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Data Sheet: Technical Data

Kinetis KE1xZ with up to 256 KB
Flash

Up to 72 MHz ARME Cortex€-M0+ Based Microcontroller

Kinetis KE1xZ256 MCUs are the leading parts for the KE1xZ
familiy based on ARM€ Cortex€-M0+ core. Providing up to 256
KB flash, up to 32 KB RAM, and the complete set of analog/
digital features, KE1xZ extends Kinetis E family to higher
performance and broader scalability. Robust TSI provides high-
level stability and accuracy to customerss HMI system. 1 Msps
ADC and FlexTimer help build a perfect solution for BLDC motor
control systems.

Core Processor and System
, ARM¥® Cortex€-MO+ core, supports up to 72 MHz

KE1xZP100M72SFO0
Rev. 3, 07/2018

MKE1xZ256VLL7
MKE1xZ256VLH7
MKE1xZ128VLL7
MKE1xZ128VLH7

as as

100 LQFP (LL) 64 LQFP (LH)
14x14x1.4 mmP 0.5  10x10x1.4 mm P 0.5

Memory and memory interfaces
, Up to 256 KB program flash

frequency , Up to 32 KB SRAM
, ARM Core based on the ARMv6 Architecture and , 32 KB FlexNVM for data flash and with EEPROM
Thumb€-2 ISA emulation

, Configurable Nested Vectored Interrupt Controller

, 2 KB FlexRAM for EEPROM emulation

(NVIC) , 128 Bytes flash cache

, Memory-Mapped Divide and Square Root module
(MMDVSQ)

, Boot ROM with built in bootloader

, 8-channel DMA controller extended up to 63 channels Mixed-signal analog

with DMAMUX

Reliability, safety and security
, Flash Access Control (FAC)

, Cyclic Redundancy Check (CRC) generator module

, 128-bit unique identification (ID) number

, Internal watchdog (WDOG) with independent clock

source
, External watchdog monitor (EWM) module
, ADC self calibration feature
, On-chip clock loss monitoring

Human-machine interface (HMI)
, Supports up to 32 interrupt request (IRQ) sources
, Up to 89 GPIO pins with interrupt functionality
, Touch sensing input (TSI) module

NXP reserves the right to change the production detail specifications as may be

required to permit improvements in the design of its products.

, 2f 12-bit analog-to-digital converter (ADC) with up
to 16 channel analog inputs per module, up to 1
Msps

, 2f high-speed analog comparators (CMP) with
internal 8-bit digital to analog converter (DAC); the
8-bit DAC of CMPO supports an output option to pad
with a buffer

Timing and control

, 3f Flex Timers (FTM) for PWM generation, offering
up to 8 standard channels

, 1f 16-bit Low-Power Timer (LPTMR) with flexible
wake up control

, 1f Programmable Delay Block (PDB) with flexible
trigger system

, 1f 32-bit Low-power Periodic Interrupt Timer (LPIT)
with 4 channels

, Real timer clock (RTC)

h
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Clock interfaces Connectivity and communications interfaces

, 4 - 40 MHz fast external oscillator (OSC) , 3f low-power universal asynchronous receiver/
, 32 kHz slow external oscillator (OSC32) transmitter (LPUART) modules with DMA support
, 48 - 60 MHz high-accuracy (up to ,1%) fast internal and low power availability
reference clock (FIRC) for normal Run , 2f low-power serial peripheral interface (LPSPI)
, 8 MHz / 2 MHz high-accuracy (up to ,3%) slow internal modules with DMA support and low power
reference clock (SIRC) for low-speed Run availability
, 128 kHz low power oscillator (LPO) , 2f low-power inter-integrated circuit (LPI12C)
, Low-power FLL (LPFLL) modules with DMA support and low power
, Up to 60 MHz DC external square wave input clock availability
, System clock generator (SCG) , FlexlO module for flexible and high performance
, Real time counter (RTC) serial interfaces
Power management Debug functionality
, Low-power ARM Cortex-MO+ core with excellent , Serial Wire Debug (SWD) debug interface
energy efficiency , Debug Watchpoint and Trace (DWT)
, Power management controller (PMC) with multiple , Micro Trace Buffer (MTB)
power modes: Run, Wait, Stop, VLPR, VLPW and
VLPS Operating Characteristics
, Supports clock gating for unused modules, and specific , Voltage range: 2.7t0 5.5V
peripherals remain working in low power modes , Ambient temperature range: ...40 to 105 1C

, POR, LVD/LVR

Related Resources

Type Description Resource

Selector The Solution Advisor is a web-based tool that features interactive Solution Advisor

Guide application wizards and a dynamic product selector.

Product Brief |The Product Brief contains concise overview/summary information to KE1xZ256PB 1
enable quick evaluation of a device for design suitability.

Reference The Reference Manual contains a comprehensive description of the KE1xZP100M72SFORM 1

Manual structure and function (operation) of a device.

Data Sheet The Data Sheet includes electrical characteristics and signal This document:
connections. KE1xZP100M72SFO

Chip Errata | The chip mask set Errata provides additional or corrective information for |Kinetis_E_1N36S 1
a particular device mask set.

Package Package dimensions are provided in package drawings. 100-LQFP: 98ASS23308W
drawing 64-LQFP: 98ASS23234W

1. To find the associated resource, go to http://www.nxp.com and perform a search using this term.
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Figure 1. Functional block diagram
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1 Ordering information

The following chips are available for ordering.

Table 1. Ordering information

Ordering information

Product Memory Package 10 and ADC channel HMI
Part number Marking Flash | SRAM [ FlexNVM/ Pin Packa | GPIOs | GPIOs| ADC TSI
. . (KB) (KB) FlexRAM | count ge (INT/H | chann
(Linel/Line2) (KB) D)L els
MKE15Z256VLL| MKE15Z256 / 256 32 32/2 100 LQFP 89 89/8 16 Yes
7 VLL7
MKE157256VL | MKE15Z256 / 256 32 32/2 64 LQFP 58 58/8 16 Yes
H7 VLH7
MKE15Z128VLL| MKE15Z128/ 128 16 32/2 100 LQFP 89 89/8 16 Yes
7 VLL7
MKE157128VL | MKE152128/ 128 16 32/2 64 LQFP 58 58/8 16 Yes
H7 VLH7
MKE14Z256VLL | MKE14Z256 / 256 32 32/2 100 LQFP 89 89/8 16 No
7 VLL7
MKE14Z2256VL | MKE14Z256 / 256 32 32/2 64 LQFP 58 58/8 16 No
H7 VLH7
MKE14Z7128VLL| MKE14z128/ 128 16 32/2 100 LQFP 89 89/8 16 No
7 VLL7
MKE14Z128VL | MKE14z128/ 128 16 32/2 64 LQFP 58 58/8 16 No
H7 VLH7
1. INT: interrupt pin numbers; HD: high drive pin numbers
2 Overview
The following figure shows the system diagram of this device.
Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018 5
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Figure 2. System diagram

The crossbar switch connects bus masters and slaves using a crossbar switch structure.
This structure allows up to four bus masters to access different bus slaves
simultaneously, while providing arbitration among the bus masters when they access
the same slave.

2.1 System features

The following sections describe the high-level system features.

6 Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018
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Overview

2.1.1 ARM Cortex-MO+ core

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

2.1.2 NVIC

The Nested Vectored Interrupt Controller supports nested interrupts and 4 priority
levels for interrupts. In the NVIC, each source in the IPR registers contains 2 bits. It
also differs in number of interrupt sources and supports 32 interrupt vectors.

The Cortex-M family uses a number of methods to improve interrupt latency to up to
15 clock cycles for Cortex-MO+. It also can be used to wake the MCU core from Wait
and VLPW modes.

2.1.3 AWIC

The asynchronous wake-up interrupt controller (AWIC) is used to detect
asynchronous wake-up events in Stop mode and signal to clock control logic to
resume system clocking. After clock restarts, the NVIC observes the pending interrupt
and performs the normal interrupt or event processing. The AWIC can be used to
wake MCU core from Partial Stop, Stop and VLPS modes.

Wake-up sources for this SoC are listed as below:
Table 2. AWIC Stop and VLPS Wake-up Sources

Wake-up source Description

Available system resets RESET pin, WDOG , loss of clock(LOC) reset and loss of lock (LOL) reset

Pin interrupts Port Control Module - Any enabled pin interrupt is capable of waking the system
ADCXx ADCXx is optional functional with clock source from SIRC or OSC

CMPx Functional in Stop/VLPS modes with clock source from SIRC or OSC

LPI2C Functional in Stop/VLPS modes with clock source from SIRC or OSC

LPUART Functional in Stop/VLPS modes with clock source from SIRC or OSC

Table continues on the next page...

Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018 7
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Table 2. AWIC Stop and VLPS Wake-up Sources (continued)

Wake-up source Description

LPSPI Functional in Stop/VLPS modes with clock source from SIRC or OSC
LPIT Functional in Stop/VLPS modes with clock source from SIRC or OSC
FlexlO Functional in Stop/VLPS modes with clock source from SIRC or OSC
LPTMR Functional in Stop/VLPS modes

RTC Functional in Stop/VLPS modes

SCG Functional in Stop mode (Only SIRC)

TSI Touch sense wakeup

NMI Non-maskable interrupt

2.1.4 Memory

This device has the following features:
€ Upto 256 KB of embedded program flash memory.
€ Upto 32 KB of embedded RAM accessible (read/write) at CPU clock speed with O
wait states.

€ The non-volatile memory is divided into several arrays:
€ 32 KB of embedded data flash memory
€ 2 KB of Emulated EEPROM
€ 8 KB ROM (built-in bootloader to support UART, 12C, and SPI interfaces)

The program flash memory contains a 16-byte flash configuration field that stores
default protection settings and security information. The page size of program flash
is 1 KB.

The protection setting can protect 32 regions of the program flash memory from
unintended erase or program operations.

The security circuitry prevents unauthorized access to RAM or flash contents from
debug port.

2.1.5 Reset and boot
The following table lists all the reset sources supported by this device.

NOTE
In the following table, Y means the specific module, except
for the registers, bits or conditions mentioned in the footnote,

8 Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018
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is reset by the corresponding Reset source. N means the

specific module is not reset by the corresponding Reset

source.

Table 3. Reset source

Overview

Reset Descriptions Modules
sources PMC| SIM | sMC | RcM| Reset |wbpo| scG | RTC | LPTM | Other
pin is G R S
negated
POR reset Power-on reset (POR) Y Y Y Y Y Y Y Y Y Y
System Low-voltage detect vl Y Y Y Y Y Y N Y Y
resets (LVD)
External pin reset G Y2 Y3 Y4 Y Y5 Y6 N N Y
(RESET)
Watchdog (WDOG) YLl vz | ve | ov4 Y Ys | Y6 | N N Y
reset
Multipurpose clock vl Y2 Y3 Y4 Y Y5 Y6 N N Y
generator loss of clock
(LOC) reset
Multipurpose clock vl Y2 Y3 Y4 Y Y5 Y6 N N Y
generator loss of lock
(LOL) reset
Stop mode acknowledge | Y? Y2 Y3 Y4 Y Y5 Y6 N N Y
error (SACKERR)
Software reset (SW) & Y2 Y3 Y4 Y & Y6 N N Y
Lockup reset (LOCKUP) | Y1 Y2 Y3 Y4 Y Y5 Y6 N N Y
MDM DAP system reset | Y1 Y2 Y3 Y4 Y Y5 Y6 N N Y
Debug reset |Debug reset ' Y2 Y3 Y4 Y Y5 Y6 N N Y
1. Except PMC_LVDSC1[LVDV] and PMC_LVDSC2[LVWV]
2. Except SIM_SOPT1
3. Except SMC_PMPROT, SMC_PMCTRL_RUM, SMC_PMCTRL_STOPM, SMC_STOPCTRL, SMC_PMSTAT
4. Except RCM_RPC, RCM_MR, RCM_FM, RCM_SRIE, RCM_SRS, RCM_SSRS
5. Except WDOG_CS[TST]
6. Except SCG_CSR and SCG_FIRCSTAT
This device supports booting from:
€ internal flash
€ boot ROM
Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018 9
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| POR or Reset |

Boot from ROM Boot from Flash

Figure 3. Boot flow chart

The blank chip is default to boot from ROM and remaps the vector table to ROM base
address, otherwise, it remaps to flash address.

2.1.6 Clock options

The SCG module controls which clock source is used to derive the system clocks. The
clock generation logic divides the selected clock source into a variety of clock domains,
including the clocks for the system bus masters, system bus slaves, and flash memory .
The clock generation logic also implements module-specific clock gating to allow
granular shutoff of modules.

The following figure is a high level block diagram of the clock generation. For more
details on the clock operation and configuration, see the Clocking chapter in the
Reference Manual.

10 Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018
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Figure 4. Clocking block diagram

2.1.7 Security

Security state can be enabled via programming flash configure field (0x40e). After
enabling device security, the SWD port cannot access the memory resources of the
MCU.

