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1 Introduction

This document provides general RS9116 design guidelines that includes schematics and layout checklist as well as a power
pin decap values table. All users should follow and adhere to the guidelines for a successful design.
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2 Schematics Checklist

I | Follow latest versions of product data sheet and documentation referenced from our website.
Design follows the Reference Schematics provided in the latest data sheet, rather than following EVK design.
- (Use EVK for evaluation purposes only. For your design, follow the data sheet only. Do NOT follow EVK for your
design)
o Design follows each power pin and associated capacitors as per the Reference Schematics in the data sheet.
Follow Decap values for each power pin, as per the list provided in the Power Pin Decap Values section.
[ | Ferrite Beads are not recommended on RS9116 power pins.
o Ensure that the circuitry on the following pins meet power sequence requirements as per the data sheet : Power
Supply inputs, POC_IN, RESET_N. (Some of these pins may not be available in some ICs/Modules)
0 Check the RF performance specs and Power consumption values in the data sheet for both 3.3 V and 1.85 V
supply voltages and follow the suitable supply voltage as per the application needs.
0 Check the Power supply operating conditions for both 3.3 V and 1.85 V supply voltages as per data sheet and
design the supply source(s) suitably. Ensure the supply voltage specs are meeting as per data sheet.
1 | Check that the 32 KHz clock requirements in the data sheet are adhered to in the design.
0 Check that the Wake-up, Sleep configurations provided on some of the pins are taken care of as required. If Wake-
on-wireless feature is used, a weak pull-down (Ex: 47 KQ) is put on ULP_GPIO_B6.
0 Check that the Boot-up (Host, Internal/external flash), Programming (JTAG, ISP), Debug (UART2_TX) options
available in the IC/Module are taken care of as required.
1 | Connect Test points to JPO, JP1, JP2, JINC, UART2_TX pins for future debugging purposes.
] Connect Test points to UULP_VOUTSCDC, UULP_VOUTSCDC_RETN, VOUTLDO1PS8 pins for future debugging
purposes.
Check the interface(s) to be used (UART, SPI, SDIO, USB, USB-CDC) and follow the recommendations given in
the data sheet:
a. If SDIO is used, pull-up resistors (Ex: 47 KQ) to be used on SDIO_CMD and Data lines as per SDIO
O Physical Layer specification. Series resistor (Ex: 33 Q) must be used on SDIO_CLK near the source of this
signal.
b. If SPlis used, ensure SPI_CSN and SPI_CLK are not floating when the device is powered up and reset is
O de-asserted. Series resistor (Ex: 33 Q) must be used on SPI_CLK near the source of this signal. Check and
follow the requirement of external pull-up/down resistor (Ex: 47 KQ) on SPI_INTR pin.
] c. If UART is used, ensure the inputs signals UART_RX and UART_CTS are not floating when the device is
powered up and reset is de-asserted.
O d. If USB/USB-CDC is used, ensure USB_VBUS pin is connected to 5 V supply source.
If RF circuitry is provided on-board, check the following:
O a. Ensure 50 Q characteristic impedance throughout RF path.
O b. Design RF circuitry as per Single/Dual band requirements, and other application needs.
0 If there are any specific reasons for not following the above recommendations (and per data sheet), check them
and ensure they do not affect the functionality, performance, reliability of the module and product.
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3 Layout Checklist

Follow latest versions of product data sheet and documentation referenced from our website.

Design follows the Layout Guidelines provided in the latest data sheet.

In the PCB stack-up, GND layer (entire layer with continuous solid plane) is adjacent to RS9116 part.

Follow the Power guidelines below:

U a. Starrouting is used from the supply source to the power pins.
0 b. Decaps to be plgced close to the intended power pins, and the trace lengths (from decap to power pin) are
as short as possible.
0 c. Ifinternal Buck is used, follow its components placement and routing as per the Layout guidelines in the
data sheet.
0 d. If power trace is interchanging the layers, GND vias have been placed immediately adjacent to these power
traces.
O e. All the power traces are routed with at least 15mils width.
If SDIO/SPI is used, follow the guidelines below:
O a. Series resistor (Ex: 33 Q) on CLK is placed near the source of clock signal.
U b. Clock signal is away from nearby traces with minimum 2x trace width distance.
U c. No signal is routed in parallel to the above or underneath the clock signal.
U d. Length matching of its traces are done with 100mils tolerance.
O e. SDIO/SPI traces are away from noisy power traces.
U f.  There are no stubs on SDIO/SPI lines.
If USB is used, follow the guidelines below:
O a. Ensured 90ohm differential impedance is followed for D+ & D- lines throughout.
0 b. D+ & D- lines are away from nearby low-speed signals with minimum 3x trace width distance; and away

from high-speed signals with minimum 7x trace width distance.

