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Features

» Operating voltage: 2.6V~5.5V
* Operating current: 1.5mA @ 3.3V
* Supports thermocouple types: K, N, E, J, R
» Thermocouple sensor
+ Resolution: 0.1°C
+ Measurement range: -270°C~1370°C (K type)
* Accuracy:
+ -100°C~100°C: £2°C
+ <-100°C or >100°C: +2%

* Low power consumption, sleep current < 3pA
» Communication interface: I°C
 Factory-calibrated

¢ Module size: 29.Immx15mmx14.2mm

General Description

The BM42S3021-1 is a thermocouple temperature measurement module. The module uses a 24-bit
A/D converter chip, the BH66F5355, which is specially designed for high accuracy measurement
and has a resolution of 0.1°C.

The measurement range of different thermoelectric types are different. All BM42S3021-1 modules are
calibrated before they leave the factory. The calibration data is stored in internal memory to ensure that
the sensor can be used directly or replaced without software correction.

For communication, the 1>*C communication method is provided. The module is suitable for
applications such as contact thermometers, roti machines, industrial boiler incubators, etc.

Applications

¢ Contact thermometers
e Roti machines

 Industrial boiler incubators
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Pin Assignment

Pin Description

Pin Function Type Description
1 SCL DI I2C clock line
2 SDA DI/DO I2C data line
3 VDD PWR Positive power supply
4 GND PWR Negative power supply, ground
5 TC+ Al Connect the thermocouple positive
6 TC- Al Connect the thermocouple negative

Legend: PWR: Power;

DI: Digital input;

Technical Specifications

Absolute Maximum Ratings

Power Supply Voltage
Storage Temperature
Storage Relative Humidity
Operating (Ambient) Temperature
Operating (Ambient) Humidity

D.C. Electrical Characteristics

DO: Digital output;

Al: Analog input

....................................................................................................... 2.6V ~55V

......................................................................................................... -20°C ~ 80°C
........................................................................................... 30% ~ 70% RH
...................................... 0°C ~ 50°C
.................................................................................... 30% ~ 70% RH

Ta=25°C
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vop Operating Voltage — 2.6 — 5.5 \%
Iop Operating Current Vop=3.3V — 15 2.4 mA
Ista Sleep Current Vpp=3.3V — 1 3 MA
Ta Operating Temperature — 0 — 50 °C
Vop=3.3V, K type thermocouple -270 — 1370 °C
Vop=3.3V, N type thermocouple -270 — 1300 °C
Measurement Range Vop=3.3V, E type thermocouple -270 — 1000 °C
Vobp=3.3V, J type thermocouple -210 — 1190 °C
Vop=3.3V, R type thermocouple -50 — 1760 °C
Vop=3.3V, -100°C~100°C — — 2 °C
Accuracy
Vop=3.3V, >100°C or <-100°C — — 2 %
Resolution Vobp=3.3V — 0.1 — °C
Rev. 1.10 4 May 09, 2024
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A.C. Electrical Characteristics

System Timing

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
toy Power-up Time Start from Vop 2 2.6V to prepare for . . 1 s
conversion and communication
tc Temperature Conversion Time | Vpp=3.3V — 1 — s
toecrse | Response Delay Time Vop=3.3V 10 — — ms
tinr Interval Time Vop=3.3V 10 — — ms

I2C Communication
CMD packet Response packet CMD packet Response packet \
(Addr + W) | | (Addr + R) (Addr + W) (Addr + R)
| | | |
> DE—
tDEL»RSP tINR
Communication timing
1 1
1 1
1 1
22 8V 1
:
VDD I Ready
i
1
System Stutas I
1
—n
1 tpU n
Power-up timing
I2C Interface
Ta=25°C, Vopo=5V
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
fscL Clock Frequency — 0.03 — 100 kHz
tour Bus Free Time Time in which the bu_s rr_1ust be free 47 o o us
before a new transmission can start
tio.sta | START Condition Hold Time After this period, the first clock pulse | || _ | g
is generated
tLow SCL Low Time — 4.7 — — us
thieH SCL High Time — 4.0 — — us
I ) Time only relevant for repeated
tsu:sta | START Condition Setup Time START signal 4.7 — — us
tup:par | Data Hold Time — 0 — — ns
tsu:oar | Data Setup Time — 250 — — ns
tr SDA and SCL Rise Time o) — — — 1 us
te SDA and SCL Fall Time e — — — 0.3 us
tsu:sto | STOP Condition Setup Time — 4.0 — - us
taa Output Valid from SCL Low — — — 3.45 us
Input Filter Time Constant . L
tsp (SDA and SCL Pins) Noise suppression time — — 50 ns

