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Application note

Using the BlueNRG-LP/LPS transceiver under ARIB STD-T66 in the 2400 —
2483.5 MHz band

Introduction

BlueNRG-LP and BlueNRG-LPS (together referred to as BlueNRG-LP/LPS in this document) are very low power Bluetooth®
Low Energy (BLE) devices, compliant with Bluetooth® specifications.

Bluetooth® Low Energy technology operates in the same spectrum range (2400 - 2483.5 MHz, ISM band) as classical
Bluetooth® technology, but uses a different set of channels. Bluetooth® Low Energy technology has 40 channels (37 data
channels + 3 advertising channels) of 2 MHz band. Within the channel, data are transmitted using GFSK (gaussian frequency
shift modulation). The bit rate is 1 Msymb/s, 2 Msymb/s, 500 ksymb/s or 125 ksymb/s the maximum transmit power is 100 mW
(20 dBm).

Further details are given in volume 6 part A of the Bluetooth® core specification V5.2.

This application note outlines the expected performance when using the BlueNRG-LP/LPS under ARIB STD-T66 in the 2400 to
2483.5 MHz band.

For details on the regulatory limits in the 2400 - 2483.5 MHz frequency band, refer to ARIB STD-T66 V3.7 regulations [2]. These
can be downloaded from [5].
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An overview of ARIB regulations

1 An overview of ARIB regulations

Low power, non-licensed devices operating in the 2400 - 2483.5 MHz band are found everywhere, such as: toys,
wireless security systems, wireless telemetry, wireless automatic meter reading applications, and more.

In Japan, the unlicensed use of short range devices in the 2.4 GHz ISM band is regulated by "The Association of
Radio Industries and Businesses (ARIB)" standard STD-T66: “Second generation low power data communication
system/wireless LAN system”.

The communication method is limited to digital signals (including spread spectrum).
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2 Technical requirements

2.1 Modulation system
One of the following modulation systems can be used in the 2400 MHz to 2483.5 MHz bandwidth:
. Spread spectrum and orthogonal frequency division multiplexing systems
. Modulation type for information signal
. Modulation techniques for systems other than spread spectrum and OFDM systems.

Although BLE uses the frequency hopping method during communication, it is not defined as a system using this
method.

BLE is classified as a system using “Digital modulation method other than orthogonal frequency division
multiplexing (OFDM) or spread spectrum method”.

2.2 Maximum output power

The maximum allowed output power is 10 mW (10 dBm) or less for a non-FHSS system. If FHSS is used, the
maximum power is 3 mW measured in a 1 MHz bandwidth if the whole band is used. 10 mW can be used for
FHSS systems, but not from 2.427 to 2.47075 GHz, where the limit is 3 mW.

2.3 Frequency tolerance
Frequency tolerance is within £ 50 ppm of rated frequency.

24 Transmitter spurious emissions
Average power of spurious emissions (outside the specified 2.4 GHz band) is as follows:

Table 1. Transmitter spurious emissions

Frequency range Transmit mask level

<2387 MHz - 26 dBm
2387 MHz to 2400 MHz - 16 dBm
2400 MHz to 2483.5 MHz -
2483.5 MHz to 2496.5 MHz - 16 dBm
>2496.5 MHz - 26 dBm
25 Frequency bandwidth

The required frequency bandwidth is limited by:
. 83.5 MHz for FHSS or hybrid FHSS/DSSS systems, 26 MHz in other systems

. The spreading bandwidth is 500 kHz or more in spread spectrum systems
. The spreading bandwidth is defined as the bandwidth containing 95% of the average radiated power.
2.6 Receiver spurious emission

Secondary emitted radiations are limited to the values given in Table 2. Receiver spurious emissions.

Table 2. Receiver spurious emissions

Frequency range Maximum power

<1 GHz -54 dBm
>1 GHz -47 dBm
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Application circuit

3 Application circuit

Figure 1 and Figure 2 show the BlueNRG-LP evaluation platform STEVAL-IDB011V2 and the BlueNRG-LPS
evaluation platform STEVAL-IDB012V1.

