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NXP Semiconductors
Data Sheet: Technical Data

Kinetis KE1xZ with up to 64 KB VIKE1XZ64VL

Flash MKE1xZ64VLD4
Up to 48 MHz Arm® Cortex®-M0+ Based Microcontroller MKE1xZ64VFP4

MKE1xZ32VLF4
Providing up to 64 KB flash, up to 8 KB RAM, and a complete set MKE1xZ32VLD4
of analog/digital features, KE1xZ64 offers a robust Touch Sense MKE1xZ32VFP4

Interface (TSI) and CAN bus for industrial networking, which
provides high-level stability and accuracy in customer's home

appliance touch Ul and industrial control systems.

Core Processor and System

* Arm® Cortex®-MO+ core, supports up to 48 MHz
frequency

¢ Arm Core based on the ARMv6 Architecture and
Thumb®-2 ISA

* Configurable Nested Vectored Interrupt Controller
(NVIC)

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

Reliability, safety and security
* 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

Power management
¢ Low-power Arm Cortex-MO+ core with excellent energy
efficiency
* Power management controller (PMC) with multiple
power modes: Run, Wait, Stop, VLPR, VLPW and

KE1xZP48M48SF0
Rev. 3, 06/2020
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Memory and memory interfaces
* Up to 64 KB program flash
e Up to 8 KB SRAM
* 64 Bytes flash cache

Mixed-signal analog
* 1x 12-bit analog-to-digital converter (ADC) with up
to 16 channel analog inputs per module, up to 1
Msps
¢ 1x high-speed analog comparators (CMP) with
internal 8-bit digital to analog converter (DAC)

Timing and control

¢ 2x Flex Timers (FTM) for PWM generation, offering
6ch+2ch

¢ 1x 16-bit Low-Power Timer (LPTMR) with flexible
wake up control

* 1x Programmable Delay Block (PDB) with flexible
trigger system

* 1x 32-bit Low-power Periodic Interrupt Timer (LPIT)
with 2 independent channels

¢ Real timer clock (RTC)

Debug functionality

VLPS « Serial Wire Debug (SWD) debug interface
* Debug Watchpoint and Trace (DWT)
* Micro Trace Buffer (MTB)
NXP reserves the right to change the production detail specifications as may be ‘ k
required to permit improvements in the design of its products.
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* Supports clock gating for unused modules, and specific
peripherals remain working in low power modes

¢ POR, LVD/LVR Connectivity and communications interfaces

* 3x low-power universal asynchronous receiver/
transmitter (LPUART) modules with FIFO support
and low power availability

* 1x low-power serial peripheral interface (LPSPI)
modules with FIFO support and low power
availability

* 1x low-power inter-integrated circuit (LPI2C)
modules with FIFO support and low power

Clock interfaces
¢ OSC: high range 4 - 40 MHz (with low power or high-
gain mode) and low range 32 - 40 kHz (with high-gain
mode only)
* 48 MHz high-accuracy (up to +1%) fast internal
reference clock (FIRC) for normal Run
* 8 MHz / 2 MHz high-accuracy (up to +3%) slow internal availability
:ezfgr;fﬂgel Ofll\log(fvf,se'rizli‘;f;tgv‘(’l_s;’g)ed Run « 1x CAN module (MSCAN), with 5 Rx buffers and 3
Low-power FLL (LPFLL) Tx buffers
Up to 50 MHz DC external square wave input clock
System clock generator (SCG)
Real time counter (RTC)

Operating Characteristics
* Voltage range: 2.7to 5.5V
* Ambient temperature range: —40 to 105 °C

Human-machine interface (HMI)
e Supports up to 32 interrupt request (IRQ) sources
¢ Up to 42 GPIO pins with interrupt functionality
¢ Touch sensing input (TSI) module

Related Resources

Type Description Resource

Fact Sheet The Fact Sheet gives overview of the product key features and its uses. |KE1xZ Family Fact Sheet

Product Brief |The Product Brief contains concise overview/summary information to KE1xZ64PB'’
enable quick evaluation of a device for design suitability.
Reference The Reference Manual contains a comprehensive description of the KE1xZP48M48SFORM 1
Manual structure and function (operation) of a device.
Data Sheet The Data Sheet includes electrical characteristics and signal This document:

connections. KE1xZP48M48SF0

Chip Errata The chip mask set Errata provides additional or corrective information for |Kinetis_E_ON16X
a particular device mask set.

Package Package dimensions are provided in package drawings. 48-LQFP: 98ASH00962A
drawing 44-LQFP: 98ASS23225W
40-QFN: 98ASA01371D

1. To find the associated resource, go to http://www.nxp.com and perform a search using this term.
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Kinetis KE1xZ64 Sub-Family

Arm® Cortex®-M0+ System Memories and Memory Interfaces Clocks
Core
Pr;ogrim RAM 0OSscC
TRGMUX as
FIRC
Debug MMDVSQ WDOG
interfaces SIRC
Interrupt EWM LPFLL
controller
LPO
Security Analog Timers Communication Interfaces Human-Machine
and Integrity Interface (HMI)
CRC 12-bit ADC FlexTimer LPI%C GPIO
x1 6ch x1 x1 upto 42
2ch x1
CMP x1 LPUART High drive
(with 8-bit DAC) PDB x1 x3 I/O (6 pins)
LPSPI Digital filters
PMC
LPTMR msCAN x1 TSI, 25ch
SRTC
PWT

Figure 1. Functional block diagram

Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020
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Ordering information

1 Ordering information

The following chips are available for ordering.

Table 1. Ordering information

Product Memory Package 10 and ADC channel HMI Commu
nication
Part number Flash SRAM Pin Packag | GPIOs | GPIOs ADC TSI CAN
(KB) (KB) count e (INT/ | channel
HD)' s

MKE16Z64VLF4 64 8 48 LQFP 42 42/6 12 Yes Yes
MKE16Z64VLD4 64 8 44 LQFP 38 38/6 12 Yes Yes
MKE15Z64VLF4 64 8 48 LQFP 42 42/6 12 Yes No
MKE15Z64VLD4 64 8 44 LQFP 38 38/6 12 Yes No
MKE14Z64VLF4 64 8 48 LQFP 42 42/6 12 No No
MKE14Z64VLD4 64 8 44 LQFP 38 38/6 12 No No
MKE16Z32VLF4 32 4 48 LQFP 42 42/6 12 Yes Yes
MKE16Z32VLD4 32 4 44 LQFP 38 38/6 12 Yes Yes
MKE15Z32VLF4 32 4 48 LQFP 42 42/6 12 Yes No
MKE15Z32VLD4 32 4 44 LQFP 38 38/6 12 Yes No
MKE14Z32VLF4 32 4 48 LQFP 42 42/6 12 No No
MKE14Z32VLD4 32 4 44 LQFP 38 38/6 12 No No
MKE15Z64VFP4 64 8 40 QFN 36 36/4 11 Yes No
MKE14Z64VFP4 64 8 40 QFN 36 36/4 11 No No
MKE15Z32VFP4 32 4 40 QFN 36 36/4 11 Yes No
MKE14Z32VFP4 32 4 40 QFN 36 36/4 11 No No

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 64 KB Flash, Rev. 3, 06/2020 5
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Overview
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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 64 KB Flash, Rev. 3, 06/2020
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Overview

2.1.1 ARM Cortex-MO0+ 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 ADCx 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 64 KB Flash, Rev. 3, 06/2020 7
NXP Semiconductors



MKE14Z64VLF4R NXP USA Inc. MT64P 48LQFP

Overview
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
LPTMR Functional in Stop/VLPS modes

RTC Functional in Stop/VLPS modes

SCG Functional in Stop mode (Only SIRC)

CAN CAN stop wakeup

TSI Touch sense wakeup

NMI Non-maskable interrupt

2.1.4 Memory

This device has the following features:
* Upto 64 KB of embedded program flash memory.
* Upto 8 KB of embedded RAM accessible (read/write) at CPU clock speed with 0

wait states.
* 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,
is reset by the corresponding Reset source. N means the
specific module is not reset by the corresponding Reset
source.

8 Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020
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Overview
Table 3. Reset source
Reset Descriptions Modules
sources PMC| SIM | sSMC | RcM| Reset | WDO| 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 \4 Y Y Y Y Y Y N Y Y
resets (LVD)
External pin reset 4 Y2 \& Y4 Y Y5 Y6 N N Y
(RESET)
Watchdog (WDOG) 4 Y2 Y3 Y4 Y \& Y6 N N Y
reset
Multipurpose clock 4 Y2 \& Y4 Y Y5 Y6 N N Y
generator loss of clock
(LOC) reset
Multipurpose clock \4 Y2 \& Y4 Y \& \& N N Y
generator loss of lock
(LOL) reset
Stop mode acknowledge | Y’ Y2 \& Y4 Y & Y6 N N Y
error (SACKERR)
Software reset (SW) 4 Y2 Y3 Y4 Y Y5 Y6 N N Y
Lockup reset (LOCKUP) | Y! Y2 \& Y4 Y & Y6 N N Y
MDM DAP system reset | Y Y2 Y3 Y4 Y Y5 Y6 N N Y
Debug reset |Debug reset \4 Y2 Y3 Y4 Y Y5 Y6 N N Y

oakrwh=

This device supports booting from:

Except PMC_LVDSC1[LVDV] and PMC_LVDSC2[LVWV]

Except SIM_SOPT1

Except SMC_PMPROT, SMC_PMCTRL_RUM, SMC_PMCTRL_STOPM, SMC_STOPCTRL, SMC_PMSTAT
Except RCM_RPC, RCM_MR, RCM_FM, RCM_SRIE, RCM_SRS, RCM_SSRS

Except WDOG_CS[TST]

Except SCG_CSR and SCG_FIRCSTAT

 internal flash

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.

Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020

9

NXP Semiconductors



MKE14Z64VLF4R NXP USA Inc. MT64P 48LQFP

Overview

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.
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Figure 3. 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 Can't 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

10 Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020
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2.1.8 Power management

The Power Management Controller (PMC) expands upon ARM’s 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 ARM’s operational modes, See the ARM®
Cortex® User Guide.

The PMC provides Normal Run (RUN), and Very Low Power Run (VLPR)
configurations in ARM’s 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
ARM’s 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
ARM’s 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.

Table 5. Peripherals states in different operational modes

Core mode Device mode Descriptions

Run mode

Table continues on the next page...

Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020 11
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Table 5. Peripherals states in different operational modes (continued)

Core mode Device mode Descriptions
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.

NOTE
When the MCU is in HSRUN or VLP mode, user cannot write
FlexRAM (EEPROM), and cannot launch an FTFE command
including flash programming/erasing.

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.

221 FTM

This device contains two FlexTimer modules.

12 Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020
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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

2.2.2 ADC

This device contains one 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 12 single-ended external analog inputs
* Support 12-bit, 10-bit, and 8-bit single-ended output modes
* 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
e Temperature sensor
» Hardware average function
 Selectable Voltage reference: from external or alternate
 Self-Calibration mode

2.2.2.1 Temperature sensor

This device contains one temperature sensor internally connected to the input channel
of AD26, see ADC electrical characteristics for details of the linearity factor.
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The sensor must be calibrated to gain good accuracy, so as to provide good linearity,
see also AN3031 for more detailed application information of the temperature sensor.