External interface Security Unsecure
SWD port Canet access memory source by SWD |the debugger can write to the Flash
interface Mass Erase in Progress field of the

MDM-AP Control register to trigger a
mass erase (Erase All Blocks)
command

2.1.7.1 Flash Access Control (FAC)

The FAC is a native or third-party configurable memory protection scheme optimized
to allow end users to utilize software libraries while offering programmable
restrictions to these libraries. The flash memory is divided into equal size segments
that provide protection to proprietary software libraries. The protection of these
segments is controlled as the FAC provides a cycle-by-cycle evaluation of the access

Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018 11
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rights for each transaction routed to the on-chip flash memory. Configurability allows
an increasing number of protected segments while supporting two levels of vendors
adding their proprietary software to a device.

2.1.8 Power management

The Power Management Controller (PMC) expands upon ARMes operational modes of
Run, Sleep, and Deep Sleep, to provide multiple configurable modes. These modes can
be used to optimize current consumption for a wide range of applications. The WFI or
WFE instruction invokes a Wait or a Stop mode, depending on the current
configuration. For more information on ARMes operational modes, See the ARM

Cortex User Guide.

The PMC provides Normal Run (RUN), and Very Low Power Run (VLPR)

configurations in ARMes Run operation mode. In these modes, the MCU core is active
and can access all peripherals. The difference between the modes is the maximum clock
frequency of the system and therefore the power consumption. The configuration that
matches the power versus performance requirements of the application can be selected.

The PMC provides Wait (Wait) and Very Low Power Wait (VLPW) configurations in
ARMes Sleep operation mode. In these modes, even though the MCU core is inactive,
all of the peripherals can be enabled and operate as programmed. The difference
between the modes is the maximum clock frequency of the system and therefore the
power consumption.

The PMC provides Stop (Stop), Very Low Power Stop (VLPS) configurations in
ARMes Deep Sleep operational mode. In these modes, the MCU core and most of the
peripherals are disabled. Depending on the requirements of the application, different
portions of the analog, logic, and memory can be retained or disabled to conserve
power.

The Nested Vectored Interrupt Controller (NVIC), the Asynchronous Wake-up
Interrupt Controller (AWIC) are used to wake up the MCU from low power states. The
NVIC is used to wake up the MCU core from WAIT and VLPW modes. The AWIC is
used to wake up the MCU core from STOP and VLPS modes.

For additional information regarding operational modes, power management, the NVIC,
AWIC, please refer to the Reference Manual.

The following table provides information about the state of the peripherals in the
various operational modes and the modules that can wake MCU from low power
modes.

12 Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018
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Table 5. Peripherals states in different operational modes

Core mode Device mode Descriptions
Run mode Run In Run mode, all device modules are operational.
Very Low Power Run In VLPR mode, all device modules are operational at a reduced frequency

except the Low Voltage Detect (LVD) monitor, which is disabled.

Sleep mode Wait In Wait mode, all peripheral modules are operational. The MCU core is
placed into Sleep mode.

Very Low Power Wait In VLPW mode, all peripheral modules are operational at a reduced
frequency except the Low Voltage Detect (LVD) monitor, which is disabled.
The MCU core is placed into Sleep mode.

Deep sleep Stop In Stop mode, most peripheral clocks are disabled and placed in a static
state. Stop mode retains all registers and SRAMs while maintaining Low
Voltage Detection protection. In Stop mode, the ADC, CMP, LPTMR, RTC,
and pin interrupts are operational. The NVIC is disabled, but the AWIC can
be used to wake up from an interrupt.

Very Low Power Stop In VLPS mode, the contents of the SRAM are retained. The CMP (low
speed), ADC, OSC, RTC, LPTMR, LPIT, FlexlO, LPUART, LPI2C,LPSPI,
and DMA are operational, LVD and NVIC are disabled, AWIC is used to
wake up from interrupt.

2.1.9 Debug controller

This device has extensive debug capabilities including run control and tracing
capabilities. The standard ARM debug port supports SWD interface.

2.2 Peripheral features

The following sections describe the features of each peripherals of the chip.

2.2.1 eDMA and DMAMUX

The eDMA is a highly programmable data-transfer engine optimized to minimize any
required intervention from the host processor. It is intended for use in applications
where the data size to be transferred is statically known and not defined within the
transferred data itself. The DMA controller in this device implements 8 channels
which can be routed from up to 63 DMA request sources through DMA MUX
module.

Main features of eDMA are listed below:

Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018 13
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€ All data movement via dual-address transfers: read from source, write to
destination

€ 8-channel implementation that performs complex data transfers with minimal
intervention from a host processor

€ Transfer control descriptor (TCD) organized to support two-deep, nested transfer
operations

€ Channel activation via one of three methods

€ Fixed-priority and round-robin channel arbitration

€ Channel completion reported via programmable interrupt requests

€ Programmable support for scatter/gather DMA processing

€ Support for complex data structures

2.2.2 FTM
This device contains three FlexTimer modules.

The FlexTimer module (FTM) is a two-to-eight channel timer that supports input
capture, output compare, and the generation of PWM signals to control electric motor
and power management applications. The FTM time reference is a 16-bit counter that
can be used as an unsigned or signed counter.

Several key enhancements of this module are made:
€ Signed up counter
€ Deadtime insertion hardware
€ Fault control inputs
€ Enhanced triggering functionality
€ Initialization and polarity control

2.2.3 ADC

This device contains two 12-bit SAR ADC modules. The ADC module supports
hardware triggers from FTM, LPTMR, PIT, RTC, external trigger pin and CMP output.
It supports wakeup of MCU in low power mode when using internal clock source or
external crystal clock.

ADC module has the following features:
€ Linear successive approximation algorithm with up to 12-bit resolution
€ Up to 16 single-ended external analog inputs
€ Support 12-bit, 10-bit, and 8-bit single-ended output modes

14 Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018
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€ Single or continuous conversion

€ Configurable sample time and conversion speed/power

€ Input clock selectable from up to four sources

€ Operation in low-power modes for lower noise

€ Selectable hardware conversion trigger

€ Automatic compare with interrupt for less-than, greater-than or equal-to, within
range, or out-of-range, programmable value

€ Temperature sensor

€ Hardware average function

€ Selectable Voltage reference: from external or alternate

€ Self-Calibration mode

2.2.3.1 Temperature sensor

This device contains one temperature sensor internally connected to the input channel
of AD26, seeADC electrical characteristider details of the linearity factor.

The sensor must be calibrated to gain good accuracy, so as to provide good linearity,
see als®AN3031for more detailed application information of the temperature sensor.

224 CMP

There are two analog comparators on this device.

€ Each CMP has its own independent 8-bit DAC.

€ Each CMP supports up to 6 analog inputs from external pins.

€ Each CMP is able to convert an internal reference from the bandgap.

€ Each CMP supports the round-robin sampling scheme. In summary, this allow the
CMP to operate independently in VLPS and Stop modes, whilst being triggered
periodically to sample up to 8 inputs. Only if an input changes state is a full
wakeup generated.

The CMP has the following features:

€ Inputs may range from rail to rail

€ Programmable hysteresis control

€ Selectable interrupt on rising-edge, falling-edge, or both rising and falling edges
of the comparator output

€ Selectable inversion on comparator output

€ Capability to produce a wide range of outputs such as sampled, windowed, or
digitally filtered
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€ External hysteresis can be used at the same time that the output filter is used for
internal functions

€ Two software selectable performance levels: Shorter propagation delay at the
expense of higher power, and Low power with longer propagation delay

€ DMA transfer support

€ Functional in all power modes available on this MCU

€ The window and filter functions are not available in STOP mode

€ Integrated 8-bit DAC with selectable supply reference source and can be power
down to conserve power

2.2.5 RTC
The RTC is an always powered-on block that remains active in all low power modes.

RTC is reset on power-on reset, and a software reset bit in RTC can also initialize all
RTC registers.

The RTC module has the following features
€ 32-bit seconds counter with roll-over protection and 32-bit alarm
€ 16-bit prescaler with compensation that can correct errors between 0.12 ppm and
3906 ppm
€ Register write protection with register lock mechanism
€ 1 Hz square wave or second pulse output with optional interrupt

2.2.6 LPIT

The Low Power Periodic Interrupt Timer (LPIT) is a multi-channel timer module
generating independent pre-trigger and trigger outputs. These timer channels can
operate individually or can be chained together. The LPIT can operate in low power
modes if configured to do so. The pre-trigger and trigger outputs can be used to trigger
other modules on the device.

This device contains one LPIT module with four channels. The LPIT generates periodic
trigger events to the DMAMUX.
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2.2.7 PDB

The Programmable Delay Block (PDB) provides controllable delays from either an
internal or an external trigger, or a programmable interval tick, to the hardware trigger
inputs of ADCs and/or generates the interval triggers to DACs, so that the precise
timing between ADC conversions and/or DAC updates can be achieved. The PDB can
optionally provide pulse outputs (Pulse-Outfs) that are used as the sample window in
the CMP block.

The PDB module has the following capabilities:
€ trigger input sources and one software trigger source
€ 1 DAC refresh trigger output, for this device
€ configurable PDB channels for ADC hardware trigger
€ 1 pulse output, for this device

2.2.8 LPTMR

The low-power timer (LPTMR) can be configured to operate as a time counter with
optional prescaler, or as a pulse counter with optional glitch filter, across all power
modes, including the low-leakage modes. It can also continue operating through most
system reset events, allowing it to be used as a time of day counter.

The LPTMR module has the following features:

€ 16-bit time counter or pulse counter with compare

€ Optional interrupt can generate asynchronous wakeup from any low-power
mode

€ Hardware trigger output
€ Counter supports free-running mode or reset on compare

€ Configurable clock source for prescaler/glitch filter

€ Configurable input source for pulse counter

229 CRC

This device contains one cyclic redundancy check (CRC) module which can generate
16/32-bit CRC code for error detection.

The CRC module provides a programmable polynomial, WAS, and other parameters
required to implement a 16-bit or 32-bit CRC standard.

The CRC module has the following features:
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€ Hardware CRC generator circuit using a 16-bit or 32-bit programmable shift
register

€ Programmable initial seed value and polynomial

€ Option to transpose input data or output data (the CRC result) bitwise or bytewise.

€ Option for inversion of final CRC result

€ 32-bit CPU register programming interface

2.2.10 LPUART

This product contains three Low-Power UART modules, and can work in Stop and
VLPS modes. The module also supports 4, to 32, data oversampling rate to meet
different applications.

The LPUART module has the following features:
€ Programmable baud rates (13-bit modulo divider) with configurable oversampling
ratio from 4,, to 32,
€ Transmit and receive baud rate can operate asynchronous to the bus clock and can
be configured independently of the bus clock frequency, support operation in Stop
mode
€ Interrupt, DMA or polled operation
€ Hardware parity generation and checking
€ Programmable 8-bit, 9-bit or 10-bit character length
€ Programmable 1-bit or 2-bit stop bits
€ Three receiver wakeup methods
€ Idle line wakeup
€ Address mark wakeup
€ Receive data match
€ Automatic address matching to reduce ISR overhead:
€ Address mark matching
€ Idle line address matching
€ Address match start, address match end
€ Optional 13-bit break character generation / 11-bit break character detection
€ Configurable idle length detection supporting 1, 2, 4, 8, 16, 32, 64 or 128 idle
characters
€ Selectable transmitter output and receiver input polarity
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2.2.11 LPSPI

This device contains two LPSPI modules. The LPSPI is a low power Serial Peripheral
Interface (SPI) module that supports an efficient interface to an SPI bus as a master
and/or a slave. The LPSPI can continue operating in stop modes provided an
appropriate clock is available and is designed for low CPU overhead with DMA
offloading of FIFO register accesses.

The LPSPI modules have the following features:
€ Command/transmit FIFO of 4 words
€ Receive FIFO of 4 words
€ Host request input can be used to control the start time of an SPI bus transfer

2.2.12 LPI2C

This device contains two LPI12C modules. The LPI2C is a low power Inter-Integrated
Circuit (12C) module that supports an efficient interface to an 12C bus as a master
and/or a slave. The LPI2C can continue operating in stop modes provided an
appropriate clock is available and is designed for low CPU overhead with DMA
offloading of FIFO register accesses. The LPI2C implements logic support for
standard-mode, fast-mode, fast-mode plus and ultra-fast modes of operation. The
LP12C module also complies with ti&ystem Management Bus (SMBus)
Specification, version.2

The LPI2C modules have the following features:
€ Standard, Fast, Fast+ and Ultra Fast modes are supported
€ HS-mode supported in slave mode
€ Multi-master support including synchronization and arbitration
€ Clock stretching
€ General call, 7-bit and 10-bit addressing
€ Software reset, START byte and Device ID require software support
€ For master mode:
€ command/transmit FIFO of 4 words
€ receive FIFO of 4 words
€ For slave mode:
€ separate 12C slave registers to minimize software overhead due to master/
slave switching
€ support for 7-bit or 10-bit addressing, address range, SMBus alert and general
call address
€ transmit/receive data register supporting interrupt or DMA requests
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2.2.13 FlexIO

The FlexlO is a highly configurable module providing a wide range of protocols
including, but not limited to UART, 12C, SPI, I12S, Camera IF, LCD RGB, PWM/
Waveform generation. The module supports programmable baud rates independent of
bus clock frequency, with automatic start/stop bit generation.

