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1. Introduction

The purpose of this application note is to help users design EZRadioPRO PCBs using good design practices that
allow for good RF performance. The application note also helps the designer by separating TX and RX issu es
within this document.

2. Desigh Recommendations when using EZRadioPRO RF ICs

m Extensive testing has been completed using reference designs provided by Silicon Labs. It is recommended to
designers to use the reference designs “as-is™ since they minimize de-tuning effects caused by parasitics
generated by component placement and PCB routing.

m  When layouts as shown in the reference designs cannot be followed due to PCB size and shape limitations of
the final product then the layout design rules shown in this document are recommended.

2.1. Guidelines for Layout Design when using Si4431

For reference, examples shown in this section of the guide are based upon the layout of the 4431-DKDB1 testcard
(separated TX and RX paths).

m  The choke inductor (L1) should be placed as close to the TX pin as possible (even if this means the RX is
further away).

m  The parallel inductor (L6) in the RX path should be perpendicular to the choke inductor (L1) in the TX path as
this will reduce TX to RX coupling.

The TX and RX sections should be separated by a ground metal on the top layer to reduce coupling.
The match used for the TX, should be kept to the smallest board space as is possible.

Ground Metalization

TX Section

RX Section

TX Pin

L1
Figure 1. Si4431 Component Orientation, Placement, and GND Metalization
(vias suppressed for clarity)
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m Inductors close to the TX path should be kept perpendicular to each other to reduce coupling.

m Using at least 0.5 mm in separation in the matching between traces/pads to the ground metal will minimize the
parasitic capacitance and reduce the detuning effects.

m Increase the grounding effect in the thermal straps used with capacitors, in addition, thicken the trace near the
GND pin of these capacitors. This will minimize series parasitic inductance between the ground pouring and the
GND pins. Additional vias placed close to the GND pin of capacitors connecting it to the bottom layer ground
plane will further help reduce these effects.

Separation of Traces from GND LM
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Figure 2. Thermal Strapping and Separations from GND (vias suppressed for clarity)
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m  The smaller Vpp bypass capacitors (C1 = 33 pF and C2 = 100 pF) should be kept as close to the Vpp pin as

possible.

m The exposed pad footprint should use as many vias as is possible to ensure good grounding and heatsink
capability. In the reference design there are 9 vias each 12 mil diameter.
The ground should also connected to the top layer to further improve RF grounding.

m  The crystal should be placed close to the RFIC as possible to ensure wire parasitic capacitances kept as low as
possible; this will reduce any frequency offsets that may occur.

m Place ground metal between the crystal and the Vpp feed to avoid coupling effects.

Figure 3 demonstrates the positioning and orientation of components, ground flooding and thermal strapping.

VDD Pin
C2
C1

GND Metal between
Crystal and Vpp

Crystal

AND 0} uoidaUU0)

Figure 3. RFIC GND Vias and GND Metalization (vias suppressed for clarity)

TX Section

PCB Vias

RX Section
Crystal

RFIC

Figure 4. PCB Vias
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m To achieve good RF ground on the layout it is recommended to add large ground metallization at least to the RF
section. Better performance results may be obtained if this is applied to the entire PCB. To provide a good RF
ground, the RF voltage potentials should be equal along the entire GND area as this helps maintain good Vpp
filtering and also providesa good ground plane for a monopole antenna. Gaps should ideally be filled with metal
and the resulted ground sections on top and the bottom layers should be connected with as many vias as
possible.

m The area under the matching network (on the bottom layer) should be filled with ground metal as it will help
reduce/remove radiation emissions. Board routing and wiring should not be placed in this rejoin to prevent
coupling effects with the matching network. It is also recommended that the GND return path between the GND
vias of the TX LPF/Match and the GND vias of the RFIC paddle should not be blocked in any way; the return
currents should see a clear unhindered pathway through the GND plane to the back of the RFIC.
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Figure 5. Ground Poured Sections with Vias to the Bottom Layer

m Use 50 Q grounded coplanar lines where possible for connecting the matching network, the switch and/or the
SMA connector(s) to reduce sensitivity to PCB thickness variation. This will also reduce radiation and coupling
effects. An example based on 1.5 mm thick substrate can be seen in Table 1.