2.2.3 CMP

There are one 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.

e 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

» 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

* 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

224 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

14 Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020
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* 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

2.2.5 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.

2.2.6 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-Out's) 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

2.2.7 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
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* 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

2.2.8 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:
* 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

2.2.9 LPUART

This product contains three Low-Power UART modules, and can work in Stop and
VLPS modes. The module also supports 4x to 32x 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 4x to 32x

* 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, 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
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* Idle line wakeup
* Address mark wakeup
* Receive data match
e Automatic address matching to reduce ISR overhead:
* Address mark matching
* Idle line address matching
e 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

2.2.10 LPSPI

This device contains one 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:
e 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

2.2.11 LPI2C

This device contains one LPI2C modules. The LPI2C is a low power Inter-Integrated
Circuit (I2C) module that supports an efficient interface to an I2C 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
LPI2C module also complies with the System Management Bus (SMBus)
Specification, version 2.

The LPI2C modules have the following features:
 Standard, Fast, Fast+ and Ultra Fast modes are supported
e HS-mode supported in slave mode
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* 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 I12C slave registers to minimize software overhead due to master/slave
switching
e support for 7-bit or 10-bit addressing, address range, SMBus alert and general
call address
* transmit/receive data register supporting interrupt requests

2.2.12 Modular/Scalable Controller Area Network (ISCAN)

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

Its 5 Rx buffers and 3 Tx buffers are adaptable to target CAN applications.

The MSCAN module has the following features :
* Implementation of the CAN protocol Version 2.0 A/B
» Standard and extended data frames
* (0-to-8 bytes data length
* Programmable bit rate up to 1 Mbit/s
* Support for remote frames
* Individual Rx Mask Registers per Message Buffer
* Internal timer for time-stamping of received and transmitted messages
 Listen-only mode capability
* Programmable loopback mode supporting self-test operation
* Programmable transmission priority scheme: lowest ID, lowest buffer number, or
highest priority
* Low power modes, with programmable wakeup on bus activity
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2.2.13 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 I/O pins, including open-drain and pseudo open-drain pins, are allowed to go
above VDD.
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Figure 4. 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
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* 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.

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.

4 Pinouts

4.1 KE1xZ64 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.

48 | 44 | 40 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7
LQFP| LQFP| QFN

—| — | 5 |PTES TSI0.CHO | TSIO_CHO | PTES TOLK2 EWM_IN

— | — | 6 |PTE4 TS10_CH1 TSI0_CH1 PTE4 BUSOUT EWM_OUT b

— | = | % |PTC7 TSI0_CH16 | TSI0_CH16 | PTC7 LPUART1_TX

— | — | 33 |PTCé TSI0_CH15 | TSI0_CH15 | PTC6 LPUART1_RX

1 1 1 | PTD1 TSI0_.CH5 | TSI0_CH5 | PTD1 FTM0_CH3 TRGMUX_
out2

2 2 2 | PTDO TSI0_CH4 | TSI0_CH4 | PTDO FTM0_CH2 TRGMUX_
ouTt
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48 | 44 | 40 | PinName Default ALTO ALTY ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
LQFP| LQFP| QFN
3| — | 3 |PTEN TSI0.CH3 | TSI0_CH3 | PTE11 PWT_IN1 LPTMRO_
ALT1
4| — | 4 |PTEI0 TSIO_CH2 | TSIO_CH2 | PTE10 CLKOUT
5 3 | — |PTES TSI0.CHO | TSI0_CHO | PTES TCLK2 CANO_TX EWM_IN
6 4 | — | PTE4 TSI0_CH1 TSI0_CH1 PTE4 BUSOUT CANO_RX EWM_OUT_b
7 5 7 | VDD VDD VDD
8 6 7 | VDDA VDDA VDDA
9 7 7 | VREFH VREFH VREFH
0] 8| — |VSS VSs/ VSS/
VREFL VREFL VREFL
11 9 8 | PTB7 EXTAL EXTAL PTB7 LPI2C0_SCL
21 10 9 | PTB6 XTAL XTAL PTB6 LPI2C0_SDA
3] 11| — |PTES TSI0_CH24 | TSI0_CH24 | PTE3 FTMO_FLTO | LPUARTZ_
RTS
4| — | 10 [ PTE8 ACMPO_IN3/ | ACMPO_IN3/ | PTE8
TSI0_CH11 | TSI0_CH11
15 | 12 | 11 | PTBS TSI0_CH9 | TSIO_CH9 | PTB5 FTMO_CH5 | LPSPI0_ TRGMUX_INO
PCST
16 | 13 | 12 | PTB4 TSI0.CH8 | TSI0_CH8 | PTB4 FTMO_CH4 | LPSPI0_ TRGMUX_IN1
SouT
17| 14| 13 | PTC3 ADCO_SE11/ | ADCO_SE11/ | PTC3 FTM0_CH3
ACMPO_IN4 | ACMPO_IN4
18| 15| 14 | PTC2 ADCO_SE10/ | ADCO_SE10/ | PTC2 FTM0_CH2
ACMPO_IN5 | ACMPO_IN5
19 | 16 | 15 | PTD7 TSI0_CH10 | TSI0_CH10 | PTD7 LPUART2_TX
20 | 17 | 16 | PTD6 TSI0.CH7 | TSI0_CH7 | PTD6 LPUART2_RX
21 | 18| 17 | PTD5 TSI0.CH6 | TSI0_CH6 | PTD5 LPTMRO_ PWT_IN2 LPUART2_
ALT2 CTS
2 | 19| 18 | PTC1 ADCO_SEY | ADCO_SEY | PTCT FTMO0_CH1
TSI0_CH23 | TSI0_CH23
23| 2 | 19 | PTCO ADCO_SE8/ | ADCO_SE8/ | PTCO FTM0_CHo
TSI0_CH22 | TSI0_CH22
24 | 21| 20 | PTB3 ADCO_SE7/ | ADCO_SE7/ | PTB3 FTM1_CH1 | LPSPIO_SIN | FTM1_QD_ TRGMUX_IN2
TSI0_CH21 | TSI0_CH21 PHA
25 | 2| 2 |P1B ADCO_SE6/ | ADCO_SE6/ | PTB2 FTM1_CHO | LPSPIO_SCK | FTM1_QD_ TRGMUX_IN3
TSI0_CH20 | TSI0_CH20 PHB
26 | 23| 23 | PTBI ADCO_SE5 | ADCO_SE5 | PTB1 LPUARTO_TX | LPSPIO_ TCLKO
SouT
27 | 24| 24 | PTBO ADCO_SE4 | ADCO_SE4 | PTBO LPUARTO_RX | LPSPI0_ LPTMRO_ PWT_IN3
PCS0 ALT3
28| 25| 25 | PTA7 ADCO_SE3 | ADCO_SE3 | PTA7 FTMO_FLT2 | LPSPI0_ RTC_CLKIN LPUART1_
PCS3 RTS
29| 26 | — |PTAS ADCO_SE2 | ADCO_SE2 | PTA6 FTMO_FLT1 LPUART1_
CTS
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48 | 44 | 40 Pin Name Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
LQFP | LQFP| QFN
30 | 27| 21, | VSS VSS VSS
40
and
EP
3 28 | 26 | VDD VDD VDD
2| 29| — | PTD4 DISABLED PTD4 FTMO_FLT3
33 | 30 | 27 | PTD3 NMI_b PTD3 NMI_b
34| 3 — | PTD2 DISABLED PTD2
3H | 3| 28 | PTA3 DISABLED PTA3 LPI2C0_SCL | EWM_IN LPUARTO_TX
3% | 33 | 29 |PTA2 DISABLED PTA2 LPI2C0_SDA | EWM_OUT b LPUARTO_RX
37 | 34| 30 | PTA ADCO_SE1/ | ADCO_SE1/ | PTA1 FTM1_CH1 | LPI2CO_ FTM1_QD_ | LPUARTO_ | TRGMUX_
ACMPO_IN1/ | ACMPO_IN1/ SDAS PHA RTS ouTo
TSI0_CH18 | TSI0_CH18
3B/ | 3B | 31 |PTAO ADCO_SE0/ | ADCO_SEQ0/ | PTAO LPI2C0_ LPUARTO_ | TRGMUX_
ACMPO_INO/ | ACMPO_INO/ SCLS CTS 0uT3
TSI0_CH17 | TSI0_CH17
9| % | — |PICT TSI0_CH16 | TSI0_CH16 | PTC7 LPUART1_TX CANO_TX
4 | 37 | — | PTC6 TSI0_CH15 | TSI0_CH15 | PTC6 LPUART1_RX CANO_RX
4 — | — | PTE6 DISABLED PTE6 LPSPI0_ LPUART1_
PCS2 RTS
21 38 | — | PTE2 TSI0_CH19 | TSI0_CH19 | PTE2 LPSPI0_ LPTMRO_ PWT_IN3 LPUARTI_
SouT ALT3 CTS
43 | 39 | 34 | PTE TSI0_CH14 | TSI0_CH14 | PTE1 LPSPI0_SIN | LPI2CO_
HREQ
44 | 40 | 35 | PTEO TSI0_CH13 | TSI0_CH13 | PTEO LPSPI0_SCK | TCLK1
45 | 4 3% | PTC5 TSI0_CH12 | TSI0_CH12 | PTC5 RTC_
CLKOUT
46 | 42 | 37 | PTC4 SWD_CLK | ACMPO_IN2 | PTC4 FTM1_CHO | RTC_ EWM_IN FTM1_QD_ | SWD_CLK
CLKOUT PHB
47 | 43 | 38 | PTAS RESET b PTA5 TCLK1 RESET b
48 | 44 | 39 | PTA4 SWD_DIO PTA4 ACMPO_OUT | EWM_OUT_b SWD_DIO

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

Table continues on the next page...
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Table 6. Ports summary (continued)
Feature Port A Port B Port C Port D Port E
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 12C and UART 12C 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 only |PTEO/PTE1 only
enable control
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 module's chapter. They also briefly describe the signal function and direction.