The FlexIO module has the following features:

€ Functional in VLPR/VLPW/Stop/VLPS mode provided the clock it is using
remains enabled

€ Four 32-bit double buffered shift registers with transmit, receive, and data match
modes, and continuous data transfer

€ The timing of the shifterfs shift, load and store events are controlled by the highly
flexible 16-bit timer assigned to the shifter

€ Two or more shifters can be concatenated to support large data transfer sizes

€ Each 16-bit timers operates independently, supports for reset, enable and disable on
a variety of internal or external trigger conditions with programmable trigger
polarity

€ Flexible pin configuration supporting output disabled, open drain, bidirectional
output data and output mode

€ Supports interrupt, DMA or polled transmit/receive operation

2.2.14 Port control and GPIO

The Port Control and Interrupt (PORT) module provides support for port control, digital
filtering, and external interrupt functions. The GPIO data direction and output data
registers control the direction and output data of each pin when the pin is configured for
the GPIO function. The GPIO input data register displays the logic value on each pin
when the pin is configured for any digital function, provided the corresponding Port
Control and Interrupt module for that pin is enabled.

The following figure shows the basic I/O pad structure. Pseudo open-drain pins have
the p-channel output driver disabled when configured for open-drain operation. None of
the 1/O pins, including open-drain and pseudo open-drain pins, are allowed to go above
VDD.

NOTE
The RESET b pin is also a normal I/O pad with pseudo open-
drain.
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Figure 5. 1/0 simplified block diagram

The PORT module has the following features:
€ all PIN support interrupt enable
€ Configurable edge (rising, falling, or both) or level sensitive interrupt type
€ Support DMA request
€ Asynchronous wake-up in low-power modes
€ Configurable pullup, pulldown, and pull-disable on select pins
€ Configurable high and low drive strength on selected pins
€ Configurable passive filter on selected pins
€ Individual mux control field supporting analog or pin disabled, GPIO, and up to
chip-specific digital functions
€ Pad configuration fields are functional in all digital pin muxing modes.

The GPIO module has the following features:
€ Port Data Input register visible in all digital pin-multiplexing modes
€ Port Data Output register with corresponding set/clear/toggle registers
€ Port Data Direction register
€ GPIO support single-cycle access via fast GPIO.
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3 Memory map

This device contains various memories and memory-mapped peripherals which are
located in a 4 GB memory space. For more details of the system memory and peripheral
locations, see the Memory Map chapter in the Reference Manual.
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0x0000_0000

0x0800_0000
0x1000_0000
0x1000_8000

0x1400_0000
0x1400_0800
0x1800_0000
0x1C00_0000

0x1C00_4000
0x1FF0_0000

0x2010_0000
0x2200_0000

0x2400_0000
0x4000_0000

0x4010_0000
0x4400_0000

0x6000_0000

0xE000_0000

0xE010_0000

0xF000_0000

OXFFFF_FFFF

Note:

The size of Flash and SRAM varies for

devices with different part numbers.

See "Ordering information" in DataSheet for details.

Reserved

Reserved

0x0000_0
Flash *
0x0003_FFFF
Reserved
OXO7FF_FFFF
Code space
Reserved
FlexNVM
Reserved
FlexRAM
Reserved
0;
Reserved =
ROM
Boot ROM
0x1C00_3FFF
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Data Space 0x1FFO_0000 SRAVLL
0x2000_0000
Reserved SRAM U
‘Aliased o SRAM_U Ox _ —
bit-band region
Reserved
Reserved
BME
0x400F
Ox400F_FF|

0xE000_00006
0xE000_EO000

0xE000_F000

O0xEOOF_F000

Figure 6. Memory map
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0x4

0x400
0x4007_Y

0x4007_|
0x4007_E!
0x4007_FOO0!
0x4007 FFFF

Memory map
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4 Pinouts

4.1 KEI1xZ 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
On this device, there are several special ADC channels which
support hardware interleave between multiple ADCs. Taking
ADCO_SE4 and ADC1_SE14 channels as an example, these
two channels can work independently, but they can also be
hardware interleaved. In the hardware interleaved mode, a
signal on the pin PTBO can be sampled by both ADCO and
ADCL1. The interleaved mode is enabled by
SIM_CHIPCTL[ADC_INTERLEAVE_EN] bits. For more
information, see "ADC Hardware Interleaved Channels" in
the ADC chapter of Reference Manual.

100 | 64 Pin Name Default ALTO ALTL ALT2 ALT3 ALT4 ALTH ALTE ALT7
LQFP| LQFP
% | 10 | VREFL VREFL/ VREFU/
VSS VSS VSS
1 % | PTE16 DISABLED PTE16 FXI0_D3 TRGMUX_
ouT7
2 % | PTE15 DISABLED PTE15 FXI0_D2 TRGMUX_
ouUT6
3 1 | PTDL TSI0_CH5 TSI0_CH5 PTD1 FTM0_CH3 LPSPIL SIN | FTM2_CHL FXI0 D1 TRGMUX_
ouT2
4 2 | PTDO TSI0_CH4 TSI0_CH4 PTDO FTM0_CH2 LPSPI1_SCK | FTM2_CHO FXI0_DO TRGMUX_
ouTL
5 3 | PTELL TSI0_CH3 TSI0_CH3 PTE1L PWT INL LPTMRO_ FXIO_D5 TRGMUX_
ALT1 oUTH
6 4 | PTE10 TSI0_CH2 TSI0_CH2 PTE10 CLKOUT FXI0_D4 TRGMUX_
oUT4
7 % | PTE13 DISABLED PTE13
8 5 | PTES TSI0_CHO TSI0_CHO PTE5 TCLK2 FTM2_QD_ FTM2_CH3 FXI0_D7 EWM_IN
PHA
9 6 | PTE4 TSI0_CHL TSI0_CHL PTE4 BUSOUT FTM2_QD_ FTM2_CH2 FXI0_D6 EWM_OUT b
PHB
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100 | 64 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALT5 ALT6 ALTT
LQFP | LQFP
10| 7 |VvDD VDD VDD
11| 8 | VDDA VDDA VDDA
12| 9 | VREFH VREFH VREFH
13 | % | VREFL VREFL VREFL
4| % |VSS VSS VSS
15 | 11 | PTBY EXTAL EXTAL PTB7 LPI2C0_SCL
16 | 12 | PTB6 XTAL XTAL PTB6 LPI2C0_SDA
17 | % | PTEl4 DISABLED PTE14 FTMO_FLT1
18 | 13 | PTE3 TSI0_CH24 | TSIO_CH24 | PTE3 FTMO_FLTO | LPUART2_ TRGMUX_ING
RTS
19 | % | PTE12 DISABLED PTE12 FTMO_FLT3 | LPUART2_TX
20 | % |PTDI7 DISABLED PTD17 FTMO_FLT2 | LPUART2_RX
21 | 14 | PTDI16 DISABLED PTD16 FTMO_CH1
2 | 15 | PTDI5 DISABLED PTD15 FTMO_CHo
23| 16 | PTE9 DACO_OUT | DACO_OUT | PTE9 FTMO_CH7 | LPUART2_
CTS
24 | % |PTDl4 DISABLED PTD14 CLKouT
25 | % |PTD13 DISABLED PTD13 RTC_CLKOUT
26 | 17 | PTES ACMPO_IN3/ | ACMPO_IN3/ | PTES FTMO_CH6
TSI0_CHI1 | TSI0_CH11
21 | 18 | PTBS TSI0_CH9 TS10_CH9 PTBS FTMO_CH5 | LPSPI0_PCS1 TRGMUX_INO | ACMP1_OUT
28 | 19 | PTB4 ACMP1_IN2/ | ACMPL_IN2/ | PTB4 FTMO_CH4 | LPSPI0_SOUT TRGMUX_INL
TSI0_CH8 TSI0_CH8
29 | 20 | PTC3 ADCO_SE1l/ | ADCO_SE11/ | PTC3 FTMO_CH3
ACMPO_IN4/ | ACMPO_IN4/
EXTAL32 EXTAL32
0| 21 | PTC2 ADCO_SE10/ | ADCO_SE10/ | PTC2 FTMO0_CH2
ACMPO_INS/ | ACMPQ_INS/
XTAL32 XTAL32
31| 22 | PTD7 TSI0_CHI0 | TSI0_CH10 | PTD7 LPUART2_TX FTM2_FLT3
32| 23 | PTD6 TSI0_CH? TSI0_CH7 PTD6 LPUART2_RX FTM2_FLT2
33| 24 | PTD5 TSI0_CH6 TSI0_CH6 PTD5 FTM2_CH3 | LPTMRO_ PWT_IN2 TRGMUX_IN7
ALT2
34 | % | PTD12 DISABLED PTD12 FTM2_CH2 | LPI2C1_HREQ LPUART2_
RTS
3B | % |PTDI DISABLED PTD1L FTM2_CH1 | FTM2_QD_ LPUART2_
PHA TS
36 | % | PTD10 DISABLED PTD10 FTM2_CHO | FTM2_QD_
PHB
3| % |VSS VSS VSS
38| % |VDD VDD VDD
9| 25 |PICL ADCO_SEY | ADCO_SEY | PTCL FTMO0_CH1
ACMPL_IN3/ | ACMPL_IN3/
TSI0_CH23 | TSI0_CH23
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100 | 64 Pin Name Default ALTO ALTL ALT2 ALT3 ALT4 ALTS ALT6 ALT7
LQFP | LQFP
40 | 26 | PTCO ADCO_SE8/ | ADCO_SE8/ | PTCO FTMO0_CHO
ACMPL_IN4/ | ACMP1_IN4/
TSI0_CH22 | TSI0_CH22
41 | % | PTD9 ACMPL_IN5 | ACMPL_IN5 | PTD9 LPI2C1_SCL FTM2_FLT3
42 | % | PTD8 DISABLED PTD8 LPI12C1_SDA FTM2_FLT2
43 21 | PTCL7 ADCO_SE15 | ADCO_SE15 | PTC17 FTML_FLT3 LPI2C1_SCLS
44 1 28 | PTCL6 ADCO_SE14 | ADCO_SE14 | PTC16 FTML_FLT2 LPI2C1_SDAS
451 29 | PTC15 ADCO_SE13 | ADCO_SE13 | PTC15 FTM1_CH3
46 | 30 | PTCl4 ADCO_SE12 | ADCO_SE12 | PTC14 FTM1_CH2
47 1 31 | PTB3 ADCO_SE7/ | ADCO_SE7/ | PTB3 FTM1_CHL LPSPIO_SIN | FTM1_QD_ TRGMUX_IN2
TSI0 CH21 | TSI0_CH21 PHA
48 | 32 | PTB2 ADCO_SE6/ | ADCO_SE6/ | PTB2 FTM1_CHO LPSPI0_SCK | FTM1_QD_ TRGMUX_IN3
TSI0_CH20 | TSI0_CH20 PHB
49 | % | PTC13 DISABLED PTC13
5 | % | PTC12 DISABLED PTC12
51 | % | PTCLL DISABLED PTC11
5 | % | PTC10 DISABLED PTC10
53 | 33 | PTBL ADCO_SE5 ADCO_SE5 PTBL LPUARTO_TX | LPSPIO_SOUT | TCLKO
54 | 34 | PTBO ADCO_SE4 ADCO_SE4 PTBO LPUARTO_RX | LPSPIO_PCSO | LPTMRO_ PWT_IN3
ALT3
5 | 35 | PTC9 DISABLED PTC9 LPUARTL_TX LPUARTO_
RTS
5 | 36 | PTC8 DISABLED PTC8 LPUARTL_RX LPUARTO_
CTS
57 | 31 | PTAT ADCO_SE3/ | ADCO_SE3/ | PTA7 FTMO_FLT2 RTC_CLKIN LPUARTL_
ACMPL_INI | ACMP1_IN1 RTS
58 | 38 | PTA6 ADCO_SE2/ | ADCO_SE2/ | PTA6 FTMO_FLTL | LPSPI1_PCSL LPUARTL_
ACMPL_INO | ACMP1_INO CTS
5 | 39 | PTE7 DISABLED PTE7 FTM0_CH7
60 | 40 |VSS VSS VSS
61 | 41 | VDD VDD VDD
62 | % | PTAL7 DISABLED PTALT FTMO_CH6 EWM_OUT b
63 | % | PTB17 DISABLED PTBL7 FTMO_CH5 LPSPI1_PCS3
64 | % | PTB16 DISABLED PTB16 FTM0_CH4 LPSPI1_SOUT
65 | % | PTB15 DISABLED PTB15 FTMO_CH3 LPSPIL_SIN
66 | % | PTB14 ADC1_SE9 ADCL_SE9 PTB14 FTM0_CH2 LPSPI1_SCK
67 | 42 | PTB13 ADC1_SE8 ADC1_SE8 PTB13 FTMO_CH1L
68 | 43 | PTB12 ADC1_SE7 ADC1_SE7 PTB12 FTMO0_CHO
69 44 | PTD4 ADC1_SE6 ADC1_SE6 PTD4 FTMO_FLT3
70 | 45 | PTD3 NMI_b ADC1_SE3 PTD3 LPSPIL_PCSO | FXIO_D5 TRGMUX_IN4 | NMI_b
71| 46 | PTD2 ADC1_SE2 ADC1_SE2 PTD2 LPSPI1_SOUT | FXIO_D4 TRGMUX_INS
72| 47 | PTA3 ADC1_SE1 ADC1_SE1 PTA3 LPI2C0O_SCL | EWM_IN LPUARTO_TX
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100 | 64 Pin Name Default ALTO ALTL ALT2 ALT3 ALT4 ALTS ALT6 ALT7
LQFP| LQFP
73 | 48 | PTA2 ADC1_SE0 ADC1_SE0 PTA2 LPI2CO_SDA | EWM_OUT b LPUARTO_RX
4 | % | PTBIL DISABLED PTB11 LPI2C0_HREQ
75 | % | PTBI0 DISABLED PTB10 LPI2C0_SDAS
76 | % | PTB9 DISABLED PTB9 LPI2C0_SCLS
7 | % | PTB8 DISABLED PTBS8
78 | 49 | PTAL ADCO_SE1/ | ADCO SE1/ | PTAL FTML CH1L LPI2C0_SDAS | FXIO D3 FTM1 QD_ LPUARTO_ TRGMUX_
ACMPQ_INL/ | ACMPO_IN1/ PHA RTS ouT0
TSI0_CH18 TSI0_CH18
79 | 50 | PTAO ADCO_SEO0/ | ADCO_SEO/ | PTAD FTM2_CH1L LPI2C0_SCLS | FXIO_D2 FTM2_QD_ LPUARTO_ TRGMUX_
ACMPO_INO/ | ACMPO_INO/ PHA CTS 0UT3
TSI0_CH17 TSI0_CH17
80 51 | PTC7 ADCL_SE5/ ADC1_SE5/ PTC7 LPUARTL_TX
TSI0_CH16 TSI0_CH16
81 | 52 | PTC6 ADCL SE4/ | ADCL SE4/ | PTC6 LPUARTL RX
TSI0_CH15 | TSI0_CHI5
82 | % | PTAL6 DISABLED PTA16 FTML_CH3 LPSPI1_PCS2
83 | % | PTAL5 DISABLED PTAL5 FTML CH2 LPSPI0_PCS3
84 53 | PTE6 ADC1_SE11 | ADCL1 SE11 | PTE6 LPSPI0_PCS2 LPUARTL_
RTS
85 | 54 | PTE2 ADCL SE10/ | ADCL SE10/ | PTE2 LPSPI0_SOUT | LPTMRO_ PWT_IN3 LPUARTL_
TSI0_CH19 TSI0_CH19 ALT3 CTS
86 | % | VSS VSS VSS
87 | % | VDD VDD VDD
88 % | PTAL4 DISABLED PTA14 FTMO_FLTO EWM_IN BUSOUT
89 | 55 | PTAI3 DISABLED PTAL3 LPI2C1_SCLS
9 | 56 | PTA12 DISABLED PTAL2 LPI2C1_SDAS
91 | 57 | PTAlL DISABLED PTA1L LPUARTO RX | FXIO_D1
92 | 58 | PTAI0 DISABLED PTAL0 LPUARTO TX | FXIO DO
93 | 59 | PTEL TSI0_CH14 | TSI0_CH14 PTE1 LPSPI0_SIN | LPI2CO_HREQ | LPI2CL_SCL
9 | 60 | PTEO TSI0_CH13 TSI0_CH13 PTEO LPSPI0_SCK | TCLK1 LPI2C1 SDA FTM1 FLT2
9% | 61 | PTCs TSI0_CH12 TSI0_CH12 PTC5 FTM2_CHO RTC_CLKOUT | LPI2C1_HREQ FTM2_QD_
PHB
% | 62 | PTC4 SWD_CLK ACMPQ_IN2 | PTC4 FTML CHO RTC_CLKOUT EWM_IN FIML QD_ | SWD CLK
PHB
97 | 63 | PTAS RESET b PTA5 TCLK1 RESET b
9 | 64 | PTA4 SWD DIO PTA4 ACMPQ_OUT | EWM_OUT b SWD DIO
9 | % | PTA9 DISABLED PTA9 FXI0_D7 FTML_FLT3
100 [ % | PTA8 DISABLED PTAS FXI0_D6
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4.2 Port control and interrupt summary

