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Wi-Fi 4 and Wi-Fi 6 Supported Chip and Module Packages (91x Family)

Package

Size

Format

Focus Market

Wi-Fi Support
Bluetooth Support
Antenna
Temperature Range

Regulatory
Certifications

Compliance
Certifications

RS9116 RS9116 RS9116 RS9116 SiWx917M
QMs IC B00 Module CCO0 Module CC1 Module QMS IC

QFN 84 pin LGA 126 LGA 173 LGA 107 QFN 84 pin
7x7x0.85 mm 4.63x7.9x0.9mm 9.1x9.8x1.2mm 15x15.7x2.2mm 7x7x0.85 mm
SoC SiP SiP PCB Module SoC

Home, Industrial Wearables Industrial, Medical, Home Industrial, Medical, Home Home, Industrial

Wi-Fi 4 (B/G/N)

Wi-Fi 4 (B/G/N)

Wi-Fi 4 (A/B/G/N)

Wi-Fi 4 (A/B/G/N)

Wi-Fi 6 (B/G/N/AX)

5.0 (BT + BLE) 5.0 (BT + BLE) 5.0 (BT + BLE) 5.0 (BT + BLE) 5.2 (BLE)

No No No Yes (PCB & U.FL) No

-40 °C to +85 °C -40 °C to +85 °C -40 °C to +85 °C -40 °C to +85 °C -40 °C to +85 °C
FCC, IC, CE, TELEC, FCC, IC, CE, TELEC,

N/A UKGA FCC, IC, CE, TELEC, UKCA (<< N/A

BTSIG, WFA BTSIG, WFA BTSIG, WFA BTSIG, WFA BTSIG, WFA *

Wi-Fi 4 Single Band (2.4GHz) Wi-Fi 4 Dual Band (2.4/5GHz) Wi-Fi 6 Single Band (2.4GHz)

4 ©2023 Silicon Laboratories Inc. All rights reserved.
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RS9116 — Design Flow and Supporting Documentation

QMS (IC)

XTAL Selection
AN1335 (Crystal Selection Guide)

Antenna Selection

Sec. 2 of AN1337 (Regulatory
Certification)

Schematic Design

Ultra-librarian model, Sec. 5 (Ref
schematics) of data sheet and AN1345
(Design Checklist)

Layout Design

AN1344 (Board Layout Guidelines)

Calibration
AN1336 (RS9116 QMS Calibration)

Certification
N AN1337 (Regulatory Certification)

B0O (Module)

Antenna Selection

Sec. 2 of AN1337 (Regulatory
Certification)

Schematic Design

Ultra-librarian model, Sec. 5 (Ref
schematics) of data sheet and
AN1345 (Design Checklist)

Layout Design

AN1343 (Board Layout
Guidelines)

Certification (optional)

AN1337 (Regulatory Certification)

CCO (Module)

Antenna Selection

Sec. 2 of AN1337 (Regulatory
Certification)

Schematic Design

Ultra-librarian model, Sec. 5 (Ref
schematics) of data sheet and
AN1345 (Design Checklist)

Layout Design

AN1341 (Board Layout
Guidelines)

Certification (optional)

AN1337 (Regulatory Certification)

CC1 (Module)

Antenna Selection (optional)

Sec. 2 of AN1337 (Regulatory
Certification)

Schematic Design

Ultra-librarian model, Sec. 5 (Ref
schematics) of data sheet and
AN1345 (Design Checklist)

Layout Design

AN1342 (Board Layout
Guidelines)

Certification (optional)

AN1337 (Regulatory Certification)

NOTE : For regulatory certification, customer can
also look into AN1048 App Note for more details
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https://www.silabs.com/documents/login/application-notes/an1335-rs9116w-crystal-selection-guide.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/login/application-notes/an1345-rs9116-hardware-design-checklist.pdf
https://www.silabs.com/documents/login/application-notes/an1344-rs9116-qms-board-layout-guidelines.pdf
https://www.silabs.com/documents/login/application-notes/an1336-rs9116-qms-calibration-application-note.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/login/application-notes/an1345-rs9116-hardware-design-checklist.pdf
https://www.silabs.com/documents/login/application-notes/an1343-rs9116-b00-board-layout-guidelines.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/login/application-notes/an1345-rs9116-hardware-design-checklist.pdf
https://www.silabs.com/documents/login/application-notes/an1341-rs9116-cc0-board-layout-guidelines.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/login/application-notes/an1345-rs9116-hardware-design-checklist.pdf
https://www.silabs.com/documents/login/application-notes/an1342-rs9116-cc1-board-layout-guidelines.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/documents/public/application-notes/an1048-regulatory-certifications.pdf

Wi-Fi - Power Supply Desigh Recommendations (RS9116 & SiWx917)

= Available supply voltage options

IC/Module

Supported Power Supply

INPUT - Power Pin Name

Capacitor Value for SoC/Module Package

B0O, QMS

CCo0, CC1

3.3V/1.85V (with 3.3V at PA2G_AVDD)

3.3V

Connect appropriate decoupling capacitors on the supply

pins, close to IC/Module

« Reference table for RS9116 shown on right (per AN1345 App note)

Avoid connecting ferrite beads on the supply pins

Check RF performance of the device at the chosen power

supply value

Applies to both RS9116 & SiWx917 based designs

©2023 Silicon Laboratories Inc. All rights reserved.

