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BM25S2021-1 Temperature and Humidity 
Sensor Application 

D/N: AN0570EN 

Introduction 

The BM25S2021-1 is a digital output resistive type temperature and humidity sensor. It includes 

an integrated temperature sensor, a humidity sensor, an Analog Front End circuit and an A/D 

converter. These hardware functions, when combined with appropriate algorithms, give the module 

high performance and low power consumption characteristics as well as a high level of functional 

integration and a small size. The devices are all factory calibrated and have their calibration data 

stored in the internal memory to ensure that the sensor can be used directly or can be replaced 

without requiring additional software calibration. The BM25S2021-1 has two communication 

interfaces, an I2C and a One-Wire communication bus. These combined features make the module 

suitable for use in small home appliances, HVAC/R products, environmental sensing products and 

IoT terminal devices. 

This application note provides BM25S2021-1 application circuits for both I2C and One-Wire 

interfaces as well as C code programming examples and application guidelines. The communication 

interface details can be obtained by referring to the BM25S2021-1 specification. 

Application Circuits 

The BM25S2021-1 has two communication interfaces, I2C and One-Wire, which can be selected 

by the SCL/CS pin. The application circuits are shown in figure 1 and 2. Connecting the SCL to 

VSS will select the One-Wire communication mode, otherwise the I2C mode will be selected. 
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Figure 1. I2C Mode 
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Figure 2. One-Wire Mode 

Operating Principles 

When the BM25S2021-1 sensor system is first powered up, after the initialisation has completed, 

the module will execute an initial temperature and humidity conversion and then determine whether 

the sensor communication mode is I2C or One-Wire by checking the SCL line connection. If the 

SCL line is not connected to VSS, the I2C communication mode will be selected. If the SCL line is 

connected to VSS, the One-Wire communication mode will be selected. After the communication 

mode has been determined, the module will continue to execute temperature and humidity 

conversions after which it will enter the Sleep Mode and await a wake-up. The device main features 

are as follows. 

 Operating Voltage: 2.7V~5.5V 

 Temperature Resolution: 0.1℃,  Accuracy: ±0.5℃, Measurement Range: -40℃~80℃ 

 Humidity Resolution: 0.1%RH, Accuracy: ±3%RH, Measurement Range: 10%RH~95%RH 

 
Figure 3. Pin Assignment 

Pin Description 

Pin Number  Function Type Description 
1 VDD PWR Positive power supply 

2 
SDA I/O I2C data line  

DATA I/O One-Wire communication data line 
3 GND PWR Negative power supply, GND 

4 
SCL I I2C clock line  
CS I One-Wire communication mode selection  

Table 1. Pin Description 
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I2C Mode Operation 

The BM25S2021-1 utilises a standard I2C interface, the slave address of which is 0xB8. The data 

read frame format is provided below. Refer to the BM25S2021-1 specification for more information. 

 Master device transmit frame format: (SLA+W) + Function Code(0x03) + Start Address + Data 

Length 

 Slave device return frame format: Function Code (0x03) + Data Length + Return Data + CRC 

I2C Temperature and Humidity Read Example 

After sending a write command, wait at least 1ms and then send a read command to read the return 

value. The following example shows an I2C temperature and humidity read operation. 

Transmit: 0xB8 (Addr+W) + 0x03 + 0x00 + 0x04 

Return: 0x03 + 0x04 + RHH + RHL + TPMH + TPML + CRC(16-bit) 

The above example is for a temperature and humidity read operation. If users wish to read the 

temperature, humidity and other information separately, modify the Start Address and Number of 

Access Address according to the specification. 

Numeral Calculations 

Humidity calculation: 

Relative Humidity = (RHH × 256 + RHL) / 10 

Ex: If the return value RHH = 01h, RHL = F4h, the actual humidity calculation is as follows: 

RHH = 01h = 1, RHL = F4h = 244 

Relative Humidity = (1 × 256 + 244) / 10 = 50 %RH 

Temperature calculation: 

Temperature = (TMPH × 256 + TMPL) / 10 

Ex: If the return value TMPH = 00h, TMPL = Fah, the actual temperature calculation is as follows: 

TMPH = 00h = 0, TMPL = FAh = 250 

Temperature = ( 0 × 256 + 250) / 10 = 25℃ 

CRC Operation 

The I2C communication uses CRC-16 as its verification mechanism. Table 2 is the CRC-16 

verification property table.  

