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DESCRIPTION

MMS651 is an air velocity sensor using MEMS thermopile technology. This sensor outputs a digital
value, and realizes compact and high-accuracy measurement with a 16 bit ADC. 12C is adopted
for the interface. This sensor communicates with a microcontroller.

FEATURES

- MEMS thermal flow sensor realizes compact and high-accuracy measurement
(1) Size: 22.5 (W) mm x 21 (D) mm x 7 (H) mm
(2) Application medium: Air
(3) Operating air velocity range

Model name Range
MMS651P010N1 0-10m/s
MMS651P003N1 0-3m/s

(4) Measurement accuracy : at 25 °C, 101.3 kPa (1 atmosphere) and Vcc = 3.3V
Model name Accuracy

+5 %R.D. (4 m/s = air velocity = 10 m/s )
+2 %F.S. (0 m/s = air velocity < 4 m/s )

+3 %F.S. (0.3 m/s = air velocity = 3.0 m/s)
+7 %F.S. (0.0 m/s = air velocity < 0.3 m/s)

MMS651P010N1

MMS651P003N1

(5) Internal digital resolution: 16 bit

- Wind speed value directly available
- Easily mountable with a connector

- No need to prepare dedicated board for the sensor.
- RoHS compliant

©2025 Mitsumi Electric Co., Ltd. All rights reserved. The contents of this document are subject to change without notice. The details listed here are not a guarantee.

MITSUMI ELECTRIC CO., LTD. Semiconductor Business Div.
https://product.minebeamitsumi.com/en/product/category/ics/



https://product.minebeamitsumi.com/en/product/category/ics/

Digital output air velocity sensor MMS651

INDEX
DY 241 1 PPN 1
e 0 I PPN 1
2 I L QI Y C A 1 3
PIN CONFIGURATION t1tuutueusiasususssssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss sttt 3
TERMINAL EXPLANATIONS 1t tuttiuiueusiasnsesasuessssasssssssssssssssssssssssssssssssssssssssssssssssssss s s sssssssssssssssssss s 3
ABSOLUTE MAXIMUIM RATINGS 1 1tututueuaissusnsasussssssssssssssssssssssssssssssssssssssssssssssssss s 4
RECOMMENDED OPERATING CONDITIONS tuuiutitiusutiasssusssiassiassssssssssssssssssssssmssssssssssssmstmmmmm 4
ELECTRICAL CHARA CTE R ST S 1 uttiuiutisissutsassssssssssssasssssssssssssssssssssssssssssssssssssssssssssssssssssessssssssseeeseomstemimemmmmememimmmmns 4
PERFORMAN CE 1t uutuuiusassssssssssssssss s s sss s ssssssssssssssssssssssssssssssssssssasssssssssssssssssssssssssssssssssssssssssssssssssssesessnmsnssnmansnns 5
COMMUNICATION FUNGCTION 1ttt tutsussasssssssssssssssssssssssssssssssssssssssssssssss st 6
IMIARKING CONTENTS 11 tuututusiarasuesssusssssssssssssssssssssssssssssssssssssssssssssssssssssssssss s s s s s s s st s st 14
oo Yo [ ot 113U ' J N 15
DIIMIENSIONS 1 utttutiatueuesasses s s s s s e s sa s s e s e s s s e e e s e e 4o e e e ka8 e e e a8 e e ke e 808 E e 8 E 8 EE e 888 e e E 8 EE e E R e E R R e 16
N 8P 17
NI 1=V 1P 18
ADDITIONAL NOTES 4ttt tuttuttuesusiaesssiassssmssmsssssmsssssmssssssssssms st ss s 18

©2025 Mitsumi Electric Co., Ltd. All rights reserved. The contents of this document are subject to change without notice. The details listed here are not a guarantee.

