is supplied (see Table 18-1.1

ACCERR
Set if a misaligned longword address is supplied (global address [1:0] =
FSTAT 00)
Set if the requested group of words breaches the end of the flash block.
FPVIOL Set if the global address [23:0] points to a protected data
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any errors have been encountered during the verify operation

1. As defined by the memory map of NVM.
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18.3.10.6 Program Once command

The Program Once command restricts programming to a reserved 64-byte field (8
phrases) in the nonvolatile information register located in flash. The program once
reserved field can be read using the read once command as described in Read once
command. The program once command must be issued only once because the nonvolatile
information register in flash cannot be erased. To avoid code runaway, the program once
command must not be executed from the flash block containing the program once
reserved field.

Table 18-19. Program Once command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x07 | Not required
001 Program Once phrase index (0x000 — 0x0007)
010 Program once Word 0 value
011 Program once Word 1value
100 Program once Word 2 value
101 Program once Word 3 value

Upon clearing FSTAT[CCIF] to launch the program once command, the memory
controller first verifies that the selected phrase is erased. If erased, then the selected
phrase will be programmed and then verified with read back. The FSTAT[CCIF] flag will
remain clear, setting only after the program once operation has completed.

The reserved nonvolatile information register accessed by the Program Once command
cannot be erased, and any attempt to program one of these phrases a second time will not
be allowed. Valid phrase index values for the program once command range from 0x0000
to 0x0007. During execution of the program once command, any attempt to read
addresses within flash will return invalid data.

Table 18-20. Program Once ommand error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 101 at command launch
ACCERR Set if command not available in current mode (see Table 18-4)
Set if an invalid phrase index is supplied
FSTAT Set if the requested phrase has already been programmed’
FPVIOL None
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any errors have been encountered during the verify operation

1. If a program once phrase is initially programmed to OxFFFF_FFFF_FFFF_FFFF, the program once command will be
allowed to execute again on that same phrase.
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18.3.10.7 Erase All Blocks command

The Erase All Blocks operation will erase the entire flash memory space.

Table 18-21. Erase All Blocks command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 0x08 Not required

Upon clearing FSTAT[CCIF] to launch the Erase All Blocks command, the memory
controller will erase the entire NVM memory space and verify that it is erased. If the
memory controller verifies that the entire NVM memory space was properly erased,
security will be released. Therefore, the device is in unsecured state. During the execution
of this command (FSTAT[CCIF] = 0) the user must not write to any NVM module
register. The FSTAT[CCIF] flag will set after the erase all blocks operation has
completed.

Table 18-22. Erase All Blocks command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 000 at command launch
ACCERR
Set if command not available in current mode (see Table 18-4)
FSTAT FPVIOL Set if any area of the flash memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation’
MGSTATO Set if any errors have been encountered during the verify operation’

1. As found in the memory map for NVM.

18.3.10.8 Debugger mass erase request

The functionality of the Erase All Blocks command is also available in an uncommanded
fashion from the Debugger Mass Erase Request feature.

The Debugger Mass Erase request requires the clock divider register FCLKDIV to be
loaded before invoking this function. Please look into the Reference Manual for
information about the default value of FCLKDIV in case direct writes to register
FCLKDIV are not allowed by the time this feature is invoked. If FCLKDIV is not set the
Debugger Mass Erase request will not execute and the FSTAT[ACCERR] flag will set.
After the execution of the Mass Erase function, the FCLKDIV register will be reset and
the value of register FCLKDIV must be loaded before launching any other command
afterwards.
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Before invoking the erase-all function, the FSTAT[ACCERR]and FSTAT[FPVIOL]
flags must be clear. When invoked the Debugger Mass Erase request will erase all flash
memory space regardless of the protection settings. If the post-erase verify passes, the
routine will then release security by setting the FSEC[SEC] to the unsecure state. The
security byte in the Flash Configuration Field will be programmed to the unsecure state.
The status of the Debugger Mass Erase request is reflected in the FCNFG[ERSAREQ)].
The FCNFG[ERSAREQ] will be cleared once the operation has completed and the
normal FSTAT error reporting will be available as described in the following table.

At the end of the Mass Erase sequence Protection will remain configured as it was before
executing the Mass Erase function. If the application requires programming P-Flash after
the Mass Erase function completes, the existing protection limits must be taken into
account. If protection needs to be disabled the user may need to reset the system right
after completing the Mass Erase function.

Table 18-23. Debugger mass erase request error handling

Register Error Bit Error Condition
FSTAT ACCERR Set if command not available in current mode.
MGSTAT1 Set if any errors have been encountered during the erase verify operation,
or during the program verify operation.
MGSTATO Set if any non-correctable errors have been encountered during the erase
verify operation, or during the program verify operation.

18.3.10.9 Erase flash block command

The erase flash block operation will erase all addresses in a flash block.

Table 18-24. Erase flash block command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x09 | Global address [23:16] to identify flash block
001 Global address[15:0] in flash block to be erased

Upon clearing FSTAT[CCIF] to launch the erase flash block command, the memory
controller will erase the selected flash block and verify that it is erased. The
FSTAT[CCIF] flag will set after the erase flash block operation has completed.

Table 18-25. Erase flash block command error handling

Register Error Bit Error Condition
Set if CCOBIX[2:0] != 001 at command launch
FSTAT ACCERR - - -
Set if command not available in current mode (see Table 18-4)

Table continues on the next page...
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Table 18-25. Erase flash block command error handling (continued)

Register Error Bit Error Condition

Set if an invalid global address [23:0] is supplied’

FPVIOL Set if an area of the selected flash block is protected
MGSTAT1 Set if any errors have been encountered during the verify operation?
MGSTATO Set if any errors have been encountered during the verify operation?

1. As defined by the memory map for NVM.
2. As found in the memory map for NVM.

18.3.10.10 Erase flash sector command
The erase flash sector operation will erase all addresses in a flash sector.

Table 18-26. Erase flash sector command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x0A | Global address [23:16] to identify flash block to be erased
001 Global address [15:0] anywhere within the sector to be erased. Refer to Overview for the flash
sector size

Upon clearing FSTAT[CCIF] to launch the erase flash sector command, the memory
controller will erase the selected flash sector and then verify that it is erased. The
FSTAT[CCIF] flag will be set after the erase flash sector operation has completed.

Table 18-27. Erase flash sector command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 001 at command launch
Set if command not available in current mode (see Table 18-4)
ACCERR Set if an invalid global address [23:0] is supplied.! (see Table 18-1)
- — - - o1 1=
FSTAT gg)t if a misaligned longword address is supplied (global address [1:0] !
FPVIOL Set if the selected flash sector is protected
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any errors have been encountered during the verify operation

1. As defined by the memory map for NVM

18.3.10.11 Unsecure flash command

The unsecure flash command will erase the entire flash memory space, and if the erase is
successful, will release security.
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Table 18-28. Unsecure flash command FCCOB requirements

CCOBIX[2:0]

FCCOB parameters

000

0x0B

| Not required

Upon clearing FSTAT[CCIF] to launch the unsecure flash command, the memory
controller will erase the entire flash memory space and verify that it is erased. If the
memory controller verifies that the entire flash memory space was properly erased,
security will be released. If the erase verify is not successful, the unsecure flash operation
sets FSTAT[MGSTATI] and terminates without changing the security state. During the
execution of this command (FSTAT[CCIF] = 0), the user must not write to any flash
module register. The FSTAT[CCIF] flag is set after the unsecure flash operation has

completed.
Table 18-29. Unsecure flash command error handling
Register Error bit Error condition
Set if CCOBIX[2:0] |= 000 at command launch
ACCERR - - - -
FSTAT Set if command is not available in current mode (see Table 18-4)
FPVIOL Set if any area of the flash memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation’
MGSTATO Set if any errors have been encountered during the verify operation’

1. As found in the memory map for NVM

18.3.10.12 Verify backdoor access key command

The verify backdoor access key command will execute only if it is enabled by the
FSEC[KEYEN] bits. The verify backdoor access key command releases security if user-

supplied keys match those stored in the flash security bytes of the flash configuration

field. See Table 18-1 for details. The code that performs verifying backdoor access
command must be running from RAM.

Table 18-30. Verify backdoor access key command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 0x0C Not required
001 Key 0
010 Key 1
011 Key 2
100 Key 3
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Upon clearing FSTAT[CCIF] to launch the verify backdoor access key command, the
memory controller will check the FSEC[KEYEN] bits to verify that this command is
enabled. If not enabled, the memory controller sets the FSTAT[ACCERR] bit. If the
command is enabled, the memory controller compares the key provided in FCCOB to the
backdoor comparison key in the flash configuration field with Key 0 compared to
0x0400, and so on. If the backdoor keys match, security will be released. If the backdoor
keys do not match, security is not released and all future attempts to execute the verify
backdoor access key command are aborted (set FSTAT[ACCERR]) until a reset occurs.
The FSTAT[CCIF] flag is set after the verify backdoor access key operation has
completed.

Table 18-31. Verify backdoor access key command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 100 at command launch
Set if an incorrect backdoor key is supplied
ACCERR
Set if backdoor key access has not been enabled (KEYEN[1:0] # 10
FSTAT Set if the backdoor key has mismatched since the last reset
FPVIOL None
MGSTAT1 None
MGSTATO None

18.3.10.13 Set user margin level command

The user margin is a small delta to the normal read reference level and, in effect, is a
minimum safety margin. That is, if the reads pass at the tighter tolerances of the user
margins, the normal reads have at least that much safety margin before users experience
data loss.

The set user margin level command causes the memory controller to set the margin level
for future read operations of the flash block.

Table 18-32. Set user margin level command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 0x0D Global address [23:16] to identify flash block
001 Global address [15:0] to identify flash block
010 Margin level setting

Upon clearing FSTAT[CCIF] to launch the set user margin level command, the memory
controller will set the user margin level for the targeted block and then set the
FSTAT[CCIF] flag.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

204 Freescale Semiconductor, Inc.



Chapter 18 Flash Memory Module (FTMRE)

Note

Valid margin level settings for the set user margin level command are defined in the
following tables.

Table 18-33. Valid set user margin level settings

CCOB

(CCOBIX = 010) Level description
0x0000 Return to normal level
0x0001 User margin-1 level
0x0002 User margin-0 level?

1. Read margin to the erased state
2. Read margin to the programmed state

Table 18-34. Set user margin level command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 010 at command launch
Set if command is not available in current mode (see Table 18-4)
ACCERR
Set if an invalid global address [23:0] is supplied
FSTAT Set if an invalid margin level setting is supplied
FPVIOL None
MGSTAT1 None
MGSTATO None

Note

User margin levels can be used to check that NVM memory
contents have adequate margin for normal level read operations.
If unexpected results are encountered when checking NVM
memory contents at user margin levels, a potential loss of
information has been detected.

18.3.10.14 Set factory margin level command

The set factory margin Level command causes the memory controller to set the margin
level specified for future read operations of the flash block.

