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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 KEA 128 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the KEA128 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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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 Kinetis KEA128 product family of ARM®
Cortex®-MO0O+ MCUs. It also presents high-level descriptions of the modules available on
the devices covered by this document.

The Kinetis EA series MCU is a highly scalable portfolio of 32-bits ARM Cortex-MO+
MCUs aimed for the automotive markets. The family is optimized for cost-sensitive
applications offering low pin-count option with very low power consumption. With 2.7 -
5.5 V supply and focus on exceptional EMC/ESD robustness, Kinetis EA series MCUs
are well suited to a wide range of applications ranging from body applications, safety
companion chips or generic sensor nodes. In automotive body applications, the Kinetis
EA series MCU is a great option for entry level body controller or gateway module,
window/roof/sun-roof controller, immobilizer or seat/mirror controller just to mention a
few. Please contact Freescale local representatives for suggestion on extremely safety
constrained application. All the members of the Kinetis EA series MCUs share similar
peripherals and offer several pin-count and memory options allowing developers to
migrate easily to MCUs that take advantage of more memory or peripheral integration.
This scalability allows developers to standardize on the Kinetis EA series MCUs for their
end product platforms, maximizing hardware and software reuse and reducing time-to-
market. The Kinetis EA series MCU is supported by several third party and Freescale
development tools including CodeWarrior, Keil, IAR, Processor Expert and MQX
support. Developers can start designing quickly and easily take advantages of these broad
enabled ecosystems.

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.
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Table 2-1. Module functional categories

Module category Description

ARM Cortex-M0O+ core ¢ 32-bit MCU core from ARM’s Cortex-M class, 1.77 CoreMark®MHz from
single-cycle access memories, 48 MHz CPU frequency

System System integration module (SIM)

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

Bit manipulation engine (BME)

Peripheral bridge (AIPS)

Watchdog (WDOG)

Memories ¢ Internal memories include:
¢ Up to 128 KB flash memory
e Upto 16 KB SRAM

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

Security e Watchdog (WDOG) with independent clock source
¢ Cyclic redundancy check (CRC) module for error detection
Analog * One 12-bit analog-to-digital converters (ADC) with up to 16 channels
¢ Two analog comparators (ACMP) with internal 6-bit digital-to-analog
converter (DAC)
Timers One 6-channel FlexTimer (FTM) with full function

Two 2-channel FTMs with basic TPM function
2-channel periodic interrupt timer (PIT)

Real time clock (RTC)

One pulse width timer (PWT)

System tick timer (SysTick)

Communications Two 8-bit serial peripheral interfaces (SPI)
Two inter-integrated circuit (12C) modules
Three universal asynchronous receiver/transmitter (UART) modules

One Freescale's scalable controller area network (MSCAN)

Human-Machine Interfaces (HMI) General purpose input/output (GPIO) controller
¢ Two keyboard Interrupt (KBI)

* Interrupt (IRQ)

2.2.1 ARM Cortex-M0+ core modules

The following core modules are available on this device.

Table 2-2. Core modules

Module Description

ARM Cortex-M0+ 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

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

Module Description

Architecture and Thumb®-2 ISA and is 100% instruction set compatible with its
predecessor, the Cortex-MO0 core, and upward compatible to Cortex-M3 and M4
cores.

The ARM Cortex-M0+ 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 The ARMv6-M exception model and nested-vectored interrupt controller (NVIC)
(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 The primary function of the Asynchronous Wake-up Interrupt Controller (AWIC) is
controller (AWIC) 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.

Single-cycle 1/0 port (IOPORT) For high-speed, single-cycle access to peripherals, the Cortex-M0+ processor
implements a dedicated single-cycle 1/0 port. On this device, fast GPIO (FGPIO) is
implemented on IOPORT interface.

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

¢ Serial Wire Debug (SWD)

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
detect (LVD) with reset (brownout) capability and selectable LVD 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 1 kHz low-power oscillator with a
programmable refresh window to detect deviations in program flow or system
frequency.

Table continues on the next page...
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Table 2-3. System modules (continued)

Module Description
Bit manipulation engine (BME) The BME provides hardware support for atomic read-modify-write memory
operations to the peripheral address space in Cortex-M0+ based microcontrollers.

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 — up to 64/128 KB of the non-volatile flash memory that can
execute program code.

FMC is a memory acceleration unit that provides an interface between Cortex MO+
core and the 32-bit program flash memory. The FMC contains one 32-bit
speculation buffer and one 32-byte cache that can accelerate instruction fetch and

flash access.

SRAM Up to 16 KB internal system RAM, supporting bit operation through BME module or
aliased bit-band domain.

Flash memory controller (FMC)

2.2.4 Clocks

The following clock modules are available on this device.

Table 2-5. Clock modules

Module Description

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

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 1 kHz low-power oscillator which acts as a standalone
low-frequency clock source in all modes.

Internal Clock Source (ICS)

System oscillator (OSC)

2.2.5 Security and integrity modules

The following security and integrity modules are available on this device:
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Table 2-6. Security and integrity modules

Module Description
Cyclic Redundancy Check (CRC) CRC generates 16/32-bit CRC code for error detection.
Watchdog (WDOG) The WDOG monitors internal system operation and forces a reset in case of

failure. It can run from an independent 1 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 16 channels.
Analog comparators (ACMP) Two comparators with support of analog input voltages across the full range of the

supply voltage and CPU interrupt. ACMPO/1 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.

2.2.7 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module Description

FlexTimer modules (FTM) » Selectable FTM source clock, supporting separate timer clock up to 48 MHz,
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

Deadtime insertion is available for each complementary pair

Software control of PWM outputs

Up to two fault inputs for global fault control

Configurable channel polarity

Programmable interrupt on input capture, reference compare, overflowed

counter, or detected fault condition

Periodic interrupt timers (PIT) * One general purpose interrupt timer
* Interrupt timers for triggering ADC conversions

Table continues on the next page...
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Table 2-8. Timer modules (continued)

Module Description

* 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 (~1 kHz)
¢ System oscilator output clock

Pulse Width Timer (PWT) Automatic measurement of pulse width with 16-bit resolution

Separate positive and negative pulse width measurements

Programmable triggering edge for starting measurement

Programmable measuring time between successive alternating edges, rising
edges or falling edges

Programmable pre-scaler from clock input as 16-bit counter time base

Two selectable clock sources, supporting separate timer clock up to 48 MHz
Four selectable pulse inputs

Programmable interrupt generation upon pulse width value updated and
counter overflow

2.2.8 Communication interfaces

The following communication interfaces are available on this device:

Table 2-9. Communication modules

Module Description
Serial peripheral interface (SPI) Two SPIs synchronous serial bus for communication to an external device.
Inter-integrated circuit (12C) Two 12C modules for inter device communications. Also support the System

Management Bus (SMBus) Specification, version 2. 12C0 supports four wire
interface feature.

Universal asynchronous receiver/ Three asynchronous serial bus communication interfaces (UART) modules with

transmitters (UART) optional 13-bit break, full duplex non-return to zero (NRZ), and LIN extension
support.

Freescale's scalable controller area One Freescale's scalable controller area network (MSCAN).

network (MSCAN)

2.2.9 Human-machine interfaces

The following human-machine interfaces (HMI) are available on this device:
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Table 2-10. HMI modules

Module Description

General purpose input/output (GPIO) Up to 71 general purpose input or output (GPIO) pins.

Keyboard Interrupts (KBI) Two KBI modules to support pin interrupts.

Interrupt (IRQ) IRQ module provides a maskable interrupt input.

2.2.10 Orderable part numbers

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

Table 2-11. Orderable part numbers summary

Freescale part number CPU Pin count Package | Total flash RAM Temperature range
frequency memory

S9KEAZB4AMLH(R) 48 MHz 64 LQFP 64 KB 8 KB -40to 125 °C
S9KEAZ128AMLH(R) 48 MHz 64 LQFP 128 KB 16 KB -40to 125 °C
S9KEAZB4AMLK(R) 48 MHz 80 LQFP 64 KB 8 KB -40to 125 °C
S9KEAZ128AMLK(R) 48 MHz 80 LQFP 128 KB 16 KB -40to 125 °C
S9KEAZB4AVLK(R) 48 MHz 80 LQFP 64 KB 8 KB -40to 125 °C
S9KEAZ128AVLK(R) 48 MHz 80 LQFP 128 KB 16 KB -40to 125 °C
S9KEAZB4ACLK(R) 48 MHz 80 LQFP 64 KB 8 KB -40to 125 °C
S9KEAZ128ACLK(R) 48 MHz 80 LQFP 128 KB 16 KB -40to 125 °C
S9KEAZB4AVLH(R) 48 MHz 64 LQFP 64 KB 8 KB -40to 125 °C
S9KEAZ128AVLH(R) 48 MHz 64 LQFP 128 KB 16 KB -40to 125 °C
S9KEAZB4ACLH(R) 48 MHz 64 LQFP 64 KB 8 KB -40to 125 °C
S9KEAZ128ACLH(R) 48 MHz 64 LQFP 128 KB 16 KB -40to 125 °C
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Chapter 3
Chip Configuration

3.1 Introduction

This chapter provides details on the individual modules of the microcontroller. It

includes:

* Module block diagrams showing immediate connections within the device
* Specific module-to-module interactions not necessarily discussed in the individual

module chapters
* Links for more information

3.2 Module to Module Interconnects

3.2.1

The following table captures the module-to-module interconnections for this device.

Interconnection overview

Table 3-1. Module-to-module interconnects
Peripheral Signal — to Peripheral Use Case Control Comm
ent
FTM2 INITTRG, to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT] —
MatchTRG
PIT CHx TIFO,TIF1 to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT] —
RTC RTC Overflow to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT] —
FTMO INITTRG to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT] —
ACMPO CMPO_OUT to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT] —
ACMP1 CMP1_OUT to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT] —
UARTO TX0 to Modulated by UART modulation SIM_SOPTO[TXDME] —
FTMO CHO
Table continues on the next page...
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Table 3-1. Module-to-module interconnects (continued)

Peripheral Signal — to Peripheral Use Case Control Comm
ent
UARTO RX0 to FTMO CH1 input | UART modulation SIM_SOPTO[RXDCE] —
capture
ACMPO CMPO_OUT to UARTO RxD UART RxD Filter SIM_SOPTO[RXDFE] —
ACMP1 CMP1_OUT to UARTO RxD UART RxD Filter SIM_SOPTO[RXDFE] —
ACMPO CMPO_OUT to FTM1 CHO input ACMPO output SIM_SOPTO[ACIC] —
capture capture
RTC RTC overflow to FTM1 CH1 input RTC overflow SIM_SOPTO[RTCC] —
capture capture
ACMPO CMPO_OUT to FTM2 Trigger0 | FTM2 Trigger input SIM_SOPTO[ACTRG] & —
FTM2_SYNC[TRIGO]
ACMP1 CMP1_OUT to FTM2 Trigger0 | FTM2 Trigger input SIM_SOPTO[ACTRG] & —
FTM2_SYNC[TRIGO]
FTMO FTMO CHO to FTM2 Trigger1 FTM2 Trigger input FTM2_SYNC[TRIG1] —
Output
SIM FTMSYNC to FTM2 Trigger2 | FTM2 Trigger input FTM2_SYNC[TRIG2] —
ACMPO CMPO_OUT to FTM2 Fault0 FTM2 fault input FTM2_FLTCTRL[FAULTOEN] —
EXTFT_IN EXTFT_IN to FTM2 Fault1 FTM2 fault input FTM2_FLTCTRL[FAULT1EN] PTA6
EXTFT_IN EXTFT_IN to FTM2 Fault2 FTM2 fault input FTM2_FLTCTRL[FAULT2EN] PTA7
ACMP1 CMP1_OUT to FTM2 Fault3 FTM2 fault input FTM2_FLTCTRL[FAULT3EN] —
EXT_PWT_I PWT_INO to PWT PWT_INO SIM_PINSEL1[PWTINOPS] & PTD5
NO PWT_R1[PINSEL] or PTE2
EXT_PWT_I PWT_IN1 to PWT PWT_IN1 SIM_PINSEL1[PWTIN1PS] & [PTBO or
N1 PWT_R1[PINSEL] PTH7
ACMPO ACMPO_OUT to PWT PWT_IN2 SIM_SOPT1[ACPWTS] & —
PWT_R1[PINSEL]
ACMP1 ACMP1_OUT to PWT PWT_IN2 SIM_SOPT1[ACPWTS] & —
PWT_R1[PINSEL]
UARTO RX to PWT PWT_IN3 SIM_SOPT1[UARTPWTS] & —
PWT_R1[PINSEL]
UART1 RX to PWT PWT_IN3 SIM_SOPT1[UARTPWTS] & —
PWT_R1[PINSEL]
UART2 RX to PWT PWT_IN3 SIM_SOPT1[UARTPWTS] & —
PWT_R1[PINSEL]
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Figure 3-1. ADC hardware trigger connection diagram
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Figure 3-4. PWT inteconnection diagram

3.2.2 Analog reference options

Several analog blocks have selectable reference voltages as shown in Table 3-2. These
options allow analog peripherals to share or have separate analog references. Care must
be taken when selecting analog references to avoid cross talk noise.

Table 3-2. Analog reference options

Module Reference option Comment/ reference selection
12-bit ADC * VREFH To improve ADC performance, VREFH pin is available on 80LQFP and it
¢ VREFL is internally connected to VDDA on 64QFP/LQFP, 44LQFP, VREFL pin is
available on every package.
ACMPO * VDDA Selected by ACMP0O_C1[DACREF] or ACMP1_C1[DACREF]
ACMP1 * Bandgap

3.2.3 ACMP output capture

When set, the SIM_SOPTO[ACIC] bit enables the output of ACMPO to connect to the
FTM1_CHO, the FTM1_CHO pin is released to other shared functions.

When setting the SIM_SOPTO[RXDFE] to 01b, the ACMPO outputs can be selected to
connect to the receiver channel of UARTO. When setting the SIM_SOPTO[RXDFE] to
10b, the ACMP1 outputs can be selected to connect to the receiver channel of UART].

ACMPO and ACMP1 output is also connected to PWT input2(PWT_IN2), or can be used
as FTM2 trigger/fault input and ADC hardware trigger.
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3.2.4 UARTO _TX modulation

UARTO_TX can be modulated by FTMO channel 0 output. When SIM_SOPTO[TXDME]
is set, the UARTO_TX is gated by FTMO channelO output through an AND gate, and then
mapped to UARTO_TX pinout. When this field is clear, the UARTO_TX is directly
mapped on the pinout. To enable IR modulation function, both FTMO_CHO and UART
must be active. The FTMO_CNT and FTMO0_MOD registers specify the period of the
PWM, and the FTMO_COV register specifies the duty cycle of the PWM. Then, when
SIM_SOPTO[TXDME] is enabled, each data transmitted via UARTO_TX from UARTO
1s modulated by the FTMO channel O output, and the FTMO_CHO pin is released to other
shared functions regardless of the configuration of FTMO pin reassignment.