© 0 0 OOOOOO:’)OO O

o O

° ° @)
oo .© go0o0o0
N ‘00
o ,°000 Yo .
/oooo’:.oooooooo
Q00
0 ° 0000O0OO0O
©/ 0" O ©00O0O0
?oo o)
ooocgoo 0O 0 0 O {
$°.° o000 0
(=]
8 oCC %00 o
[e] oo ~ OA

Figure 6. 50 W Grounded Coplanar L|ne
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Table 1. Parameters for 50 W Grounded Coplanar Lines Based on 1.5 mm Thick Substrate

f 240-930 MHz
T 0.035 mm
Er 4.5
GO .25 mm
H1 S5 mm
W1 .26 mm
[« s
] || i
.T\
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Figure 7. Grounded Coplanar Line Parameters
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2.2. Guidelines for Layout Design When Using the Si4432

For the Si44 32 high power PA versions similar guidelines can b e applied as explained for the lower power PA,
Si4431, however some small additional levels of filtering should be implemented.

For reference, examples shown in this section are based upon the layout of the 4432-DKDB2 test car d (single
antenna using a TX/RX switch).

m  When designing with the Si4432 additional harmonic filtering is recommended. This is achieved through an
additional LC resonant circuit in parallel to the TX path.

m  When using a TX/RX switch or a switch to select antennas in an antenna diversity implementation, a series
capacitor is required in the TX path to block the dc patch between the switch and the ground.

Figure 8 demonstrates the positioning and orientation of components, ground flooding, and thermal strapping.

DC Blocking Capacitor

Additional Si4432 Filtering

RF Switch

PCB Vias
TX Section

RX Section

RFIC Crystal

Figure 9. PCB Vias and Additional RF Switch for the Si4432
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3. Reference Designs for Si4431

3.1. Split RF 1/Os with Separated TX and RX Connectors
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Table 2. Si4431 Split RF 1/Os Bill of Materials

Part Value Device Package Description
Co * Capacitor 0402 Murata GRM15 series
C1 33 pF Capacitor 0402 Murata GRM15 series
C2 100 pF Capacitor 0402 Murata GRM15 series
C3 100 nF Capacitor 0402 Murata GRM15 series
C4 22 uF Capacitor 0603 Murata GRM18 series
C5 N.F Capacitor 0603 Murata GRM18 series
C6 * Capacitor 0402 Murata GRM15 series
C8 * Capacitor 0402 Murata GRM15 series
C9 * Capacitor 0402 Murata GRM15 series
Cc10 * Capacitor 0402 Murata GRM15 series
C12 100 pF Capacitor 0603 Murata GRM18 series
C13 1uF Capacitor 0603 Murata GRM18 series
C14 100 pF Capacitor 0603 Murata GRM18 series
C15 1 uF Capacitor 0603 Murata GRM18 series
c18 100 nF Capacitor 0603 Murata GRM18 series
Cc23 100 nF Capacitor 0603 Murata GRM18 series

CS1 CON40-0 CON40-0 Molex 0702474051 | 40-PIN male connector, 90°

C M * Capacitor 0402 Murata GRM15 series

C_ M2 * Capacitor 0402 Murata GRM15 series
C M3 * Capacitor 0402 Murata GRM15 series

IC1 Si4431 Si4431 Rev A0 QFN-20 Radio IC
IC2 25AA080-I/ST 25AA080ST TSSOP8 Serial EEPROM
LO * Inductor 0402 Coilcraft 0402HP series
L1 * Inductor 0402 Coilcraft 0402HP series
L6 * Inductor 0402 Coilcraft 0402HP series
L7 * Inductor 0402 Coilcraft 0402HP series
LM * Inductor 0402 Coilcraft 0402HP series

L_M2 * Inductor 0402 Coilcraft 0402HP series
Q1 30 MHz Crystal 4 pin TST TZ1430A
Q2 32.7 kHz Crystal SMQ32SL SMQ32SL
R1 100k Resistor 0603 Resistor
R2 10k Resistor 0603 Resistor
R3 * Resistor 0402 Resistor
R4 100k Resistor 0603 Resistor
R5 N.F. Resistor 0603 Resistor
R9 10k Resistor 0603 Resistor
R10 100k Resistor 0603 Resistor
R13 100k Resistor 0603 Resistor
RX Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector
TX Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector

