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Practicalities

Ask a question

Duration: about 60 minutes

Type something...

Questions are encouraged!
= Please type questions in the top of the right sidebar

= All questions are anonymous

= Try to keep them relevant to the topic

= We will answer towards the end

The chat is not anonymous, and do not use for
guestions

Go to DevZone if you have more questions
A recording of the webinar will be available D e V Z 0 n e

together with the presentation at

webinars.nordicsemi.com



https://webinars.nordicsemi.com/
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Agenda

= Why and when is an RF FEM
needed?

= NRF21540 RF FEM technical
overview

= NRF21540 DB overview

= Software and hardware tools to
kickstart development

= Q&A



Complementary to our product line

nRF NRF SERIES

SERIES
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NRE21540 highlights

l Between 6.3-10x the range in a symmetric link with integrated PA/LNA

Output power adjustable to +/- 1 dB around 10/20 dBm to remain within
regulatory boundaries

Easy setup with nRF52 and nRF53 Series and attractive price/performance
combination possible



Applications

Industrial Audio Smart Home

Increased range for Increased range Higher link budget Robust connection
big warehouses requirement for bigger homes

Less units needed to
cover same space
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NRF21540 overview

RF front-end module (FEM)

Supports
= Bluetooth LE, Bluetooth mesh

= Thread/Zigbee
= 2.4 GHz proprietary

+13 dB receive gain, 2.5 dB NF
= Up to 5 dB improvement in RX sensitivity

Configurable TX output power up to
+21 dBm
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NRF21540 overview

= SoC + nRF21540 configurable to be ARIB,
ETSI| and/or FCC approved

= |nterfaces and TX gain control
= GPIO control, SPI control or a combination

= TX gain control, antenna switching and power
modes




NRF21540 overview

Single ended 50 @ matched input and output

Antenna diversity support (Thread/Zigbee)

No bypass mode support
Operating Conditions

= 1.7 to 3.6V supply range

= -40°C to +105°C

Package Variants
= 4Ax4dmm QFNI16, 0.65mm pitch
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NRFE21540 Development Bundle (DB)
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NRF21540 DK
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NRF21540 DK

NRF52840 DK with
integrated nRF21540

= Useful if you want to test
RF performance of a
“finished” product

= Removed QSPI on
NRFE52840 DK to use pins
to control nRF21540




NRF21540 Evaluation Kit (EK)
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NRFE21540 EK

= |ncludes two additional SMA
connectors to monitor RF
performance of NRF21540 shield
using desired lab equipment

= Shield compatible with nRF52 &
NRF53 DKs, as well as other
vendors DKs
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Up to 10x range Iincrease

TX: +8 dBm TX: +8 dBm
RX: -95 dBm RX: -95 dBm

N 1%

Y e Y
—)
TX: +20 dBm TX: +20 dBm
RX: -100 dBm RX: -100 dBm
N p
i j/ : 8x range extension ) \K i

= Between 6.3-10 x the range in a symmetric link
= Valid for all nRF52 Series SoCs and the nRF5340 SoC
= Up to ~5 dB improvement in RX sensitivity

= Useful for Bluetooth Low Energy, Bluetooth mesh,
Thread and Zigbee and 2.4 GHz proprietary
applications
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INncreased link robustness

= Up to 20 dB increased link budget
= Upto17dB from TX, up to 5 dB from RX

= Minimize packet loss and retransmissions

= Improved communication latency

= Dynamic output power adjustments

= Customers can optimize link budget via RSSI
measurements to improve link robustness when link
environment or link range changes
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NRF21540 actual link budgets

NnRF NnRF NnRF nRF NnRF NnRF NnRF nRF
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Adjustable output power

= Qutput power adjustable to +/-1dB
around 10/20 dBm (ETSI/FCC limits),
upper limit 21 dBm

= User programmable modes for TX gain

= Worldwide coverage with one device with
different output power settings possible

= Easy adjustments possible via SPI, GPIOs
or combination of both
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Gain adjustment
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TX Gain control [dec]

*TX Gain Behavior, device calibration for 20 dBm
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Samples & Demos -
Applications
= |ntegrated and supported in NnRE P o
) : Zigbee
Connect SDK (see figure) Manager Integration

= Built into Multi Protocol Service Layer Open Thread COAP MQTT
TLS/DTLS
(MPSL) Crypto APIs
= Driver Support in nNRF Connect SDK Driver APl oV
and NRF5 SDK for Thread and Zigbee BLE Mesh
v4.0.0

80215.4

Zephyr RTOS kernel ;
Multiprotocol / coex

KConfig NRFx

Easy setup

Drivers

Board & Device config
PHY interfaces



https://developer.nordicsemi.com/nRF_Connect_SDK/doc/latest/nrf/ug_radio_fem.html?highlight=nrf21540
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Operational states