The following table provides more information regarding the Port Control and Interrupt
configurations.

Table 6. Ports summary

Feature Port A Port B Port C Port D Port E
Pull select control |Yes Yes Yes Yes Yes
Pull select at reset |PTA4/PTA5=Pull |No PTC4=Pull down, |PTD3=Pull up, No
up, Others=No Others=No Others=No
Pull enable control |Yes Yes Yes Yes Yes
Pull enable at reset |[PTA4/ Disabled PTC4=Enabled; PTD3=Enabled; Disabled
PTA5=Enabled; Others=Disabled Others=Disabled
Others=Disabled
Passive filter PTA5=Yes; No No PTD3=Yes; No
enable control  |Others=No Others=No
Passive filter PTA5=Enabled; Disabled Disabled Disabled Disabled
enable at reset |Others=Disabled
Open drain enable |12C and UART I12C and UART I2C and UART 12C and UART 12C and UART
control Tx=Enabled; Tx=Enabled; Tx=Enabled; Tx=Enabled; Tx=Enabled;
Others=Disabled Others=Disabled Others=Disabled Others=Disabled Others=Disabled
Open drain enable |Disabled Disabled Disabled Disabled Disabled
at reset
Drive strength  |No PTB4/PTB5 only |No PTDO/PTD1/ PTEO/PTE1 only
enable control PTD15/PTD16 only
Drive strength | Disabled Disabled Disabled Disabled Disabled
enable at reset
Pin mux control |Yes Yes Yes Yes Yes
Pin mux at reset |PTA4/PTA5=ALT7; |ALTO PTC4=ALT7; PTD3=ALT7; ALTO
Others=ALTO Others=ALTO Others=ALTO
Lock bit Yes Yes Yes Yes Yes
Interrupt and DMA |Yes Yes Yes Yes Yes
request
Digital glitch filter |No No No No Yes

4.3 Module Signal Description Tables

The following sections correlate the chip-level signal name with the signal name used in
the modulefs chapter. They also briefly describe the signal function and direction.
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4.3.1 Core Modules
Table 7. SWD Signal Descriptions

Chip signal name Module signal Description 110
name
SWD_CLK SWD_CLK Serial Wire Clock |
SWD_DIO SwWD_DIO Serial Wire Data 110

4.3.2 System Modules
Table 8. System Signal Descriptions

Chip signal name Module signal Description 110
name
NMI_b %o Non-maskable interrupt NOTE: Driving the NMI signal low forces |

a non-maskable interrupt, if the NMI function is selected on the
corresponding pin.

RESET_b %0 Reset bidirectional signal 110
VDD %0 MCU power |
VSS %0 MCU ground |

Table 9. EWM Signal Descriptions

Chip signal name Module signal Description 110
name
EWM_IN EWM_in EWM input for safety status of external safety circuits. The |

polarity of EWM_IN is programmable using the
EWM_CTRL[ASSIN] bit. The default polarity is active-low.

EWM_OUT_b EWM_out EWM reset out signal (0]

4.3.3 Clock Modules
Table 10. OSC (in SCG) Signal Descriptions

Chip Module signal name Description I/O
signal
name
EXTAL EXTAL External clock/Oscillator input |
XTAL XTAL Oscillator output (0]
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Table 11. RTC Oscillator (OSC32) Signal Descriptions

Chip signal name Module signal Description I/O
name
EXTAL32 EXTAL32 32.768 kHz oscillator input |
XTAL32 XTAL32 32.768 kHz oscillator output (0]
4.3.4 Analog
Table 12. ADC 0 Signal Descriptions
Chip signal name Module signal Description I/O
name
ADCO_SEJ[15:0] ADJ[15:0] Single-Ended Analog Channel Inputs |
VREFH VREFSH Voltage Reference Select High |
VREFL VREFSL Voltage Reference Select Low |
VDDA Vbpa Analog Power Supply |

Table 13. ADC 1 Signal Descriptions

Chip signal name Module signal Description I/0
name
ADC1_SE[11:0] AD[11:0] Single-Ended Analog Channel Inputs |
VREFH VREFSH Voltage Reference Select High |
VREFL VREFSL Voltage Reference Select Low |
VDDA Vbpa Analog Power Supply |

Table 14. ACMP 0 Signal Descriptions

Chip signal name Module signal Description I/0
name
ACMPO_IN[5:0] IN[5:0] Analog voltage inputs |
ACMPO_OUT CMPO Comparator output O
DACO_OUT %o DAC output o]

Table 15. ACMP 1 Signal Descriptions

Chip signal name Module signal Description I/0
name
ACMP1_IN[5:0] IN[5:0] Analog voltage inputs |
ACMP1_OUT CMPO Comparator output O
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Table 16. LPTMRO Signal Descriptions

Pinouts

Chip signal name Module signal Description 110
name
LPTMRO_ALTI[3:1] LPTMR_ALTn Pulse Counter Input pin |
Table 17. RTC Signal Descriptions
Chip signal name Module signal Description 110
name
RTC_CLKOUT RTC_CLKOUT 1 Hz square-wave output or 32 kHz clock (0]
Table 18. FTMO Signal Descriptions
Chip signal name | Module signal name | Description /0
FTMO_CHI5:0] CHn FTM channel (n), where n can be 5-0 110
FTMO_FLTI[3:0] FAULT] Fault input (j), where j can be 3-0 I
TCLK][2:0] EXTCLK External clock. FTM external clock can be selected to drive the |
FTM counter.
Table 19. FTM1 Signal Descriptions
Chip signal name | Module signal name | Description /0
FTM1_CHI[1:0] CHn FTM channel (n), where n can be 1-0 110
FTM1_FLT[3:2] FAULT] Fault input (j), where j can be 3-2 |
TCLK][2:0] EXTCLK External clock. FTM external clock can be selected to drive the |
FTM counter.
Table 20. FTM2 Signal Descriptions
Chip signal name | Module signal name | Description /0
FTM2_CHJ1:0] CHn FTM channel (n), where n can be 1-0 1/0
FTM2_FLT[3:2] FAULT] Fault input (j), where j can be 3-2 |
TCLK][2:0] EXTCLK External clock. FTM external clock can be selected to drive the |
FTM counter.
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4.3.6 Communication Interfaces
Table 21. LPSPIn Signal Descriptions

Chip signal name Module signal Description I/O
name
LPSPIn_SOUT SOUT Serial Data Out (@)
LPSPIn_SIN SIN Serial Data In |
LPSPIn_SCK SCK Serial Clock le]
LPSPIn_PCSJ[3:0] PCS[3:0] Peripheral Chip Select 0-3 I/0

Table 22. LPI2Cn Signal Descriptions

Chip signal name Module signal Description I/O
name

LPI2Cn_SCL SCL Bidirectional serial clock line of the 12C system. I/O

LPI2Cn_SDA SDA Bidirectional serial data line of the 12C system. I/0
LPI2Cn_HREQ HREQ Host request, can initiate an LP12C master transfer if asserted and |

the 12C bus is idle.
LPI2Cn_SCLS SCLS Secondary 12C clock line. I/0
LPI2Cn_SDAS SDAS Secondary 12C data line. I/0

Table 23. LPUART n Signal Descriptions

Chip signal name Module signal Description I/0
name
LPUARTN_TX LPUART_TX Transmit data (0]
LPUARTN_RX LPUART_RX Receive data |
LPUARTN_CTS LPUART_CTS Clear to send |
LPUARTN_RTS LPUART_RTS Request to send O

Table 24. FlexIO Signal Descriptions

Chip signal name Module signal Description I/0
name
FXIO_D[7:0] FXIO_D[7:0] Bidirectional FlexIO Shifter and Timer pin inputs/outputs I/O
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4.3.7 Human-Machine Interfaces (HMI)
Table 25. GPIO Signal Descriptions

Chip signal name Module signal Description I/O
name

PTA[17:0] PORTAL7...PORTA( General-purpose input/output /0

PTB[17:0] PORTB17...PORTB( General-purpose input/output 1/0

PTC[17:0] PORTC17...PORTC( General-purpose input/output 1/0

PTD[17:0] PORTD17...PORTD( General-purpose input/output /0

PTE[16:0] PORTE16...PORTE( General-purpose input/output 1/0

Table 26. TSIO Signal Descriptions

Chip signal name Module signal Description I/O
name
TSI0_CH[24:0] TSI[24:0] TSI sensing pins or GPIO pins 110

4.4 Pinout diagram

The following figure shows the pinout diagram for the devices supported by this
document. Many signals may be multiplexed onto a single pin. To determine what
signals can be used on which pin, see the previous table of Pin Assignments.
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Figure 8. 64 LQFP Pinout Diagram

4.5 Package dimensions

The following figures show the dimensions of the package options for the devices
supported by this document.
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5 Electrical characteristics

5.1 Terminology and guidelines

5.1.1 Definitions

Key terms are defined in the following table:

Term Definition

Rating A minimum or maximum value of a technical characteristic that, if exceeded, may cause
permanent chip failure:

, Operating ratings apply during operation of the chip.
Handling ratings apply when the chip is not powered.