*Note: For exact values please find the schematic’s table with the appropriate matching network values.
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Figure 11. Si4431 Split RF 1/0s with Separated TX and RX Connectors—Top
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Figure 12. Si4431 Split RF 1/0Os with Separated TX and RX Connectors—Top Silkscreen
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Figure 13. Si4431 Split RF I/Os with Separated TX and RX Connectors—Bottom
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3.2. Common TX/RX Connector with RF Switch

UONMS JY Y3IM J0JO3UUOCD X¥/X1 UOWWOD LEYYIS "pi ainBi4

T/T feaus| TEET@T EB@Z/ER/BT iaiE]

a7
3y L4aqunpy Uawn3og

CYNENSTXYX L TXE0H0 T TEFF  $3TLIL

LR TR

So1J0}e40ge] UODIIS =P

b

‘B00Z'91 €0 Buymiew |Epms

Ar

-
LU
=

5G | 4N [wuD B[ BE | @7 | €€ | ¥C | 97| 98 | BZ | ®ZT |ZHU @56 96 EE | PR | BT | T8 | ZHJ BSE
5G | "N |Wu0 B[ BE | @1 | €' | ¥C | 97| PG | Bz | @27 ZHU GI6 9G | E'E| PO | 77 | 8'F | ZHU GI6
B9 | "N |[wio e] € | g1 | 2z | e | zv| B9 | BZ | @zt |2H4 898 B9 | GE | PG | T | B'9 | ZH4 898
BT |'AN | BE | Z | E¥ | 96 | 2B | &'V | @ZZ | ZZ | @ZZ |ZHA bER B2 Z'v | PO | EE | @T | ZHW ¥E¥
@2k | "IN | BE | T | $G | 2’8 |@ZF | 87 | O | ZZ | @CZ |ZHA GIE Bk 95| P | £r | ST | ZHM STE
£397 | 393 | thud | 0497 [ tHUT | 0490 [oHud (490 |Cad) [fwuod [ oHYD ueq [49 [49) | [HYD | [HY] | Cad) ueq
T3 EWI a1 |ewa|[W W 87 | @) | 93 | e | 30 | B9 810 B3 | 1| 51 | 83 344
3pIS X1 P15 X
M WY 0 UNOW SSWURLI0 Paqunow s1 47
: #1 Ajuo JreyD 32U ut UBNB ENjEA U LM LD WINO .
IMO[DG HELD U} 1B SON[BA JUDLIDID B3 pUY 5B .

<

1011l

=

HDH33 uopedpnIuap] pJeog

11

Rev. 0.1

SILICON LABS



AN414

Table 3. Si4431 Common TX/RX Connector Bill of Materials

Part Value Device Package Description
ANT Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector
Co * Capacitor 0402 Murata GRM15 series
C1 33 pF Capacitor 0402 Murata GRM15 series
C2 100 pF Capacitor 0402 Murata GRM15 series
C3 100 nF Capacitor 0402 Murata GRM15 series
C4 2.2 uF Capacitor 0603 Murata GRM18 series
C5 N.F. Capacitor 0603 Murata GRM18 series
C6 * Capacitor 0402 Murata GRM15 series
C8 * Capacitor 0402 Murata GRM15 series
C9 * Capacitor 0402 Murata GRM15 series
Cc10 * Capacitor 0402 Murata GRM15 series
Cc1 * Capacitor 0402 Murata GRM15 series
Cc12 100 pF Capacitor 0603 Murata GRM18 series
C13 1 uF Capacitor 0603 Murata GRM18 series
C14 100 pF Capacitor 0603 Murata GRM18 series
C15 1 uF Capacitor 0603 Murata GRM18 series
c18 100 nF Capacitor 0603 Murata GRM18 series
C23 100 nF Capacitor 0603 Murata GRM18 series
CS1 CON40-0 CON40-0 Molex 0702474051 40-PIN male connector, 90°
C M * Capacitor 0402 Murata GRM15 series
C_M2 * Capacitor 0402 Murata GRM15 series
C_M3 * Capacitor 0402 Murata GRM15 series
IC1 Si4431 Si4431 Rev A0 QFN-20 Radio IC
IC2 25AA080-I/ST 25AA080ST TSSOPS8 Serial EEPROM
IC5 UPG2214TB6SM | UPG2214TB6SM | 6-PIN_SUPER_MINIMOLD |NEC's SPDT RF switch
LO * Inductor 0402 Coilcraft 0402HP series
L1 * Inductor 0402 Coilcraft 0402HP series
L6 * Inductor 0402 Coilcraft 0402HP series
L7 * Inductor 0402 Coilcraft 0402HP series
L M * Inductor 0402 Coilcraft 0402HP series
L M2 * Inductor 0402 Coilcraft 0402HP series
Q1 30 MHz Crystal 4 pin TST TZ1430A
Q2 32.7 kHz Crystal SMQ32SL SMQ32SL
R1 100k Resistor 0603 Resistor
R2 10k Resistor 0603 Resistor
R3 * Resistor 0402 Resistor
R4 100k Resistor 0603 Resistor
R5 N.F. Resistor 0603 Resistor
R9 10k Resistor 0603 Resistor
R10 100k Resistor 0603 Resistor
R13 100k Resistor 0603 Resistor
*Note: For exact values please find the schematic’s table with the appropriate matching network values.
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Figure

