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Chapter 1
Introduction

This section provides high-level descriptions of the modules available on the devices
covered by this document.

1.1 Introduction

The KW41Z is an ultra low power, highly integrated single-chip device that enables
Bluetooth low energy (BLE), IEEE Std. 802.15.4 RF and Generic FSK connectivity for
portable, extremely low-power embedded systems. Applications include portable health
care devices, wearable sports and fitness devices, AV remote controls, computer
keyboards and mice, gaming controllers, access control, security systems, smart energy
and home area networks.

The KW41Z SoC integrates a radio transceiver operating in the 2.36GHz to 2.48GHz
range supporting a range of FSK/GFSK and O-QPSK modulations, an ARM Cortex-MO0O+
CPU, up to 512 KB Flash and up to 128 KB SRAM, BLE Link Layer hardware, 802.15.4
packet processor hardware, Generic FSK Link layer controller hardware and peripherals
optimized to meet the requirements of the target applications.

The KW41Z's radio frequency transceiver is compliant with Bluetooth version 4.2 for
Low Energy (aka Bluetooth Smart or BLE), Generic FSK and the IEEE 802.15.4
standard using O-QPSK in the 2.4 GHz ISM band and the MBAN frequency range
spanning from 2.36 GHz to 2.40 GHz. In addition, the KW41Z allows the Bluetooth Low
Energy protocol to be used in the MBAN frequency range for proprietary applications.

The KW41Z can be used in applications as a "BlackBox" modem in order to add BLE or
IEEE Std. 802.15.4 or Generic FSK connectivity to an existing embedded controller
system, or may be used as a stand-alone smart wireless sensor with embedded application
where no host controller is required.

KW417Z has 512/256 KB of on-chip Flash and 128/64 KB of on-chip SRAM memory
available to be used by customer applications and chosen communication protocol stack
using a choice of either NXP or 3rd party software development tools.
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The RF section of the KW41Z is optimized to require very few external components,
achieving the smallest RF footprint possible on a printed circuit board.

Extremely long battery life is achieved though efficiency of code execution in the Cortex-
MO+ CPU core and the multiple low power operating modes of the KW41Z.
Additionally, an integrated DC-DC converter enables a wide operating range from 0.9 V
to 4.2 V. The DC-DC in Buck mode allows KW41Z to operate from a single coin cell
battery with a significant reduction of peak Rx and Tx current consumption. The DC-DC
in boost mode allows a single alkaline battery to be used throughout its entire useful
voltage range of 0.9 V to 1.795 V.

Table 1-1. KW412Z/312/21Z Part Numbers

Device Part Marking ggmgxration Package Description
MKW21Z512VHT4(R) M21W9VT4 512 KB Flash 48-pin Laminate |IEEE 802.15.4
128 KB SRAM S
MKW21Z256VHT4(R) M21W8VT4 256 KB Flash
64 KB SRAM
MKW31Z512CAT4(R) MKW31Z512CAT4 512 KB Flash 75-pin WLCSP Bluetooth Low Energy and
128 KB SRAM Generic FSK
MKW31Z512VHT4(R) M31W9VT4 512 KB Flash 48-pin Laminate | Bluetooth Low Energy and
128 KB SRAM QFN Generic FSK
MKW31Z256VHT4(R) M31W8VT4 256 KB Flash
64 KB SRAM
MKW41Z512CAT4(R) MKW41Z512CAT4 512 KB Flash 75-pin WLCSP Bluetooth Low Energy and
128 KB SRAM ::ESEKE 802.15.4 and Generic
MKW41Z2512VHT4(R) M41W9VT4 512 KB Flash 48-pin Laminate | Bluetooth Low Energy and
128 KB SRAM QFN ::ESEKE 802.15.4 and Generic
MKW41Z256VHT4(R) M41W8VT4 256 KB Flash
64 KB SRAM

1.2 Features Overview
The following section lists the features of the devices.

32-bit Cortex M0+ (enhanced M0) Central Processor Unit (CPU)
» Up to 48 MHz core frequency across temperature range of
* WLCSP temperature rating: -40 °C to 85 °C
* QFN temperature rating: -40 °C to 105 °C
* Supports up to 32 interrupt request sources
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 2-stage pipeline microarchitecture for reduced power consumption and improved
architectural performance (cycles per instruction)
 Bit Manipulation Engine (BME) for improved bit handling of peripheral modules
* Binary compatible instruction set architecture with the Cortex MO+ core
e Thumb instruction set combines high code density with 32-bit performance
* Serial Wire Debug (SWD) reduces the number of pins required for debugging
* Micro Trace Buffer (MTB) provides lightweight program trace capabilities using
system RAM as the destination memory

Input Voltage operation

* DCDC in Buck configurations supports 1.8 V to 4.25 V
* DCDC in Boost configuration supports 0.9 V to 1.795 V.
e Bypass Mode 1.7 Vto 3.6 V (1.45V - 3.6 V for the RF and 32 MHz OSC supplies)

On-chip Memory

e 512 KB of Flash memory, read/program/erase over full operating voltage and
temperature

* 128 KB of Low Power Random access memory (SRAM). Memory retention in most
low power modes

 Security circuitry to prevent unauthorized access to SRAM and Flash contents

Power-Saving

* Multiple power modes including low leakage state-retention and memory-retention
modes

* Peripheral clock enable registers can disable clocks to unused modules, reducing
currents.

System Clock Source Options

» Reference Oscillator — crystal reference oscillator, supports 32 MHz
» 32 kHz Oscillator — 32.768 kHz crystal reference oscillator
e Multipurpose Clock Generator(MCG)
* Frequency-locked loop (FLL) controlled by internal or external reference
e 20 MHz to 48 MHz FLL output
* Internal reference clocks — Can be used as a clock source for other on-chip
peripherals
* On-chip RC oscillator range of 31.25 kHz to 39.0625 kHz with 2% accuracy
across full temperature range
* On-chip 4 MHz oscillator with 5% accuracy across full temperature range.

System Protection
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 Standard Watchdog reset with option to run from dedicated 1 kHz internal clock
source or bus clock
* Low-voltage detection with reset or interrupt; selectable trip points
» HardFault exception on attempts to execute undefined instructions or access to
undefined memory space
* LOCKUP reset resource from core
 Flash Read\Write protection
* Firmware distribution protection: Flash can be marked execute-only on a per-
segment (8 KB) basis to prevent firmware contents from being read by third parties.

Development Support

* Two-wire Serial Wire Debug interface

 Breakpoint unit supporting up to 2 hardware breakpoints
* Watchpoint unit supporting up to 2 watchpoints

* Micro Trace Buffer provides program trace capabilities

Peripherals

* DMA — 4-channel DMA. Bus master provides very configurable source-to-
destination data movement capabilities supporting either software-triggered or
peripheral-paced transfers

* ADC — up to 5 external channels, 16-bit resolution analog-to-digit converter, fully
functional in the entire voltage range. Performance for the ADC depends on package
pinout.

* DAC — 12-bit resolution.

* VREF — Voltage reference supply accurate voltage output that can be trimmed in
0.5 mV steps.

* HSCMP — high speed comparator with internal 6-bit DAC

e PIT — 2-channel 32-bit timer module that can be used to assert interrupts or to
provide one more time base.

e LPTPM — One 4-channel, and two 2-channel; Basic TPM function. Timer/Pulse-
Width Modulator Module supporting input capture, output compare.