Property Value 
Name CRC-16 
Polynomial 0xA001 (X16+X15+X2+1) 
Initialization 0xFF 
Final XOR 0x00 

Table 2. CRC Verification Property Table  

The last 2 bytes of the data returned by the BM25S2021-1 is the CRC verification value with the 

LSB first and MSB last. After the host receives the CRC verification value, it will implement a 

recalculation (I2C address is not included in the calculation) and comparison. If the comparison is 
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successful, this means that the data is correct and vice versa for errors. The operation polynomial is 

X16+X15+X2+1 and in hex this corresponds to 0xA001. The CRC calculation value is Function Code 

+ Data Length + Humidity High/ Low Bytes + Temperature High/ Low Bytes = 6 Bytes. An 

example program is shown below. 

void RH_Module_CheckSum(u8 *Buff,u8 Len) 
{ 

unsigned short a_temp_crc = 0xFFFF; 
unsigned char i; 
while(Len--) 
{ 

a_temp_crc ^= *Buff++; 
for(i = 0 ; i < 8 ; i++) 
{ 

if(a_temp_crc & 0x01) 
{ 

a_temp_crc >>= 1; 
a_temp_crc ^= 0xA001; 

}else 
{ 

a_temp_crc >>= 1; 
} 

} 
} 

CheckSum_LSB = a_temp_crc & 0x00FF; 
CheckSum_MSB = (a_temp_crc & 0xFF00) >> 8; 

} 

I2C Programming Example 

This programming example illustrates how the Holtek MCU emulates the I2C master device using a 

software method to read the temperature and humidity values and a CRC. The program starts with pin 

and system settings and then determines whether the SCL is at a high level to enter the I2C 

communication mode. In this example, the program will send temperature and humidity read 

commands according to the I2C format. The sensor will return a total of 7-bytes of data, including a 

function code, data length, humidity high and low bytes, temperature high and low bytes, and the CRC. 

If users wish to read them again, it is recommended to wait at least 2 seconds before doing so. Refer 

to the BM25S2021-1 specification for more information. 
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Figure 4. I2C Programming Example Flowchart 

Sub-program Description 

Sub-program Name u8 I2C_WriteByte(u8 txByte) 

Function Transmit I2C Addr + Function Code + Write and determine whether the 
communication has been successful 

Input txByte: transmit data 
Output I2C communication format, transmission error flag 

 

Sub-program Name u8 I2C_ReadByte(u8 ack) 
Function Receive data 
Input Ack: sent acknowledge 
Output Data 
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One-Wire Mode Operation 

The BM25S2021-1 also supports a One-Wire communication mode. In actual applications, the master 

device can read the sensor temperature and humidity using an I/O port. It can transmit 40-bits of data 

at a single time, the order of which is Relative Humidity High Byte, Relative Humidity Low Byte, 

Temperature High Byte, Temperature Low Byte, and Checksum with MSB first and LSB last. The 

One-Wire communication format is as follows. 

Humidity
High Byte

Humidity
Low Byte

Temperature
High Byte

Temperature
Low Byte Checksum

START ACK DATA (5 Bytes) STOP

MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB

Wait for acknowledge
(master release bus)

 
Figure 5. One-Wire Timing 

Refer to the BM25S2021-1 specification for more information. 

One-Wire Communication Calculation Example 

Example 1:  

 If the 40-bits of data obtained by the master device is as follows: 

00000010 10010010 00000001 00001101 10100010 

Then the Relative Humidity = 0000001010010010B = 0292H = 685  68.5%RH 

Temperature = 0000000100001101B = 010DH = 269  26.9℃ 

Checksum = 00000010 + 10010010 + 00000001 + 00001101 = 10100010 (Correct) 

Example 2:  

If the 40-bits of data obtained by the master device is as follows: 

00000010 10010010 1000000 01100101 10100010 

Then the Relative Humidity = 00000010 10010010B = 0292H = 685  68.5%RH 

Temperature = 10000000 01100101B = 010DH = 101  -10.1℃ 

Checksum = 00000010 + 10010010 + 10000000 + 01100101 = 01111011 (Checksum error, 

discard this data and read again)  

One-Wire Programming Example 

This programming example illustrates how the Holtek MCU emulates the One-Wire communication 

mode using a software method to read the temperature and humidity high/low bytes and the CheckSum. 

