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General Description 

BDE-BDM209B is a Bluetooth 5.1 Basic Rate (BR), Enhanced Data Rate (EDR) and Low Energy (LE) Dual-

Mode module. 

 

The module offers a unique combination of Bluetooth Classic and Bluetooth Low Energy radio (CC2564C) 

from Texas Instruments (TI) and an ultra-low-power Arm® Cortex®-M4 32-bit MCU (STM32L431). It 

integrates all required external components, including level shifters, clocks, power supply, band-pass filter, 

and antenna, at an affordable cost. 

 

The module provides best-in-class RF performance with transmit power and receive sensitivity that offer twice the range 

and higher throughput compared to other Bluetooth Low Energy-only solutions. The power management hardware and 

software algorithms deliver significant power savings in all commonly used Bluetooth BR/EDR and Low Energy modes of 

operation. 

 

The module is pre-certified with FCC, ISED, and CE and comes with certified and royalty-free Dual-mode Bluetooth 5.1 

protocol stack software. It provides complete Bluetooth BR/EDR and Bluetooth Low Energy sample applications, reducing 

design effort and ensuring a faster time to market. 

Key Features

◼ Processing and memories 

➢ Core: Arm® 32-bit Cortex®-M4 CPU with FPU, 

adaptive real-time accelerator (ART 

Accelerator™) allowing 0-wait-state execution 

from Flash memory 

➢ Frequency up to 80 MHz, MPU, 100DMIPS and 

DSP instructions  

➢ Up to 256 KB single bank Flash, proprietary 

code readout protection  

➢ 64 KB of SRAM including 16 KB with hardware 

parity check   

◼ BR and EDR features 

➢ Up to seven active devices 

➢ Scatternet: up to three piconets simultaneously, 

one as master and two as slaves 

➢ Up to two Synchronous Connection Oriented 

(SCO) links on the same piconet 

➢ Support for all voice air-coding - Continuously 

Variable Slope Delta (CVSD), A-Law, µ-Law, and 

Transparent (Uncoded) 

➢ Assisted mode for HFP 1.6 Wideband Speech 

(WBS) Profile or A2DP Profile to reduce host 

processing and power 

➢ Support of multiple Bluetooth profiles with 

enhanced QoS 

◼ Bluetooth Low Energy features 

➢ Support of up to 10 simultaneous connections 

➢ Multiple sniff instances tightly coupled to 

achieve minimum power consumption 

➢ Independent buffering for Low Energy allows 

large numbers of multiple connections without 

affecting BR or EDR performance 

➢ Built-In coexistence and prioritization handling 

for BR, EDR, and Low Energy 

◼ RF performance 

➢ Class 1.5 TX power up to +10 dBm 

➢ -Typical RX sensitivity 

 -97 dBm for BLE 

 -93 dBm for GFSK 

 -92.5 dBm forπ/4-DQPSK 
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 -86.5 dBm for 8DPSK 

➢ Internal temperature detection and 

compensation to ensure minimal variation in RF 

performance over temperature, no external 

calibration required 

➢ Improved Adaptive Frequency Hopping (AFH) 

algorithm with minimum adaptation time 

➢ Provides longer range, including twice the 

range of other Low-Energy-Only solutions 

◼ Ultra-low power consumption 

➢ MCU 

 84 μA/MHz run mode  

 280 nA Standby mode with RTC  

 28 nA Standby mode (wakeup pins)  

 8 nA Shutdown mode (wakeup pins)  

➢ Bluetooth 

 Shutdown: 1 μA 

 Deep sleep mode: 40 μA 

 Continuous TX @ Maximum power @ 

GFSK: 107 mA 

 Continuous TX @ Maximum power @ 

BR/EDR: 112.5 mA 

◼ Clocks 

➢ 26 MHz HFXT for Bluetooth 

➢ 32.768 KHz crystal oscillator for Bluetooth 

➢ 12 MHz HFXT for MCU 

➢ Internal low-power 32 kHz RC (±5%) for MCU 

➢ External 32.768 KHz LFXT for MCU (Not fitted by 

default) 

◼ Peripherals and interfaces 

➢ 11x timers: 1x 16-bit advanced motor-control, 

1x 32-bit and 2x 16-bit general purpose, 2x 16- 

bit basic, 2x low-power 16-bit timers (available 

in Stop mode), 2x watchdogs, SysTick timer 

➢ 1x 12-bit ADC 5 Msps, up to 16-bit with 

hardware oversampling, 200 μA/Msps 

➢ 2x 12-bit DAC output channels, low-power 

sample and hold 

➢ 1x SAI (serial audio interface)  

➢ 2x USART 

➢ 1x LPUART 

➢ 2x I2C 

➢ 1x SPI 

➢ 19x GPIOs 

◼ Enhanced system features 

➢ RTC with HW calendar, alarms and calibration  

➢ True random number generator  

◼ CRC calculation unit, 96-bit unique ID  

◼ Bluetooth 5.1 Dual-mode stack 

➢ Dual-mode Bluetooth 5.1 certified and royalty 

free 

➢ QDID: 172097 

◼ Classic Bluetooth Profiles available 

➢ A2DP1.2, AVDTP1.2, AVRCP1.3, HSP1.2, GAP, 

HID1.0, MAP1.0, PBAP1.0, RFCOMM, SDP, SPP 

➢ QDID: 185918  

◼ Bluetooth Low Energy Profiles available 

➢ ANS1.0, BAS1.0, CSCS1.0, DIS1.0, FMP1.0, 

GAPS1.0, GATT1.0, HTS1.0, HRS1.0, HIDS1.0, 

IAS1.0, LLS1.0, PASS1.0, PXP1.0, TPS1.0 

➢ QDID: 185918 

◼ Large variety of sample applications 

➢ Bluetooth Classic sample applications include: 

A3DP Sink/Source, HFP, HID, HSP, MAP, PBAP, 

SPP application demos. 