* LPTMR — Low Power Timer that can wakeup CPU from all low power modes

* RTC — Robust 32-bit Real Timer Clock with hardware compensation

* CMT — Carrier Modulation Timer used to drive IR communications.

» AESA — AES-128 Accelerator with DMA support

* TRNG — True Random Number Generator

 LPUART — Serial Communication Interface with DMA support and hardware flow
control (RTS\CTYS)..

* SPI — Two Serial Peripheral Interfaces with DMA support

e [2C — Two Inter-Integrated Circuit modules with SMBUS 2.0 and DMA support
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e GPIO — Port interrupt capability on all the GPIO pins.
* Capacitive Touch Sensing Interface (TSI) with full low-power support and minimal
current adder when enabled

Radio

* 2.4GHz ISM band (2400-2483.5 MHz) and MBAN 2360-2400 MHz operation
* Generic FSK and O-QPSK Modulation
* Supported Standards
* Bluetooth Low Energy ver.4.2 supporting up to 2 simultaneous hardware
connections
* Generic(G) FSK modulation capability in Medical Body Area Network (MBAN)
frequency bands spanning from 2360 MHz to 2400 MHz
e Zigbee 3.0
* IEEE Std. 802.15.4 compliant with dual-PAN support
* Bluetooth Low Energy Link Layer hardware
e Hardware acceleration for IEEE Std. 802.15.4 packet processing
* 26 MHz (BLE/Generic FSK only) or 32 MHz crystal reference oscillator
* Generic FSK Link Layer hardware
* Single RF port shared by both transmit and receive
* Supports diversity antenna options for 802.15.4
* Supports dual PAN for 802.15.4 with hardware-assisted address matching
acceleration
* Low external component count
* Supports external PA and LNA

NOTE
Refer to the latest version of product datasheet for receiver and
transmitter performance and other specifications.

1.3 Feature Summary

The following table lists the features integrated on device.

Table 1-2. Feature Summary

Feature | Device

Hardware Characteristics

Package 48-pin Laminate QFN (7 x 7 mm, 0.5 mm pitch)
75-pin WLCSP (3.893 x 3.797 mm, 0.4 mm pitch)
Voltage range DCDC in Buck/boost configurations supports 0.9 Vo 4.2V
Bypass configuration: 1.71 V to 3.6 V (1.45-3.6 V for RF and OSC supplies)

Table continues on the next page...
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Table 1-2. Feature Summary (continued)

Feature

Device

Temperature range (Ta)

WLCSP temperature rating: -40 °C to 85 °C
QFN temperature rating: -40 °C to 105 °C

System

Central processing unit (CPU)

ARM Cortex-MO0+ core (32 bit)

Max. CPU frequency

48 MHz (4 MHz in VLPR mode)

Max. Bus frequency

24 MHz (1 MHz in VLPR mode)

Nested vectored Interrupt
controller (NVIC)

32 vectored interrupts

4 programmable interrupt priority levels

Low Power Modes

Run, Wait, Stop and Partial Stop
Compute operation mode
Very low power run (VLPR), wait (VLPW), and stop (VLPS)
Low Leakage Stop (LLS3, LLS2)
Very Low Leakage Stop (VLLS3,VLLS2, VLLS1, VLLSO)

Low-leakage Wakeup Unit (LLWU)

external wake-up pins with digital glitch filter

as well as internal wake-up sources

Non-maskable interrupt (NMI)

Yes

Software COP (COP)

Yes

Debug and Trace

2-pin serial wire debug (SWD)
Micro trace buffer (MTB) + Data Watchpoint and Trace (DWT)

Unique Identification (ID) Numbers

80-bit wide unique device ID

Additional 40bit unique value for creating MAC address

Memory
Flash memory Up to 512 KB with 128 byte flash cache
Random-access memory (RAM) Up to 128 KB
System Register File 32 bytes

Clocks

Reference crystal oscillator or
resonator

Crystal reference oscillator, ability to bypass oscillator with external clock. Supports 26
MHz (BLE/Generic FSK only) or 32 MHz

32 kHz External crystal oscillator

Supports 32 kHz or 32.768 kHz crystal/resonator, or external 32/32.768kHz clock

Internal clock references

31.25 to 39.063 kHz oscillator with +2% max. deviation across temperature
4MHz oscillator with 5% max. deviation across temperature

1 kHz oscillator

Frequency-locked loop (FLL)

20 - 48 MHz

Human-Machine Interface (HMI)

General-purpose input/output
(GPIO)

Default to disabled (no leakage)
Hysteresis and configurable pull up/down device on all input pins
Configurable drive strength and/or slew rate on some pins
up to 10 pins (package dependent) with 20 mA high current drive ability
Single cycle GPIO control via IOPORT

Table continues on the next page...
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Table 1-2. Feature Summary (continued)

Feature

Device

Touch Sensor Input (TSI)

Up to 16-channels (package dependent)
Selectable single channel wakeup source available in all low power modes

DMA support

General Purpose Analog

Power management controller
(PMC)

Low voltage warning and detect with selectable trip points
1 kHz LPO

16-bit analog-to-digital converter
(ADC)

Up to 7 external channels
Linear successive approximation algorithm
Internal Temp Sensor and Battery Monitor
DMA support

High speed comparator (HSCMP)
with internal 6-bit digital-to-analog
converter (DAC)

Up to 5 external channels

12-bit DAC

2x16bit data buffer
DMA support

VREFH from on-chip voltage reference

Voltage Reference(VREF1)

Supply an accurate 1.2 V voltage output

Timers

16-bit TPM timer (LPTPM x3)

one 4-channel without quadrature decode
two 2-channel with quadrature decode
basic TPM function

PWM generation built in

32-bit Programmable interrupt
timer (PIT)

2 channel

Real-time clock (RTC)

32-bit seconds counter

16-bit prescaler with compensation

Low-power Timer (LPTMR)

1-channel, 16-bit pulse counter or periodic interrupt

functional in all power modes

Communication Interfaces

Serial peripheral interface (2x SPI)

Two DSPI with 4-entry TX/CMD and RX FIFOs
Master mode and slave mode functions
Supports multiple chip selects in master mode
Programmable transfer lengths
DMA Support

Inter-Integrated Circuit (2x 12C)

Two 12C modules

Universal asynchronous receiver/
transmitter (LPUART)

Standard features
Tx pin pseudo open drain with enable/disable programmable
configurable x4 to x32 oversampling
Functional in STOP/VLPS modes

Table continues on the next page...
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Table 1-2. Feature Summary (continued)

Feature Device
Hardware Flow Control (RTS/CTS)

DMA Support

Carrier Modulation Timer (CMT) Direct drive of IR LED.
Radio
Operating Frequency range ISM: 2400 - 2483.5 MHz
MBAN: 2360 - 2400 MHz
Antenna and RF match support Support for External, PCB and Ceramic chip antenna
Common Rx/Tx antenna terminals Use 1 single end pin for Rx and Tx
Extended range options Capable of supporting an external PA of +30 dB gain
Supports +10 dB external LNA
Security Support

Encryption AES-128 Accelerator supporting ECB, CBC, CTR, CCM and CCM*, CMAC, and XCBC-

MAC modes
TRNG True Random Number Generator

ESD/EFT

Human Body Model (HBM) >+ /-2000 V
JEDEC STD 2, method A114 All package pins,including RF pins.
Charge Device Model (CDM) +/-500 V
JEDEC STD 2, method C101 All package pins,including RF pins.