Qms B00 CcCo cc1
VINBCKDC 10uF 10uF 10uF
VIN_3P3 10uF
VINLDO1P8 No Capacitor No Capacitor
0.1uF together 0.1uF together 0.1uF
JORVDD (2 pins) (4 pins) (1 pin)
ULP_IO_VDD 0.1uF 0.1uF 0.1uF 0.1uF
No Capacitor 0.1uF together
CAVDD (3 pins) (3 pins)
UULP_VBATT_1 No Capacitor No Capacitor No Capacitor 0.1uF
UULP_VBATT_2 1uF 1uF 1uF
RF_VBATT No Capacitor No Capacitor No Capacitor
VINLDOSOC 0.1uF 0.1uF 0.1uF
1uF 1uF 1uF
PA20_AVDD (1 pin) (1 pin) (1 pin)
1uF together 1uF
R VDD 2 pins) (1 pin)
1uF together 1uF together 1uF
RESAVERD (3 pins) (2 pins) (1 pin)
FLASH_IO_VDD No Capacitor
SDIO_IO_VDD in RS9116 0.1uF 0.1uF 0.1uF 0.1uF
RF_AVDD33 0.1uF 0.1uF
(0-1uF + 1uF) 0AUF
AVDD_1P9_3P3 together (1' in)
(5 pins) P
UULP_AVDD 0.1uF 0.1uF 0.1uF
RF_AVDD_BTTX No Capacitor No Capacitor No Capacitor
AVDD_1P3 No Capacitor
AVDD_1P2 ; .
(with Oohm series resistor) No Capacitor No Capacitor
USB_AVDD_3P3 0.1uF if USB is used, else connect to GND directly
USB_AVDD_1P1 0.1uF if USB is used, else connect to GND directly
VOUTBCKDC 1uH* + 10uF 1uH* + 10uF 1uH* + 10uF
VOUTLDOAFE 1uF No Capacitor No Capacitor No Capacitor
AUX_AVDD 1uF
VOUTLDO1P8 1uF No Capacitor No Capacitor
VOUTLDOSOC 1uF No Capacitor No Capacitor No Capacitor
UULP_VOUTSCDC 2.2uF No Capacitor No Capacitor No Capacitor
UULP_VOUTSCDC_RETN 1uF No Capacitor No Capacitor No Capacitor

&= SILICON LABS




Wi-Fi — Ultra Low Power Desigh Recommendations (RS9116 & SiWx917)

7

= Choose between GPIO and message-based power save modes
« Available in NCP & RCP modes

Wakeup the device based on indication from host

Power Save GPIOs:

» SLEEP_IND_FROM_DEV

» ULP_WAKEUP
» WAKEUP_FROM_DEV

» HOST_WAKEUP_INDICATION

= User has option to have external regulators, if needed

©2023 Silicon Laboratories Inc. All rights reserved.

GPIO based mode saves more power as compared to message based.

UULP_VBAT_GPIO_0
UULP_VBAT_GPIO_2/HOST_BYP_ULP_WAKEUP
UULP_VBAT_GPIO_3

E;g—> LEEP_IND_FROM_DEV
e ULP_WAKEUP
XTAL_32KHZ_IN

Message-based mode to be used if there is lack of GPIOs on Host side

Do not use unnecessary pull-up or pull-down resistors on GPIOs

Reference schematics (snapshots on right) show some of the Ultra
Low Power supplies using Internal regulators

star routed.

1uF
VOUTBCKDC should be L

Ag

VOUTBCKDCE?AM
. B11
1uF

RF_AVDD
RF_AVDD
RF_AVDD

VOUTBCKDCL >

VINLDOSOC

l c21
0.1uF

B30

VOUTBCKDC

B20 L1~y

DFE201210U-1ROM=P2

Size : 0805

1uH

L1 Specifications
1uH +/- 20%
DC Resistance : 95mohm max
Isat : 1.0A min
> VOUTBCKDC
c2
T 1our
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RS9116 — RESET and POC Design Recommendations

POC_IN, RESET_N signals : UULP_VBATT_1 domain

Ensure RESET_N and POC_IN signals are within
operating conditions (as per datasheet)

Ensure POC_IN, POC_OUT and RESET _N follow the
timing sequence requirements (as per datasheet)

Not recommended to loopback POC _IN to POC_OUT;
Use loopback for prototyping and debugging only

8 ©2023 Silicon Laboratories Inc. All rights reserved.