➢ BLE sample applications include: ANP, iBeacon, 

HRP, HTP, PASP, HOGP, PXP, FMP, CSCP 

application demos. 

➢ Bluetooth Classic + Bluetooth Low Energy 

sample applications include: SPP+SPPLE, SPP 

DMMulti application demos  

◼ MFi Support 

➢ iAP Protocol (iAP 1/iAP 2) provided as an add-

on upon request 

◼ Operating conditions 

➢ Single power supply: 2.4V to 3.6V 

➢ Operating temperature range: –40°C to 85°C 

◼ Antenna: Integrated PCB trace antenna 

◼ Package 

➢ 12 mm x 22 mm x 2.1 mm 

➢ LCC-29 

◼ Qualification and regulatory 

➢ Bluetooth DID: D058373 

➢ FCC ID: 2ABRU-209B 
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➢ IC: 25657-209B ➢ CE-RED

Applications 

◼ Mobile accessories 

◼ Sports and fitness applications 

◼ Wireless audio solutions 

◼ Set-Top boxes and remote controls 

◼ Toys 

◼ Test and measurement 

◼ Industrial: cable replacement 

◼ Wireless sensors 

◼ Automotive aftermarket 

◼ Wellness and health 
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1. Block Diagram 

BDE-BDM209B integrates a Bluetooth dual-mode controller, a high-performance Arm® 32-bit Cortex®-M4 MCU, and other 

required components into a compact form factor, enabling a ready-to-use, cost-effective Bluetooth dual-mode MCU 

module. 

 

The block diagram of the module is shown in Figure 1. 

 

 
(1) The 32.768 KHz Low Frequency XTAL for MCU is not fitted on module by default. 

 
Figure 1. The block diagram of BDE-BDM209B 

2. Pinout Functions 

The module is with LCC-29 package. 29 pads are exposed for user. This section describes pinout functions of the module 

in details. 
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2.1. Pinout Diagram 
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Figure 2. The pinout diagram of BDE-BDM209B (Top View) 

2.2. Pinout Description 

Table 1. Pinout Description (1) 

Module Pin # Pin Name Type 
Pin Functions 

Function After Reset Alternate Functions Additional Functions 

1 GND GND Ground - - 

2 VDD PWR Power supply, 2.4V to 3.6V - - 

3 PA5 I/O GPIO 

TIM2_CH1, TIM2_ETR, 

SPI1_SCK, 

LPTIM2_ETR, 

EVENTOUT 

COMP1_INM, 

COMP2_INM, 

ADC1_IN10, 

DAC1_OUT2 

4 VDD PWR Power supply, 2.4V to 3.6V - - 

5 BT_PCM_CLK I/O 
PCM clock, from BT 

controller 
- - 

6 BT_PCM_IN I 
PCM data input, from BT 

controller 
- - 

7 PA6 I/O GPIO TIM1_BKIN, SPI1_MISO, ADC1_IN11 
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Module Pin # Pin Name Type 
Pin Functions 

Function After Reset Alternate Functions Additional Functions 

COMP1_OUT, 

USART3_CTS, 

LPUART1_CTS, 

TIM1_BKIN_COMP2, 

TIM16_CH1, EVENTOUT 

8 BT_PCM_FSYNC I/O 
PCM frame sync, from BT 

controller 
- - 

9 BT_PCM_OUT O 
PCM data output, from BT 

controller 
- - 

10 PA7 I/O GPIO 

TIM1_CH1N, 

SPI1_MOSI, 

COMP2_OUT, 

EVENTOUT 

ADC1_IN12 

11 PB6 I/O GPIO 

LPTIM1_ETR, I2C1_SCL, 

SAI1_FS_B, 

TIM16_CH1N, 

EVENTOUT 

COMP2_INP 

12 PB7 I/O GPIO 
LPTIM1_IN2, I2C1_SDA, 

EVENTOUT 

COMP2_INM, 

PVD_IN 

13 PA1 I/O GPIO 

TIM2_CH2, I2C1_SMBA, 

SPI1_SCK, 

USART2_RTS_DE, 

TIM15_CH1N, 

EVENTOUT 

OPAMP1_ 

VINM, 

COMP1_INP, 

ADC1_IN6 

14 PB15 I/O GPIO 

RTC_REFIN, 

TIM1_CH3N, 

SWPMI1_SUSPEND, 

SAI1_SD_A, 

TIM15_CH2, EVENTOUT 

- 

15 PA0 I/O GPIO 

TIM2_CH1, 

USART2_CTS, 

COMP1_OUT, 

SAI1_EXTCLK, 

TIM2_ETR, EVENTOUT 

OPAMP1_ 

VINP, 

COMP1_INM, 

ADC1_IN5, 

RTC_TAMP2, 

WKUP1 

16 PB10 I/O GPIO 

TIM2_CH3, I2C2_SCL, 

USART3_TX, 

LPUART1_RX, 

COMP1_OUT, 

SAI1_SCK_A, 

- 
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Module Pin # Pin Name Type 
Pin Functions 

