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Application note

STM32WB Series microcontrollers bring-up procedure

Introduction

The STM32WB Series microcontrollers are ultra-low-power devices which embed wireless functions compliant with both the
Bluetooth® Low Energy SIG specification v5.3 and / or IEEE 802.15.4-201. These protocols work on radio frequency which
abbreviates to RF.

The objective of this document is to provide detailed guidelines to optimize the application implementation.
The application is optimized through the following steps:

*  Board and environment setup

»  Device configuration

*  Power supply

e HSE trimming

e Output power test

»  Sensitivity test

»  Packet exchange test

*  Power consumption in advertising mode

*  REF tests for certification

*  REF tests for production.

This application note uses the NUCLEO-WB55 board, MB1355C, as the reference hardware platform for the configuration. The
configuration settings can then be applied to a custom implementation.

Although this application addresses all the STM32WB Series microcontrollers' wireless functions, the Bluetooth® Low Energy
standard is used as the implementation example for the STM32WB Series microcontrollers dedicated application. The same
process, however, is used for the IEEE 802.15.4-201 standard implementation.
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3

General information

This document applies to the STM32WB Series dual-core Arm®-based microcontroller.
Specific examples are based on STM32WB55 devices but they apply to the whole Series.

Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

arm
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The MB1355C NUCLEO-WB55 board is designed around the STM32WB55RG microcontroller in a 68-pin
VFQFPNG68 package. This board is included in the P-NUCLEO-WB55 pack with a USB dongle.

The hardware block diagram in Figure 1 illustrates the connection between the MCU and peripherals (ST-LINK/
V2-1, push buttons, LEDs, Arduino™ UNO V3 connector and ST-Morpho connectors).

Figure 1. STM35WB55RG interface block diagram
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For the hardware layout and configuration details of the MB1355C board, refer to the Bluetooth® Low Energy and
802.15.4 Nucleo pack based on STM32WB Series microcontrollers user manual (UM2435).

By default, the MB1355C board is configured to output the RF signal through the PCB antenna path. So, C35 is
fitted and C38 not fitted as shown in Figure 2.
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Figure 2. MB1355C antenna configuration
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or
To connect S0chme Instrument

To perform certain tests, the RF signal has to be directed through the SMA path. In this case, C35 must be
removed and C38 fitted. An SMA board edge connector must also be soldered to J2.
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3 Environment setup

STM32CubeMonitor-RF is a tool to provide a radio performance test environment for the STM32WB Series
microcontrollers. It provides both transmission and reception tests, and PER measurement facilities. Figure 3
illustrates a typical screen representation. This software package is freely available on www.st.com.

Figure 3. STM32CubeMonitor-RF screen illustration

|3 sTm32CubeMonitor-RF - | X

|%|': STM32CubeMonitor-RF Settings  Device  Help oy < 4,

Device : STM32WBS5x
X e B ot
(CMO version: 0.3.0.1/e

AC| Commands Scripts Beacon RF Tests ACI Utilities ACllog Update || Autoscroll

Mo Time Type
9 15051 HCI_READ_LOCAL_VERSION_INFORMA

Ccommand 10 15:05:18.591 Command Complete
——=- 11 150518597 VS _HCLC1_DEVICE INFORMATION
Select all HCI HCl test HAL GAP GATT L2cAP | Q. 12 150518605 Command Complete
HCL_DISCONNECT ~

HCI_READ_REMOTE_VERSION_INFORMATION
HCI_SET_EVENT_MASK

HCI_RESET

HCI_READ_TRANSMIT_POWER_LEVEL
HCI_READ_LOCAL_VERSION_INFORMATION
HCI_READ_LOCAL_SUPPORTED_COMMANDS
HCI_READ_LOCAL_SUPPORTED_FEATURES
HCI_READ_BD_ADDR