NOTE: The likelihood of permanent chip failure increases rapidly as soon as a characteristic
begins to exceed one of its operating ratings.

Operating requirement | A specified value or range of values for a technical characteristic that you must guarantee during
operation to avoid incorrect operation and possibly decreasing the useful life of the chip

Operating behavior A specified value or range of values for a technical characteristic that are guaranteed during
operation if you meet the operating requirements and any other specified conditions

Typical value A specified value for a technical characteristic that:

, Lies within the range of values specified by the operating behavior
, Is representative of that characteristic during operation when you meet the typical-value
conditions or other specified conditions

NOTE: Typical values are provided as design guidelines and are neither tested nor guaranteed.
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5.1.2 Examples

Operating rating :

Operating requirement :

Operating behavior that includes a typical value:

5.1.3 Typical-value conditions

Typical values assume you meet the following conditions (or other conditions as
specified):

Symbol Description Value Unit
Ta Ambient temperature 25 tC
Vop Supply voltage 5.0 \%
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5.1.4 Relationship between ratings and operating requirements
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5.1.5 Guidelines for ratings and operating requirements
Follow these guidelines for ratings and operating requirements:

€ Never exceed any of the chipes ratings.

€ During normal operation, donet exceed any of the chipes operating requirements.

€ If you must exceed an operating requirement at times other than during normal
operation (for example, during power sequencing), limit the duration as much as
possible.

5.2 Ratings

5.2.1 Thermal handling ratings

Symbol Description Min. Max. Unit Notes
Tste Storage temperature ...55 150 fC 1
Tspr Solder temperature, lead-free %o 260 tC 2

=

Determined according to JEDEC Standard JESD22-A103, High Temperature Storage Life.
2. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices .
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5.2.2 Moisture handling ratings

Symbol Description Min. Max. Unit Notes

MSL Moisture sensitivity level %o 3 %o 1

1. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices .

5.2.3 ESD handling ratings

Symbol Description Min. Max. Unit Notes
VHeMm Electrostatic discharge voltage, human body model S 6000 6000 \% 1
Veom Electrostatic discharge voltage, charged-device 2

model
All pins except the corner pins S 500 500 \%
Corner pins only S 750 750 \%
AT Latch-up current at ambient temperature upper limit S 100 100 mA 3

1. Determined according to JEDEC Standard JESD22-A114, Electrostatic Discharge (ESD) Sensitivity Testing Human
Body Model (HBM) .

2. Determined according to JEDEC Standard JESD22-C101, Field-Induced Charged-Device Model Test Method for
Electrostatic-Discharge-Withstand Thresholds of Microelectronic Components .

3. Determined according to JEDEC Standard JESD78, IC Latch-Up Test.

5.2.4 Voltage and current operating ratings

NOTE
Functional operating conditions appear in the "DC electrical
specifications”. Absolute maximum ratings are stress ratings
only, and functional operation at the maximum values is not
guaranteed. Stress beyond the listed maximum values may
affect device reliability or cause permanent damage to the

device.
Table 27. Voltage and current operating ratings
Symbol Description Min. Max. Unit
Vpp Supply voltage ...0.3 581 \Y
Ibp Digital supply current %o 60 mA

Table continues on the next page...
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Table 27. Voltage and current operating ratings (continued)

Symbol Description Min. Max. Unit
Vio 10 pin input voltage Vsg ... 0.3 Vpp + 0.3 \%
Ip Instantaneous maximum current single pin limit (applies to ...25 25 mA
all port pins)
Vbpa Analog supply voltage Vpp ... 0.1 Vpp + 0.1 \%

1. 60s lifetime - No restrictions, i.e. the part can switch.

10 hours lifetime - Device in reset, i.e. the part cannot switch.

5.3 General

5.3.1 Nonswitching electrical specifications

5.3.1.1 Voltage and current operating requirements
Table 28. Voltage and current operating requirements

Symbol | Description Min. Max. Unit Notes
Vop Supply voltage 2.7 55 \%
Vppa |Analog supply voltage 2.7 5.5 \%
Vpp ... |Vpp-t0-Vppa differential voltage ... 01 0.1 \%
Vbpa
Vss ... |Vsgst0-Vgga differential voltage ... 01 0.1 \%
Vssa

licio DC injection current %o single pin

VN < Vss - 0.3 V (Negative current injection) S3 %0 mA 1

VN > Vpp + 0.3 V (Positive current injection) %0 +3 mA

liccont | Contiguous pin DC injection current %o
regional limit, includes sum of negative

A SSRIE S25 +25 mA
injection currents or sum of positive injection
currents of 16 contiguous pins
Voppu |Open drain pullup voltage level Vpp Vbp \% 2

1. All pins are internally clamped to Vsg and Vpp through ESD protection diodes. If Vy is less than Vgg ... 0.3V or greater
than Vpp + 0.3V, a current limiting resistor is required. The negative DC injection current limiting resistor is calculated as
R=(Vss ... 0.3V..\\)/|liciol- The positive injection current limiting resistor is calculated as R=[Vy...(¢p + 0.3V))/|liciol-
The actual resistor values should be an order of magnitude higher to tolerate transient voltages.

2. Open drain outputs must be pulled to Vpp.
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5.3.1.2 DC electrical specifications at 3.3 V Range and 5.0 V Range
Table 29. DC electrical specifications

Symbol Parameter Value Unit Notes
Min Typ Max
Vbp I/O Supply Voltage 1 2.7 3.3 4 \Y
@ Vpp =33V
@ Vpp=5.0V 4 %o 55 \Y
Vin Input Buffer High Voltage 0.7 f Vbp %0 Vpp + 0.3 \%
@ Vpp =33V
@ Vpp =5.0V 0.65 f Vpp %o Vpp + 0.3 v
Vi Input Buffer Low Voltage Vss $0.3 %o 0.3 f Vpp \Y
@ Vpp =33V
@ Vpp=5.0V Vss S 0.3 %o 035f \Y
Vbp
Vhys Input Buffer Hysteresis 0.06 f Vpp %0 %0 \%
loh_5 Normal drive 1/O current source capability 2.8 %o %o mA
measured when pad = (Vpp S 0.8 V)
@ Vpp=3.3V
@ Vpp=5.0V 4.8 %o %o mA
lol_5 Normal drive 1/O current sink capability 2.4 %0 %0 mA
measured when pad = 0.8 V
@ Vpp =33V
@ Vpp=5.0V 4.4 %o %o mA
loh_20 High drive I/O current source capability 10.8 %o %0 mA
measured when pad = (Vpp S 0.8 V) 2
@ Vpp=3.3V
@ Vpp =5.0V 18.5 %o %o mA 3
lol_20 High drive 1/O current sink capability measured 10.1 %o %o mA
when pad = 0.8 V4
@ Vpp =33V
@ Vpp=5.0V 18.5 %o %o mA 3
I_leak Hi-Z (Off state) leakage current (per pin) %0 %0 300 nA 56
VoH Output high voltage 7
Normal drive pad 2.7V <V pp<4.0V,log4=S | Vpp ... 0.8 %0 %0 \%
2.8 mA)
Normal drive pad (4.0V <V pp <55V, logu=S | Vpp ... 0.8 %o %o \Y
4.8 mA)
High drive pad (2.7V <V pp<4.0V, gy =S Vpp ... 0.8 %0 %o \%
10.8 mA)
High drive pad (4.0 V<V pp <55V, lgy=5 Vpp ... 0.8 %0 %0 \%
18.5 mA)
lonT Output high current total for all ports %o %o 100 mA
Table continues on the next page...
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Table 29. DC electrical specifications (continued)

Symbol Parameter Value Unit Notes
Min | Typ | Max

VoL Output low voltage 7
Normal drive pad (2.7V <V pp<4.0V,l gy =8 %0 %0 0.8 \%
2.8 mA)
Normal drive pad (4.0V <V pp <55V, oy=9S %0 %0 0.8 \Y
4.8 mA)
High drive pad (2.7V <V pp <4.0V, g4 =85 %o %o 0.8 \Y;
10.8 mA)
High drive pad (4.0V <V pp <55V, lgy=9S %0 %0 0.8 \%
18.5 mA)

loLT Output low current total for all ports %o %o 100 mA

Iin Input leakage current (per pin) for full temperature range 8,7
@ Vpp=3.3V
All pins other than high drive port pins %0 0.002 0.5 EA
High drive port pins %o 0.004 0.5 EA
Input leakage current (per pin) for full temperature range
@ Vpp=5.5V
All pins other than high drive port pins %o 0.005 0.5 EA
High drive port pins %o 0.010 0.5 EA

Rpy Internal pull-up resistors 20 %0 65 ke 9
@ Vpp =3.3V
@ Vpp=5.0V 20 %o 50 ke

Rpp Internal pull-down resistors 20 %o 65 ke 10
@ Vpp =33V
@ Vpp=5.0V 20 %o 50 ke

1. Max power supply ramp rate is 500 V/ms.

2. The value given is measured at high drive strength mode. For value at low drive strength mode see the loh_5 value
given above.

3. The 20 mA I/O pin is capable of switching a 50 pF load at up to 40 MHz.

4. The value given is measured at high drive strength mode. For value at low drive strength mode see the lol_5 value given
above.

5. Refers to the current that leaks into the core when the pad is in Hi-Z (Off state).

6. Maximum pin leakage current at the ambient temperature upper limit.

7. PTDO, PTD1, PTD15, PTD16, PTB4, PTB5, PTEO and PTE1 I/O have both high drive and normal drive capability
selected by the associated Portx_PCRn[DSE] control bit. All other GPIOs are normal drive only.

8. Refers to the pin leakage on the GPIOs when they are OFF.

9. Measured at Vpp supply voltage = Vpp min and input V = Vgg

10. Measured at Vpp supply voltage = Vpp min and input V = Vpp

46 Kinetis KE1xZ with up to 256 KB Flash, Rev. 3, 07/2018
NXP Semiconductors



5.3.1.3 Voltage regulator electrical characteristics

14)3 )
3DFNDJH ° E

96

Electrical characteristics

966

14)3

3DFNDJH96E

9

Figure 13. Pinout decoupling

Table 30. Voltage regulator electrical characteristics

Symbol Description Min. Typ. Max. Unit
Crep 12 ADC reference high decoupling capacitance %0 100 %0 nF
Cpec? 3 Recommended decoupling capacitance %o 100 %o nF

1. Forimproved ADC performance it is recommended to use 1 nF X7R/COG and 10 nF X7R ceramics in parallel.
2. The capacitors should be placed as close as possible to the VREFH/VREFL pins or corresponding Vpp/Vss pins.
3. The requirement and value of of Cpec will be decided by the device application requirement.

5.3.1.4 LVR, LVD and POR operating requirements

Table 31. Vpp supply LVR, LVD and POR operating requirements

Symbol Description Min. Typ. Max. Unit Notes
VpoRr Rising and Falling Vpp POR detect 11 1.6 2.0 \%
voltage
VLVRX LVRX falling threshold (RUN and STOP 2.53 2.58 2.64 \%
modes)
LVRX hysteresis %0 45 %0 mV 1
VLVRX_HYST
VLVRX_LP LVRX falling threshold (VLPS/VLPR 1.97 2.12 244 \Y,
modes)
VLVRXfLPfHYST LVRX hyStereSiS (VLPS/VLPR mOdeS) %o 40 %o mV
Vivb Falling low-voltage detect threshold 2.8 2.88 3 \%
LVD hysteresis %o 50 %o mV 1
VLvD_HYST
Vivw Falling low-voltage warning threshold 4.19 4.31 45 \%
Vivw_HYST LVW hysteresis 68 mV 1
Vgg Bandgap voltage reference 0.97 1.00 1.03 \%
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1. Rising threshold is the sum of falling threshold and hysteresis voltage.

5.3.1.5 Power mode transition operating behaviors
Table 32. Power mode transition operating behaviors

Description System Clock Core, Bus, Flash Min. Typ. (*s) 1 | Max. (*s) 2
frequency (MHz)

STOP£€ RUN FIRC 48, 24, 24 %0 7.15 11.8
STOP€ RUN FLL 72,24, 24 %0 7.51 13.4
VLPS€ RUN FIRC 48, 24, 24 %0 7.15 11.8
VLPS€ RUN FLL 72,24, 24 %0 9.8 15.9
RUNE€ VLPR FLLE SIRC 72,24,24€4,1,1 %0 13.6 14.4
VLPRE€ RUN SIRCE€ FIRC 4,1,1€48, 24,24 %0 24 30.7
VLPR€ RUN SIRCE€ FLL 4,1,1€72,24,24 %0 27 35.7
WAITE€ RUN FIRC 48, 24, 24 %0 0.660 0.760
WAITE€ RUN FLL 72,24, 24 %0 0.516 0.653
VLPWE£ VLPR SIRC 4,1,1 %0 20.7 24.9
VLPS€ VLPR SIRC 4,1,1 %0 17.9 22.8
VLPWE RUN FIRC (reset value) 48, 24, 24 (reset value) %o 127 146
tpor® FIRC (reset value) 48, 24, 24 (reset value) %o 111 127
1. Typical value is the average of values tested at Temperature=25 and Vpp=3.3 V.

n

Max value is mean+6fsigma of tested values at the worst case of ambient temperature range and Vpp 2.7 Vto 5.5 V.