1.4 Block Diagram

ARM Cortex M0+ Core
32K Osc
Serial Wire Debug —»= DAP | MDM NVIC — wic  DMAMUX D i
DWT : IRC 26M or
uTe | UniiedBus IOPORT 4ch DMA FLL 32kHz | 32MOSC
AHBLite AHBLite
Mo M2A

SIM ADC
Flash GPIO FIT 122
128/64 KB Controller + * : 4
SRAM } smc cMP ‘ TPM x3 LPUART
e . . - - | APsite
512/256 KB

RCM DAC TRNG LPTMR SPI x2 Radio

A ALl Al [ [ s
VDCDC,IN—» PMC VREF TSI RTC CMT PS ‘ APB

AR $LU by 4 il il

Figure 1-1. KW41Z Detailed Block Diagram
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Chapter 2
Signal Multiplexing and Signal Descriptions

This section illustrates which of this device’s signals are multiplexed on which external
pin.

2.1 Pinouts
Device pinout are shown in figures below.

2 2 FE 2 TN 0 v ¥ o o =
O O [6) O Q (&) O O (&) O O O
F F F F O F F F F EF E F
o o o o > o o o o o o o
i rrrr
. «© ~ © e} < (] o - o N «Q ~
< < < < < < < < < @ @ o
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o o O 0O
PTA16 [ | 4 33 [ ] ANT
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PTA18 [ |6 31 [ ] XTAL
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35 B EEgEoppp &
| ® = o o o a o B B B |
Q & & = 3
S a4 5 2
O o O
S
;I
[a]
> *pin 49 - 64 are ground

Figure 2-1. 48-pin Laminate QFN pinout diagram
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1 2 3 4 5 6 7 8 9
A VSs PTC3 PTC4 PTC7 PTC16 PTC18
B GANT ANT VDD_RF2 | VDD_RF1 vss PTC2 PTC6 PTC17 PTA1
c XTAL VDD_RF3 vss VSs PTCO PTCH PTCS PTC19 PTA2
D EXTAL VSs vss VSs vss VSs VDD_1 PTAO PTA17
E XTAL.OUT |  vss vss vss vss VDD_1 PTA16 PTA18 PTA19
F VDDA VREZHJ¥ REFl  prp1g VsSs vss Vss vss DCDC_CFG | PSWITCH
G VSSA VSSA vss VSs PTB3 PTB2  |VDD_1P8OUT| DCDC_GND| VDCDC_IN
H ADCODMO |  vss PTB17 PTB16 vss PTB1 VDDM};T&P DCDC_LN | DCDC_LP
J ADCO_DPO |  VSS VDD_0 PTBO vss VDD—;ES—C

= No Ball

Figure 2-2. KW41 75-pin WLCSP Pinout Diagram

2.2 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and locations of these pins on
the packages supported by this device. The Port Control Module is responsible for
selecting which ALT functional is available on each PTxy pin.
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NOTE
On the 75 WLCSP, VDD_1P5_CAP and VDD_1P5_PMCIN
should be tied together external to the device.

Table 2-1. KW41Z Pin Assignments

Kw41 Kw41 Pin DEFAUL ALTO ALT1 ALT2 | ALT3| ALT4 | ALT | AL | ALT7
Z(48 | (WLCSP)| Name T 5 T6
LGA/
Lamin
ate
QFN)
1 D8 PTAO SWD_DIO |TSIO_CH8 PTAO SPIO_P TPM SWD_
CSH1 1_CH DIO
0
2 B9 PTA1 SWD_CLK|TSI0O_CH9 PTA1 SPI1_P TPM SWD_
CSo 1_CH CLK
1
3 Co PTA2 RESET_b PTA2 TPM RESE
0_CH T b
3
4 E7 PTA16 DISABLE |TSI0O_CH10 PTA16/ SPI1_S TPM
D LLWU_P4 ouT 0_CH
0
5 D9 PTA17 DISABLE |[TSIO_CH11 PTA17/ SPI1_SI TPM
D LLWU_P5/ N _CLK
RF_RESET IN1
6 E8 PTA18 DISABLE |[TSI0O_CH12 PTA18/ SPI1_S TPM
D LLWU_P6 CK 2_CH
0
7 E9 PTA19 DISABLE |[TSI0O_CH13/ PTA19/ SPI1_P TPM
D ADCO_SE5 LLWU_P7 CSo 2 _CH
1
F9 PSWITCH |PSWITCH |PSWITCH
F8 DCDC_C |DCDC_CF |DCDC_CFG
FG G
10 G9 VDCDC_I |VDCDC_| |VDCDC_IN
N N
11 H9 DCDC_LP |DCDC_LP [DCDC_LP
12 H8 DCDC_LN|DCDC_LN |DCDC_LN
13 G8 DCDC_G |(DCDC_G |DCDC_GND
ND ND
14 G7 VDD_1P8 |VDD_1P8 |VDD_1P8OUT
ouT ouT
15 VDD_1P5 |VDD_1P5 |VDD_1P50UT_
OUT_PM |OUT_PM |[PMCIN
CIN CIN
J8 VDD_1P5 |VDD_1P5 |VDD_1P5_CAP
_CAP _CAP
H7 VDD_1P5 |VDD_1P5 |VDD_1P5_PMC
_PMCIN |_PMCIN |IN

Table continues on the next page...
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Table 2-1. KW41Z Pin Assignments (continued)

Kw41 Kw41 Pin DEFAUL ALTO ALT1 ALT2 | ALT3| ALT4 | ALT | AL | ALT7
Z(48 | (WLCSP)| Name T 5 T6
LGA/
Lamin
ate
QFN)
16 J6 PTBO DISABLE PTBO/ 12C0_ [CMPO_ [TPM CLKO
D LLWU_P8/ SCL |OUT 0_CH uT
XTAL_OUT_E 1
N
17 H6 PTB1 DISABLE [ADCO_SE1/ PTB1 DTM_R |I12C0_ |[LPTMR|TPM CMT_I
D CMPO_IN5 X SDA |0_ALT |0_CH RO
1 2
18 G6 PTB2 DISABLE |[ADCO_SE3/ PTB2 RF_NOT|DTM_ TPM
D CMPO_IN3 _ALLO |TX 1_CH
WED 0
19 G5 PTB3 DISABLE |ADCO_SE2/ PTB3 CLKO |TPM RTC_
D CMPO_IN4 uT 1_CH CLKO
1 uT
20 J5 VDD_0 vVDD_0 VDD_0
21 H4 PTB16 EXTAL32 |EXTAL32K PTB16 12C1_ TPM
K SCL 2 _CH
0
22 H3 PTB17 XTAL32K |[XTAL32K PTB17 12C1_ TPM BSM_
SDA 2_CH CLK
1
23 F3 PTB18 NMI_b DACO_OUT/ PTB18 12C1_ [TPM_C|TPM NMI_b
ADCO_SE4/ SCL |LKINO |0_CH
CMPO_IN2 0
24 J1 ADCO_DP |ADCO_DP |ADCO_DPO0O/
0 o/ CMPO_INO
CMPO_IN
0
25 H1 ADCO_D |ADCO_DM |ADCO_DMO/
MO o/ CMPO_IN1
CMPO_IN
1
26 G1, G2 VSSA VSSA VSSA
27 F2 VREFH/ |VREFH/ |VREFH/
VREF_O |[VREF_OU |VREF_OUT
uT T
28 F1 VDDA VDDA VDDA
29 E1 XTAL_OU |[XTAL_OU [XTAL_OUT
T T
30 D1 EXTAL EXTAL EXTAL
31 C1 XTAL XTAL XTAL
32 c2 VDD_RF3 |VDD_RF3 |VDD_RF3
33 B2 ANT ANT ANT
34 B1 GANT GANT GANT

