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RECOMMENDATION FOR A SUCCESSFUL PLATFORM DESIGN:

ENTRY POINT

IC Datasheet &

Reference Manual
- Pinout

- Unused pins

- Package (48/40 pins)

Design In Check List
(schematic & layout part)

Hardware Guideline

Minimum BoM
- HVQFN48 – 7x7

- HVQFN40 – 6x6

- DCDC modes:

- Buck

- Bypass

- Power Switch

- Low Power or not

NXP boards:

- KW45-EVK (sch-50555)

- K32W1-EVK (sch-50701)
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APPLICATION NOTES AND COLLATERALS

All needed documents are available in the NXP Community

The best way to build a PCB using a KW45 or K32W1 first time right

- NXP Community

Content: Find the important link to build a PCB using a KW45 and all concerning the 

radio performances, low power and radio certification (CE/FCC/IC).

Different chapters are available. Focus is done in Hardware part in this document

Hardware:

KW45/K32W1-EVK schematic, layout and gerber files

KW45/K32W1-EVK User Manual

AN13227 Hardware Guideline

Minimum BoM

Design-In check list

RF matching

Crystal (Trimming)

DCDC management guide

https://community.nxp.com/t5/Wireless-Connectivity/The-best-way-to-build-a-PCB-using-a-KW45-car-access-or-K32W1-IoT/td-p/1592481
https://community.nxp.com/t5/Wireless-Connectivity/The-best-way-to-build-a-PCB-using-a-KW45-car-access-or-K32W1-IoT/td-p/1592481
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HARDWARE DESIGN RECOMMENDATION
- Layout overview

- DCDC modes

- DCDC inductor

- Radio

- Supplies

- Clocks & Crystals

- Bootloader pins

- Wake Up pins

- Level shifter

- IO current drive

- Peripherals

- DTEST pins

- Battery: Coin Cell

- Unused Ios

- Layout general rules

- EMC immunity option

- CISPR25

- Jumper configuration on KW45/K32W1-EVK
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Product Enablement HW

X-KW45B41Z-EVK (SPF-50555) Schematic & Layout

X-K32W148-EVK (SPF-50701)

KW45 for Automotive

K32W1 for IoT

https://nxp1.sharepoint.com/teams/ext131/kw45/SitePages/Home.aspx?RootFolder=%2Fteams%2Fext131%2Fkw45%2FDocuments%2F03%2E%20Hardware%2FKW45B41Z%2DEVK&FolderCTID=0x01200019FCECD27BFFB240814CF2BEF77B5BCF&View=%7BE0D1499F%2DCB61%2D4EDE%2D81C1%2DAD2C5BAFF19F%7D
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HW RECOMMENDATION – LAYOUT OVERVIEW

Channel 39

Extract from HW guideline:
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DCDC modes
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HW RECOMMENDATION – DCDC BYPASS MODE

Possibility of Bluetooth LE Low Power mode active in case 32kHz is populated.

Reference here:
CGJ3E1X7R0J155K080AC TDK
CGA3E1X7R0J155K080AC TDK
1uF is also possible if 1.5uF is 
not available
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DCDC BYPASS PIN CONFIGURATION HVQFN48 – 7x7

Pin Number Pin Name Bypass connection
4 VDD_IO_ABC 1.71-3.6V
6 VDD_SWITCH 1.71-3.6V
7 VOUT_SWITCH Floating (when not used)

15 VDD_LDO_CORE 1.15-3.6V

16 VDD_CORE1
0.95-1.1V (Mid drive) or
1.04-1.21V (Normal drive or safe mode voltage)

20 DCDC_LX Floating (not used)

21 VDD_DCDC 1.8-3.6V

22 VOUT_SYS/VDD_SYS Floating (except the decoupling capacitor)
29 VDD_ANA 1.71-3.6V

30 VREF_OUT Floating (except the decoupling capacitor)
34 VDD_RF 1.175-2.5V

36 VPA_2P4GHZ 0.9-2.4V

41 VDD_CORE2
0.95-1.1V (Mid drive) or
1.04-1.21V (Normal drive or safe mode voltage)

49 VSS GND
19 VSS_DCDC GND

Warning: ➔ Do not connect the pin VDD_SYS (pin)

This pin is set to internal 2.5V for fuse programming.
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HW RECOMMENDATION – DCDC BUCK MODE

Possibility of Bluetooth LE Low Power mode active in case 32kHz is populated.