Table 18-35. Set factory margin level command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 OxOE Global address [23:16] to identify flash block

Table continues on the next page...
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Table 18-35. Set factory margin level command FCCOB requirements (continued)

CCOBIX[2:0] FCCOBHI parameters | FCCOBLO parameters
001 Global address [15:0] to identify flash block
010 Margin level setting

Upon clearing FSTAT[CCIF] to launch the set factory margin level command, the
memory controller will set the factory margin level for the targeted block and then set the
FSTAT[CCIF] flag.

Note

Valid margin level settings for the set factory margin level command are defined in the
following tables.

Table 18-36. Valid set factory margin level settings

ccos

(CCOBIX = 010) Level description
0x0000 Return to normal level
0x0001 User margin-1 level
0x0002 User margin-0 level?
0x0003 Factory margin-1 level
0x0004 Factory margin-0 level?

1. Read margin to the erased state
2. Read margin to the programmed state

Table 18-37. Set factory margin level command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 010 at command launch
ACCERR Set if command is not available in current mode (see Table 18-4)
Set if an invalid global address [23:0] is supplied
FSTAT Set if an invalid margin level setting is supplied
FPVIOL None
MGSTAT1 None
MGSTATO None

CAUTION
Factory margin levels must only be used during verify of the
initial factory programming.
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Note

Factory margin levels can be used to check that Flash memory
contents have adequate margin for data retention at the normal
level setting. If unexpected results are encountered when
checking flash memory contents at factory margin levels, the
fash memory contents must be erased and reprogrammed.

18.3.10.15 Configure NVM command

The Configure NVM command allows the user to control some features in the NVM
array, enabling or disabling them with the purpose to save current/power under certain
circumstances. The settings modified with Configure NVM command are not permanent,
therefore the command must be invoked after each reset if changing these settings is
required in the user application.

Table 18-38. Configure NVM command FCCOB requirements

CCOBIX[2:0] FCCOBHI parameters FCCOBLO parameters
000 O0xOF Configure NVM control byte as the following table.

Table 18-39. NVM Control Byte - field descriptions

Field Description
7 Query / Drive Mode - This bit controls if Configure NVM command will be used to drive or to retrieve
QUERY current status of FLPHV and FLPLF bits.

0 Drive option on bits FLPHV and FLPLF into the NVM array

1 Query current status of FLPHV and FLPLF. FCCOBJ0] can be read after command execution to retrieve
current status of FLPHV and FLPLV.

6-2 Reserved Bits - The RNV bits should be 1'b0, reserved for future enhancements.

1 Flash Low Power Control With High Supply Voltage - The FLPHYV bit controls a circuit in the NVM Array
that generates an internal voltage reference to be used in Flash reads when the device is operating in the
lower range of the external supply voltage specification. Under specific circumstances this circuit can be
disabled to save power.

0 Circuit enabled (recommended, default value) - this ensures that the NVM Array will work correctly for
reads across the full range of the external supply voltage.

1 Circuit disabled - to be set only if the external voltage supply is guaranteed to drive voltage above a
minimum level.

0 Flash Low Power Control In Low Frequency - The FLPLF bit controls a circuit in the NVM Array that
limits current consumption during Flash reads if the device is running in low frequencies. The circuit itself
FLPLF ) . . . o
consumes some power and is recommended to be disabled for typical frequency settings. Under specific
circumstances (low bus frequency) this circuit can be enabled to save power.

0 Circuit disabled (recommended, default value') - for typical bus frequency values this circuit can be left
disabled to minimize power consumption.
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Table 18-39. NVM Control Byte - field descriptions

Field Description

1 Circuit enabled - to be set if the bus frequency is setup to be below a minimum threshold, so the Flash
will save power while operating in low frequency.

1. Freescale might deliver parts with a different initial setting for this control in the NVM Array, eventually under a different
part number, if the part is to be used specifically in a low frequency range of operation. Therefore, if the user is not sure
about the initial setting of this control it is advisable to first run the Configure NVM command in Query mode to retrieve the
initial status of FLPLF.

LPHYV controls an internal circuit that guarantees correct Flash reads across the full range
of the external voltage supply, more specifically in the lower levels of the voltage
specification. FLPHV can be used to disable this circuit if the external supply source
drives the voltage above a minimum level specified in the NVM Electrical Parameters -
please refer to the proper section in the Reference Manual to identify this minimum
required voltage level and the current savings in case this circuit can be disabled.

CAUTION

There is a risk if the user incorrectly disables the circuit
controlled by FLPHV and the operating voltage goes below the
minimum supply voltage level as specified. Under this
condition the Flash will not read meaningful data, with
unpredictable results. The only way to restore the Flash
functionality may be to reset the part, so the NVM Array will
be restored to default conditions (i.e. the circuit controlled by
FLPHY is enabled)

FLPLF controls an internal circuit that limits current consumption during Flash reads if
the Flash is running at lower bus frequencies (BUSCLK). Under typical frequency values
this circuit is recommended to be disabled to save power, but for applications that run at
low frequencies this circuit can be enabled to minimize current consumption. For details
about the threshold bus frequency value under which there can be some power savings by
enabling this circuit.

NOTE
Bit FLPLF relates to Read operations, that are affected by the
bus frequency (BUSCLK), whereas program and erase
operations are affected by the FCLK time base that is unrelated
to FLPLF.

Upon clearing CCIF to launch the Configure NVM command the MGATE will set the
NVM Array parameters accordingly (if the command is launched in Drive mode -
QUERY=0) and then set the CCIF flag. The current status of FLPHV and FLPLV can
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always be read in FCCOB|[0] after the command execution. The Configure NVM
command can be executed in Query Mode (QUERY=1) to retrieve the status of these bits
without driving them into the NVM array.

The user is not required to run the Configure NVM command for correct operation of the
Flash array. The default value after reset are the recommended / safe states for operation

of the Flash. The Configure NVM command is intended to be invoked only in conditions
where it can be used to save some power, as explained above.

Table 18-40. Configure NVM command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 000 at command launch
Set if command is not available in current mode (see Table 18-4)
ACCERR
Set if an invalid global address [23:0] is supplied
FSTAT Set if an invalid margin level setting is supplied
FPVIOL None
MGSTAT1 None
MGSTATO None

18.4 Memory map and register definition

This section presents a high-level summary of the registers and how they are mapped.
The registers can be accessed in 32-bits, 16-bits (aligned on data[31:16] or on data[15:0])
or 8-bits. In the case of the writable registers, the write accesses are forbidden during
flash command execution. For more details, see Caution note in Flash memory map.

FTMRE memory map

Absolute . .
address Register name (i‘a’llgitt';) Access | Reset value Set;tlc;n/
(hex) pag
4002_0001 |Flash CCOB Index Register (FTMRE_FCCOBIX) 8 R/W 00h 18.4.1/210
4002_0002 |Flash Security Register (FTMRE_FSEC) 8 R Undefined 18.4.2/210
4002_0003 |Flash Clock Divider Register (FTMRE_FCLKDIV) 8 R/W 00h 18.4.3/211
4002_0005 |Flash Status Register (FTMRE_FSTAT) 8 R/W 80h 18.4.4/212
4002_0007 |Flash Configuration Register (FTMRE_FCNFG) 8 R/W 00h 18.4.5/213
Flash Common Command Object Register: Low
4002_0008 (FTMRE_FCCOBLO) 8 R/W 00h 18.4.6/214
Flash Common Command Object Register:High
4002_0009 (FTMRE_FCCOBHI) 8 R/W 00h 18.4.7/214
4002_000B |Flash Protection Register (FTMRE_FPROT) 8 R See section | 18.4.8/215
4002_000F |Flash Option Register (FTMRE_FOPT) 8 R Undefined 18.4.9/216
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18.4.1 Flash CCOB Index Register (FTMRE_FCCOBIX)

The FCCOBIX register is used to index the FCCOB register for NVM memory
operations.

Address: 4002_0000h base + 1h offset = 4002_0001h

Bit 7 6 5 4 | 3 2 1 0
Read CCOBIX
Write
Reset 0 0 0 0 0 0 0 0
FTMRE_FCCOBIX field descriptions
Field Description
7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

CCOBIX Common Command Register Index

Selects which word of the FCCOB register array is being read or written to.

18.4.2 Flash Security Register (FTMRE_FSEC)

The FSEC register holds all bits associated with the security of the MCU and NVM
module. All fields in the FSEC register are readable but not writable. During the reset
sequence, the FSEC register is loaded with the contents of the flash security byte in the
flash configuration field located in flash memory.

See Security for security function.

Address: 4002_0000h base + 2h offset = 4002_0002h

Bit 7 6 5 4 | 3 2 1 0
Read KEYEN Reserved SEC
Write
Reset X* X* X* X* X* x* x* X*
* Notes:

¢ x = Undefined at reset.

FTMRE_FSEC field descriptions

Field Description

7-6 Backdoor Key Security Enable Bits
KEYEN
The KEYEN[1:0] bits define the enabling of backdoor key access to the flash module.

NOTE: 01 is the preferred KEYEN state to disable backdoor key access.
Table continues on the next page...
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FTMRE_FSEC field descriptions (continued)

Field Description
00 Disabled
01 Disabled
10 Enabled
11 Disabled

5-2 This field is reserved.

Reserved
SEC Flash Security Bits

SEC field is forced to 10.
NOTE: 00 is the preferred SEC state to set MCU to secured state.

00 Secured
01 Secured
10 Unsecured
11 Secured

Defines the security state of the MCU. If the flash module is unsecured using backdoor key access, the

18.4.3 Flash Clock Divider Register (FTMRE_FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

All bits in the FCLKDIV register are readable, bit 7 is not writable, bit 6 is write-once-

high and controls the writability of the FDIV field in user mode. In debug mode, bits 6-0

are writable any number of times but bit 7 remains unwritable.

NOTE
The FCLKDIV register must not be written while a flash
command is executing (FSTAT[CCIF] = 0)

Address: 4002_0000h base + 3h offset = 4002_0003h

Bit 7 6 5 4 | 3 2
Read FDIVLD
FDIVLCK FDIV
Write
Reset 0 0 0 o | o 0
FTMRE_FCLKDIV field descriptions
Field Description
7 Clock Divider Loaded
FDIVLD

0 FCLKDIV register has not been written since the last reset.
1 FCLKDIV register has been written since the last reset.

Table continues on the next page...
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FTMRE_FCLKDIV field descriptions (continued)

Field Description
6 Clock Divider Locked
FDIVLCK
0 FDIV field is open for writing.
1 FDIV value is locked and cannot be changed. After the lock bit is set high, only reset can clear this bit
and restore writability to the FDIV field in user mode.
FDIV Clock Divider Bits

FDIV[5:0] must be set to effectively divide BUSCLK down to 1MHz to control timed events during flash
program and erase algorithms. Refer to the table in the Writing the FCLKDIV register for the
recommended values of FDIV based on the BUSCLK frequency.