Table continues on the next page...
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Table 2-1. KW41Z Pin Assignments (continued)

Kw41 KwW41 Pin DEFAUL ALTO ALT1 ALT2 | ALT3| ALT4 | ALT | AL | ALT7
Z(48 | (WLCSP)| Name T 5 T6
LGA/
Lamin
ate
QFN)
35 B3 VDD_RF2 |VDD_RF2 |VDD_RF2
36 B4 VDD_RF1 |VDD_RF1 |VDD_RF1
C5 PTCO DISABLE PTCO/ ANT_A [I2CO_ |LPUAR |TPM
D LLWU_P9 SCL |[TO_CT |0_CH
S b 1
37 C6 PTCH DISABLE PTCA1 ANT_B [I2CO_ |LPUAR |TPM BLE_R
D SDA |TO_RT |0_CH F_ACT
S b 2 IVE
38 B6 PTC2 DISABLE |TSIO_CH14/ PTC2/ TX_SWI [I12C1_ |LPUAR |CMT DTM_
D DIAG1 LLWU_P10 TCH SCL |[TO_RX [_IRO RX
39 A5 PTC3 DISABLE |TSIO_CH15/ PTC3/ RX_SWI |12C1_ |LPUAR [TPM DTM_
D DIAG2 LLWU_P11 TCH SDA |[TO_TX |0_CH TX
1
40 A6 PTC4 DISABLE |TSI0O_CHO0/ PTC4/ ANT_A |[EXTR |LPUAR|TPM BSM_
D DIAG3 LLWU_P12 G_IN |[TO_CT |1_CH DATA
S b 0
41 Cc7 PTC5 DISABLE |TSIO_CH1/ PTC5/ RF_NOT|LPTM |LPUAR [TPM BSM_
D DIAG4 LLWU_P13 _ALLO |RO_A |TO_RT [1_CH CLK
WED LT2 |S_b 1
42 B7 PTC6 DISABLE |TSI0O_CH2 PTCe6/ 12C1_ |LPUAR |TPM BSM_
D LLWU_P14/ SCL |[TO_RX |2_CH FRAM
XTAL_OUT_E 0 E
N
43 A7 PTC7 DISABLE |TSI0O_CH3 PTC7/ SPIO_P |I12C1_ |[LPUAR |TPM BSM_
D LLWU_P15 CSs2 SDA |[TO_TX |2_CH DATA
1
44 E6, D7 VvDD_1 VDD_1 VDD_1
45 A8 PTC16 DISABLE |TSIO_CH4 PTC16/ SPIO_S |I12C0_ |LPUAR |TPM
D LLWU_PO CK SDA |TO_RT |0_CH
S b 3
46 B8 PTC17 DISABLE |TSIO_CH5 PTC17/ SPIO_S |I12C1_ [LPUAR |[BSM DTM_
D LLWU_P1 ouT SCL |[TO_RX |_FRA RX
ME
47 A9 PTC18 DISABLE |TSIO_CHe6 PTC18/ SPIO_SI |12C1_ [LPUAR |[BSM DTM_
D LLWU_P2 N SDA |[TO_TX |_DAT TX
A
48 (01:] PTC19 DISABLE |TSIO_CH7 PTC19/ SPIO_P |12C0_ [LPUAR |[BSM BLE_R
D LLWU_P3 CSo SCL |TO_CT |_CLK F_ACT
S b IVE
49-64 |A4, B5, Ground NA
C3, C4,
D2, D3,
D4, D5,
D6, E2,
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Table 2-1. KW41Z Pin Assignments

KW41| Kw41 Pin DEFAUL ALTO ALT1 ALT2 | ALT3| ALT4 | ALT | AL | ALT7
Z(48 | (WLCSP)| Name T 5 T6
LGA/
Lamin
ate
QFN)
E3, E4,
E5, F4,
F5, F6,
F7, G3,
G4, H2,
H5, J2, J7
2.3 KW41 Signal Descriptions
Table 2-2. KW41 Signal Descriptions
Signal Name Description Type
ADCO0_DMO ADC Channel 0 Differential Input Negative A
ADCO_DPO ADC Channel 0 Differential Input Positive A
ADCO_SEA1 ADC Channel 0 Single-ended Input 1 A
ADCO_SE2 ADC Channel 0 Single-ended Input 2 A
ADCO_SE3 ADC Channel 0 Single-ended Input 3 A
ADCO_SE4 ADC Channel 0 Single-ended Input 4 A
ADCO_SE5 ADC Channel 0 Single-ended Input 5 A
ANT_A Fast Antenna Diversity D
ANT_B Fast Antenna Diversity D
BLE_RF_ACTIVE Signal to indicate future BLE activity. Refer BLE Link Layer for more D
details.
CLKOUT Internal Clocks Monitoring D
CMPO_INO Comparator0 Input 0 D
CMPO_IN1 ComparatorQ Input 0 D
CMPO_IN2 Comparator0 Input 0 D
CMPO_IN3 Comparator0 Input 0 D
CMPO_IN4 Comparator0 Input 0 D
CMPO_IN5 Comparator0 Input 0 D
CMPO_OUT Comparator0 Output D
CMT_IRO Carrier Modulator Transmitter Infrared Output D
DACO_OUT DACO Output A
DCDC_CFG DCDC Switch Mode Select D
DCDC_GND DCDC Switch Ground G
DCDC_LN DCDC Switch Inductor Input Negative A
Table continues on the next page...
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Table 2-2. KW41 Signal Descriptions (continued)

Signal Name Description Type
DCDC_LP DCDC Switch Inductor Input Positive A
DTM_RX Direct Test Mode Receive D
DTM_TX Direct Test Mode Transmit D
EXTAL 26 MHz or 32 MHz Crystal Input A
EXTAL32K 32kHz Crystal Input A
EXTRG_IN TPM or ADC External Trigger Input D
12C0_SCL 12C0 SCL D
12C0_SDA 12C0 SDA D
12C1_SCL 12C1 SCL D
12C1_SDA 12C1 SDA D
LPTMRO_ALT1 Low Power Timer0 ALT1 D
LPTMRO_ALT?2 Low Power Timer0 ALT2 D
NMI_b Non Maskable Interrupt Request D
PSWITCH DCDC Switch Enable D
PTAO GPIO Port A0 D
PTA1 GPIO Port A1 D
PTA16 GPIO Port A16 D
PTA17 GPIO Port A17 D
PTA18 GPIO Port A18 D
PTA19 GPIO Port A19 D
PTA2 GPIO Port A2 D
PTBO GPIO Port BO D
PTB1 GPIO Port B1 D
PTB16 GPIO Port B16 D
PTB17 GPIO Port B17 D
PTB18 GPIO Port B18 D
PTB2 GPIO Port B2 D
PTB3 GPIO Port B3 D
PTCO GPIO Port CO D
PTC1 GPIO Port C1 D
PTC16 GPIO Port C16 D
PTC17 GPIO Port C17 D
PTC18 GPIO Port C18 D
PTC19 GPIO Port C19 D
PTC2 GPIO Port C2 D
PTC3 GPIO Port C3 D
PTC4 GPIO Port C4 D
PTC5 GPIO Port C5 D
PTC6 GPIO Port C6 D

Table continues on the next page...
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Table 2-2. KW41 Signal Descriptions (continued)

Signal Name Description Type
PTC7 GPIO Port C7 D
RESET_b MCU Reset D
RTC_CLKOUT RTC Clock Out D
RF_NOT_ALLOWED Input signal that allows the external chip (eg. WiFi Chip) to signal the 2.4 D

GHz radio when BTLE radio operations are not allowed.