- POWER-UP

>600us

>1ms

VBATT

POC_IN

RESET_N

POC_OUT

POC_IN

No Populate/

OE < Do Not Mount
(DNM)
<
:|: C From External
Source
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RS9116 — Host Interface Design Recommendations

= Check the supported host interfaces based Device Type Host Interfaces supported
on device type

nLink/Hosted Mode/RCP USB, SDIO

WiSeConnect/Embedded Mode/NCP  SPI, UART, SDIO, USB-CDC

= SDIO SDIO or SPI Interface
. i '-----------------q U‘lB
« Connect pull-up resistors on CMD & data lines : '
_ o R1 33 05
- Connect series resistor on CLK near the source of the signal = SDIO_CLKISPI_CLK ) (0
H SDIO_CMD/SPI_CSN, :— SDIO_CMD/SPI_CSN
: SDIO_DO0/SP1_MOSI > o SDIO_DO0/SP1_MOSI
= SPI SDIO_D1/SPIL_MISO > :ﬁ SDIO_D1/SP1_MISO
. . ' , b7
« Ensure CS and CLK signals are not floating : SDIO_D2/SPLINTR ) § | SDIO_D2SPLINTR
. . . SDIO D3;’SPI_ERR_INTR> '64; SDIO_D3/SPI_ERR_INTR/USB_CDC_DIS
« Connect series resistor on CLK near the source of the signal = - T B

9  ©2023 Silicon Laboratories Inc. All rights reserved. &= SILICON LABS



RS9116 — Host Interface Design Recommendations

- USB and USB_CDC

« Ensure USB_DP and USB_DM signals are 90ohm differential lines
« Connect USB_VBUS to 5V source
« Connect USB_CDC_DIS with pull-down when using USB_CDC

= UART

« Ensure RX and CTS signals are not floating

Populate for USB_CDC Interface
- - .- -K—7
i ,||| R1 4.7K : 64
J -------- -

90 Ohm Differential Lines
USB_VBUS o——12 |
USB_DP 3> e 2|
USB_DM>>— e 65 |

USB_IDY>— 126 |

SDIO_D1/SPI_MISO
SDIO_D2/SPI_INTR

SDIO_D3/SPI_ERR_INTR/USB_CDC_DIS

USB_VBUS
USB_DP
USB_DM

USB_ID

GP|O:7 Hcg l--------
GPIO_8/UART1_RX E13 1 <UART 1_RX
GPIO_S/UART1_TX E12 I > UART1_TX

GPIO_10 a7z X
GPIO_11 W(

GPIO 12 75— — ) )UART1_RTS
GPIO 15 |12 zuarRTICTS §

UART Interface

= Ensure only one host interface is used after power up; Tri-state the other host interfaces

10 ©2023 Silicon Laboratories Inc. All rights reserved.
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RS9116 — Clock Desigh Recommendations

11

= RS9116 has two primary clocks

= User has option to use internal 32 kHz RC or
external clocks at UULP_VBATT_GPIO_3/4

- Internal 32 kHz — Recommended for most Ultra Low
Power designs, saves cost, Reduces BOM

- External 32 kHz — Recommended if Bluetooth Audio
(A2DP) is used with Ultra Low Power designs

©2023 Silicon Laboratories Inc. All rights reserved.

Clock frequency Usage

40 MHz ThreadArch® processor, baseband subsystem and the radio
32 kHz Sleep management and RTC
Parameter Parameter Description Min Typ Max Units
Fosc Oscillator Frequency 32.768 kHz
Fosc_cc Frequency Variation with Temp and Voltage -100 100 ppm
Duty cycle Input duty cycle 30 50 70 %
Vac Input AC peak-peak voltage swing at input -0.3 - VBATT +/- Vpp

pin.

10%

Table 12. 32 kHz External Oscillator Specifications

&= SILICON LABS




RS9116 — Clock Desigh Recommendations

P P D ipti Mi T M Uni
= QMS users must choose external 40 MHz crystal arameter arameter Description n | e | Fex | e
Fosc Oscillator Frequency 40 MHz
« Refer to AN1335: RS9116 SoC Crystal Selection Guide Mode Mode of Operation Fundamental
. Place CryStaI Close tO QMS pinS; FO”OW CryStal part,S Resonance Series or Parallel Resonance Parallel
. . . Drive Drive Level 100 uWw
design guidelines B
Fose_Ace Frequency Variation with Temp and Voltage -20 20 ppm
ESR Equivalent series resistance 60 Q
Load cap Load capacitance range 7 10 pF

Table 13 40 MHz Crystal Specifications

Manufacturer TXC Epson Transko
Frequency 40 MHz 40 MHz 40 MHz

Part Number 8Y40070013 | FA-20H 40.0000MF10Z-K3 | CS22-F1020CQ08-40.000M-TR
CL (pF) 8 10 8

