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Features
•	 Operating frequency band: 5.8GHz ISM

•	 Operating voltage: 4.0V~12.0V (UART voltage: 3.3V)

•	 Operating current
	♦ 80μA @ 5m
	♦ 1.3mA @ 14m

•	 Horizontal forward sensing distance(5V, 25°C): 5m~14m 

•	 Operating temperature: -40°C~85°C 

•	 Supports the standard UART serial port protocol

•	 Reserves lighting control component positions

•	 Compatible with FCC/CE

•	 Interface:5-pin straight hole

•	 Size: 20.0mm(L)×20.5mm(W)×2.8mm(H)

General Description
The BM22S4421-1 is a low power consumption, high performance and low cost 5.8GHz radar 
sensor module designed based on the 5.8GHz radar sensor IC. Users can flexibly adjust the module 
performance using the UART serial port communication. This module has a sensing distance of up 
to 14m, a minimum average operating power consumption of 80μA and a reserved position for a 
photosensitive resistance.

Applications
•	 Smart lighting

•	 Smart home

•	 Anti-intrusion detection

Block Diagram
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Pin Assignment
VIN(1)

GND(2)

OUT(3)

ICPDA/TX(4)

ICPCK/RX(5)

Pin Description
Pin Function Type Description
1 VIN PWR Positive power supply
2 GND PWR Negative power supply, GND
3 OUT DO Radar sensor trigger output

4 ICPDA/TX DO ICPDA: ICP data/address
TX: UART TX serial data output

5 ICPCK/RX DI ICPCK: ICP clock 
RX: UART RX serial data input

Legend: PWR: power; DI: digital input; DO: digital output

Technical Specifications

Absolute Maximum Ratings

Supply Voltage........................................................................................................VSS-0.3V~VSS+12V

Input Digital Voltage........................................................................................... VSS-0.3V~3.3V+0.3V

Storage Temperature..........................................................................................................-60℃~150℃

Operating(ambient) Temperature........................................................................................-40℃~85℃

ESD HBM................................................................................................................................... >±2kV

Note: this module is ESD sensitive. HBM(Human Body Mode) is based on MIL-STD-883.

D.C. Electrical Characteristics
Ta=25°C, VDD=5.0V, with matching circuit and antenna, unless otherwise specified

Symbol Parameter Test Conditions Min. Typ. Max. Unit
VDD Supply Voltage — 4.0 5.0 12.0 V
VIL I/O Low Level Input Voltage — 0 — 0.6 V
VIH I/O High Level Input Voltage — 2.6 — 3.3 V
TOP Operating Temperature — -40 — 85 °C
Current Consumption

ISLP Deep Sleep Current WDT off
RF Deep Sleep mode — 4 — μA
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Symbol Parameter Test Conditions Min. Typ. Max. Unit

IDD Operating Current

RF Duty mode
Maximal sensing distance=5m — 0.08 — mA

RF Duty mode
Maximal sensing distance=14m — 1.3 — mA

IOL I/O Port Sink Current — 16 32 — mA
IOH I/O Port Source Current — -0.7 -1.5 — mA
RPH I/O Port Pull-high Resistance — 20 60 100 kΩ

A.C. Electrical Characteristics 
Ta=25°C, VDD=5.0V, with matching circuit and antenna, unless otherwise specified

Symbol Parameter Test Conditions Min. Typ. Max. Unit
fRF RF Frequency — 5725 5800 5875 MHz
POUT Output Power — — 10 — dBm

Sensing Distance Horizontal forward, 1.2m above the ground 5 — 14 m

S.E.TX
TX Spurious Emission 
Power

f<1GHz — — -36 dBm
47MHz<f<74MHz

— — -54

dBm
87.5MHz<f<118MHz dBm
174MHz<f<230MHz dBm
470MHz<f<862MHz dBm
2nd, 3rd harmonic — — -30 dBm
1.8GHz~1.9GHz — — -47 dBm
5.1GHz~5.3GHz — — -47 dBm