18.4.4 Flash Status Register (FTMRE_FSTAT)

The FSTAT register reports the operational status of the flash module.

Address: 4002_0000h base + 5h offset = 4002_0005h

Bit 7 6 5 4 | 3 2 1 0
Read 0
CCIF ACCERR FPVIOL
Write
Reset 1 0 0 0
FTMRE_FSTAT field descriptions
Field Description
7 Command Complete Interrupt Flag
CCIF
Indicates that a flash command has completed. The CCIF flag is cleared by writing a 1 to CCIF to launch a
command and CCIF will stay low until command completion or command violation.
0 Flash command is in progress.
1 Flash command has completed.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Flash Access Error Flag
ACCERR
Indicates an illegal access has occurred to the flash memory caused by either a violation of the command
write sequence or issuing an illegal flash command. While ACCERR is set, the CCIF flag cannot be
cleared to launch a command. Writing 1 to this field clears it while writing a 0 to this field has no effect.
0 No access error is detected.
1 Access error is detected.
4 Flash Protection Violation Flag
FPVIOL

Table continues on the next page...
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FTMRE_FSTAT field descriptions (continued)

Field Description
Indicates an attempt was made to program or erase an address in a protected area of flash memory
during a command write sequence. Writing 1 to FPVIOL clears this field while writing 0 to this field has no
effect. While FPIOL is set, it is not possible to launch a command or start a command write sequence.
0 No protection violation is detected.
1 Protection violation is detected.
3 Memory Controller Busy Flag
MGBUSY
Reflects the active state of the memory controller.
0 Memory controller is idle.
1 Memory controller is busy executing a flash command (CCIF = 0).
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
MGSTAT Memory Controller Command Completion Status Flag

One or more MGSTAT flag bits are set if an error is detected during execution of a flash command or
during the flash reset sequence.

NOTE: Reset value can deviate from the value shown if a double bit fault is detected during the reset
sequence.

18.4.5 Flash Configuration Register (FTMRE_FCNFQG)

The FCNFG register enables the flash command complete interrupt.

Address: 4002_0000h base + 7h offset = 4002_0007h

Bit 7 6 5 4 | 3 2 1 0
Read 0 ERSAREQ 0
CCIE
Write
Reset 0 0 0 0 0 0 0 0
FTMRE_FCNFG field descriptions
Field Description
7 Command Complete Interrupt Enable
CCIE
Controls interrupt generation when a flash command has completed.
0 Command complete interrupt is disabled.
1 Aninterrupt will be requested whenever the CCIF flag in the FSTAT register is set.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Debugger Mass Erase Request
ERSAREQ

Table continues on the next page...
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FTMRE_FCNFG field descriptions (continued)

Field Description
Requests the MGATE to execute the Erase All Blocks command and release security. ERSAREQ is not
directly writable but is under indirect user control.

The ERSAREQ field sets to 1 when the MGATE starts executing the sequence. ERSAREQ will be reset to
0 by the MGATE when the operation is completed

0 No request or request complete
1 Requestto
¢ run the Erase All Blocks command
* verify the erased state
* program the security byte in the Flash Configuration Field to the unsecure state
* release MCU security by setting FSEC[SEC] to the unsecure state

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

18.4.6 Flash Common Command Object Register: Low
(FTMRE_FCCOBLO)

The FCCOB is an array of six words addressed via the CCOBIX index found in the
FCCOBIX register. Byte-wide reads and writes are allowed to the FCCOB register.

Address: 4002_0000h base + 8h offset = 4002_0008h

Bit 7 6 5 4 | 3 2 1 0
fead CcoB
Reset 0 0 0 o | o 0 0 0
FTMRE_FCCOBLO field descriptions
Field Description
CCOB Common Command Object Bit 7:0

Low 8 bits of Common Command Object register

18.4.7 Flash Common Command Object Register:High
(FTMRE_FCCOBHI)

The FCCOB is an array of six words addressed via the CCOBIX index found in the
FCCOBIX register. Byte-wide reads and writes are allowed to the FCCOB register.

Address: 4002_0000h base + 9h offset = 4002_0009h

Bit 7 6 5 4 | 3 2 1 0
Read
Write ccoB
Reset 0 0 0 o | o 0 0 0
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FTMRE_FCCOBHI field descriptions

Field Description
CccoB Common Command Object Bit 15:8

High 8 bits of Common Command Object register

18.4.8 Flash Protection Register (FTMRE_FPROT)

The FPROT register defines which flash sectors are protected against program and erase
operations.

The unreserved bits of the FPROT register are writable with the restriction that the size of
the protected region can only be increased (see Protection). All the unreserved bits of the
FPROT register are writable without restriction in debug mode.

During the reset sequence, the FPROT register is loaded with the contents of the flash
protection byte in the flash configuration field at global address 0x40D located in flash
memory. To change the flash protection that will be loaded during the reset sequence, the
upper sector of the flash memory must be unprotected, then the flash protection byte must
be reprogrammed.

Trying to alter data in any protected area in the flash memory will result in a protection
violation error and the FPVIOL bit will be set in the FSTAT register. The block erase of a
flash block is not possible if any of the flash sectors contained in the same flash block are
protected.

Address: 4002_0000h base + Bh offset = 4002_000Bh

Bit 7 6 5 4 | 3 2 1 0
Read
FPOPEN FPLDIS FPLS
Write
Reset X* x* x* x*
* Notes:

¢ x = Undefined at reset.

FTMRE_FPROT field descriptions

Field Description
7 Flash Protection Operation Enable
FPOPEN
The FPOPEN bit determines the protection function for program or erase operations.

Table continues on the next page...
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FTMRE_FPROT field descriptions (continued)

Field Description
0 When FPOPEN is clear, the FPLDIS field defines unprotected address ranges as specified by the
corresponding FPLS field.

1 When FPOPEN is set, the FPLDIS field enables protection for the address range specified by the
corresponding FPLS field.

6 Reserved Nonvolatile Bit
RNV6
The RNV bit must remain in the erased state.
5-3 Reserved Nonvolatile Bit
RNV
The RNV bit must remain in the erased state.
2 Flash Protection Lower Address Range Disable
FPLDIS

The FPLDIS bit determines whether there is a protected/unprotected area in a specific region of the flash
memory beginning with global address 0x0_0000.

0 Protection/Unprotection enabled.
1 Protection/Unprotection disabled.

FPLS Flash Protection Lower Address Size

The FPLS bits determine the size of the protected/unprotected area in flash memory. The FPLS bits can
only be written to while the FPLDIS bit is set.

18.4.9 Flash Option Register (FTMRE_FOPT)
The FOPT register is the flash option register.

All bits in the FOPT register are readable but are not writable. In debug mode, all bits in
the FOPT register are readable and writable .

During the reset sequence, the FOPT register is loaded from the flash nonvolatile byte in
the flash configuration field at global address 0x040F located in flash memory as
indicated by reset condition.

Address: 4002_0000h base + Fh offset = 4002_000Fh

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset x* x* x* x* x* x* x* x*
* Notes:

¢ x = Undefined at reset.

FTMRE_FOPT field descriptions

Field Description

NV Nonvolatile Bits
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FTMRE_FOPT field descriptions (continued)

Field

Description

The NV[7:0] bits are available as nonvolatile bits. During the reset sequence, the FOPT register is loaded
from the flash nonvolatile byte in the flash configuration field at global address 0x40F located in flash

memory.
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Chapter 19
Internal Clock Source (ICS)

19.1 Introduction

The internal clock source (ICS) module provides clock source choices for the MCU. The
module contains a frequency-locked loop (FLL) as a clock source that is controllable by
either an internal or an external reference clock. The module can provide this FLL clock
or either of the internal or external reference clocks as a source for the MCU system
clock. There are also signals provided to control a low-power oscillator (OSC) module.
These signals configure and enable the OSC module to generate its external crystal/
resonator clock (OSC_OUT) used by peripheral modules and as the ICS external
reference clock source. The ICS external reference clock can be the external crystal/
resonator (OSC_OUT) supplied by an OSC, or it can be another external clock source.

The ICS clock source chosen is passed through a reduced bus divider (BDIV) which
allows a lower final output clock frequency to be derived.

19.1.1 Features

The key features of the ICS module are given below:
* Internal reference clock has 9 trim bits for accuracy
* Internal or external reference clocks can be used to control the FLL.
 Selectable dividers for external reference clock to ensure proper input frequency to
FLL.
* Internal or external reference clocks can be selected as the clock source for the MCU.
* FLL Engaged Internal mode is automatically selected out of reset.
* FLL lock detector and external clock monitor
* FLL lock detector with interrupt capability
» External reference clock monitor with reset capability
* Digitally controlled oscillator optimized for 40-48 MHz frequency range
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19.1.2 Block diagram
The following figure is the ICS block diagram.
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Figure 19-1. Internal clock source (ICS) block diagram

19.1.3 Modes of operation

There are seven modes of operation for the ICS: FEI, FEE, FBI, FBILP, FBE, FBELP,
and STOP. Each of these modes is explained briefly in the following subsections.

19.1.3.1 FLL engaged internal (FEI)

In FLL engaged internal mode, which is the default mode, the ICS supplies a clock
derived from the FLL which is controlled by the internal reference clock.

19.1.3.2 FLL engaged external (FEE)

In FLL engaged external mode, the ICS supplies a clock derived from the FLL which is
controlled by an external reference clock source.
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19.1.3.3 FLL bypassed internal (FBI)

In FLL bypassed internal mode, the FLL is enabled and controlled by the internal
reference clock, but is bypassed. The ICS supplies a clock derived from the internal
reference clock.

19.1.3.4 FLL bypassed internal low power (FBILP)

In FLL bypassed internal low power mode, the FLL is disabled and bypassed, and the
ICS supplies a clock derived from the internal reference clock.

19.1.3.5 FLL bypassed external (FBE)

In FLL bypassed external mode, the FLL is enabled and controlled by an external
reference clock, but is bypassed. The ICS supplies a clock derived from the external
reference clock source.

19.1.3.6 FLL bypassed external low power (FBELP)

In FLL bypassed external low power mode, the FLL is disabled and bypassed, and the
ICS supplies a clock derived from the external reference clock.

19.1.3.7 Stop (STOP)

In Stop mode, the FLL is disabled and the internal or the ICS external reference clocks
source (OSC_OUT) can be selected to be enabled or disabled. The ICS does not provide
any MCU clock sources.

NOTE
The DCO frequency changes from the pre-stop value to its reset
value and the FLL needs to reacquire the lock before the
frequency is stable. Timing sensitive operations must wait for
the FLL acquisition time, tacquire» before executing.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 221




g |

cxwernal signal description

19.2 External signal description

There are no ICS signals that connect off chip.