3. After a POR event, the amount of time from the point Vpp reaches the reference voltage 2.7 V to execution of the first
instruction, across the operating temperature range of the chip.

5.3.1.6 Power consumption

The following table shows the power consumption targets for the device in various

modes of operations.

NOTE

The maximum values stated in the following table represent
characterized results equivalent to the mean plus three times
the standard deviation (mean + 3 sigma).

Table 33. Power consumption operating behaviors

Mode Symbol Clock Description Temperat | Min Typ Max® | Unit
Configura ure
tion
RUN Ipp_RUN LPFLL Running CoreMark in Flash in Compute |25 %0 11.19 11.43 mA
Operation mode. 105 % |11.70 |12.00
Core@72MHz, bus @24MHz, flash
@24MHz, VDD=5V

Table continues on the next page...
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Table 33. Power consumption operating behaviors (continued)

Mode Symbol Clock Description Temperat | Min Typ Max?® | Unit
Configura ure
tion

LPFLL Running CoreMark in Flash all peripheral |25 % |12.15 12.41
clock disabled. 105 % |12.67 |12.99
Core@72MHz, bus @24MHz, flash
@24MHz, VDD=5V

LPFLL Running CoreMark in Flash, all 25 %o 13.53 13.82
peripheral clock enabled. 105 % 114.07 14.43
Core@72MHz, bus@24MHz, flash
@24MHz, VDD=5V

LPFLL Running While(1) loop in Flash, all 25 % 8.81 9.00
peripheral clock disabled. 105 % 19.26 9.49
Core@72MHz, bus@24MHz, flash
@24MHz, VDD=5V

LPFLL Running While(1) loop in Flash all 25 %0 110.22 10.44
peripheral clock enabled. 105 % 110.67 10.94
Core@72MHz , bus@24MHz, flash
@24MHz, VDD=5V

IRC48M Running CoreMark in Flash in Compute |25 % |8.50 8.69
Operation mode. 105 % |8.88 9.08
Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V

IRC48M Running CoreMark in Flash all peripheral | 25 %0 |9.37 9.58
clock disabled. 105 % 19.76 9.98
Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V

IRC48M Running CoreMark in Flash, all 25 %o 10.51 10.75
peripheral clock enabled. 105 %  110.90 11.15
Core@48MHz, bus@24MHz, flash
@24MHz, VDD=5V

IRC48M Running While(1) loop in Flash, all 25 % |7.00 7.16
peripheral clock disabled. 105 % 1741 758
Core@48MHz, bus@24MHz, flash
@24MHz, VDD=5V

VLPR Ipb_vLPR IRC8M Very Low Power Run Core Mark in Flash |25 % 11070 1136 EA

in Compute Operation mode.
Core@4MHz, bus @1MHz, flash
@1MHz, VDD=5V

IRC8M Very Low Power Run Core Mark in Flash |25 % 1110 1178
all peripheral clock disabled.
Core@4MHz, bus @1MHz, flash
@1MHz, VDD=5V

IRC8M Very Low Power Run Core Mark in Flash |25 % 11180 1253
all peripheral clock enabled.

Table continues on the next page...
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Table 33. Power consumption operating behaviors (continued)

Mode Symbol Clock Description Temperat | Min Typ Max® | Unit
Configura ure
tion

Core@4MHz, bus @1MHz, flash
@1MHz, VDD=5V

IRC8M Very Low Power Run While(1) loop in 25 %0 | 747 793
Flash all peripheral clock disabled.

Core@4MHz, bus @1MHz, flash
@1MHz, VDD=5V

IRC8M Very Low Power Run While(1) loop in 25 %0 813 863
Flash all peripheral clock enabled.

Core@4MHz, bus @1MHz, flash
@1MHz, VDD=5V

IRC2M Very Low Power Run While(1) loop in 25 %0 |585 621
Flash all peripheral clock disabled.

Core@2MHz, bus @1MHz, flash
@1MHz, VDD=5V

IRC2M Very Low Power Run While(1) loop in 25 %0 641 680
Flash all peripheral clock enabled.

Core@2MHz, bus @1MHz, flash
@1MHz, VDD=5V

WAIT Ibb wWAIT LPFLL core disabled, system@72MHz, bus 25 %o |5.95 6.09 mA
- @24MHz, flash disabled (flash doze
enabled ), VDD=5 V, all peripheral clocks
disabled

IRC48M core disabled, system@48 MHz, bus 25 %o 4.86 4.97
@24MHz, flash disabled (flash doze
enabled ), VDD=5 V, all peripheral clocks
disabled

VLPW Iop vipw  |IRC8M Very Low Power Wait current, core 25 %0 |657 698 EA
N disabled system@4MHz, bus and
flash@1MHz, all peripheral clocks
disabled, VDD=5V

IRC2M Very Low Power Wait current, core 25 %0 |550 584
disabled system@2MHz, bus and
flash@1MHz, all peripheral clocks
disabled, VDD=5V

STOP Ipp_stop |- Stop mode current, VDD=5V, clock bias {25 and |% |27 37 EA
enabled 2 below
50 %o 45 63
85 %o |135 189
105 %o 269 377
STOP Ipp_stop |- Stop mode current, VDD=5V, clock bias |25 and [% |26 36 EA
disabled 2 below
50 %o 47 66
85 %o |146 204

Table continues on the next page...
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Table 33. Power consumption operating behaviors (continued)

Mode Symbol Clock Description Temperat | Min Typ Max?® | Unit
Configura ure
tion
105 %o |277 388
VLPS Ipb_vips - Very Low Power Stop current, VDD=5V, |25 and |%o 27 37 EA
clock bias enabled 2 below
50 %o |45 64
85 % 134 187
105 %o 267 375
VLPS Ipb_vips - Very Low Power Stop current, VDD=5V, |25 and |%o 21 29 EA
clock bias disabled 2 below
50 %o |29 41
85 %o |66 92
105 %o (109 153
1. These values are based on characterization but not covered by test limits in production.
2. PMC_REGSC[CLKBIASDIS] is the control bit to enable or disable bias under STOP/VLPS mode.
NOTE
CoreMark benchmark compiled using IAR 7.40 with
optimization level high, optimized for balanced.
5.3.1.6.1 Low power mode peripheral current adder , typical value
Symbol Description Typical
ILPTMR LPTMR peripheral adder measured by placing the device in VLPS 366 nA
mode with LPTMR enabled using LPO. Includes LPO power
consumption.
lemp CMP peripheral adder measured by placing the device in VLPS mode 16 EA
with CMP enabled using the 8-bit DAC and a single external input for
compare. 8-bit DAC enabled with half VDDA voltage, low speed mode.
Includes 8-bit DAC power consumption.
IrTC RTC peripheral adder measured by placing the device in VLPS mode 312 nA
with external 32 kHz crystal enabled by means of the RTC_CR[OSCE]
bit and the RTC counter enabled. Includes EXTAL32 (32 kHz external
crystal) power consumption.
lLPUART LPUART peripheral adder measured by placing the device in VLPS 79 EA
mode with selected clock source waiting for RX data at 115200 baud
rate. Includes selected clock source power consumption. (SIRC 8 MHz)
leTm FTM peripheral adder measured by placing the device in VLPW mode 45 EA
with selected clock source, outputting the edge aligned PWM of 100 Hz
frequency.
Table continues on the next page...
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Symbol

Description

Typical

lapc

ADC peripheral adder combining the measured values at VDD and
VDDA by placing the device in VLPS mode. ADC is configured for low
power mode using SIRC clock source, 8-bit resolution and continuous
conversions.

484 EA

ILpioc

LPI2C peripheral adder measured by placing the device in VLPS mode
with selected clock source sending START and Slave address, waiting
for RX data. Includes the DMA power consumption.

179 EA

ILpiT

LPIT peripheral adder measured by placing the device in VLPS mode
with internal SIRC 8 MHz enabled in Stop mode. Includes selected
clock source power consumption.

18 EA

ILpsp

LPSPI peripheral adder measured by placing the device in VLPS mode
with selected clock source, output data on SOUT pin with SCK 500
kbit/s. Includes the DMA power consumption.

565 EA

5.3.1.6.2 Diagram: Typical IDD_RUN operating behavior

The following data was measured under these conditions:

€ SCG in SOSC for both Run and VLPR modes
€ No GPIOs toggled

€ Code execution from flash with cache enabled
€ For the ALLOFF curve, all peripheral clocks are disabled except FTFE

12.00E-03

10.00E-03

Run mode Qurrent vs Core Freq

Temperature =25, VDD=5V
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‘é Qock Gates
3 600503 —0— ALLOFF
8
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g
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2.00E:03
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1 2 4 6 12 24 48 72 Qore Freq
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Figure 14. Run mode supply current vs. core frequency
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VLPRQurrent Vs Core Freq
Temperature = 25, VDD=5V
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Figure 15. VLPR mode supply current vs. core frequency

5.3.1.7 EMC performance
Electromagnetic compatibility (EMC) performance is highly dependent on the
environment in which the MCU resides. Board design and layout, circuit topology
choices, location and characteristics of external components, and MCU software
operation play a significant role in the EMC performance. The system designer can
consult the following applications notes, availablenttp://www.nxp.confor advice
and guidance specifically targeted at optimizing EMC performance.
€ AN2321: Designing for Board Level Electromagnetic Compatibility
€ AN1050: Designing for Electromagnetic Compatibility (EMC) with HCMOS
Microcontrollers
€ AN1263: Designing for Electromagnetic Compatibility with Single-Chip
Microcontrollers
€ AN2764: Improving the Transient Immunity Performance of Microcontroller-
Based Applications
€ AN1259: System Design and Layout Techniques for Noise Reduction in MCU-
Based Systems

5.3.1.7.1 EMC radiated emissions operating behaviors

EMC measurements to IC-level IEC standards are available from NXP on request.
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5.3.1.7.2 Designing with radiated emissions in mind

To find application notes that provide guidance on designing your system to minimize
interference from radiated emissions.

1. Go tohttp://www.nxp.com

2. Perform a keyword search for ...EMC designft.

3. Select the "Documents” category and find the application notes.

5.3.1.8 Capacitance attributes
Table 34. Capacitance attributes

Symbol Description Min. Max. Unit
Cin A Input capacitance: analog pins %0 7 pF
CinD Input capacitance: digital pins %o 7 pF

NOTE

Please refer t&xternal Oscillator electrical specificatiofts
EXTAL/XTAL pins.

5.3.2 Switching specifications

5.3.2.1 Device clock specifications

Table 35. Device clock specifications

Symbol | Description | Min. | Max. Unit Notes
Normal run mode

fsvs System and core clock %0 72 MHz

feus Bus clock %o 24 MHz
feLASH Flash clock %0 25 MHz
fLpTMR LPTMR clock %o 48 MHz

VLPR / VLPW mode?!

fsys System and core clock %o 4 MHz

feus Bus clock %o 1 MHz
frLASH Flash clock %0 1 MHz
fERCLK External reference clock %o 16 MHz
fLpTMR LPTMR clock %o 13 MHz

1. The frequency limitations in VLPR / VLPW mode here override any frequency specification listed in the timing
specification for any other module.
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5.3.2.2 AC electrical characteristics

Unless otherwise specified, propagation delays are measured from the 50% to the 50%
point, and rise and fall times are measured at the 20% and 80% points, as shown in the

following figure.
IRZ >\< +LJ
9., Zf

,QSXW 6LIJQDOSRUQW

4

9
)DOO 7—L—PH}<— ! —> 5LVH 7LPH

7KH PLGSRLQW®. L\9 9

Figure 16. Input signal measurement reference

All digital 1/0O switching characteristics, unless otherwise specified, assume that the
output pins have the following characteristics.

€ G =30 pF loads

€ Normal drive strength

5.3.2.3 General AC specifications

These general purpose specifications apply to all signals configured for GPIO, UART,
and timers.

Table 36. General switching specifications

Symbol Description Min. Max. Unit Notes
GPIO pin interrupt pulse width (digital glitch filter 15 %o Bus clock 1,2
disabled) %o Synchronous path cycles
External RESET and NMI pin interrupt pulse width %o 100 %0 ns 3
Asynchronous path
GPIO pin interrupt pulse width (digital glitch filter 50 %o ns 4
disabled, passive filter disabled) %o Asynchronous
path

1. This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses

may or may not be recognized. In Stop and VLPS modes, the synchronizer is bypassed so shorter pulses can be

recognized in that case.

The greater of synchronous and asynchronous timing must be met.