X %\

UARTO > ﬁ UARTO_TX R
= K
FTMO_CHO D—» 1
PORT LOGIC

Figure 3-5. IR modulation diagram

\”—

3.2.5 UARTO0/1/2_RX capture

UARTO_RX pin is selectable connected to UARTO module directly or tagged to FTMO
channel 1. When SIM_SOPTO[RXDCE] is set, the UARTO_RX pin is connected to both
UARTO and FTMO channel 1, and the FTMO_CHI pin is released to other shared
functions regardless of the configuration of FTMO pin reassignment. When this field is
clear, the UARTO_RX pin is connected to UARTO only.
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RX
UARTO < J UARTO0_RX

FTMO_CH1 |

FTMO_CH1
0 o_C

Figure 3-6. UARTO_RX capture function diagram

RX signal of UARTO, UART1 and UART?2 can be captured by PWT. By configuring
SIM_SOPTI[UARTPWTS], UARTO_RX, UART1_RX or UART2_RX can be
connected to PWT input 3.

3.2.6 UARTO_RX filter

When SIM_SOPTO[RXDFE] is clear, the UARTO_RX pin is connected to UARTO
module directly. When this field is correctly set, the ACMPO output can be connected to
the receive channel of UARTO. To enable UARTO_RX filter function, both UARTO and
ACMPO must be active. If this function is active, the UARTO external UARTO_RX pin is
released to other shared functions regardless of the configuration of UARTO pin
reassignment. When UARTO_RX capture function is active, the ACMPO output is
injected to FTMO channel 1 as well.

—Tg [
} ¥
v
ﬁ - UARTO_RX |l
RX i
UARTO |« L NG
2 +
ACMP1
To UARTO_RX. 1 [
Capture Function | } P
RXDFE From Internal or External v
Reference Voltage L | I

Figure 3-7. IR demodulation diagram

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
Freescale Semiconductor, Inc. 53




wivuule to Module Interconnects

3.2.7 RTC capture

RTC overflow may be captured by FTM1 channel 1 by setting SIM_SOPTO[RTCC] bit.
When this bit is set, the RTC overflow is connected to FTM1 channel 1 for capture, the
FTMI1_CHI pin is released to other shared functions.

3.2.8 FTM2 software synchronization

FTM?2 contains three synchronization input triggers, one of which is a software trigger by
writing 1 to SIM_SOPTO[FTMSYNC]. Writing O to this field takes no effect. This field
1s always read 0.

3.2.9 ADC hardware trigger

ADC module may initiate a conversion via a hardware trigger. The following table shows
the available ADC hardware trigger sources by setting SIM_SOPTO[ADHWT].

Table 3-3. ADC hardware trigger setting

ADHWT ADC hardware trigger
000 RTC overflow
001 FTMO init trigger
010 FTM2 init trigger with 8-bit programmable delay
011 FTM2 match trigger with 8-bit programmable delay
100 PIT chO overflow
101 PIT ch1 overflow
110 ACMPO out
111 ACMP1 out

When ADC hardware trigger selects the output of FTM?2 triggers, an 8-bit delay block
will be enabled. This logic delays any trigger from FTM?2 with an 8-bit counter whose
value 1s specified by SIM_SOPTO[DELAY]. The reference clock to this module is the
bus clock with selectable predivider specified by SIM_SOPTO[BUSREF].
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3.3 Core Modules

3.3.1 ARM Cortex-M0+ core configuration

This section summarizes how the module has been configured in the chip. Full

documentation for this module is provided by ARM and can be found at arm.com.

Crossbar

Debug

Interrupts

switch

ARM Cortex-MO0O+

Core

Figure 3-8. Core configuration

Table 3-4. Reference links to related information

Topic

Related module

Reference

Full description

ARM Cortex-MO0+ core,
rOp0

ARM Cortex-M0+ Technical Reference Manual, rOp0

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

System/instruction/data

Crossbar switch

Crossbar switch

bus module
Debug Serial Wire Debug Debug
(SWD)
Interrupts Nested Vectored NVIC
Interrupt Controller
(NVIC)
Miscellaneous Control MCM

Module (MCM)

3.3.1.1 ARM Cortex M0+ core

The ARM Cortex M0+ parameter settings are as follows:
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Table 3-5. 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 Supports 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 1 = Present 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
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-M0+ processor core see the ARM website: arm.com.

3.3.1.2 Buses, interconnects, and interfaces

The ARM Cortex-MO0+ core has two 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.
* Single 32-bit I/O port bus (IOPORT) interfacing to the FGPIO with 1-cycle loads

and stores.
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3.3.1.3 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.

3.3.1.4 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

3.3.1.5 Caches

This device does not have processor related cache memories, but the flash controller has
an internal 32-byte cache for flash access.

3.3.2 Nested Vectored Interrupt Controller (NVIC) configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.

+ Interrupts

¢
%o PPB Nested Vectored m
38 Interrupt Controller . -
= (NVIC) : :

z | Moau |

Figure 3-9. NVIC configuration

Table 3-6. Reference links to related information

Topic Related module Reference
Full description Nested Vectored ARM Cortex-M0+ Technical Reference Manual
Interrupt Controller
(NVIC)

Table continues on the next page...
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Table 3-6. Reference links to related information (continued)

Topic Related module Reference
System memory map — System memory map
Clocking — Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-MO+ core ARM Cortex-MO+ core
(PPB)

3.3.2.1 Interrupt priority levels

This device supports four priority levels for interrupts. Therefore in the NVIC, each
source in the IPR registers contains two 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

3.3.2.2 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.

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

e 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 3-8. Interrupt vector assignments

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

ARM Core System Handler Vectors

Table continues on the next page...
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Table 3-8. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
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 — — — —
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 12Co Single interrupt vector for all sources
0x0000_0064 25 9 2 12C1 Single interrupt vector for all sources
0x0000_0068 26 10 2 SPIO Single interrupt vector for all sources
0x0000_006C 27 11 2 SPI1 Single interrupt vector for all sources
0x0000_0070 28 12 3 UARTO Status and error
0x0000_0074 29 13 3 UART1 Status and error
0x0000_0078 30 14 3 UART2 Status and error
0x0000_007C 31 15 3 ADCO ADC conversion complete interrupt
0x0000_0080 32 16 4 ACMPO Analog comparator O 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 FTM2 Single interrupt vector for all sources

Table continues on the next page...
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Table 3-8. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
0x0000_0090 36 20 5 RTC RTC overflow
0x0000_0094 37 21 5 ACMP1 Analog comparator 1 interrupt
0x0000_0098 38 22 5 PIT_CHO PIT CHO overflow
0x0000_009C 39 23 5 PIT_CHA1 PIT CH1 overflow
0x0000_00A0 40 24 6 KBIO(32bit) Keyboard interrupt0(32bit)
0x0000_00A4 41 25 6 KBI1(32bit) Keyboard interrupt1(32bit)
0x0000_00A8 42 26 6 —
0x0000_00AC 43 27 6 ICS Clock loss of lock
0x0000_00B0 44 28 7 WDOG Watchdog timeout
0x0000_00B4 45 29 7 PWT Single interrupt vector for all sources
0x0000_00B8 46 30 7 MSCAN MSCAN Rx Interrupt
0x0000_00BC 47 31 7 MSCAN MSCAN Tx, Err and Wake-up interrupt

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

3.3.2.3.1 Determining the field and register location for configuring a
particular interrupt

Suppose you need to configure the SPIO interrupt. The following table is an excerpt of the
SPIO row from Interrupt priority levels.

Table 3-9. Interrupt vector assignments

Address Vector IRQ! NVIC IPR Source module Source description
register
number?
0x0000_0068 26 10 2 SPIO 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.

* The NVIC registers you would use to configure the interrupt are:
* NVICIPR2

* To determine the particular IRQ's field location within these particular registers:
* NVICIPR?2 field starting location = 8 * (IRQ mod 4) + 6 = 22

Since the NVICIPR fields are 2-bit wide (4 priority levels), the NVICIPR?2 field
range is bits 22-23.

Therefore, the field locations NVICIPR2[23:22] are used to configure the SPIO interrupts.

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

60 Freescale Semiconductor, Inc.




g |

Y
Chapter 3 Chip Configuration

3.3.3 Asynchronous wakeup interrupt controller (AWIC)
configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.

Clock logic

Wake-up
requests

Asynchronous
Wake-up Interrupt -

Controller (AWIC) : :

Nested vectored
interrupt controller
(NVIC)

Figure 3-10. Asynchronous wake-up interrupt controller configuration

Table 3-10. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Interrupt control Nested vectored NVIC
interrupt controller
(NVIC)
Wake-up requests AWIC wake-up sources

3.3.3.1 Wakeup sources

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

Table 3-11. AWIC stop wakeup sources

Wake-up source Description
Available system resets RESET pin when LPO is its clock source
Low-voltage warning Power management controller
IRQ IRQ pin
Pin interrupts KBI - Any enabled pin interrupt is capable of waking the system.
ADC The ADC is functional in Stop mode when using internal clock source.

Table continues on the next page...
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Table 3-11. AWIC stop wakeup sources (continued)

Wake-up source Description
ACMP Interrupt in normal
12C Address match wake-up
SPI SPI slave mode interrupt
UART UART active edge detect at UART_RX pin
RTC Alarm interrupt
Non-maskable interrupt NMI pin
MSCAN MSCAN wake-up interrupt

3.4 System Modules

3.4.1 SIM configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-11. SIM configuration

Table 3-12. Reference links to related information

Topic Related module Reference
Full description SIM SIM
System memory map — System memory map
Clocking — Clock distribution
Power management — Power management
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3.4.2 PMC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register access

Power Management
Controller (PMC)

Figure 3-12. PMC configuration

Table 3-13. Reference links to related information

Topic Related module Reference

Full description PMC PMC
System memory map

Clock distribution

System memory map —

Clocking —

3.4.3 MCM configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Miscellaneous
_— Control Module
ransiers (MCM)

ARM Cortex-M0+
core

Figure 3-13. MCM configuration

Table 3-14. Reference links to related information

Topic Related module Reference
Full description Miscellaneous Control MCM
module (MCM)

Table continues on the next page...
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Table 3-14. Reference links to related information (continued)

Topic Related module Reference
System memory map — System memory map
Clocking — Clock distribution
Power management — Power management
Private Peripheral Bus | ARM Cortex-MO+ core ARM Cortex-MO0+ core
(PPB)
Transfer Flash memory Flash memory controller
controller

3.4.4 Crossbar-light switch configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

> GPIO
\ 1 controller
Crossbar Switch A
o Flash
@ controller
ARM core g o
unified bus o =
> SRAML
b
> SRAMU
& > Psrrii(;)geeréal —>( Peripherals
p—
Master Modules | Slave Modules
Figure 3-14. Crossbar-Light switch integration
Table 3-15. Reference links to related information
Topic Related module Reference
System memory map — System memory map
Clocking — Clock Distribution
Crossbar switch master | ARM Cortex-MO+ core ARM Cortex-M0+ core

Table continues on the next page...
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Table 3-15. Reference links to related information (continued)

Topic Related module Reference
Crossbar switch slave Flash memory Flash memory controller
controller
Crossbar switch slave SRAM controller SRAM configuration
Crossbar switch slave Peripheral bridge Peripheral bridge
2-ported peripheral GPIO controller GPIO controller

3.4.4.1 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

3.4.4.2 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

SRAM controller

Peripheral bridge

3.4.5 Peripheral bridge configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc.

65



3
4

4
A

oyswem Security

Transfers

Crossbar switch

AIPS-Lite
peripheral bridge

Transfers

Peripherals

Figure 3-15. Peripheral bridge configuration

Table 3-16. Reference links to related information

Topic

Related module

Reference

Full description

Peripheral bridge
(AIPS-Lite)

Peripheral bridge (AIPS-Lite)

System memory map

System memory map

Clocking

Clock distribution

3.4.5.1 Number of peripheral bridges

This device contains one peripheral bridge.

3.4.5.2 Memory maps

The peripheral bridges are used to access the registers of most of the modules on this
device. See AIPS-Lite Memory Map for the memory slot assignment for each module.

3.5 System Security

3.5.1 CRC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge

Register
access

CRC

Figure 3-16. CRC configuration

Table 3-17. Reference links to related information

Topic Related module Reference

Full description CRC CRC

System memory map — System memory map

Power management — Power management

3.5.2 Watchdog configuration

This section summarizes how the module has been configured in the chip.

Peripheral
bridge

Register
access

c

]

8

o0

L3

£3

EE WDOG

%

>

%)

Figure 3-17. Watchdog configuration

Table 3-18. Reference links to related information

Topic Related module Reference
Full description Watchdog (WDOG) Watchdog (WDOG)
Clocking — Clock distribution

Power management

Power management

Programming model

System Integration
Module (SIM)

SIM
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3.5.2.1 WDOG clocks
The watchdog has four selectable clock sources:
* 1 kHz internal low power oscillator (LPOCLK)
e Internal 32 kHz reference clock (ICSIRCLK)
» External clock (OSCERCLK)
* Bus clock

3.5.2.2 WDOG operation

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.

After any reset, the WDOG watchdog is enabled. If the WDOG watchdog is not used in
an application, it can be disabled by clearing WDOG_CS1[EN].

The refresh write sequence is a write of 0xA602 followed by a write of 0xB480 to the
WDOG_CNTH:L registers. The write of the 0xB480 must occur within 16 bus clocks
after the write of 0xA602; otherwise, the watchdog resets the MCU.

The watchdog counter has four clock source options selected by programming
WDOG_CS2[CLK]. The clock source options are the bus clock, internal 1 kHz clock,
external clock, or an internal 32 kHz clock source.

The refresh timeout time is defined by WDOG_TOVALH:L. In addition, if window
mode is used, software must not start the refresh sequence until after the time value set in
the WDOG_WINH:L registers.

An optional fixed prescaler for all clock sources allows for longer timeout periods. When
WDOG_CS2[PRES] is set, the clock source is prescaled by 256 before clocking the
watchdog counter.

The watchdog counter registers CNTH:L provide access to the value of the free-running
watchdog counter. The software can read the counter registers at any time but cannot
write directly to the watchdog counter. The refresh sequence resets the watchdog counter
to 0x0000. Write to the WDOG_CNTH:L registers of 0xC520 followed by 0xD928
within 16 bus clocks start the unlock sequence. On completing the unlock sequence, the
user must reconfigure the watchdog within 128 bus clocks; otherwise, the watchdog
forces a reset to the MCU.
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By default, the watchdog is not functional in Debug mode, Wait mode, or Stop mode.
Setting WDOG_CS1[DBG], WDOG_CS1[WAIT] or WDOG_CSI1[STOP] can activate
the watchdog in Debug, Wait or Stop modes.

