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SILICON LABS

AN1409: EFR32xG28 Sub-GHz and
2.4 GHz Dual-Band Requirements

The EFR32xG28 chip family provides sub-GHz and 2.4 GHz dual-
band functionality that requires special design considerations.
This application note provides guidance on how to utilize both the
sub-GHz and 2.4 GHz port of the device, and shows recommen-
ded matching networks and layout for both bands.

Note: This document does not address detailed matching procedures. The 2.4 GHz
matching procedure is described in application note AN930.2: EFR32 Series 2 2.4 GHz
Matching Guide. The sub-GHz matching procedure is described in application note,
AN923.2: EFR32 Series 2 sub-GHz Matching Guide. For more detailed information on
PCB layout requirements for proper operation, refer to application note, AN928.2:
EFR32 Series 2 Layout Design Guide.
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KEY FEATURES

» Provides instructions on how to design
dual-band devices

+ Specifically discusses the 868/915 MHz +
2.4 GHz use case

* Recommended matching networks for both
bands

+ Layout design considerations for dual-band
applications



https://www.silabs.com/documents/public/application-notes/an930.2-efr32-series-2.pdf
https://www.silabs.com/documents/public/application-notes/an930.2-efr32-series-2.pdf
https://www.silabs.com/documents/public/application-notes/an923-2-series-2-subghz-matching-guide.pdf
https://www.silabs.com/documents/public/application-notes/an928.2-efr32-series2-layout-design-guide.pdf
https://www.silabs.com/documents/public/application-notes/an928.2-efr32-series2-layout-design-guide.pdf
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AN1409: EFR32xG28 Sub-GHz and 2.4 GHz Dual-Band Requirements
Recommended Matching Networks

1. Recommended Matching Networks

For the sub-GHz bands in the range of 169 - 470 MHz, no special precautions are needed. Both sub-GHz and 2.4 GHz ports can be
used with the matching networks shown below, with separate antennas for each band.

For the 868/915 MHz band, an RF switch is needed to ground the end of the 2.4 GHz matching path to minimize the coupling of the 3™
harmonic of the sub-GHz frequency to the 2.4 GHz antenna when transmitting at 868/915 MHz.

Note: All the parts recommended below are in SMD0201 footprint size.

1.1 Sub-GHz Match Networks
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Figure 1.1. Typicl Sub-GHz FR Matching Network Circuit

Table 1.1. Summary of Matching Network Component Values vs. Frequency

Freq. Band Pour PAVDD L1 ) L3 L4 c1 c2 c3 ca c5 cé

10dBm| 18V | 22nH | 47nH | 51nH | 220nH | 33pF | 27pF | 15pF | 2.6 pF | 220 pF | N.M.
169 MHz

20dBm | 33V | 12nH | 40nH | 51nH | 220nH | 62pF | 27pF | 16 pF | 2.6 pF | 220 pF | N.M.

315 MHz 10dBm| 18V | 22nH | 47 nH OR 150nH | 15pF | 9.2pF | N.M. N.M. | 220 pF | N.M.

434 MHz 10dBm| 18V | 20nH | 39nH OR 82nH | 85pF | 46pF | N.M. N.M. | 220 pF | N.M.

470 MHz 17dBm| 33V | 51nH | 91nH | 30nH | 68 nH N.M. 10pF | 76 pF | N.M. | 220 pF | N.M.

868 MHz

20dBm| 33V | 15nH | 1.3nH | 13nH | 18 nH NM. | 72pF | 1.3pF | N.M. | 220pF | 1.9 pF
915 MHz
868 MHz

14dBm| 18V | 42nH | 16 nH OR 18nH | 59pF | 21pF | N.M. N.M. | 220 pF | N.M.
915 MHz
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Recommended Matching Networks

1.2 2.4 GHz matching network
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Figure 1.2. 2.4 GHz RF Matching Network Circuit

Table 1.2. 2.4 GHz Matching Network Component Values

Freq. Band PouTt PAVDD

24 GHz 10 dBm 1.8V 3nH 8.2nH 3.1nH 1.8 nH 1pF 0.3 pF 19 pF
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AN1409: EFR32xG28 Sub-GHz and 2.4 GHz Dual-Band Requirements
Recommended Matching Networks

1.3 Special Case: 868/915 MHz + 2.4 GHz Dual-Band Matching Network

This dual-band board setup needs attention, because the 3" harmonic of the sub-GHz band can be radiated out from the 2.4 GHz
antenna, due to the coupling of the 3™ harmonic of the sub-GHz band to the 2.4 GHz path (especially, through the bonding wires). The
3 harmonic of 868/915 MHz is at 2.6 — 2.7 GHz, close to the other path’s fundamental frequency of 2.4 GHz, so that path does not
attenuate it.