3. These pins have a passive filter enabled on the inputs. This is the shortest pulse width that is guaranteed to be
recognized.

4. These pins do not have a passive filter on the inputs. This is the shortest pulse width that is guaranteed to be
recognized.

n
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5.3.2.4 AC specifications at 3.3 V range
Table 37. Functional pad AC specifications

Characteristic Symbol Min Typ Max Unit
I/O Supply Voltage vdd 1 2.7 4 \Y

1. Max power supply ramp rate is 500 V/ms.

Name Prop Delay (ns) 1 Rise/Fall Edge (ns) 2 Drive Load (pF)
Max Min Max
Normal drive I/O pad 175 5 17 25
28 9 32 50
High drive /O pad 19 5 17 25
26 9 33 50
CMOS Input 3 4 1.2 3 0.5

1. Propagation delay measured from 50% of core side input to 50% of the output.
2. Edges measured using 20% and 80% of the VDD supply.
3. Input slope = 2 ns.

NOTE
All measurements were taken accounting for 150 mV drop
across VDD and VSS.

5.3.2.5 AC specifications at 5 V range
Table 38. Functional pad AC specifications

Characteristic Symbol Min Typ Max Unit
I/O Supply Voltage vdd 1 4 5.5 \%

1. Max power supply ramp rate is 500 V/ms.

Name Prop Delay (ns) 1 Rise/Fall Edge (ns) 2 Drive Load (pF)
Max Min Max
Normal drive 1/0 pad 12 3.6 10 25
18 8 17 50
High drive I/O pad 13 3.6 10 25
19 8 19 50
CMOS Input 3 3 1.2 2.8 0.5

1. As measured from 50% of core side input to 50% of the output.
2. Edges measured using 20% and 80% of the VDD supply.
3. Input slope =2 ns.
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NOTE
All measurements were taken accounting for 150 mV drop
across VDD and VSS.

5.3.3 Thermal specifications

5.3.3.1 Thermal operating requirements
Table 39. Thermal operating requirements

Symbol Description Min. Max. Unit Notes
T; Die junction temperature ...40 125 fC
Ta Ambient temperature ...40 105 fC

1. Maximum T, can be exceeded only if the user ensures that T; does not exceed maximum T;. The simplest method to
determine T;is: T;=Ta + R ga f chip power dissipation.

5.3.3.2 Thermal attributes

5.3.3.2.1 Description
The tables in the following sections describe the thermal characteristics of the device.

NOTE
Junction temperature is a function of die size, on-chip power
dissipation, package thermal resistance, mounting side
(board) temperature, ambient temperature, air flow, power
dissipation or other components on the board, and board
thermal resistance.

5.3.3.2.2 Thermal characteristics for the 64-pin LQFP package
Table 40. Thermal characteristics for the 64-pin LQFP package

Rating Conditions Symbol Value Unit
Thermal resistance, Junction to Ambient Single layer board (1s) R A 62 TC/W
(Natural Convection)® 2
Thermal resistance, Junction to Ambient Four layer board (2s2p) R ya 44 TCIW
(Natural Convection)®: 2
Thermal resistance, Junction to Ambient Single layer board (1s) R sma 50 TCIW
(@200 ft/min)% 3
Table continues on the next page...
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Table 40. Thermal characteristics for the 64-pin LQFP package (continued)

Rating Conditions Symbol Value Unit
Thermal resistance, Junction to Ambient Four layer board (2s2p) R ava 37 tC/W
(@200 ft/min)L 3
Thermal resistance, Junction to Board* %0 R B 26 tC/W
Thermal resistance, Junction to Case ° %o R sc 14 tC/W
Thermal resistance, Junction to Package Top® Natural Convection O 2 tC/W

Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site
(board) temperature, ambient temperature, air flow, power dissipation of other components on the board, and board
thermal resistance.

Per JEDEC JESD51-2 with natural convection for horizontally oriented board. Board meets JESD51-9 specification for
1s or 2s2p board, respectively.

Per JEDEC JESD51-6 with forced convection for horizontally oriented board. Board meets JESD51-9 specification for 1s
or 2s2p board, respectively.

Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured
on the top surface of the board near the package.

Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883
Method 1012.1).

Thermal characterization parameter indicating the temperature difference between package top and the junction
temperature per JEDEC JESD51-2.

5.3.3.2.3 Thermal characteristics for the 100-pin LQFP package

Table 41. Thermal characteristics for the 100-pin LQFP package

Rating Conditions Symbol Value Unit
Thermal resistance, Junction to Ambient Single layer board (1s) R ga 59 tC/wW
(Natural Convection)!- 2
Thermal resistance, Junction to Ambient Four layer board (2s2p) R A 46 TCIW
(Natural Convection)®: 2
Thermal resistance, Junction to Ambient Single layer board (1s) R gva 49 TC/W
(@200 ft/min)1 3
Thermal resistance, Junction to Ambient Four layer board (2s2p) R gva 40 tCIW
(@200 ft/min): 3
Thermal resistance, Junction to Board* %0 R g8 31 TCIW
Thermal resistance, Junction to Case ° %0 R ac 16 tCIW
Thermal resistance, Junction to Package Top® Natural Convection O 2 TC/W

Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site
(board) temperature, ambient temperature, air flow, power dissipation of other components on the board, and board
thermal resistance.

Per JEDEC JESD51-2 with natural convection for horizontally oriented board. Board meets JESD51-9 specification for
1s or 2s2p board, respectively.

Per JEDEC JESD51-6 with forced convection for horizontally oriented board. Board meets JESD51-9 specification for 1s
or 2s2p board, respectively.

Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured
on the top surface of the board near the package.

Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883
Method 1012.1).
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6. Thermal characterization parameter indicating the temperature difference between package top and the junction
temperature per JEDEC JESD51-2.

5.3.3.2.4 General notes for specifications at maximum junction temperature

An estimation of the chip junction temperaturg,can be obtained from this
equation:

T;=Ta+ (Rgyan»Pp)

where:
€ Ta = ambient temperature for the package (1¥C)
€ Rgya = junction to ambient thermal resistance ($C/W)
€ B = power dissipation in the package (W)

The junction to ambient thermal resistance is an industry standard value that provides
a quick and easy estimation of thermal performance. Unfortunately, there are two
values in common usage: the value determined on a single layer board and the value
obtained on a board with two planes. For packages such as the PBGA, these values
can be different by a factor of two. Which value is closer to the application depends
on the power dissipated by other components on the board. The value obtained on a
single layer board is appropriate for the tightly packed printed circuit board. The value
obtained on the board with the internal planes is usually appropriate if the board has
low power dissipation and the components are well separated.

When a heat sink is used, the thermal resistance is expressed in the following equation
as the sum of a junction-to-case thermal resistance and a case-to-ambient thermal
resistance:

Raa=Ract Raa
where:
€ Rga = junction to ambient thermal resistance (+C/W)

€ Rgc = junction to case thermal resistance (£C/W)
€ Rsp = case to ambient thermal resistance ($C/W)

R gcis device related and cannot be influenced by the user. The user controls the
thermal environment to change the case to ambient thermal resistancer-&

instance, the user can change the size of the heat sink, the air flow around the device,
the interface material, the mounting arrangement on printed circuit board, or change
the thermal dissipation on the printed circuit board surrounding the device.
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To determine the junction temperature of the device in the application when heat sinks
are not used, the Thermal Characterization Paramégy ¢an be used to determine

the junction temperature with a measurement of the temperature at the top center of the
package case using this equation:

T;=Tr+ (O, Pp)

where:
€ Ty = thermocouple temperature on top of the package (+C)
€ O = thermal characterization parameter ($C/W)
€ B = power dissipation in the package (W)

The thermal characterization parameter is measured per JESD51-2 specification using a
40 gauge type T thermocouple epoxied to the top center of the package case. The
thermocouple should be positioned so that the thermocouple junction rests on the
package. A small amount of epoxy is placed over the thermocouple junction and over
about 1 mm of wire extending from the junction. The thermocouple wire is placed flat
against the package case to avoid measurement errors caused by cooling effects of the
thermocouple wire.

5.4 Peripheral operating requirements and behaviors

5.4.1 System modules

There are no specifications necessary for the devicefs system modules.

5.4.2 Clock interface modules

5.4.2.1 Oscillator electrical specifications

5.4.2.1.1 External Oscillator electrical specifications
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Figure 17. Oscillator connections scheme (OSC32)
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Figure 18. Oscillator connections scheme (OSC)
NOTE
Data values in the following "External Oscillator electrical
specifications" tables are from simulation.
Table 42. External Oscillator electrical specifications (OSC32)
Symbol | Description Min. Typ. Max. Unit Notes
Vpp Supply voltage 2.7 %0 5.5 \%
Ibboscsz | Supply current %o 500 %o nA 1
Omxosc3z |Oscillator transconductance 6 %0 9 ZAIN
ViH Input high voltage %. EXTAL32 pin in external 0.7 f Vbp %o Vpp+0.3 \%
clock mode
Table continues on the next page...
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Table 42. External Oscillator electrical specifications (OSC32) (continued)

Symbol | Description Min. Typ. Max. Unit Notes
@Vpp=3.3V
@Vpp=5.0V 0.65 f Vpp %o Vpp+0.3 \Y,
Vi Input low voltage %. EXTAL32 pin in external Vss ...0.3 %0 03f \%
clock mode Vob
@Vpp=3.3V
@Vpp=5.0V Vss ...0.3 %o 0.35f \Y,
Vb
C, EXTAL32 load capacitance %o %0 %o 2
C, XTAL32 load capacitance %0 %0 %0
Re Feedback resistor %o %o %o Me
Rs Series resistor %o %o %0 ke
Vpp_oscaz | Peak-to-peak amplitude of oscillation (oscillator %0 0.6 %0 \% 3
mode)

1. Measured at Vpp =5V, Temperature = 25 TC. The current consumption is according to the crystal or resonator,
loading capacitance.

2. C1 and C2 must be provided by external capacitors and their load capacitance depends on the crystal or resonator
manufacturerse recommendation. Please check the crystal datasheet for the recommended values. And also consider
the parasitic capacitance of package and board.

3. The EXTAL32 and XTAL32 pins should only be connected to required oscillator components and must not be
connected to any other devices.

Table 43. External Oscillator electrical specifications (OSC)

Symbol Description Min. Typ. Max. Unit | Notes
Vbbp Supply voltage 2.7 %0 5.5 \%

lobosc | Supply current %o low-gain mode (low-power mode) (HGO=0) 1

4 MHz %o 200 %o ZA

8 MHz %o 300 %o ZA

16 MHz %0 1.2 %0 mA

24 MHz %0 1.6 %0 mA

32 MHz %0 2 %0 mA

40 MHz %0 2.6 %0 mA
Ibbosc Supply current %o high-gain mode (HGO=1) 1

32 kHz %o 25 %o ZA

4 MHz %0 1 %0 mA

8 MHz %0 1.2 %0 mA

16 MHz %0 3.5 %0 mA

24 MHz %0 5 %0 mA

32 MHz %0 55 %0 mA

40 MHz %0 6 %0 mA
Omxosc |Fast external crystal oscillator transconductance

Table continues on the next page...
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Table 43. External Oscillator electrical specifications (OSC)

(continued)
Symbol Description Min. Typ. Max. Unit | Notes
32 kHz, Low Frequency Range, High Gain (32 kHz) 15 %0 45 ZAIV
Medium Frequency Range (4-8 MHz) 2.2 %o 9.7 mA /V
High Frequency Range (8-40 MHz) 16 37 mA /V

ViH Input high voltage %. EXTAL pin in external clock 1.75 %o Vbp \
mode

Vi Input low voltage %. EXTAL pin in external clock Vss %0 1.20 \%
mode

Cq EXTAL load capacitance %o %o %o 2

C, XTAL load capacitance %0 %0 %0

RE Feedback resistor
Low-frequency, high-gain mode (32 kHz) %0 10 %0 Me
Medium/high-frequency, low-gain mode (low-power %0 %0 %0 Me
mode) (4-8 MHz, 8-40 MHz)

Medium/high-frequency, high-gain mode (4-8 MHz, %0 1 %0 Me
8-40 MHz)

Rs Series resistor
Low-frequency, high-gain mode (32 kHz) %0 200 %0 ke
Medium/high-frequency, low-gain mode (low-power %0 0 %0 ke
mode) (4-8 MHz, 8-40 MHz)

Medium/high-frequency, high-gain mode (4-8 MHz, %0 0 %0 ke
8-40 MHz)

Vop Peak-to-peak amplitude of oscillation (oscillator mode) 4
Low-frequency, high-gain mode %0 3.3 %0 \%
Medium/high-frequency, low-gain mode %0 1.0 %0 \%
Medium/high-frequency, high-gain mode %o 3.3 %0 \%

1. Measured at Vpp =5V, Temperature = 25 TC. The current consumption is according to the crystal or resonator, loading
capacitance.

2. C1and C2 must be provided by external capacitors and their load capacitance depends on the crystal or resonator
manufacturerse recommendation. Please check the crystal datasheet for the recommended values. And also consider
the parasitic capacitance of package and board.