HCI_READ_RSSI

HCI_LE_SET_EVENT_MASK
HCI_LE_READ_BUFFER_SIZE
HCI_LE_READ_LOCAL_SUPPORTED_FEATURE
HCI_LE_SET_RANDOM_ADDRESS
HCI_LE_SET_ADVERTISING_PARAMETERS
HCI_LE_READ_ADVERTISING_CHANNEL_TX_POWER
HCI_LE_SET_ADVERTISING_DATA
HCI_LE_SET_SCAN_RESPONSE_DATA
HCI_LE_SET_ADVERTISE_ENABLE 8§

Command Parameters Details

€ :I ° Add pauee in script .manscriutnecarding

For a complete description of this tool software, refer to STM32CubeMonitor-RF software tool for wireless
performance measurements (UM2288). The M4 transparent mode firmware must be programmed on the
STM32WB Series microcontroller to use STM32CubeMonitor-RF.

AN5378 - Rev 3 page 5/22




AN5378

Device configuration

Device configuration

ANS5378 -

Rev 3

STM32CubeProg is the tool used to program STM32 products and provides a user friendly environment for
programming and validating the device memory through both:

. The debug interface (JTAG and SWD) — Refer to, for example, Multiprotocol wireless 32-bit MCU Arm®A-
based Cortex®-M4 with FPU, Bluetooth® Low-Energy and 802.15.4 radio solution reference manual
(RM0434) for the STM32WB55 devices.

. The bootloader interface (UART, USB DFU, 12C, SPI, and CAN) — Refer to, for example, Multiprotocol

wireless 32-bit MCU Arm®-based Cortex®-M4 with FPU, Bluetooth® Low-Energy and 802.15.4 radio solution
reference manual (RM0434) for the STM32WB55 devices.

The STM32CubeProg interface is illustrated in Figure 4. This software is freely available on www.st.com.

Figure 4. STM32CubeProg interface illustration
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sTM3Y
GubeProgrammer

E Memory & File edition

Il Address 0x0800000 | + Size 0x400 Data width 32-bit

Address 0 4 8 € ASCI
0x08000000 20001048 0800297D 08002889 080028BEB H.oo D). Can(e.
0x08000010 080029a1 08002945 08002949 00000000 i)..¥)..0)......
0x08000020 00000000 00000000 00000000 080028BD ............ (..
0x08000030 080028BF 00000000 080028C1 080028¢C3 Alcooooctilo oo
0x08000040 080029AD 08002981 08002985 080028D3 IO P IRNT) I+ T A
0x08000050 08002989 080029BD 080029C1 080029cC5 LB LA LLA) ..
0x08000060 080029C9 080029CD 08002901 080029D5 E)..I)..R)..0)..
0x08000070 08002909 080029DD 080029E1 080029E5 ). ¥ .a)..a). .
0x08000080 080029E9 080029ED 080029F1 080029F5 €)..1)..f)..8)..
0x08000090 080029F9 080029FD 08002A01 08002A05 V)R IR
0x080000A0 08002A09 08002A0D 08002a11 08002A15 LELLLELLLEL LR
0x080000B0 08002A19 08002A1D 08002A21 08002A25

NueN2ONNNCN nennzala neEnnIaIn nennIazl nEnnIaz2c NE k& 1% Ex

Log Verbosity level ® 1 2

15:06:56 : Dewvice ID : Ox4! o
15:06:57 : UF‘L&ADING OPTION BYTES DATA ...

15:06:57 : Bank : 0x00 Yevice informatio
15:06:57 : Address : Ox58004020 e T3 TELDT
15:06:57 : 5ize : 104 Bytes
15:06:57 : UPLOADING ...
15:06:57 : 5ize : 1024 Bytes
15:06:57 : Address : 0x8000000
15:06:57 : Read progress:

15:06:57 : Time elapsed during the read operation is: 00:00:00.007

For a complete description of this software tool, refer to STM32CubeProgrammer software description user
manual (UM2237).