MITSUMI ELECTRIC CO., LTD. Semiconductor Business Div.
https://product.minebeamitsumi.com/en/product/category/ics/ n



https://product.minebeamitsumi.com/en/product/category/ics/

Digital output air velocity sensor MMS651

BLOCK DIAGRAM
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Fig. 1 Block diagram

PIN CONFIGURATION

SM04B-SURS-TF
(J.S.T. MFG. CO.,LTD.)

Pin No. Pin Name
1 Vcc
2 SDA
3 SCL
4 GND

Fig. 2 Pin configuration

TERMINAL EXPLANATIONS

No. Pin Name Type Function
1 Vcc Power Power supply
Input . .
2 SDA Output Serial data line
3 SCL Input Serial clock line
4 GND Power Ground
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ABSOLUTE MAXIMUM RATINGS

(Unless otherwise specified, Ta = 25 °C)

Item Symbol Min. Max. Unit Remark
Power-supply Voltage Vcc -0.3 4.8 Vv
Voltage at I/O - -0.3 Vcec + 0.3 \Y SCL, SDA terminal

RECOMMENDED OPERATING CONDITIONS

Item Symbol Min. Typ. Max. Unit Remark
Operating Voltage Vcc 3.0 3.3 3.6
Storage Temperature Ts -40 - 80 °C notel
Operating Temperature To -10 - 60 °C note!
Storage Humidity Hs 35 - 85 %RH note!
Operating Humidity Ho 35 - 85 %RH note!

note!: With no icing or condensation

ELECTRICAL CHARACTERISTICS

(Unless otherwise specified, Ta = 25 °C)

Item Symbol Min. Typ. Max. Unit Remark
Input Low Voltage VIL -0.3 - 0.3 x Vcc Vv -
Input High Voltage VIH 0.7 x Vcc - Vce + 0.3 Vv -
Output Low Voltage VOL - - 0.4 \ IOL =4 mA
Output High Voltage VOH Vcc-0.4 - - Vv IOH =2 mA
Current consumption - - - 6 mA Vecc =33V

©2025 Mitsumi Electric Co., Ltd. All rights reserved. The contents of this document are subject to change without notice. The details listed here are not a guarantee.

MITSUMI ELECTRIC CO., LTD. Semiconductor Business Div.

https://product.minebeamitsumi.com/en/product/category/ics/



https://product.minebeamitsumi.com/en/product/category/ics/

Digital output air velocity sensor MMS651

PERFORMANCE

Measurement conditions: 25 °C, 101.3 kPa dry air, Vcc = 3.3V

(1) Flow range: (Only in the positive direction)

Model name Range
MMS651P010N1 0-10m/s
MMS651P003N1 0-3m/s
(2) Operating characteristics

MMS651P010N1
Output 1024 7024 13024 25024 37024 49024 61024
(HEX) (0x0400) (0x1B70) (0x32E0) (0x61C0) (0x90A0) (0xBF80) (OxEE60)

Air velocity (m/s) 0 1 2 4 6 8 10

Air velocity conversion formula: Air velocity = (Output — 1024) * 10 / 60000

MMS651P003N1
Output 1024 11024 21024 31024 41024 51024 61024
(HEX) (0x0400) (0x2B10) (0x5220) (0x7930) (0xA040) (0xC750) (OXEE60)

Air velocity (m/s) 0 0.5 1.0 1.5 2.0 2.5 3

Air velocity conversion formula: Air velocity = (Output — 1024) * 3 / 60000

(3) Accuracy note?
Model name Accuracy
+59%R.D. (4 m/s = air velocity = 10 m/s )
MMS651PO10NT +2 %F.S. (0 m/s = air velocity < 4 m/s)
+3 %F.S. (0.3 m/s £ air velocity = 3.0 m/s)
MMS651P003N1 +7 %F.S. (0.0 m/s = air velocity < 0.3 m/s)

note?: “F.S.” and “R.D.” represent “Full Scale” and “Reading Scale”, respectively.