DCDC output voltage:

1.25V/1.5V/1.8V/2.5V
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HW RECOMMENDATION – DCDC LAYOUT

1. C38 & C39 must be as close as possible to the DCDC Vdd but not so much for the 
DCDC vss. Recommend is to place them with the LX connection to the inductor 
passing between their terminals. It is really critical to reduce the loop formed by 
the DCDC VDD/VSS pins and those capacitors. Please add more vias to the ground 
plane.

2. In a similar fashion place C7 in a way that it’s connection to the inductor L1 is 
where it is now and VSS connection gets close to the chip. Adding vias to better 
connect vss to the ground plane will help.

3. It is interesting to move C6 closer to the IC and add vias as on this example. 
4. C8 in a similar fashion as C7 may be helpful for emissions >300MHz.
5. L1 is 1uH for the KW45/K32W148 (iso 10uH on KW35/36/37/38/39 reference 

design)

Note:
Having short connection and small area loops is the most important thing to contain 
any emissions. Bringing those caps closer to the chip will be helpful. And having the 
ground plane well preserved underneath those components (as it is on the current 
layout) will greatly help reduce the effect of the inductor not being really close to the 
chip.

L1

C6

C12

C13

C8
R1

C39

C38

C7
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HW RECOMMENDATION – POWER SWITCH & BUCK MODE
switch
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HW RECOMMENDATION – POWER SWITCH & BUCK MODE

Possibility of Bluetooth LE Low Power mode active in case 32kHz is populated.

Vout_Switch

JP6 to switch to power switch mode

JP6:2-3
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DCDC inductor
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DCDC inductor

X-KW45B41Z-EVK – HW UM extract
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DCDC inductor

Avoid coil technology



1 7PUBLIC
NXP, THE NXP LOGO AND NXP SECURE CONNECTIONS FOR A SMARTER WORLD ARE TRADEMARKS OF NXP B.V. 

ALL OTHER PRODUCT OR SERVICE NAMES ARE THE PROPERTY OF THEIR RES PECTIVE OWNERS. © 2022 NXP B.V. 1 7

PUBLIC

PMIC supply
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KW45 – PMIC SUPPLY HVQFN48 – 7x7

Possibility of Bluetooth LE Low Power mode active.
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Smart Power Switch
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HW RECOMMENDATION – POWER SWITCH & BUCK MODE
switch
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HW RECOMMENDATION – POWER SWITCH & BUCK MODE

Possibility of Bluetooth LE Low Power mode active in case 32kHz is populated.

Vout_Switch

JP6 to switch to power switch mode

JP6:2-3
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Radio
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HW RECOMMENDATION: RADIO
AUTOMOTIVE COMPLIANT

Channel 39

RF Matching Goals:

• Only certified automotive component have been used. 

• Ensure sensitivity performance was the focus of this RF Matching

• PASS internal specification regarding 2nd and 3rd harmonics with 10dBm output power.

• Same Matching for 0dBm, 4dBm, 7dBm and 10dBm output power.

RF matching from KW45/K32W1

Antenna matching
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HW RECOMMENDATION - RADIO

C49

L3

IFA ANTENNA

C10

C9

L2 C1
L15

C2 C3

J7 - SMA - The value capacitor C48 used for an RF short are 12pF

- C10 must be as close to L2 as possible

- C49=22uF on VDD_RF could be placed as DNP

- The pull up inductor L2 placement must follow the layout example

- The antenna matching components must be at minimum spacing to the DUT and 

each other, as on the current layout.

- C48 needs to be placed in order to have the best isolation with ANT_RF line. 

VDDRF line needs to be isolated with VDDRF_line. Please copy the current layout
- Need isolation between VDDRF and UART signals.

- VDD_PA_2g4 needs to be isolated vs PTC0

- General comment: The power planes which create huge fat nets are for the 

VDD_ANA and VDD_SYS. No benefit to reduce the power plane.

C48
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Product Enablement HW

X-KW45B41Z-EVK and X-K32W148-EVK Design and board layout considerations 

(HW guideline extract) – RF matching wave guide 50ohms for RF power output.