For the Bluetooth® Low Energy, the direct test mode (DTM) is used to send instructions through the application
commands interface (ACI) and host commands interface (HCI) to the STM32WB Series microcontroller.

To program the STM32WB Series microcontroller on the MB1355C, follow the procedure ‘How to flash the
wireless coprocessor binary’ described in Getting started with STM32CubeWB for STM32WB Series user

manual (UM2550). The stm32wb5x BLE Stack fw firmware must be flashed in the Arm® Cortex®-M0+
coprocessor and the STM32WB Series microcontrollers example BLE TransparentMode must be flashed in
the Arm® Cortex®-M4 processor. Refer to Getting started with STM32CubeWB for STM32WB Series user manual
(UM2550) for firmware location.
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5 Power supply
Power up the board with the firmware loaded in both the Arm® Cortex®-M0+
(stm32wb5x BLE Stack full extended fw)and Arm® Cortex®-M4 (BLE TransparentMode) as
described in Section 4 .
Using a multimeter, measure the voltage at the following points (refer to the board schematic for more
information):
. VDD
. VDDA
. VBAT
. VDDSMPS (does not apply to the STM32WBx0)
. VFBSMPS (does not apply to the STM32WBx0)
. VDDRF
. VDDUSB (does not apply to the STM32WBxO0).
On the MB1355C, the maximum available voltage is 3.3V due to the embedded level shifters. The VDD, VBAT,
VDDUSB, VDDA and VDDSMPS power supplies by default are connected to a global power supply named
VDD_MCU and the voltage level can be checked at JP2.
More generally, the measured pin voltage must be aligned with the following values if the SMPS is enabled.
= I == S N B W =
Standard operating voltage 1.710
ADC or COMP used 1.62(%)
VREFBUF used 2.4
VDDA Analog supply voltage 3.6
ADC, COMP, VREFBUF 0
not used
VBAT Backup operating voltage - 1.55 3.6 \Y
VDDSMPS SMPS operating voltage - 1.71 3.6
VFBSMPS SMPS feedback voltage - 1.4 36
VDDRF Minimum RF voltage - 1.71 3.6
USB used 3.0 3.6
VDDUSB USB supply voltage
USB not used 0 3.6
1. STM32WBx0 min = 2V
2. STM32WBx0 not concerned
If the SMPS is disabled, VFBSMPS is connected to VDDSMPS.
For more information on how to use the SMPS on STM32WB Series microcontrollers, refer to Usage of SMPS on
STM32WB Series microcontrollers application note (AN5246).
Note: In the STM32WB Series microcontroller datasheet, the KPI BLE test cases power consumption refers to VDD
but RF static values refer to VDDRF + VDDSMPS.
AN5378 - Rev 3 page 7/22
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The STM32WB microcontrollers use an external 32 MHz crystal oscillator with a frequency tolerance of less than

50 ppm for BLE, 40 ppm for 802.15.4 and when both BLE and 802.15.4 are used . The device includes internal

programmable capacitance that can be used to tune the crystal frequency in order to compensate for the PCB

parasitic capacitance.

This is a very important procedure because the RF depends on accurate clocks for its correct operation. A

deviation in clock frequency affects the radio frequency directly which results in a degraded RF performance,

violating legal requirements or in the worst case leading to a non-functional system.

Precise HSE frequency trimming using STM32 wireless MCUs application note (AN5042) describes three HSE

tuning methods for the STM32WB Series microcontrollers.

The X-CUBE-CLKTRIM expansion software illustrates the trimming of an HSE crystal oscillator in order to reach

the high-accuracy frequency required by RF applications.

An easy way to verify the correct centering of the HSE crystal oscillator is to program the device with a carrier

wave on CH17 (2440 MHz) and to measure the accuracy of the tone frequency with a spectrum analyzer. To do it,

follow this procedure:

1. Connect the MB1355C board to the spectrum analyzer through an RF cable if there is an SMA connector
on J2 (in that case, remove C35 and fit C38), otherwise plug a 2.4 GHz antenna into the input port of the
instrument.