Crystal
Crystal Frequency — — 32.768 — kHz
Crystal Tolerance — -20 — +20 ppm

Software Default Parameters
Parameter Default Value

TX Frequency 5800MHz
Sensing Distance 14m
Maximum Sensing Radius with 3m Suspension Height 4m
OUT Pin Output Level Outputs 0V in silence and outputs 3.3V during sensing
Sensing Output Delay 3s
Lighting Control Function Disabled
Lighting Control Method Triggered when sampling value is less than threshold value
Lighting Control Threshold Value(AD value) 37

Note:for the default lighting control threshold value of the software, the test conditions are RT1 = ambient lighting 
sensor PT1206, R10 = 1kΩ and lighting intensity judgment = 10Lux. For details of the lighting control cir-
cuit, refer to the "Lighting Control Circuit Principle" section.

Lighting Control Circuit Principle
Enabling the lighting control function: only after the lighting control has been triggered, the radar 
sensor is triggered. This allows that the radar sensor will be triggered by the module only in dark/
light environment. As shown in the figure below, the module has reserved several positions for 
lighting control circuit components, and users can solder a light-sensitive component and a resistor to 
form a lighting control circuit.
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The lighting control circuit principle is shown below.

RT1 is a light-sensitive component (if using a lighting sensor, attention should be paid to the current 
direction);

R10 is a fixed value resistor;

VCC33 is 3.3V;

L_AD is the ADC sampling point;

L_EN is the control pin of the lighting control function. When the lighting control is enabled, L_
EN=0V.

Note: 

1. The A/D converter is 12-bit, with a maximum value of 4095.

2. The L_AD sampling value = RT1/(RT1+R10)×4095 = (L_AD voltage value/VCC33)×4095.

3. The trigger conditions of the lighting control, such as the trigger method and lighting control 
threshold value, can be set. Refer to the communication section for details. Users can flexibly 
adjust the conditions based on the actual used component specifications and ambient brightn

Software Parameter Adjustment Method

UART Communication
After the module is powered on and waiting for 1.2 seconds, users can use an external MCU or the 
serial port assistant to set the module software parameter values using the UART communication. 
Note that the MCU communication pin high level should be set to 3.3V or the serial port assistant 
voltage should be set to 3.3V. After setting the “sensing distance” and “TX frequency” items, it is 
necessary to repower the module or turn off the RF function and restart it to make the settings take 
effect. Other settings will take effect in real time. The setting values of all items will be stored and 
do not need to be re-configured when the module is powered on again.

•	 UART waveform: the baud rate is 4800bps using the 8-bit data format and LSB sent first.

•	 Packet format: as shown below, the interval between two consecutive bytes should be greater than 
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0.4ms and less than 8ms. Wait for the module to reply before sending the next packet.

Start Code
1 Byte

Command Code
1 Byte

Parameter Value
1~2 Bytes

Check Code
1 Byte

Wake-up Code
1 Byte

	♦ Wake-up code: 0x00
	♦ Start code: 0x42(write), 0x43(read)
	♦ Check code: command code+parameter value+4

Item Command 
Code

Parame-
ter Value Note

Sensing Distance 0x01 1~7 5m, 9m, 10m, 11m, 12m, 13m, 14m

OUT Pin Output Mode 0x02 1, 2

1: outputs a low level during sensing and 
outputs a high level when not sensing 

2: outputs a high level during sensing and 
outputs a low level when not sensing

OUT Pin Output Delay 0x03 1~250 Unit: s
Enable Control of Lighting 
Control Function 0x04 1, 2 1: disable the lighting control function

2: enable the lighting control function

Trigger Method of Lighting 
Control Function 0x05 1, 2

1: when the AD sampling value is less 
than the threshold value, the lighting 
control will be triggered

2: when the AD sampling value is greater 
than the threshold value, the lighting 
control will be triggered

Lower Eight Bits of Lighting 
Control Threshold Value 0x06 0~255

Parameter value of a combined 16-bit 
number is 0~4095Higher Eight Bits of Lighting 

Control Threshold Value 0x07 0~15

TX Frequency 0x08 1~51 ×3+5722(MHz)

RF Function Enable Control 0x14 1, 2

When the module is powered on, the 
RF function is enabled by default. This 
parameter setting takes effect only when 
the module is in use and will not be saved

1: disable the RF function
2: enable the RF function

Module Version 0x15 0x10 Read only and 0x10 indicates V1.0 
version

Read AD Value at L_AD 
Point of Lighting Control Cir-
cuit

 0x17 0~4095

Read only, with a 2-byte parameter value 
and the higher eight bits in the front.
Check code=the higher eight bits of AD 
value+the lower eight bits of AD value+4.
This function is supported by V1.1 version 
or above but not by V1.0.