ESR max (Q) 30 40 60

Frequency Tolerance (PPM) 8 +10 +10

Frequency Stability (PPM) +16 +10 +20

Drive Level (uW) Maximum 200 200 300

Operating Temp (degC) -40C to +105C -20C to +75C -40C to +85C

= CC1, CCO and B0O already have 40 MHz
clock integrated

12  ©2023 Silicon Laboratories Inc. All rights reserved. &= SILICON LABS



Wi-Fi — RF Desigh Recommendations (RS9116 & SiWx917)

13

RF front end

« Needs to be designed for SiWx917M QMS and RS9116 QMS, B00 and
CCO variants

« CC1 doesn’t need - it has internal PCB antenna & U.FL connector

Ensure 50-ohm characteristic impedance throughout RF path

Ensure DC blocking cap of 8.2pF is present in the RF path

Follow Reference schematics from latest datasheet

Follow antenna part’s design guidelines
« Antennas types — PCB, Chip, U.FL connector (Dipole, ...), etc

©2023 Silicon Laboratories Inc. All rights reserved.

RF_PORT1

A18

50 Ohm RF line

1

J1

_Z1 1 18.2pF _
|

z2 Z3

| TBD ‘ TBD

o
¥

Antenna/U.FL
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RS9116 and SiWx917 QMS IC — RF Desigh Recommendations

= Use the appropriate RF switch and BPF while using RF_TX, RF_RX and RF_BTTX pins

= Use the recommended LC front-end on the QMS pin
« Ensure low tolerance and better specs parts are chosen

= Design the antenna front-end based on antenna manufacturer’s guidelines

ANT_SEL
ANT SEL_B
u2c BT_ANT_SEL

o o ~ A
RF.Tx |22 L2 3.3n - cii 8.2pF 1 _
0.7pF TOF(NP) S 50 Ohm RF line Antenna/U.FL
8 U1 I
— — RF3 1 c13 8.2pF 3 1.C5 8.2pF
A10 " 13 onH c7 8.2pF 5 RFC ] IN OUT |t
RF_RX —-r»—’ Y'Y \—T{w e T
GND1 GND2
1pF(NP) 1pF 4 %) z3
C14 RF1 ZGND ﬁ = LTB-10052G4H6A4-PS _| TBD

= = WT ok = = i
HWS520 -
RF_BTTX 21 AN S——
moVOUTLDOAFE

= Based on application, user can choose to use RF_BTTX pin or not
« This pin is needed for BLE at higher power (8dBm)

&= SILICON LABS
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RS9116 and SiWx917 QMS IC — RF Desigh Recommendations

= In case RF_BTTX is not used, there is no need to use external RF switch, internal switch will be used

= Use the recommended LC front-end on the QMS pin, and the antenna front-end based on antenna
manufacturer’s guidelines

U1

RF_TX

RF_RX

RF_BTTX

A9

A10

L1 ~—~—~2.5nH

U2

2
.5pF

.|||_| —

IN

ouT

1 C1 ;. 82pF 71 ,,8.2pF
| |}

50 Ohm RF line

ANTENNA/U.FL

.||
,—}_‘r\) [

GND1 GND2 [ 75
B-1005-2GAH6-A4-PS | [ Tap

1

z3
T meD

1
o

Ji
b

= There is slight degradation (~1dB) in performance while using this Internal Switch configuration

15 ©2023 Silicon Laboratories Inc. All rights reserved.
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RS9116 — Schematic Desigh Recommendations

= Schematics available for SDIO, SPI, UART and USB, USB_CDC interfaces

= Ensure correctness of signals and match decoupling capacitor values to the reference schematic in latest
datasheet