They provide a set of hardware resources to implement a wide range of application scenarios: sensor data
(accelerometer, pressure and temperature sensor), remote control (buttons and LEDs) and manage debug
messages though USB virtual COM. Three power options are available (USB only, battery only, external power
supply + USB) for high application development and testing flexibility.

The application board is equipped with a 32 MHz XTAL to provide the correct oscillator to the BlueNRG-LP/LPS.
A 32.768 kHz low speed crystal oscillator is also mounted on the board and used by the BlueNRG-LP/LPS.

An internal SMPS is present on the BlueNRG-LP/LPS to reduce drastically the power consumption. The SMPS is
fed from the battery and provides a programmable voltage to the device (1.4 V typically).

A RF connector (SMA or U.FL) is present to connect the board to an antenna or to an instrument to verify correct
functioning and to verify standard compliance.

The evaluation kit includes an STM32F103 microcontroller to program and debug the transceiver.
A graphical user interface (GUI) can be used to control the BlueNRG-LP/LPS.

Figure 1. The BlueNRG-LP evaluation board
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Transmitter parameter

4 Transmitter parameter

All the measurements here reported come from the following parameters: T¢ = 25 °C, Vpp = 3.3V, f = 2402 MHz
and 2480 MHz (lower and high frequencies of the useful bandwidth), unless otherwise specified.

4.1 Maximum output power
No specific spectrum analyzer settings are defined in the standard, so the following settings are used:
. Span =1 MHz
. RBW 2 3 MHz
. VBW 2 RBW

. Sweep = auto
. Detector function = peak
. Trace = max. hold.

The measurement results are shown in Table 3. IDB011V2 - Maximum output power.

Table 3.1DB011V2 - Maximum output power

Frequency [MHz] Output power [dBm] ARIB spec [dBm]

2402 +7.9 +10
2440 +7.9 +10
2480 +7.9 +10

Table 4. IDB012V1 - Maximum output power

Frequency [MHz] Output power [dBm] FCC spec [dBm]

2402 +7.5 +10

2440 +7.3 +10

2480 +7.3 +10
4.2 Frequency tolerance

The BlueNRG-LP/LPS device meets the +50 ppm rated frequency requirements if the crystal used in the
application guarantees the same or a better performance.

4.3 Transmitter spurious emission
No specific spectrum analyzer settings are defined in the standard, so the following settings are used:
. Span = sufficient to see the required bandwidth
. RBW = 100 kHz below 2.4 GHz, 1 MHz above 2.4835 GHz
. VBW = 3 x RBW

. Sweep = auto

. Detector function = peak

. Trace = max. hold

. The device is set to send packet

The BlueNRG-LP/LPS meets spurious emission requirements in every range specified, by a large margin.

Average power of spurious emissions (outside the specified 2.4 GHz band) provided through the antenna feed
line should be as follows:

a) 25 mW (-16 dBm) for 2.387 GHz < f < 2.400 GHz and 2.483 GHz < f < 2.4965 GHz.
b) 2.5 mW (-26 dBm) for 2.387 GHz > f and 2.4965 GHz < f.
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Transmitter spurious emission

Figure 3.'IDB011V2 - Tx (2402 MHz) spurious emission full span
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Figure 4.'IDB011V2 - Tx (2402 MHz) spurious emission in the 10 MHz to 2387 MHz band
MultiView = Spectrum -
Ref Level 10.00 dBm ® RBW 100 kHz SGL
Att 20dB  SWT 47.6 ms ® VBW 300kHz Mode Auto Sweep
1 Fr ency Sweep
o
Si0d
-20
RIB_TX_SPURIOUS_EMISSIONS
304
40
s0d
60
-70|
-80 di
-
10.0 MHz 47540 pts 237.7 MHz, 2.387 GHz 2
09.09.2022
- < avorted NN 16:26:33 E
16:26:33 09.09.2022 il
[a]