19.3 Register definition

ICS memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4006_4000 |ICS Control Register 1 (ICS_C1) 8 R/W 04h 19.3.1/222
4006_4001 |ICS Control Register 2 (ICS_C2) 8 R/W 20h 19.3.2/223
4006_4002 |ICS Control Register 3 (ICS_C3) 8 R/W Undefined 19.3.3/224
4006_4003 |ICS Control Register 4 (ICS_C4) 8 R/W See section | 19.3.4/225
4006_4004 |ICS Status Register (ICS_S) 8 R 10h 19.3.5/226
19.3.1 ICS Control Register 1 (ICS_C1)
Address: 4006_4000h base + Oh offset = 4006_4000h
Bit 7 6 5 4 | 3 2 1 0
%ﬁg CLKS RDIV IREFS IRCLKEN | IREFSTEN
Reset 0 0 0 o | o 1 0 0
ICS_C1 field descriptions
Field Description
7-6 Clock Source Select
CLKS
Selects the clock source that controls the bus frequency. The actual bus frequency depends on the value
of ICS_C2[BDIV].
00 Output of FLL is selected.
01 Internal reference clock is selected.
10 External reference clock is selected.
11 Reserved, defaults to 00.
5-3 Reference Divider
RDIV

changed in FEE/FBE mode.

frequency must be in the range 31.25 kHz to 39.0625 kHz.

Table continues on the next page...
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ICS_C1 field descriptions (continued)

Field Description
RDIV OSC_CR[RANGE ]=0 OSC_CR[RANGE ]=1
000 11 32
001 2 64
010 4 128
011 8 256
100 16 512
101 32 1024
110 64 Reserved
111 128 Reserved
1. Reset default
2 Internal Reference Select
IREFS
Selects the reference clock source for the FLL.
0 External reference clock is selected.
1 Internal reference clock is selected.
1 Internal Reference Clock Enable
IRCLKEN
Enables the internal reference clock for use as ICSIRCLK.
0 ICSIRCLK is inactive.
1 ICSIRCLK is active.
0 Internal Reference Stop Enable
IREFSTEN

Controls whether or not the internal reference clock remains enabled when the ICS enters Stop mode.

0 Internal reference clock is disabled in Stop mode.
1 Internal reference clock stays enabled in Stop mode if IRCLKEN is set, or if ICS is in FEI, FBI, or
FBILP mode before entering Stop.

1. Reset default

19.3.2 ICS Control Register 2 (ICS_C2)

Address: 4006_4000h base + 1h offset = 4006_4001h

Bit 7 6 5 4 | 3 2 1 0
Read BDIV LP
Write
Reset 0 0 1 0

ICS_C2 field descriptions

Field Description
7-5 Bus Frequency Divider
BDIV

Table continues on the next page...
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ICS_C2 field descriptions (continued)

Field

Description

Selects the amount to divide down the clock source selected by ICS_C1[CLKS]. This controls the bus
frequency.

000 Encoding 0—Divides the selected clock by 1.

001 Encoding 1—Divides the selected clock by 2 (reset default).
010 Encoding 2—Divides the selected clock by 4.

011 Encoding 3—Divides the selected clock by 8.

100 Encoding 4—Divides the selected clock by 16.

101 Encoding 5—Divides the selected clock by 32.

110 Encoding 6—Divides the selected clock by 64.

111 Encoding 7—Divides the selected clock by 128.

Low Power Select
Controls whether the FLL is disabled in FLL bypassed modes.

0 FLL is not disabled in bypass mode.
1 FLL is disabled in bypass modes unless debug is active.

Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

19.3.3

ICS Control Register 3 (ICS_C3)

Address: 4006_4000h base + 2h offset = 4006_4002h

Bit 7 6 5 4 | 3 2 1 0
fead SCTRIM
Reset X X X X | X X X* X*

* Notes:

e x = Undefined at reset.

ICS_C3 field descriptions

Field

Description

SCTRIM

Slow Internal Reference Clock Trim Setting

Controls the slow internal reference clock frequency by controlling the internal reference clock period. The
bits are binary weighted. In other words, bit 1 adjusts twice as much as bit 0. Increasing the binary value of
SCTRIM will increase the period, and decreasing the value will decrease the period. An additional fine trim
bit is available as the ICS_C4[SCFTRIM].

ICS_C3 is automatically loaded during reset from a factory programmed location when not in a debug
mode. The factory programmed trim value adjusts the internal oscillator frequency to fint_ft as specified in
the datasheet. The user can provide a custom trim value to attain other internal reference clock
frequencies within the fint_t range. The custom trim value must be programmed into reserved flash
location 0x0000_03FF and copied to ICS_C3 during code initialization.
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19.3.4 ICS Control Register 4 (ICS_C4)

Address: 4006_4000h base + 3h offset = 4006_4003h

Bit 7 6 5 4 | 3 2 1 0
Read | | o g SCFTRIM
Write
Reset 0 0 0 0 0 0 0 X*

* Notes:

¢ x = Undefined at reset.

ICS_CA4 field descriptions

Field Description
7 Loss of Lock Interrupt
LOLIE
Determines if an interrupt request is made following a loss of lock indication. This field has an effect only
when ICS_S[LOLS] is set.
0 No request on loss of lock.
1 Generates an interrupt request on loss of lock.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Clock Monitor Enable
CME
Determines if a reset request is made following a loss of external clock indication. This field must be set to
a logic 1 only when the ICS is in an operational mode that uses the external clock (FEE, FBE, or FBELP).
0 Clock monitor is disabled.
1 Generates a reset request on loss of external clock.
4-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Slow Internal Reference Clock Fine Trim
SCFTRIM

Controls the smallest adjustment of the internal reference clock frequency. Setting SCFTRIM will increase
the period and clearing SCFTRIM will decrease the period by the smallest amount possible.

ICS_C4[SCFTRIM] is automatically loaded during reset from a factory programmed location when not in a
debug mode. The factory programmed trim value adjusts the internal oscillator frequency to fint_ft as
specified in the datasheet. The user can provide a custom trim value to attain other internal reference
clock frequencies within the fint_t range. The custom fine trim bit value must be programmed into reserved
flash location 0x0000_03FE and copied to ICS_C4 during code initialization.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 225



h o
g |

rnieyister definition

19.3.5 ICS Status Register (ICS_S)

Address: 4006_4000h base + 4h offset = 4006_4004h

Bit 7 6 5 4 | 3 2 1 0
Read LOLS LOCK 0 IREFST CLKST 0
Write wic
Reset 0 0 0 1 0 0 0 0
ICS_S field descriptions
Field Description
7 Loss of Lock Status
LOLS
Indicates the lock status for the FLL. LOLS is set when lock detection is enabled and after acquiring lock,
the FLL output frequency has fallen outside the lock exit frequency tolerance, from +4.7% to +5.97%.
ICS_CA4[LOLIE] determines whether an interrupt request is made when set. LOLS is cleared by reset or by
writing a logic 1 to LOLS when LOLS is set. Writing a logic 0 to LOLS has no effect.
0 FLL has not lost lock since LOLS was last cleared.
1 FLL has lost lock since LOLS was last cleared.
6 Lock Status
LOCK
Indicates whether the FLL has acquired lock. Lock detection is disabled when FLL is disabled. If the lock
status bit is set then changing the value of any of the following fields IREFS, RDIV[2:0], or, if in FEI or FBI
modes, SCTRIM[7:0] will cause the lock status bit to clear and stay cleared until the FLL has reacquired
lock. Stop mode entry will also cause the lock status bit to clear and stay cleared until the FLL has
reacquired lock.
0 FLL is currently unlocked.
1 FLL is currently locked.
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Internal Reference Status
IREFST
Indicates the current source for the reference clock. This field does not update immediately after a write to
ICS_CH1[IREFS] due to internal synchronization between clock domains.
0 Source of reference clock is external clock.
1 Source of reference clock is internal clock.
3-2 Clock Mode Status
CLKST
Indicates the current clock mode. This field doesn't update immediately after a write to ICS_C1[CLKS] due
to internal synchronization between clock domains.
00 Output of FLL is selected.
01 FLL Bypassed, internal reference clock is selected.
10 FLL Bypassed, external reference clock is selected.
11 Reserved.
Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

226

Freescale Semiconductor, Inc.



Chapter 19 Internal Clock Source (ICS)

19.4 Functional description

19.4.1 Operational modes

The seven states of the ICS are shown as a state diagram and are described below. The
arrows indicate the allowed movements among the states.

IREFS=1
CLKS=00

FLL Engaged
Internal (FEI)

IREFS=0 IREFS=1

CLKS=10 CLKS=01

Debug Enabled Debug Enabled
or LP=0

orLP =0

FLL Bypassed
Internal Low
Power(FBILP)

FLL Bypassed
External Low
Power(FBELP)

FLL Bypassed
External (FBE)

FLL Bypassed
Internal (FBI)

IREFS=0 IREFS=1
CLKS=10 CLKS=01
Debug Disabled Debug Disabled
and LP=1 FLL Engaged and LP=1

External (FEE)

IREFS=0
CLKS=00

Returns to state that was active
Entered from any state > before MCU entered stop, unless
when MCU enters stop RESET occurs while in stop.

Figure 19-7. Clock switching modes

19.4.1.1 FLL engaged internal (FEI)
FLL engaged internal (FEI) is the default mode of operation and is entered when all the

following conditions occur:
e 00b is written to ICS_CI1[CLKS].
e 1b is written to ICS_CI1[IREFS].
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In FLL engaged internal mode, the ICSOUT clock is derived from the FLL clock, which
is controlled by the internal reference clock. The FLL loop locks the frequency to 1280
times the internal reference frequency. The internal reference clock is enabled.

19.4.1.2 FLL engaged external (FEE)

The FLL engaged external (FEE) mode is entered when all the following conditions
occur:
e 00b is written to ICS_CI1[CLKS].
e Ob is written to ICS_CI1[IREFS].
e ICS_CI1[RDIV] and OSC_CR[RANGE ] are written to divide external reference
clock to be within the range of 31.25 kHz to 39.0625 kHz.

In FLL engaged external mode, the ICSOUT clock is derived from the FLL clock which
is controlled by the external reference clock source.The FLL loop locks the frequency to

1280 times the external reference frequency, as selected by ICS_C1[RDIV] and
OSC_CR[RANGE ]. The external reference clock is enabled.

19.4.1.3 FLL bypassed internal (FBI)

The FLL bypassed internal (FBI) mode is entered when all the following conditions
occur:

e 01b is written to ICS_CI1[CLKS].

e 1b is written to ICS_CI1[IREFS].

* BDM mode is active or ICS_C2[LP] bit is written to O.

In FLL bypassed internal mode, the ICSOUT clock is derived from the internal reference
clock. The FLL clock is controlled by the internal reference clock, and the FLL loop
locks the FLL frequency to 1280 times the internal reference frequency. The internal
reference clock is enabled.

19.4.1.4 FLL bypassed internal low power (FBILP)

The FLL bypassed internal low power (FBILP) mode is entered when all the following
conditions occur:

e 01b is written to ICS_CI1[CLKS].

e 1b is written to ICS_CI[IREFS].