3.6 Clock Modules

3.6.1 ICS configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

ICS

oscillator,

System

System integration
module (SIM)

Figure 3-18. ICS configuration

Table 3-19. Reference links to related information

Topic Related module Reference
Full description ICS ICS
System memory map — System memory map
Clocking — Clock distribution
Power management — Power management

3.6.1.1 Clock gating

This family of devices includes clock gating control for each peripheral, that is, the clock
to each peripheral can explicitly be gated on or off, using clock-gate control bits in the
SIM_SCGC register.
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3.6.2 OSC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

System oscillator

ICS

Signal multiplexing

Figure 3-19. OSC configuration

Table 3-20. Reference links to related information

Topic Related module Reference
Full description 0osC 0osC
System memory map — System memory map
Clocking — Clock distribution
Power management — Power management
Full description ICS ICS

3.7 Memories and Memory Interfaces

3.7.1 Flash memory configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Flash memory
controller

Flash memory

Figure 3-20. Flash memory configuration

Table 3-21.

Reference links to related information

Topic

Related module

Reference

Full description

Flash memory

Flash memory

System memory map

System memory map

Clocking

Clock Distribution

Transfers

Flash memory
controller

Flash memory controller

Register access

Peripheral bridge

Peripheral bridge

3.7.1.1

Flash memory sizes

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

Table 3-22. KEA128 flash memory size

Device Flash (KB) Block 0 (flash) address range
S9KEAZB4AMLK(R) 64 0x0000_0000 — 0x0000_FFFF
S9KEAZ128AMLK(R) 128 0x0000_0000 — 0x0001_FFFF
S9KEAZB4AVLK(R) 64 0x0000_0000 — 0x0000_FFFF
S9KEAZ128AVLK(R) 128 0x0000_0000 — 0x0001_FFFF
S9KEAZB4ACLK(R) 64 0x0000_0000 — 0x0000_FFFF
S9KEAZ128ACLK(R) 128 0x0000_0000 — 0x0001_FFFF
S9KEAZB4AMLH(R) 64 0x0000_0000 — 0x0000_FFFF
S9KEAZ128AMLH(R) 128 0x0000_0000 — 0x0001_FFFF
S9KEAZB4AVLH(R) 64 0x0000_0000 — 0x0000_FFFF
S9KEAZ128AVLH(R) 128 0x0000_0000 — 0x0001_FFFF
S9KEAZB4ACLH(R) 64 0x0000_0000 — 0x0000_FFFF
S9KEAZ128ACLH(R) 128 0x0000_0000 — 0x0001_FFFF
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3.7.1.2 Flash memory map

The flash memory and the flash registers are located at different base addresses as shown
in the figure found here.

The base address for each 1s specified in System memory map.

Flash memory base address
Registers

Flash base address
Flash configuration field

Flash

Figure 3-21. Flash memory map

The on-chip flash memory 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 sizes for details of supported ranges.

Access 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.

3.7.1.3 Alternate Non-Volatile IRC User Trim Description

The non-volatile locations (2 bytes) shown in Table 3-23 are reserved for a custom ICS
internal reference clock (IRC) trim value supported by some development and
programming tools. An alternate IRC trim to the factory loaded trim value can be stored
at these locations. To override the factory trim, user software must copy the custom trim
values in these locations into the ICS trim fields in ICS_C3 and ICS_C4.

Table 3-23. Alternate non-volatile IRC trim

Non-Volatile Byte Address Alternate IRC Trim Value
0x0000_03FE (bit 0) SCFTRIM
0x0000_03FF SCTRIM

3.7.1.4 Flash security

For information on how flash security is implemented on this device, see Chip Security.
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3.7.1.5 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.

3.7.2 Flash memory controller configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

See Platform Control Register (MCM_PLACR) register description for details on the
reset configuration of the FMC.

MCM

Transfers Flash memory Transfers
controller

Flash memory

Crossbar switch

Figure 3-22. Flash memory controller configuration

Table 3-24. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory controller
controller
System memory map System memory map

Clocking Clock Distribution
Transfers Flash memory Flash memory
Transfers Crossbar switch Crossbar Switch

Register access MCM MCM

3.7.3 SRAM configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-23. SRAM configuration

Table 3-25. Reference links to related information

Topic Related module Reference
Full description SRAM SRAM
System memory map — System memory map
Clocking — Clock Distribution
ARM Cortex-MO0+ core — ARM Cortex-MO0+ core

3.7.3.1 SRAM sizes
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 3-26. SRAM size

Freescale part number SRAM
S9KEAZB4AMLH(R) 8 KB

S9KEAZ128AMLH(R) 16 KB
S9KEAZB64AMLK(R) 8 KB

S9KEAZ128AMLK(R) 16 KB
S9KEAZB4AVLK(R) 8 KB

S9KEAZ128AVLK(R) 16 KB
S9KEAZB4ACLK(R) 8 KB

S9KEAZ128ACLK(R) 16 KB
S9KEAZB4AVLH(R) 8 KB

S9KEAZ128AVLH(R) 16 KB
S9KEAZB4ACLH(R) 8 KB

S9KEAZ128ACLH(R) 16 KB
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3.7.3.2 SRAM ranges

The on-chip SRAM is split into two ranges; 1/4 is allocated to 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.

<
1Y 0x2000_0000 — SRAM_size/4
‘B
<§( SRAM_L
(a
7 Ox1FFF_FFFF
0x2000_0000

2
S| | SRAM_U
(O]
N
n
s
<
o
(¢p)

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

Figure 3-24. SRAM blocks memory map

For example, for a device containing 16 KB of SRAM, the ranges are:
* SRAM_L: 0x1FFF_FO000 — Ox1FFF_FFFF
* SRAM_U: 0x2000_0000 — 0x2000_2FFF
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3.7.3.3 SRAM bit operation

The on-chip SRAM is split to two range: SRAM_L and SRAM_U. The SRAM_U range
supports bit operation on this device through two ways:

* Aliased bit-band region
* Bit Manipulation Engine (BME)

A 32-bit write in the aliased region has the same effect as a read-modify-write operation
on the targeted bit in the SRAM_U region. See Aliased bit-band region for details.

The aliased bit-band region only supports simple set or clear operation. More
complicated bit operations (AND, OR, XOR, etc) could be further supported through the
BME engine. See Bit Manipulation Engine for details.

3.8 Analog

3.8.1 12-bit analog-to-digital converter (ADC) configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge
Register
access

[=)]
£
3
Transfers Module signals | &
Other peripherals SAR ADC Ei
©
C
2
(%)

Figure 3-25. 12-bit SAR ADC configuration

Table 3-27. Reference links to related information

Topic Related module Reference
Full description 12-bit SAR ADC 12-bit SAR ADC
System memory map — System memory map
Clocking — Clock distribution
Power management — Power management
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3.8.1.1 ADC instantiation information

This device contains one 12-bit successive approximation ADC with up to 16 channels.

Table 3-28. ADC channels

Freescale part number ADC channels
S9KEAZB4AMLH(R) 16
S9KEAZ128AMLH(R) 16
S9KEAZB4AMLK(R) 16
S9KEAZ128AMLK(R) 16
S9KEAZB4AVLK(R) 16
S9KEAZ128AVLK(R) 16
S9KEAZB4ACLK(R) 16
S9KEAZ128ACLK(R) 16
S9KEAZB4AVLH(R) 16
S9KEAZ128AVLH(R) 16
S9KEAZB4ACLH(R) 16
S9KEAZ128ACLH(R) 16

The ADC supports both software and hardware triggers. The ADC hardware trigger,

ADHWT, is selectable from ACMP0O, ACMP1, FTMO init trigger, FTM2 init trigger,
FTM?2 match trigger, RTC overflow, or PITCHO/1 overflow. The hardware trigger can be
configured to cause a hardware trigger in MCU Run, Wait, and Stop modes.

The hardware trigger sources details are listed in the Module-to-Module section.

3.8.1.2 ADCO connections/channel assignment

The ADC channel assignments for the device are shown in following table. Reserved
channels convert to an unknown value.

Table 3-29. ADC channel assignment

ADCH Channel Input

00000 ADO PTAO/ADPO
00001 AD1 PTA1/ADP1
00010 AD2 PTA6/ADP2
00011 AD3 PTA7/ADP3
00100 AD4 PTBO/ADP4
00101 AD5 PTB1/ADP5

Table continues on the next page...
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Table 3-29. ADC channel assignment (continued)

ADCH Channel Input
00110 AD6 PTB2/ADP6
00111 AD7 PTB3/ADP7
01000 ADS8 PTCO/ADP8
01001 AD9 PTC1/ADP9
01010 AD10 PTC2/ADP10
01011 AD11 PTC3/ADP11
01100 AD12 PTF4/ADP12
01101 AD13 PTF5/ADP13
01110 AD14 PTF6/ADP14
01111 AD15 PTF7/ADP15
10000 AD16 Vss
10001 AD17 Vss
10010 AD18 Vss
10011 AD19 Vss
10100 AD20 Reserved
10101 AD21 Reserved
10110 AD22 Temperature Sensor
10111 AD23 Bandgap
11000 AD24 Reserved
11001 AD25 Reserved
11010 AD26 Reserved
11011 AD27 Reserved
11100 AD28 Reserved
11101 AD29 VREFH
11110 AD30 VREFL
11111 Module disabled None

3.8.1.3 ADC analog supply and reference connections

This device includes dedicated VDDA, VSSA, VREFH and VREFL pins on 8OLQFP
package. The dedicated VREFL pin is available on on 64QFP\LQFP package and
LQFP44 package, while the VREFH pin is internally connected to VDDA .

3.8.1.4 Temperature sensor and bandgap
The ADC module integrates an on-chip temperature sensor. Following actions must be

performed to use this temperature sensor.
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e Configure ADC for long sample with a maximum of 1 MHz clock
* Convert the bandgap voltage reference channel (AD23)
* By converting the digital value of the bandgap voltage reference channel using
the value of Vg, the user can determine Vpp,.
* Convert the temperature sensor channel (AD22)
* By using the calculated value of Vpp, convert the digital value of AD22 into a
voltage, Vremp

3.8.1.5 Alternate clock

The ADC module is capable of performing conversions using the MCU bus clock, the
bus clock divided by 2, the local asynchronous clock (ADACK) within the module, or the
alternate clock, ALTCLK. The alternate clock for the devices is the external oscillator
output (OSC_OUT).

The selected clock source must run at a frequency such that the ADC conversion clock
(ADCK) runs at a frequency within its specified range (faopck) after being divided down
from the ALTCLK input as determined by ADC_SC3[ADIV].

ALTCLK is active while the MCU is in Wait mode provided the conditions described
above are met. This allows ALTCLK to be used as the conversion clock source for the
ADC while the MCU is in Wait mode.

ALTCLK cannot be used as the ADC conversion clock source while the MCU is in Stop
mode.

3.8.2 ACMP configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-26. ACMP configuration
Table 3-30. Reference links to related information
Topic Related module Reference
Full description Analog comparator Comparator
(ACMP)
System memory map — System memory map
Clocking — Clock distribution

Power management — Power management

3.8.2.1 ACMP overview

The device contains two analog comparator modules (ACMP) which provide a circuit for
comparing two analog input voltages or for comparing one analog input voltage to an
internal reference voltage. The comparator circuit is used to operate across the full range
of the supply voltage (rail-to-rail operation).

The ACMP features four different inputs muxed with both positive and negative inputs to
the ACMP. One is fixed connected to built-in DAC output, the others are externally
mapped on pinouts.

The ACMP modules support internal bandgap reference voltage. When using the
bandgap reference, the user must enable the PMC bandgap buffer first.

The ACMP modules can continue to operate in Wait and Stop mode if enabled, and can
wake the MCU when a compare event occurs.

3.8.2.2 ACMP interconnections

The ACMPO output can be configured to connect with FTM1 input capture channel 0 by
setting SIM_SOPTO[ACIC]. With ACIC field asserted, the FTM1_CHO pin is not
available externally regardless of the configuration of the FTM1 module for channel O.
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ACMPO and ACMP1 output are also internal connected to FTM?2 trigger input and Fault
input. By configuring SIM_SOPTO[ACTRG] user can connect either ACMPO_OUT or
ACMPI1_OUT to FTM2 trigger input 0. ACMPO_OUT is connected to FTM2 fault input
0 and ACMP1_OUT is connected to FTM2 fault input 3.

ACMPO output can be directly ejected to UARTO_RX by setting SIM_SOPTO[RXDCE].
In this mode, UARTO_RX pinout does not work. Any external signal tagged to ACMPO
inputs can be regarded as input pins.

ACMPO and ACMP1 output can be measured by on PWT module. By configuring
SIM_SOPT1[ACPWTS] bit, use can connect ACMPO_OUT or ACMP1_OUT to PWT

input 2.
The following table shows the input connections to the ACMPO and ACMP1:
Table 3-31. ACMPO input connections

ACMPO channel Connection
0 PTAO/ACMPO_INO
1 PTA1/ACMPO_IN1
2 PTC4/ACMPO_IN2
3 DAC output

Table 3-32. ACMP1 input connections

ACMP1 channel Connection
0 PTA6/ACMP1_INO
1 PTA7/ACMP1_IN1
2 PTB4/ACMP1_IN2
3 DAC output

3.8.2.3 ACMP in Stop mode

ACMP continues to operate in Stop mode if enabled. If ACMPx_SC[ACOPE] is enabled,
comparator output will operate as in the normal operating mode and will control
ACMPx_OUT pin. The MCU is brought out of Stop mode when a compare event occurs
and ACMPx_CS[ACIE] is enabled; ACMPx_CS[ACF] flag sets accordingly.
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3.9 Timers

3.9.1 FlexTimer configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-27. FlexTimer configuration

Table 3-33. Reference links to related information

Topic Related module Reference
Full description FlexTimer FlexTimer
System memory map — System memory map
Clocking — Clock distribution
Power management — Power management
Signal multiplexing Port control Signal multiplexing

3.9.1.1 FTM overview

The FTM timer contains up to six channels which support input capture, output compare
and the generation of PWM signals to control electric motor and power management
applications. FTM time reference is a 16-bit counter which can be used as an unsigned or
signed counter.