%F.S.: The proportion of the maximum air velocity in the measurement range:
For example, for the MMS651P010N1, the maximum air velocity in the measurement range is 10 m/s,
and if the measured air velocity is less than 4 m/s, the error is up to £2 %F.S. (£0.2 m/s).
In the case of the MMS651P003N1, the maximum air velocity in the measurement range is 3 m/s.
The error is up to £3 %F.S. (= £0.09 m/s) for air velocities from 0.3 m/s to 3.0 m/s, and up to
+7 %F.S. (= £0.21 m/s) for air velocities below 0.3 m/s.

%R.D.: The proportion relative to the output value:
For example, for the MMS651P010N1, if the output indicates an air velocity of 5 m/s, the error is up
to £5 %R.D. (£0.25 m/s).
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COMMUNICATION FUNCTION

(1) Overview of the communication function

The communication specification of this product is based on the I12C specification.

This product works as a slave and has a slave address of 7 bit which followed 12C specification.

SCL is the clock input line, and SDA is serial data input/output line.

Item

Explanation

Communication system

I12C specification (SMBus compatible)

SCL clock frequency

Max 400 kHz

( CRC)

Cyclic Redundancy Check

CRC-8 polynomial: C(x) = X~8 + X5 + X4 + 1

Output data

Output air velocity value data

Output format

Unit16 Binary data with MSB (Most Significant Bit) first

Slave Address

110_1100 or 0x6C

The 12C slave address is expressed as follows.

Bit Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
R/W
Value 1 1 0 1 1 0 0 1/0

Write:  Set LSB of slave address to “0” to form D8h (1101_1000b).
Read:  Set LSB of slave address to “1” to form DSh (1101_1001b).
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(2) Operation procedure

Power On

A 4

1. Initialize

v

\ 4

Enable/disable the CRC function (optional)

\ 4

2. Send measurement command

A 4

3. Read data

When freezing occurs

Execute hardware reset

Flowchart of Sensor operation

Communication time

Item Sign Remarks
Response time a az90ms
Sampling interval B B>a

The minimum response time is 90ms. Set the sampling interval to be greater than the response time.

Master |
Send measurement command Read data Send measurement command
| . |
___________________ - O
3 B : ,
e a . g
i ! [ Time _
rmmmmmm e Y . prmmm e Y
Slave | Starting the flow velocity Measurement | Starting the flow velocity

measurement i completed ! measurement
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(3) Command
@ Initialize
Perform this operation 200 ps after the power is turned on.

12C command: Write 00h in “Initialization Register (0Bh)".
START | Slave Address | ACK | Access Address | ACK | Write Data | ACK | STOP
S D8h(6Ch (7b)+0) | A 0Bh A 00h A P

@ Send measurement command
MCU mode is executed (air velocity measurement) with various settings. After writing, the measurement is
completed when the value read from this register is 02h.
Do not read or write to the device while the MCU is executing. Access after 90 msec has passed.

12C command: Write “06h"” to “Sensor Control Register (D040h)” via “"Access Address Register (00h) "
START | Slave Address | ACK | Access Address | ACK | Reg Address H | ACK
S D8h(6Ch (7b)+0) | A 00h A DOh A

Reg Address L | ACK Serial Ctrl ACK | Write Data | ACK | STOP
40h A 18h A 06h A P

@ Read data
After the initialization process, the first data is not normal data and thus must be ignored.

I2C command: Write reading request command “2Ch" (2-byte read access) of “Compensated Air Velocity Register
(D051h, D052h)” via “Access Address Register (00h)".
START | Slave Address | ACK | Access Address | ACK
S D8h(6Ch (7b)+0) | A 00h A

Reg Address H | ACK | Reg Address L | ACK | Serial Ctrl | ACK | STOP
DOh A 51h A 2Ch A P

I2C command: Read 2 bytes of the air velocity data with "Read Buffer Register (07h, 08h)”
START | Slave Address | ACK | Access Address | ACK Re-Start
S D8h(6Ch (7b)+0) | A 07h A RS

Slave Address ACK | ReedDataH | ACK | Reed Data L | ACK | STOP
D9h(6Ch (7b)+1) | A xxh A xxh NA P