* BDM mode is not active and ICS_C2[LP] bit is written to 1b.

In FLL bypassed internal low-power mode, the ICSOUT clock is derived from the
internal reference clock and the FLL is disabled. The internal reference clock is enabled.
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19.4.1.5 FLL bypassed external (FBE)

The FLL bypassed external (FBE) mode is entered when all the following conditions
occur:
e 10b is written to ICS_CI1[CLKS].
e Ob is written to ICS_CI1[IREFS].
e ICS_CI1[RDIV] and OSC_CR[RANGE ] fields are written to divide external
reference clock to be within the range of 31.25 kHz to 39.0625 kHz.
e BDM mode is active or Ob i1s written to C2[LP].

In FLL bypassed external mode, the ICSOUT clock is derived from the external reference
clock source. The FLL clock is controlled by the external reference clock, and the FLL
loop locks the FLL frequency to 1280 times the external reference frequency, as selected
by ICS_CI1[RDIV] and OSC_CR[RANGE ], the external reference clock is enabled.

19.4.1.6 FLL bypassed external low power (FBELP)

The FLL bypassed external low-power (FBELP) mode is entered when all the following
conditions occur:

* 10b is written to ICS_CI1[CLKS].

e Ob is written to ICS_CI[IREFS].

* BDM mode is not active and ICS_C2[LP] bit is written to 1b.

In FLL bypassed external low-power mode, the ICSOUT clock is derived from the
external reference clock source and the FLL is disabled. The external reference clock
source 1is enabled.

19.4.1.7 Stop

NOTE
The DCO frequency changes from the pre-stop value to its reset
value and the FLL need to re-acquire the lock before the
frequency is stable. Timing sensitive operations must wait for
the FLL acquisition time, tacquire, before executing.

Stop mode is entered whenever the MCU enters a STOP state. In this mode, all ICS clock
signals are static except in the following cases:

ICSIRCLK will be active in Stop mode when all the following conditions occur:
e 1b is written to ICS_CI1[IRCLKEN].
e 1b is written to ICS_CI[IREFSTEN].
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19.4.2 Mode switching

ICS_CI1[IREFS] can be changed at anytime, but the actual switch to the newly selected
clock is shown by ICS_S[IREFST]. When switching between FLL engaged internal (FEI)
and FLL engaged external (FEE) modes, the FLL begins locking again after the switch is
completed.

ICS_CI1[CLKS] can also be changed at anytime, but the actual switch to the newly
selected clock is shown by ICS_S[CLKST]. If the newly selected clock is not available,
the previous clock remains selected.

NOTE
When mode switching is from FEE, FBE or FBELP to FEI, it is
suggested to wait IREFST switch completion, then change
ICS_CI1[CLKS].

19.4.3 Bus frequency divider

ICS_C2[BDIV] can be changed anytime and the actual switch to the new frequency
occurs immediately.

19.4.4 Low-power field usage

The Low-Power (LP) field in the ICS_C?2 register is provided to allow the FLL to be
disabled and thus conserve power when it is not being used.

However, in some applications it may be desirable to allow the FLL to be enabled and to
lock for maximum accuracy before switching to an FLL engaged mode. To do this, write
0b to ICS_C2[LP].

19.4.5 Internal reference clock

When ICS_C1[IRCLKEN] is set, the internal reference clock signal is presented as
ICSIRCLK, which can be used as an additional clock source. To re-target the ICSIRCLK
frequency, write a new value to the ICS_C3[SCTRIM] bits to trim the period of the
internal reference clock:

* Writing a larger value slows down the ICSIRCLK frequency.

» Writing a smaller value to the ICS_C3 register speeds up the ICSIRCLK frequency.
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The trim bits affect the ICSOUT frequency if the ICS is in FLL engaged internal (FEI),
FLL bypassed internal (FBI), or FLL bypassed internal low power (FBILP) mode.

Until ICSIRCLK is trimmed, programming low bus divider (ICS_C2[BDIV]) factors
may result in [CSOUT frequencies that exceed the maximum chip-level frequency and
violate the chip-level clock timing specifications.

If ICS_CI[IREFSTEN] is set and 1b is written to ICS_C1[IRCLKEN], the internal
reference clock keeps running during Stop mode in order to provide a fast recovery upon
exiting Stop mode.

All MCU devices are factory programmed with a trim value in a reserved memory
location. This value is uploaded to the ICS_C3 register and ICS_C4[SCFTRIM] during
any reset initialization. For finer precision, trim the internal oscillator in the application
and set ICS_C4[SCFTRIM] accordingly.

19.4.6 Fixed frequency clock

The ICS presents the divided FLL reference clock as ICSFFCLK for use as an additional
clock source. ICSFFCLK frequency must be no more than 1/4 of the ICSOUT frequency
to be valid. Because of this requirement, in bypass modes, the ICSFFCLK is valid only in
bypass external modes (FBE and FBELP) for the following conditions of
ICS_C2[BDIV], and divider factor of ICS_CI1[RDIV] and OSC_CR[RANGE ] values:

if OSC_CR[RANGE ] is high,
* ICS_C2[BDIV] =000, ICS_C2[RDIV] =2 010
* ICS_C2[BDIV] =001 (divide by 2), ICS_C2[RDIV] 2 011
e ICS_C2[BDIV] =010 (divide by 4), ICS_C2[RDIV] 2= 100
* ICS_C2[BDIV] =011 (divide by 8), ICS_C2[RDIV] > 101

19.4.7 FLL lock and clock monitor

19.4.7.1 FLL clock lock

In FBE and FEE modes, the clock detector source uses the external reference as the
reference. When FLL is detected from lock to unlock, ICS_S[LOLS] is set. An interrupt
will be generated if ICS_C4[LOLIE] is set. ICS_S[LOLS] is cleared by reset or by
writing a logic 1 to ICS_S[LOLS] when ICS_S[LLOLS] is set. Writing a logic 0 to
ICS_S[LOLS] has no effect.
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In FBI and FEI modes, the lock detector source uses the internal reference as the
reference. When FLL is detected from lock to unlock, ICS_S[LOLS] is set. An interrupt
will be generated if ICS_C4[LOLIE] is set. ICS_S[LOLS] is cleared by reset or by
writing a logic 1 to ICS_S[LOLS] when ICS_S[LOLS] is set. Writing a logic 0 to
ICS_S[LOLS] has no effect.

In FBELP and FBILP modes, the FLL is not on so that lock detect function is not
applicable.

19.4.7.2 External reference clock monitor

In FBE, FEE, or FBELP modes, if 1 is written to ICS_C4[CME], the clock monitor is
enabled. If the external reference falls below a certain frequency, the MCU will reset.
The will be set to indicate the error.

19.5 Initialization/application information

This section provides example code to give some basic direction to a user on how to
initialize and configure the ICS module. The example software is implemented in C
language.

19.5.1 Initializing FEI mode

The following code segment demonstrates setting ICS to FEI mode.

Example: 19.5.1.1 FEI mode initialization routine

/* the following code segment demonstrates setting the ICS to FEI mode using the factory
trim value. The resulting ICSOUT frequency is fint ft*1280/BDIV. */

ICS C2 = 0x20; // BDIV=divide by 2 - use default until clock dividers configured

ICS Cl = 0x04; // internal reference clock as source to FLL

while ((ICS_S & ICS_S_LOCK MASK) == 0); // wait for FLL to lock

SIM CLKDIV = 0x01100000; // core clock = ICSOUT/1 and bus clock = core clock/2

ICS C2 = 0x00; // BDIV=divide by 1 - allows max core and bus clock frequencies

/* the following code segment demonstrates setting the ICS to FEI mode using a custom trim
value provided by a programming tool. The resulting ICSOUT frequency is fint t*1280/BDIV. */

ICS C3 = *((uint8 t*) Ox03FF); // trim internal reference clock

ICS C4 = *((uint8 t*) Ox03FE); // fine trim internal reference clock

ICS C2 = 0x20; // BDIV=divide by 2 - use default until clock dividers configured
ICS Cl1 = 0x04; // internal reference clock as source to FLL

while ((ICS_S & ICS_S LOCK MASK) == 0); // wait for FLL to lock
SIM CLKDIV = 0x01100000; // core clock = ICSOUT/1 and bus clock = core clock/2
ICS C2 = 0x00; // BDIV=divide by 1 - allows max core and bus clock frequencies

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

232 Freescale Semiconductor, Inc.



Chapter 19 Internal Clock Source (ICS)

19.5.2 Initializing FBI mode

The following code segment demonstrates setting ICS to FBI mode.

Example: 19.5.2.1 FBI mode initialization routine

/* the following code segment demonstrates setting the ICS to FBI mode using the factory
trim value. The resulting ICSOUT frequency is fint ft/BDIV. Note that the FLL will be
running at a frequency of fint ft*1280/BDIV even though the FLL is bypassed. */

ICS _C2 = 0x20; // BDIV=divide by 2 - use default until clock dividers configured

ICS Cl = 0x44; // internal reference clock as source for ICSOUT

while ((ICS_S & 0x0C) != 0x04); // wait until internal reference is selected

SIM CLKDIV = 0x00000000; // core clock = ICSOUT/1; bus clock = core clock/1

ICS_C2 = 0x00; // BDIV=divide by 1 - allows max core and bus clock frequencies

19.5.3 Initializing FEE mode

The following code segment demonstrates setting ICS to FEE mode.

Example: 19.5.3.1 FEE mode initialization routine

/* the following code segment demonstrates setting the ICS to FEE mode generating a 40MHZ
core clock frequency using an external 8MHz crystal */

OSC_CR = 0x96; // high-range, high-gain oscillator selected

while ((OSC_CR & OSC_CR _OSCINIT MASK) == 0); // wait until oscillator is ready

ICS C2 0x20; // BDIV=divide by 2 - use default until clock dividers configured
ICS C1 = 0x18; // 8MHz external reference clock/256 as source to FLL

while ((ICS_S & ICS_S IREFST MASK)); // wait for external source selected

while ((ICS_S & ICS_S LOCK MASK) == 0); // wait for FLL to lock

SIM CLKDIV 0x01100000; // core clock = ICSOUT/1 and bus clock = core clock/2

ICS C2 = 0x00; // BDIV=divide by 1 - allows max core and bus clock frequencies

19.5.4 Initializing FBE mode

The following code segment demonstrates setting ICS to FBE mode.