- - - - = - - - o T T T 0 T T T T
L utA e
SDIO or SP1 Interface
il 08 - 5 | sbio_cLkspr_cik
33V > T V3P vounoores [ 3av > T 21| vounooms 2O _cuicspL
. Soi0_cuorse_csw
- S010_cLKiser ek _cuorser
L, N Sol0_cupise_csw The S010_00rsP1 Mos!
l UULP_VBATT 1 voutLooase 4—0 VOUTLDOAFE R i 27| yiap vearr s VOUTLOOAFE |80 VOUTLDOAFE SDIO_D1/SP MISO
o] =) 16 °) °| 'SDIO_D2/SPI_INTR i
Idw vunposoc (40 voUTLDOSOG ¢ vounsoses | —o vouTLoOSOC -
= @ w0 UULPVOUTSCOCH o5 0o Low [:o UULP_VOUTSCDC = ! _ $DIO_DASPI_ERR INTRIUSB_CDC_DIS R S E—
e surourseas " 500 ovsP_ERR INTR 941 5010, DvsP1_ERR_INTRASE_COC_DIS poc_in HE——croc T  pacc Ao . vourscoc [ i 900; poc_ou [ Speoc out
e S - 10 _ouT [S————roc.oL
n use_veus o——{ uss vaus
s Mo o n a2 2
B . roc_our o cun Is v vourscoe, se |--—Ore2 eSS honpiy N PR
%12 use vaus = x . VAT P10 no.
we_i0.voo 8 e = o
L %2 usa op e L T H T ue_jo.veo RG] opios [150x H
o e oy 128 | ysq 1 -
%451 use_on . IS X o
Y ot (SRR Tow opi07 [
. o078 UART interface = T30 0 eto_sumr1_Rx 2
UULP_VOUTSCDC > uwp_avoo 0 ») 0 opio_ suaT_x |12 AR R UULP_VOUTSCDC > 1% e ave0 L oP10_sRT1_Tx [HELx -
i 151 . I O——— 22 1010 1425
’ . PO——— 1 GP10_auART1_Tx |2 MRTI_TX Towe RSI116X-XB0O0-CX1 b »2 &PI0_10
RS9116X-XBO00-CX1 " - = , 1o s
mo— oo 0 [ i RSO1EX-XBOO-CX1 o [
10 149 le K |
l¢| 3.3v1.85VIVBATT > $010_10_voD 1P6 0110 R ™ A o] s 0.v00 a0z (M
aoo_12 [ a1 g1 Lo o e o015 |-21x
RS9116X-XB00-CX1 2 T * G0 38
o H 16| o aPI0_15 JARTI_CTS = oo #50 coio 46 wr_crio_o FBx
. frqu. LY RSN S a0 g e
AVDO_1P9_3F3 farq ] 2 45| oo_1pa_3e3 D x— pio_a7 wP_cPI0_1t
- @ X Goro_an e 00 [Ex 1 XX 2 -
e ;
Low g 2t coio e we_coio_1 [Hex T&e S N o
- o =
N ano 01 cero_sa ue_cei0_ 4 [25x lef o - a0 x—=jcmo4 “
8 | e a0z Qo w2 ooes e 0.8 | x w =t %52 oo 50 e P06 |2 x
1 & oy -4 -GPI0¢ RF_AVDD3S o N
IS S0 2 coro s0 we_cor0_6 [2x Lo 28 e
= o 2] coro a1 we_ o101 [ 2x Low S0 4 G0 52 we_cero.s [0
m = o
. vy M4 oo 62 we_coio_s [0 x = PAEE PP up_ceio_sumsrz 1 - ——Orer
> re_avoo_sTx wp [ N I 8 oo 0 s
VOUTLDOAFE A0 BT vy EETH PN [PPSR C— VOUTLDOAFE > 48 { e voo_sTrx o JOR7'1 g o 01010 42
ano ol o s 133 5
Qo JET . e co0 10 2 i o X2 G055 we_co_11 [2x A
| LUV F 2o H : . | =3
VOUTLOOBO> A aon = walocl a2 VOUTL005000— Fan s £ o R P
N o [ P e 126 : ol w
usa_Avo0_1P1 *132 oo . =3 2 o 57 o :
8_AVDD_1P: 1o Z:” UULP_VBAT_GPIO_2/HOST_BYP_ULP_WAKEUP VOUTLDOSOC > I 111 4ss_avoo_iet a8 N na vaar 608 -G 220
[P F x oS oo veat o103 [ Coxras_ sz v 1) . a8 RESET Ny 324 peser e vear_ceio_« [HE2x
-4 = SEEYEIIFIIIIIIIIIVIIEY
I | ecteteatiea | | T |
sfrf f fffff Ef F f fJfP fl
% | Schematic Title > | Schematic Tite
No!e:PIaced.lall tl;: %a;lws clloser tothe - RS9116X-XB00-CC1-ABC K Note:Place all the Caps closer to the RS9116X-XB00-CC1-ABC
i corresponding Module pins corresponding Module pins
SILICON LABS [PaeTite ponding P! SILICON LABS |[PegeTite
oot a3 bt [Rowones
oD [ o= USB,USB_CDC |
T SDIO,SPLUART ,USB_
Shoet |’-‘
| [Fo | R
L3 T < T £} T 3 T X = I L3 T 3 T T T

16 ©2023 Silicon Laboratories Inc. All rights reserved. ‘s" SILICON LABS



RS9116 — Layout Designh Recommendations

= Power Supply = Host Interfaces
« Follow star routing for power supply « Match length of SPI/SDIO lines with max. 100mil tolerance
- Place decoupling capacitors close to RS9116 pins - Keep SPI/SDIO lines away from noisy signals
« Route power traces with at least 15mils trace width « Ensure 90-ohm differential lines for USB DP and DN

- Keep USB signals far from high-speed signals

VOUTLDOSOC
Star routing

UULP_VOUTSCDC
Routing

]

2 o &8 & s o
*
®
.
:.ooooo
®
[
e S0 06 o o o
-
o« e, s ®
> .

-

*
L
»

.
- .

SDIO_DO0/SPI_MOSI

SDIO_D2/SPI_INTR

SDIO_CMDI/SPI_CSN

er

SDIO_D1/SPI_MISO

3V3/1.85/VBATT
power trace to
SDIO_IO_VDD pin

SDIO_D3

33E Resistor .