This device contains up to three FTM modules of one 6-channel FTM with full functions
and two 2-channel FTM with basic TPM functions. Each FTM module can use
independent external clock input. The table below summarizes the configuration of FTM
modules.
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Table 3-34. FTM modules features

Feature FTMO/FTM1 FTM2

Number of channels 2 6

Initial counting value no yes

Periodic TOF no yes

Input capture mode yes yes

Channel input filter no channels 0, 1,2 and 3

Output compare mode yes yes

Edge-Aligned PWM (EPWM) yes yes

Center-Aligned PWM (CPWM) yes yes

Combine mode no yes

Complementary mode no yes

PWM synchronization no yes

Inverting no yes

Software output control (SWOC) no yes

Deadtime insertion no yes

Output mask no yes

Fault control no yes

Number of fault inputs 0 4

Fault input filter no fault inputs 0, 1 ,2 and 3

Polarity control no yes

Initialization no yes

Channel match trigger no yes

Initialization trigger yes yes

Capture test mode no yes

DMA no no

Dual edge capture mode no yes

Quadrature decoder mode no no

Quadrature decoder input filter no no

Debug modes no yes

Intermediary load no yes

Global time base enable’ no yes

Registers available FTM_SC, FTM_CNT, | FTM_SC, FTM_CNT, FTM_MOD, FTM_CO0SC,
FTM_MOD, FTM_COV, FTM_C1SC, and FTM_C1V,

FTM_COSC, FTM_CoV,
FTM_C1SC, and
FTM_C1V,
FTM_EXTTRIG

FTM_C2SC, FTM_C2V, FTM_C3SC, FTM_C3V,
FTM_CA4SC, FTM_C4V, FTM_C5SC, FTM_C5V,
FTM_CNTIN, FTM_STATUS, FTM_MODE,
FTM_SYNC, FTM_OUTINIT, FTM_OUTMASK,
FTM_COMBINE, FTM_DEADTIME,
FTM_EXTTRIG, FTM_POL, FTM_FMS,
FTM_FILTER, FTM_FLTCTRL, FTM_CONF,
FTM_FLTPOL, FTM_SYNCONF,
FTM_INVCTRL, FTM_SWOCTRL, and
FTM_PWMLOAD
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1. The global time base (GTB) feature allows the synchronization of multiple FTM modules on a chip. It requires the GTB
function supported by all the related FTM modules. On this device, only one FTM module (FTM2) supports the GTB
function, so the GTB function is actually not usable.

3.9.1.2 FTM clock options

The selectable FTM source clock can be the timer clock (up to 48 MHz), the fixed
frequency clock, or an external clock. The selected control source is controlled by
FTMx_SC[CLKS].

* When FTMx_SC[CLKS] = 00, no clock is selected (this in effect, disables the FTM
counter).

* When FTMx_SC[CLKS] = 01, the timer clock is selected.

* When FTMx_SC[CLKS] = 10, the fixed frequency clock(ICSFFCLK) is selected.

e When FTMx_SC|CLKS] = 11, the external clock is selected.

3.9.1.3 FTM interconnections
FTMO has following interconnections:

* UARTO_TX signal can be modulated by FTMO channel 0 PWM output.
* UARTO_RX signal can be tagged by FTMO channel 1 input capture function by
writing 1 to SIM_SOPTO[RXDCE].

FTM1 has following interconnections:

* ACMPO output can be internally connected to FTM1 channel O capture input by
writing 1 to SIM_SOPTO[ACIC].

* RTC overflow can be connected to FTM1 channel 1 capture input by writing 1 to
SIM_SOPTO[RTCC].

FTM2 supports three PWM synchronization sources:

* TriggerO is connected to the output of ACMPO or ACMP1 by writing O or 1 to
SIM_SOPTO[ACTRG].

* Triggerl is connected to FTMO channel O output.

e Trigger2 is a software trigger by writing 1 to SIM_SOPTO[FTMSYNC].

FTM?2 supports four FTM fault sources:

 Fault O is connected to ACMPO output.
 Faultl is connected to PTAG.
 Fault 2 is connected to PTA7.
 Fault 3 is connected to ACMP1 output.
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3.9.1.4 FTM interrupts

The FlexTimer has multiple sources of interrupt. However, either source can generate a
single interrupt request to the interrupt controller. When an FTM interrupt occurs, read
the FTM status registers to determine the exact interrupt source.

3.9.2 PIT configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Periodic interrupt
timer

Figure 3-28. PIT configuration

Table 3-35. Reference links to related information

Topic Related module Reference
Full description PIT PIT
System memory map — System memory map
Clocking — Clock Distribution
Power management — Power management

3.9.2.1 PIT overview

The PIT module is an array of timers that can be used to raise interrupts and triggers.

This device contains one PIT module with two channels and supporting chained timer
mode.
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3.9.2.2 PIT interconnections

The PIT channel 0 and channel 1 trigger output can be used as ADC hardware trigger by
setting SIM_SOPTO[ADHWTT.

3.9.3 RTC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-29. RTC configuration

Table 3-36. Reference links to related information

Topic Related module Reference
Full description RTC RTC
System memory map — System memory map
Clocking — Clock Distribution
Power management — Power management

3.9.3.1 RTC overview

The real-time counter (RTC) used on this device consists of one 16-bit counter, one 16-
bit comparator, several binary-based and decimal-based prescaler dividers, four clock
sources, and one programmable periodic interrupt. This module can be used for time-of-
day, calendar or any task scheduling functions. It can also serve as a cyclic wake-up from
low-power modes without external components.
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3.9.3.2 RTC interconnections

Four software selectable clock sources are available for input to prescaler with selectable
binary-based and decimal-based divider values

* 1 kHz internal low-power oscillator (LPOCLK)
» External clock (OSCERCLK)

* 32 kHz internal reference clock (ICSIRCLK)

* Bus clock

RTC overflow trigger can be used as hardware trigger for ADC by configuring
SIM_SOPTO[ADHWT] and may also be captured by FTM1 channell by configuring the
SIM_SOPTO[RTCC].

3.9.4 PWT configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-30. PWT configuration

Table 3-37. Reference links to related information

Topic Related module Reference
Full description PWT PWT
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing
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3.9.4.1 PWT overview

The Pulse Width Timer (PWT) module on this device consists of one 16-bit counter,
which can be used to capture or measure the pulse width mapping on its input channels.

The counter of PWT has two selectable clocks sources, which are sharing with FTM
modules, and support up to 48 MHz with internal timer clock. PWT module supports
programmable positive or negative pulse edges, and programmable interrupt generation
upon pulse width values or counter overflow.

3.9.4.2 PWT interconnections

Two software selectable clock sources are available for input to pre-scaler divider of
PWT module:

e Timer clock : up to 48 MHz, also the option of clock source for FTM modules
e TCLK: external clock from the pads

PWT module has four input channels, which is connected as following:

Table 3-38. PWT input connections

PWT input channel Connection
0 PTD5 or PTE2
1 PTBO or PTH7
2 ACMPO output or ACMP1 output
3 UARTO_RX, UART1_RX or UART2_RX

3.10 Communication interfaces

3.10.1 SPI configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-31. SPI configuration

Table 3-39. Reference links to related information

Topic Related module Reference
Full description SPI SPI
System memory map — System memory map
Clocking — Clock Distribution

3.10.1.1 SPI overview
This device contains two SPI modules that support 8-bit data length.

The serial peripheral interface (SPI) module provides for full-duplex, synchronous, serial
communication between the MCU and peripheral devices. These peripheral devices can
include other microcontrollers, analog-to-digital converters, shift registers, sensors,
memories, etc.

The SPI runs at a baud rate up to the bus clock divided by two in master mode and up to
the bus clock divided by 4 in slave mode. Software can poll the status flags, or SPI
operation can be interrupt-driven.

3.10.2 12C configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-32. 12C configuration

Table 3-40. Reference links to related information

Topic Related module Reference
Full description 12C 12C
System memory map — System memory map
Clocking — Clock Distribution
Power management — Power management

3.10.2.1 12C overview

This device contains two inter-integrated circuit (I2C) modules with SMBus feature. 12C
provides a method of communication between a number of devices. The interface
operates at up to 100 kb/s with maximum bus loading and timing. The device is capable
of operating at higher baud rates, up to a maximum of clock/20, with reduced bus
loading. The maximum communication length and the number of devices that can be
connected are limited by a maximum bus capacitance of 400 pF

12C0 also provides a 4-wire interface option.

3.10.2.2 12C0 4-wire interface feature

The 4-wire 12CO interface has 4 uni-direction signals to improve the noise immunity of
the I12C bus instead of 2 bi-direction signals, SCL and SDA of standard 12C.

12CO0 provides 4-wire interface option. When SIM_SOPT1[12CO4WEN] bit is set,
SDA/SCL input is from SDA_IN/SCL_IN while SDA/SCL output presents on
SDA_OUT/SCL_OUT.

After the 4-wire interface feature is enabled by setting SIM_SOPT1[I2CO4WEN] bit,
user can set SIM_SOPT1[I2COOINV], and the SDA_OUT/SCL_OUT will be inverted
before output.
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This feature is available only when I12CO pin-out is not remapped.

| I2CO4WEN | | [12COOINV |

data_w
, o ; ‘ \ll %}—NPTA1/IZCO_4WSDAOUT
ipp_do_sda
\ |
op_ind sde = %k—m PTA2/12C0_SDA
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ipp_ind_scl data_r
@ PTA3/12C0_SCL
| data_w

ipp_do_scl
- o Do— data_w
Zk—fl PTAO/I2C0_4WSCLOUT

Figure 3-33. 12C0 4-wire interface diagram

3.10.3 UART configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-34. UART configuration

Table 3-41. Reference links to related information

Topic Related module Reference
Full description UART UART
System memory map — System memory map
Clocking — Clock Distribution
Power management — Power management
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3.10.3.1 UART overview

This device includes three universal asynchronous receiver/transmitter (UART) modules.
Typically, these systems are used to connect to the RS232 serial input/output port of a
personal computer or workstation. They can also be used to communicate with other
embedded controllers.

A flexible, 13-bit, modulo-based baud rate generator supports a broad range of standard
baud rates beyond 115.2 kbaud. Transmit and receive within the same UART use a
common baud rate, and each UART module has a separate baud rate generator.

This UART system offers many advanced features not commonly found on other
asynchronous serial I/O peripherals on other embedded controllers. The receiver employs
an advanced data sampling technique that ensures reliable communication and noise
detection. Hardware parity, receiver wakeup, and double buffering on transmit and
receive are also included.

3.10.3.2 UART interconnection
UARTO can implement infrared functions through following tricks:
UARTO_TX Modulation:

e UARTO_TX output can be modulated by FTMO channel 0 PWM output.
UARTO_RX Tag:

e UARTO_RX input can be tagged to FTMO channel 1 or filtered by ACMPO or
ACMPI. module

UARTO_RX, UARTI1_RX and UART2_RX can be measured by PWT. By configuring
SIM_SOPTI1[UARTPWTS], user can connect UARTO_RX, UART1_RX or UART2_RX
to PWT_IN3.

3.10.4 MSCAN configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-35. MSCAN configuration

Table 3-42. Reference links to related information

Topic Related module Reference
Full description MSCAN MSCAN
System memory map — System memory map
Clocking — Clock Distribution
Power management — Power management

3.10.4.1 MSCAN overview

This device contains a CAN module. It uses the MSCAN mudule which is a
communication controller implementing the CAN 2.0A/B protocol as defined in the
Bosch specification dated September 1991.

3.10.4.2 MSCAN clock source

The MSCAN module has programmable clock source. It could be clocked by bus clock
or external oscillator clock (OSCERCLK). User can configure
MSCAN_CANCTLI1[CLKSRC] to select the clock used.

When OSCERCLK is selected as MSCAN clock, its frequency must not be higher than
24 MHz.
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3.10.4.3 MSCAN wake-up interrupt and glitch filter

The MSCAN can be programmed to wake from Sleep or Stop mode when the CAN bus
activity is detected. The sensitivity to existing CAN bus action can be modified by
applying a low-pass filter function to the RXCAN input line by setting
MSCAN_CANCTLI[WUPM]. This feature protects the MSCAN from wake-up due to
short glitches on the CAN bus lines.

3.11 Human-machine interfaces (HMI)

3.11.1 GPIO configuration

Peripheral
bridge

Register

access
3 g
= 3
3o Register access Module signals g-
38 GPIO controller 2
s ©
o =
< @

Figure 3-36. GPIO configuration

Table 3-43. Reference links to related information

Topic Related module Reference
Full description GPIO GPIO
System memory map — System memory map
Clocking — Clock Distribution
Power management — Power management
Crossbar switch Crossbar switch Crossbar switch

3.11.1.1 GPIO overview

The GPIO is multi-ported and can be accessed directly by the core with zero wait states at
base address 0xF800_0000 (FGPIO). It can also be accessed by the core through the
crossbar/AIPS interface at 0x400F_FO000 and at an aliased slot (15) at address
0x4000_F000. All BME operations to the GPIO space can be accomplished referencing
the aliased slot (15) at address 0x4000_F000. Only some of the BME operations can be
accomplished referencing GPIO at address 0x400F_F000.
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3.11.2 KBI configuration

Register access
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Figure 3-37. KBI configuration

Table 3-44. Reference links to related information

Topic

Related module

Reference

Full description

KBI

KBI

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Crossbar switch

Crossbar switch

Crossbar switch

3.11.2.1 KBI overview

This device has two 32bit keyboard interrupt modules (KBI) with up to 64 keyboard

interrupt inputs available depending on package.

3.11.2.2 KBI assighments

The KBI port assignments is shown by the following table.

Table 3-45. KBI port assignment

KBI Input From
KBIOPO ~ KBIOP7 PTAO ~ PTA7
KBIOP8 ~ KBIOP15 PTBO ~ PTB7
KBIOP16 ~ KBIOP23 PTCO ~ PTC7
KBIOP24 ~ KBIOP31 PTDO ~ PTD7
KBI1PO ~ KBI1P7 PTEO ~ PTE7

Table continues on the next page...
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Table 3-45. KBI port assignment (continued)

KBI Input From
KBI1P8 ~ KBI1P15 PTFO ~ PTF7
KBI1P16 ~ KBI1P23 PTGO ~ PTG7
KBI1P24 ~ KBI1P31 PTHO ~ PTH7
3.11.3 IRQ configuration
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Figure 3-38. IRQ configuration
Table 3-46. Reference links to related information
Topic Related module Reference
Full description IRQ IRQ

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Crossbar switch

Crossbar switch

Crossbar switch

3.11.3.1

IRQ assignment

The IRQ is assigned to pin PTAS by default . By configuring SIM_PINSELO[IRQPS],
IRQ can be re-assigned to pin PTIO, PTI1, PTI2, PTI3, PTI4, PTIS or PTI6.
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4.1 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.