4.3.1 Core Modules
Table 7. SWD Signal Descriptions

Chip signal name Module signal Description /0
name
SWD_CLK SWD_CLK Serial Wire Clock |
SWD_DIO SWD_DIO Serial Wire Data 110
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4.3.2 System Modules

Table 8. System Signal Descriptions
Chip signal name Module signal Description /0
name
NMI_b — Non-maskable interrupt NOTE: Driving the NMI signal low forces a |
non-maskable interrupt, if the NMI function is selected on the
corresponding pin.
RESET_b — Reset bidirectional signal I/0
VDD — MCU power |
VSS — MCU ground |
Table 9. EWM Signal Descriptions
Chip signal name Module signal Description /10
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 110
signal
name
EXTAL EXTAL External clock/Oscillator input I
XTAL XTAL Oscillator output (0]
4.3.4 Analog
Table 11. ADCO Signal Descriptions
Chip signal name Module signal Description /0
name
ADCO_SE[11:0] AD[11:0] Single-Ended Analog Channel Inputs |
VREFH VREFSH Voltage Reference Select High |
Table continues on the next page...
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Table 11. ADCO Signal Descriptions (continued)
Chip signal name Module signal Description /0
name
VREFL VREFsL Voltage Reference Select Low |
VDDA Vppa Analog Power Supply |
Table 12. ACMPO Signal Descriptions
Chip signal name Module signal Description /0
name
ACMPO_IN[5:0] IN[5:0] Analog voltage inputs |
ACMPO_OUT CMPO Comparator output 0]
4.3.5 Timer Modules
Table 13. LPTMRO Signal Descriptions
Chip signal name Module signal Description /0
name
LPTMRO_ALT[3:1] LPTMR_ALTn Pulse Counter Input pin |
Table 14. 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 15. FTMO Signal Descriptions
Chip signal name | Module signal name |Description I/0
FTMO_CHI5:0] CHn FTM channel (n), where n can be 5-0 /0
FTMO_FLT[3:0] FAULT;] Fault input (j), where j can be 3-0 |
TCLK][2:0] EXTCLK External clock. FTM external clock can be selected to drive the |
FTM counter.
Table 16. FTM1 Signal Descriptions
Chip signal name | Module signal name |Description I/0
FTM7_CH[1:0] CHn FTM channel (n), where n can be 1-0 I/0
FTM7_QD_PHA PHA Quadrature decoder phase A input. Input pin associated with |
quadrature decoder phase A.
Table continues on the next page...
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Table 16. FTM1 Signal Descriptions (continued)

FTM7_QD_PHB

PHB

Quadrature decoder phase B input. Input pin associated with
quadrature decoder phase B.

4.3.6 Communication Interfaces
Table 17. CANn Signal Descriptions

Chip signal name Module signal Description /0
name
CANn_RX CAN Rx CAN Receive Pin |
CANn_TX CAN Tx CAN Transmit Pin @)
Table 18. LPSPIn Signal Descriptions
Chip signal name Module signal Description /0
name
LPSPIn_SOUT SOUT Serial Data Out (0]
LPSPIn_SIN SIN Serial Data In |
LPSPIn_SCK SCK Serial Clock I/O
LPSPIn_PCS[3:0] PCS[3:0] Peripheral Chip Select 0-3 I/0
Table 19. LPI2Cn Signal Descriptions
Chip signal name Module signal Description /10
name
LPI2Cn_SCL SCL Bidirectional serial clock line of the 12C system. I/0
LPI2Cn_SDA SDA Bidirectional serial data line of the I12C system. I/O
LPI2Cn_HREQ HREQ Host request, can initiate an LPI2C master transfer if asserted and |
the 12C bus is idle.
LPI12Cn_SCLS SCLS Secondary 12C clock line. IO
LPI12Cn_SDAS SDAS Secondary 12C data line. I/O
Table 20. LPUARTN Signal Descriptions
Chip signal name Module signal Description /0
name
LPUARTn_TX LPUART_TXD Transmit data I/O
LPUARTn_RX LPUART_RXD Receive data |
LPUARTn_CTS LPUART_CTS Clear to send |
LPUARTn_RTS LPUART_RTS Request to send (0]
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4.3.7 Human-Machine Interfaces (HMI)
Table 21. GPIO Signal Descriptions
Chip signal name Module signal Description /0
name
PTA[7:0] PORTA7-PORTAO |General-purpose input/output /0
PTB[7:0] PORTB7-PORTBO |General-purpose input/output 110
PTC[7:0] PORTC7-PORTCO |General-purpose input/output 110
PTD[7:0] PORTD7-PORTDO |General-purpose input/output I/0
PTE[11:10], PORTE11- General-purpose input/output /0
PTE[8], PORTE10
PTE[6:0] PORTES
PORTE6-PORTEO
Table 22. TSIO Signal Descriptions
Chip signal name Module signal Description 110
name
TSI0_CH[24:0] TSI[24:0] TSI sensing pins or GPIO pins /10

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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A
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ptoo [ |2 35 | ] P1As
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Figure 5. 48 LQFP Pinout Diagram
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Figure 6. 44 LQFP Pinout Diagram
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Figure 7. 40 QFN Pinout Diagram

4.5 Package dimensions

The following hyperlinks (package drawings) show the dimensions of the package
options for the devices supported by this document.

* 48-LQFP: 98ASH00962A

* 44-LQFP: 98ASS23225W

* 40-QFN: 98ASA01371D
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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:
Symbol Description Min Max. Unit
Voo 1.0 V core supply 03 \* 12
voltage
Operating requirement:
Symbol Description Min. Max. Unit
Voo 1.0 V core supply 0.9 1.1
voltage
Operating behavior that includes a typical value:
Symbol Description Min. = Typ. Max. Unit
lwe Digital VO weak ~ [10 70 130 uA

pullup/pulldown
current

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 °C
Vpp Supply voltage 5.0 \Y
32
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5.1.4 Relationship between ratings and operating requirements

o) o
) v‘@\ (\\@ -
<« e e @
\ «© «© \
02 o o 02
g«o & & @
5 50 j0 §e9
o o o o
o° oe o° o°
Fatal range Degraded operating range Normal operating range Degraded operating range Fatal range
Expected permanent failure - No permanent failure - No permanent failure - No permanent failure Expected permanent failure
- Possible decreased life - Correct operation - Possible decreased life
- Possible incorrect operation - Possible incorrect operation
—0 9}
Operating (power on)
) D
«° ot
(’A&\“g ‘a‘i\‘\g
o &
oo o
Fatal range Handling range Fatal range
Expected permanent failure No permanent failure Expected permanent failure
0

Handling (power off)

5.1.5 Guidelines for ratings and operating requirements

Follow these guidelines for ratings and operating requirements:

* Never exceed any of the chip’s ratings.
* During normal operation, don’t exceed any of the chip’s 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
Tsta Storage temperature -55 150 °C 1
Tspr Solder temperature, lead-free — 260 °C 2
1. 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 — 3

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
Vusm Electrostatic discharge voltage, human body model - 6000 6000 \"
Veom Electrostatic discharge voltage, charged-device 2
model
All pins except the corner pins - 500 500 \Y
Corner pins only - 750 750 \Y
lLaT Latch-up current at ambient temperature upper limit -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 23. Voltage and current operating ratings

Symbol Description Min. Max. Unit
Vpp Supply voltage -0.3 581 v
Ibp Digital supply current — mA
Table continues on the next page...
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Table 23. Voltage and current operating ratings (continued)

Symbol Description Min. Max. Unit
Vio IO pin input voltage Vgs—0.3 Vpp + 0.3 \Y,
Ip Instantaneous maximum current single pin limit (applies to -25 25 mA
all port pins)
Vppa Analog supply voltage Vpp — 0.1 Vpp + 0.1 V

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 24. Voltage and current operating requirements
Symbol | Description Min. Max. Unit Notes
Vpp Supply voltage 2.7 5.5 \
Vppa |Analog supply voltage 2.7 55 V
Vpp— | Vpp-to-Vppa differential voltage -0.1 0.1 \
Vbpa
Vgs— |Vss-to-Vgga differential voltage -0.1 0.1 \
Vssa
licio DC injection current — single pin
VN < Vss - 0.3 V (Negative current -3 — mA 1
injection)
VN > Vpp + 0.3 V (Positive current — +3 mA
injection)
liccont | Contiguous pin DC injection current —
.re.gionjal limit, includes sum of n.e.gative _o5 +95 mA
injection currents or sum of positive
injection currents of 16 contiguous pins
Voppu |Open drain pullup voltage level Vop Vop \Y, 2

1. All pins are internally clamped to Vgg and Vpp through ESD protection diodes. If V| 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=(Vgs — 0.3V-V\)/lliciol- The positive injection current limiting resistor is calculated as R=[V\—(Vpp + 0.3V)V/I

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 25. DC electrical specifications

Symbol Parameter Value Unit Notes
Min Typ Max
Vpp I/O Supply Voltage ' 2.7 3.3 4 \
@ Vpp=3.3V
@ Vpp=5.0V 4 — 55 \"
Vin Input Buffer High Voltage 0.7 x Vpp — Vpp + 0.3 Vv
@ Vpp=3.3V
@ Vpp=5.0V 0.65 x Vpp — Vpp + 0.3 Vv
Vj Input Buffer Low Voltage Vgs - 0.3 — 0.3 x Vpp \Y
@ Vpp=3.3V
@ Vpp=5.0V Vgs - 0.3 — 0.35 x Vpp Vv
Vhys Input Buffer Hysteresis 0.06 x Vpp — — Vv
loh_5 Normal drive I/O current source capability 2.8 — — mA
measured when pad = (Vpp - 0.8 V)
@ Vpp=3.3V
@ Vpp=5.0V 4.8 — — mA
lol_5 Normal drive I/O current sink capability 24 — — mA
measured when pad = 0.8 V
@ Vpp=3.3V
@ Vpp=5.0V 4.4 — — mA
loh_20 High drive 1/O current source capability 10.8 — — mA
measured when pad = (Vpp - 0.8 V) 2
@ Vpp=3.3V
@ Vpp=5.0V 18.5 — — mA 3
lol_20 High drive I/O current sink capability measured 10.1 — — mA
when pad = 0.8 V*
@ Vpp=3.3V
@ Vpp=5.0V 18.5 — — mA 3
I_leak Hi-Z (Off state) leakage current (per pin) — — 300 nA 5,6
VoH Output high voltage 7
Normal drive pad (2.7 V < Vpp<4.0V, loy=- Vpp—0.8 — — Vv
2.8 mA)
Normal drive pad (4.0 V <Vpp <55V, lgy=- Vpp — 0.8 — — \Y
4.8 mA)
High drive pad (2.7V = Vpp<4.0V, lopy=- Vpp—0.8 — — \
10.8 mA)
High drive pad (4.0V <Vpp <55V, loy=- Vpp—0.8 — — Vv
18.5 mA)
loHT Output high current total for all ports — — 100 mA
VoL Output low voltage 7

Table continues on the next page...

36 Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020
NXP Semiconductors



MKE14Z64VLF4R NXP USA Inc. MT64P 48LQFP

Electrical characteristics

Table 25. DC electrical specifications (continued)

Symbol Parameter Value Unit Notes
Min Typ Max

Normal drive pad (2.7V <Vpp<4.0V, loy=- — — 0.8 \
2.8 mA)
Normal drive pad (4.0V <Vpp <55V, loy=- — — 0.8 \Y
4.8 mA)
High drive pad (2.7V < Vpp<4.0V, loy=- — — 0.8 \
10.8 mA)
High drive pad (4.0V <Vpp <55V, lgy=- — — 0.8 \
18.5 mA)

loLT Output low current total for all ports — — 100 mA

N Input leakage current (per pin) for full temperature range 8,7

@ Vpp=3.3V
All pins other than high drive port pins — 0.002 0.5 A
High drive port pins — 0.004 0.5 A
Input leakage current (per pin) for full temperature range
@ Vpp=55V
All pins other than high drive port pins — 0.005 0.5 A
High drive port pins — 0.010 0.5 A

Rpy Internal pull-up resistors 20 — 65 kQ 9
@ Vpp=3.3V
@ Vpp=5.0V 20 — 50 kQ

Rpp Internal pull-down resistors 20 — 65 kQ 10
@ Vpp=3.3V
@ Vpp=5.0V 20 — 50 kQ

—

Max power supply ramp rate is 500 V/ms.