3.3V Star
routing

SDIO_CLK/SPI_CLK

Figure 4: SDIO/SPI Signals Routing in Layer 1

Figure 10: Power Supply Routing in Layer 3

17 ©2023 Silicon Laboratories Inc. All rights reserved. ‘$’ SILICON LABS



RS9116 — Layout Desigh Recommendations

- RF

« Route RF circuitry in the same plane as RS9116, without

vias

« Ensure 50-ohm characteristic impedance throughout the path

« Use multiple GND vias around RF path

Crystal

 |If Crystal is used, follow layout guidelines from its vendor

« Route traces as short as possible without any vias

« Pour GND all around the crystal

Stitched
Ground vias

Chip Antenna

® o L o e ® aroundtheRF = o
BPF — trace

e © o o ® ° o o
SP3T o

& &  ©  Switch | )

e © o o o

~ -
RF_TX N
“che o
o o 'r_r—| RF_BTTX RF @
" — N - /,—\

Figure 2: RF Circuitry Routing in Layer 1

Figure 4: 40 MHz Crystal Routing in Layer 1

18 ©2023 Silicon Laboratories Inc. All rights reserved.
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RS9116 — Soldering guidelines

= Check the landing patterns and package outlines given in the datasheet

= Follow AN1223 Manufacturing Guide App note for reflow and soldering recommendations
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https://www.silabs.com/documents/public/application-notes/an1223-lga-manufacturing-guidance.pdf

RS9116 — Application Notes and Design Documents

= AN1335: RS9116 SoC Crystal Selection Guide
« Guidelines for selecting the 40 MHz crystal oscillator.
« Basics of Oscillator Theory.
- List of recommended crystals for these devices.

« Note: RS9116 requires an external 32 kHz clock for certain applications.

Customers are advised to check RS9116 datasheet for details about the
external 32 kHz clock requirements.

= AN1337: RS9116 Regulatory Certification Application Note
- Certification process details — FCC, IC, ETSI, TELEC
« Gain tables
« RF power values
« Cross Reference Guide

20 ©2023 Silicon Laboratories Inc. All rights reserved.

Manufacturer

TXC

Epson

Transko

Frequency 40 MHz 40 MHz 40 MHz

Part Number 8Y40070013 | FA-20H 40.0000MF10Z-K3 | CS22-F1020CQ08-40.000M-TR
CL (pF) 8 10 8

ESR max (Q) 30 40 60

Frequency Tolerance (PPM)

8

+10

+10

Frequency Stability (PPM)

+16

+10

+20

Drive Level (uW) Maximum

200

200

300

Operating Temp (degC)

-40C to +105C

-20C to +75C

-40C to +85C
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https://www.silabs.com/documents/login/application-notes/an1335-rs9116w-crystal-selection-guide.pdf
https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf

RS9116 — Application Notes and Design Documents

= AN1342: RS9116 CC1 Board Layout Guidelines
« Placement guidelines: 4-layer stack-up
« Routing Guidelines:
» Host interfaces: SPI/SDIO, UART, USB
» Power supply
» Ground
= AN1341: RS9116 CCO Board Layout Guidelines :
= AN1343: RS9116 B00 Board Layout Guidelines .-

= AN1344: RS9116 QMS Board Layout Guidelines

- Placement and routing guidelines for the modules, similar to the guideline of
the CC1 module as discussed above.

seee o
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https://www.silabs.com/documents/login/application-notes/an1342-rs9116-cc1-board-layout-guidelines.pdf
https://www.silabs.com/documents/login/application-notes/an1341-rs9116-cc0-board-layout-guidelines.pdf
https://www.silabs.com/documents/login/application-notes/an1343-rs9116-b00-board-layout-guidelines.pdf
https://www.silabs.com/documents/login/application-notes/an1344-rs9116-qms-board-layout-guidelines.pdf

RS9116 — Application Notes and Design Documents

= AN1336: RS9116 QMS IC Calibration Application Note

During production, calibration is done for the Power Management Unit,
Transmission path, Receiver path and few other

Customer has to calibrate external 40 MHz crystal and RF front-end circuit, based
on the crystal part and RF circuit used on-board

Description of the calibration procedure for the RS9116 QMS package to arrive at
the right value for carrier frequency offset and Tx gain offset

The setup and procedure:

» Reading values off the spectrum analyzer

» Entering updated commands in the PC controlling the host
Frequency offset correction: rsi_freq _offset command

Gain offset correction: gain_offset = observed _power _level + cable loss -
configured_power _level

rsi_calib_write command is used for both
The calibration procedure is required to be run on each board built
» Customers should implement this in an automated flow

22 ©2023 Silicon Laboratories Inc. All rights reserved.