4.2 System memory map

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

Table 4-1. System memory map

System 32-bit Address Range Destination Slave Access
0x0000_0000-0x07FF_FFFF! Program flash and read-only data All masters
(Includes exception vectors in first 196 bytes)
0x0800_0000-0x0FFF_FFFF Reserved —
0x1000_0000— Ox1FFF_EFFF Reserved —
0x1FFF_F000-0x1FFF_FFFF2 SRAM_L: Lower SRAM All masters
0x2000_0000- 0x2000_2FFF SRAM_U: Upper SRAM (bit band region) All masters
0x2000_3000-0x21FF_FFFF Reserved -
0x2200_0000—- 0x2205_FFFF Aliased SRAM_U bit-band region Cortex-MO0+ core
0x2206_0000-0x23FF_FFFF Reserved -
0x2400_0000-0x3FFF_FFFF Bit Manipulation Engine (BME) access to SRAM_U Cortex-MO0+ core
0x4000_0000-0x4007_FFFF AIPS Peripherals Cortex-M0+ core
0x4008_0000-0x400F_EFFF Reserved -
0x400F_F000-0x400F_FFFF General purpose input/output (GPIO) Cortex-M0+ core
0x4010_0000-0x43FF_FFFF Reserved -
0x4400_0000—0x5FFF_FFFF Bit Manipulation Engine (BME) access to AIPS Peripherals for | Cortex-M0+ core
slots 0-1278
0x6000_0000-0xDFFF_FFFF Reserved -

Table continues on the next page...
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Table 4-1. System memory map (continued)

System 32-bit Address Range Destination Slave Access
0xE000_0000—-0xEOQOF_FFFF Private Peripherals Cortex-M0+ core
0xE010_0000-OxEFFF_FFFF Reserved -
0xF000_0000-0xF000_OFFF Reserved -
0xF000_1000-0xF000_1FFF Reserved -
0xF000_2000-0xF000_2FFF System ROM table* Cortex-MO0+ core
0xF000_3000—-0xF000_3FFF Miscellaneous Control Module (MCM) Cortex-M0+ core
0xF000_4000-0xF7FF_FFFF Reserved -
0xF800_0000-0xFFFF_FFFF IOPORT: FGPIO (single cycle) Cortex-MO0+ core

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 sizes for details.

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

Includes BME operations to GPIO at slot 15 (based at 0x4000_F000).

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

CoreSight debug system. See System ROM memory map for details.

P

4.3 Aliased bit-band region

The device supports aliased SRAM_U bit-band region with Cortex MO+ core. A 32-bit
write in the alias region has the same result as a read-modify-write operation on the
targeted bit in the bit-band region, but with only one cycle time. Aliased bit-band region
1s much more efficient for bit operation.

Bit O of the value written to the alias region determines what value is written to the target
bit:

* Writing a value with bit O set writes a 1 to the target bit.
* Writing a value with bit O clear writes a O to the target bit.

A 32-bit read in the alias region returns either:

* a value of 0x0000_0000 to indicate the target bit is clear
* a value of 0x0000_0001 to indicate the target bit is set
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Bit-band region Alias bit-band region

31 0 31 0
I
I

1 KByte

32 KByte

Figure 4-1. Alias bit-band mapping

4.4 Bit Manipulation Engine

The Bit Manipulation Engine (BME) provides hardware support for atomic read-modify-
write memory operations to the peripheral and SRAM_U address space. By combining
the basic load and store instruction support in the Cortex-M instruction set architecture
with the concept of decorated storage provided by the BME, the resulting implementation
provides a robust and efficient read-modify-write capability to this class of ultra low-end
microcontrollers. See Bit Manipulation Engine (BME) for a detailed description of its
functionality.

4.5 System ROM memory map

The system ROM table is optionally required by ARM CoreSight debug infrastructure to
discover the components on the chip.

For core configurations like that supported by Cortex-M0+, ARM recommends that a
debugger identifies and connects to the debug components using the CoreSight debug
infrastructure.
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ARM recommends that a debugger follows the flow as shown in the following figure to
discover the components in the CoreSight debug infrastructure. In this case, a debugger
reads the peripheral and component ID registers for each CoreSight component in the
CoreSight system.

CoreSight access port

Base pointer

)

Redirection from the
1 System ROM table, if implemented

)

Flycatcher ROM table

] CoreSight ID \
’ Pointers ‘
% [
v £ l
System control space ¥ Data watchpoint unit ¥ Breakpoint unit
’ CoreSight ID ‘ ’ CoreSight ID ‘ ’ CoreSight ID ‘
Flycatcher CPUID ’ Watchpoint control ‘ ’ Breakpoint control ‘
Debug control

¥ Optional component

Figure 4-2. CoreSight discovery process

Following table shows the Freescale system ROM table memory map. It includes the
ROM entry, peripheral ID and component ID required by ARM CoreSight debug
infrastructure.

NOTE
This device contains only standard ARM MO+ core debug
components which defined in Flycatcher ROM table. No
custom-built debug components are included.

ROM memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
F000_2000 |Entry (ROM_ENTRYO0) 32 R See section | 4.5.1/101
F000_2004 |End of Table Marker Register (ROM_TABLEMARK) 32 R 0000_0000h | 4.5.2/102
FO00_2FCC |System Access Register (ROM_SYSACCESS) 32 R 0000_0001h | 4.5.3/102
FO00_2FDO |Peripheral ID Register (ROM_PERIPHID4) 32 R See section | 4.5.4/103
FO00_2FD4 |Peripheral ID Register (ROM_PERIPHID5) 32 R See section | 4.5.4/103

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

Absolute . .
address Register name (i":':ittg) Access | Reset value Se(;tu;nl

(hex) pag
FO00_2FD8 |Peripheral ID Register (ROM_PERIPHID6) 32 R See section | 4.5.4/103
FO00_2FDC |Peripheral ID Register (ROM_PERIPHID7) 32 R See section | 4.5.4/103
FOO00_2FEO |Peripheral ID Register (ROM_PERIPHIDO) 32 R See section | 4.5.4/103
FOO0_2FE4 |Peripheral ID Register (ROM_PERIPHID1) 32 R See section | 4.5.4/1083
FOO00_2FE8 |Peripheral ID Register (ROM_PERIPHID2) 32 R See section | 4.5.4/103
FOO00_2FEC |Peripheral ID Register (ROM_PERIPHID3) 32 R See section | 4.5.4/103
FO00_2FF0 |Component ID Register (ROM_COMPIDO) 32 R See section | 4.5.5/103
FO00_2FF4 |Component ID Register (ROM_COMPID1) 32 R See section | 4.5.5/103
FO00_2FF8 |Component ID Register (ROM_COMPID2) 32 R See section | 4.5.5/103
FO00_2FFC |Component ID Register (ROM_COMPID3) 32 R See section | 4.5.5/103

4.5.1 Entry (ROM_ENTRYn)

The System ROM Table begins with "n" relative 32-bit addresses, one for each debug
component present in the device and terminating with an all-zero value signaling the end
of the table at the "n+1"-th value.

It is hardwired to specific values used during the auto-discovery process by an external
debug agent.

Address: FO00_2000h base + Oh offset + (4d x i), where i=0d to 0d

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 ENTRY

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:
* See field descriptions for reset values.x = Undefined at reset.

ROM_ENTRYn field descriptions

Field Description
ENTRY ENTRY

Entry 0 (CMO+ ROM Table) is hardwired to OxFOOF_D003.
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4.5.2 End of Table Marker Register (ROM_TABLEMARK)

This register indicates end of table marker. It is hardwired to specific values used during
the auto-discovery process by an external debug agent.

Address: FO00_2000h base + 4h offset = FO00_2004h

Bit31302928272625242322212019181716|1514131211109876543210

R MARK

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

ROM_TABLEMARK field descriptions

Field Description
MARK Hardwired to 0x0000_0000

4.5.3 System Access Register (ROM_SYSACCESS)

This register indicates system access. It is hardwired to specific values used during the
auto-discovery process by an external debug agent.

Address: FO00_2000h base + FCCh offset = FO00_2FCCh

Bit31302928272625242322212019181716|1514131211109876543210

R SYSACCESS

Reset 0 O 0 0 0O 0O OOOOOOOOTOTOOOOS OOOS OOOOOUOOTG OTGO1

ROM_SYSACCESS field descriptions

Field Description
SYSACCESS |Hardwired to 0x0000_0001
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4.5.4 Peripheral ID Register (ROM_PERIPHIDn)

These registers indicate the peripheral IDs. They are hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_2000h base + FDOh offset + (4d x i), where i=0d to 7d
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 PERIPHID

* * * *

X OX* X" Xt x* x* x* x*x

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

* Notes:
» See field descriptions for reset values.x = Undefined at reset.

ROM_PERIPHIDnN field descriptions

Field Description
PERIPHID Peripheral ID1 is hardwired to 0x0000_00EO; ID2 to 0x0000_0008; and all the others to 0x0000_0000.

4.5.5 Component ID Register (ROM_COMPIDnN)

These registers indicate the component IDs. They are hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_2000h base + FFOh offset + (4d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R COMPID

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:
* See field descriptions for reset values.x = Undefined at reset.

ROM_COMPIDn field descriptions

Field Description
COMPID Component ID

Component ID0 is hardwired to 0x0000_000D; ID1 to 0x0000_0010; ID2 to 0x0000_0005; ID3 to
0x0000_00B1.
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4.6 Peripheral bridge (AIPS-Lite) memory map

The Peripheral Bridge 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. The GPIO slot (slot 128) is an alias of slot 15. This block is also directly
interfaced to the core and provides direct access without incurring wait states
associated with accesses via the AIPS controller.

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.

4.6.1 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.

3. Continue with subsequent operations.
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4.6.2 Peripheral Bridge (AIPS-Lite) Memory Map

NOTE

e Slots 0-95 and 128 are 32-bit data width modules, with the
exception that slots 49,82 are 8-bit data width modules
(IRQ, WDOG), and slot 36 1s 16-bit data width

module(MSCAN).

e Slots 96-127 are 8-bit data width modules. While slot 121
and 122 are 32-bit data width modules(KBIO, KBI1)

Table 4-21. 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 (aliased to 0x400F_F000)
0x4001_0000 16 —
0x4001_1000 17 —
0x4001_2000 18 —
0x4001_3000 19 —
0x4001_4000 20 —
0x4001_5000 21 —
0x4001_6000 22 —
0x4001_7000 23 —
0x4001_8000 24 —
0x4001_9000 25 —
0x4001_A000 26 —

Table continues on the next page...
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Table 4-21. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4001_B000 27 —
0x4001_C000 28 —
0x4001_D000 29 —
0x4001_E000 30 —
0x4001_FO000 31 —
0x4002_0000 32 Flash memory (FTMRE)
0x4002_1000 33 —
0x4002_2000 34 —
0x4002_3000 35 —
0x4002_4000 36 MSCAN
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 Cyclic Redundancy Check (CRC)
0x4003_3000 51 Pulse width timer (PWT)
0x4003_4000 52 —
0x4003_5000 53 —
0x4003_6000 54 —
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 Flex timer 0 (FTMO)
0x4003_9000 57 Flex timer 1 (FTM1)
0x4003_A000 58 Flex timer 2 (FTM2)
0x4003_B000 59 Analog-to-digital converter (ADC)
0x4003_C000 60 —
0x4003_D000 61 Real time clock (RTC)
0x4003_E000 62 —
0x4003_F000 63 —
0x4004_0000 64 —
0x4004_1000 65 —

Table continues on the next page...
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Table 4-21. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
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
0x4004_A000 74 —
0x4004_B000 75 —
0x4004_C000 76 —
0x4004_D000 77 —
0x4004_E000 78 —
0x4004_F000 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 9 —
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)
0x4006_6000 102 [2Co
0x4006_7000 103 [2C1
0x4006_8000 104 —
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Table 4-21. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4006_9000 105 —
0x4006_A000 106 Universal asynchronous receiver/transmitter 0 (UARTO)
0x4006_B000 107 Universal asynchronous receiver/transmitter 1 (UART1)
0x4006_C000 108 Universal asynchronous receiver/transmitter 2 (UART2)
0x4006_D000 109 —
0x4006_E000 110 —
0x4006_F000 111 —
0x4007_0000 112 —
0x4007_1000 113 —
0x4007_2000 114 —
0x4007_3000 115 Analog comparator 0 (ACMPO)
0x4007_4000 116 Analog comparator 1 (ACMP1)
0x4007_5000 117 —
0x4007_6000 118 Serial peripheral interface 0 (SPI0)
0x4007_7000 119 Serial peripheral interface 1 (SPI1)
0x4007_8000 120 —
0x4007_9000 121 Keyboard interrupt 0 (KBIO)
0x4007_A000 122 Keyboard interrupt 1 (KBI1)
0x4007_B000 123 —
0x4007_C000 124 —
0x4007_D000 125 Power management controller (PMC)
0x4007_E000 126 —
0x4007_F000 127 —
0x400F_F000 128 GPIO controller

4.7 Private Peripheral Bus (PPB) memory map

The PPB is part of the defined ARM bus architecture and provides access to select
processor-local modules. These resources are only accessible from the core; other system
masters do not have access to them.

Table 4-22. PPB memory map

System 32-bit Address Range Resource | Additional Range Detail Resource
0xE000_0000—-0xE000_DFFF Reserved
0xE000_EO00-0xEO000_EFFF System Control Space |0xE000_E000-0xE000_EOOF Reserved
(SCS) 0xE000_E010—0XE000_EOFF SysTick

Table continues on the next page...
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Table 4-22. PPB memory map (continued)

System 32-bit Address Range Resource Additional Range Detail Resource
0xE000_E100-0xE000_ECFF NVIC
0xE000_EDO0-0xE000_ED8F System Control Block
0xE000_ED90-0xE000_EDEF Reserved
0xE000_EDF0-0xEO00_EEFF Debug
0xE000_EF00-0xE000_EFFF Reserved

0xE000_F000-0xEOOF_EFFF Reserved
O0xEOOF_F000-0xEOOF_FFFF Core ROM Space (CRS)
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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 MO+ resides within a synchronous core platform, where the processor and
bus masters, flash and peripherals clocks can be configured independently.

The ICS module will be 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. See 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
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e System Oscillator (OSC) module: The system oscillator providing reference clock to
internal clock source (ICS), the real-time clock counter clock module (RTC), and

other MCU sub-systems
e Low-Power Oscillator (LPO) module: The on-chip low-power oscillator providing 1
kHz reference clock to RTC and Watchdog (WDOG)

Figure 5-1 shows how clocks from the ICS and OSC modules are distributed to the
microcontroller’s other function units. Some modules in the microcontroller have
selectable clock input.

The following registers of the system oscillator, 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

OosC ICS SIM

Multiplexers OSC_CR ICS_CH1 SIM_SOPT
Dividers — ICS_C2 SIM_CLKDIV

Clock gates OSC_CR ICS_CH1 SIM_SCGC

ICS SIM
cal ICSIRCLK [cal— RTC/WDOG
ICSFFCLK @I-’ FTM
37.5 kHz IRC
FLL
S FTM/PWT
ICSFLLCLK Core/System Clock

EDE Bus/Flash Clock

System oscillator

EXTAL * 0SCCLK
= L L @ b e [cGl> RTC/WDOG/ADC/MSCAN
0sc =

XTAL [X—— logic 08C0S

PMC
1kHzLPo | POCK orc/wpoa

CG — Clock gate
Note: See subsequent sections for details on where these clocks are used.

Figure 5-1. Clocking diagram
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5.4 Clock definitions
The following table describes the clocks in Figure 5-1.