Figure 15. Si4431 Common TX/RX Connector with RF Switch—Top
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16. Si4431 Common TX/RX Connector with RF Switch—Top Silkscreen
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Figure 17. Si4431 Common TX/RX Connector with RF Switch—Bottom
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Table 4. Si4431 Antenna Diversity Bill of Materials

Part Value Device Package Description
ANT1 Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector
ANT2 Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector

Co * Capacitor 0402 Murata GRM15 series
C1 33 pF Capacitor 0402 Murata GRM15 series
Cc2 100 pF Capacitor 0402 Murata GRM15 series
C3 100 nF Capacitor 0402 Murata GRM15 series
C4 2.2 yF Capacitor 0603 Murata GRM18 series
C5 N.F. Capacitor 0603 Murata GRM18 series
C6 * Capacitor 0402 Murata GRM15 series
C7 * Capacitor 0401 Murata GRM15 series

C8 * Capacitor 0402 Murata GRM15 series

C9 * Capacitor 0402 Murata GRM15 series

C10 * Capacitor 0402 Murata GRM15 series

C11 * Capacitor 0402 Murata GRM15 series

Cc12 100 pF Capacitor 0603 Murata GRM18 series

C13 1 uF Capacitor 0603 Murata GRM18 series

C14 100 pF Capacitor 0603 Murata GRM18 series

C15 1 uF Capacitor 0603 Murata GRM18 series

C18 100 nF Capacitor 0603 Murata GRM18 series

Cc23 100 nF Capacitor 0603 Murata GRM18 series

CS1 CON40-0 CON40-0 Molex 0702474051 40-PIN male connector, 90°
C M * Capacitor 0402 Murata GRM15 series
C_M2 * Capacitor 0402 Murata GRM15 series
C_M3 * Capacitor 0402 Murata GRM15 series

IC1 Si4431 Si4431 Rev A0 QFN-20 Radio IC

IC2 25AA080-I/ST| 25AA080ST TSSOP8 Serial EEPROM

IC5 UPG2164T5N | UPG2164T5N | 6-PIN_SUPER_MINIMOLD |NEC's DPDT RF switch

LO * Inductor 0402 Coilcraft 0402HP series
L1 * Inductor 0402 Coilcraft 0402HP series
L6 * Inductor 0402 Coilcraft 0402HP series
L7 * Inductor 0402 Coilcraft 0402HP series

L M * Inductor 0402 Coilcraft 0402HP series
L M2 * Inductor 0402 Coilcraft 0402HP series

Q1 30 MHz Crystal 4 pin TST TZ1430A

Q2 32.7 kHz Crystal SMQ32SL SMQ32SL

R1 100k Resistor 0603 Resistor

R2 10k Resistor 0603 Resistor

R3 * Resistor 0402 Resistor

R4 100k Resistor 0603 Resistor

R5 N.F. Resistor 0603 Resistor

R9 10k Resistor 0603 Resistor

R10 100k Resistor 0603 Resistor

R13 100k Resistor 0603 Resistor

*Note: For exact values please find the schematic’s table with the appropriate matching network values.
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Figure 19. Si4431 Antenna Diversity Reference Design—Top
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Figure 20. Si4431 Antenna Diversity Reference Design—Top Silkscreen
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Figure 21. Si4431 Antenna Diversity Reference Design—Bottom
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4. Reference Designs for Si4432