Reply data:

Item Reply Data Note

Write Operation
0x65 Communication is failed
0x6A Communication is successful

Read Operation Wake-up code+start code+command 
code+parameter value+check code

Parameter value indicates the 
current module status

Software Parameter Introduction
1. Sensing distance: used to set the module horizontal forward sensing distance. There are seven 

levels, 1/2/3/4/5/6/7, corresponding to seven sensing distances of 5m/9m/10m/11m/12m/13m/14m.

2. OUT pin output mode: used to set the module OUT pin output.
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3. OUT pin output delay: used to set the delay time of the OUT pin outputting a valid level after 
the module does not detect a moving object.

4. Enable control of lighting control function: used to set whether the module needs to enable 
the lighting control function. The lighting control function cannot be used independently and is 
effective only when the RF function is enabled.

5. Trigger method of lighting control function: used to set the trigger method of the lighting 
control function. Users can determine that this function is triggered whether when the AD 
sampling value is greater than the preset threshold value or less than the preset threshold value.

6. Lower eight bits of lighting control threshold value: used to set the lower eight bits of the 
lighting control trigger threshold value and these eight bits are combined with the higher eight bits  
of the lighting control trigger threshold value to form a 16-bit number ranging from 0 to 4095.

7. Higher eight bits of lighting control threshold value: used to set the higher eight bits of lighting 
control trigger threshold value and these eight bits are combined with the lower eight bits of the 
lighting control trigger threshold value to form a16-bit number ranging from 0 to 4095.

8. TX frequency: used to set the module TX frequency and there are 51 frequency points for users 
to select. The available frequency can be calculated by n×3+5722MHz, where n has a range of 
1~51 and is selected according to actual requirements(such as regulations, etc.).

9. RF function enable control: used to enable/disable the RF function. This parameter value is not 
stored and takes effect only when the module is running. The RF function will be enabled by 
default when the module is powered on.

10. Module version: used to read the module version and cannot be written. If 0x10 is read, the 
current module version is V1.0.

11.AD Value at L_AD Point of Lighting Control Circuit:the AD sampling value ranging from 0 
to 4095. Read only, with a 2-byte parameter value and the higher eight bits in the front. 

Demo Board Operations

Demo Board Introduction

1

2

3

4

5

6

1. Battery holder: uses two CR2032 button batteries to supply power to the demo board.

2. Pin headers for external connection: used to connect the 5.8GHz radar sensor module to the 
demo board and it provides a convenient way for users to change different modules for test.

3. Power supply switch: the module is powered on by sliding the switch to the ON side. 

4. Indicator lighting level selection: if the Low side two pin headers are shorted, the indicator will 
be on when the OUT pin outputs a low level. If the High side two pin headers are shorted, the 
indicator will be on when the OUT pin outputs a high level.

5. Status indicator: used to display the output status of the 5.8GHz radar sensor module. When the 
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5.8GHz radar sensor module detects a moving object, the status indicator will be on, and when 
there is no moving object, the status indicator will be off.

6. 5.8GHz radar sensor module: used to detect whether there is a moving object in front of the module. 

Moving Object Detection
1. Insert two CR2032 button batteries into the holder and make the negative electrode face to the PCB.

2. Install the radar module, make the antenna face outward and slide the power supply switch to the 
ON side.

3. Use a double-sided sponge tape or similar adhesive tape to attach the demo board to the wall, 
ceiling, or stable objects (refer to the considerations when installing) and make the module 
antenna face to the test area.

4. If the radar module detects a moving object in the test area, the indicator will be on. When the 
moving object leaves the detection area or the object stops moving, no moving object is detected 
and the indicator will be off after delaying for a period of time which can be adjusted.