Example: 19.5.4.1 FBE mode initialization routine

/* the following code segment demonstrates setting the ICS to FBE mode generating 20MHZ core
clock frequency using an external 20MHz crystal */

OSC_CR = 0x96; // high-range, high-gain oscillator selected

while ((OSC_CR & OSC_CR OSCINIT MASK) == 0); // wait until oscillator is ready

ICS _Cc2 0x20; // BDIV=divide by 2 - use default until clock dividers configured
ICS Cl1 = O0xAO0; // 20MHz external clock as ICSOUT source; FLL source = 20MHz/512
while ((ICS_S & ICS_S_IREFST MASK)); // wait for external source selected

while ((ICS_S & 0x0C) != 0x08); // wait until FBE mode is selected

SIM CLKDIV 0x00000000; // core clock = ICSOUT/1 and bus clock = core clock/1

ICS _C2 = 0x00; // BDIV=divide by 1 - allows max core and bus clock frequencies
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Chapter 20
Oscillator (OSC)

20.1 Introduction

20.1.1 Overview

The OSC module provides the clock source for the MCU. The OSC module, in
conjunction with an external crystal or resonator, generates a clock for the MCU that can
be used as reference clock or bus clock.

20.1.2 Features and modes

Key features of the OSC module are:
* Supports 32 kHz crystals (low range mode)
 Supports 4-24 MHz crystals and resonators (high range mode)
* Automatic gain control (AGC) to optimize power consumption in both frequency
ranges using low-power mode (low gain mode)
e High gain option in both frequency ranges: 32 kHz, 4-24 MHz
* Voltage and frequency filtering to guarantee clock frequency and stability
* Supports to be enabled by ICS.

20.1.3 Block diagram
See the following figure for OSC module block diagram.

The OSC module uses a crystal or resonator to generate three filtered oscillator clock
signals(XTL_CLK). The XTL_CLK can work in Stop mode since they come from Hard
block which always has power.
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The OSCOS decides whether OSC_OUT comes from internal oscillators(XTL_CLK) or
directly from external clock driven on EXTAL pin. The OSCOS signal allows the XTAL
pad to be used as 1/0 or test clock.

r—-—----=-=- 2 [ e N A
I Digital Wrapper I |
N
I
| HGO I > ~ 0sC_ouT
I I .| Hign Gain , |
i > 32 k/4-24 MHz
I RANGE ; i »1 Oscillator :
: 0SCOoS i > XTL_CLK |
EN
Low Power ®
I i P 224 MHz A |
: ICS_OSC_EN i B Oscillator |
I 0 I 4006 |—» [
A EN Counter |
| —| Low Power {—
‘\ i > 32kHz |
I Oscillator |
I
-OSCSTEN —
I I CNT_DONE_4096 !
| OSC_INIT | - - - HARD BLOCK |
L o m m — — — = L e e e e e e e e e e e e e e e e e e e e e e — - .|

Figure 20-1. OSC module block diagram

20.2 Signal description

The following table shows the user-accessible signals available for the OSC module. See
the chip-level specification to find out which signals are actually connected to external

pins.

Table 20-1. OSC signal descriptions

Signal Description /0
EXTAL External clock/oscillator input Analog input
XTAL Oscillator output Analog output
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20.3 External crystal / resonator connections

The connections for a crystal/resonator frequency reference are shown in Figure 20-2 and
Figure 20-3. When using low-frequency, low-power mode, the only external component
is the crystal or resonator itself. In the other oscillator modes, load capacitors (Cy, Cy)
and feedback resistor (Rg) are required. In addition, a series resistor (Rg) may be used in
high-gain modes. Recommended component values are listed in the data sheet.

Table 20-2. External crystal/resonator connections

Oscillator mode Connections
Low frequency, high gain Connection2
Low frequency, low-power Connection1
High frequency, high gain (4-24 MHz) Connection2
High frequency, low-power (4-24 MHz) Connection2

VLP Oscillator (OSC_VLP) Module

XTAL Vss EXTAL

Iml
IDI
Crystal or Resonator

Figure 20-2. Crystal/resonator connections - connection 1
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VLP Oscillator (OSC_VLP) Module

XTAL Vss EXTAL
&
Cx Cy
, I | | I )
! ,
| |
Rr
NN\

il

Crystal or Resonator

Figure 20-3. Crystal/resonator connections - connection 2

20.4 External clock connections

In external clock mode (OSC_CR[OSCOS] = 0), the pins can be connected as shown in
the following figure.

VLP Oscillator (OSC_VLP) Module

XTAL Vss EXTAL
GPIO =—— External Clock Input

Figure 20-4. External clock connections
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20.5 Memory map and register descriptions

OSC memory map

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4006_5000 |OSC Control Register (OSC_CR) 8 R/W 00h 20.5.1/239
20.5.1 OSC Control Register (OSC_CR)
Address: 4006_5000h base + Oh offset = 4006_5000h
Bit 7 6 5 4 | 3 2 1 0
Read 0 0 OSCINIT
OSCEN OSCSTEN 0OSCOS RANGE HGO
Write
Reset 0 0 0 0 0 0 0 0
OSC_CR field descriptions
Field Description
7 OSC Enable
OSCEN
Enables the OSC module. The OSC module can also be enabled by the ICS module.
0 OSC module is disabled.
1 OSC module is enabled.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 OSC Enable in Stop mode
OSCSTEN
Controls whether or not the OSC clock remains enabled when MCU enters Stop mode and OSCEN is set.
OSCSTEN has no effect if ICS requests OSC enable.
0 OSC clock is disabled in Stop mode.
1 OSC clock stays enabled in Stop mode.
4 OSC Output Select
0SCOoSs
Selects the output clock of the OSC module.
0 External clock source from EXTAL pin is selected.
1 Oscillator clock source is selected.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Frequency Range Select
RANGE
Selects the frequency range for the OSC module. This bit must be configured before the OSC is enabled
and DO NOT change it after the OSC is enabled

Table continues on the next page...
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OSC_CR field descriptions (continued)

Field Description
0 Low frequency range of 32 kHz.
1 High frequency range of 4-24 MHz.

1 High Gain Oscillator Select
HGO

Controls the OSC mode of operation.

0 Low-power mode
1 High-gain mode

0 OSC Initialization
OSCINIT

This field is set after the initialization cycles of oscillator are completed.

0 Oscillator initialization is not complete.
1 Oscillator initialization is completed.

20.6 Functional description

20.6.1 OSC module states

There are three states of the OSC module. A state diagram is shown in Figure 20-6. The
states and the transitions among each other are described in this section.
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Off

¢ Oscillator OFF
¢ OSC_OUT = Static

EN
&& OSCOS

EN
&& OSCOS

Start-Up

¢ Oscillator On, not yet stable
* OSC_OUT = Static

Start-Up

¢ Oscillator On
¢ OSC_OUT = EXTAL

CNT_DONE_4096

Stable

¢ Oscillator On, Stable
¢ OSC_OUT = XTL_CLK

Figure 20-6. OSC module state diagram

EN is decided by OSC_CR[OSCEN], Stop, OSC_CR[OSCSTEN], and external request
(ICS_OSC_EN). See the following table for details.

Table 20-5. EN status

EN ICS_OSC_EN OSC_CR[OSCEN] OSC_CR[OSCSTEN] Stop

-
alalo

oO|lo| | | =~
o|lo|oc|O| =

O| = | =
o

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

Freescale Semiconductor, Inc. 241



runctional description

20.6.1.1 Off

The off state is entered whenever the EN signal is negated. Upon entering this state,
XTL_CLK and OSC_OUT is static. The EXTAL and XTAL pins are also decoupled
from all other oscillator circuitry in this state. The OSC module circuitry is configured to
draw minimal current.

20.6.1.2 Oscillator startup

The oscillator startup state is entered whenever the oscillator is first enabled (EN
transitions high) and OSC_CR[OSCOS] is high. In this state, the OSC module is enabled
and oscillations are starting up, but have not yet stabilized. When the oscillation
amplitude becomes large enough to pass through the input buffer, XTL_CLK begins
clocking the counter. When the counter has seen 4096 cycles of XTL_CLK, the oscillator
1s considered stable and XTL_CLK is passed to the output clock OSC_OUT.

20.6.1.3 Oscillator stable

The oscillator stable state is entered whenever the oscillator is enabled (EN is high),
OSC_CR[OSCOS] is high, and the counter has seen 4096 cycles of XTL_CLK
(CNT_DONE_4096 is high). In this state, the OSC module is producing a stable output
clock on OSC_OUT. Its frequency is determined by the external components being used.

20.6.1.4 External clock mode

The external clock state is entered when the oscillator is enabled(EN is high) and
OSC_CR[OSCOS] is low. In this state, the OSC module is set up to buffer (with
hysteresis) a clock from EXTAL onto the OSC_OUT. Its frequency is determined by the
external clock being supplied.

20.6.2 OSC module modes

The oscillator is a Pierce-type oscillator that supports external crystals or resonators
operating over the frequency ranges shown in the following table. These modes assume
EN =1, OSC_CR[OSCOS] = 1.

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

242 Freescale Semiconductor, Inc.



Y
Chapter 20 Oscillator (OSC)

Table 20-6. Oscillator modes

RANGE HGO Mode Frequency range
0 1 Low-frequency, high-gain fio(min) up to f,(max)
0 0 Low-frequency, low-power
(VLP)
1 1 High-frequency mode1, high- fri(min) up to fhi(max)
gain
1 0 High-frequency mode1, low-
power

20.6.2.1 Low-frequency, high-gain mode

In low-frequency, high-gain mode (OSC_CR[RANGE] = 0, OSC_CR[HGO] = 1) the
oscillator uses a simple inverter-style amplifier. The gain is set to achieve rail-to-rail
oscillation amplitudes. The oscillator input buffer in this mode is single-ended. It
provides low pass frequency filtering as well as hysteresis for voltage filtering and
converts the output to logic levels.

20.6.2.2 Low-frequency, low-power mode

In low-frequency, low-power mode (OSC_CR[RANGE] = 0, OSC_CR[HGO] = 0), the
oscillator uses a gain control loop to minimize power consumption. As the oscillation
amplitude increases, the amplifier current is reduced. This continues until a desired
amplitude is achieved at steady-state.

The oscillator input buffer in this mode is single-ended. It provides low pass frequency
filtering as well as hysteresis for voltage filtering and converts the output to logic levels.

In this mode, the amplifier inputs, gain-control input, and input buffer input are all
capacitively coupled for leakage tolerance (not sensitive to the DC level of EXTAL).

Also in this mode, all external components except for the resonator itself are integrated,
which includes the load capacitors and feeback resistor which biases EXTAL.

20.6.2.3 High-frequency, high-gain mode

In high-frequency, high-gain Mode (OSC_CR[RANGE] = 1, OSC_CR[HGO] = 1), the
oscillator uses a simple inverter-style amplifier. The gain is set to achieve rail-to-rail
oscillation amplitudes.
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The oscillator input buffer in this mode is single-ended. It provides low pass frequency
filtering as well as hysteresis for voltage filtering and converts the output to logic levels.

20.6.2.4 High-frequency, low-power mode

In high-frequency, low-power mode (OSC_CR[RANGE] = 1, OSC_CR[HGO] = 0) the
oscillator uses a gain control loop to minimize power consumption. As the oscillation
amplitude increases, the amplifier current is reduced. This continues until a desired
amplitude is achieved at steady-state.