AN5572 - Rev 2 page 6/35




m ANS5572

Transmitter spurious emission

Figure 5. 1DB011V2 - Tx (2402 MHz) spurious emission in the 2387 MHz to 2400 MHz band
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Figure 6. 1DB011V2 - Tx (2402 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Transmitter spurious emission

Figure 7. IDB011V2 - Tx (2402 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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Figure 8. 1DB011V2 - Tx (2480 MHz) spurious emission full span
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Figure 9.1DB011V2 - Tx (2480 MHz) spurious emission in the 10 MHz to 2387 MHz band
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Figure 10. IDB011V2 - Tx (2480 MHz) spurious emission in the 2387 MHz to 2400 MHz band
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Transmitter spurious emission

Figure 11.1DB011V2 - Tx (2480 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Figure 12. IDB011V2 - Tx (2480 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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Transmitter spurious emission

Figure 13.'IDB012V1 - Tx (2402 MHz) spurious emission full span
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Figure 14.1DB012V1 - Tx (2402 MHz) spurious emission in the 10 MHz to 2387 MHz band
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Transmitter spurious emission

Figure 15. 1DB012V1 - Tx (2402 MHz) spurious emission in the 2387 MHz to 2400 MHz band
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Figure 16. IDB012V1 - Tx (2402 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Transmitter spurious emission

Figure 17. IDB012V1 - Tx (2402 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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Figure 18. 1DB012V1 - Tx (2480 MHz) spurious emission full span
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Transmitter spurious emission

Figure 19. IDB012V1 - Tx (2480 MHz) spurious emission in the 10 MHz to 2387 MHz band
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Figure 20. IDB012V1 - Tx (2480 MHz) spurious emission in the 2387 MHz to 2400 MHz band
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Figure 21. IDB012V1 - Tx (2480 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Figure 22. IDB012V1 - Tx (2480 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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Maximum frequency bandwidth

4.4 Maximum frequency bandwidth

The 6 dB bandwidth is evaluated. The 6 dB channel bandwidth is defined as the difference between the upper
and lower frequencies that are -6 dB relative to the peak. The measurement is performed in conducted mode
connecting the BlueNRG-LP/LPS application board to a spectrum analyzer.

The spectrum analyzer settings are:

. Span = set to approximately 2 to 3 times the 6 dB bandwidth
. RBW = 100 kHz

. VBW = 3 x RBW

. Sweep = auto
. Detector function = peak
. Trace = max. hold

The measured bandwidth is shown below. The measured bandwidth is more than 680 kHz, so the ARIB
requirement is met with margin.

Figure 23. IDB011V2 - 6 dB bandwidth 2402 MHz
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Figure 24. IDB011V2 - 6 dB bandwidth 2440 MHz
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Figure 25. IDB011V2 - 6 dB bandwidth 2480 MHz
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Figure 26. IDB012V1 - 6 dB bandwidth 2402 MHz
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Figure 27. IDB012V1 - 6 dB bandwidth 2440 MHz
MultiView = Spectrum -
Ref Level 10.00 dBm © RBW 100 kHz SGL
20 dB ® SWT 1 ms (~14 ms) ® VBW 300 kHz Mode Auto FFT
ncy Sweep 1Pk
M1[1] -3.44 dBm
, 2.440007 99 GHz
0d
T T2
-10
-20
-a0
L [ o]
a0
-s0
-0
70
-80
CF 2.44 GHz 1001 pts 200.0 kHz Span 2.0 MHz
2 Marker Table
M1 1 2.440 007 99 GHz -3.44 dBm ndB 6.0 dB
T 1 2.439650 3 GHz -9.44 dBm ndB down BwW 699.30 kHz
T2 1 2.4403497 GHz -9.41 dBm Q) Factor 3489.2 ;
09.09.2022 @
~
15:52:35 09.09.2022 Lf'_)
o