SubGHz Antenna
868 MHz +14 dBm
3rd harmonic 2.6 GHz -50 dBm
FCC limit -41.7 dBm

2.4 GHz Antenna
3rd Harmonic 2.6 GHz -27 dBm
FCC limit -41.7 dBm

e SubGHz
Match ANT1
) 2.4GHz
lJ'\u1at<ch| ANTO

Figure 1.3. 3'4 Harmonic Coupling at 868 MHz 14 dBm

The solution is to add an external RF switch to connect the output of the 2.4 GHz matching network to ground, through 50 Q, when
using the sub-GHz RF front-end. This switch will be activated before a sub-GHz transmission starts, so the path through the 2.4 GHz
matching network will be terminated before the 2.4 GHz antenna input.
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AN1409: EFR32xG28 Sub-GHz and 2.4 GHz Dual-Band Requirements
Recommended Matching Networks

IF THE SOLUTION BELOW IS NOT IMPLEMENTED, THE SYSTEM WILL FAIL FCC RESTRICTED BAND REQUIREMENTS!

Solution 1: Separate antennas with SPST switch

SubGHz Antenna
868 MHz +14 dBm
3rd harmonic 2.6 GHz -50 dBm
FCC limit -41.7 dBm

2.4 GHz Antenna
3rd Harmonic 2.6 GHz -49 dBm
FCC limit -41.7 dBm

) SubGHz
L Mateh ) ANT1
EFR32xG28
SPST Switch
-0 II Match II

T—(L:{;mt:n:l I—J

Figure 1.4. Solution to 3" Harmonic Coupling at 868 MHz 14 dBm
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AN1409: EFR32xG28 Sub-GHz and 2.4 GHz Dual-Band Requirements

Recommended Matching Networks

1.3.1 Application Schematic For 868/915 MHz Dual Band RF Matching
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Figure 1.5. 868/915 MHz +14 dBm Dual Band Matching with Ground Switch for 2.4 GHz +10 dBm
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Figure 1.6. 868/915 MHz +20 dBm Dual Band Matching with Ground Switch for 2.4 GHz +10 dBm
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1.3.2 RF Switch Parameters

If the switch recommended by Silicon Labs may not be available, here are the requirements for a replacement:
* Minimal Insertion Loss at 2.4 GHz (~0.3-0.4 dB)

* One control pin

* 3 RF Ports (RFIN, RF1, RF2)

* Max Input Power >= 10dBm

» Atleast 25 dB isolation between ports

1.3.3 RF Switch Special Layout Considerations

» Use DC blocking capacitors, if needed (the one used in Radio Board reference designs does not need DC blocking)

* RF Switches need low-impedance ground connection, so ground vias at the exposed pad or any other grounding pin are neces-sary
* Place the 50 Q load as close as possible

« If another RF switch is chosen (with higher non-linearity) then TX output filtering after the switch may be needed

GND via as close

as possible
I \

resistor
to ground
DC blocking
capacitor here if

necessary ——

Figure 1.7. RF Switch Layout for Dual Band Matching
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AN1409: EFR32xG28 Sub-GHz and 2.4 GHz Dual-Band Requirements
Reference Designs

2. Reference Designs

+ BRD4400B: EFR32xG28 868/915 MHz 14 dBm + 2.4 GHz 10 dBm Radio Board with active RF switch
* BRD4400C: EFR32xG28 868/915 MHz 14 dBm + 2.4 GHz 10 dBm Radio Board with passive RF switch
* BRD4401B: EFR32xG28 868/915 MHz 20 dBm + 2.4 GHz 10 dBm Radio Board with active RF switch
* BRD4401C: EFR32xG28 868/915 MHz 20 dBm + 2.4 GHz 10 dBm Radio Board with passive RF switch
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3. Revision History

Revision 0.1

August 2023
* Initial draft
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Disclaimer

Silicon Labs intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software imple-
menters using or intending to use the Silicon Labs products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each
specific device, and “Typical” parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon
Labs reserves the right to make changes without further notice to the product information, specifications, and descriptions herein, and does not give warranties as to the
accuracy or completeness of the included information. Without prior notification, Silicon Labs may update product firmware during the manufacturing process for security or
reliability reasons. Such changes will not alter the specifications or the performance of the product. Silicon Labs shall have no liability for the consequences of use of the infor-
mation supplied in this document. This document does notimply or expressly grant any license to design or fabricate any integrated circuits. The products are not designed or
authorized to be used within any FDA Class Il devices, applications for which FDA premarket approval is required or Life Support Systems without the specific written consent
of Silicon Labs. A “Life Support System” is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected to result in
significant personal injury or death. Silicon Labs products are not designed or authorized for military applications. Silicon Labs products shall under no circumstances be used
in weapons of mass destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons. Silicon Labs disclaims
allexpress and implied warranties and shall not be responsible or liable for any injuries or damages related to use of a Silicon Labs product in such unauthorized applications.
Note: This content may contain offensive terminology thatis now obsolete. Silicon Labs is replacing these terms with inclusive language wherever possible. For more
information, visit www.silabs.com/about-us/inclusive-lexicon-project
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