Function After Reset Alternate Functions Additional Functions 

EVENTOUT 

17 PA4 I/O GPIO 

SPI1_NSS, 

USART2_CK, 

SAI1_FS_B, 

LPTIM2_OUT, 

EVENTOUT 

COMP1_INM, 

COMP2_INM, 

ADC1_IN9, 

DAC1_OUT1 

18 PB5 I/O GPIO 

LPTIM1_IN1, 

I2C1_SMBA, 

SPI1_MOSI, 

COMP2_OUT, 

SAI1_SD_B, 

TIM16_BKIN, 

EVENTOUT 

- 

19 NRST I 
Reset, internal pull-up, 

active low 
- - 

20 PA3 I/O GPIO 

TIM2_CH4, USART2_RX, 

LPUART1_RX, 

SAI1_MCLK_A, 

TIM15_CH2, EVENTOUT 

OPAMP1_ 

VOUT, 

COMP2_INP, 

ADC1_IN8 

21 PA2 I/O GPIO 

TIM2_CH3, USART2_TX, 

LPUART1_TX, 

COMP2_OUT, 

TIM15_CH1, EVENTOUT 

COMP2_INM, 

ADC1_IN7, 

WKUP4, 

LSCO 

22 PB3 I/O GPIO 

JTDO-TRACESWO, 

TIM2_CH2, SPI1_SCK, 

SAI1_SCK_B, 

EVENTOUT 

COMP2_INM 

23 PA14 I/O GPIO 

JTCK-SWCLK, 

LPTIM1_OUT, 

I2C1_SMBA, 

SWPMI1_RX, 

SAI1_FS_B, EVENTOUT 

- 

24 PA15 I/O GPIO 

JTDI, TIM2_CH1, 

TIM2_ETR, USART2_RX, 

SPI1_NSS, 

USART3_RTS_DE, 

SWPMI1_SUSPEND, 

EVENTOUT 

- 

25 PA13 I/O GPIO 
JTMS-SWDIO, IR_OUT, 

SWPMI1_TX, 
- 
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Module Pin # Pin Name Type 
Pin Functions 

Function After Reset Alternate Functions Additional Functions 

SAI1_SD_B, EVENTOUT 

26 PC13 I/O GPIO EVENTOUT 

RTC_TAMP1, 

RTC_TS, 

RTC_OUT, 

WKUP2 

27 BT_TX_DBG O 
BT debug message, 1.8V 

voltage level 
- - 

28 PB11 I/O GPIO 

TIM2_CH4, I2C2_SDA, 

USART3_RX, 

LPUART1_TX, 

COMP2_OUT, 

EVENTOUT 

- 

29 GND GND Ground - - 

 

(1) For pin multiplexing details, refer to the datasheet of STM32L431.  

 

Table 2. Connection for Unused Pins 

Function Pin Name Connection 

GPIO PAx, PBx, PCx Set to port function in output direction, and leave unconnected 

Reset NRST Has been internally pulled-up to VDD, require a 0.1μF pulldown 

JTDI PA15 

The JTAG TDI pin is shared with general-purpose I/O function (PA15). If 

not being used, this pin should be set to port function in the output 

direction. When used as JTAG TDI pin, it should remain open 

JTDO PB3 

The JTAG TDO pin is shared with general-purpose I/O function (PB3). If 

not being used, this pin should be set to port function in the output 

direction. When used as JTAG TDO pin, it should be pulled down 

externally 

JTMS PA13 

The JTAG TMS pin is shared with general-purpose I/O function (PA13). If 

not being used, this pin should be set to port function in the output 

direction. When used as JTAG TMS pin, it should be pulled up externally 

JTCK PA14 

The JTAG TCK pin is shared with general-purpose I/O function (PA14). If 

not being used, this pin should be set to port function in the output 

direction. When used as JTAG TCK pin, it should be pulled down 

externally 

TX_DUG BT_TX_DUG Remain open 

https://www.st.com/resource/en/datasheet/stm32l431cc.pdf
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3. Characteristics 

3.1. Electrical Characteristics 

All MIN/MAX specification limits are guaranteed by design, production testing and/or statistical characterization. Typical 

values are based on characterization results at default measurement conditions and are informative only. 

 

Default measurement conditions (unless otherwise specified): VDD= 3.3 V, TA = 25 °C. All radio measurements are 

performed with standard RF measurement equipment. 

3.1.1. Absolute Maximum Ratings 

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are 

stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in the 

operational sections of the specification is not implied. Exposure to Absolute Maximum Rating conditions for extended 

periods may affect device reliability. 

Table 3. Absolute Maximum Ratings 

Parameter MIN MAX Unit 

VDD, Supply voltage -0.3 4 V 

TSTG, Storage temperature -40 85 °C 

3.1.2. Recommended Operating Conditions 

Table 4. Recommended Operating Conditions 

Parameter MIN MAX Unit 

VDD, Supply voltage 2.4 3.6 V 

TA, Operating temperature -40 85 °C 

3.1.3. ESD Ratings 

Table 5. ESD Ratings 

Parameter Description Value Unit Note 

Electrostatic 

discharge 

Contact discharge 4000 V As per EN 301-489 

Air discharge 8000 V As per EN 301-489 

3.1.4. Clock Characteristics 

Table 6. 26-MHz Crystal Oscillator (HFXT) Characteristics – RF 

Parameter Test Condition MIN TYP MAX Unit 

Crystal frequency   26  MHz 

ESR, Equivalent series resistance    50 Ω 
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Parameter Test Condition MIN TYP MAX Unit 

Frequency tolerance TA: 25°C -10  +10 ppm 

Frequency stability TA: -40°C ~ 85°C -30  +30 ppm 

CL, Crystal load capacitance   9  pF 

 
 Table 7. 8-MHz Crystal Oscillator (HFXT) Characteristics - MCU 

Parameter Test Condition MIN TYP MAX Unit 

Crystal frequency   8  MHz 

ESR, Equivalent series resistance    250 Ω 

Frequency tolerance TA: 25°C -10  +10 ppm 

Frequency stability TA: -40°C ~ 85°C -15  +15 ppm 

CL, Crystal load capacitance   10  pF 

 

Table 8. 32.768-KHz Oscillator (OSC) Characteristics -RF 

Parameter Test Condition MIN TYP MAX Unit 

Crystal frequency   32.768  KHz 

ESR, Equivalent series resistance    250 Ω 

Frequency tolerance TA: 25°C -20  +20 ppm 

Frequency stability TA: -40°C ~ 85°C -50  +50 ppm 

Supply voltage   1.8  V 

3.2. RF Characteristics 

3.2.1. Bluetooth BR and EDR RF Characteristics 

3.2.1.1. Bluetooth Receiver—In-Band Signals 

Table 9. Bluetooth Receiver—In-Band Signals 

Parameter Condition MIN TYP MAX Bluetooth Spec. Unit 

Operation frequency range  2402  2480  dBm 

Channel spacing   1   MHz 

Sensitivity, dirty TX off(1) 