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 PWT 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, FLL locks the frequency to 1280 times the internal or external reference
frequency

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
MSCAN', RTC, WDOG or ADC modules

LPOCLK PMC 1 kHz output, The LPOCLK can be selected as the clock source to the RTC or WDOG

modules

1. When OSCERCLK used as MSCAN clock, its frequency should not be higher than 24 MHz

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 48 MHz

ICSOUTCLK clock In Wait and Stop modes
divider

Table continues on the next page...
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Table 5-3. Clock summary (continued)

Clock name Run mode frequency Clock source Clock is disabled when...
Platform clock Up to 48 MHz ICSOUTCLK clock In Stop mode
divider
System clock Up to 48 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
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_CA1[IRCLKEN]=0,
(ICSIRCLK) or
In Stop mode and ICS_C1[IREFSTEN]=0
External reference |DC up to 48 MHz (bypass), System OSC OSC_CR[OSCEN]=0,
(OSCERCLK) 31.25-39.0625 kHz or
or In Stop mode and OSC_CR[OSCSTEN]=0
4-24 MHz (crystal)
FLL out clock 40-50 MHz System OSC In Stop mode,
(ICSFLLCLK) or IRC or
FLL not enabled
ICS Fixed Frequency |31.25-39.0625 kHz System OSC In Stop mode
clock (ICSFFCLK) or IRC
LPOCLK 1 kHz PMC Available in all power modes

5.4.2 Clock distribution

The following figure shows a simplified clock distribution diagram
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1kHz LPOCLK
LPO
EXTAL [X— 080 0SCCLK
XTAL X
ICSIRCLK
TCLKO [X—
TCLK1 [X
TCLK2 g ICSFFCLK |
FTMO
FTM1 PWT MsCAN WDG RTC ADC
FTM2
TIMER_CLK l l
32-kHz BUS_CLK | |
IRC
UARTO
12C0 SPIO
PIT CRC UART1 ACMPO
12C1 SPIH UART2
ICSOUTCLK PLAT_CLK

CLK_GEN

SYS_CLK
FLASH_CLK

< GPU NVIC AWIC DEBUG DAP RAM
FLL L5
[) CORE_CLK

FLASH FMC RGPIO 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.
* On-chip internal 1 kHz oscillator as the low-frequency low-power source for RTC
and WDOG according to specific use case requirement.

The following table shows the frequency availability of this device:

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

Reference ICSOUTCLK
FEI (high range) BDIV =0 40 MHz ~ 50 MHZz!
BDIV =1 20 MHz ~ 25 MHz
BDIV =2 10 MHz ~ 12.5 MHz
BDIV =4 5 MHz ~ 6.25 MHz

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

Reference ICSOUTCLK
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.

5.6 External clock sources

This device supports the following two external clock sources:

» External square wave input clock up to DC-48 MHz.

 External crystal oscillator or resonator:
e Low-range: 31.25-39.0625 kHz
* High-range: 4-24 MHz

NOTE

Carefully configure SIM_CLKDIV and BDIV to avoid any clock frequency higher than 48 MHz.

The external square wave input clock is only used when the
OSC module is working under external clock mode (bypass).
With the external square wave clock source, the user can use
FBE mode with FLL disabled to achieve lower power
consumption or precise clock source.

The following table shows the frequency availability of this device when sourcing from
OSC clock. OSC external clock mode is not shown.

Table 5-5. OSC frequency availability

ICS configuration

External reference

RDIV

FBE 31.25 kHz ~ 39.0625 kHz -
4 MHz ~ 24 MHz -

FEE! 31.25 kHz ~ 39.0625 kHz RDIV = 1

62.5 kHz ~ 78.125 kHz RDIV =2

125 kHz ~ 56.25 kHz RDIV =4

250 kHz ~ 312.5 kHz RDIV =8

500 kHz ~ 625 kHz RDIV = 16

1 MHz ~ 1.25 MHz RDIV = 32

2 MHz ~ 2.5 MHz RDIV = 64

4 MHz ~ 5 MHz RDIV = 128

Table continues on the next page...
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Table 5-5. OSC frequency availability (continued)

ICS configuration External reference RDIV
8 MHz ~ 10 MHz RDIV = 256
16 MHz ~ 20 MHz RDIV =512

1. In FEE mode, FLL output frequency = OSC/RDIV *1280. Select the OSC and RDIV carefully to keep the FLL output
frequency within the limits.

5.7 Clock gating

The clock to each module can be individually gated on and off using the System Clock
Gating Control Register (SIM_SCGC). Prior to initializing a module, set the
corresponding bit in System Clock Gating Control Register (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.

5.8 Module clocks

The following table summarizes the clocks associated with each module.

Table 5-6. Module clocks

Module | Bus interface clock | Internal clocks | I/0 interface clocks

Core modules

ARM Cortex-MO0+ core Platform clock Core clock —
NVIC Platform clock — —
DAP Platform clock — SWD_CLK
System modules

Port control Bus clock — —
Crossbar Switch Platform clock — —
Peripheral bridges System clock Bus clock =
PMC, SIM Bus clock LPOCLK —
MCM Platform clock — —
CRC Bus clock — —
Watchdog timer Bus clock Bus clock —

LPOCLK

ICSIRCLK

OSCERCLK

Clocks

Table continues on the next page...
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Table 5-6. Module clocks (continued)

Module Bus interface clock Internal clocks I/0 interface clocks
ICS Bus clock ICSOUTCLK —
ICSFLLCLK
ICSIRCLK
OSCERCLK
0SC Bus clock OSCERCLK —

Memory and memory interfaces

Flash Controller

System clock

Flash memory

Flash clock

SRAM Platform clock — —
Analog
ADC Bus clock Bus clock —
OSCERCLK
ADACK
ACMPO Bus clock — —
ACMP1 Bus clock — —
Timers
PIT Bus clock = =
PWT Timer clock — TCLKO0/1/2
FTMO Timer clock Timer clock TCLKO/1/2
ICSFFCLK
FTMA1 Timer clock Timer clock TCLKO/1/2
ICSFFCLK
FTM2 Timer clock Timer clock TCLKO/1/2
ICSFFCLK
RTC Bus clock Bus clock RTC_CLKOUT
LPOCLK
ICSIRCLK
OSCERCLK
Communication interfaces
SPIO Bus clock — SPI0_SCK
SPI1 Bus clock — SPI1_SCK
[2co Bus clock — 12C0_SCL
[2C1 Bus clock — I2C1_SCL
UARTO0/SCIO Bus clock — —
UART1/SCI1 Bus clock — —
UART2/SCI2 Bus clock — —
MSCAN Bus clock OSCERCLK! —
Human-machine interfaces
GPIO System clock — —

Table continues on the next page...
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Table 5-6. Module clocks (continued)

Chapter 5 Clock Distribution

Module Bus interface clock Internal clocks I/0 interface clocks
KBIO Bus clock — —
KBI1 Bus clock — —

1. When OSCERCLK is used as MSCAN clock, its frequency should not be higher than 24 MHz

5.8.1 FTM and PWT clocking

The counters for the FTM and PWT modules have a selectable clock as shown in the
following figure. TCLKO TCLK1 and TCLK?2 are optional external clock inputs for the

timers.

If TCLKO, TCLK1 or TCLK?2 are selected as the counter clock
for FTMs or PWT, the on-chip timer clock (TIMER_CLK) is
still required to synchronize the counter results. And the on-
chip timer clock (TIMER_CLK) must be at least 4x faster than

the external clock from TCLKO, TCLK]1 or TCLK2.
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ICSIRCLK —>\
ICSFLLCLK DIV3 TIMER CLK
OSCERCLK———>{
ICSFFCLK FTMO clock
TcLko X \
ToLk1 X
Tok2 X
FTMO_SC[CLKS]
SIM_PINSELO[FTMOCLKPS]
\ —> FTM1 clock
ll—)/g
SIM_PINSELO[FTM1CLKPS] FTM1_SC[CLKS]

—> FTM2 clock

A
)

SIM_PINSELO[FTM2CLKPS]
FTM2_SC[CLKS]

\ —> PWT clock
0—)4)

SIM_PINSELO[PWTCLKPS]

PWT_R1[PCLKS]

Figure 5-3. FTM and PWT clock 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. There are several boot options that can be
configured. See Boot for more details.

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)

When power is initially applied to the MCU or when the supply voltage drops below the
power-on reset voltage level (Vpogr), the POR circuit causes a POR reset condition.

As the supply 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). (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 OxXFFFF_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 0
(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 PTAS 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 PTAS or other alternative functions.

6.2.2.1.1 Reset pin filter

The RESET/IRQ pin filter supports filtering from both the 1 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/IRQ.
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The glitch width threshold can be adjusted easily by setting Port Filter Register O
(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 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, either high (Vi ypy) or low (VLypL)-

The LVD circuit is enabled when PMC_SPMSCI1[LVDE] is set and the trip voltage is
selected by PMC_SPMSC2[LVDV]. The LVD is disabled upon entering the stop modes
unless PMC_SPMSCI1[LVDSE] is set or in Serial Wire Debug (SWD) mode. If
PMC_SPMSCI1[LVDSE] and PMC_SPMSCI1[LVDE] are both set, the current
consumption will be higher in Stop mode with the LVD enabled.

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, or FEE 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 fio¢ pigh Or fioc 10w
depending on OSC_CR[RANGE], the MCU will reset. SIM_SRSID[LOC] will be set to
indicate the error.

In FBILP mode, the FLL is not on, so the external reference clock monitor will not
function even if 1 is 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 1 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.

1.

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
is 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. I/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—LVD optional enabled, and voltage regulator is in standby.

The three modes of operation are Run, Wait, and Stop. The WFI 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
WFI registers while optionally maintaining LVD protection. 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
LVD On On Optional on
CRC On On Standby
Clock

ICS On On Optional on
OSsC On On Optional on
LPO On On Always 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
Timer
FTM On On Standby
PIT On On Standby
PWT On On Standby
RTC On On Optional on
Analog
ADC On On Optional on
ACMP On On Optional on
Communication interfaces
UART On On Standby?
SPI On On Standby?
lc On On Standby*
MSCAN On On Standby?
Human-machine interfaces

KBI On On Standby®
IRQ On On Standby®
I/0 On On State held

—_

chip can be active in Wait mode.
Supports wake-up on edge in Stop mode

akrwh
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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: 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; the SWD_CLK pin supports only pullup controlled by
PTAPEQO, 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.

A miscellaneous debug module (MDM) is implemented on this device, which contains
the DAP control and status registers. 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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9.3.1 MDM-AP status register

See Control and Status Register Descriptions

Figure 9-1. MDM AP addressing
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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)

Table 9-3. MDM-AP status register assignments

Bit

Name

Description

0 Flash Mass Erase Acknowledge

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.

1 Flash Ready

Table continues on the next page...

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

0 Flash is under initialization.

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc.

135



g |

>wuw status and control registers

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.

NOTE: This bit is not valid until Flash Ready bit set.
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. When this bit is set, RESET pin does not reflect
the status of system reset and does not keep low.

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.

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

Bit Name Secure! Description

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.

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 SYSRESETREAQ 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 1n 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.
* If 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.
* If 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 from entering low-power mode. In case 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 and 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

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed
on which external pin.

The Pin Selection Register O (SIM_PINSELO)and Pin Selection Register 1
(SIM_PINSEL1 )control 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. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

NOTE
VSS and VSSA are internally connected.

VREFH and VDDA are internally connected in 64-pin
packages.

PTB4, PTBS, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 are
high-current drive pins when operated as output.

PTA2 and PTA3 are true open-drain pins when operated as
output.
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80 | 64 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7
LQFP | LQFP
IQFP
1 1 | PTD1 DISABLED PTD1 KBI0_P25 FTM2_CH3 SPI1_MOSI
2 2 | PTDO DISABLED PTDO KBI0_P24 FTM2_CH2 SPI1_SCK
3 3 | PTH? DISABLED PTH? KBI1_P31 PWT_IN1
4 4 | PTH6 DISABLED PTH6 KBI1_P30
5 — | PTH5 DISABLED PTH5 KBI1_P29
6 5 | PTE7 DISABLED PTE7 KBI1_P7 TCLK2 FTM1_CH1 CANO_TX
7 6 | PTH2 DISABLED PTH2 KBI1_P26 BUSOUT FTM1_CHO CANO_RX
8 7 (VDD VDD VDD
9 8 | VDDA VDDA VREFH VDDA
10 | — | VREFH VREFH VREFH
11 9 | VREFL VREFL VREFL
12| 10 | VSS/ Vss/ VSSA VSS
VSSA VSSA
13 | 11 | PTB7 EXTAL PTB7 KBI0_P15 1260_SCL EXTAL
14 | 12 | PTB6 XTAL PTB6 KBI0_P14 [2C0_SDA XTAL
15 | 13 | PTl4 DISABLED PTI4 IRQ
16 | — | PTH DISABLED PTI1 IRQ UART2_TX
17 1 — | PTIO DISABLED PTIO IRQ UART2_RX
18 | 14 | PTH1 DISABLED PTH1 KBI1_P25 FTM2_CH1
19 | 15 | PTHO DISABLED PTHO KBI1_P24 FTM2_CHO
20 | 16 | PTE6 DISABLED PTE6 KBI1_P6
21 17 | PTES DISABLED PTE5 KBI1_P5
22 | 18 | PTBS DISABLED PTB5 KBI0_P13 FTM2_CH5 SPI0_PCS ACMP1_OUT
23 | 19 | PTB4 NMI_b PTB4 KBI0_P12 FTM2_CH4 SPIO_MISO | ACMP1_IN2 | NMI_b
24 | 20 | PTC3 ADCO_SEf1 | PTC3 KBI0_P19 FTM2_CH3 ADCO_SE11
25 | 21 | PTC2 ADCO_SE10 | PTC2 KBI0_P18 FTM2_CH2 ADCO_SE10
26 | 22 | PTD7 DISABLED PTD7 KBI0_P31 UART2_TX
27 | 23 | PTD6 DISABLED PTD6 KBI0_P30 UART2_RX
28 | 24 | PTD5 DISABLED PTD5 KBI0_P29 PWT_INO
29 | — |PTl6 DISABLED PTI6 IRQ
0| — [PTB DISABLED PTI5 IRQ
3t | 25 | PTC! ADCO_SE9 PTCH KBI0_P17 FTM2_CH1 ADCO_SE9
2 | 26 |PTCO ADCO_SE8 PTCO KBI0_P16 FTM2_CHO ADCO_SE8
3| — [PTH4 DISABLED PTH4 KBI1_P28 [2C1_SCL
34 | — |PTH3 DISABLED PTH3 KBI1_P27 [2C1_SDA
3% | 27 | PTF7 ADCO_SE15 | PTF7 KBI1_P15 ADCO_SE15
3% | 28 | PTF6 ADCO_SE14 | PTF6 KBI1_P14 ADCO_SE14
37| 29 | PTF5 ADCO_SE13 | PTF5 KBI1_P13 ADCO_SE13
38 | 30 | PTF4 ADC0_SE12 | PTF4 KBI1_P12 ADCO_SE12
39 | 3 |PTB3 ADCO_SE7 PTB3 KBIO_P11 SPI0_MOSI FTMO0_CH1 ADCO_SE7
40 | 3 |PTB2 ADCO_SE6 PTB2 KBI0_P10 SPI0_SCK FTM0_CHO ADCO_SE6
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80 | o4 Pin Name Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
LQFP | LQFP
IQFP