4.1. Split RF 1/Os with Separated TX and RX Connectors
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Table 5. Si4432 Split RF 1/Os Bill of Materials

Part Value Device Package Description
Co * Capacitor 0402 Murata GRM15 series
C1 33 pF Capacitor 0402 Murata GRM15 series
C2 100 pF Capacitor 0402 Murata GRM15 series
C3 100 nF Capacitor 0402 Murata GRM15 series
C4 2.2 uF Capacitor 0603 Murata GRM18 series
C5 N.F Capacitor 0603 Murata GRM18 series
C6 * Capacitor 0402 Murata GRM15 series
C7 * Capacitor 0402 Murata GRM15 series
C8 * Capacitor 0402 Murata GRM15 series
Co * Capacitor 0402 Murata GRM15 series
C10 * Capacitor 0402 Murata GRM15 series
c12 100 pF Capacitor 0603 Murata GRM18 series
C13 1 uF Capacitor 0603 Murata GRM18 series
C14 100 pF Capacitor 0603 Murata GRM18 series
C15 1uF Capacitor 0603 Murata GRM18 series
C18 100 nF Capacitor 0603 Murata GRM18 series
Cc23 100 nF Capacitor 0603 Murata GRM18 series

Cs1 CON40-0 CON40-0 Molex 0702474051 | 40-PIN male connector, 90°

C M * Capacitor 0402 Murata GRM15 series

C M2 * Capacitor 0402 Murata GRM15 series
C_M3 * Capacitor 0402 Murata GRM15 series

IC1 Si4432 Si4432 Rev V2 QFN-20 Radio IC
IC2 | 25AA080-I/ST 25AA080ST TSSOPS8 Serial EEPROM
LO * Inductor 0402 Coilcraft 0402HP series
L1 * Inductor 0402 Coilcraft 0402HP series
L2 * Inductor 0402 Coilcraft 0402HP series
L6 * Inductor 0402 Coilcraft 0402HP series
L7 * Inductor 0402 Coilcraft 0402HP series

L M * Inductor 0402 Coilcraft 0402HP series

L M2 * Inductor 0402 Coilcraft 0402HP series

Q1 30 MHz Crystal 4 pin TST TZ1430A
Q2 32.7 kHz Crystal SMQ32SL SMQ32SL
R1 100k Resistor 0603 Resistor
R2 10k Resistor 0603 Resistor
R3 * Resistor 0402 Resistor
R4 100k Resistor 0603 Resistor
R5 N.F. Resistor 0603 Resistor
R6 * Resistor 0603 Resistor
R9 10k Resistor 0603 Resistor
R10 100k Resistor 0603 Resistor
R13 100k Resistor 0603 Resistor
RX Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector
TX Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector

*Note: For exact values please find the schematic’s table with the appropriate matching network values.
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Figure 23. Si4432 Split RF 1/0Os with Separated TX and RX Connectors—Top
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Figure 24. Si4432 Split RF 1/0s with Separated TX and RX Connectors—Top Silkscreen
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Figure 25. Si4432 Split RF I/Os with Separated TX and RX Connectors—Bottom
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4.2. Common TX/RX Connector with RF switch
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Table 6. Si4432 Common TX/RX Connector Bill of Materials