GFSK, BER = 0.1%  -93   

dBm π/4-DQPSK, BER = 0.01%  -92.5   

8DPSK, BER = 0.01%  -86.5   

BER error floor at sensitivity 

+10 dB, dirty TX off 

π/4-DQPSK 1E-6 1E-7  1E-5  

8DPSK 1E-6   1E-5  

Maximum usable input power 

GFSK, BER = 0.1% -5   -20 

dBm π/4-DQPSK, BER = 0.1% -10    

8DPSK, BER = 0.1% -10    

Intermodulation 

characteristics 
Level of interferers (for n = 3, 4, and 5) -36 -30  -39 dBm 

C/I performance(2) GFSK, cochannel  8 10 11 dB 
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Parameter Condition MIN TYP MAX Bluetooth Spec. Unit 

 Image =–1 MHz 
EDR, cochannel 

π/4-DQPSK  9.5 11 13 

8DPSK  16.5 20 21 

GFSK, adjacent ±1 MHz  -10 -5 0 

EDR, adjacent ±1 

MHz, (image) 

π/4-DQPSK  -10 0 0 

8DPSK  -5 5 0 

GFSK, adjacent +2 MHz  -38 -35 -30 

GFSK, adjacent +2 

MHz 

π/4-DQPSK  -38 -35 -30 

8DPSK  -38 -30 -25 

GFSK, adjacent–2 MHz  -28 -20 -20 

GFSK, adjacent–2 

MHz 

π/4-DQPSK  -28 -20 -20 

8DPSK  -22 -13 -13 

GFSK, adjacent ≥ |±3| MHz  -45 -43 -40 

GFSK, adjacent 

≥ |±3| MHz 

π/4-DQPSK  -45 -43 -40 

8DPSK  -44 -36 -33 

RX mode LO leakage Frf = (received RF– 0.6 MHz)  -63 -58  dBm 

 

(1) Measurement is made at channel 2440MHz, other channels might show 1~2 dB variance. Sensitivity degradation up to 3 dB may occur for minimum 

and typical values where the Bluetooth frequency is a harmonic of the fast clock. 

(2) Numbers show ratio of desired signal to interfering signal. Smaller numbers indicate better C/I performance. 

3.2.1.2. Bluetooth Receiver—General Blocking 

Table 10. Bluetooth Receiver—General Blocking 

Parameter Condition MIN TYP Unit 

Blocking performance over full range, according to 

Bluetooth specification(1) 

30 to 2000 MHz  -6 

dBm 
2000 to 2399 MHz  -6 

2484 to 3000 MHz  -6 

3 to 12.75 GHz  -6 

 

(1) Exceptions are taken out of the total 24 allowed in the Bluetooth specification. 

3.2.1.3. Bluetooth Transmitter—GFSK 

Table 11. Bluetooth Transmitter—GFSK 

Parameter Condition MIN TYP Bluetooth Spec. Unit 

Maximum RF output power(1)  10   dBm 

Power variation over Bluetooth band -1  1  dB 

Gain control range  30   dB 

Power control step  5  2 to 8 dB 

Adjacent channel power |M–N| = 2  -45  ≤–20 dBm 

Adjacent channel power |M–N| > 2  -50  ≤–40 dBm 

 

(1) Measurement is made at channel 2440MHz, other channels might show 1~2 dB variance. To modify maximum output power, use an HCI VS 

command. 
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3.2.1.4. Bluetooth Transmitter—EDR 

Table 12. Bluetooth Transmitter—EDR 

Parameter Condition MIN TYP Bluetooth Spec. Unit 

EDR output power(1) 
π/4-DQPSK  8   

dBm 
8DPSK  8   

EDR relative power -2  1 –4 to +1 dB 

Power variation over Bluetooth band -1  1  dB 

Gain control range  30   dB 

Power control step  5  2 to 8 dB 

Adjacent channel power |M–N| = 1  -36  ≤–26 dBc 

Adjacent channel power |M–N| = 2(2)  -30  ≤–20 dBm 

Adjacent channel power |M–N| > 2(2)  -42  ≤–40 dBm 

 

(1) Measurement is made at channel 2440MHz, other channels might show 1~2 dB variance. To modify maximum output power, use an HCI VS 

command. 

3.2.1.5. Bluetooth Modulation—GFSK 

Table 13. Bluetooth Modulation—GFSK 

Parameter Condition MIN TYP MAX Bluetooth Spec. Unit 

 
-20dB 

bandwidth 
GFSK  925  ≤ 1000 kHz 

F1 avg 

Modulation 

characteristics 

Δf1avg 
Mod data = 41s, 

40s:111100001111... 
 165  140 to 175 kHz 

F2 max 

Δ f2max ≥ 

limit for at least 

99.9% of all 

Δf2max 

Mod data = 

1010101... 
 130  > 115 kHz 

Δf2avg, Δf1avg  80%  > 80%  

 

Absolute 

carrier 

frequency 

drift 

DH1 -25  25 < ±25 

kHz 
DH3 and DH5 -35  35 < ±40 

 Drift rate    15 < 20 kHz/50us 

 

Initial carrier 

frequency 

tolerance 

f0–fTX -75  +75 < ±75 kHz 

3.2.1.6. Bluetooth Modulation—EDR 

Table 14. Bluetooth Modulation—EDR 

Parameter Condition MIN TYP MAX Bluetooth Spec. Unit 

Carrier frequency stability     ≤ 10 kHz 

Carrier frequency stability    +5 ≤ 10 kHz 
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Parameter Condition MIN TYP MAX Bluetooth Spec. Unit 

Initial carrier frequency tolerance    ±75 ±75 kHz 

RMS DEVM(1) 
π/4-DQPSK  6%  20%  

8DPSK  6%  13%  

99% DEVM(1) 
π/4-DQPSK   30% 30%  

8DPSK   20% 20%  

Peak DEVM(1) 
π/4-DQPSK  14%  35%  

8DPSK  16%  25%  

 

(1) Maximum performance refers to maximum TX power. 