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

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

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

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

Maximum pin leakage current at the ambient temperature upper limit.

PTDO, PTD1, 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.

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

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

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

Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020 37

NXP Semiconductors




MKE14Z64VLF4R NXP USA Inc. MT64P 48LQFP

Electrical characteristics

5.3.1.3 Voltage regulator electrical characteristics

£1VDD
48 LQFP /

lo [. T 44 LQFP VDD o

T. TO% -LE—E]VREFH Package VSS O S

To L VREFL/vsS -

Figure 8. Pinout decoupling

Table 26. Voltage regulator electrical characteristics

Symbol Description Min. Typ. Max. Unit
Cprep 12 ADC reference high decoupling capacitance — 100 — nF
Cpec?® @ Recommended decoupling capacitance — 100 — nF

1. For improved ADC performance it is recommended to use 1 nF X7R/C0G 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 Cpgc will be decided by the device application requirement.

5.3.1.4 LVR, LVD and POR operating requirements
Table 27. Vpp supply LVR, LVD and POR operating requirements

Symbol Description Min. Typ. Max. Unit Notes
VpoRr Rising and Falling Vpp POR detect voltage 1.1 1.6 2.0 \
VLVRX LVRX falling threshold (RUN and STOP 2.53 2.58 2.64 \
modes)
LVRX hysteresis — 45 — mV 1
VLVRX_HYST
VLVRX_LP LVRX falling threshold (VLPS/VLPR 1.97 2.12 2.44 \
modes)
Vivex Lp_HysT |LVRX hysteresis (VLPS/VLPR modes) — 40 — mV
Vivp Falling low-voltage detect threshold 2.8 2.88 3 \Y
LVD hysteresis — 50 — mV 1
Vivp_HysT
Vivw Falling low-voltage warning threshold 419 4.31 4.5 \Y
Vivw_HYsT LVW hysteresis 68 mV 1
Vga Bandgap voltage reference 0.97 1.00 1.03 \Y

1. Rising threshold is the sum of falling threshold and hysteresis voltage.
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Table 28. Power mode transition operating behaviors

Electrical characteristics

Description System Clock Core, Bus, Flash Min. Typ. (us)' | Max. (ps)?
frequency (MHz)

STOP—RUN FIRC 48, 24, 24 — 7.41 13.4
STOP—RUN FLL 48, 24, 24 — 10.9 16.5
VLPS—>RUN FIRC 48, 24, 24 — 7.41 13.4
VLPS—RUN FLL 48, 24, 24 — 10.4 16.9
RUN—-VLPR FLL—-SIRC 48, 24, 24—4,1,1 — 14.3 15
VLPR—RUN SIRC—FIRC 4,1,1-48, 24,24 — 23.5 37.3
VLPR—~>RUN SIRC—~FLL 4,1,1-48, 24,24 — 27 36
WAIT—RUN FIRC 48, 24, 24 — 0.620 0.760
WAIT->RUN FLL 48, 24, 24 — 0.632 0.775
VLPW-VLPR SIRC 4,1, 1 — 20.7 28
VLPS—VLPR SIRC 4,1,1 — 19.8 26
VLPW—-RUN FIRC (reset value) 48, 24, 24 (reset value) |— 97.4 109
tpor® FIRC (reset value) 48, 24, 24 (reset value) |— 88.2 101

—_

Typical value is the average of values tested at Temperature=25 °C and Vpp=3.3 V.

2. Max value is mean+6xsigma of tested values at the worst case of ambient temperature range and Vpp 2.7 Vt0 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 29. Power consumption operating behaviors (48 LQFP and 44 LQFP)

Mode Symbol Clock Description Temperat| Min| Typ Max' | Uni
Configur ure t
ation
RUN Ibb_RUN LPFLL Running CoreMark in Flash in Compute |25 °C 8.09 8.23 mA
Operation mode. 105 °C 8.37 8.51
Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V
LPFLL Running CoreMark in Flash all 25°C 8.76 8.90
peripheral clock disabled.
Table continues on the next page...
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Table 29. Power consumption operating behaviors (48 LQFP and 44 LQFP) (continued)

Mode Symbol Clock Description Temperat| Min| Typ Max! | Uni
Configur ure t
ation
Core @48MHz, bus @24MHz, flash 105 °C — 19.04 9.18
@24MHz, VDD=5V
LPFLL Running CoreMark in Flash, all 25°C — 19.76 9.90
peripheral clock enabled. 105 °C — 10086 10.20

Core @48MHz, bus@24MHz, flash
@24MHz, VDD=5V

LPFLL Running While(1) loop in Flash, all 25°C — |6.65 6.79
peripheral clock disabled. 105 °C N PYY 705

Core@48MHz, bus@24MHz, flash
@24MHz, VDD=5V

LPFLL Running While(1) loop in Flash all 25°C — |7.66 7.80
peripheral clock enabled. 105 °C — |7.904 8.08

Core@48MHz , bus@24MHz, flash
@24MHz, VDD=5V
IRC48M | Running CoreMark in Flash in Compute |25 °C — |78 7.94
Operation mode. 105 °C —_ 797 8.11
Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V

IRC48M | Running CoreMark in Flash all 25°C — |8.46 8.60
peripheral clock disabled. 105 °C _ |sea 8.78

Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V

IRC48M | Running CoreMark in Flash, all 25°C — (947 9.61
peripheral clock enabled. 105 °C — J|96a 9.78

Core @48MHz, bus@24MHz, flash
@24MHz, VDD=5V

IRC48M | Running While(1) loop in Flash, all 25°C — |6.35 6.49
peripheral clock disabled. 105 °C —_ 655 6.69

Core @48MHz, bus @24MHz, flash
@24MHz, VDD=5V

VLPR Iopp vipr  |IRC8M Very Low Power Run Core Mark in 25°C — |1480 1522 A
Flash in Compute Operation mode.

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

IRC8M Very Low Power Run Core Mark in 25°C — |1580 1622
Flash all peripheral clock disabled.

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

IRC8M Very Low Power Run Core Mark in 25°C — [1510 1552
Flash all peripheral clock enabled.

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

Table continues on the next page...
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Table 29. Power consumption operating behaviors (48 LQFP and 44 LQFP) (continued)

Mode Symbol Clock Description Temperat| Min| Typ Max! | Uni
Configur ure t
ation
IRC8M Very Low Power Run While(1) loop in |25 °C — |701 743

Flash all peripheral clock disabled.

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

IRC8M Very Low Power Run While(1) loopin |25 °C — |765 807
Flash all peripheral clock enabled.

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

IRC2M Very Low Power Run While(1) loop in |25 °C — |571 613
Flash all peripheral clock disabled.

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

IRC2M Very Low Power Run While(1) loopin |25 °C — |609 651
Flash all peripheral clock enabled.

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

WAIT Ipo_wair  |LPFLL core disabled, system @48MHz, bus 25°C — 477 4.87 mA
@24MHz, flash disabled (flash doze
enabled), VDD=5 V, all peripheral
clocks disabled

IRC48M core disabled, system @48 MHz, bus 25°C — |4.46 4.56
@24MHz, flash disabled (flash doze
enabled), VDD=5 V, all peripheral
clocks disabled

VLPW Iop_vipw  |IRC8M Very Low Power Wait current, core 25°C — |609 644 A
disabled system@4MHz, bus and
flash@ 1MHz, all peripheral clocks
disabled, VDD=5V

IRC2M Very Low Power Wait current, core 25 °C — |525 560
disabled system@2MHz, bus and
flash@ 1MHz, all peripheral clocks
disabled, VDD=5V

STOP Ibb_stoP |- Stop mode current, VDD=5V, bias 25°Cand |[— |23 25 A
enabled 2, clock bias enabled - 3 below
50 °C — |25 27
85 °C — |36 39
105 °C — 52 57
STOP Ibb_stop |- Stop mode current, VDD=5V, bias 25°Cand |[— |20 22 MA
enabled 2, clock bias disabled - 3 below
50 °C — |22 25
85 °C — |38 41
105 °C — |48 61

Table continues on the next page...
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Table 29. Power consumption operating behaviors (48 LQFP and 44 LQFP) (continued)

Mode Symbol Clock Description Temperat| Min| Typ Max' | Uni
Configur ure t
ation
VLPS Ibb vips |- Very Low Power Stop current, VDD=5V, |25 °Cand |— (23 25 A
bias enabled 2, clock bias enabled - 3 below
50 °C — |25 27
85°C — |36 39
105 °C — |50 55
VLPS Ipb vips |- Very Low Power Stop current, VDD=5V, [25°C and |— (20 22 A
bias enabled 2, clock bias disabled -3  |below
50 °C — |22 25
85°C — |33 41
105 °C — |48 61
1. These values are based on characterization but not covered by test limits in production.
2. PMC_REGSCIBIASDIS] is the control bit to enable or disable bias under STOP/VLPS mode.
3. PMC_REGSC[CLKBIASDIS] is the control bit to enable or disable clockbias under STOP/VLPS mode.
Table 30. Power consumption operating behaviors (40 QFN)
Mode Symbol Clock Description Temperat| Min| Typ Max! | Unit
Configura ure
tion
RUN Ibb_RUN LPFLL Running CoreMark in Flash in Compute |25 °C — |8.09 8.33 mA
Operation mode. 105 °C —_ 837 8.62
Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V
LPFLL Running CoreMark in Flash all peripheral |25 °C — |8.76 9.02
clock disabled. 105 °C — |o.04 9.31
Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V
LPFLL Running CoreMark in Flash, all 25 °C — 9.76 10.05
peripheral clock enabled. 105 °C — l10086 10.36
Core @48MHz, bus@24MHz, flash
@24MHz, VDD=5V
LPFLL Running While(1) loop in Flash, all 25°C — |6.65 6.85
peripheral clock disabled. 105 °C — 601 712
Core@48MHz, bus@24MHz, flash
@24MHz, VDD=5V
LPFLL Running While(1) loop in Flash all 25°C — |7.66 7.89
peripheral clock enabled. 105 °C — |7.04 8.18
Core@48MHz , bus@24MHz, flash
@24MHz, VDD=5V
IRC48M Running CoreMark in Flash in Compute |25 °C — |78 8.03
Operation mode. 105 °C — |7.97 8.21

Table continues on the next page.

42

NXP Semiconductors

Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020




MKE14Z64VLF4R NXP USA Inc. MT64P 48LQFP

Electrical characteristics

Table 30. Power consumption operating behaviors (40 QFN) (continued)

Mode

Symbol

Clock
Configura
tion

Description

Temperat
ure

Min

Typ

Max!

Unit

Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V

IRC48M

Running CoreMark in Flash all peripheral

25°C

8.46

8.71

clock disabled.

Core@48MHz, bus @24MHz, flash
@24MHz, VDD=5V

105 °C

8.64

8.90

IRC48M

Running CoreMark in Flash, all

25°C

9.47

9.75

peripheral clock enabled.