The oscillator input buffer in this mode is differential. It provides low pass frequency
filtering as well as hysteresis for voltage filtering and converts the output to logic levels.

20.6.3 Counter

The oscillator output clock (OSC_OUT) is gated off until the counter has detected 4096
cycles of its input clock (XTL_CLK). Once 4096 cycles are complete, the counter passes
XTL_CLK onto OSC_OUT. This counting timeout is used to guarantee output clock
stability.

20.6.4 Reference clock pin requirements

The OSC module requires use of both the EXTAL and XTAL pins to generate an output
clock in oscillator mode but requires only the EXTAL pin in external clock mode. The
EXTAL and XTAL pins can be used for I/O or test clock purposes as long as the
specifications listed in the data sheet are met.
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Interrupt (IRQ)

21.1 Chip-specific IRQ information

21.1.1 IRQ Overview

This device has one IRQ modules to support external pin interrupt request.

21.1.2 IRQ assignments
The IRQ is by default assigned to pin PTBO.
The IRQ could also be assigned to other on-chip signal through the SBAR.

21.2 Introduction

The external interrupt (IRQ) module provides a maskable interrupt input.

21.3 Features

Features of the IRQ module include:
* A dedicated external interrupt pin IRQ
* IRQ Interrupt Control bits

* Programmable edge-only or edge and level interrupt sensitivity
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* Automatic interrupt acknowledge

e Internal pullup device

A low level applied to the external interrupt request (IRQ) pin can latch a CPU interrupt
request. The following figure shows the structure of the IRQ module:

TRQACK
RESET
SYNCHRO- | TOCPU _
NIZER >
v BUSCLK
DD
"_I_\_ ¢ IRQF
CLR
1 b~ a SYNCHRO-
ro—do oK NIZER
—C IRQPE
STOP
STOP. — BypAsS
IRQEDG

To pullup enable logic for IRQ IRQMOD IRQIE }

- IRQPDD TO INTERNAL IRQ
MODULES INTERRUPT
> \Ill\\llpingETgp REQUEST

Figure 21-1. IRQ module block diagram

External interrupts are managed by the IRQSC status and control register. When the IRQ
function is enabled, synchronous logic monitors the pin for edge-only or edge-and-level
events. When the MCU is in Stop mode and system clocks are shut down, a separate
asynchronous path is used so that the IRQ, if enabled, can wake the MCU.

21.3.1 Pin configuration options

The IRQ Pin Enable (IRQSC[IRQPE]) control field must be 1 for the IRQ pin to act as
the IRQ input. The user can choose the polarity of edges or levels detected (IRQEDGQG),
whether the pin detects edges-only or edges and levels (IRQMOD), or whether an event
causes an interrupt or only sets the IRQSC[IRQF] flag, which can be polled by software.

When enabled, the IRQ pin defaults to use an internal pullup device IRQSC[IRQPDD] =
0). If the user uses an external pullup or pulldown, the IRQSC[IRQPDD] can be written
to a 1 to turn off the internal device.

BIH and BIL instructions may be used to detect the level on the IRQ pin when it is
configured to act as the IRQ input.
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Note

This pin does not contain a clamp diode to Vpp and must not be
driven above Vpp. The voltage measured on the internally
pullup IRQ pin may be as low as Vpp — 0.7 V. The internal
gates connected to this pin are pulled all the way to Vpp.

When enabling the IRQ pin for use, IRQSC[IRQF] will be set,
and must be cleared prior to enabling the interrupt. When
configuring the pin for falling edge and level sensitivity in a 3
V system, it is necessary to wait at least cycles between
clearing the flag and enabling the interrupt.

21.3.2 Edge and level sensitivity

The IRQSC[IRQMOD] control field reconfigures the detection logic so that it can detect
edge events and pin levels. In this detection mode, IRQSC[IRQF] status flag is set when
an edge is detected, if the IRQ pin changes from the deasserted to the asserted level, but
the flag is continuously set and cannot be cleared as long as the IRQ pin remains at the
asserted level.

21.4 Interrupt pin request register

IRQ memory map

Absolute . .
address Register name Width | ) ccess | Reset value | Section/
(in bits) page
(hex)
4003_1000 |Interrupt Pin Request Status and Control Register (IRQ_SC) 8 R/W 00h 21.4.1/247

21.4.1 Interrupt Pin Request Status and Control Register (IRQ_SC)

This direct page register includes status and control bits, which are used to configure the
IRQ function, report status, and acknowledge IRQ events.

Address: 4003_1000h base + 0Oh offset = 4003_1000h

Bit 7 6 5 4 | 3 2 1 0
Read 0 IRQF
IRQPDD IRQEDG IRQPE IRQIE IRQMOD
Write IRQACK
Reset 0 0 0 0 0 0 0 0
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IRQ_SC field descriptions

Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Interrupt Request (IRQ) Pull Device Disable
IRQPDD

This read/write control bit is used to disable the internal pullup device when the IRQ pin is enabled (IRQPE
= 1) allowing for an external device to be used.

0 IRQ pull device enabled if IRQPE = 1.
1 IRQ pull device disabled if IRQPE = 1.

5 Interrupt Request (IRQ) Edge Select
IRQEDG

This read/write control field is used to select the polarity of edges or levels on the IRQ pin that cause IRQF
to be set. The IRQMOD control field determines whether the IRQ pin is sensitive to both edges and levels
or only edges. When the IRQ pin is enabled as the IRQ input and is configured to detect rising edges, the
optional pullup resistor is disabled.

0 IRQ s falling-edge or falling-edge/low-level sensitive.
1 IRQ is rising-edge or rising-edge/high-level sensitive.

4 IRQ Pin Enable
IRQPE

This read/write control field enables the IRQ pin function. When this field is set, the IRQ pin can be used
as an interrupt request.

0 IRQ pin function is disabled.
1 IRQ pin function is enabled.

3 IRQ Flag
IRQF

This read-only status field indicates when an interrupt request event has occurred.

0 No IRQ request
1 IRQ event is detected.

2 IRQ Acknowledge
IRQACK

This write-only field is used to acknowledge interrupt request events (write 1 to clear IRQF). Writing 0 has
no meaning or effect. Reads always return 0. If edge-and-level detection is selected (IRQMOD = 1), IRQF
cannot be cleared while the IRQ pin remains at its asserted level.

1 IRQ Interrupt Enable
IRQIE

This read/write control field determines whether IRQ events generate an interrupt request.

0 Interrupt request when IRQF set is disabled (use polling).
1 Interrupt requested whenever IRQF = 1.

0 IRQ Detection Mode
IRQMOD

This read/write control field selects either edge-only detection or edge-and-level detection.

0 IRQ event is detected only on falling/rising edges.
1 IRQ event is detected on falling/rising edges and low/high levels.
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Chapter 22
Analog-to-Digital Converter (ADC)

22.1 Chip-specific ADC information

22.1.1 ADC instantiation information

This device contains one 12-bit successive approximation ADC with up to 4 external
channels and 8 internal channels.

The ADC supports both software and hardware conversion flow control events (Trigger,
Restart, LoadOK and Seq_Abort). These ADC hardware events interfaces sources are
selectable from the SIM trigger crossbar.

See TBAR for details on hardware flow control events sources.

22.1.2 ADCO connections/channel assignment

The ADC channel assignments for the device are shown in following table. The internal
resistor divider is required for pin Vrect, Vout and Vad_in before they are connected to
ADC input channels.

Table 22-1. ADC internal channel assigement

CHSEL[5:0] Channel Input
001000 Internal_0 ADCO temperature sensor
001001 Internal _1 PMC temperature sensor / bandgap
001010 Internal_2 PMC VDDF
001011 Internal_3 1/8 scaled Vrect
001100 Internal_4 7/10 scaled Vout
001101 Internal_5 1/5 scaled Vad_in
001110 Internal_6 PGA VOP
001111 Internal _7 PGA VON
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Table 22-2. ADC external channel assigement

CHSEL][5:0] Channel Input
010000 ANO PTB1/ADPCI0]
010001 AN1 PTB2/ADPCJ1]
010010 AN2 PTB3/ADPCI2]
010011 AN3 PTB4/ADPCI3]

22.1.3 ADC analog supply and reference connections
ADC VRH_0 is connected to VREFH.

ADC VRL_0 is connected to VSSA.

ADC VRH._ 1 is connected to VDDA.

ADC VRL 1 is connected to VSSA.

NOTE
VREFH can be generated by PMC, and an external 10 uF
capacitor is required to be connected VREFH pin. The PMC
VREFH is not available in STOP mode. When PMC VREFH is
disabled (PMC_CTRL[VREFDN_EN] being cleared), VREFH
can be external reference input from VREFH pin.

22.1.4 Temperature sensor

The ADC internal channel 2 is connected to the PMC temperature sensor output. As the
PMC integrates the on-chip LDO which supply power to all on-chip components,
software could monitor the chip thermal condition by sampling this sensor by ADC.

Besides, the ADC module integrates an on-chip temperature sensor, which is connected
to ADC internal channel 0.

22.1.5 Summary of Conversion Flow Control Bit Scenarios
Table 22-3. Summary of Conversion Flow Control Bit Scenarios

RSTA TRIG SEQA LDOK Conversion Flow | Conversion Flow
Control Mode Control Scenario
0 0 0 Both Modes Valid

Table continues on the next page...
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Table 22-3. Summary of Conversion Flow Control Bit Scenarios

(continued)

Chapter 22 Analog-to-Digital Converter (ADC)

RSTA TRIG SEQA LDOK Conversion Flow | Conversion Flow
Control Mode Control Scenario
0 0 0 1 Both Modes Can Not Occur
0 0 1 0 Both Modes Valid'
0 0 1 1 Both Modes Can Not Occur
0 1 0 0 Both Modes Valid?
0 1 0 1 Both Modes Can Not Occur
0 1 1 0 Both Modes Can Not Occur
0 1 1 1 Both Modes Can Not Occur
1 0 0 0 Both Modes Valid®
1 0 0 1 Both Modes Valid4,3
1 0 1 0 Both Modes Valid',3,5
1 0 1 1 Both Modes Valid1,3,4,5
1 1 0 0 Restart Mode Error flag TRIG_EIF
set
Trigger Mode Valid2,3,6
1 1 0 1 Restart Mode Error flag TRIG_EIF
set
Trigger Mode Valid2,34,6
1 1 1 0 Restart Mode Error flag TRIG_EIF
set
Trigger Mode Valid1,2356
1 1 1 1 Restart Mode Error flag TRIG_EIF
set
Trigger Mode Valid1,23456
1. Abort any ongoing conversion, conversion sequence and CSL.
2. Start conversion sequence.
3. Load conversion command from top of CSL.
4. Swap CSL buffer.
5. Prevent RSTA_EIF and LDOK_EIF.
6. Bit TRIG set automatically in Trigger Mode
22.2 Introduction

The ADC is an n-channel multiplexed input successive approximation analog-to-digital
converter. Refer to device electrical specifications for ADC parameters and accuracy.