3.2.2. Bluetooth Low Energy RF Performance 

3.2.2.1. Bluetooth Low Energy Receiver—In-Band Signals 

Table 15. Bluetooth Low Energy Receiver—In-Band Signals 

Parameter Condition MIN TYP MAX BLE Spec. Unit 

Operation frequency range  2402  2480  MHz 

Channel spacing   2   MHz 

Sensitivity, dirty TX off(1) PER = 30.8%; dirty TX off  -97   dBm 

Maximum usable input power GMSK, PER = 30.8% -5   ≥ –10 dBm 

Intermodulation characteristics Level of interferers (for n = 3, 4, 5)  -30  ≥ –50 dBm 

C/I performance(2) Image =–1 MHz 

GMSK, cochannel  8  ≤ 21 

dB 

GMSK, adjacent ±1 MHz  -5  ≤ 15 

GMSK, adjacent +2 MHz  -45  ≤ –17 

GMSK, adjacent–2 MHz  -22  ≤ –15 

GMSK, adjacent ≥ |±3| MHz  -47  ≤ –27 

RX mode LO leakage Frf = (received RF – 0.6 MHz)  -63   dBm 

 

(1) Measurement is made at channel 2440MHz, other channels might show 1~2 dB variance. Sensitivity degradation up to 3 dB may occur for minimum 

and typical values where the Bluetooth frequency is a harmonic of the fast clock. 

(2) Numbers show ratio of desired signal to interfering signal. Smaller numbers indicate better C/I performance. 

3.2.2.2. Bluetooth Low Energy Receiver—General Blocking 

Table 16. Bluetooth Low Energy Receiver—General Blocking 

Parameter Condition MIN TYP BLE Spec. Unit 

Blocking performance over full range, according to 

Bluetooth Low Energy specification (1) 

30 to 2000 MHz  -15 ≥ -30 

dBm 
2000 to 2399 MHz  -15 ≥ -35 

2484 to 3000 MHz  -15 ≥ -35 

3 to 12.75 GHz  -15 ≥ -30 

 

(1) Exceptions are taken out of the total 10 allowed in the Bluetooth Low Energy specification. 
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3.2.2.3. Bluetooth low energy Transmitter 

Table 17. Bluetooth Low Energy Transmitter 

Parameter Condition MIN TYP BLE Spec. Unit 

RF output power  10(1)  ≤ 10 dBm 

Power variation over Bluetooth band   1  dB 

Adjacent channel power |M–N| = 2  -45  ≤ –20 dBm 

Adjacent channel power |M–N| > 2  -50  ≤ –40 dBm 

 

(1) Measurement is made at channel 2440MHz, other channels might show 1~2 dB variance. To modify maximum output power, use an HCI VS 

command. 

3.2.2.4. Bluetooth Low Energy Modulation 

Table 18. Bluetooth Low Energy Modulation 

Parameter Condition MIN TYP MAX BLE Spec. Unit 

F1 avg 

Modulation 

characteristics 

Δf1avg 
Mod data = 41s, 

40s:111100001111... 
240 250 260 225 to 275 kHz 

F2 max 

Δf2max ≥ limit for 

at least 99.9% of all 

Δf2max 

Mod data = 

1010101... 
185 210  ≥ 185 kHz 

Δf2avg, Δf1avg 0.85 0.9  > 0.8  

 
Absolute carrier 

frequency drift 
 -25  25 < ±50 kHz 

 Drift rate    15 < 20 kHz/50ms 

 

Initial carrier 

frequency 

tolerance 

f0–fTX -75  +75 < ±100 kHz 

3.3. Antenna Characteristics 

The module is integrated with a 2.4GHz PCB trace antenna which makes it a good choice for easy integration for customer. 

The antenna area is 12mm x 4mm. The following data was measured with the module assembled to a reference board. 

The module placement and the dimension of the reference board is shown as Figure 3. 
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Figure 3. Antenna Placement and Reference Board 

3.3.1. Antenna Gain and Efficiency 

Table 19. Gain and Efficiency of the Integrated PCB Trace Antenna 

Frequency (MHz) Gain (dBi) Efficiency (%) 

2400 -1.35 21.69 

2410 -1.06 24.93 

2420 -0.41 26.91 

2430 -0.31 27.42 

2440 -0.22 28.91 

2450 -0.28 27.64 

2460 -0.66 26.45 

2470 -0.95 25.99 

2480 -0.90 25.97 

2490 -1.09 24.92 

2500 -1.05 23.34 
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3.3.2. Antenna Radiation Pattern 

 

   
 

Figure 4. Radiation Pattern of the Integrated PCB Trace Antenna at 2440MHz 

4. Mechanical Specifications  

The following section includes mechanical and footprint drawings of the module. 

4.1. Module Dimensions 

The module dimensions are presented in the following figure. 
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Figure 5. Module Dimensions 

4.2. PCB Footprint 

The recommended module footprint is presented in the following figure. 
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Figure 6. Recommended Module Footprint Top View 
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5. Integration Guidelines 

5.1. SoC Mode 

Below block diagram is applicable when the module is used as a SoC running the application and the protocol stack in the 

system CUP inside the module. 

 

(1) The module has already been implemented with required decoupling capacitors; therefore, external decoupling capacitors are not needed. 

However, proper decoupling capacitors can also be added to increase module power stability depending on customer’s application. 