RX_SWITCH Fast Antenna Diversity D
SPI0_PCS0 SPI0 PCSO0 D
SPI0_PCS1 SPI0 PCS1 D
SPI0_PCS2 SPI0 PCS2 D
SPI0_SCK SPI0 Clock D
SPIO_SIN SPIO0 Input D
SPI0_SOUT SPI0 Output D
SPI1_PCS0 SPI1 PCS0 D
SPI1_SCK SPI1 Clock D
SPI1_SIN SPI1 Input D
SPI1_SOUT SPI1 Output D
SWD_CLK Serial Wire Debug Clock D
SWD_DIO Serial Wire Debug Data Input and Output D
TPM_CLKINO TPM Clock Input 0 D
TPM_CLKIN1 TPM Clock Input 1 D
TPMO_CHO TPMO Channel 0 D
TPMO_CHA1 TPMO Channel 1 D
TPMO_CH2 TPMO Channel 2 D
TPMO_CH3 TPMO Channel 3 D
TPM1_CHO TPM1 Channel 0 D
TPM1_CH1 TPM1 Channel 1 D
TPM2_CHO TPM2 Channel 0 D
TPM2_CH1 TPM2 Channel 1 D
TSI0_CHO TSI0 Channel 0 A
TSI0_CHA1 TSIO Channel 1 A
TSI0_CH10 TSIO Channel 10 A
TSIO_CH11 TSIO Channel 11 A
TSIO_CH12 TSIO Channel 12 A
TSIO_CH13 TSI0 Channel 13 A
TSI0O_CH14 TSIO Channel 14 A
TSIO_CH15 TSI0 Channel 15 A
TSI0O_CH2 TSIO Channel 2 A
TSI0O_CH3 TSIO Channel 3 A
TSIO_CH4 TSIO Channel 4 A
TSI0O_CH5 TSIO0 Channel 5 A

Table continues on the next page...
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Table 2-2. KW41 Signal Descriptions (continued)

Signal Name Description Type
TSIO_CH6 TSIO Channel 6 A
TSIO_CH7 TSI0 Channel 7 A
TSIO_CH8 TSIO Channel 8 A
TSI0O_CH9 TSIO Channel 9 A
TX_SWITCH Fast Antenna DiversityTSM D
LPUARTO_CTS_b LPUARTO Clear To Send D
LPUARTO_RTS_b LPUARTO Request To Send D
LPUARTO_RX LPUARTO Receive D
LPUARTO_TX LPUARTO Transmit D
VDCDC_IN DCDC Switch Main Supply P
VDD_0 Power Supply 0 P
VDD_1 Power Supply 1 P
VDD_1P50UT_PMCIN DCDC Pulsed Output 1.5 V Regulated Output or PMC Input when DCDC P
in bypass mode
VDD_1P8OUT DCDC Pulsed 1.8 V Regulated Output P
VDDA Power Supply - Analog P
VREFH ADC reference voltage P
VSSA ADC ground G
XTAL 26 MHz or 32 MHz Crystal Input A
XTAL32K 32 kHz Crystal Input A
Legend
e A - Analog
* D - Digital

G - Ground

P - Power Supply

2.4 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.
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2.4.1 Core Modules
This section contains tables describing the core module signal descriptions.

Table 2-3. SWD Module Signal Descriptions

SoC Signal Name Module Signal Name Description 110
SWD_DIO SWD_DIO Serial Wire Debug Data Input/ |I/O
Output’
SWD_CLK SWD_CLK Serial Wire Clock? |

1. Pulled up internally by default
2. Pulled down internally by default

2.4.2 Radio Modules

This section contains tables describing the radio signals.

Table 2-4. Radio Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
ANT ANT Antenna O
GANT GANT Antenna ground |
BLE_RF_ACTIVE BLE_RF_ACTIVE Signal to indicate future BLE |O

activity. Refer BLE Link Layer
for more details.

RF_NOT_ALLOWED RF_NOT_ALLOWED Radio off signal, intended for |l
WiFi coexistence control
RF_RESET RF_RESET Radio reset signal |
DTM_RX DTM_RX Direct Test Mode Receive |
DTM_TX DTM_TX Direct Test Mode Transmit 0]
BSM_CLK BSM_CLK Bit Streaming Mode (BSM) (0]

Clock signal, 802.15.4 packet
data stream clock line

BSM_FRAME BSM_FRAME Bit Streaming Mode Frame (0]
signal, 802.15.4 packet data
stream frame line

BSM_DATA BSM_DATA Bit Streaming Mode Data I/0
signal, 802.15.4 packet data
stream data line

ANT_A ANT_A Antenna selection A for Front |O
End Module support

ANT_B ANT_B Antenna selection B for Front |O
End Module support

TX_SWITCH TX_SWITCH Front End Module Transmit (0]
mode signal

RX_SWITCH RX_SWITCH Front End Module Receive (0]
mode signal
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2.4.3 System Modules

This section contains tables describing the system signals.

Table 2-5. System Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
NMI_b — Non-maskable interrupt |
RESET_b — Reset bidirectional signal I/0
VDD_[1:0] VDD Power supply |
Ground VSS Ground I
VDD_RF[3:1] VDD_RF Radio power supply |
VDCDC_IN VDCDC_IN VDCDC_IN I
VDD_1P8OUT VDD_1P8 DCDC 1.8 V Regulated I/O

Output / Input in bypass
VDD_1P50UT_PMCIN VDD_1P5/VDD_PMC DCDC 1.5 V Regulated I/0
Output / PMC Input in bypass
(LQFN only)
VDD_1P5_CAP! VDD_1P5 DCDC 1.5V Regulated output |O
(WLCSP Only)
VDD_1P5_PMCIN' VDD_PMC PMC Input (WLCSP Only) I
PSWITCH PSWITCH DCDC enable switch |
DCDC_CFG DCDC_CFG DCDC switch mode select I
DCDC_LP DCDC_LP DCDC inductor input positive |I/O
DCDC_LN DCDC_LN DCDC inductor input negative |1/O
DCDC_GND DCDC_GND DCDC ground |

1. VDD_1P5_CAP and VDD_1P5_PMCIN should always be connected together via PCB trace. System designers should
take care to ensure this connection is as short as possible.

Table 2-6. LLWU Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
LLWU_P[15:0] LLWU_P[15:0] Wakeup inputs |
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2.4.4 Clock Modules
This section contains tables for Clock signal descriptions.

Table 2-7. Clock Module Signal Descriptions

SoC Signal Name Module Signal Name Description 110

EXTAL EXTAL 26 MHz/32 MHz External |
clock/Oscillator input

XTAL XTAL 26 MHz/32 MHz Oscillator I
input

XTAL_OUT XTAL_OUT 26 MHz/32 MHz Clock output [O

XTAL_OUT_EN XTAL_OUT_ENABLE 26 MHz/32 MHz Clock output ||
enable for XTAL_OUT

EXTAL32K EXTAL32K 32 kHz External clock/ I
Oscillator input

XTAL32K XTAL32K 32 kHz Oscillator input |

CLKOUT CLKOUT Internal clocks monitor (0]

2.4.5 Analog Modules

This section contains tables for Analog signal descriptions.