If users wish to read them again, it is recommended to wait at least 2 seconds before doing so. This 

section describes the program flowchart and data calculation. Refer to the BM25S2021-1 specification 

for relevant details. 
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Figure 6. One-Wire Example Program Flowchart 

Sub-program Description 

Sub-program Name u8 One_wire_ack() 
Function Judge Slave Response 

Input Slave ACK 
Output Transmission error flag 

 

Sub-program Name u8 One_wire_ReadByte() 
Function Receive 40-bit data 

Input Slave 40-bit data 
Output data_analyse 

 

Sub-program Name void One_wire_ReadData() 
Function Store the 40-bit data and check the Checksum 

Input Data_analyse 
Output One-Wire start signal 
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Application Considerations 

1.  Usage should be avoided in the following environments which require special protection, such 

as salt mist (corrosive gases), strong acids (sulfuric acid, hydrochloric acid), strong alkalis 

(organic solvents (alcohol, acetone, etc.), dust and condensation. 

2. Recommended storage conditions: temperature range: 10°C~40°C, humidity range: 20%RH~ 

60%RH, no dust. 

3. Recovery process: If the sensor is subjected to a low humidity and low temperature environment, 

it is recommended that it is placed in an environment of 25°C/60%RH for 2 hours before testing. 

If it is subjected to a high temperature and high humidity environment, it is recommended that it 

is placed in an environment of 30°C to 40°C for air drying for 2 hours before testing. 

4. During use, it is recommended that it is soldered by hand as it is not suitable for wave or reflow 

soldering processes. As the soldering temperature can reach up to 350°C, it is recommended 

that the soldering time is less than 5s. 

5. Temperature influence process: As there are differences in the soldering or storage ambient 

temperature, this will have a certain influence on the temperature and humidity field test. It is 

recommended that it should be left for 2 hours after soldering or for half an hour after being taken 

out from the storage environment to eliminate any residual temperature effects of the module itself. 

This will allow for adjustment to the present environment after which temperature and humidity 

measurements can be implemented with greater measurement accuracy. 

6. Ensure that the electrical parameters, circuit and jumpers recommended in the specifications 

are designed in accordance with the selected communication format. 

7. When in special environments, such as high temperature (>85°C), high humidity (>90%RH), this 

will require bonding to or integration within a waterproof breathable film on the shell to protect 

the sensitive devices. Users can consult the manufacturer for such usage recommendations. 

8.  Communication wiring considerations: If the sensor module communication with the master 

MCU requires a longer distance communication mode, it is recommended to use communication 

dedicated high-quality multi-stranded shielded wire to improve noise immunity for long 

communication distances. 

Reference Material 

Reference Document: BM25S2021-1 Datasheet. 

For more details consult the Holtek website at www.holtek.com. 

Versions and Modification Information 
Date Author Issue Modification Information 

2021.04.09 陳柏孝 V1.10 New add CRC data format description and example program 

2020.07.20 陳柏孝 V1.00 — 
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Disclaimer 

All information, trademarks, logos, graphics, videos, audio clips, links and other items appearing 

on this website ('Information') are for reference only and is subject to change at any time without 

prior notice and at the discretion of Holtek Semiconductor Inc. and its related companies 

(hereinafter 'Holtek', 'the company', 'us', 'we' or 'our'). Whilst Holtek endeavors to ensure the 

accuracy of the Information on this website, no express or implied warranty is given by Holtek to 

the accuracy of the Information. Holtek shall bear no responsibility for any incorrectness or leakage. 

Holtek shall not be liable for any damages (including but not limited to computer virus, system 

problems or data loss) whatsoever arising in using or in connection with the use of this website by 

any party. There may be links in this area, which allow you to visit the websites of other companies. 

These websites are not controlled by Holtek. Holtek will bear no responsibility and no guarantee to 

whatsoever Information displayed at such sites. Hyperlinks to other websites are at your own risk. 

Limitation of Liability 

In no event shall Holtek Limited be liable to any other party for any loss or damage whatsoever or 

howsoever caused directly or indirectly in connection with your access to or use of this website, the 

content thereon or any goods, materials or services. 