Figure 7. High-Level System Block Diagram – SoC Mode 

5.2. UART Command Mode 

The module can also come with UART command mode providing like-AT commands for users. With this mode, the module 

is running the Bluetooth stack and functionality and the application MCU can simply communicate with the module 

sending UART commands via UART. 

5.3. Module Placement 

The placement of the module in the base board is critical in your design. Improper placement can lead to poor antenna 

performance. BDE recommend following below recommended placement in your design. 

 

Any form of proximity to the metal or other material will change/degrade the antenna performance. Keep the antenna 

area as far as possible to the metal material in any direction. 
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Figure 8. Module Placement Recommendations 

5.4. Evaluation Kit 

BDE provides a breakout board for the module as well as the evaluation board for evaluation. For more information on 

the EVK, please visit the product page of the module on bdecomm.com. 

5.5. Other Design Considerations 

Table 20. Other Design Considerations 

Thermal 

1 The proximity of ground vias must be close to each ground pad of the module. 

2 Signal traces must not be run underneath the module on the layer where the module is mounted. 

3 Have a complete ground pour in layer 2 for thermal dissipation. 

4 Have a solid ground plane and ground vias under the module for stable system and thermal dissipation. 

5 Increase the ground pour in the first layer and have all of the traces from the first layer on the inner layers, if possible. 

6 Signal traces can be run on a third layer under the solid ground layer, which is below the module mounting layer. 

Antenna and Co-location 

7 Place the module with the antenna facing the PCB edge. There must be no traces or ground under the antenna section. 

8 
If there are some other radios besides this module in the system, try to place them apart as far as possible. And ensure 

there is at least 25 dB isolation between the antenna port of every radio. 

Supply 

9 The power trace for VDD must be at least 20-mil wide. 

10 Make VDD traces as wide as possible to ensure reduced inductance and trace resistance. 

11 If possible, shield VDD traces with ground above, below, and beside the traces. 

https://www.bdecomm.com/
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6. Handling Instructions 

The module is the surface mount module with LCC footprint. It is designed to conform to the major manufacturing 

guidelines, including the commercial, industrial manufacturing process. 

  

In this section, we will cover the basic shipping information, including the module markings, packaging and labeling. And 

also the instructions on how to handle the module in terms of storage, assembly and so on. 

6.1. Module Marking 

Below figure shows the metal shield marking for the BDE-BDM209B module series. 

MPN: BDE-BDM209B

FCC ID: 2ABRU-209B

IC: 25657-209B

SN: 244601000002

(1)

(2)

(3)

(4)

(5)

(6)

(7)

 
(1) Pin one index; 

(2) Orderable manufacturer part number; 

(3) FCC ID; 

(4) IC ID; 

(5) Serial number; 

(6) CE marking; 

(7) BDE logo 

Figure 9. Module Marking 
 

6.2. Packaging Information 

6.2.1. Tape and Reel Package Information  
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(1) Cumulative tolerance for every 10 sprockets pitch is ±0.2mm; 

(2) Carrier camber not to exceed 1mm in every 100mm; 

(3) All dimensions are in millimeter and meets EIA-481-C requirements; 

(4) Material: PS Black polystyrene; 

(5) Thickness: 0.35±0.05mm; 

(6) Packing length per 13"reel: 20.7 meters; 

(7) Component load per 13"reel: 1000+24pcs (12 voids each to the head and tail); 

(8) RoHS compliance; 

(9) Anti-static coefficient of 106-11Ω. 

 

Figure 10. Carrier Tape Drawing for BDE-BDM209B 
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(1) All dimensions are in millimeter; 

(2) Material: PS blue polystyrene. 

 

Figure 11. 13-Inch Reel Drawing 
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6.2.2. Carton Information and Labeling 

6.2.2.1. Carton Information 

 

 
Figure 12. Carton Information 

6.2.2.2. Reel Label 

The reel label will be affixed onto the reel, Anti-ESD bag and reel box. It mainly shows the MPN (Manufacturer Part 

Number), CPN (Customer Part Number), PO (Purchase Order Number), LOT number, QTY (Quantity), DC (Date Code) and 

MSL (Moisture Sensitivity Level). Sometimes, it also shows other information, such as the regulatory information. 

 

 

Figure 13. Reel Label Information 

6.2.2.3. Carton Label 

The carton label will be affixed onto the surface of the carton. If the carton contains different Part Numbers or POs, there 

will be different labels representing different Part Numbers, different POs and Quantity. 
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Figure 14. Carton Label Information 

6.3. Assembly Instruction 

6.3.1. Moisture Sensitive Level 

The MSL (Moisture Sensitive Level) of the module is MSL-3. Handling guidelines are listed as below: 

The floor life for MSL-3 device is 168 hours in ambient environment 30°C/60%RH. Before assembly, make sure to check if 

the modules are packaged with desiccate and humidity indicator card; 

After the bag is opened, make sure to mount the modules within 168 hours at factory conditions (< 30°C/60% RH) or 

stored at <10% RH. Repackage is needed with new desiccate and humidity indicator card if the modules are not mounted 

before exceeding floor life; 

If the card reads >10%, or the modules have been exposed for over 168 hours, the modules need to be baked before 

mounted. Recommended baking condition is 125℃ for 8 hours. 
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6.3.2. Reflow Profile 

 

Note:  

A – Temperature 

B – Time 

C – Alloy liquidus temperature 

D – Preheat slope = temperature ramp rate 

E – Preheat dwell = soak time 

F – Time above liquidus 

G – Peak temperature = maximum assembly temperature 

 

Figure 15. Thermal Profile Schematic 

 

Table 21. Reflow Profile Parameters (1) (3) 

Item Temperature Range Ramp Rate / Time 

D, preheat zone 30°C ~ 175°C 2°C ~ 4°C per second 

E, soak zone 150°C ~ 200°C 60 ~ 120 seconds 

C, Alloy liquidus temperature 217°C ~ 220°C - 

F, reflow zone 230°C ~ 245°C 60 ~ 90 seconds 

G, target maximum reflow temperature 250°C - 

Absolute peak temperature (2) 260°C - 

 