Table 2-8. ADCO Signal Descriptions

SoC Signal Name Module Signal Name Description /0

ADCO0_DMO DADMO ADC Channel 0 Differential |
Input Negative

ADCO_DPO DADPO ADC Channel 0 Differential I
Input Positive

ADCO_SE[5:1] AD[5:1] ADC Channel 0 Single-ended ||
Input n

VREFH VREFSH Voltage Reference Select |
High

VDDA Vppa Analog Power Supply |

VSSA Vssa Analog Ground I

Table 2-9. CMPO Signal Descriptions

SoC Signal Name Module Signal Name Description /0
CMPO_IN[5:0] IN[5:0] Analog voltage inputs |
CMPO_OUT CMPO Comparator output 0]
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Table 2-10. DACO Signal Descriptions

SoC Signal Name Module Signal Name Description /0
DACO_OUT Vout DAC output 0]
Table 2-11. VREF Signal Descriptions
SoC Signal Name Module Signal Name Description /0
VREF_OUT VREF_OUT Internally generated voltage |O
reference output
2.4.6 Timer Modules
This section contains tables describing timer module signals.
Table 2-12. TPMO Module Signal Descriptions
SoC Signal Name Module Signal Name Description /0
TPM_CLKIN[1:0] TPM_EXTCLK External clock I
TPMO_CHI3:0] TPM_CH][3:0] TPM channel I/0
Table 2-13. TPM1 Module Signal Descriptions
SoC Signal Name Module Signal Name Description /0
TPM_CLKIN[1:0] TPM_EXTCLK External clock I
TPM1_CHI[1:0] TPM_CH[1:0] TPM channel I/0
Table 2-14. TPM2 Module Signal Descriptions
SoC Signal Name Module Signal Name Description /0
TPM_CLKIN[1:0] TPM_EXTCLK External clock I
TPM2_CH[1:0] TPM_CH][1:0] TPM channel I/O
Table 2-15. LPTMRO Module Signal Descriptions
SoC Signal Name Module Signal Name Description /0
LPTMRO_ALTI[2:1] LPTMRO_ALTI[2:1] Pulse counter input pin |
Table 2-16. RTC Module Signal Descriptions
SoC Signal Name Module Signal Name Description /0

RTC_CLKOUT

RTC_CLKOUT

1 Hz square-wave output
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2.4.7 Communication Interfaces

This section contains tables for the signal descriptions for the communication modules.

Table 2-17. SPI0 Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
SPI0O_PCSO0 PCS0/SS Chip Select/Slave Select I/0
SPI0_PCS[2:1] PCS[2:1] Chip Select O
SPI0_SCK SCK Serial Clock I/O
SPIO_SIN SIN Data In |
SPI0_SOUT SOUT Data Out O

Table 2-18. SPI1 Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
SPI1_PCSO0 SPI1_PCSO0 Chip Select/Slave Select I/0
SPI1_SCK SCK Serial Clock I/O
SPI1_SIN SIN Data In I
SPI1_SOUT SOUT Data Out O

Table 2-19. 12C0 Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
12C0_SCL SCL 12C serial clock line I/O
12C0_SDA SDA I12C serial data line I/0

Table 2-20. 12C1 Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
12C1_SCL SCL 12C serial clock line I/0
12C1_SDA SDA I12C serial data line I/0

Table 2-21. LPUARTO0 Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
LPUARTO_CTS_b LPUART CTS Clear To Send I
LPUARTO_RTS_b LPUART RTS Request To Send (0]

LPUARTO_RX LPUART RxD Receive Data |
LPUARTO_TX LPUART TxD Transmit Data’ I/0
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1. This pin is normally an output, but is an input (tristated) in single wire mode whenever the transmitter is disabled or
transmit direction is configured for receive data

2.4.8 Human-Machine Interfaces(HMI)

This section contains tables describing the HMI signals.

Table 2-22. GPIO Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0
PTA[19:16][2:0] PORTA19-16, 2-0 General Purpose Input/Output |1/0
PTB[18:16][3:0] PORTB18-16, 3-0 General Purpose Input/Output |I/O
PTC[19:16][7:1] PORTC19-16, 7-1 General Purpose Input/Output |I/O

Table 2-23. TSI0 Module Signal Descriptions

SoC Signal Name Module Signal Name Description /0

TSI0_CH[15:0] TSI[15:0] Touch Sensing Input I/0
capacitive pins

MKW412/312/21Z Reference Manual, Rev. 3, 03/2018
NXP Semiconductors 79




Module Signal Description Tables

MKW412/31Z/21Z Reference Manual, Rev. 3, 03/2018
80 NXP Semiconductors




Chapter 3
Chip Configuration

This section provides details on the individual modules of the microcontroller.

3.1 Introduction

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

* Module block diagrams showing immediate connections within the device

* Specific module-to-module interactions not necessarily discussed in the individual
module chapters

 Links for more information

3.2 Module to module interconnects

3.2.1 Module to Module Interconnects

The below table captures the Module to module interconnections for this device.

Table 3-1. Module to Module Interconnects

Peripheral Signal to Peripheral Use Case Control Comment
TPM1 CHOF, CH1F ADC (Trigger) ADC Triggering (A | SOPT7[ADCOALTT |ChO0 is A, and Ch1
AND B) RGEN] =0 is B, selecting this

ADC trigger is for

triggering. In Stop
and VLPS modes,
the second trigger
must be set to

trigger.

supporting A and B

>10ps after the first

Table continues on the next page...
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Module to module interconnects

Table 3-1. Module to Module Interconnects (continued)

Peripheral Signal to Peripheral Use Case Control Comment
TPMx TOF ADC (Trigger) ADC Triggering (A | SOPT7[ADCOTRG |—
OR B) SEL],
SOPT7[ADCOPRE
TRGSEL] to select
AorB
LPTMR Hardware trigger ADC (Trigger) ADC Triggering (A | SOPT7[ADCOTRG |—
OR B) SEL],
SOPT7[ADCOPRE
TRGSEL] to select
AorB
PIT CHx TIFO, TIF1 ADC (Trigger) ADC Triggering (A | SOPT7[ADCOTRG |—
OR B) SEL],
SOPT7[ADCOPRE
TRGSEL] to select
AorB
RTC ALARM or ADC (Trigger) ADC Triggering (A | SOPT7[ADCOTRG |—
SECONDS OR B) SEL],
SOPT7[ADCOPRE
TRGSEL] to select
AorB
EXTRG_IN EXTRG_IN ADC (Trigger) ADC Triggering (A | SOPT7[ADCOTRG |—
ORB) SEL],
SOPT7[ADCOPRE
TRGSEL] to select
AorB
CMPO CMPO_OUT ADC (Trigger) ADC Triggering (A | SOPT7[ADCOTRG |—
ORB) SEL],
SOPT7[ADCOPRE
TRGSEL] to select
AorB
Radio TSM sar_adc_trig ADC (Trigger) ADC Triggering (A | SOPT7[ADCOTRG | This could provide
OR B). SEL], a battery voltage or
SOPT7[ADCOPRE |other ADC channel
TRGSEL] to select | measurement
AorB reading at end of
warmup or start of
warmdown
CMPO CMPO_OUT LPTMR_ALTO Count CMP events | LPTMR_CSR[TPS]
CMPO CMPO_OUT TPM1 CHO Input capture SOPT4[TPM1CHO
SRC]
CMPO CMPO_OUT TPM2 CHO Input capture SOPT4[TPM2CHO
SRC]
CMPO CMPO_OUT LPUARTO_RX IR interface SOPT5[LPUARTOR
XSRC]
LPTMR Hardware trigger CMPO Low power CMP_CR1[TRIGM]
triggering of the
comparator
LPTMR Hardware trigger TPMXx TPM Trigger input | TPMx_CONF[TRG |—