41 | 33 | PTBI ADCO_SE5 PTB1 KBIO_P9 UARTO_TX ADCO_SE5

4 | 34 | PTBO ADCO_SE4 PTBO KBI0_P8 UARTO_RX | PWT_IN1 ADCO_SE4

43 | 3 | PTF3 DISABLED PTF3 KBI1_P11 UART1_TX

44 | 36 | PTF2 DISABLED PTF2 KBI1_P10 UART1_RX

45 | 37 | PTA7 ADCO0_SE3 PTA7 KBIO_P7 FTM2_FLT2 | ACMP1_IN1 | ADCO_SE3

46 | 38 | PTAG ADCO_SE2 PTA6 KBIO_P6 FTM2_FLT1 | ACMP1_INO | ADCO_SE2

47 | 39 | PTE4 DISABLED PTE4 KBI1_P4

48 | 40 |VSS VSS VSS

49 | 4 | VDD VDD VDD

5 | — |PTG7 DISABLED PTG7 KBI1_P23 FTM2_CH5 | SPI1_PCS

51 | — | PTG6 DISABLED PTG6 KBI1_P22 FTM2_CH4 | SPI1_MISO

5 | — | PTGS DISABLED PTG5 KBI1_P21 FTM2_CH3 | SPI1_MOSI

5 | — | PTG4 DISABLED PTG4 KBI1_P20 FTM2_CH2 | SPI1_SCK

5 | 4 | PTF DISABLED PTH KBI1_P9 FTM2_CH1

5 | 43 | PTFO DISABLED PTFO KBI1_P8 FTM2_CHO

5 | 44 | PTD4 DISABLED PTD4 KBI0_P28

5 | 45 | PTD3 DISABLED PTD3 KBIO_P27 SPI1_PCS

5 | 46 | PTD2 DISABLED PTD2 KBI0_P26 SPI1_MISO

5 | 47 | PTA3 DISABLED PTA3 KBI0_P3 UARTO_TX 2C0_SCL

60 | 48 |PTA2 DISABLED PTA2 KBIO_P2 UARTO_RX | 12C0_SDA

61 | 49 | PTA1 ADCO_SE1 PTA1 KBI0_P1 FTMO_CH! 2C0_ ACMPO_INT | ADCO_SE1
4WSDAQUT

62 | 50 |PTAO ADCO_SEO PTAO KBIO_PO FTM0_CHO 2C0_ ACMPO_INO | ADCO_SEQ
4WSCLOUT

63 | 51 | PTC7 DISABLED PTC7 KBI0_P23 UART1_TX CANO_TX

64 | 52 | PTC6 DISABLED PTC6 KBI0_P22 UART1_RX CANO_RX

65 | — |PTIB DISABLED PTI3 IRQ

66 | — |[PTI2 DISABLED PTI2 IRQ

67 | 53 | PTE3 DISABLED PTE3 KBI1_P3 SPI0_PCS

68 | 54 |PTE2 DISABLED PTE2 KBI1_P2 SPIO_MISO | PWT_INO

69 | — | VSS VSS VSS

70| — [VDD VDD VDD

71| 5 |PTG3 DISABLED PTG3 KBI1_P19

72| 56 | PTG2 DISABLED PTG2 KBI1_P18

73 | 57 | PTG DISABLED PTG1 KBI1_P17

74 | 58 | PTGO DISABLED PTGO KBI1_P16

75 | 59 | PTE1 DISABLED PTET KBI1_P1 SPI0_MOSI 2C1_SCL

76 | 60 | PTEO DISABLED PTEO KBI1_P0 SPI0_SCK TCLK1 2C1_SDA

77| 61 | PTC5 DISABLED PTC5 KBI0_P21 FTM1_CH1 RTC_CLKOUT

78 | 62 | PTC4 SWD_CLK PTC4 KBI0_P20 RTC_CLKOUT | FTM1_CHO | ACMPO_IN2 | SWD_CLK

79 | 63 | PTAS RESET_b PTAS KBIO_P5 IRQ TCLKO RESET_b
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80 | 64 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7
LQFP | LQFP
[QFP
80 64 | PTA4 SWD_DIO PTA4 KBIO_P4 ACMPO_OUT | SWD_DIO

10.2.2 Device pin assignment

8o | | pTas
79 [ | pas
78| | prca
77| ] prcs
76 || PTEO
75 || PTET
7 | | preo
73| ] Prei
72| ] prG2
71| ] pres
70 [ ] voo
6o | | vss
68 | | pTE2
67 | | pTE3
66 | | P
es| | Pria
64 | | prce
63| | prc7
62 | | pTao
61| | prat

P[] 60| | pra2
proo [ 2 so| | Pias
pTH7 ] 3 s8] PTD2
PTHe ] 4 57| ] pros
ptHs [ | 5 56| | PTD4
pre7 [ 6 55| | PTFO
prH2 [ 7 54| | PTFi
voo [ | & 53| | pras
voba [_| o s2| | PG5
vReFH [_] 10 51| ] pras
vrerL[_| 50| | pra7
vssvssa [ | 12 49 ] vop
pre7 [ 13 48| | vss
PTB6 | 14 a7| | PrE4
pria[ | 15 46| | PTas
prn [ | 16 as| | pra7
prio [_| 17 aa| ] PTF2
prH1 [ 18 43| | pTF3
pTHo [_] 19 42| ] PTBO
PrE6 [_| 20 ] PTBI

pes [ 21
PTBs [_| 22
PB4 || 23
pTCs [ | 24
prc2 [ | 25
pro7 [ 26
pToe [_| 27
pos | 28
pris [_] 29
pris [_] s0
prct [ ] s
prco | 32
pTH4a [ ] 33
pHa [ 34
prr7 [ ] 35
PTFe [ 36
pTFs [ ] 37
pTFa [ s8
pes [_| 30
prB2 [ 40 .

Figure 10-1. 80-pin LQFP package
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64| | Pra4
63| | Pas
62| | PrC4

- @

OO T PITI I CITITITITITIT][]

61] | PTcs
60| | PTEO
59| | PTET1
ss| | preo
57| ] PTGt
s6| | PTG2
ss| | PTG3
sa| | prE2
53| | pTE3
s2| | Prce
s1| | prer
50| ] PTRo
4o [ ] Pt

8| ] Pma2
47| ] PTas
46| | PrD2
4s| | pD3
44| ] PTD4
43| ] PTFO
a2| ] PTF1
41| ] vop
4| ]vss
so| | PTE4
s8] | PTae
a7| ] paz
ss| | PrF2
ss| | Prrs
34| ] pTBO
33| | pBH

PTB4 [ | 19
prea [ 20
prez [ 21
pTo7 | 22
PTDs || 23
pTDs [ | 24
prct [ | 25
prco [ | 26
prr7 [ 27
PTFe || 28
PTFs | 29
PTra [ | 30

pE3 | 3
pB2 [_| 32

Figure 10-2. 64-pin LQFP packages

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

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

SWD_CLK SWD_CLK Serial Wire Clock. This pin is the clock for debug logic when in the Input
Serial Wire Debug mode.
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1. The pad library of this device does not support on-chip pull down; the SWD_CLK pin 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 — 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 — Reset bidirectional signal I/0
VDD — MCU power I
VSS — MCU ground I

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 Analog
Table 10-4. ADCO signal descriptions

Chip signal name Module signal Description /0
name
ADCO_SEn AD15-ADO Analog channel inputs |
VDD/VREFH VDDA/VREFH Analog power supply / voltage reference high I
VSS/VREFL VSSA/VREFL Analog power ground / voltage reference low I
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Table 10-5. ACMPO signal descriptions

Chip signal name Module signal Description 110
name
ACMPO_INn ACMPO_IN[2:0] Analog voltage inputs I
ACMPQ_OUT ACMPOQO_OUT Comparator output (0]
Table 10-6. ACMP1 signal descriptions
Chip signal name Module signal Description 110
name
ACMP1_INn ACMP1_IN[2:0] Analog voltage inputs I
ACMP1_OUT ACMP1_OUT Comparator output (0]
10.3.5 Timer modules
Table 10-7. FTMO signal descriptions
Chip signal name Module signal Description 110
name
TCLKn EXTCLK FTM external clock I
FTMO_CHI[1:0] CHn FTM channel I/0
Table 10-8. FTM1 signal descriptions
Chip signal name Module signal Description /0
name
TCLKn EXTCLK FTM external clock I
FTM1_CH[1:0] CHn FTM channel I/0
Table 10-9. FTM2 signal descriptions
Chip signal name Module signal Description /0
name
TCLKn EXTCLK FTM external clock I
FTM2_CHn CHn FTM channel I/0
FTM2_FLTH1 FAULT1 Fault input (1) I
FTM2_FLT2 FAULT2 Fault input (2) I
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Table 10-10. RTC signal descriptions

Chip signal name Module signal Description /0
name
RTC_CLKOUT RTCO RTC clock output (0]

Table 10-11. PWT signal descriptions

Chip signal name Module signal Description /0
name
TCLKn ALTCLK PWT alternate external clock (0]
PWT_INO PWTIN[O] PWT input channel0 I
PWT_IN1 PWTIN[1] PWT input channeld I

10.3.6 Communication Interfaces
Table 10-12. SPIO0 signal descriptions

Chip signal name Module signal Description /0
name

SPIO_MISO MISO Master Data In, Slave Data Out I/0

SPI0_MOSI MOSI Master Data Out, Slave Data In /10

SPI0_SCK SPSCK SPI Serial Clock I/O

SPI0_PCS SS Slave Select I/O

Table 10-13. SPI1 signal descriptions

Chip signal name Module signal Description /0
name

SPI1_MISO MISO Master Data In, Slave Data Out /10

SPI1_MOSI MOSI Master Data Out, Slave Data In I/O

SPI1_SCK SPSCK SPI Serial Clock I/O

SPI1_PCS SS Slave Select I/O

Table 10-14. I12CO signal descriptions

Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the 12C system. I/0
12C0_SDA SDA Bidirectional serial data line of the I2C system. /0
12C0_ 4WSCLOUT Serial clock line output of I2C0 in 4 wire interface configuration (0]
12C0_ 4WSDAOUT Serial data line output of I12C0 in 4 wire interface configuration (0]
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Table 10-15. I2C1 signal descriptions

Chip signal name Module signal Description /0
name

12C1_SCL SCL Bidirectional serial clock line of the I2C system. I/0

12C1_SDA SDA Bidirectional serial data line of the I2C system. /0

Table 10-16. UARTO signal descriptions

Chip signal name Module signal Description /0
name
UARTO_TX TxD Transmit data I/0
UARTO_RX RxD Receive data I

Table 10-17. UART1 signal descriptions

Chip signal name Module signal Description /0
name
UART1_TX TxD Transmit data I/0
UART1_RX RxD Receive data I

Table 10-18. UART2 signal descriptions

Chip signal name Module signal Description /0
name
UART2_TX TxD Transmit data I/0
UART2_RX RxD Receive data I

Table 10-19. MSCAN signal descriptions

Chip signal name Module signal Description /0
name
CANO_RX RXCAN Transmit data I
CANO_TX TXCAN Receive data O

10.3.7 Human-machine interfaces (HMI)
Table 10-20. GPIO signal descriptions

Chip signal name Module signal Description /0
name
PTA[7:0]' PORTA7-PORTAO |General-purpose input/output I/0

Table continues on the next page...
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Table 10-20. GPIO signal descriptions (continued)

Chip signal name Module signal Description /0
name
PTBI[7:0]' PORTA15-PORTAS8 |General-purpose input/output I/0
PTC[7:0] PORTA23-PORTA16 | General-purpose input/output I/0
PTD[7:0] PORTAS31-PORTA24 | General-purpose input/output I/0
PTE[7:0]' PORTB7-PORTBO0 |General-purpose input/output I/O
PTF[7:0]' PORTB15-PORTB8 |General-purpose input/output I/0
PTG[7:0]' PORTB23-PORTB16 | General-purpose input/output I/0
PTH[7:0]" PORTB31-PORTB24 | General-purpose input/output I/0
PTI[6:0]" PORTC6-PORTCO |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.

Table 10-21. KBIO signal descriptions

Chip signal name Module signal Description /0
name
KBIO_Pn KBIOPn Keyboard interrupt pins, n can be 0 ~ 31 I/O
Table 10-22. KBI1 signal descriptions
Chip signal name Module signal Description /0
name
KBI1_Pn KBI1Pn Keyboard interrupt pins, n can be 0 ~ 31 I/O
Table 10-23. IRQ signal descriptions
Chip signal name Module signal Description /0
name
IRQ IRQ IRQ input
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Chapter 11
Port Control (PORT)

11.1 Introduction
This device has nine sets of I/O ports, which include up to 71 general-purpose I/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/O, so when a peripheral is enabled, the associated 1/0
functions are disabled.

After reset, the shared peripheral functions are disabled so that the pins are controlled by
the parallel I/O except PTA4, PTAS, PTB4 and PTC4 that are default to SWD_DIO,
SWD_CLK, NMI 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_PUE(0/1/2)[PTxPEn] = 0).

Additionally, the parallel I/O that support high drive capability are disabled (HDRVE =
0x00) after reset.

The following three figures show the structures of each 1/0 pin.
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PORT_PUE(0/1/2)[PTxPEn] —
GPIOx_PDDR[PDD] ——I><»—
o)
GPIOxPDOR[PDO]_} T

GPIOx_PIDR[PID]

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

Glitch filter
PORT_IOFLT(0/1)

Figure 11-1. Normal I/O structure

PORT_PUE(0/1/2)[PTxPEn]

GPIOx_PDDRI[PDD]

o)
@
GPIOx_PDOR[PDO] [l
GPIOx_PIDR[PID] L
1}—— 0 (except RESET/NMI)
CPU read GPIOx_PDIR[PDI] ___
0 Glitch filter
PORT_IOFLT(0/1)

Figure 11-2. SDA(PTA2)/SCL(PTAB3) structure
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PORT_PUE(0/1/2)[PTXPEn] —

GPIOx_PDDR[PDD] ——I>o—
r o

GPIOx_PDOR[PDO]—#

\Va

GPIOx_PIDR[PID]

HDRVE
— 0 (except RESET/NMI)

Glitch filter
PORT_IOFLT(0/1)

CPU read GPIOx_PDIR[PDI]

Figure 11-3. High drive I/O 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 register (GPIOx_PIDR) and data direction register (GPIOx_PDDR).

After reset, all parallel I/0O 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 set the
corresponding GPIOx_PDDR and GPIOx_PIDR bits at same
time, read from GPIOx_PDIR will always read the pin status.
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When a peripheral module or system function is in control of a port pin, the data direction
register bit still controls what is returned for reads of the port data register, even though
the peripheral system has overriding control of the actual pin direction.