(1) This is for Pb-free (SAC 305) paste. Different pastes require different profiles for optimum performance, so it is important to consult the paste 

manufacturer before developing the solder profile; 

(2) Exceed the absolute peak temperature for certain period, e.g. 20s might damage the device or affect the reliability; 

(3) It is recommended that the modules do not go through the reflow process more than one time. 
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6.3.3. Other Consideration 

(1) Ultrasonic cleaning process is discouraged for the modules as the process might damage the module permanently, 

especially for the crystal oscillator in the module; 

(2) Conformal coating is not allowed to this module. It will impact the reliability of the module once the coating flooded 

into the shield. Avoid the module while applying the conformal coating to the host board. 

7. Certification 

7.1. Bluetooth Qualification 

7.1.1. Bluetooth Qualification Information 

BDE-BDM209B is qualified and listed on the Bluetooth SIG website. The detail information can be found in below table. 

Table 22. Bluetooth Qualification Information 

DID/DN QDID and Included DN Description 

D058373 

194023 Controller Subsystem 

172097 Host Subsystem 

185918 Profile Subsystem 

7.1.2.  Bluetooth Qualification Process 

Below Bluetooth qualification process is provided for customers when they are listing their end product referencing BDE 

module. 

(1) Go to https://launchstudio.bluetooth.com/ and log in; 

(2) Select Start the Bluetooth Qualification Process with No Required Testing; 

(3) Project Basics: 

(a) Enter your project name, it can be the product name or the product series name; 

(b) Enter QDID that the product reference, as the Table 22 shows. 

(4) Product Declaration: 

(a) Select the listing date. You can select a date that you want your product listed and go public, although the 

qualification will complete immediately after your submission. 

(b) Add every product that integrated with this module. You can add a series of individual product models that use 

the same design/module without any modification. 

(5) Declaration ID: 

(a) Select a DID. If you don’t have one, you need to purchase a DID for your product by clicking Pay Declaration 

Fee. 

(6) Review and Submit: 

(a) Review all information that you have entered and make sure no mistakes; 

(b) Tick all check boxes if you confirmed above information and add your name to the signature page; 

https://launchstudio.bluetooth.com/
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(c) Click Signature Confirmed – Complete Project & Submit Product(s) for Qualification. 

(7) The qualification will be done immediately and your product will be listed to the Bluetooth SIG website as per your 

required listed date in step (4). 

 

For more information about listing your product to Bluetooth SIG, please visit below webpage: 

https://www.bluetooth.com/develop-with-bluetooth/qualification-listing/ 

7.2. Regulatory Compliance 

The module is certified for FCC, IC/ISED and ETSI/CE as listed in below table. More regions can be cover by request. 

Table 23. Certification Information 

Regulatory Body / Region Standard ID MPN 

FCC (USA) FCC CFR 47 PART 15 C (15.247) 2ABUR-209B 

BDE-BDM209B 

IC/ISED (Canada) 
RSS-247 Issue 3 

RSS-Gen Issue 5 
25657-209B 

ETSI/CE-RED (Europe) 

ETSI EN 301 489-1 V2.2.3 (2019-11) 

ETSI EN 301 489-17 V3.2.4 (2020-09) 

EN 55032:2015/A11:2020 

EN 55035:2017/A11:2020 

ETSI EN 300 328 V2.2.2 (2019-07) 

EN 62479:2010 

EN 50663:2017 

EN IEC 62368-1:2020+A11:2020 

NA 

7.2.1. Certified Antennas 

The module has been tested and certified with the integrated PCB trace antenna. The characteristic is shown as below 

table. 

Table 24. Certified Antenna List 

Antenna Type Manufacturer MPN Frequency Range (MHz) Peak Gain (dBi) Note 

PCB trace antenna BDE NA 2400 – 2500 -0.2 Integrated 

7.2.2. FCC Compliance 

7.2.2.1. FCC Statement 

This device complies with part 15 of the FCC rules. Operation is subject to the following two conditions:   

(1) This device may not cause harmful interference, and  

(2) This device must accept any interference received, including interference that may cause undesired operation. 

7.2.2.2. FCC Caution 

Any changes or modifications to this unit not expressly approved by BDE for compliance could void the user’s authority 

to operate the equipment. The integrator will be responsible to satisfy SAR/RF Exposure requirements, when the module 

https://www.bluetooth.com/develop-with-bluetooth/qualification-listing/
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integrated into the host device. 

7.2.2.3. Integration Instructions 

List of applicable FCC rules 

FCC Part 15.247 

 

Specific operational use conditions 

This transmitter/module and its antenna(s) must not be co-located or operating in conjunction with any transmitter. This 

information also extends to the host manufacturer’s instruction manual. 
 

Limited module procedures 

Not applicable 

 

Trace antenna designs 

Not applicable 

 

RF exposure considerations 

This equipment complies with FCC RF radiation exposure limits set forth for an uncontrolled environment. This compliance 

to FCC radiation exposure limits for an uncontrolled environment, and minimum of 20cm separation between antenna 

and body. The host product manufacturer would provide the above information to end users in their end-product manuals. 

 

Antennas 

Refer to Table 24 

 

Label and compliance information 

The end product must carry a physical label or shall use e-labeling followed KDB784748D01 and KDB784748 stating 

“Contains Transmitter Module FCC ID: 2ABRU-209B” 

 

Information on test modes and additional testing requirements 

Contact BDE for more information 

 

Additional testing, Part 15 Subpart B disclaimer 

The modular transmitter is only FCC authorized for the specific rule parts (FCC Part 15.247) listed on the grant, and that 

the host product manufacturer is responsible for compliance to any other FCC rules that apply to the host not covered by 

the modular transmitter grant of certification. The final host product still requires Part 15 Subpart B compliance testing 

with the modular transmitter installed when contains digital circuity. 