Automotive qualified
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Product Enablement HW

S11 (return loss) results (AN13228 RF report extract) – RF matching 50ohms

How to measure S11 on FRDM-KW3x & KW45

https://nxp1.sharepoint.com/:b:/r/sites/MCUlibrary/KW31A/03_Applications/Radio/FRDM-KW36_48QFN_How_to_Measure_S11_20181114.pdf?csf=1&e=VGJDoZ
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Supplies



2 8PUBLIC

HW RECOMMENDATION - SUPPLIES

Power modes: Buck, Bypass or PMIC Switch.
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HW RECOMMENDATION - SUPPLIES

Vdd_Switch (pin6)

C35 C34
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HW RECOMMENDATION - SUPPLIES

Vdd_DCDC (& VDD_IO_D)

(pin21)

C38

C39



3 1PUBLIC

HW RECOMMENDATION - SUPPLIES

Vdd_LDO_Core (pin15)

C45 C44
C

43
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HW RECOMMENDATION - SUPPLIES

Vdd_Core1 (pin16):

C11

C12
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HW RECOMMENDATION - SUPPLIES

Vdd_Core2 (pin41):

C13
C14
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HW RECOMMENDATION - SUPPLIES

Vdd_RF (pin34): 

- decoupling near the IC (some mm, not more)

- Decoupling capacitor of 12pF (near the pin 34) between 32MHz crystal RF path

- Decoupling capacitor of 22uF not so closed to the IC due to component size

- Vdd_RF line not superposed to another supply (digital supply is strongly forbidden)

- Vdd_RF line not crossing the expose die pad of the IC

C48

C49
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HW RECOMMENDATION - SUPPLIES

Vdd_IO_ABC (pin4):

C41

C40
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HW RECOMMENDATION - SUPPLIES

Vdd_Ana (pin29)

C42
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HW RECOMMENDATION - SUPPLIES

Vout_Switch (pin7):

C37 C36
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HW RECOMMENDATION - SUPPLIES

Notes

DCDC_LX (pin20): 

L1

R1
C8

C7

C6
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HW RECOMMENDATION - SUPPLIES

VOUT_SYS/VDD_SYS (pin22): 

C47

C46
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HW RECOMMENDATION - SUPPLIES

VPA_2P4GHZ (pin36): 

C15

J11

C9

C10

L2
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HW RECOMMENDATION - SUPPLIES

VREF_OUT (pin30): 

- Reduce the line width (voltage output with low current)

- Decoupling capacitor C15 is not needed to be near the IC (compromize to gain 

space)

- Vref_out line not superposed to Vdd_RF line

C15
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RESET
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RESET

Be careful to connect the 10kohms pullup to Vbat, not Vdd_1p8 in buck mode. 

PTD0/pin23
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Clocks and Crystals



4 5PUBLIC

CRYSTAL REFERENCES

For Bluetooth LE, GFSK & 802.15.4 32MHz and 26MHz quartz references

Manufacturer Series Part Number Frequency
NDK NX1612SA EXS00A-CS14160 32MHz
NDK NX2016SA EXS00A-CS13636 26MHz

Manufacturer Series Part Number Frequency
NDK NX2016SA EXS00A-CS14161 32MHz

For Bluetooth LE and GFSK 32kHz quartz reference

Manufacturer Series Part Number Frequency
NDK NX2016SA EXS00A-MU01517 32,768kHz
NDK NX1612SA EXS00A-MU00801 32,768kHz



4 6PUBLIC

TECHNICAL CRYSTAL PARAMETERS

BLE recommendation: +/-50ppm
• KWxx internal oscillator tolerance is -17/+20pm 
• XTal: 

• Initial tolerance is +/-10ppm 
• Tolerance for external Xtal is -33/+30ppm

• Frequency aging (10years) is -6/+1ppm 
• Frequency vs temperature (-40/+105°C) is +/-18ppm
• Frequency tolerance (reference) is -9/+11ppm

It is OK for BLE with the NDK Xtals (+105°C max Ta temperature) ➔

15.4 recommendation: +/-40ppm
The same unique NDK Xtal reference so far ! ! And it doesn’t fit with the +/-40ppm

For 15.4, KWxx internal oscillator tolerance is the same : -17/+20pm 

Then Xtal tolerance over Temperature and aging has to be -23/+20ppm! 