Part Value Device Package Description
ANT Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector
Co * Capacitor 0402 Murata GRM15 series
C1 33 pF Capacitor 0402 Murata GRM15 series
C2 100 pF Capacitor 0402 Murata GRM15 series
C3 100 nF Capacitor 0402 Murata GRM15 series
C4 2.2 uF Capacitor 0603 Murata GRM18 series
C5 N.F. Capacitor 0603 Murata GRM18 series
C6 * Capacitor 0402 Murata GRM15 series
Cc7 * Capacitor 0402 Murata GRM15 series
C8 * Capacitor 0402 Murata GRM15 series
C9 * Capacitor 0402 Murata GRM15 series
Cc10 * Capacitor 0402 Murata GRM15 series
Cc1 * Capacitor 0402 Murata GRM15 series
c12 100 pF Capacitor 0603 Murata GRM18 series
C13 1 uF Capacitor 0603 Murata GRM18 series
C14 100 pF Capacitor 0603 Murata GRM18 series
C15 1 uF Capacitor 0603 Murata GRM18 series
C16 * Capacitor 0402 Murata GRM15 series
c18 100 nF Capacitor 0603 Murata GRM18 series
Cc23 100 nF Capacitor 0603 Murata GRM18 series
C31 CON40-0 CON40-0 Molex 0702474051 40-PIN male connector, 90°
C M * Capacitor 0402 Murata GRM15 series
C_M2 * Capacitor 0402 Murata GRM15 series
C M3 * Capacitor 0402 Murata GRM15 series
IC1 Si4432 Si4432 Rev V2 QFN-20 Radio IC
IC2 25AA080-I/ST 25AA080ST TSSOPS8 Serial EEPROM
IC5 | UPG2214TB6SM | UPG2214TB6SM | 6-PIN_SUPER_MINIMOLD | NEC's SPDT RF switch
LO * Inductor 0402 Coilcraft 0402HP series
L1 * Inductor 0402 Coilcraft 0402HP series
L2 * Inductor 0402 Coilcraft 0402HP series
L6 * Inductor 0402 Coilcraft 0402HP series
L7 * Inductor 0402 Coilcraft 0402HP series
LM * Inductor 0402 Coilcraft 0402HP series
L M2 * Inductor 0402 Coilcraft 0402HP series
Q1 30 MHz Crystal 4 pin TST TZ1430A
Q2 32.7 kHz Crystal SMQ32SL SMQ32SL
R1 100k Resistor 0603 Resistor
R2 10k Resistor 0603 Resistor
R3 * Resistor 0402 Resistor
R4 100k Resistor 0603 Resistor
R5 N.F. Resistor 0603 Resistor
R6 * Resistor 0603 Resistor
R9 10k Resistor 0603 Resistor
R10 100k Resistor 0603 Resistor
R13 100k Resistor 0603 Resistor
*Note: For exact values please find the schematic’s table with the appropriate matching network values.
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Figure 27. Si4432 Common TX/RX Connector with RF Switch—Top
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Figure 28. Si4432 Common TX/RX Connector with RF Switch—Top Silkscreen
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Figure 29. Si4432 Common TX/RX Connector with RF Switch—Bottom

®
26 Rev. 0.1 @

SILICON LABS



AN414

ign

ty Reference Des

Iversi

4.3. Antenna D

uBisag aoualajoy AJNSIaAIQ BUUBIUY ZSPPIS "0S 94nbi4

T/T neaus] STIETZT_6EeL/+8/01 @ied
p 6002 E0'LD Buiew Zepws
RAES $49QUNN_1u3WNI0g 55 @G |£2 | OT | AN | 28 | £¥ | GL| GE | €F | 22] 56 | B2 | BT |2Hd BG6|| 96 | 6€ | P& | BT | 2'8 | ZHW @ce
PISIBADXAOAT"ZER  T3LIL 55 ps [z | vi|an [ we | S er|ev [€r | zz| 55 | oz |ev [z4 Gv6|[ sa €€ [P@ [ 77 | 8% [ZHn ct6
wn s 82 @3 |ZZ | ZF| 4N | @F | V8 | ©% | Zv | @F | 2z| B9 | B¢ | BCT |ZHd B9E| B9 | 6°E | PM | T | 89 | ZHW 898
Sa140}PI0GRT] UCDI[IS .& (P4 85 |96 | ¥Z| 4N B | TT | 42| OT | B2 | @07 | B | B | BZZ |THH WER ||@LZ | 2% | PR | EBE | BT | ZHM +E¥
' _. o @G |95 | £7| "IN | vZ | GF | Eb | U | 9E |@G1 | BZF | BZ | @22 |ZHd GIE||@2 | 9°C | POy | Zb | 6T | ZHW GIE
[39) | Twu0d[02d) [THUT | (390 | THUD [ C497 | CHUT | c4d) [tHuT [C3d0 |4 [cwaod|thun | puea |[T3d1 (0390 |tHud [ tHUY | C3d3|  pueq
i y £10 ‘910 ‘Tra| od | 20| 27 |eWD|aw gD W[ wo el | 8o | 93 | €8 | 11 43 |l@w9| B0 | 21| 91 | B 844
= - apis x| ap1s X
Lo ol 1
® auo
wl L
il g
|14 L
IWUE) [ JUNOW SEINKBLIO PIIUNOW §1 L1
1 Ajuo peyo ayy ) uanB anjea Sl M 0L WNoR .,
§ s . W MDA UEYD SU) 1B S3N|EA JUSLUSS DY) Uy SREld |
25
L
|- H
T N
1 ~
e | i & E
N ] . i - CALNNON LON ¥ ped pravdo ... l—
=
e 1o
‘ — AT, e