SEL]

Table continues on the next page...
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Table 3-1. Module to Module Interconnects (continued)

Peripheral Signal to Peripheral Use Case Control Comment
TPMx TOF TPMx TPM Trigger input | TPMx_CONF[TRG |—
SEL]
PIT CHx TIFO, TIF1 TPMx TPM Trigger input | TPMx_CONF[TRG |If PIT is triggering
SEL] the TPM, the TPM
clock must be
faster than Bus
clock.
RTC ALARM or TPMx TPM Trigger input | TPMx_CONF[TRG |—
SECONDS SEL]
EXTRG_IN EXTRG_IN TPMx TPM Trigger input | TPMx_CONF[TRG |—
SEL]
CMPO CMPO_OUT TPMXx TPM Trigger input | TPMx_CONF[TRG
SEL]
Radio TSM sar_adc_trig’ TPMx TPM Trigger input | TPMx_CONF[TRG
SEL]
TPM1 Timebase TPMx TPM Gilobal TPMx_CONF[GTB |—
timebase input EEN]
LPTMR Hardware trigger TSI TSI triggering TSI selects HW
trigger
LPUARTO LPUARTO_TX Modulated by LPUART SOPT5[LPUARTOT | —
TPM1 CHO modulation XSRC]
LPUARTO LPUARTO_TX Modulated by LPUART SOPT5[LPUARTOT | —
TPM2 CHO modulation XSRC]
PIT TIFO DAC Advance DAC DAC HWTRG
FIFO Select
PIT TIFO DMA CHO DMA HW Trigger | DMA MUX register
option
PIT TIF1 DMA CH1 DMA HW Trigger | DMA MUX register
option

1. This is the same TSM signal as shown above providing a trigger to the ADC. Triggering a TPM could provide a time-
delayed offset for the TPM to trigger the ADC, or could be used for other purposes.

3.3 Core modules

3.3.1 ARM Cortex-M0+ core configuration

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

MKW412/312/21Z Reference Manual, Rev. 3, 03/2018

NXP Semiconductors

83


http://www.arm.com

Core modules

Debug Interrupts

Crossbar ARM Cortex-MO0+
switch Core

Figure 3-1. Core configuration

Table 3-2. Reference links to related information

Topic Related module Reference
Full description ARM Cortex-MO0+ core, ARM Cortex-M0+ Technical Reference Manual
rop1
System memory map System memory map
Clocking Clock distribution
Power management Power management
System/instruction/data Crossbar switch Crossbar switch
bus module
Debug Serial wire debug Debug
(SWD)
Interrupts Nested vectored NVIC
interrupt controller
(NVIC)
Private Peripheral Bus | Miscellaneous control MCM
module (MCM)

3.3.1.1 ARM Cortex M0+ core

The ARM Cortex M0+ parameter settings are as follows:
Table 3-3. ARM Cortex-M0+ parameter settings

Parameter Value Description
Arch Clock Gating 1 = Present Implements architectural clock gating
DAP Slave Port Support 1 Supports any AHB debug access port (like the CM4
DAP)
DAP ROM Table Base 0xF000_2003 Base address for DAP ROM table
Endianess 0 Little endian control for data transfers
Breakpoints 2 Implements 2 breakpoints
Debug Support 1 = Present —

Table continues on the next page...
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Table 3-3. ARM Cortex-M0+ parameter settings (continued)

Parameter Value Description
Halt Event Support 1 = Present —
I/0O Port 1 = Present Implements single-cycle Id/st accesses to special
address space
IRQ Mask Enable 0x00000000 Assume all 32 IRQs are used (set if IRQ is disabled)
Debug Port Protocol 0=SWD SWD protocol, not JTAG
Core Memory Protection 0 = Absent No MPU
Number of IRQs 32 Assume full NVIC request vector
Reset all registers 0 = Standard Do not force all registers to be async reset
Multiplier 0 = Fast Mul Implements single-cycle multiplier
Multi-drop Support 0 = Absent Do not include serial wire support for multi-drop
System Tick Timer 1 = Present Implements system tick timer (for CM4 compatibility)
DAP Target ID 0 —
User/Privileged 1 = Present Implements processor operating modes
Vector Table Offset Register 1 = Present Implements relocation of exception vector table
WIC Support 1 = Present Implements WIC interface
WIC Requests 34 Exact number of wake-up IRQs is 34
Watchpoints 2 Implements two watchpoints

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

3.3.1.2 Buses, Interconnects, and Interfaces

The ARM Cortex-MO0O+ core has two bus interfaces:
* single 32-bit AMBA-3 AHB-Lite system interface that provides connections to
peripherals and all system memory, which includes flash and RAM.
* single 32-bit I/O port bus interfacing to the GPIO with 1-cycle loads and stores.

3.3.1.3 System Tick Timer

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

3.3.1.4 Debug Facilities
This device supports standard ARM 2-pin SWD debug port.
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3.3.1.5 Core Privilege Levels

The ARM documentation uses different terms than this document to distinguish between

privilege levels.

If you see this term...

it also means this term...

Privileged

Supervisor

Unprivileged or user

User

3.3.2 Nested Vectored Interrupt Controller (NVIC) Configuration

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

PPB

ARM Cortex-MO+
core

Nested Vectored
Interrupt Controller
(NVIC)

Interrupts -

é

é

Figure 3-2. NVIC configuration

Table 3-4. Reference links to related information

Topic

Related module

Reference

Full description

Nested Vectored
Interrupt Controller
(NVIC)

ARM Cortex-M0+ Technical Reference Manual

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Private Peripheral Bus
(PPB)

ARM Cortex-M0+ core

ARM Cortex-M0+ core

MKW412/312/21Z Reference Manual, Rev. 3, 03/2018

86

NXP Semiconductors


http://www.arm.com
http://www.arm.com

.4
Chapter 3 Chip Configuration

3.3.2.1 Interrupt priority levels

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

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

R 0/|0|0|0|0O]|O 0|0|0|0|0O]|O 0j|0|j0|0|0O]|O 0j|0|j0|0|0O]|O
IRQ3 IRQ2 IRQ1 IRQO

3.3.2.2 Non-maskable interrupt

The non-maskable interrupt request to the NVIC is controlled by the external NMI signal.
The pin the NMI signal is multiplexed on must be configured in order for the NMI
function to generate the non-maskable interrupt request. NMI and DAC output share the
same physical signal pin (PTB18). The NMI signal have a pull-up enabled and any
external device connected to PTB18 will see a VDD voltage. Even if the FOPT is
selected to disable the NMI signal, the pull-up will be enabled during Reset.

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

* Vector number — the value stored on the stack when an interrupt is serviced.
* IRQ number — non-core interrupt source count, which is the vector number minus
16.