Is there any existing Xtal with such performance with :

Same Cload at 8pF

for a temperature range of -40+125°

In 1612 package 

ESR 50 typical >> 60 max (120 may be acceptable)

Level of drive 200µW max

KW45 DS 32MHz: 
o Target: +/-50ppm (BLE)

Ta: max at 105°C 
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HW RECOMMENDATION - CLOCKS

C31

L1

ANT

C19

C32

L12

C4

L13

C3

- 32MHz & 32kHz wire length must be as symetric as possible

- 32kHz quartz is not necessary to be as closed as possible from

the DUT (KW45/K32W148)

R20

J24

R131R130

Y1

32MHz

Y2

32kHz

C54 C55

R40
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HW RECOMMENDATION - CLOCKS

C31

L1

ANT

C19

C32

L12

C4

L13

C3

R20

J24

- Special focus on 32MHz wires to help on a very good layout. 

R8R7

Y3

32MHz

Y4

32kHz

C8

R5

R6

R20

Perpendicular to ANT signalTOP (L1)

➢ Better isolation with perpendicular component to ANT wire

➢ Via under EXTAL & XTAL to go to L3 are excellent

ANT
EXTAL
XTAL

R20

Excellent length is as short as possibleGND (L2)

➢ To reduce capacitance on EXTAL & XTAL GND plane can 

be opened over XTAL & EXTAL wires

➢ The shielding is already present on TOP (L1) being GND in 

these area

R20

Shielding areaIn1 (L3)

➢ To avoid coupling XTAL with XTAL_OUT a shield is applied

➢ To avoid any coupling on XTAL a shield on TOP is applied

R20

Open the Pwr plane

Under EXTAL & XTAL
Pwr (L4)

➢ Under EXTAL & XTAL Pwr net need to be open to reduce coupling 

capacitance to PWR

➢ Some GND vias can be removed to have a better connection of PWR signal

Remove VIAs

For a better Pwr
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HW RECOMMENDATION - CLOCKS

C31

L1

ANT

C19

C32

L12

C4

L13

C3

J24

- Special focus on 32MHz wires to help on a very good layout. 

Y3

32MHz

C8

R5

R6

R20

Shielding the 32MHz wiresGND (L5) + In1 (L3)

➢ Shield to GND near EXTAL & XTAL in In1 (L3)

R7

Y4

32kHz
R20

Remove some VIAsGND (L5)

➢ Remove some VIAS for a better Pwr (L4) connection

R8R7

Y4

32kHz
R20

Open L2 over EXTAL & XTAL in L3GND (L2) + In1 (L3)

➢ Open L2 over XTAL & EXTAL

R8R7

Y4

32kHz
R20

Open L2 over EXTAL & XTAL in L3GND (L2) + In1 (L3)

➢ Open L2 over XTAL & EXTAL
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Bootloader pins
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RECOMMENDATION - BOOTLOADER 

KW45/K32W1 requires signed firmware to be loaded into the NBU. This happens through 
the Bootloader. PTC2 and PTC3 are the UART connection to the Bootloader (refer to the 
table below for other peripherals to enter in ISP mode). 
NXP recommend to have an option to connect them to a UART to USB converter (for PC 
connection).
NXP recommend to have a way to pull PTA4 to logic high in order to enter the device in 
bootloader mode.

Make sure that everything connected to PORTD is at the same voltage as VDD_IO_D. 
Same for PORTA, B and C and VDD_IO_ABC.
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Wake up pins
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RECOMMENDATION – WAKE UP PINS

Some pins could wake up the KW45/K32W1:

48 pins package: PTB4, PTA0, PTA4, PTA17, PTA19, PTA21, PTC0, PTC1, PTC2, PTC4, PTC6, PTC7, PTB0, PTB3

40 pins package: PTB4 , PTA0, PTA4, PTA17, PTA19, PTA21, PTC4, PTC7, PTB0, TPB3
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Level shifters
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RECOMMENDATION – LEVEL SHIFTER 

Make sure that everything connected to PORTD is at the same voltage as VDD_IO_D. 

Same for PORTA, B and C and VDD_IO_ABC.