77"

HOE QST o5 ]

HOWd33 vonelynuapl pJeog

27

Rev. 0.1

SILICON LABS



AN414

Table 7. Si4432 Antenna Diversity Bill of Materials

Part Value Device Package Description
ANT1 Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector
ANT2 Horizontal SMA connector BU-SMA-H 90° bent, female SMA connector

Co * Capacitor 0402 Murata GRM15 series
C1 33 pF Capacitor 0402 Murata GRM15 series
Cc2 100 pF Capacitor 0402 Murata GRM15 series
C3 100 nF Capacitor 0402 Murata GRM15 series
C4 2.2 yF Capacitor 0603 Murata GRM18 series
C5 N.F. Capacitor 0603 Murata GRM18 series
C6 * Capacitor 0402 Murata GRM15 series
C7 * Capacitor 0402 Murata GRM15 series
C8 * Capacitor 0402 Murata GRM15 series
Co * Capacitor 0402 Murata GRM15 series

C10 > Resistor 0402 Resistor

C11 * Capacitor 0402 Murata GRM15 series

Cc12 100 pF Capacitor 0603 Murata GRM18 series

C13 1 uF Capacitor 0603 Murata GRM18 series

C14 100 pF Capacitor 0603 Murata GRM18 series

C15 1uF Capacitor 0603 Murata GRM18 series

C16 * Capacitor 0402 Murata GRM15 series

c17 * Capacitor 0402 Murata GRM15 series

C18 100 nF Capacitor 0603 Murata GRM18 series

Cc23 100 nF Capacitor 0603 Murata GRM18 series

Cs1 CON40-0 CON40-0 Molex 0702474051 40-PIN male connector, 90°
C M * Capacitor 0402 Murata GRM15 series
C_M2 * Capacitor 0402 Murata GRM15 series
C_M3 * Capacitor 0402 Murata GRM15 series

IC1 Si4432 Si4432 Rev V2 QFN-20 Radio IC

IC2 25AA080-I/ST 25AA080ST TSSOPS8 Serial EEPROM

IC3 UPG2164T5N UPG2164T5N | 6-PIN_PLASTIC_TSON | NEC's DPDT RF switch

LO * Inductor 0402 Coilcraft 0402HP series
L1 * Inductor 0402 Coilcraft 0402HP series
L2 * Inductor 0402 Coilcraft 0402HP series
L6 * Inductor 0402 Coilcraft 0402HP series
L7 * Inductor 0402 Coilcraft 0402HP series

L M * Inductor 0402 Coilcraft 0402HP series
L_M2 * Inductor 0403 Coilcraft 0402HP series

Q1 30 MHz Crystal 4 pin TST TZ1430A

Q2 32.7 kHz Crystal SMQ32SL SMQ32SL

R1 100k Resistor 0603 Resistor

R2 10k Resistor 0603 Resistor

R3 * Resistor 0402 Resistor

R4 100k Resistor 0603 Resistor

R5 N.F. Resistor 0603 Resistor

R6 * Resistor 0603 Resistor

R9 10k Resistor 0603 Resistor

R10 100k Resistor 0603 Resistor

R13 100k Resistor 0603 Resistor
*Note: For exact values please find the schematic’s table with the appropriate matching network values.

28

Rev. 0.1

>

SILICON LABS




AN414

Figure 31. Si4432 Antenna Diversity Reference Design—Top
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Figure 32. Si4432 Antenna Diversity Reference Design—Top Silkscreen
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5. Checklist

Is the choke inductor (L1) as
close to the TX pin as possible?