 

(OEM) Integrator has to assure compliance of the entire end-product that includes the BDE-BDM209B module. For 15 B 

(§15.107 and if applicable §15.109) compliance, the host manufacturer is required to show compliance with 15 while the 

module is installed and operating. 

 

Furthermore the module should be transmitting and the evaluation should confirm that the module's intentional 

emissions (15C) are compliant (fundamental / out-of-band). Finally the integrator has to apply the appropriate equipment 



info@bdecomm.com BDE Technology Inc. 

Datasheet 
BDE-BDM209B  

Bluetooth 5.1 Dual-Mode MCU Module 

 

 

 

  

 

 

32 / 34 

authorization (e.g. Verification) for the new host device per definition in §15.101. Integrator is reminded to assure that 

these installation instructions will not be made available to the end-user of the final host device. 

7.2.3. IC/ISED Compliance 

7.2.3.1. IC Statement 

This device contains license-exempt transmitter(s)/receiver(s) that comply with Innovation, Science and Economic 

Development Canada’s license-exempt RSS(s). Operation is subject to the following two conditions:  

(1) This device may not cause interference, and 

(2) This device must accept any interference, including interference that may cause undesired operation of the device. 

 

L’émetteur/récepteur exempt de licencecontenudans le présentappareilestconforme aux CNR d’Innovation, Sciences et 

Développementéconomique Canada applicables aux appareils radio exempts de licence. L’exploitationestautorisée aux 

deux conditions suivantes : 

(1) L' appareil ne doit pas produire de brouillage; 

(2) L' appareildoit accepter tout brouillageradioélectriquesubi, mêmesi le brouillageest susceptible d' encompromettre 

le fonctionnement. 

7.2.3.2. IC Caution 

Any changes or modifications to this unit not expressly approved by BDE for compliance could void the user’s authority 

to operate the equipment. The integrator will be responsible to satisfy SAR/RF Exposure requirements, when the module 

integrated into the host device. 

7.2.3.3. Integration Instructions 

Label and compliance information 

The final host device, into which this RF module is integrated has to be labeled with an auxiliary label stating the IC of the 

RF module, such as" Contains transmitter module IC: 25657-209B”. 

 

Informations sur l'étiquette et la conformité 

Le périphériquehôte final, danslequelce module RF estintégré "doitêtreétiqueté avec uneétiquetteauxiliaireindiquant le 

CI du module RF, tel que" Contient le module émetteur IC: 25657-209B”. 

 

Radio Frequency Exposure Statement for IC  

The device has been evaluated to meet general RF exposure requirements. The device can be used in mobile exposure 

conditions. The min separation distance is 20cm. 

 

Déclaration d'exposition aux radiofréquences pour IC 

L'appareil a été évalué pour répondre aux exigences générales en matière d'exposition aux RF. L'appareil peut être utilize 

dans des conditions d'exposition mobiles. La distance de séparation minimale est de 20 cm. 

 

This radio transmitter [IC: 25657-209B] has been approved by Innovation, Science and Economic Development Canada to 

operate with the antenna types listed in Table 24, with the maximum permissible gain indicated. Antenna types not 
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included in this list that have a gain greater than the maximum gain indicated for any type listed are strictly prohibited for 

use with this device. 

 

Cet émetteur radio [IC: 25657-209B] a été approuvé par Innovation, Sciences et Développement économique Canada 

pour fonctionner avec les types d'antenne énumérés ci-dessous, avec le gain maximal admissible indiqué. Les types 

d'antenne non inclus dans cette liste qui ont un gain supérieur au gain maximum indiqué pour tout type répertorié sont 

strictement interdits pour une utilisation avec cet appareil. 

7.2.3.4. ETSI/CE Compliance 

The BDE-BDM209B module is certified with required EU radio and EMC directives. See Table 23 for detailed standards the 

module complies with, or refer to UK Declaration of Conformity. 

8. Ordering Information 

Table 25. Ordering Information 

Orderable Part Number Description Size (mm) Shipping Form MOQ 

BDE-BDM209B BDE Bluetooth 5.1 

Dual-Mode MCU 

module 

12 x 22 x 2.4 Tape & Reel 1000 

9. Revision History 

Table 26. Revision History 

Revision Date Description 

V0.1 2024-08-02 Preliminary 

V0.2 2024-08-19 Corrected some editorial mistakes 

V0.3 2024-09-27 Modified pinout and pin functions, modified mechanical and footprint drawings 

V1.0 2025-02-27 Production version 

V1.1 2025-10-30 Corrected mistake in block diagram 
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Important Notice and Disclaimer 

 

 

 

 

The information contained herein is believed to be reliable. BDE makes no warranties regarding the 

information contain herein. BDE assumes no responsibility or liability whatsoever for any of the 

information contained herein. BDE assumes no responsibility or liability whatsoever for the use of the 

information contained herein. The information contained herein is provided "AS IS, WHERE IS" and 

with all faults, and the entire risk associated with such information is entirely with the user. All 

information contained herein is subject to change without notice. Customers should obtain and verify 

the latest relevant information before placing orders for BDE products. The information contained 

herein or any use of such information does not grant, explicitly or implicitly, to any party any patent 

rights, licenses, or any other intellectual property rights, whether with regard to such information 

itself or anything described by such information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contact 

BDE Technology Inc.  
 

USA: 67 E Madison St, # 1603A, Chicago, IL 60603, US  

Tel: +1-312-379-9589 

 

China: B2-403, 162 Science Avenue, Huangpu District, Guangzhou 510663, China 

Tel: +86-20-28065335  

 

Website: www.bdecomm.com  Email: info@bdecomm.com 

http://www.bdecomm.com/
mailto:info@bdecomm.com
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