Note: These parameters are periodically sampled but not 100% tested.

Rev. 1.10
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Functional Description

I2C Timing

System Description
The BM42S3021-1 is a thermocouple temperature measurement module. The module uses a 24-bit
A/D converter chip, the BH66F5355, which has a resolution of 0.1°C.
Operating Principle

After the system is powered on and module initialisation, read the Modeconfig register value to
determine the thermocouple type for the module, and then collect data continuously to generate the
latest temperature through algorithm calculation.

| Power on |

| Module initialisation |

| Read the Modeconfig register |

Collect the data and
calculate the temperature

—| Update the temperature value

Flow Chart of Generating Temperature after Module Power-on

Sleep Mode

To save the system power consumption, the system enters Sleep mode when receiving the I°C Sleep
command. At this time, the measurement function is temporarily disabled and the system wakes up
after receiving the I°C communication instruction which matches the address.

Rev. 1.10 6 May 09, 2024
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Communication interface

The BM42S3021-1 supports I*C communication method. In the I’C communication method,
the module is used as a slave, the master can read measurement values (temperature) from
the BM42S3021-1 and select the thermocouple type. Refer to the I>C Interface section for
communication mode details.

I2C Interface

I2C Operation

The BM42S3021-1 supports an I>C serial interface. The I>C bus is for bidirectional, two-line
communication between ICs or modules. The two lines are a serial data line, SDA, and a serial clock
line, SCL. When the bus is free, both lines are high. Devices connected to the bus must have open-
drain or open-collector outputs to implement a wired-and function. Data transfer is initiated only
when the bus is not busy.

Data Validity

The data on the SDA line must be stable during the high period of the serial clock. The high or low state
of the data line can only change when the clock signal on the SCL line is low as shown in the diagram.

* T\ C \/
SCLW_T

Data line stable;
Data valid

IChange of data allowed

START and STOP Conditions
* A high to low transition on the SDA line while SCL is high defines a START condition.
* Alow to high transition on the SDA line while SCL is high defines a STOP condition.
* START and STOP conditions are always generated by the master. The bus is considered to be

busy after the START condition. The bus is considered to be free again a certain time after the
STOP condition.

» The bus stays busy if a repeated START (Sr) is generated instead of a STOP condition. In some
respects, the START(S) and repeated START (Sr) conditions are functionally identical.

r——— r———

START condition STOP condition

Rev. 1.10 7 May 09, 2024
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Byte Format

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted per

transfer is unrestricted. Each byte has to be followed by an acknowledge bit. Data is transferred with
the most significant bit, MSB, first.

son T\
SCL é\ /1\ [2\ 7 8 9 1 2 _3_8_

]
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1

Acknowledge

Each byte of eight bits is followed by one acknowledge bit. This Acknowledge bit is a low level
placed on the bus by the receiver. The master generates an extra acknowledge related clock pulse.

A slave receiver which is addressed must generate an Acknowledge, ACK, after the reception of
each byte.

The device that acknowledges must pull down the SDA line during the acknowledge clock pulse
so that it remains stable low during the high period of this clock pulse.

A master receiver must signal an end of data to the slave by generating a not-acknowledge,
NACK, bit on the last byte that has been clocked out of the slave. In this case, the master receiver
must leave the data line high during the 9th pulse to not acknowledge. The master will generate a
STOP or repeated START condition.