When a shared analog function is enabled for a pin, all digital pin functions are disabled.
A read of the port data register 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 port data register must occur before setting the output enable bit
of an 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_PUE(0/1/2)). 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 "SDA(PTA2/PTB6) and
SCL(PTA3/PTB7)" pins or I12C1 to use "SDA (PTEO/PTH3)
and SCL (PTE1/PTH4)" 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
they are automatically disabled to save power when the output
values are low.

11.4 Input glitch filter setting

A filter is implemented for each port pin that is configured as a digital input. It can be
used as a simple low-pass filter to filter any glitch that is introduced from the pins of
GPIO, FTMO, FTM1, 12C0, I12C1, PWT, IRQ,RESET, NMI and KBI. The glitch width
threshold can be adjusted easily by setting PORT_IOFLTO[FLTDIVn] between 1~4096
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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.

Setting register PORT_IOFLT(0/1) can configure the filters of the whole port or
peripheral inputs. For example, setting PORT_IOFLTO[FLTA] will affect all PTAn pins.

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%

0 > Input high/low width
1(FLTxxx period) 2(FLTxxx period)

Note: FLTxxx is contents in register PORT_IOFLT(0/1).
Figure 11-4. Input glitch filter

11.5 High current drive

Output high sink/source current drive can be enabled by setting the corresponding bit in
the HDRVE register for . These pins can used as output and input; the pins output high
sink/source current when they are operated as output.

* High-current drive function is disabled, if the pin is configured as an input by the
parallel I/O control logic.

* When configured as any shared peripheral function, high-current drive function still
works on these pins, but only when they are configured as outputs.

11.6 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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11.7 Port data registers
PORT memory map

233?2:: Register name (ivryilgittg) Access | Reset value S(::;t;c;n/
(hex)
4004_9000 |Port Filter Register 0 (PORT_IOFLTO) 32 R/W | 00C0_0000h | 11.7.1/154
4004_9004 |Port Filter Register 1 (PORT_IOFLT1) 32 R/W 0000_0000h | 11.7.2/157
4004_9008 |Port Pullup Enable Register 0 (PORT_PUEOQ) 32 R/W | 0010_0000h | 11.7.3/158
4004_900C |Port Pullup Enable Register 1 (PORT_PUE1) 32 R/W 0000_0000h | 11.7.4/163
4004_9010 |Port Pullup Enable Register 2 (PORT_PUE2) 32 R/W 0000_0000h | 11.7.5/168
4004_9014 |Port High Drive Enable Register (PORT_HDRVE) 32 R/W | 0000_0000h | 11.7.6/170

11.7.1 Port Filter Register 0 (PORT_IOFLTO0)

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 + 0h offset = 4004_9000h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
VF\{I FLTDIV3 FLTDIV2 FLTDIVA FLTNMI FLTKBI1 FLTKBIO FLTRST
Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VF\; FLTH FLTG FLTF FLTE FLTD FLTC FLTB FLTA
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

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

Field Description

110 LPOCLK/64
111 LPOCLK/128

28-26 Filter Division Set 2
FLTDIV2
Port Filter Division Set 2

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
FLTDIV1
Port Filter Division Set 1

00 BUSCLK/2
01 BUSCLK/4
10 BUSCLK/8
11 BUSCLK/16

23-22 Filter Selection for Input from NMI
FLTNMI

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

21-20 Filter Selection for Input from KBI1
FLTKBI1

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

19-18 Filter selection for Input from KBIO
FLTKBIO

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

17-16 Filter Selection for Input from RESET/IRQ
FLTRST

00 Nofilter.
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

15-14 Filter Selection for Input from PTH
FLTH

00 BUSCLK
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PORT_IOFLTO field descriptions (continued)

Field Description
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3

13-12 Filter Selection for Input from PTG
FLTG

00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3

11-10 Filter Selection for Input from PTF
FLTF

00 BUSCLK
01 FLTDIV1
10 FLTDIV2
11 FLTDIV3

9-8 Filter Selection for Input from PTD
FLTE

00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3

7-6 Filter Selection for Input from PTD
FLTD

00 BUSCLK
01 FLTDIV1
10 FLTDIV2
11 FLTDIV3

54 Filter Selection for Input from PTC

00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3

3-2 Filter Selection for Input from PTB
FLTB

00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3

FLTA Filter Selection for Input from PTA

00 BUSCLK
01 FLTDIV1
10 FLTDIV2
11 FLTDIV3
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11.7.2 Port Filter Register 1 (PORT_IOFLT1)

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 + 4h offset = 4004_9004h

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 0 0

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

FLTI2CA FLTI2CO | FLTPWT | FLTFTM1 | FLTFTMO | FLTIRQ 0 FLTI
w

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

PORT_IOFLT1 field descriptions

Field Description
31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-14 Filter Selection For Input from SCL1/SDA1
FLTI2CA
00 No filter

01 Select FLTDIVA1
10 Select FLTDIV2
11 Select BUSCLK

13-12 Filter Selection For Input from SCLO/SDAO
FLTI2CO

00 No filter

01 Select FLTDIV1
10 Select FLTDIV2
11 Select BUSCLK

11-10 Filter Selection For Input from PWT_IN1/PWT_INO
FLTPWT

00 No filter

01 Select FLTDIV1
10 Select FLTDIV2
11 Select FLTDIV3

9-8 Filter Selection For Input from FTM1CHO/FTM1CH1
FLTFTMA1

00 No filter

01 Select FLTDIV1
10 Select FLTDIV2
11 Select FLTDIV3

Table continues on the next page...
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PORT_IOFLT1 field descriptions (continued)

Field Description
7-6 Filter Selection For Input from FTMOCHO/FTMOCH1
FLTFTMO
00 No filter

01 Select FLTDIV1
10 Select FLTDIV2
11 Select FLTDIV3

5-4 Filter Selection for Input from IRQ
FLTIRQ

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
3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
FLTI Filter Selection for Input from PTI
00 BUSCLK
01 FLTDIV1
10 FLTDIV2
11 FLTDIV3

11.7.3 Port Pullup Enable Register 0 (PORT_PUEO0)

Address: 4004_9000h base + 8h offset = 4004_9008h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl ~ © To) <t for] o - o N~ © T} < ™ o — o
L L w L w L L | L L w L w L w w
o o o o o o o o o o o o o o o o
[m) [a) @) (@] @] (@] @] [a] (@] O (@] O O O O O
= = = = = = = = = = = = = = = =
Wl o o o o o o o o o o o o o o o o
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl ~ © To) <t ) N — o N~ © T} < ™ o] — o
L w w L w | w | L L w L w L w w
o o o o o o o o o o o o o o o o
m m m m m m m m < < < < < < < <
= = = = = . = - = = = = = = = =
Wl o o o o o o o o o o o o o o o o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PORT_PUEDO field descriptions
Field Description
31 Pull Enable for Port D Bit 7
PTDPE?7
This control field determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, this field has no effect.

Table continues on the next page...

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
158 Freescale Semiconductor, Inc.




g |

Chapter 11 Port Control (PORT)
PORT_PUEO field descriptions (continued)

Field Description
0 Pullup is disabled for port D bit 7.
1 Pullup is enabled for port D bit 7.
30 Pull Enable for Port D Bit 6
PTDPE6
This control field determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, this field has no effect.
0 Pullup is disabled for port D bit 6.
1 Pullup is enabled for port D bit 6.
29 Pull Enable for Port D Bit 5
PTDPES5
This control field determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, this field has no effect.
0 Pullup is disabled for port D bit 5.
1 Pullup is enabled for port D bit 5.
28 Pull Enable for Port D Bit 4
PTDPE4
This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup is disabled for port D bit 4.
1 Pullup is enabled for port D bit 4.
27 Pull Enable for Port D Bit 3
PTDPE3
This control field determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, this field has no effect.
0 Pullup is disabled for port D bit 3.
1 Pullup is enabled for port D bit 3.
26 Pull Enable for Port D Bit 2
PTDPE2
This control field determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, this field has no effect.
0 Pullup is disabled for port D bit 2.
1 Pullup is enabled for port D bit 2.
25 Pull Enable for Port D Bit 1
PTDPE1
This control field determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, this field has no effect.
0 Pullup is disabled for port D bit 1.
1 Pullup is enabled for port D bit 1.
24 Pull Enable for Port D Bit 0
PTDPEO

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

0 Pullup is disabled for port D bit 0.
1 Pullup is enabled for port D bit 0.
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PORT_PUEO field descriptions (continued)

Field Description

23 Pull Enable for Port C Bit 7
PTCPE7

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

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

22 Pull Enable for Port C Bit 6
PTCPE6

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

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

21 Pull Enable for Port C Bit 5
PTCPE5

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

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

20 Pull Enable for Port C Bit 4
PTCPE4

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

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

19 Pull Enable for Port C Bit 3
PTCPE3

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

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

18 Pull Enable for Port C Bit 2
PTCPE2

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

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

17 Pull Enable for Port C Bit 1
PTCPE1

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

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

16 Pull Enable for Port C Bit 0
PTCPEO
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PORT_PUEO field descriptions (continued)

Field Description

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

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

15 Pull Enable for Port B Bit 7
PTBPE7

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 7.
1 Pullup is enabled for port B bit 7.

14 Pull Enable for Port B Bit 6
PTBPE6

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 6.
1 Pullup is enabled for port B bit 6.

13 Pull Enable for Port B Bit 5
PTBPES

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 5.
1 Pullup is enabled for port B bit 5.

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.
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PORT_PUEO field descriptions (continued)

Field Description
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.

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.
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PORT_PUEO field descriptions (continued)

Field Description
NOTE: When configuring to use this pin as output high for 1IC, the internal pullup device remains active
when PTAPE?2 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.

11.7.4 Port Pullup Enable Register 1 (PORT_PUE1)

Address: 4004_9000h base + Ch offset = 4004_900Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R N~ © [To) < ) o — o N~ © To) < ™ l — o
w | w L w | L |.u Ll L w L w L w w

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

T T T T T T T T G} O] 0} 0] G} 0] (G} (0]

= = = = = = = = = = = = = = = =

Wl a o o o o o o o o o o o o o o o
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 ~ © To) < ™ [ — o N © T} < ™ IV — o
L w w L w L L L Ll L w L w L w w

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

T T T T T T T [T L L L L L L L ]

= = — = — = = = [ — . = = = = =

Wl o o o o o o o o o o o o o o o o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PORT_PUE1 field descriptions
Field Description
31 Pull Enable for Port H Bit 7
PTHPE?
This control field determines if the internal pullup device is enabled for the associated PTH pin. For port H
pins that are configured as outputs or Hi-Z, this field has no effect.
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PORT_PUE1 field descriptions (continued)

Field Description
0 Pullup is disabled for port H bit 7.
1 Pullup is enabled for port H bit 7.

30 Pull Enable for Port H Bit 6
PTHPEG6

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

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

29 Pull Enable for Port H Bit 5
PTHPES5

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

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

28 Pull Enable for Port H Bit 4
PTHPE4

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

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

27 Pull Enable for Port H Bit 3
PTHPES

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

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

26 Pull Enable for Port H Bit 2
PTHPE2

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

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

25 Pull Enable for Port H Bit 1
PTHPE1

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

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

24 Pull Enable for Port H Bit 0
PTHPEO
This control field determines if the internal pullup device is enabled for the associated PTH pin. For port H
pins that are configured as outputs or Hi-Z, this field has no effect.

0 Pullup is disabled for port H bit 0.
1 Pullup is enabled for port H bit 0.
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PORT_PUE1 field descriptions (continued)

Field Description

23 Pull Enable for Port G Bit 7
PTGPE7

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

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

22 Pull Enable for Port G Bit 6
PTGPE6
This control field determines if the internal pullup device is enabled for the associated PTG pin. For port G
pins that are configured as outputs or Hi-Z, this field has no effect.

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

21 Pull Enable for Port G Bit 5

PTGPE5
This control field determines if the internal pullup device is enabled for the associated PTG pin. For port G

pins that are configured as outputs or Hi-Z, this field has no effect.

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

20 Pull Enable for Port G Bit 4
PTGPE4
This control field determines if the internal pullup device is enabled for the associated PTG pin. For port G
pins that are configured as outputs or Hi-Z, this field has no effect.

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

19 Pull Enable for Port G Bit 3
PTGPE3

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

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

18 Pull Enable for Port G Bit 2
PTGPE2

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

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

17 Pull Enable for Port G Bit 1
PTGPE1

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

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

16 Pull Enable for Port G Bit 0
PTGPEO
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PORT_PUE1 field descriptions (continued)

Field Description

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

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

15 Pull Enable for Port F Bit 7
PTFPE7

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

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

14 Pull Enable for Port F Bit 6
PTFPE6

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

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

13 Pull Enable for Port F Bit 5
PTFPES5

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

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

12 Pull Enable for Port F Bit 4
PTFPE4

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

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

11 Pull Enable for Port F Bit 3
PTFPE3

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

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

10 Pull Enable for Port F Bit 2
PTFPE2

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

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

9 Pull Enable for Port F Bit 1
PTFPE1

This control field determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, this field has no effect.
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PORT_PUE1 field descriptions (continued)

Field Description
0 Pullup is disabled for port F bit 1.
1 Pullup is enabled for port F bit 1.

8 Pull Enable for Port F Bit 0
PTFPEO

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

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

7 Pull Enable for Port E Bit 7
PTEPE7

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

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

6 Pull Enable for Port E Bit 6
PTEPE6

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

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

5 Pull Enable for Port E Bit 5
PTEPE5

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

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

4 Pull Enable for Port E Bit 4
PTEPE4

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

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

3 Pull Enable for Port E Bit 3
PTEPE3

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

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

2 Pull Enable for Port E Bit 2
PTEPE2

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

0 Pullup is disabled for port E bit 2.
1 Pullup is enabled for port E bit 2.
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PORT_PUE1 field descriptions (continued)

Field Description

1 Pull Enable for Port E Bit 1
PTEPE1

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

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

0 Pull Enable for Port E Bit 0
PTEPEO

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

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

11.7.5 Port Pullup Enable Register 2 (PORT_PUE2)

Address: 4004_9000h base + 10h offset = 4004_9010h

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

o
o
o
o

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

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 © 0 < ® o — o
| ui Y i L LW i
o o o o o o o
E | |EFE | F|F | F|F
o o o o o o o

o
o
o
o
o
o
o

PORT_PUEZ2 field descriptions

Field Description
317 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Pull Enable for Port | Bit 6
PTIPE6

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

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

5 Pull Enable for Port | Bit 5
PTIPES
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Chapter 11 Port Control (PORT)

PORT_PUE2 field descriptions (continued)

Field Description

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

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

4 Pull Enable for Port | Bit 4
PTIPE4

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

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

3 Pull Enable for Port | Bit 3
PTIPE3

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

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

2 Pull Enable for Port | Bit 2
PTIPE2

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

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

1 Pull Enable for Port | Bit 1
PTIPE1

This control field determines if the internal pullup device is enabled for the associa