2. Power up the MB1355C.
3.  Set the spectrum analyzer to: SPAN = 500 kHz, RBW and VBW AUTO
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4.  With STM32CubeMonitor-RF, connect to the STM32WB Series microcontroller and run a START TONE
(transmit test) with the parameters show in Figure 5 (in ToneONE mode, length of data and packet payload
are ignored):

Figure 5. STM32CubeMonitor-RF configuration example

[} sTM32CubeMonitor-RF — ] X

STM32CubeMonitor-RF Seltings  Device  Help n oy :k 1S73

Device : STM32WB5x
; CEE— - B
(CMO version : 0.3.0.1/e

AC| Commands Scripts Beacon RF Tests ACI Utilities ACllog Update | v/| Autascroll

No Time Type

. 15:30:5.. HCI_READ_LOCAL_VERSION_INFORM...
11 15:30:57.127 Command Complete

Test mode = Transmiiter (TX)

Transmitter 12 15:30:57.130 VS_HCLC1_DEVICE_INFORMATION
13 1530:57.139 Command Complete

PA Level \ 31 (+6dBm) -

TX Frequency \ 2440 MHz (Channel 17) |

Length of Data (25 |

Packet Payload ‘ (000 - Pseudo-Random bit sequence 9 v

PHY ‘ 0x01 - Transmitter set to use the LE TM PHY b4 |

e Back START TONE START TX

Test measurement

Transmitted packets count
Received packets count
Packet Error Rate (PER):

RSSI

5.  The accuracy of the frequency is determined from the tone obtained on the spectrum analyzer.
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6. In Figure 6, the tone measured for the channel 17 is at 2.439997596 GHz which is within the limits defined
by the specification:

—  802.15.4: +/-96.2 kHz at 2405 MHz and +/-99.2 kHz at 2480 MHz
- BLE: +/-50 kHz for all channels

Figure 6. Resulting spectrum analyzer output
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7 Output power test

The power output test is the main test to validate the transmission chain is working properly. The test procedure is

given here:

1. Connect the MB1355C board to the spectrum analyzer through an RF cable using an SMA connector on J2
(in that case, C35 is not fitted and C38 is soldered), otherwise plug a 2.4 GHz antenna into the input port of
the instrument.

2. Power up the MB1355C.

Set the spectrum analyzer to: SPAN = 500 kHz, RBW and VBW AUTO

4.  Once the STM32WB Series microcontroller is started, use the STM32CubeMonitor-RF and run a START
TONE (transmit test) with the parameters show in Figure 7 (in TONE mode, length of data and packet
payload are ignored):

w

Figure 7. STM32CubeMonitor-RF START TONE parameter configuration

3 sTvz2CubeMonitor-RF - O >
L8 STM32CubeMonitor-RF Setngs  Deice  Help oy < 4y
Device : STM32ZWBSx
¥ CE o e it veraon- 001
CMO version: 0.3.0.1/e
ACI Commands Scripts Beacon RF Tests ACI Utilities Acilog [v] update [/] Autoscrol

No Time Type

- 1530:5.  HCI_READ_LOCAL_VERSION_INFORM
11 15:30:57127 Command Complete

Test mode > Transmitter (TX)

Transmitter 12 153057130 VS_HCL_C1_DEVICE_INFORMATION
13 15:30:57139 Command Complete

PA Level |: 25 (DdBm) v |

X Frequency [ 2440 Mz (Chamnel 17)  +

Length of Data | 025 v |

Packet Payload | 000 - Pseudo-Random bit sequence 9 v

PHY |: 0x01 - Transmitter set to use the LE 1M PHY v |

e Back START TONE START TX

Test measurement

Transmitted packets count
Received packets count
Packet Error Rate (PER):

R331

5. With the peak search function of the marker menu, check the power of the tone obtained when 0 dBm is
programmed at the output of the chip.
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Figure 8. Measured output power at 0 dB output
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In Figure 8, the power is measured by programming the STM32WB Series microcontroller to output 0 dBm, less
the losses of the application board which includes: components, tracks and any measurement cable.
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The sensitivity test validates the quality of the receiving chain with the following procedure:

1.