Core@48MHz, bus@24MHz, flash
@24MHz, VDD=5V

105 °C

9.64

9.93

IRC48M

Running While(1) loop in Flash, all

25°C

6.35

6.54

peripheral clock disabled.

Core @48MHz, bus@24MHz, flash
@24MHz, VDD=5V

105 °C

6.55

6.75

VLPR

Ipp_viLPR

IRC8M

Very Low Power Run Core Mark in Flash
in Compute Operation mode.

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

25°C

1480

1670

IRC8M

Very Low Power Run Core Mark in Flash
all peripheral clock disabled.

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

25°C

1580

1783

IRC8M

Very Low Power Run Core Mark in Flash
all peripheral clock enabled.

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

25°C

1510

1704

IRC8M

Very Low Power Run While(1) loop in
Flash all peripheral clock disabled.

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

25°C

701

791

IRC8M

Very Low Power Run While(1) loop in
Flash all peripheral clock enabled.

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

25°C

765

863

IRC2M

Very Low Power Run While(1) loop in
Flash all peripheral clock disabled.

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

25°C

571

644

IRC2M

Very Low Power Run While(1) loop in
Flash all peripheral clock enabled.

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

25°C

609

687

A

Table continues on the next page...
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Table 30. Power consumption operating behaviors (40 QFN) (continued)

Mode Symbol Clock Description Temperat| Min| Typ Max' | Unit
Configura ure
tion
WAIT Ibb_waIT LPFLL core disabled, system @48MHz, bus 25°C — |4.77 5.37 mA
@24MHZz, flash disabled (flash doze
enabled), VDD=5 V, all peripheral clocks
disabled
IRC48M core disabled, system @48 MHz, bus 25 °C — |4.46 5.02
@24MHZz, flash disabled (flash doze
enabled), VDD=5 V, all peripheral clocks
disabled
VLPW Ioo_vipw  |IRC8M Very Low Power Wait current, core 25°C — |609 747 HA
disabled system@4MHz, bus and
flash@ 1MHz, all peripheral clocks
disabled, VDD=5V
IRC2M Very Low Power Wait current, core 25°C — |525 644
disabled system@2MHz, bus and
flash@1MHz, all peripheral clocks
disabled, VDD=5V
STOP Ibb_stor |- Stop mode current, VDD=5V, bias 25°Cand |— |23 31 pA
enabled 2, clock bias enabled 3 below
50 °C — 25 51
85°C — |36 74
105 °C — |b2 103
STOP Ibb_stop |- Stop mode current, VDD=5V, bias 25°Cand |— |20 28 MA
enabled 2, clock bias disabled - 3 below
50 °C — |22 46
85°C — |33 69
105 °C — |48 100
VLPS Ibp_vips - Very Low Power Stop current, VDD=5V, |25°Cand |— |23 31 A
bias enabled 2, clock bias enabled 3 below
50 °C — |25 51
85°C — |36 74
105 °C — |50 102
VLPS Ibb_viLps - Very Low Power Stop current, VDD=5V, [25°Cand |— |20 27 MA
bias enabled 2, clock bias disabled : 3 below
50 °C — 22 46
85°C — |38 68
105 °C — |48 100

1. These values are based on characterization but not covered by test limits in production.
2. PMC_REGSCIBIASDIS] is the control bit to enable or disable bias under STOP/VLPS mode.

3. PMC_REGSC[CLKBIASDIS] is the control bit to enable or disable clockbias under STOP/VLPS mode.
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NOTE

CoreMark benchmark compiled using IAR 8.30 with
optimization level high, optimized for balanced.

Low power mode peripheral current adder — typical value

Symbol

Description

Typical

ILPTMR

LPTMR peripheral adder measured by placing the device in VLPS
mode with LPTMR enabled using LPO. Includes LPO power
consumption.

366 nA

lemp

CMP peripheral adder measured by placing the device in VLPS mode
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.

16 A

IrTC

RTC peripheral adder measured by placing the device in VLPS mode

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.

312 nA

ILPUART

LPUART peripheral adder measured by placing the device in VLPS
mode with selected clock source waiting for RX data at 115200 baud
rate. Includes selected clock source power consumption. (SIRC 8 MHz)

79 pA

lFTm

FTM peripheral adder measured by placing the device in VLPW mode
with selected clock source, outputting the edge aligned PWM of 100 Hz
frequency.

45 pA

labc

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 pA

ILpi2c

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 pA

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 YA

ILpspI

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 pA

Imscan

MSCAN peripheral adder measured by placing the device in RUN
mode, CAN baud rate = 125 kbps, loopback mode: MSCAN receives
the frame sent by itself continuously.

2354 pA

Irsi

TSI self-cap mode:

TSI peripheral adder measured by placing the device in RUN mode,
continuous TSI self-cap mode scan with 11.6 kHz switching clock.

784 pA

TSI mutual-cap mode:

TSI peripheral adder measured by placing the device in RUN mode,
continuous TSI mutual-cap mode scan with 37.22 kHz switching clock.

899 pA

Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020
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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

e Code execution from flash with cache enabled

* For the ALLOFF curve, all peripheral clocks are disabled except FTFA

RUN Current Vs Core Freq

Temperature =25,VDD=5V

9.00E-03

8.00E-03
7.00E-03
6.00E-03
S 00E-03 Clock Gates
4 .00E-02 - = 2. il ALLOFF
e ALLON
3.00E-03
2.00€-03
1.00E-03
0C0.00E+00 ) . i, \ . Core Freq
Core:Flash
1-1 12
Figure 9. Run mode supply current vs. core frequency
46 Kinetis KE1xZ with up to 64 KB Flash, Rev. 3, 06/2020

NXP Semiconductors



MKE14Z64VLF4R NXP USA Inc. MT64P 48LQFP

Electrical characteristics

VLPR Current Vs Core Freq

Temperature =25,VDD=5V
1.00€-03

900.00e-06

800.00e-06
700.00e-06

600.006-06 Clock Gates

500.00e-06 il ALLOFF
400.00€-06 sl AL LON
300.006-06
200.006-06
100.006-06
000.00€+00 Core Freq

Core:Flash

Figure 10. 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, available on http://www.nxp.com for 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
e AN2764: Improving the Transient Immunity Performance of Microcontroller-
Based Applications
e 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 to http://www.nxp.com.

2. Perform a keyword search for “EMC design”.

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

5.3.1.8 Capacitance attributes
Table 31. Capacitance attributes

Symbol Description Min. Max. Unit
Cina Input capacitance: analog pins — 7 pF
CinoD Input capacitance: digital pins — 7 pF

NOTE
Please refer to External Oscillator electrical specifications for
EXTAL/XTAL pins.

5.3.2 Switching specifications
5.3.2.1 Device clock specifications

Table 32. Device clock specifications

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

fsvys System and core clock — 48 MHz

feus Bus clock — 24 MHz
frLASH Flash clock — 25 MHz
fLpTMR LPTMR clock — 48 MHz

VLPR / VLPW mode'

fsvys System and core clock — 4 MHz

feus Bus clock — 1 MHz
fELASH Flash clock — 1 MHz
fERCLK External reference clock — 16 MHz
fLPTMR LPTMR clock — 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.

Low High
ViH
Input Signal Midpoint1 ZZL
. Vi . .
Fall Time —> —> Rise Time

The mldpomt is V||_ + (V|H - V||_) /2
Figure 11. Input signal measurement reference

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

* C.=30 pF loads

e 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 33. General switching specifications

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

2. 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.
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5.3.2.4 AC specifications at 3.3 V range
Table 34. Functional pad AC specifications

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

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

Name Prop Delay (ns) ' Rise/Fall Edge (ns) 2 Drive Load (pF)
Max Min Max
Normal drive I/O pad 17.5 5 17 25
28 9 32 50
High drive 1/O pad 19 5 17 25
26 9 33 50
CMOS Input 8 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 35. Functional pad AC specifications

Characteristic Symbol Min Typ Max Unit
I/O Supply Voltage Vdd ! 4 5.5 v
1. Max power supply ramp rate is 500 V/ms.
Name Prop Delay (ns) ! 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 1/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 36. Thermal operating requirements

Symbol | Description Min. Max. Unit Notes
Ty Die junction temperature -40 125 °C
Ta Ambient temperature -40 105 °C 1

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: Ty = Ta + Roya % 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 44-pin LQFP package
Table 37. Thermal characteristics for the 44-pin LQFP package

Rating Conditions Symbol Value Unit

Thermal resistance, Junction to Ambient Single layer board (1s) Rgua 74 °C/W
(Natural Convection)'- 2

Thermal resistance, Junction to Ambient Four layer board (2s2p) Regya 52 °C/W
(Natural Convection)': 2

Thermal resistance, Junction to Ambient Single layer board (1s) Rgyma 61 °C/W
(@200 ft/min)* 3

Table continues on the next page...
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Table 37. Thermal characteristics for the 44-pin LQFP package (continued)

Rating Conditions Symbol Value Unit

Thermal resistance, Junction to Ambient Four layer board (2s2p) Reyma 45 °C/W
(@200 ft/min)1- 3

Thermal resistance, Junction to Board* — Reys 32 °C/W

Thermal resistance, Junction to Case ® — Reyc 19 °C/W

Thermal resistance, Junction to Package Top® Natural Convection (N 5 °C/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.

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

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

4. 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.

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

6. 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 48-pin LQFP package

Table 38. Thermal characteristics for the 48-pin LQFP package

Rating Conditions Symbol Value Unit
Thermal resistance, Junction to Ambient Single layer board (1s) Reua 79 °C/W
(Natural Convection)': 2
Thermal resistance, Junction to Ambient Four layer board (2s2p) Reya 55 °C/W
(Natural Convection)'- 2
Thermal resistance, Junction to Ambient Single layer board (1s) Reyma 66 °C/W
(@200 ft/min)* 3
Thermal resistance, Junction to Ambient Four layer board (2s2p) Reuma 49 °C/W
(@200 ft/min)* 3
Thermal resistance, Junction to Board* — Reys 33 °C/W
Thermal resistance, Junction to Case 3 — Reyc 23 °C/W
Thermal resistance, Junction to Package Top® Natural Convection Wyt 6 °C/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 Thermal characteristics for the 40-pin QFN package
Table 39. Thermal characteristics for the 40-pin QFN package

Rating Board Type ' Symbol Value Unit

Junction to Ambient JESD51-9, 2s2p Reya 28.6 °C/W
Thermal Resistance 2
Junction-to-Top of JESD51-9, 2s2p Yyr 0.2 °C/W
Package Thermal
Characterization
Parameter 2

Junction to Case JESD51-9 Reuc 1.6 °C/W
Thermal Resistance 3

—_

Thermal test board meets JEDEC specification for this package (JESD51-9).

2. Determined in accordance to JEDEC JESD51-2A natural convection environment. Thermal resistance data in this
report is solely for a thermal performance comparison of one package to another in a standardized specified
environment. It is not meant to predict the performance of a package in an application-specific environment.

3. Junction-to-Case thermal resistance determined using an isothermal cold plate. Case is defined as the bottom of the

packages (exposed pad).