Governing Law 

The Disclaimer contained in the website shall be governed by and interpreted in accordance with 

the laws of the Republic of China. Users will submit to the non-exclusive jurisdiction of the 

Republic of China courts. 

Update of Disclaimer 

Holtek reserves the right to update the Disclaimer at any time with or without prior notice, all 

changes are effective immediately upon posting to the website. 
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BM25S2021-1 Temperature and Humidity Sensor Application

D/N: AN0570EN

Introduction

The BM25S2021-1 is a digital output resistive type temperature and humidity sensor. It includes an integrated temperature sensor, a humidity sensor, an Analog Front End circuit and an A/D converter. These hardware functions, when combined with appropriate algorithms, give the module high performance and low power consumption characteristics as well as a high level of functional integration and a small size. The devices are all factory calibrated and have their calibration data stored in the internal memory to ensure that the sensor can be used directly or can be replaced without requiring additional software calibration. The BM25S2021-1 has two communication interfaces, an I2C and a One-Wire communication bus. These combined features make the module suitable for use in small home appliances, HVAC/R products, environmental sensing products and IoT terminal devices.

This application note provides BM25S2021-1 application circuits for both I2C and One-Wire interfaces as well as C code programming examples and application guidelines. The communication interface details can be obtained by referring to the BM25S2021-1 specification.

Application Circuits

The BM25S2021-1 has two communication interfaces, I2C and One-Wire, which can be selected by the SCL/CS pin. The application circuits are shown in figure 1 and 2. Connecting the SCL to VSS will select the One-Wire communication mode, otherwise the I2C mode will be selected.





Figure 1. I2C Mode





Figure 2. One-Wire Mode

Operating Principles

When the BM25S2021-1 sensor system is first powered up, after the initialisation has completed, the module will execute an initial temperature and humidity conversion and then determine whether the sensor communication mode is I2C or One-Wire by checking the SCL line connection. If the SCL line is not connected to VSS, the I2C communication mode will be selected. If the SCL line is connected to VSS, the One-Wire communication mode will be selected. After the communication mode has been determined, the module will continue to execute temperature and humidity conversions after which it will enter the Sleep Mode and await a wake-up. The device main features are as follows.

· Operating Voltage: 2.7V~5.5V

· Temperature Resolution: 0.1℃, 	Accuracy: ±0.5℃, Measurement Range: -40℃~80℃

· Humidity Resolution: 0.1%RH, Accuracy: ±3%RH, Measurement Range: 10%RH~95%RH



Figure 3. Pin Assignment

Pin Description

		Pin Number 

		Function

		Type

		Description



		1

		VDD

		PWR

		Positive power supply



		2

		SDA

		I/O

		I2C data line 



		

		DATA

		I/O

		One-Wire communication data line



		3

		GND

		PWR

		Negative power supply, GND



		4

		SCL

		I

		I2C clock line 



		

		CS

		I

		One-Wire communication mode selection 





Table 1. Pin Description

I2C Mode Operation

The BM25S2021-1 utilises a standard I2C interface, the slave address of which is 0xB8. The data read frame format is provided below. Refer to the BM25S2021-1 specification for more information.

· Master device transmit frame format: (SLA+W) + Function Code(0x03) + Start Address + Data Length

· Slave device return frame format: Function Code (0x03) + Data Length + Return Data + CRC

I2C Temperature and Humidity Read Example

After sending a write command, wait at least 1ms and then send a read command to read the return value. The following example shows an I2C temperature and humidity read operation.

Transmit: 0xB8 (Addr+W) + 0x03 + 0x00 + 0x04

Return: 0x03 + 0x04 + RHH + RHL + TPMH + TPML + CRC(16-bit)

The above example is for a temperature and humidity read operation. If users wish to read the temperature, humidity and other information separately, modify the Start Address and Number of Access Address according to the specification.

Numeral Calculations

Humidity calculation:

Relative Humidity = (RHH × 256 + RHL) / 10

Ex: If the return value RHH = 01h, RHL = F4h, the actual humidity calculation is as follows:

RHH = 01h = 1, RHL = F4h = 244

Relative Humidity = (1 × 256 + 244) / 10 = 50 %RH

Temperature calculation:

Temperature = (TMPH × 256 + TMPL) / 10

Ex: If the return value TMPH = 00h, TMPL = Fah, the actual temperature calculation is as follows:

TMPH = 00h = 0, TMPL = FAh = 250

Temperature = ( 0 × 256 + 250) / 10 = 25℃

CRC Operation

The I2C communication uses CRC-16 as its verification mechanism. Table 2 is the CRC-16 verification property table. 