4.

Connect the SMA connector J2 (C35 is not fitted and C38 is soldered) of the MB1355C board to a signal
generator through a RF cable (with no significant loss). Make sure the generator sends the packets as
defined in the specification.
Power up the MB1355C.
Once the STM32WB Series microcontroller is started, use the STM32CubeMonitor-RF to run a START RX
(receive test) with the parameters show in Figure 9:
Figure 9. STM32CubeMonitor-RF receive test configuration
3 sTM32CubeMonitor-RF - | X

ﬁ‘fz STM32CubeMonitor-RF settings  Device  Help oy < 4y,

Device : STM32WEBSx
¥ CER oo e A verson. 001
(CMO version: 0.3.0.1/e

ACl Commands Scripts Beacon RF Tests ACI Utilities ACllog [ update [/ Autoserol
No Time Type

.. 09:59:3.. HCI_READ_LOCAL_VERSION_INFORM...
: 5% 09:59:32416 Command Complete

T, 60 09:59:32.425 VS_HCI_C1_DEVICE_INFORMATION
61 09:59:32.435 Command Complete

62 09:53:41540 HCI_LE_ENHANCED_RECEIVER_TEST
63 09:59:41.544 Command Complete

64 09:59:42271 HCLLE TEST_END

Test mode = Receiver (RX)

IR FEguency | 2440 MHz (Chennel 17) _ ~ | 65 09:59:42.274 Command Complete
PHY | 0x01 - Receiver set 1o use the LE 1M PHY - |

Index modulation | 0x00 - Azsume transmitter will have a standard modulation index - |

| | GetRssi

e

Test measurement at 2440 MHz (Channel 17)

Transmitted packets count 7_50[1
Received packets count [ 113 |
Packet Error Rate (PER): i 3T %

R5351

With the signal generator at the same frequency as the STM32WB Series microcontroller, decrease the
power until the PER reaches 30.8%.

The power obtained for PER = 30.8% corresponds to the sensitivity.

page 13/22




ANS5378

Packet exchange test

Packet exchange test

ANS5378 - Rev 3

Unlike previous tests performed in conducted mode (even if they are also possible in radiated mode), this test is
in over the air (OTA) mode. Two MB1355C are needed, one in TX and the other in RX mode. The RF signal is
exchanged between the two boards through the PCB antenna.

1. Power up the two MB1355C boards.

2. Once the STM32WB Series microcontroller is started, use the STM32CubeMonitor-RF to run the packet
error rate (PER) test with the parameters show in Figure 10:

Figure 10. STM32CubeMonitor-RF packet rate exchange configuration

5] stM32CubeMonitor-RF — ] X

F'{f: STM32CubeMonitor-RF Settings  Device  Help n oy k Lyy

Device : STM32WB5x
e B
CMO version: 0.3.0.1/e

ACI Commands Scripts Beacon RF Tests ACI Utilities ACl log Lt v [ al]