Specteum
ol\mlyzer
RF cable
RS9116 HOST MCU W
module E e | :UART UART
Laptop/PC
Socket board Serial Terminal

Parameter Description
Value |Macro Description
target 0 BURN INTO EFUSE Burns calibration data to EFuse
1 BURN_INTO_FLASH Burns calibration data to Flash
BIT Macro Description
1- Update gain offset to calibration data
0 BURN_GAIN_OFFSET
0 - Skip gain offset update
1 - Update XO Ctune to calibration data
flags 1 BURN_FREQ_OFFSET
0 - Skip XO Ctune update
1- Use XO Ctune provided as argument to
update calibration data
2 SW_XO_CTUNE_VALID
0 -Use XO Ctune value as read from
hardware register.
7-3 Reserved
gain_offset | gain offset as observed in dBm

xo_ctune

This field allows user to directly update xo_ctune value to calibration data bypassing
the freq offset loop, valid only when BURN_FREQ_OFFSET
& SW_XO_CTUNE_VALID of flags is set.

&= SILICON LABS


https://www.silabs.com/documents/login/application-notes/an1336-rs9116-qms-calibration-application-note.pdf

RS9116 — Design Checklist

= AN1345: RS9116 Hardware Design Checklist

- Checklist to be used before finalizing the design
» Follow Schematics Checklist
» Follow Layout Checklist
» Power pin decoupling capacitor

= Follow latest versions of product data sheet and documentation
- Data Sheets
- Schematics and Design files
« 3D Models
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https://www.silabs.com/documents/login/application-notes/an1345-rs9116-hardware-design-checklist.pdf
https://www.silabs.com/support/resources.ct-data-sheets?query=rs9116
https://www.silabs.com/support/resources.ct-schematic-and-layout-files?query=rs9116
https://www.silabs.com/support/resources.ct-reference-designs?query=rs9116

RS9116 — Certification Information

= AN1337: RS9116 Regulatory Certification Application Note
« Module Certifications

= Regulatory testing is mandated by various governmental and non-
governmental organizations

- FCC (USA)
- IC (CANADA)
- ETSI (EUROPE)

+ TELEC (JAPAN) Module ModeI_Name. o Silicc_)n
= Primary regulatory testing procedures: used in Certification Version
- EMC, Safety, and RF (Radio Frequency aka Wireless). CCO/CC1 M7DB6 13
* Focus of the document
+ RF testing (EMC and Safety is common across all electronic products) CCo/CCt M7DB 1.4
B0OO RS9116-B00 1.5
= Customer antennas BOO RS9116-B0014 1.4

+ Antenna not from our specified list — Class | Permissive Change

« Antenna with specifications not equivalent any of the qualified antennas
— Class Il Permissive Change

= RS9116 IC — QMS

- For SoC-based design, the customer needs to do full certification as per
the applicable regulatory standard
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https://www.silabs.com/documents/login/application-notes/an1337-rs9116-regulatory-certification.pdf
https://www.silabs.com/support/resources.ct-module-certifications.page=0?query=rs9116

SiWx917M Hardware Overview

Modes of operation:
+ SoC Mode — with ARM® Cortex® M4 Processor ThreadArch® Network Energy Management SR g Perf EE

ROOT of Standby
DCDC LDOs MVP

HMAC-SHA
RSA CRC/DH/ECDH

Processor

« NCP Mode 4-Thread
« RCP Mode

o
)
(=

GPDMA

ICACHE
PSRAM
Enhanced

Power Supply Design
« Can be powered by 1.85V/3.3V source

ULP Peripherals Host Interfaces CORTEX M4 M4 Peripherals Radio (Modem)
m— = e UART cPU U C BIGAX. MODEM SRAM
12¢ UART CACHE (20 MHz)
)
n RF DeS|gn [IMERS) M [ PWM | 1Q DAC/ADC/PLL
Quad SPI  Embedded
_ . RC  RTC  usasel Emme [beBuG)
« Use external or internal RF switch based on use case ADC  BOD 418 M8 wu ey N 24GHz PA, Balun, | 5 4Gz RF TwiRx
SPI DAC  oe1 M sio |

« Design LC front-end based on recommendations

Ultra Low Power Supply Design Recommendations
+ NCP & RCP mode — GPIO based and message based, GPIO based mode saves more power

Debugging capabilities — SoC Mode
« ETM trace, JTAG, Serial Wire Debug, In system programming available
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SiWx917M (QMS IC) — Power Supply and other Design aspects

26

= Operating Supply Voltage Scenarios
« VBATT input from Power Management Unit
« 3.3V or 1.8V or 1.85V-3.3V range
« 10 domain can be either 1.85V or 3.3V
« Scenarios
» Single rail system either at 3.3V or 1.85V
» Dual rail 1.85V for VBATT, 3.3V for Power Amplifier

= Supports External Flash & PSRAM on GPIO pins

= Peripheral Interfaces — SPI, SDIO, UART, I2C, ...