AN5572 - Rev 2 page 18/35




‘_ ANS5572
,l Maximum frequency bandwidth

Figure 28. IDB012V1 - 6 dB bandwidth 2480 MHz
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Receiver parameter

5 Receiver parameter

No specific spectrum analyzer settings are defined in the standard, so the following settings are used:
. Span = sufficient to see the required bandwidth

. RBW = 100 kHz below 1 GHz, 1 MHz above 1 GHz

. VBW = 3 x RBW

. Sweep = auto

. Detector function = peak

. Trace = max. hold

. The device is set in receive mode

The BlueNRG-LP/LPS performance meets ARIB requirements also as regards receiver spurious emissions.

Figure 29. IDB011V2 - Rx (2402 MHz) spurious emission full span
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Figure 30. IDB011V2 - Rx (2402 MHz) spurious emission in the 10 MHz to 2387 MHz band
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Figure 31. IDB011V2 - Rx (2402 MHz) spurious emission in the 2387 MHz to 2400 MHz band
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Figure 32. IDB011V2 - Rx (2402 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Figure 33. IDB011V2 - Rx (2402 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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Figure 34.'IDB011V2 - Rx (2480 MHz) spurious emission full span
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Figure 35. IDB011V2 - Rx (2480 MHz) spurious emission in the 10 MHz to 2387 MHz band
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Figure 36. IDB011V2 - Rx (2480 MHz) spurious emission in the 2387 MHz to 2400 MHz band
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Figure 37. IDB011V2 - Rx (2480 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Figure 38. IDB011V2 - Rx (2480 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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Figure 39.'IDB012V1 - Rx (2402 MHz) spurious emission full span
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Figure 40. IDB012V1 - Rx (2402 MHz) spurious emission in the 10 MHz to 2387 MHz band
MultiView = Spectrum
Ref Level 10.00 dBm © RBW 100 kHz SGL
At 20dB  SWT 47.6 ms ® VBW 300kHz Mode Auto Sweep.
1 Frequency Sweep 1Pk N
-10
_20 d
RIB_RX_SPURIOUS_EMISSIONS
30
-40
-50
-60
ES
-80
o0 d
-
10.0 MHz 47540 pts 237.7 MHz, 2.387 GHz >
P 00.00.2022 L
- - o [INRRRRRR 16:04:59 S
16:05:00 09.09.2022 ﬁ
[a]

AN5572 - Rev 2 page 25/35




m ANS5572

Receiver parameter

Figure 41. 1DB012V1 - Rx (2402 MHz) spurious emission in the 2387 MHz to 2400 MHz band
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Figure 42. IDB012V1 - Rx (2402 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Figure 43. 1DB012V1 - Rx (2402 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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Figure 44.1DB012V1 - Rx (2480 MHz) spurious emission full span
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Figure 45. IDB012V1 - Rx (2480 MHz) spurious emission in the 10 MHz to 2387 MHz band
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Figure 46. IDB012V1 - Rx (2480 MHz) spurious emission in the 2387 MHz to 2400 MHz band
MultiView = Spectrum -
RefLevel 10.00 dBm ® RBW 100 kHz SGL
Att 20dB  SWT 41.83 us (~6.9 ms) ® VBW 300 kHz Mode Auto FFT
RIB_RX_SPURIOUS_EMISSIONS
-30 d
-40 di
-50
-
70 df
ANV SNBSSV e
80 df
-90 d
-
2.387 GHz 300 pts 1.3 MHz, 2.4 GHz a
g o ewored DN S OO0 &
16:06:19 09.09.2022 u|—)
[a]

AN5572 - Rev 2 page 28/35




AN5572

Receiver parameter

ANS5572 - Rev 2

Figure 47.1DB012V1 - Rx (2480 MHz) spurious emission in the 2483.5 MHz to 2496.5 MHz band
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Figure 48. 1DB012V1 - Rx (2480 MHz) spurious emission in the 2496.5 MHz to 13.6 GHz band
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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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