Test mode » Packet Error Rate (PER) > COM5D = COM11 > Settings A i dype
.. 10:03:1... HCI_READ_LOCAL_VERSION_INFORM...
67 10:03:12.586 Command Complete
68 10:03:12.598 VS_HCI_C1_DEVICE_INFORMATION
69 10:03:12.601 Command Complete
. 10:03:3.. HCI_READ_LOCAL VERSION_INFORM...
71 10:03:34.481 Command Complete
72 10:03:34495 VS_HCI_C1_DEVICE_INFORMATION
l:‘ PER tests on multiple channels 73 10:03:34.504 Command Complete
74 10:04:09.932 HCI_LE ENHANCED_RECEIVER_TEST
75 10:04:09.933 Command Complete
76 10:04:09.940 ACIHAL_SET_TX_POWER_LEVEL
: SE ] 77 10:04:09.943 Command Complete
Get RSS! Measurement period (sec): 3~~~ e . HCLLE_ENHANCEI‘;_TRANSMITI'ER_,..
79 10:04:09.949 Command Complete
80 10:04:12.920 ACI_HAL_READ_RAW_RSSI
81 10:0412923 Command Complete
82 10:04:15960 ACI_HAL_READ_RAW_RSSI
83 10:0415961 Command Complete
84 10:04:12970 ACI_HAL_READ_RAW_RSSI
85 10:04:18971 Command Complete
e Rk - 86 10:04:21983 ACI_HAL_READ_RAW_RSSI
87 10:04:21986 Command Complete
88 10:04:25.005 ACI HAL READ RAW_RSSI
89 10:04:25009 Command Complete
Test measurement at 2440 MHz (Channel 17) 1$b a0 10-0428028 ACLHAL RE ADFRAW_RSSI
91 10:04:28031 Command Complete
92 10:04:31.049 ACI_HAL_READ_RAW_RSSI

Configure additional settings

l:‘ Save test verdict in file

-50 93 10:04:31.052 Command Complete
04 10:04:33.324 HCI_LE_TEST_EMD
-60 - O 3 95 10:04:33.330 Command Complete
~— .. 10:04:33..  ACI_HAL _LE_TX _TEST_PACKET_NUM..
=70 g S 97 10:04:33.344 Command Complete
s RSSl (dB 98 10:04:33.352 HCI_LE_TEST_END
-80 g {dBm) 99 10:04:33.354 Command Complete
-90
30 6.0 9.0 120 150 180 21.0
time (sec)

The received signal strength indication (RSSI) is displayed. This parameter provides an indication of the intensity
of the received signal.
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Power consumption in advertising mode

As with the previous test, the power consumption in advertising mode is in the OTA mode. This test uses

one MB1355C with an application which puts the device in advertising mode (examples are available in the
firmware package). The Transparent mode and the HClI commands start. The STM32CubeMonitor-RF advertising
sequence is also available for use. A power analyzer is connected in series to VDD (J2 on the MB1355C). Once
the board is powered up, the current has a shape similar to that shown below during advertising (see Figure 11) .

Advertising mode current output

0.045817 0.046108 0.047269 0.047559 0.047850

> >

Markers 8 Measuremen AUTO SCALE | i.g

Marker 1 Measurements Between Markers
45.845 ms A =2.853 ms Freq = 350.49 Hz 48.698 ms
Min Avg Max RMS Peak to Peak  Charge / Energy
46.01 pA -17.743 pA 7.603284 mA 17.639313 mA 9.033108 mA 17.657056 mA 6nAh -17.743 pA
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It is also possible to obtain this kind of measurement with STM32CubeMonPwr as illustrated in Figure 12. This
software is freely available on www.st.com.

Figure 12. STM32CubeMonPwr sample screen

[ sTM32CubeMonitor-Power - v1.0.3

s W
GubeMonitor-Power
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1
MA W
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A
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87105
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11 RF tests for certification

The STM32WB Series microcontrollers are compliant with the Bluetooth® Low Energy SIG specification v5.3 and
with IEEE 802.15.4-201. When the STM32WB Series microcontrollers support in a new RF design, the RF-PHY
layer must be tested.