Data Output
By Transmiter

not acknowledge 4

1
1
1
Data Output !
By Receiver H
|
H acknowledge -4
SCL From i
Master H 1 2\ 7 8 9
1S T
| SR
START clock pulse for
condition

acknowledgement

Slave Addressing - 1011100

The slave address byte is the first byte received following the START condition from the mas-
ter device. The first seven bits of the first byte make up the slave address. The eighth bit defines
whether a read or write operation is to be performed. When the R/W bit is “1”, a read operation is
selected. When the R/ W bit is “0”, a write operation is selected.

The BM25S2021-1 device address bits are “0101000”. When an address byte is sent, the device
compares the first seven bits after the START condition. If they match, the device outputs an Ac-
knowledge on the SDA line.

MSB LSB
A6 A5 Ad A3 A2 A1 A0 R/W
0 1 0 1 0 0 0
Y
Slave address(0x28)
Rev. 1.10 8 May 09, 2024



BM42S3021-1
Thermocouple Module

” BEST

I2C Communication Protocol

* I’C communication rate: 30Hz~100kHz

* The module internal SCL/SDA pins have no pull-up resistors

* There are two instruction frame formats, known as data write instruction frame and data read

instruction frame.

Data write instruction frame format:

Start Addr+W CMD D1~D2 CheckSum1 Stop
1-bit 1-byte 1-byte 2-byte 1-byte 1-bit
Frame content introduction:
+ Start: Start bit signal
¢ Addr+W : IC address + write
+ CMD: Command code, each command code corresponds to a different function
¢ Di~Ds: Data
+ CheckSuml: Check code, CheckSuml = (CMD + D1 + D2) & 0Oxff
+ Stop: Stop bit signal
Data read instruction frame format:
Start Addr+W CMD Start Addr+R D+~D2 | CheckSum2 Stop
1-bit 1-byte 1-byte 1-bit 1-byte 2-byte 1-byte 1-bit
Frame content introduction:
+ Addr+R: I?C address + read
¢ CheckSum2: Check code, CheckSum2 = (D1 + D2) & Oxff
Data Write Instruction Set
No. | Functional Description | CMD Data (D1~D>) Note
D1: Mode configuration register low 8 bits
bit3 ~ bit0: Set the thermocouple type
000: K type thermocouple . . .
Set the thermocouple 001: N type thermocouple This setting will
1 0x28 : not be lost when
type 010: E type thermocouple the power is off
011: J type thermocouple P
100: R type thermocouple
D2: Register high 8 bits, default is 0x00
9 Set the module to enter Oxff D1: 0x34
the Sleep mode D2: 0x12
Rev. 1.10 9 May 09, 2024
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Data Read Instruction Set

Functional
No. R CMD Response Data (D1~D2) Note
Obtain the D1: Ambient temperature low 8 bits The D2 highest bit is a sign bit,
1 temperature 0x09 | D2: Ambient temperature high 8 bits the sign bit is 1, it indicates the
P Temperature = (D1+D2%x256)x0.1°C temperature is negative
5 Read the Ox1F D1: Version low 8 bits For example, if the return value
version Da2: Version high 8 bits is 0x0101, the version is V1.01
D1 (bit3~bit0): Thermocouple type
000: K type thermocouple
Obtain the 001: N type thermocouple
3 |thermocouple | 0x28 010: E type thermocouple
type 011: J type thermocouple
100: R type thermocouple
D2: Register high 8 bits, default is 0x00
Application Circuit
VDD
10kQ 10kQ
SCL SCL
SDA SDA
Master BM42S3021-1
VDD VDD
O.1uF% %47uF
GND GND

Note: If higher accuracy and anti-interference capability are required, it is recommended to keep
0.1pF and 47pF capacitors. If the cost is a main concern, the 47pF capacitor can be omitted.

Layout Description

PCB Footprint

29.1mm

2.03mm
3.7mm

2.03mm

3.7mm

15mm

1.83mm
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Dimensions

G V DA CKa
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Symbol

a 29.1 11.46

b 15.0 5.91

] 12.3 4.84

d 2.54 1

e 14.2 5.60
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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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