Other peripheral ICs connected to the KW45/K32W1 MUST be at the same voltage 
level. KW45/K32W1 device is capable to set the IO_ABC voltage independently to the 
other Vdd voltages.
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IO current drive
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RECOMMENDATION – IO CURRENT DRIVE 

It’s important to know some pins could handle higher current than others.

This specific pin list could handle 12mA current drive instead of 6mA on other IO pins:

• PTA18-19; PTB4-5; PTC0-1; PTC4-5

Note that both the DSE0 and DSE1 bits in the control register for that pin must be set in 
order to get the highest drive strength.
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Peripherals
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INFORMATION – PERIPHERAL PINS ON 48PINS DEVICE

SPI1

RF switch for ANT1&2

I3C0

UART0

SWD

I2C0

UART1

SPI0

I2C1

CAN0

32MHz crystal

32kHz crystal (BLE LP)

Reset
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INFORMATION – PERIPHERAL PINS ON 40PINS DEVICE
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INFORMATION – DTEST PINS

The DTM (Direct Test Mode) pins are available for both 48 pins and 40 pins packages. 

The options are:

PTD1 ALT8 – RF_UART_SIN (48-pin only)
PTD2 ALT8 – RF_UART_SOUT (48-pin only)
PTC2 ALT6 – RF_UART_SIN (48-pin & 40-pin)
PTC3 ALT6 – RF_UART_SOUT (48-pin & 40-pin)
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Battery: CoinCells
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Maximum Tx output @+10dBm Maximum Tx output @+7dBm Maximum Tx output @+0dBm

Maximum peak of current: <1mA Maximum peak of current: 2mA Maximum peak of current: 4.5mA

DCDC BUCK MODE – COINCELL – SUMMARY

Suitable for battery (coincell) applications only

Solution to reduce the DCDC current peaks and current peaks on Tx signals 

(+10/+7/+0dBm) during Bluetooth LE events (Advertising, Connect & Scan) is to 

add serial resistor(s) on different supplies.

It will limit the peaks of current below 10mA.

Voltage drop occurs due to the serial resistor(s) but it never goes down to POR 
threshold (up to 105°C).

Reduced current peak
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Unused IOs 
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RECOMMENDATION CONNECTION FOR UNUSED IOS

HVQFN48WF – 7x7

Power VDD_PA_2.4GHz Float VDD_PA_2.4GHz is always driven, either 

from internal LDO sourced by VDD_RF, or 

from external supply. 

Datasheet extract
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RECOMMENDATION CONNECTION FOR UNUSED IOS

HVQFN48WF – 7x7Datasheet extract
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Layout general rules
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HW RECOMMENDATION – LAYOUT GENERAL RULES:  

F INGERPRINT

Avoid fingerprint like below example:
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HW RECOMMENDATION – LAYOUT GENERAL RULES:  V IAS

Add vias at the end of the ground area: 2 examples below: 
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HW RECOMMENDATION – LAYOUT GENERAL RULES:  D IEPAD

Diepad & Vias connected to GND: Matrix of 4x5
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EMC immunity option
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ONE WAY TO REDUCE VCO IMPACT (4 .8GHZ)  ON EMC

Possible way to avoid VCO noise on the PCB is to place

a 3pF decoupling capacitor with resonance @4.8GHz on pins

PTC0, PTC1, PTC2 & PTC3.

- Decoupling capacitor must

be very closer to the pin.

- Wire must be as short as

possible.

- No vias allowed

Recommendation:

Add footprint in case of in your design

C145C147 C146C148
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CISPR25 AUTOMOTIVE CHINESE CERTIF ICATION

The KW45-EVK and K32W1-EVK could withstand the CISPR25 certification.

To pass this certification for +10dBm Tx output power, the EVK board needs to be 
modified as follow:

- Replace the RF matching component values

- Replace R2 by a Band Pass Filter at R2. Reference BF2520-B2R4CACT/LF

Note: The default EVK board pass the certification with Tx output power at -15dBm.

nH nH pF nH pF pF

L2 L3 C1 L15 C2 C3

BLF03RD501GZED 1.6 2.7 1.3 1.1 15
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GENERAL INFORMATION - JUMPER CONFIGURATION

- DCDC modes (red jumper)

- Current consumption header (blue jumpers)

UART0

UART1

BUCK
BYPASS
PMIC
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