5.3.3.2.5 General notes for specifications at maximum junction temperature

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

Ty=Tx + (Rgyp X Pp)

where:
» T, = ambient temperature for the package (°C)
* Rgja =junction to ambient thermal resistance (°C/W)
* Pp = 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.
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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:

Rgja = Rgjc + Roca

where:
* Rgja =junction to ambient thermal resistance (°C/W)
* Rgjc =junction to case thermal resistance (°C/W)
* Rgca = case to ambient thermal resistance (°C/W)

Rgjc 1s device related and cannot be influenced by the user. The user controls the
thermal environment to change the case to ambient thermal resistance, Rgca. For
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.

To determine the junction temperature of the device in the application when heat sinks
are not used, the Thermal Characterization Parameter (\Wy7) can be used to determine
the junction temperature with a measurement of the temperature at the top center of the
package case using this equation:

Ty=Tr+ (Wit x Pp)

where:
* Tt = thermocouple temperature on top of the package (°C)
* WYy = thermal characterization parameter (°C/W)
* Pp = 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
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5.4.1 System modules

There are no specifications necessary for the device's 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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Single input buffer
(EXTAL WAVE) mux ref_clk

Differential input comparator
(HG/LP mode)

Peak detector
LP mode <——@

Driver
(HG/LP mode)

Pull down resistor (OFF)

—f{ e
ESD PAD [ 1ESD PAD
300 ohms 40 ohms

EXTAL pin :—EXTAL pin
1

1M ohms Feedback Resistor Series resistor for current
‘ ‘ limitation
[ \D\
il Crystal or resonator T
\Y4 \Y4

NOTE:
1. 1M Feedback resistor is needed only for HG mode.

Figure 12. Oscillator connections scheme (OSC)
NOTE

Data values in the following "External Oscillator electrical
specifications" tables are from simulation.

Table 40. External Oscillator electrical specifications (OSC)

Symbol | Description Min. Typ. Max. Unit | Notes
Vpp Supply voltage 27 — 5.5 \
Ibposc Supply current — low-gain mode (low-power mode) (HGO=0) 1
4 MHz — 200 — A
8 MHz — 300 — pA

Table continues on the next page...
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Table 40. External Oscillator electrical specifications (OSC)

(continued)

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

16 MHz — 1.2 — mA

24 MHz — 1.6 — mA

32 MHz — 2 — mA

40 MHz — 2.6 — mA
Ibposc Supply current — high-gain mode (HGO=1) 1

32 kHz — 25 — pA

4 MHz — 1 — mA

8 MHz — 1.2 — mA

16 MHz — 3.5 — mA

24 MHz — 5 — mA

32 MHz — 5.5 — mA

40 MHz — 6 — mA
Omxosc | Fast external crystal oscillator transconductance

32 kHz, Low Frequency Range, High Gain (32 kHz) 15 — 45 MA/V

Medium Frequency Range (4-8 MHz) 2.2 — 9.7 mA/V

High Frequency Range (8-40 MHz) 16 37 mA /V

ViH Input high voltage — EXTAL pin in external clock mode 1.75 — Vbp \

Vi Input low voltage — EXTAL pin in external clock mode Vss — 1.20 \

Cq EXTAL load capacitance — — —

C, XTAL load capacitance — — —

Re Feedback resistor
Low-frequency, high-gain mode (32 kHz) — 10 — MQ
Medium/high-frequency, low-gain mode (low-power — — — MQ
mode) (4-8 MHz, 8-40 MHz)

Medium/high-frequency, high-gain mode (4-8 MHz, — 1 — MQ
8-40 MHz)

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

Medium/high-frequency, high-gain mode (4-8 MHz, — 0 — kQ
8-40 MHz)

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

1. Measured at Vpp =5 V, Temperature = 25 °C. The current consumption is according to the crystal or resonator,
loading capacitance.
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2. C1 and C2 must be provided by external capacitors and their load capacitance depends on the crystal or resonator
manufacturers' 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, R 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 41. External Oscillator frequency specifications (OSC)

Symbol | Description Min. Typ. Max. Unit Notes
fosc_lo | Oscillator crystal or resonator frequency — Low 32 — 40 kHz
Frequency, High Gain Mode
fosc_me | Oscillator crystal or resonator frequency — 4 — 8 MHz
Medium Frequency
fosc_ni | Oscillator crystal or resonator frequency — High 8 — 40
Frequency
tyc_extat | INput clock duty cycle (external clock mode) 40 50 60 %
fec_exta | INput clock frequency (external clock mode) — — 50 MHz
tost Crystal startup time — 32 kHz Low Frequency, — 500 — ms 1
High-Gain Mode
Crystal startup time — 8 MHz Medium — 15 —
Frequency, Low-Power Mode
Crystal startup time — 8 MHz Medium — 2.5 —

Frequency, High-Gain Mode

Crystal startup time — 40 MHz High Frequency, — 2 —
Low-Power Mode

Crystal startup time — 40 MHz High Frequency, — 25 —
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 Fast internal RC Oscillator (FIRC) electrical specifications
Table 42. Fast internal RC Oscillator electrical specifications

Symbol Parameter Value Unit
Min. Typ. Max.
Frirc Fast internal reference frequency — 48 — MHz
lvop Supply current — 400 500 A
Funtrimmed |IRC frequency (untrimmed) Fircx — Fircx MHz
(1-0.3) (1+0.3)

Table continues on the next page...
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Table 42. Fast internal RC Oscillator electrical specifications
(continued)

Symbol Parameter Value Unit
min. | Typ. Max.
AFoL Open loop total deviation of IRC frequency over voltage and
temperature’
Regulator enable — +0.5 +1 %FERc
Tstartp | Startup time — 3 ps?
Tur Period jitter (RMS) — 35 150 ps

—

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.

NOTE
Fast internal RC Oscillator is compliant with CAN and LIN
standards.

5.4.2.2.2 Slow internal RC oscillator (SIRC) electrical specifications
Table 43. Slow internal RC oscillator (SIRC) electrical specifications

Symbol Parameter Value Unit
Min. Typ. Max.
Fsirc Slow internal reference frequency — 2 — MHz
8
lvop Supply current — 23 — A
Funtrimmed IRC frequency (untrimmed) — — — MHz
AFoL Open loop total deviation of IRC frequency over
voltage and temperature’
Regulator enable — — +3 %Fsirc
Tstartup Startup time — 6 — 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.

5.4.2.2.3 Low Power Oscillator (LPO) electrical specifications
Table 44. 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 A
Tstaryp | Startup Time — — 20 ps
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5.4.2.2.4 LPFLL electrical specifications
Table 45. LPFLL electrical specifications

Symbol Parameter Min. Typ. Max. Unit
lavg Power consumption 240 A
Tstart Start-up time 3.6 us
AF, Frequency accuracy over temperature and voltage -10 — 10 %
in open loop after process trimmed
AFg Frequency accuracy in closed loop —11 — 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 (FTFA) electrical specifications

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

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 46. NVM program/erase timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
thypgms | LONgword Program high-voltage time — 7.5 18 us —
thversser | Sector Erase high-voltage time — 13 113 ms 1
thversal | Erase All high-voltage time — 52 452 ms 1

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

5.4.3.1.2 Flash timing specifications — commands
Table 47. Flash command timing specifications

Symbol | Description Min. Typ. Max. Unit Notes

tg1secik | Read 1s Section execution time (flash sector) — — 60 ys 1
togmenk | Program Check execution time — — 45 us 1
trdrsre Read Resource execution time — — 30 ys 1
togma Program Longword execution time — 65 145 us —

Table continues on the next page...
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Table 47. Flash command timing specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
tersscr Erase Flash Sector execution time — 14 114 ms 2
trg1al Read 1s All Blocks execution time — — 0.9 ms 1
tdonce | Read Once execution time — — 25 us 1

togmonce | Program Once execution time — 65 — us —
tersall Erase All Blocks execution time — 70 575 ms 2
tiiykey | Verify Backdoor Access Key execution time — — 30 us 1
tersalu | Erase All Blocks Unsecure execution time — 70 575 ms 2

—

Assumes 25 MHz flash clock frequency.
2. Maximum times for erase parameters based on expectations at cycling end-of-life.

5.4.3.1.3 Flash high voltage current behaviors
Table 48. Flash high voltage current behaviors

Symbol Description Min. Typ. Max. Unit

Ipb_pam Average current adder during high voltage — 25 6.0 mA
flash programming operation

Ipb_ERS Average current adder during high voltage — 1.5 4.0 mA
flash erase operation

5.4.3.1.4 Reliability specifications
Table 49. NVM reliability specifications

Symbol | Description | Min. | Typ.! | Max. Unit Notes
Program Flash
trvmretp1ox | Data retention after up to 10 K cycles 5 50 — years —
twmretp1k | Data retention after up to 1 K cycles 20 100 — years —
Nvmeyep | CYcling endurance 10K 50K — cycles 2

1. Typical data retention values are based on measured response accelerated at high temperature and derated to a
constant 25 °C 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 —40 °C < T; < 125 °C.

5.4.4 Security and integrity modules

There are no specifications necessary for the device's security and integrity modules.
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5.4.5 Analog

5.4.5.1 ADC electrical specifications

5.4.5.1.1 12-bit ADC operating conditions
Table 50. 12-bit ADC operating conditions

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vppa Supply voltage Absolute 2.7 — 5.5 \Y,
AVppa |Supply voltage Delta to Vpp -100 0 +100 mV 2
(Vbp — Vbpa)
AVgsa |Ground voltage Delta to Vgg (Vsg -100 0 +100 mV 2
— Vssa)
Vrern | ADC reference voltage high 25 Vbba Vppa + \Y, 3
100m
Vrere |ADC reference voltage low -100 0 100 mV 3
Vapin | Input voltage VRerL — VREFH \
Rs Source impedendance fapck < 4 MHz — — 5 kQ
Rswi Channel Selection Switch — 0.5 1.2 kQ
Impedance
Rap Sampling Switch Impedance — 2 5 kQ
Cp1 Pin Capacitance — 3 — pF
Cpo Analog Bus Capacitance — — 5 pF
Cs Sampling capacitance — 4 5 pF
fanck |ADC conversion clock 2 40 48 MHz 4,5
frequency
Crate ADC conversion rate No ADC 20 — 1200 Ksps 7
hardware
averaging®
Continuous
conversions
enabled,
subsequent
conversion time

1. Typical values assume Vppa =5V, Temp = 25 °C, 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 Vgepy and VgggL pins, Vrern is internally tied to Vppa, and Vgep, is internally tied to
Vssa-

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

ADC conversion will become less reliable above maximum frequency.

When using ADC hardware averaging, refer to the device Reference Manual to determine the most appropriate setting

for AVGS.