		Property

		Value



		Name

		CRC-16



		Polynomial

		0xA001 (X16+X15+X2+1)



		Initialization

		0xFF



		Final XOR

		0x00





Table 2. CRC Verification Property Table 

The last 2 bytes of the data returned by the BM25S2021-1 is the CRC verification value with the LSB first and MSB last. After the host receives the CRC verification value, it will implement a recalculation (I2C address is not included in the calculation) and comparison. If the comparison is successful, this means that the data is correct and vice versa for errors. The operation polynomial is X16+X15+X2+1 and in hex this corresponds to 0xA001. The CRC calculation value is Function Code + Data Length + Humidity High/ Low Bytes + Temperature High/ Low Bytes = 6 Bytes. An example program is shown below.

		void RH_Module_CheckSum(u8 *Buff,u8 Len)

{

unsigned short a_temp_crc = 0xFFFF;

unsigned char i;

while(Len--)

{

a_temp_crc ^= *Buff++;

for(i = 0 ; i < 8 ; i++)

{

if(a_temp_crc & 0x01)

{

a_temp_crc >>= 1;

a_temp_crc ^= 0xA001;

}else

{

a_temp_crc >>= 1;

}

}

}

CheckSum_LSB = a_temp_crc & 0x00FF;

CheckSum_MSB = (a_temp_crc & 0xFF00) >> 8;

}





I2C Programming Example

This programming example illustrates how the Holtek MCU emulates the I2C master device using a software method to read the temperature and humidity values and a CRC. The program starts with pin and system settings and then determines whether the SCL is at a high level to enter the I2C communication mode. In this example, the program will send temperature and humidity read commands according to the I2C format. The sensor will return a total of 7-bytes of data, including a function code, data length, humidity high and low bytes, temperature high and low bytes, and the CRC. If users wish to read them again, it is recommended to wait at least 2 seconds before doing so. Refer to the BM25S2021-1 specification for more information.





Figure 4. I2C Programming Example Flowchart

Sub-program Description

		Sub-program Name

		u8 I2C_WriteByte(u8 txByte)



		Function

		Transmit I2C Addr + Function Code + Write and determine whether the communication has been successful



		Input

		txByte: transmit data



		Output

		I2C communication format, transmission error flag







		Sub-program Name

		u8 I2C_ReadByte(u8 ack)



		Function

		Receive data



		Input

		Ack: sent acknowledge



		Output

		Data






One-Wire Mode Operation

The BM25S2021-1 also supports a One-Wire communication mode. In actual applications, the master device can read the sensor temperature and humidity using an I/O port. It can transmit 40-bits of data at a single time, the order of which is Relative Humidity High Byte, Relative Humidity Low Byte, Temperature High Byte, Temperature Low Byte, and Checksum with MSB first and LSB last. The One-Wire communication format is as follows.





Figure 5. One-Wire Timing

Refer to the BM25S2021-1 specification for more information.

One-Wire Communication Calculation Example

Example 1: 

	If the 40-bits of data obtained by the master device is as follows:

		00000010

		10010010

		00000001

		00001101

		10100010





Then the Relative Humidity	= 0000001010010010B = 0292H = 685  68.5%RH

Temperature = 0000000100001101B = 010DH = 269  26.9℃

Checksum	= 00000010 + 10010010 + 00000001 + 00001101 = 10100010 (Correct)

Example 2: 

If the 40-bits of data obtained by the master device is as follows:

		00000010

		10010010

		1000000

		01100101

		10100010





Then the Relative Humidity = 00000010 10010010B = 0292H = 685  68.5%RH

Temperature = 10000000 01100101B = 010DH = 101  -10.1℃

Checksum = 00000010 + 10010010 + 10000000 + 01100101 = 01111011 (Checksum error, discard this data and read again) 

One-Wire Programming Example

This programming example illustrates how the Holtek MCU emulates the One-Wire communication mode using a software method to read the temperature and humidity high/low bytes and the CheckSum. If users wish to read them again, it is recommended to wait at least 2 seconds before doing so. This section describes the program flowchart and data calculation. Refer to the BM25S2021-1 specification for relevant details.