O c. Length of USB signals is less than 450 mm from Connector/Host to RS9116.

If RF circuitry is provided on-board, follow the guidelines below:

a. RF circuitry is placed and routed in the same layer as RS9116, without any vias in the path.

b. Ensure 50 Q characteristic impedance is followed throughout RF path.

c. GND vias are used all around RF path, and they are stitched directly to GND plane.

RF trace lengths are as short as possible.

e. Antenna layout guidelines from the vendor, must be followed.

o o o o o o
o

f.  There is a continuous GND reference plane adjacent to the RF path.
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If external Flash is used, follow the guidelines below:

O c. Clock signal is away from nearby traces with minimum 2x trace width distance.

U d. Length matching of its traces are done with 100 mils tolerance.

U e. No signal is routed in parallel to the above or underneath the clock signal.

L1 | There are no parallel traces in adjacent layers.

o GND vias are stitched adjacent to high speed signals vias, wherever high speed signals (like SDIO/SPI, USB) are

interchanging the layers.

1 | High speed signals (like SDIO/SPI, USB) have continuous GND reference plane throughout.

1 | There are no high speed signals (like SDIO/SPI, USB) routed close to the edge of the board.

If Crystal is used, follow layout guidelines from its vendor. Its traces are routed as short as possible without any

= vias. GND is poured all around the crystal. No traces are routed underneath the crystal lines.

0 GND is poured underneath RS9116 as per the layout guidelines in the data sheet, and GND vias have been
stitched in these pours.

= GND pour is done such that there are no GND islands with just a single GND via, nor they are hanging on one

side. (GND pours with no vias along its edges are potential sources of interference)
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4 Power Pin Decap Values
) Capacitor Value for SoC/Module Package
INPUT - Power Pin Name
QMS B0OO CCo CC1
VINBCKDC 10uF 10uF 10uF
VIN_3P3 10uF
VINLDO1P8 No Capacitor No Capacitor
0.1uF together 0.1uF together 0.1uF
(0L ¥plD (2 pins) (4 pins) (L pin)
ULP_IO_VDD 0.1uF 0.1uF 0.1uF 0.1uF
C VDD No Capacnor 0.1uF tqgether
- (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
PR (PID (1 pin) (1 pin) (1 pin)
1uF together 1uF
PA5G_AVDD (2 pins) (1 pin)
1uF together 1uF together 1uF
R ARBLD (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)
AVDD_1P9_3P3 together (Oi lL:rI:)
(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
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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 forillustrative 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 not imply 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 approvalis 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 resultin
significant personalinjury or death. Silicon Labs productsare 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
all express 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 that is 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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Silicon Laboratories Inc.®, Silicon Laboratories®, Silicon Labs®, SiLabs® and the Silicon Labs logo®, Bluegiga®, Bluegiga Logo®, Clockbuilder®, CMEMS®, DSPLL®, EFM®, EFM32°%,
EFR, Ember®, Energy Micro, Energy Micro logo and combinations thereof, “the world‘s most energy friendly microcontrollers”, Ember®, EZLink®, EZRadio®, EZRadioPRO®, Gecko®,
Gecko OS, Gecko OS Studio, ISOmodem®, Precision32%, ProSLIC®, Simplicity Studio®, SiPHY®, Telegesis, the Telegesis Logo®, USBXpress®, Zentri, the Zentrilogo and Zentri DMS,
Z-Wave®, and others are trademarks or registered trademarks of Silicon Labs. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of ARM Hold-
ings. Keil is a registered trademark of ARM Limited. Wi-Fiis a registered trademark of the Wi-Fi Alliance. All other products or brand names mentioned herein are trademarks
of their respective holders.
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