7. Max ADC conversion rate of 1200 Ksps is with 10-bit mode
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EXTERMAL CIRCUIT

INTERNAL CIRCUIT SCHEME

Voo
Channel S
Source Filter Current Limiter Selection
"""""" e 3 i
Rs Iy Rg M AL Asw i
| P | 1L :I 1 [1
1 | - |
|

g

N

-
L L I

FIS Source impedance

Ry  Filter Resistance

Cr  Filter Capacitance

Ry Current Limiter Resistance

4 Channel Selection Switch Impedance
Sampling Switch Imp=dance

Cp  Pin Capacitance (two contributions: Cpq

Gz Sampling Capacitance

. Cpay

Figure 13. ADC input impedance equivalency diagram

5.4.5.1.2 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.
Table 51. 12-bit ADC characteristics (VREFH = Vppa, VREFL = VSSA)
Symbol | Description Conditions' Min. Typ.2 Max. 3 Unit Notes
Iopa_apc | Supply current at 2.7 470 515 pA @ 560 A 4
t0 5.5V 5V

Table continues on the next page...
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Table 51. 12-bit ADC characteristics (VrRern = Vbpas VRerL = Vssa) (continued)

Symbol | Description Conditions’ Min. Typ.2 Max. 3 Unit Notes
Sample Time 275 — Refer to ns
the
device's
Reference
Manual
TUE  |Total unadjusted error — +4.5 +6.11 LSB® 6
at2.7to 55V
DNL Differential non- — +0.8 +1.07 LSBS 6
linearity at2.7t0 5.5V
INL Integral non-linearity at — +1.4 +3.54 LSB® 6
27t055V
Ers Full-scale error at 2.7 — -2 -3.60 LSB® Vapin = Vopal
to5.5V
Ezs Zero-scale error at 2.7 — 2.7 -4.24 LSBS
to55V
Eq Quantization error at — — +0.5 LSB®
27t055V
ENOB |Effective number of — 11.3 — bits 7
bitsat2.7t0 5.5V
Signal-to-noise plus See ENOB — 70 — SINAD = 6.02 x
SINAD |distortion at 2.7 t0 5.5 dB ENOB + 1.76
\Y
EiL Input leakage error at lin X Ras mV Iin = leakage
27t055V current (refer to
the MCU's
voltage and
current operating
ratings)
Viemp_s |Temp sensor slope at | Across the full 1.492 1.564 1.636 mV/°C 8,9
27t055V temperature
range of the
device
Viemp2s | Temp sensor voltage |25 °C 730 740.5 751 mV 8,9
at2.7to 55V
1. All accuracy numbers assume the ADC is calibrated with Vrgry = Vppa
2. Typical values assume Vppa = 5.0 V, Temp = 25 °C, fapck = 48 MHz unless otherwise stated.
3. These values are based on characterization but not covered by test limits in production.
4. The ADC supply current depends on the ADC conversion clock speed, conversion rate and ADC_CFG1[ADLPC] (low

power). For lowest power operation, ADC_CFG1[ADLPC] must be set, the ADC_CFG2[ADHSC] bit must be clear with 1
MHz ADC conversion clock speed.

5. 1LSB = (Vrer - VRerL)/2N

6. ADC conversion clock < 16 MHz, Max hardware averaging (AVGE = %1, AVGS = %11)

7. Input data is 100 Hz sine wave. ADC conversion clock < 40 MHz.

8. ADC conversion clock < 3 MHz

9. The sensor must be calibrated to gain good accuracy, so as to provide good linearity, see also AN3031 for more detailed
application information of the temperature sensor.
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5.4.5.2 CMP with 8-bit DAC electrical specifications
Table 52. Comparator with 8-bit DAC electrical specifications

Symbol | Description Min. Typ. ! Max. Unit
Vbp Supply voltage 2.7 — 5.5 \
IbDHS Supply current, High-speed mode? A
within ambient temperature range — 145 200

IbpbLs Supply current, Low-speed mode? HA
within ambient temperature range — 5 10

VaIN Analog input voltage 0 0 - Vppx Vppx Vv

Vaio Analog input offset voltage, High-speed mode mV
within ambient temperature range -25 | +1 | 25

Vaio Analog input offset voltage, Low-speed mode mV
within ambient temperature range -40 | +4 | 40

tbHss Propagation delay, High-speed mode® ns
within ambient temperature range — | 30 | 200

tbLse Propagation delay, Low-speed mode?® ys
within ambient temperature range — | 0.5 | 2

tbHss Propagation delay, High-speed mode* ns
within ambient temperature range — | 70 | 400

toLss Propagation delay, Low-speed mode* ys
within ambient temperature range — | 1 | 5

tiDHS Initialization delay, High-speed mode 3 V&
within ambient temperature range — | 15 | 3

tioLs Initialization delay, Low-speed mode3 us
within ambient temperature range — | 10 | 30

Vuysto  |Analog comparator hysteresis, HystO (Va0) mV

within ambient temperature range — | 0 | —
Vuyst1 |Analog comparator hysteresis, Hyst1, High-speed mV
mode
within ambient temperature range — | 16 | 53
Analog comparator hysteresis, Hyst1, Low-speed
mode
within ambient temperature range — | 11 | 30

Vhyste | Analog comparator hysteresis, Hyst2, High-speed mV
mode
within ambient temperature range — | 32 | 90
Analog comparator hysteresis, Hyst2, Low-speed
mode
within ambient temperature range — | 22 | 53

Vhysts | Analog comparator hysteresis, Hyst3, High-speed mV
mode

Table continues on the next page...
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Table 52. Comparator with 8-bit DAC electrical specifications (continued)

Symbol | Description Min. Typ.' Max. Unit
within ambient temperature range — 48 133
Analog comparator hysteresis, Hyst3, Low-speed
mode
within ambient temperature range — 33 80
Ibacsb 8-bit DAC current adder (enabled) — 10 16 A
INL 8-bit DAC integral non-linearity -0.6 — 0.5 LSBS
DNL 8-bit DAC differential non-linearity -0.5 — 0.5 LSB
1. Typical values assumed at VDDA = 5.0 V, Temp = 25 °C, unless otherwise stated.
2. Difference at input > 200mV
3. Applied + (100 mV + Hyst) around switch point
4. Applied + (30 mV + 2 x Hyst) around switch point
5. 1 LSB = Vieference/256
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Figure 14. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 0)
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Figure 16. Typical hysteresis vs. Vin level (VDD =5 V, PMODE = 0)
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Figure 17. Typical hysteresis vs. Vin level (VDD =5 V, PMODE = 1)

5.4.6 Communication interfaces

5.4.6.1 LPUART electrical specifications
Refer to General AC specifications for LPUART specifications.

5.4.6.2 LPSPI electrical specifications

The Low Power Serial Peripheral Interface (LPSPI) provides a synchronous serial bus
with master and slave operations. Many of the transfer attributes are programmable.
The following tables provide timing characteristics for classic LPSPI timing modes.

All timing is shown with respect to 20% Vpp and 80% Vpp thresholds, unless noted, as
well as input signal transitions of 3 ns and a 30 pF maximum load on all LPSPI pins.

Table 53. LPSPI master mode timing

Num. Symbol | Description Min. Max. Unit Note
1 fspsck | Frequency of SPSCK foeripn/2048 | foeripn/2 Hz 1
2 tspsck | SPSCK period 2 X toeriph 2048 x ns 2
tperiph
tLead Enable lead time 1/2 — tspsck —
tLag Enable lag time 1/2 — tspsck —

Table continues on the next page...
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Table 53. LPSPI master mode timing (continued)

Num. Symbol | Description Min. Max. Unit Note
5 twspsck | Clock (SPSCK) high or low time toeriph - 30 1024 x ns —
tperiph

6 tsu Data setup time (inputs) 18 — ns —

7 th Data hold time (inputs) — ns —

8 ty Data valid (after SPSCK edge) — 15 ns —

9 tho Data hold time (outputs) 0 — ns —

10 tri Rise time input — tperiph - 25 ns —
tr Fall time input

11 tro Rise time output — 25 ns —
tro Fall time output

—

foeriph is LPSPI peripheral functional clock. On this device, the max value of fspsck should not exceed 25 MHz.

1. If configured as an output.
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure 18. LPSPI master mode timing (CPHA = 0)

2. tperiph = 1/fperiph
NOTE
High drive pin should be used for fast bit rate.
ss'
(OUTPUT) \
SPSCK < : V> R
(CPOL=0) / /a N ] /
(OUTPUT) £ S : 7 X
SPSCK | — . = | 4_@ .
(CPOL=1) N N \
(OUTPUT) y 1 7
MISO : >
(INPUT) | MSB IN2 BIT6...1 LSB IN
— e —
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1.If configured as output
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure 19. LPSPI master mode timing (CPHA = 1)
Table 54. LPSPI slave mode timing

Num Symbol | Description Min. Max. Unit Note
1 fspsck | Frequency of SPSCK 0 foeriph/2 Hz 1
2 tspsck | SPSCK period 2 X tperiph — ns 2
3 tLead Enable lead time 1 — toeriph —
4 tLag Enable lag time 1 — tperiph —
5 twspsck | Clock (SPSCK) high or low time tperiph - 30 — ns —
6 tsu Data setup time (inputs) 25 — ns —
7 th Data hold time (inputs) 3.5 — ns —
8 ta Slave access time — tperiph ns 3
9 tais Slave MISO disable time — tperiph ns 4
10 ty Data valid (after SPSCK edge) — 31 ns —
11 tho Data hold time (outputs) 0 — ns —
12 tRi Rise time input — tperiph - 25 ns —

e Fall time input
13 tro Rise time output — 25 ns —
tro Fall time output

1. foeriph is LPSPI peripheral functional clock. On this device, the max value of fspgck should not exceed 25 MHz.

2. tperiph = 1/fperiph

3. Time to data active from high-impedance state

4. Hold time to high-impedance state
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Figure 20. LPSPI slave mode timing (CPHA = 0)

(INPUT) \ 1

SLAVEMSB | X| BIT6...

Z

A
Y
)
H
f
Y

(aH
=(13)
SPSCK — — —
(CPOL=0) /| N /
(INPUT) 7 S | —A\—1 x
SPSCK z O Q2> = = =®
— T f—\ 4 \ s
(CPOL=1) /
(INPUT) \<—7/ —7/ \
(O{\J/”TSP%T)— rsf)tee { SLAVE| | MSB OUT BIT6W'1\1 >< SLAVE LSB OUT
> <(®) ~(D>
(MSSIT) MSBIN D [ BTe...1 Y+ LsBIN

Figure 21. LPSPI slave mode timing (CPHA = 1)

5.4.6.3 LPI2C
Table 55. LPI2C specifications

Symbol | Description Min. Max. Unit Notes
fscL SCL clock frequency |Standard mode (Sm) 0 100 kHz 1,2,3
Fast mode (Fm) 0 400
Fast mode Plus (Fm+) 0 1000
Ultra Fast mode (UFm) 0 5000
High speed mode (Hs-mode) 0 3400
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1. Hs-mode is only supported in slave mode.

2. The maximum SCL clock frequency in Fast mode with maximum bus loading (400pF) can only be achieved with
appropriate pull-up devices on the bus when using the high or normal drive pins across the full voltage range . The
maximum SCL clock frequency in Fast mode Plus can support maximum bus loading (400pF) with appropriate pull-up
devices when using the high drive pins. The maximum SCL clock frequency in Ultra Fast mode can support maximum
bus loading (400pF) when using the high drive pins. The maximum SCL clock frequency for slave in High speed mode

can support maximum bus loading (400pF) with appropriate pull-up devices when using the high drive pins. For more
information on the required pull-up devices, see I12C Bus Specification.
3. See the section "General switching specifications".