Is the RX parallel inductor (L6)
perpendicular to the choke
inductor (L1) in the TX path?

Is the TX and RX separated by a
ground metal on the top layer?

Is the TX match, using the
smallest board space possible?

| o

Ground Metalisation

Tx Section

\
O

Rx Section

Are the TX path inductors
perpendicular to each other?

Is there at least 0.5 mm in

D separation in the matching
between traces/pads to the ground

metal?

Are there thermal straps used with
the capacitors, and is the GND pin
trace thicker?

Seperation of traces from GND

siopoedeq uo sdens god feusay L

Thermal PCB Straps on Capacitors

Are the smaller Vpp bypass
capacitors kept as close to Vpp?

Do exposed pad footprints use as
multiple vias and is the ground
connected to the top layer?

D Is the crystal as close to the RFIC

10 as is possible?

Does ground metal exist between
the crystal and the Vpp feed?

1. [

Vdd pin

GND Metal between

Connections to GND . Crystal and Vdd

Crystal

>
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» 0 0522555 00000032.0,0¢
Was large ground metallization O O°°e 800000 0 e°2ecyTno
12. . o oo°,ooooo°°°°ooo o Yo
added to at least the RF sections? ©00000°%000° 220000000
ooooooo°°°o§°o :fooooooo
oooooooo:,,%:.,n° 00000
°°°O°°°°:°°°:&§=°o 0 00O0O0
0O 000O0OO0CO0OOC °§°°°uo°ooz:°::
o o
Was the area on the bottom layer AN\ Hl ik 2 °° °:g::
. . o
under the matching network filled ® lee® °lboos 0 100 O g
13 . . 00 o BIaN:2 000 o ] o °00
with ground metal and was wiring °6co 2°8c0 00 0 0 O 0 0 %4
. . . . . °
a routing avoided in this region? 0000000000%0000/000000,
00000000000000000000
0 0O0OOOOO
Were 50 Q) grounded coplanar 600 ©0O0O0 OO O
lines used for connecting the -/ o
14. , ) 0 0 ,° o0000
matching network, the switch o © °°o o o 2
(]
and/or the SMA connector(s)? % o
0° o 000O0OOO
9 o000
0 ° 0000O0O0OO
o
o (o}
:!*qu-w-»l i: o 00% o 0O 00O0OO
T T Qo oogo Oo O 0 O O ¢«
T s ° o O 00 O !
0,
E-" 802 %00 o
O 0o ~A o~ O ~ .

5.1. Additional Concerns for the Si4432

Was an additional parallel LC
resonant circuit is added into

15. the TX path with a series
resistor?
Was a series capacitor added
16 to the TX path to block the dc

when a TX/RX switch (or the
Diversity switch) is used?

DC Blocking Capacitor

Additional Si4432 filtering
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CONTACT INFORMATION

Silicon Laboratories Inc.

400 West Cesar Chavez
Austin, TX 78701

Tel: 1+(512) 416-8500

Fax: 1+(512) 416-9669

Toll Free: 1+(877) 444-3032

Please visit the Silicon Labs Technical Support web page:
https://www.silabs.com/support/pages/contacttechnicalsupport.aspx
and register to submit a technical support request.

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice.
Silicon Laboratories assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from
the use of information included herein. Additionally, Silicon Laboratories assumes no responsibility for the functioning of undescribed features
or parameters. Silicon Laboratories reserves the right to make changes without further notice. Silicon Laboratories makes no warranty, rep-
resentation or guarantee regarding the suitability of its products for any particular purpose, nor does Silicon Laboratories assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation conse-
quential or incidental damages. Silicon Laboratories products are not designed, intended, or authorized for use in applications intended to
support or sustain life, or for any other application in which the failure of the Silicon Laboratories product could create a situation where per-
sonal injury or death may occur. Should Buyer purchase or use Silicon Laboratories products for any such unintended or unauthorized ap-
plication, Buyer shall indemnify and hold Silicon Laboratories harmless against all claims and damages.

Silicon Laboratories and Silicon Labs are trademarks of Silicon Laboratories Inc.
Other products or brandnames mentioned herein are trademarks or registered trademarks of their respective holders.
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