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

Table 3-6. Interrupt vector assignments

Address Vector IRQ! Source module Source
description
Non-core Vectors
On-platform Vectors

0x0000_0040 16 0 DMA DMA channel 0
transfer complete
and error

0x0000_0044 17 1 DMA DMA channel 1
transfer complete
and error

0x0000_0048 18 2 DMA DMA channel 2
transfer complete
and error

Table continues on the next page...
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Table 3-6. Interrupt vector assignments (continued)

Address Vector IRQ! Source module Source
description

0x0000_004C 19 3 DMA DMA channel 3
transfer complete
and error

0x0000_0050 20 4 — Reserved for future
MCM

Off-platform Vectors

0x0000_0054 21 5 FTFA Command
complete and read
collision

0x0000_0058 22 6 PMC and DCDC PMC: Low-voltage

detect, low-voltage
warning DCDC:
PSWITCH interrupt

0x0000_005C 23 7 LLWU Low Leakage
Wakeup

0x0000_0060 24 8 12C0

0x0000_0064 25 9 12C1

0x0000_0068 26 10 SPIO Single interrupt

vector for all
sources

0x0000_006C 27 11 TSIO

0x0000_0070 28 12 LPUART

0x0000_0074 29 13 TRNGOAN

0x0000_0078 30 14 CMT Status and error

0x0000_007C 31 15 ADCO

0x0000_0080 32 16 CMPO

0x0000_0084 33 17 TPMO

0x0000_0088 34 18 TPMA1

0x0000_008C 35 19 TPM2

0x0000_0090 36 20 RTC Alarm interrupt

0x0000_0094 37 21 RTC Seconds interrupt

0x0000_0098 38 22 PIT Single interrupt
vector for all
channels

0x0000_009C 39 23 LTC(AESA)

0x0000_00AO 40 24 2.4G Radio INTO Selectable interrupt
request from BLE,
802.15.4, or
Generic FSK

0x0000_00A4 41 25 DACO

0x0000_00A8 42 26 2.4G Radio INT1 Selectable interrupt
request from BLE,
802.15.4, or
Generic FSK

Table continues on the next page...

MKW412/31Z2/21Z Reference Manual, Rev. 3, 03/2018

88 NXP Semiconductors



Chapter 3 Chip Configuration

Table 3-6. Interrupt vector assignments (continued)

Address Vector IRQ! Source module Source
description
0x0000_00AC 43 27 MCG
0x0000_00B0 44 28 LPTMRO
0x0000_00B4 45 29 SPIH Single interrupt

vector for all
sources

0x0000_00B8 46 30 Port Control Module Pin detect(Port A)

0x0000_00BC 47 31 Port Control Module Pin detect(Single
interrupt vector for
Port B and Port C)

1. Indicates the NVIC's interrupt source number.

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

Suppose you need to configure the SPIO interrupt. The following table is an excerpt of the
SPIO0 row from Interrupt channel assignments.

Table 3-7. Interrupt vector assignments

Address Vector IRQ' NVIC IPR Source module Source description
register
number?
0x0000_0068 26 10 2 SPIO Single interrupt vector for all sources

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

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

e NVICIPR2
e To determine the particular IRQ's bitfield location within these particular registers:

* NVICIPR?2 bitfield starting location = 8 * (IRQ mod 4) + 6 =22
Since the NVICIPR bitfields are 2-bit wide (4 priority levels), the NVICIPR2 bitfield
range is 22-23

Therefore, the following bitfield locations are used to configure the SPIO interrupts:
* NVICIPR2[23:22]
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3.3.2.4 Serialization of memory operations when clearing interrupt
flags

When clearing flags associated with an interrupt source in the interrupt service routine
(ISR), the flag must be read back before exiting the ISR to ensure the flag is cleared.
Otherwise, the interrupt could still be pending, causing the ISR to be entered again
inadvertently.

3.3.3 Asynchronous wake-up interrupt controller (AWIC)
configuration

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

Clock logic

Wake-up
requests

Asynchronous
Wake-up Interrupt . -
Controller (AWIC) : :

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

Nested vectored
interrupt controller
(NVIC)

Table 3-8. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Nested vectored NVIC
interrupt controller
(NVIC)
Wake-up requests AWIC wake-up sources
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3.3.3.1 Wake-up sources
The device uses the following internal and external inputs to the AWIC module.

Table 3-9. AWIC stop wake-up sources

Wake-up source Description
Available system resets RESET pin when LPO is its clock source
Low-voltage detect Mode Controller
Low-voltage warning Mode Controller
DCDC PSWITCH pin edge detect
Pin interrupts Port control module - Any enabled pin interrupt is capable of waking the system
ADC The ADC is functional when using internal clock source
CMPO Interrupt in normal or trigger mode
Radio BLE, 802.15.4, G-FSK interrupts
[2Cx Address match wakeup
LPUART Any interrupt provided clock remains enabled
RTC Alarm or seconds interrupt
TSI Any interrupt
NMI NMI pin
TPMx Any interrupt provided clock remains enabled
LPTMR Any interrupt provided clock remains enabled

3.4 System modules

3.4.1 SIM configuration

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

Register
access

System integration
module (SIM)

Figure 3-4. SIM configuration

Table 3-10. Reference links to related information

Topic Related module Reference
Full description SIM SIM
System memory map — System memory map
Clocking — Clock distribution

Power management

Power management

3.4.2 System mode controller (SMC) configuration

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

Peripheral
bridge

Register
access

Resets

System Mode

Controller (SMC)

Power Management
Controller (PMC)

Figure 3-5. System mode controller configuration

(SMC)

Table 3-11. Reference links to related information
Topic Related module Reference
Full description System mode controller SMC

System memory map

System memory map

Power management

Power management

Table continues on the next page...
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Table 3-11. Reference links to related information (continued)

Topic Related module Reference
— Power management PMC
controller (PMC)
Low-leakage wakeup LLWU
unit (LLWU)
— Reset control module Reset
(RCM)

3.4.3 PMC configuration

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

Peripheral
bridge

Module
signals

Low-Leakage
Wakeup Unit

Power Management
Controller (PMC)

Register access

Module
signals

Module
signals

DCDC

System Mode
Controller (SMC)

Figure 3-6. PMC configuration

Table 3-12. Reference links to related information

Topic

Related module

Reference

Full description

PMC

PMC

System memory map

System memory map

Power management

Power management

Full description

System mode controller

System Mode Controller

(SMC)
Low-leakage wakeup LLWU
unit (LLWU)
— Reset control module Reset
(RCM)

MKW412/312/21Z Reference Manual, Rev. 3, 03/2018

NXP Semiconductors

93



System modules

3.4.4 DCDC configuration

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

Peripheral
bridge

Register access

g 5 Module

a;-, £5 g signals DCDC Converter
O =

It S50 (DCDC)
g (&

Figure 3-7. DCDC configuration

Table 3-13. Reference links to related information

Topic Related module Reference
Full description DCDC DCDC
System memory map — System memory map
Power management — Power management

The power architecture for this device is based on the PMC and a DCDC converter which
can operate in Buck, Boost or Bypass mode.

3.4.4.1 Buck Mode

Buck mode supports operation over a wide range of battery voltages. See the
VDDpcpc v specification in the data sheet. After DCDC startup, the DCDC can
continue to operate if the battery voltage drops as low as 1.8V

The figure below illustrates the power tree when the DCDC is configured in Buck
mode.The power pins shown in the figure are used as follows:

* The DCDC_CFG pin is connected to Vpcpe 1 to select Buck configuration.

e The PSWITCH pin is used to power-on the DCDC. A push-button switch can be
used with PSWITCH to momentarily (Tpcpe on Buck) connect PSWITCH to
Vbepce 1 to power-on the device, though in some use cases PSWITCH could be
shorted to Vpcepe v or used with a different type of switch.