The List Based Architecture (LBA) provides flexible conversion sequence definition as
well as flexible oversampling. The order of channels to be converted can be freely
defined. Also, multiple instantiations of the module can be triggered simultaneously
(matching sampling point across multiple module instantiations).
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There are register bits which control the conversion flow (please refer to the description
of register ADC_FLWCTL).

The conversion flow control bits of register ADC_FLWCTL can be modified in two
different ways:
* Via data bus accesses
 Via internal interface signals (Trigger, Restart, LoadOK, and Seq_Abort; see also
Figure 22-2). Each interface signal is associated with one conversion flow control bit.

The ADC_FLWCTL register can be controlled via internal interface only or via data bus
only or by both depending on the register access configuration bits
ADC_CTLO[ACC_CFG].

The bits of register ADC_FLWCTL reflect the captured request and status of the internal
interface signals (LoadOK, Trigger, Restart, and Seq_abort; see also Figure 22-2) if
access configuration is set accordingly and indicate event progress (when an event is
processed and when it is finished).

Conversion flow error situations are captured by corresponding interrupt flags in the
ADC_EIF register.

There are two conversion flow control modes (Restart mode, Trigger mode). Each mode
causes a certain behavior of the conversion flow control bits which can be selected
according to the application needs.

Because internal components of the ADC are turned on/off with ADC_CTLO[ADC_EN],
the ADC requires a recovery time period (tggc) after ADC is enabled until the first
conversion can be launched via a trigger.

When ADC_CTLO[ADC_EN] gets cleared (transition from 1b to Ob) any ongoing
conversion sequence will be aborted and pending results, or the result of current
conversion, gets discarded (not stored). The ADC cannot be re-enabled before any
pending action or action in process is finished respectively aborted, which could take up
to a maximum latency time of tpisABLE-

22.3 Key features
This ADC has the following features:
* Programmer's model with list based architecture for conversion command and result
value organization
e Selectable resolution of 8-bit, 10-bit, or 12-bit
* Channel select control for n external analog input channels
* Provides up to eight device internal channels
* Programmable sample time

WPR1516 Sub-Family Reference Manual, Rev. 2, 12/2014

252 Freescale Semiconductor, Inc.



Chapter 22 Analog-to-Digital Converter (ADC)

A sample buffer amplifier for channel sampling (improved performance in view to
influence of channel input path resistance versus conversion accuracy)

 Left/right justified result data

* Individual selectable VRH_0/1 and VRL_0/1 inputs on a conversion command basis

* Special conversions for selected VRH_0/1, VRL_0/1, (VRL_0/1 + VRH_0/1) /2

* 15 conversion interrupts with flexible interrupt organization per conversion result

* One dedicated interrupt for "End Of List" type commands

* Command sequence list (CSL) with a maximum number of 64 command entries

* Provides conversion sequence abort

» Restart from top of active command sequence list (CSL)

e The command sequence list and result value list are implemented in double buffered
manner (two lists in parallel for each function)

* Conversion command (CSL) loading possible from system RAM or NVM

* Single conversion flow control register with software selectable access path

* Two conversion flow control modes optimized to different application use cases

22.4 Mode of operation

22.4.1 Conversion modes

This architecture provides single, multiple, or continuous conversion on a single channel
or on multiple channels based on the command sequence list.

22.4.2 MCU operating modes
* MCU Stop mode

Before issuing an MCU Stop mode request, the ADC must be idle (no conversion or
conversion sequence or command sequence list ongoing).

If a conversion, conversion sequence, or CSL is in progress when an MCU Stop
mode request is issued, a sequence abort event occurs automatically and any ongoing
conversion finish. After the sequence abort event finishes, if the
ADC_CTLO[STR_SEQA] is set (ADC_CTLO[STR_SEQA]=1), then the conversion
result is stored and the corresponding flags are set. If the ADC_CTLO[STR_SEQA]
is cleared (ADC_CTLO[STR_SEQA]=0), then the conversion result is not stored and
the corresponding flags are not set. The microcontroller then enters MCU Stop mode
without ADC_IF[SEQAD_IF] being set.
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Alternatively, the sequence abort event can be issued by software before an MCU
Stop mode request. As soon as flag ADC_IF[SEQAD_IF] is set, the MCU Stop
mode request can be is issued.

With the occurrence of the MCU Stop mode request until exit from Stop mode, all
flow control signals (ADC_FLWCTL[RSTA], ADC_FLWCTL[SEQA],
ADC_FLWCTL[LDOK], ADC_FLWCTL[TRIG]) are cleared.

After exiting MCU Stop mode, the following happens in the order given with
expected event(s) depending on the conversion flow control mode:

* In ADC conversion flow control mode "Trigger Mode", a Restart event is
expected to simultaneously set ADC_FLWCTL[TRIG] and
ADC_FLWCTL[RSTA], causing the ADC to execute the Restart event
(ADC_CIDX[CMD_IDX] and ADC_RIDX[RES_IDX] cleared) followed by the
Trigger event. The Restart event can be generated automatically after exit from
MCU Stop mode if ADC_CTLI1[AUT_RSTA] is set and the chip does not use
internal VREFH.

e In ADC conversion flow control mode "Restart Mode", a Restart event 1s
expected to set bit ADC_FLWCTL[RSTA] only (ADC already aborted at MCU
Stop mode entry, hence bit ADC_FLWCTL[SEQA] must not be set
simultaneously) causing the ADC to execute the Restart event
(ADC_CIDX[CMD_IDX] and ADC_RIDX[RES_IDX] cleared). The Restart
event can be generated automatically after exit from MCU Stop mode if
ADC_CTLI1[AUT_RSTA] is set and the chip does not use internal VREFH.

* The RVL buffer select (ADC_STS[RVL_SEL]) is not changed if a CSL is in
process at MCU Stop Mode request. Hence the same buffer will be used after
exit from Stop Mode that was used when the Stop Mode request occurred.

MCU Wait mode

Depending on the ADC Wait Mode configuration bit ADC_CTLO[SWAI], the ADC
either continues conversion in MCU Wait Mode or freezes conversion at the next
conversion boundary before MCU Wait Mode is entered.

ADC behavior for configuration ADC_CTLO[SWAI] =0b:

The ADC continues conversion during Wait Mode according to the conversion flow
control sequence. It is assumed that the conversion flow control sequence is
continued (conversion flow control bits ADC_FLWCTL[TRIG],
ADC_FLWCTL[RSTA], ADC_FLWCTL[SEQA], and ADC_FLWCTL[LDOK] are
serviced accordingly).

ADC behavior for configuration ADC_CTLO[SWAI] = 1b:

At MCU Wait Mode request the ADC should be idle (no conversion or conversion
sequence or Command Sequence List ongoing).
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Chapter 22 Analog-to-Digital Converter (ADC)

If a conversion, conversion sequence, or CSL is in progress when an MCU Wait
Mode request is issued, a Sequence Abort Event occurs automatically and any
ongoing conversion finish. After the Sequence Abort Event finishes, if the
ADC_CTLO[STR_SEQA] 1s set (ADC_CTLO[STR_SEQA]=1), then the conversion
result is stored and the corresponding flags are set. If the ADC_CTLO[STR_SEQA]
bit is cleared (ADC_CTLO[STR_SEQA]=0), then the conversion result is not stored
and the corresponding flags are not set.

Alternatively the Sequence Abort Event can be issued by software before MCU Wait
Mode request. As soon as flag ADC_IF[SEQAD_IF] is set, the MCU Wait Mode
request can be issued.

With the occurrence of the MCU Wait Mode request until exit from Wait Mode all
flow control signals (ADC_FLWCTL[TRIG], ADC_FLWCTL[RSTA],
ADC_FLWCTL[SEQA], and ADC_FLWCTL[LDOK)]) are cleared.

After exiting MCU Wait Mode, the following happens in the order given with
expected event(s) depending on the conversion flow control mode:

* In ADC conversion flow control mode "Trigger Mode", a Restart Event is
expected to occur. This simultaneously sets bit TRIG and RSTA causing the
ADC to execute the Restart Event (ADC_CIDX[CMD_IDX] and
ADC_RIDX[RES_IDX] cleared) followed by the Trigger Event. The Restart
Event can be generated automatically after exit from MCU Wait Mode if bit
ADC_CTLI1[AUT_RSTA] is set.

e In ADC conversion flow control mode "Restart Mode", a Restart Event is
expected to set ADC_CTL1[AUT_RSTA] only (ADC already aborted at MCU
Wait Mode entry hence ADC_FLWCTL[SEQA]must not be set simultaneously)
causing the ADC to execute the Restart Event (ADC_CIDX[CMD_IDX] and
ADC_RIDX[RES_IDX] cleared). The Restart Event can be generated
automatically after exit from MCU Wait Mode if ADC_CTLI1[AUT_RSTA] is
set.

* The RVL buffer select (ADC_STS[RVL_SEL]) is not changed if a CSL is in
process at MCU Wait Mode request. Hence the same RVL buffer will be used
after exit from Wait Mode that was used when Wait Mode request occurred.

NOTE
In principle, the MCU could stay in Wait Mode for a
shorter period of time than the ADC needs to abort an
ongoing conversion (range of us). Therefore in case a
Sequence Abort Event is issued automatically due to MCU
Wait Mode request a following Restart Event after exit
from MCU Wait Mode can not be executed before ADC
has finished this Sequence Abort Event. The Restart Event
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is detected but it is pending. This applies in case MCU
Wait Mode is exited before ADC has finished the Sequence
Abort Event and a Restart Event is issued immediately after
exit from MCU Wait Mode. ADC_STS[READY] can be
used by software to detect when the Restart Event can be
issued without latency time in processing the event (see
also the following figure)

csto i

Wait Mode request (SWAI=1b ,
Automatic Seq(:en ce ,(Ab ort ) Begin from top of current CSL

Event Wakeup  Restart T
l Event Event rlfger

| JANS[AN1[AN4] IN5 [AN6]AN1] ANB[ANT]AN4]AN5[[AN2JANO[

Sequence_n | | Sequence_0 Y Sequence_1
Weit Mode| READY=1b EOS
| try | Earliest point of time to issue
| Abort Restart Event without latency
Active [Idle | Active ] ]
>

t

Figure 22-1. Conversion flow control diagram - Wait mode (ADC_CTLO[SWAI]=1b,

ADC_CTL1[AUT_RSTA]=0b)

e MCU Freeze mode

Depending on the ADC Freeze mode configuration bit ADC_CTLO[FRZ_MOD], the
ADC either continues conversion in Freeze Mode or freezes conversion at next
conversion boundary before the MCU Freeze mode is entered. After exit from MCU
Freeze mode with previously frozen conversion sequence the ADC continues the
conversion with the next conversion command and all ADC interrupt flags are
unchanged during MCU Freeze mode.

22.4.3 Block diagram
The block diagram of ADC is as follows.
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