3. When low power mode is selected, Rg is integrated and must not be attached externally.

4. The EXTAL and XTAL pins should only be connected to required oscillator components and must not be connected to
any other devices.

5.4.2.1.2 External Oscillator frequency specifications
Table 44. External Oscillator frequency specifications (OSC32)

Symbol | Description Min. Typ. Max. Unit Notes

foscaz 1o | Oscillator crystal or resonator frequency %o low- 30 %o 40 kHz
frequency mode

tac_extaz2 | INput clock duty cycle (external clock mode) 40 50 60 %

Table continues on the next page...
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Table 44. External Oscillator frequency specifications (OSC32) (continued)

Symbol | Description Min. Typ. Max. Unit Notes
fec_extaiz2 |INput clock frequency (external clock mode) %o %o 40 kHz
testaz Crystal startup time %o 32 kHz low-frequency, %0 2000 %0 ms 1
low-power mode (HGO=0)

1. The start-up measured after 4096 cycles. Proper PC board layout procedures must be followed to achieve
specifications.

Table 45. External Oscillator frequency specifications (OSC)

Symbol | Description Min. Typ. Max. Unit Notes
fosc 10 |Oscillator crystal or resonator frequency %o Low 32 %0 40 kHz
Frequency, High Gain Mode
fosc_me | Oscillator crystal or resonator frequency %o 4 %0 8 MHz
Medium Frequency
fosc_ni | Oscillator crystal or resonator frequency %o 8 %o 40
High Frequency
tac_extar | INput clock duty cycle (external clock mode) 40 50 60 %
fec_extar | INput clock frequency (external clock mode) %o %o 50 MHz
test Crystal startup time %o 32 kHz Low Frequency, %0 500 %0 ms 1
High-Gain Mode
Crystal startup time %. 8 MHz Medium %o 15 %o
Frequency, Low-Power Mode
Crystal startup time %0 8 MHz Medium %0 25 %0
Frequency, High-Gain Mode
Crystal startup time %0 40 MHz High %0 2 %0
Frequency, Low-Power Mode
Crystal startup time %0 40 MHz High %0 25 %0

Frequency, High-Gain Mode

1. The start-up measured after 4096 cycles. Proper PC board layout procedures must be followed to achieve
specifications.

5.4.2.2 System Clock Generation (SCG) specifications

5.4.2.2.1 Fastinternal RC Oscillator (FIRC) electrical specifications
Table 46. Fast internal RC Oscillator electrical specifications

Symbol Parameter Value Unit
Min. Typ. Max.
Fere Fast internal reference frequency %o 48 %o MHz
lvob Supply current %o 400 500 ZA

Table continues on the next page...
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Table 46. Fast internal RC Oscillator electrical specifications
(continued)

Symbol Parameter Value Unit
Min. Typ. Max.
Funtrimmed | IRC frequency (untrimmed) Firef %o Firef MHz
(1-0.3) (1+0.3)
oL Open loop total deviation of IRC frequency over voltage and
temperature!
Regulator enable %o ,0.5 w1 %FERC
Tstarup | Startup time %o 3 7s?
Tat Period jitter (RMS) %o 35 150 ps

1. The limit is respected across process, voltage and full temperature range.
2. Startup time is defined as the time between clock enablement and clock availability for system use.

5.4.2.2.2 Slow internal RC oscillator (SIRC) electrical specifications
Table 47. Slow internal RC oscillator (SIRC) electrical specifications

Symbol Parameter Value Unit
Min. Typ. Max.
Fsirc Slow internal reference frequency %o 2 %o MHz
8
lvop Supply current %o 23 %o ZA
Funtrimmed IRC frequency (untrimmed) %0 %0 %0 MHz
Ao Open loop total deviation of IRC frequency over
voltage and temperature?!
Regulator enable %o %0 w3 %Fsire
Tstartup Startup time %o 6 %o 7s?

1. The limit is respected across process, voltage and full temperature range.
2. Startup time is defined as the time between clock enablement and clock availability for system use.

5.4.2.2.3 Low Power Oscillator (LPO) electrical specifications
Table 48. Low Power Oscillator (LPO) electrical specifications

Symbol Parameter Min. Typ. Max. Unit
FLro Internal low power oscillator frequency 113 128 139 kHz
ILpo Current consumption 1 3 7 ZA

Tstarup | Startup Time %o %o 20 Zs

5.4.2.2.4 LPFLL electrical specifications
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Table 49. LPFLL electrical specifications

Symbol Parameter Min. Typ. Max. Unit
lavg Power consumption 240 EA
Tstart Start-up time 3.6 Es
A Frequency accuracy over temperature and ...10 %0 10 %
voltage in open loop after process trimmed
Ay Frequency accuracy in closed loop LA %o 11 %

1. AF, is dependent on reference clock accuracy. For example, if locked to crystal oscillator, AF is typically limited by
trimming ability of the module itself; if locked to other clock source which has 3% accuracy, then AF can only be
+3%.

5.4.3 Memories and memory interfaces

5.4.3.1 Flash memory module (FTFE) electrical specifications

This section describes the electrical characteristics of the flash memory module
(FTFE).

5.4.3.1.1 Flash timing specifications , program and erase

The following specifications represent the amount of time the internal charge pumps
are active and do not include command overhead.

Table 50. NVM program/erase timing specifications

Symbol | Description Min. Typ. Max. Unit Notes

thvpgme | Program Phrase high-voltage time %o 7.5 18 Es

thversser | Erase Flash Sector high-voltage time %0 13 113 ms 1
thversbikazk | Erase Flash Block high-voltage time for 32 KB %o 26 226 ms 1
thversbik2ssk | Erase Flash Block high-voltage time for 256 KB %0 208 1808 ms 1

1. Maximum time based on expectations at cycling end-of-life.

5.4.3.1.2 Flash timing specifications , commands
Table 51. Flash command timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
Read 1s Block execution time

trd1blk3zk , 32 KB data flash %0 %o 0.3 ms

trd1bik256k , 256 KB program flash %o %o 1.8 ms

Table continues on the next page...
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Table 51. Flash command timing specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
taisecok | Read 1s Section execution time (2 KB flash) %o %o 75 Es 1
togmenk | Program Check execution time %0 %0 95 Es 1
trdrsre Read Resource execution time %0 %o 40 Es 1
togms Program Phrase execution time %o 20 150 Es
Erase Flash Block execution time 2
tersblk32k , 32 KB data flash %0 28 240 ms
tersbik256k , 256 KB program flash %o 220 1850 ms
tersser | Erase Flash Sector execution time %o 15 115 ms 2
thgmsecs12 | Program Section execution time (512B flash) %0 25 %0 ms
trdzal Read 1s All Blocks execution time %o %o 2.2 ms
tdonce | R€ad Once execution time %o %0 30 Es 1
togmonce | Program Once execution time %0 90 %0 Es
tersall Erase All Blocks execution time %o 250 2100 ms 2
tuykey | Verify Backdoor Access Key execution time %0 %0 30 Es 1
tersalu | Erase All Blocks Unsecure execution time %0 250 2100 ms 2

Program Partition for EEPROM execution time
togmpart24k , 24 KB EEPROM backup %0 69 %0 ms
thgmpart32k , 32 KB EEPROM backup %0 70 %0 ms

Set FlexRAM Function execution time:

tsetramff , Control Code OxFF %o 50 %o Es
tsetram24k , 24 KB EEPROM backup %o 0.6 1.1 ms
tsetram3zk , 32 KB EEPROM backup %o 0.8 1.2 ms

Byte-write to FlexRAM execution time:
teewrsb24k , 24 KB EEPROM backup %0 370 1625 Es
teewrsb3zk , 32 KB EEPROM backup %o 385 1700 Es

16-bit write to FlexRAM execution time:

teewr16b24K , 24 KB EEPROM backup %o 370 1625 Es
teewr16b32k , 32 KB EEPROM backup %0 385 1700 Es
teewrazbers | 32-bit write to erased FlexRAM location %o 360 1500 Es

execution time

32-bit write to FlexRAM execution time:
teewr32b24k , 24 KB EEPROM backup %o 600 1950 Es
teewr32b32k , 32 KB EEPROM baCkUp %0 630 2000 Es

1. Assumes 25MHz or greater flash clock frequency.
2. Maximum times for erase parameters based on expectations at cycling end-of-life.
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5.4.3.1.3 Flash high voltage current behaviors
Table 52. Flash high voltage current behaviors

Symbol Description Min. Typ. Max. Unit
Ipp pem  |Average current adder during high voltage flash %o 35 7.5 mA
programming operation
Ipp ers  |Average current adder during high voltage flash %o 15 4.0 mA
erase operation
5.4.3.1.4 Reliability specifications
Table 53. NVM reliability specifications
Symbol | Description | Min. | Typ.1 Max. | Unit | Notes
Program Flash
thvmretprok | Data retention after up to 10 K cycles 5 50 %0 years
tvmretp1k | Data retention after up to 1 K cycles 20 100 %o years
Nnvmeyep | Cycling endurance 10K 50 K %0 cycles 2
Data Flash
twmretdiok | Data retention after up to 10 K cycles 5 50 %0 years
thwmretdik | Data retention after up to 1 K cycles 20 100 %o years
Nnvmeyed | Cycling endurance 10K 50 K %o cycles 2
FlexRAM as EEPROM
thvmretee100 | Data retention up to 100% of write endurance 5 50 %o years
twmretee1o | Data retention up to 10% of write endurance 20 100 %0 years
Nnvmeycee | CYcling endurance for EEPROM backup 20K 50 K %o cycles
Write endurance
Npvmwreel6 , EEPROM backup to FlexRAM ratio = 16 140K 400 K %o writes
Nnymwree128 , EEPROM backup to FlexRAM ratio = 128 1.26 M 32M %o writes
Npymwree512 , EEPROM backup to FlexRAM ratio = 512 5M 12.8 M %0 writes
Npvmwreelk , EEPROM backup to FlexRAM ratio = 1,024 10M 25 M %o writes

1. Typical data retention values are based on measured response accelerated at high temperature and derated to a
constant 251TC use profile. Engineering Bulletin EB618 does not apply to this technology. Typical endurance defined in
Engineering Bulletin EB619.

2. Cycling endurance represents number of program/erase cycles at -401C « T; < 1251C.

3. Write endurance represents the number of writes to each FlexRAM location at -401C <Tj < 1251C influenced by the
cycling endurance of the FlexNVM and the allocated EEPROM backup. Minimum and typical values assume all 16-bit
or 32-bit writes to FlexRAM; all 8-bit writes result in 50% less endurance.
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5.4.4 Security and integrity modules

There are no specifications necessary for the devicefs security and integrity modules.

5.4.5 Analog

5.4.5.1 ADC electrical specifications

5.4.5.1.1 12-bit ADC operating conditions
Table 54. 12-bit ADC operating conditions

Symbol | Description Conditions Min. Typ.1 Max. Unit Notes

Vbpa Supply voltage Absolute 2.7 %0 5.5 \%

AVppa | Supply voltage Delta to Vpp -100 0 +100 mV 2
(Vop --- ¥pa)

A/ssa | Ground voltage Delta to Vss (Vss -100 0 +100 mV 2
- ¥sa)

Vrern |ADC reference voltage high 25 Vppa Vppa + \ 3

100m

Vreee |ADC reference voltage low S$100 0 100 mV 3

VaDIN Input voltage VREEL Y0 VREEH \%

CaDIN Input capacitance %0 4 5 pF

Rapin Input series resistance %o 2 5 ke

Ras Analog source resistance %0 %0 5 ke 4
(external)
fapck ADC conversion clock 2 40 50 MHz 56
frequency

Crate ADC conversion rate No ADC 20 %0 1200 Ksps 8
hardware
averaging’
Continuous
conversions
enabled,
subsequent
conversion time

1. Typical values assume Vppa =5V, Temp = 25 tC, fapck = 40 MHz, unless otherwise stated. Typical values are for
reference only, and are not tested in production.

2. DC potential difference.

3. For packages without dedicated Vrgry and VrerL PinS, Vreen is internally tied to Vppa, and Vgeg, is internally tied to
Vssa-

4. This resistance is external to MCU. To achieve the best results, the analog source resistance must be kept as low as
possible. The results in this data sheet were derived from a system that had < 8 « analog source resistance. The
Ras/Cas time constant should be kept to < 1 ns.

5. Clock and compare cycle need to be set according the guidelines in the block guide.

6. ADC conversion will become less reliable above maximum frequency.
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7. When using ADC hardware averaging, refer to the device Reference Manual to determine the most appropriate
setting for AVGS.

8. Max ADC conversion rate of 1200 Ksps is with 10-bit mode

Figure 19. ADC input impedance equivalency diagram

5.45.1.2 12-bit ADC electrical characteristics

NOTE
All the parameters in the table are given assuming system
clock as the clocking source for ADC.

NOTE
For ADC signals adjacent to VDD/VSS or the XTAL pins

some degradation in the ADC performance may be
observed.

NOTE
All values guarantee the performance of the ADC for the
multiple ADC input channel pins. When using the ADC to
monitor the internal analogue parameters, please assume
minor degradation.
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