5.4.6.4 Modular/Scalable Controller Area Network (MSCAN)
Table 56. MSCAN Timing Parameters

Characteristic Symbol Min Max Unit

Baud Rate BRcan — 1 Mbit/s
CAN Wakeup dominant pulse filtered TwaKEUP — 15 us
CAN Wakeup dominant pulse pass TwaKEUP 5 — us

CAN_RX
CAN receive \

data pin =

(Input) TwaKeUP

< >
€

Figure 22. Bus Wake-up Detection

5.4.7 Human-machine interfaces (HMI)

5.4.7.1 Touch sensing input (TSI) electrical specifications
Table 57. TSI electrical specifications

Symbol Description Value Unit
Min Typ Max
IDD,EN Power — 500 600 A

consumption in
operation mode

IDD?DlS Power — 20 355 nA
consumption in
disable mode

Vgag Internal bandgap — 1.21

— Vv
reference voltage
VpRe Internal bias — 1.51 — Vv
voltage
C Internal integration — 90 — pF
capacitance

Table continues on the next page...
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Table 57. TSI electrical specifications (continued)

Symbol Description Value Unit
Min Typ Max
Fok Internal main clock — 16 — MHz
frequency

5.4.8 Debug modules

5.4.8.1 SWD electricals
Table 58. SWD full voltage range electricals

Symbol Description Min. Max. Unit
Vbpa Operating voltage 2.7 55 \Y

S1 SWD_CLK frequency of operation 0 25 MHz
S2 SWD_CLK cycle period 1/81 — ns
S3 SWD_CLK clock pulse width 15 — ns
S4 SWD_CLK rise and fall times — 3 ns
S9 SWD_DIO input data setup time to SWD_CLK rise 8 — ns
S10 SWD_DIO input data hold time after SWD_CLK rise 1.4 — ns
S11 SWD_CLK high to SWD_DIO data valid — 25 ns
S12 SWD_CLK high to SWD_DIO high-Z 5 — ns

(52 >
SWD_CLK (input)
Jle 5

Figure 23. Serial wire clock input timing
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Figure 24. Serial wire data timing

6 Design considerations

6.1 Hardware design considerations

This device contains protective circuitry to guard against damage due to high static
voltage or electric fields. However, take normal precautions to avoid application of any
voltages higher than maximum-rated voltages to this high-impedance circuit.

6.1.1 Printed circuit board recommendations

* Place connectors or cables on one edge of the board and do not place digital circuits
between connectors.

* Drivers and filters for I/O functions must be placed as close to the connectors as
possible. Connect TVS devices at the connector to a good ground. Connect filter
capacitors at the connector to a good ground. Consider to add ferrite bead or
inductor to some sensitive lines.

* Physically isolate analog circuits from digital circuits if possible.
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* Place input filter capacitors as close to the MCU as possible.

* For best EMC performance, route signals as transmission lines; use a ground
plane directly under LQFP packages; and solder the exposed pad (EP) to ground
directly under QFN packages.

6.1.2 Power delivery system

Consider the following items in the power delivery system:

* Use a plane for ground.

» Use a plane for MCU VDD supply if possible.

» Always route ground first, as a plane or continuous surface, and never as
sequential segments.

» Always route the power net as star topology, and make each power trace loop as
minimum as possible.

* Route power next, as a plane or traces that are parallel to ground traces.

* Place bulk capacitance, 10 uF or more, at the entrance of the power plane.

* Place bypass capacitors for MCU power domain as close as possible to each
VDD/VSS pair, including VDDA/VSSA and VREFH/VREFL.

* The minimum bypass requirement is to place 0.1 uF capacitors positioned as near
as possible to the package supply pins.

6.1.3 Analog design

Each ADC input must have an RC filter as shown in the following figure. The
maximum value of R must be RAS max if fast sampling and high resolution are
required. The value of C must be chosen to ensure that the RC time constant is very
small compared to the sample period.

MCU

Input signal 1 2 = ADCx

X
| 2&

Figure 25. RC circuit for ADC input
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High voltage measurement circuits require voltage division, current limiting, and over-
voltage protection as shown the following figure. The voltage divider formed by R1 —
R4 must yield a voltage less than or equal to VREFH. The current must be limited to
less than the injection current limit. External clamp diodes can be added here to protect
against transient over-voltages.

MCU

R2 R5
ADCx

High voltage input

-

2'1_'“

o

oo LS
L

BAT54SW

Figure 26. High voltage measurement with an ADC input

NOTE
For more details of ADC related usage, refer to AN5250:
How to Increase the Analog-to-Digital Converter Accuracy in
an Application.

6.1.4 Digital design
Ensure that all I/O pins cannot get pulled above VDD (Max I/0 is VDD+0.3V).

CAUTION
Do not provide power to I/O pins prior to VDD, especially the
RESET_b pin.

* RESET_b pin

The RESET_b pin is a pseudo open-drain I/O pin that has an internal pullup
resistor. An external RC circuit is recommended to filter noise as shown in the
following figure. The resistor value must be in the range of 4.7 kQ) to 10 k{; the
recommended capacitance value is 0.1 uF. The RESET_b pin also has a selectable
digital filter to reject spurious noise.
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VDD MCU

10k

RESET_b RESET_b

0.1uF

I||2 I‘I 2

Figure 27. Reset circuit

When an external supervisor chip is connected to the RESET_b pin, a series
resistor must be used to avoid damaging the supervisor chip or the RESET_b pin,
as shown in the following figure. The series resistor value (RS below) must be in
the range of 100 ( to 1 kQ depending on the external reset chip drive strength.
The supervisor chip must have an active high, open-drain output.

Supervisor Chip VDD MCU
% 10k
ouT 12 RESET_b
Active high, RS :L
open drain 0.1uF
A

Figure 28. Reset signal connection to external reset chip
e NMI pin

Do not add a pull-down resistor or capacitor on the NMI_b pin, because a low
level on this pin will trigger non-maskable interrupt. When this pin is enabled as
the NMI function, an external pull-up resistor (10 k() as shown in the following
figure is recommended for robustness.

If the NMI_b pin is used as an I/O pin, the non-maskable interrupt handler is
required to disable the NMI function by remapping to another function. The NMI
function is disabled by programming the FOPT[NMI_DIS] bit to zero.
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VDD MCU

10k

NMI_b

Figure 29. NMI pin biasing
* Debug interface

This MCU uses the standard ARM SWD interface protocol as shown in the
following figure. While pull-up or pull-down resistors are not required (SWD_DIO
has an internal pull-up and SWD_CLK has an internal pull-down), external 10 kQ
pull resistors are recommended for system robustness. The RESET_b pin
recommendations mentioned above must also be considered.

VDD

10k

<
o
O

SWD_DIO
SWD_CLK

©|N|or|w|=
Y ENS

0.1uF 0 RESET_b

2 |1__|

1

HDR_5X2

10k

| 2

Figure 30. SWD debug interface
* Unused pin

Unused GPIO pins must be left floating (no electrical connections) with the MUX

field of the pin’s PORTx_PCRn register equal to 0:0:0. This disables the digital
input path to the MCU.
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6.1.5 Crystal oscillator

When using an external crystal or ceramic resonator as the frequency reference for the
MCU clock system, refer to the following table and diagrams.

The feedback resistor, RF, is incorporated internally with the low power oscillators.
An external feedback is required when using high gain (HGO=1) mode.

The series resistor, RS, is required in high gain (HGO=1) mode when the crystal or
resonator frequency is below 2 MHz. Otherwise, the low power oscillator (HGO=0)
must not have any series resistance; and the high frequency, high gain oscillator with a
frequency above 2 MHz does not require any series resistance.

Table 59. External crystal/resonator connections

Oscillator mode Oscillator mode
Low frequency (32.768 kHz), high gain Diagram 3
High frequency (1-32 MHz), low power Diagram 2
High frequency (1-32 MHz), high gain Diagram 3
OSCILLATOR OSCILLATOR
EXTAL XTAL EXTAL XTAL

—H0— ! .
CRYSTAL 7|
Cx I Cy «| RESONATOR
o

2 |1
‘\‘ r

Figure 31. Crystal connection — Diagram 2

OSCILLATOR OSCILLATOR
EXTAL XTAL EXTAL XTAL
l;_1/\/\/\2_n l’_1WL‘I

RF - RF -
RS RS
N N
l’—1|D|2—ll 1 ID L
- CRYSTAL ™ -
cx —— - Cy «| RESONATOR
o o —

Figure 32. Crystal connection — Diagram 3

NOTE
For PCB layout, the user could consider to add the guard
ring to the crystal oscillator circuit.
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6.2 Software considerations

All Kinetis MCUs are supported by comprehensive NXP and third-party hardware and
software enablement solutions, which can reduce development costs and time to market.
Featured software and tools are listed below. Visit http://www.nxp.com/kinetis/sw for
more information and supporting collateral.

Evaluation and Prototyping Hardware

* Freedom Development Platform: http://www.nxp.com/freedom

IDEs for Kinetis MCUs

* MCUXpresso IDE: https://www.nxp.com/support/developer-resources/software-
development-tools/mcuxpresso-software-and-tools/mcuxpresso-integrated-
development-environment-ide:MCUXpresso-IDE

* Partner IDEs: http://www.nxp.com/kide

Run-time Software

* MCUXpresso Software Development Kit (SDK): https://www.nxp.com/support/
developer-resources/software-development-tools/mcuxpresso-software-and-tools/
mcuxpresso-software-development-kit-sdk: MCUXpresso-SDK

For all other partner-developed software and tools, visit http://www.nxp.com/partners.

7 Part identification

7.1 Description

Part numbers for the chip have fields that identify the specific part. You can use the
values of these fields to determine the specific part you have received.

7.2 Format

Part numbers for this device have the following format:

QKE## AFFFR TPPCCN
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7.3 Fields

This table lists the possible values for each field in the part number (not all
combinations are valid):

Table 60. Part number fields description

Field Description Values

Q Qualification status * M = Fully qualified, general market flow
e P = Prequalification

KE## Kinetis family e KE16, KE15, KE14

A Key attribute e Z = Cortex-MO+

FFF Program flash memory size * 32=32KB
* 64 =64 KB

R Silicon revision ¢ (Blank) = Main
* A = Revision after main

T Temperature range (°C) e V=-40t0 105

PP Package identifier * LD =44 LQFP (10 mm x 10 mm)
* LF =48 LQFP (7 mm x 7 mm)
* FP =40 QFN (5 mm x 5 mm)

CcC Maximum CPU frequency (MHz) e 4 =48 MHz

N Packaging type e R =Tape and reel
* (Blank) = Trays

7.4 Example
This is an example part number:

MKE16Z64VLF4

8 Revision history

The following table provides a revision history for this document.

Table 61. Revision history

Rev. No. Date Substantial Changes
2 01/2019 Initial public release.
3 06/2020 |40-QFN new package is added. Related sections (Ordering information, Pinout, Package,
Power consumption, Thermal characteristics, etc.) are updated.
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