Adjust Software Parameters Using UART
1. Connect the computer to the USB serial port assistant. Remove the module and connect the USB 

serial port assistant to the module using Dupont lines. The connection diagram is shown below.
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USB-TTL
BM22S4421-1

3V3
GND

TXD
RXD

3V3
GND

RX
TX
OUT

2. Open the serial port assistant software. Set the port, baud rate, data bits, stop bits and parity. Open 
the serial port. Set the auxiliary operation. Clear the sending and receiving area. Enter the UART 
command in the sending area(refer to the software parameter adjustment method), click “Send 
Command” and then view the receiving area.

3. After setting all the parameters that need to be set, remove the module and reinstall it to the demo 
board for normal test. 

Detection Range
The following figure shows the detection range of the radar module. The sensitivity used for testing 
is 14m and the detection range varies with different sensitivities. The area within the red line is the 
strong sensing area where an object can be detected by moving only about 10cm. The area between 
the red and orange lines is the weak sensing area where larger moving distances are required and an 
object can be detected by moving greater than 40cm.
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Considerations
1. When using or installing the module, the module antenna should face to the detection direction.

2. Large metal equipment or pipelines should not be placed in front of the module antenna.

3. During the product installment, metal shells/components or components that are prone to shaking 
should not be placed in front of the module antenna.

4. Non-metallic obstructions can be placed in front of the module antenna but a suitable clearance 
area must be reserved in front of the antenna with a distance of at least 5mm.

5. The module should be as far as possible from components with strong radiation interference. This 
can avoid interference signals being coupled into the intermediate frequency signal and prevent 
the module erroneous trigger.

6. The module can filter out the power frequency signals but it still needs to avoid interference from 
power frequency signals as far as possible.

Application Circuits

Control with MCU

Control without MCU
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Layout Description

PCB Footprint

Layout Example

Note: if the OUT pin is set to output a high level when the module is triggered, the High side pin 
headers should be shorted. If the OUT pin is set to output a low level when the module is 
triggered, the Low side pin headers should be shorted.

Dimensions

20.0mm

20.5mm

2.8mm
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Reference Information

Modification History

Date Author Issue Modification Information
2023.09.27 苏运猛 V1.00 First Version

2024.05.30 苏祎斐 V1.10 1.Addition of Lighting Control Circuit Description
2.Addition of 0x17 Command Code

Buy Online
More product links: Best Modules

https://www.bestmodulescorp.com/


Rev. 1.10 14 June 20, 2024 Rev. 1.10 15 June 20, 2024

BM22S4421-1
5.8GHz Radar Sensor Module

BM22S4421-1
5.8GHz Radar Sensor Module

Copyright© 2024 by BEST MODULES CORP. All Rights Reserved.

The information provided in this document has been produced with reasonable 
care and attention before publication, however, BEST MODULES does not guar-
antee that the information is completely accurate. The information contained in 
this publication is provided for reference only and may be superseded by updates. 
BEST MODULES disclaims any expressed, implied or statutory warranties, in-
cluding but not limited to suitability for commercialization, satisfactory quality, 
specifications, characteristics, functions, fitness for a particular purpose, and non-
infringement of any third-party’s rights. BEST MODULES disclaims all liability aris-
ing from the information and its application. In addition, BEST MODULES does 
not recommend the use of BEST MODULES’ products where there is a risk of 
personal hazard due to malfunction or other reasons. BEST MODULES hereby 
declares that it does not authorise the use of these products in life-saving, life-
sustaining or safety critical components. Any use of BEST MODULES’ products in 
life-saving/sustaining or safety applications is entirely at the buyer’s risk, and the 
buyer agrees to defend, indemnify and hold BEST MODULES harmless from any 
damages, claims, suits, or expenses resulting from such use. The information pro-
vided in this document, including but not limited to the content, data, examples, 
materials, graphs, and trademarks, is the intellectual property of BEST MODULES 
(and its licensors, where applicable) and is protected by copyright law and other 
intellectual property laws. No license, express or implied, to any intellectual prop-
erty right, is granted by BEST MODULES herein. BEST MODULES reserves the 
right to revise the information described in the document at any time without prior 
notice. For the latest information, please contact us.
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