©2023 Silicon Laboratories Inc. All rights reserved.
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Typical SiWx917 SoC Usage and System Block Diagram (ex: Smart Lock)

SiWx917 Usage

Internet

____________________________________________ .
1
1
1
1
1
1
1
1
1
1
1
v
SiWx917 )E Local Smart
(Wi-Fi, BLE) Devices
L (Smartphone,
SEd e Frovisioning Tablet)

A
1
1
1
1
1
1
]

Remote control and monitoring at any-time via mobile APP through cloud service.
Wi-Fi provisioning via BLE Mobile APP.

Always-on using Wi-Fi with one second latency cloud connectivity using
MQTT protocol

Dynamic control of listen interval to optimize power consumption

MCU Peripherals connected to SiWx917

27 ©2023 Silicon Laboratories Inc. All rights reserved.

System Block Diagram

Battery Pack
v

Wi-Fi Mobile

Voltage Router Device
Regulation A
v < i |

SPI
<+“—>

Flash
(optional)

Keypad

w
uC
GPIO

SiWx917

Motor Control

Lock Motor
Position
Sensing
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Silicon Labs’ Wi-Fi SoC Portfolio Summary

WF200 RS9116 SiWx917
Features ol = 0 sk T 0
@ -
Wi-Fi (2.4 GHz) Wi-Fi 4 Wi-Fi 4 Wi-Fi 6
BT Low Energy (LE) v v
BT Classic (Audio) v
Low Power Modes PS-POLL PS-POLL, Listen Interval PS-POLL, Listen Interval, TWT
Wi-Fi Features OFDM ODFM OFDM, OFDMA, MU-MIMO
Wi-Fi WPA3 Security v v v
ARM® Apps MCU (SoC Mode) v
ML Accelerator, PSRAM Interface, MCU v
Security (PSA-L2)
Ultra Low Power v v
Matter v v v

28 ©2023 Silicon Laboratories Inc. All rights reserved.
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Silicon Labs - Complete Solution for Enabling Wi-Fi Products

Develop

L]

L g
Siwx917
NEW

Application ( including Matter)

TCP/IP BT/BLE stack/profile

Wi-Fi and Bluetooth Link Layer

SoCS AND EMBEDDED DEVELOPMENT MOBILE
MODULES SOFTWARE TOOLS APPLICATIONS

Industry leading Ultra Wi-Fi SDK with Integrated Evaluation Kit hardware and EFR Connect for Wi-Fi
Low Power Wi-Fi 4 and Wi-Fi, BT/BLE and IP Studio software simplify Provisioning using BLE
Wi-Fi 6 SoCs and networking stacks and development and speed
pre-certified modules Matter Support time to market
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Technical Support

Salesforce Ticketing Support

« Support for technical queries
and debugging

« Support for certification
and C2PC

« Case routed through Field
Application Engineers or Sales
team

Silabs Community

« Support for technical queries
and debugging

Technical Documents
« Datasheets

« Application Notes
« Open and accessible to all . Guides
« Checklists
« Programming Reference Manuals
&="7 SILICON LABS Home Forums Projects Technical Blog ~Community Guidelines  Support v &= SILICON LABS Products v Applications v Ecosystems v Resources v Company v & English v

Forums

Q  Search the Silicon Labs Community.

37972021
. We are glad you are here - start exploration! (] Data Sheets (¢ + Vi1
Support Case Submission Form AN1277: Using RSO11EN with Raspberry Pi & 37972021
) [ Errata (1 vo.4
Toget started, please tell us what type of question and Part Number you are contacting us about: AN1278: Using RS9116N to Measure Wi-Fi Throughput & S/sr2001
( ASKAQUESTION ] Example Code ]
~partNumber @ Troubleshooting Discussions 0] Guides & Manuals . AN1279: RS9116W Wi-Fi AT Command Regulatory Test Application Note & 31912021
Search Part Numbers Q Have something to chat about? Interact and - . i
“Type est @
("] Product Change
Select the nature of your inquiry. e Notifications (PCN)
[ SUPPORT HOME Data Sheet Addendums (1)
. [] Reference Designs -
priority g (ML) RS116 ABX Certification and Ordering Datasheet Addendum & 21612022
[retom - o [ Release Notes
: Secu [] safety Certifications Data Sheets (6)
- Bluetooth LE S S () Schematic & Layout Files (1
Next oo 2 Works With
Bluetooth Low Energy [ software ,  DataSheets (6) View All umf::w

Technical Resource Search

Bpmacamsent [T
Resource Type -
(] Application Notes (2! Application Notes (29) View All Application Notes

(0 Data Sheet Addendums AN1276: RS9113 to RS9116 Migration Guide &
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Q&A

WI-FI SERIES



techm UPCOMING SESSIONS

-~ WI-FI SERIES

MAY 25™ | Building Smart Home Devices with Always-On Wi-Fi 6

JUN 22NP | Developing Wi-Fi 6 Sensors Using SiWx917 and Matter
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