Figure 6. One-Wire Example Program Flowchart

Sub-program Description

		Sub-program Name

		u8 One_wire_ack()



		Function

		Judge Slave Response



		Input

		Slave ACK



		Output

		Transmission error flag







		Sub-program Name

		u8 One_wire_ReadByte()



		Function

		Receive 40-bit data



		Input

		Slave 40-bit data



		Output

		data_analyse







		Sub-program Name

		void One_wire_ReadData()



		Function

		Store the 40-bit data and check the Checksum



		Input

		Data_analyse



		Output

		One-Wire start signal








Application Considerations

1.  Usage should be avoided in the following environments which require special protection, such as salt mist (corrosive gases), strong acids (sulfuric acid, hydrochloric acid), strong alkalis (organic solvents (alcohol, acetone, etc.), dust and condensation.

2. Recommended storage conditions: temperature range: 10°C~40°C, humidity range: 20%RH~ 60%RH, no dust.

3. Recovery process: If the sensor is subjected to a low humidity and low temperature environment, it is recommended that it is placed in an environment of 25°C/60%RH for 2 hours before testing. If it is subjected to a high temperature and high humidity environment, it is recommended that it is placed in an environment of 30°C to 40°C for air drying for 2 hours before testing.

4. During use, it is recommended that it is soldered by hand as it is not suitable for wave or reflow soldering processes. As the soldering temperature can reach up to 350°C, it is recommended that the soldering time is less than 5s.

5. Temperature influence process: As there are differences in the soldering or storage ambient temperature, this will have a certain influence on the temperature and humidity field test. It is recommended that it should be left for 2 hours after soldering or for half an hour after being taken out from the storage environment to eliminate any residual temperature effects of the module itself. This will allow for adjustment to the present environment after which temperature and humidity measurements can be implemented with greater measurement accuracy.

6. Ensure that the electrical parameters, circuit and jumpers recommended in the specifications are designed in accordance with the selected communication format.

7. When in special environments, such as high temperature (>85°C), high humidity (>90%RH), this will require bonding to or integration within a waterproof breathable film on the shell to protect the sensitive devices. Users can consult the manufacturer for such usage recommendations.

8.  Communication wiring considerations: If the sensor module communication with the master MCU requires a longer distance communication mode, it is recommended to use communication dedicated high-quality multi-stranded shielded wire to improve noise immunity for long communication distances.

Reference Material

Reference Document: BM25S2021-1 Datasheet.

For more details consult the Holtek website at www.holtek.com.

Versions and Modification Information

		Date

		Author

		Issue

		Modification Information



		2021.04.09

		陳柏孝

		V1.10

		New add CRC data format description and example program



		2020.07.20

		陳柏孝

		V1.00

		—








Disclaimer

All information, trademarks, logos, graphics, videos, audio clips, links and other items appearing on this website ('Information') are for reference only and is subject to change at any time without prior notice and at the discretion of Holtek Semiconductor Inc. and its related companies (hereinafter 'Holtek', 'the company', 'us', 'we' or 'our'). Whilst Holtek endeavors to ensure the accuracy of the Information on this website, no express or implied warranty is given by Holtek to the accuracy of the Information. Holtek shall bear no responsibility for any incorrectness or leakage.

Holtek shall not be liable for any damages (including but not limited to computer virus, system problems or data loss) whatsoever arising in using or in connection with the use of this website by any party. There may be links in this area, which allow you to visit the websites of other companies. These websites are not controlled by Holtek. Holtek will bear no responsibility and no guarantee to whatsoever Information displayed at such sites. Hyperlinks to other websites are at your own risk.

Limitation of Liability

In no event shall Holtek Limited be liable to any other party for any loss or damage whatsoever or howsoever caused directly or indirectly in connection with your access to or use of this website, the content thereon or any goods, materials or services.

Governing Law

The Disclaimer contained in the website shall be governed by and interpreted in accordance with the laws of the Republic of China. Users will submit to the non-exclusive jurisdiction of the Republic of China courts.

Update of Disclaimer

Holtek reserves the right to update the Disclaimer at any time with or without prior notice, all changes are effective immediately upon posting to the website.
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