For the Bluetooth® Low Energy SIG specification v5.3, the RF tests to be performed are (details in “RF-
PHY.TS.p17” document):

. RF-PHY/TRM-LE/CA/BV-01-C [output power, no constant tone extension]

. RF-PHY/TRM-LE/CA/BV-03-C [in-band emissions, uncoded data at 1 Ms/s]

. RF-PHY/TRM-LE/CA/BV-05-C [modulation characteristics, uncoded data at 1 Ms/s]

. RF-PHY/TRM-LE/CA/BV-06-C [carrier frequency offset and drift, uncoded data at 1 Ms/s, preamble through
payload]

. RF-PHY/TRM-LE/CA/BV-08-C [in-band emissions at 2 Ms/s]

. RF-PHY/TRM-LE/CA/BV-10-C [modulation characteristics at 2 Ms/s]

. RF-PHY/TRM-LE/CA/BV-12-C [carrier frequency offset and drift at 2 Ms/s, preamble through payload]

. RF-PHY/RCV-LE/CA/BV-01-C [receiver sensitivity, uncoded data at 1 Ms/s]

. RF-PHY/RCV-LE/CA/BV-03-C [C/I and receiver selectivity performance, uncoded data at 1 Ms/s]

. RF-PHY/RCV-LE/CA/BV-04-C [blocking performance, uncoded data at 1 Ms/s]

. RF-PHY/RCV-LE/CA/BV-05-C [intermodulation performance, uncoded data at 1 Ms/s]

. RF-PHY/RCV-LE/CA/BV-06-C [maximum input signal level, uncoded data at 1 Ms/s]

. RF-PHY/RCV-LE/CA/BV-07-C [PER report integrity, uncoded data at 1 Ms/s]

. RF-PHY/RCV-LE/CA/BV-08-C [receiver sensitivity at 2 Ms/s]

. RF-PHY/RCV-LE/CA/BV-09-C [C/I and receiver selectivity performance at 2 Ms/s]

. RF-PHY/RCV-LE/CA/BV-10-C [blocking performance at 2 Ms/s]

. RF-PHY/RCV-LE/CA/BV-11-C [intermodulation performance at 2 Ms/s]

. RF-PHY/RCV-LE/CA/BV-12-C [maximum input signal level at 2 Ms/s]

. RF-PHY/RCV-LE/CA/BV-13-C [PER report integrity at 2 Ms/s]

For the IEEE 802.15.4-201, the RF tests to be performed are (details in “ZigBee 4 Document 095436r21
ZB_CSG-ZigBee-IP IEEE 802.15.4 Level Test Specification” document and ‘ZigBee Alliance IEEE 802.15.4 Test
spec—ZigBee Doc. 14-0332-01’ used for certification):

. TP/154/PHY24/TRANSMIT-01 (correct modulation)

. TP/154/PHY24/TRANSMIT-02 (error vector magnitude or EVM)

. TP/154/PHY24/TRANSMIT-03 (center frequency tolerance)

. TP/154/PHY24/TRANSMIT-04 (output power level)

. TP/154/PHY24/TRANSMIT-05 (power spectral density mask limits)

. TP/154/PHY24/RECEIVER-01 (sensivity PER)

. TP/154/PHY24/RECEIVER-02 (adjacent channel)

. TP/154/PHY24/RECEIVER-03 (alternate channel)

. TP/154/PHY24/RECEIVER-04 (maximum input power)

. TP/154/PHY24/RECEIVER-05 (energy detection ED)

. TP/154/PHY24/RECEIVER-06 (link quality indicator LQI)

. TP/154/PHY24/RECEIVER-07 (clear channel assessment CCA)

. TP/154/PHY24/TURNAROUND-TIME-01 (Rx to Tx turnaround time)
. TP/154/PHY24/TURNAROUND-TIME-02 (Tx to Rx turnaround time).
Moreover, depending on the country of use, the product must be compliant with one or more standards before it
can be sold. For example:

. FCC in North America

. RED in Europe

. JRL/MIC in Japan.
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3

12 RF tests for production

Once the custom application board is designed and ready to be sent to production, the following tests must be
run to confirm that the application is correctly configured and the STM32WB Series microcontroller is working
correctly:

. Power supply

. Output power

. Receiver sensitivity

. Packet exchange test

. RF test certification.

The details of the tests are given in the previous sections.
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IMPORTANT NOTICE - READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2022 STMicroelectronics — All rights reserved
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