= Power Down (PD)
Program (PG)

= UICR Program (UICR)
= Receive (RX)

= Transmit (TX)

= Changing states controlled via pins
PDN, RX_EN, TX_EN or via SP|
registers OxO0 and OxO1
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~EM control

PON | L = FEM control signals must be
csN VT syn.chronized with the radio
RX_EN activity

= |ntegrated into MPSL, Multi

RF L B Protocol Service Layer

Figure 1. Pin control RX state
o = Supports Bluetooth LE and 802.15.4
(Zigbee & Thread)

=

PpON | L
= FEM support activated by kconfig
CSN \ /R [ setting
SPI .IT){_EN'1" JT.K_EN'(]L
RF ]

Figure 4. 5P] control TX state 23



NRFE21540 DB support

NRF21540 DK
= Development kit with nRF52840 and nRF21540
= Similar to nRF52840 DK but without QSPI flash

= Supported as build target in nRF Connect SDK
= Bluetooth peripheral UART sample

= Will automatically add MPSL support for Front-End
Modules for Bluetooth and Thread/Zigbee

= For Bluetooth only supported with Nordic SoftDevice

controller

= Direct Test Mode and Radio Test example support



NRFE21540 DB support

NRF21540 EK

= Evaluation kit with nRF21540
= Shield form factor for nRF52 and nRF53 Series DKs

= Supported as shield in nRF Connect SDK

= Will automatically add MPSL support for Front-
End Modules when added to project for
Bluetooth and Thread/Zigbee
= For Bluetooth only supported with Nordic SoftDevice

controller

= Can be used as template for adding nRF21540
support to custom PCBs



Adding NRF21540 support in SW

/* Copyright (c) 2021 Nordic Ssmiconductor ASA
*

* SPD¥-License—Identifier: LicenssRsef-Nordic-5-Clauss

. = Support for

&/ .

: NRF21540 integrated
Bl o D ein e 21540- £emt: in DK and EK .dts

2

Lx—en—gpigs = <&arduino header 11 GPIO_ACTIVE HIGH>; /* D5 *f

10 r¥x-en-gpins = <&arduino_header 9 GPIC ACTIVE HIGH>; f* D3 */ boa rd fl | eS
11 pdn-gpisns = <&arduino header 15 GPIC ACTIVE HIGH>; f* Do o+
1z ant-ggl-gpins = <&arduino header 10 GPIC_ACTIVE HIGH>; /* D4 */

13 mode-gpigs = <&arduino_header 8 GPIC ACTIVE HIGH>; f* D2 o+ h f Gplo
’ = Set pins for

spi-if = <&nrf radio_fem spi>;
15 }:

=N . interface and which

18 fem spi: &arduino_spi {

19 status = "okay"; Spl mOdU|e to Use

20 Gs-gpigs = <&arduino_header 16 GPIO_ACTIVE LOW>; /* D10 */
21

22 nrf radio fem spi: nrf21540_ fem spi@0 {

23 compatible = "pordig,nrf2l1540-fem—-spi";

24 status = "okay";

25 reg = <0>;

26 label = "FEM SPI_IF";

27 spimax frequency = <B000000>;

28 1i

29 };

26
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Adding NRFE21540 support in SW

%» SEGGER Embedded Studic

G? Configure nRF Connect SDK Project
Modules

= Modules
= nrf (C:/Users/paka/ncs/v1.9.0/nrf)
= Nordic nRF Connect
= Nordic MPSL
1 Radio front-end module (FEM) support
= Radio front-end module (FEM) type
® nRF21540 front-end module in GPIO mode
B TX gain of the nRF21540 PA amplifier in dB 20
B RX gain of the nRF21540 LNA amplifier in dB 13
[ Apply device configuration 254
= Max compiled-in log level for MPSL_FEM
O Off
O Error
O Warning
@ Info
O Debug

1 Show Names [] Show Symbols
[1Show All

Load Save As

Configure

m >

= Kconfig option
available when using
= NRF21540-DK

= Board with nRF21540-
EK as shield

= Use nRF21540-EK as
template when
adding support for
your custom board

Cancel

27
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Reference circuitry single antenna

. Ul VDD nRF
MODE S 33k 4 6 I
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RX EN Z"; RX_EN VDD .54T1C6 -
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Reference circuitry dual antenna

R1 ul VDD nRF
MODE S 33k 4 6
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Current numbers

= TX
= 110 mA @ +20dBm output power .
= 38 mA @ +10dBm output power
= RX
= 29 mMA
= PG
= 11 mA

= Power down current
= 45 nA
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