The read 16-bit data is unsigned. Use this as Pv and convert it to air velocity (m/s) using the following formula.
[MMS651P010N1] : Air Velocity[m/s] = (Pv — 1024) * 10 / 60000

[MMS651P003N1] :  Air Velocity[m/s] = (Pv — 1024) * 3 / 60000
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@ Enable CRC function (optional)
Set "1" in bit [1] of "CRC Control Register". See below for detail reading sequence of CRC

12C command: Write "02h"(CRC_EN = 1) to "CRC Control Register (D049h)" via "Access Address Register (00h)"
START | Slave Address | ACK | Access Address | ACK | Reg Address H | ACK
S D8h(6Ch (7b)+0) | A 00h A DOh A

Reg Address L | ACK | Serial Ctrl | ACK | Write Data | ACK | STOP

4%h A 18h A 02h A P

® Execute hardware reset
Set "1" in bit [7] of “"Power Sequence Register". After hardware reset, bit [7] is cleared to "0" automatically.

12C command: Write "80h"(Hard_Reset = 1) to "Power Sequence Register (0Dh)".
START | Slave Address | ACK | Access Address | ACK | Write Data | ACK | STOP
S D8h(6Ch (7b)+0) | A 0Dh A 80h A P
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(4) Configuration Register
The product performs communication via the configuration register.

Configuration Register Map

Cor:;gc'l:;z’gon Register name Note
00h Access Address 1 (Upper byte) Upper byte of first “"Access Address”
01h Access Address 2 (Lower byte) Lower byte of first "Access Address”
ROM 02h Serial Control Write / Read access control
Resister U 03h Write Buffer 0 Data to be written at "Access Address”
04h Write Buffer 1 Data to be written at "Access Address”+ 1
Conflaation 05h Write Buffer 2 Data to be written at "Access Address”+ 2
resister 06h Write Buffer 3 Data to be written at "Access Address”+ 3
07h Read Buffer 0 Data read from "Access Address”
\\ 08h Read Buffer 1 Data read from "Access Address”+ 1
Y 09h Read Buffer 2 Data read from "Access Address”+ 2
Access addess 0Ah Read Buffer 3 Data read from "Access Address”+ 3
o ata 0Bh Initialization Register Initialization after power ON
Sytes Number (Ve 4) 0Dh Power Sequence Hardware reset control

(D Access Address Registers (00h — 01h)
"Access Address Register" is used to access "Internal Register". The address of "Access Address Register" is auto
increment in multiple byte data transfer.
Therefore, set start address of "Internal register” in “Access Address Register” in multiple byte data transfer.

Access Address Registers

Address | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
00h Al5 | A14 | A13 A12 | A1l A10 A9 A8
01h A7 A6 A5 A4 A3 A2 Al A0

"Internal Register" address consists of 16 bits. In order to access "Internal Register", its address should be written in
"Access Address Register" (00h and 01h).

Internal Registers Map

Address Register name Descriptions
D040h SENS_CTRL Sensor Control Register
D049h INT_CTRL CRC Control Register

DO51h COMP_DATA1_H | Compensated Flow Rate
D052h COMP_DATA1 L | Register

Compensated Flow Rate Register (D051h, D052h)
Address Register Name | Bit 7 | Bit 6 | Bit 5 | Bit4 | Bit 3 | Bit2 | Bit 1 | Bit 0 | Description
D051h | COMP_DATA1_H DATA <15:8>
D052h | COMP_DATA1_L DATA <7:0>

Air velocity data

The read 16-bit data is unsigned. Use this as Pv and convert it to air velocity (m/s) using the following formula.
[MMS651P010N1] : Air Velocity[m/s] = (Pv — 1024) * 10 / 60000

[MMS651P003N1] :  Air Velocity[m/s] = (Pv — 1024) * 3 / 60000
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2 Serial Control Registers (02h)

Serial Control Registers

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 Bit 1 Bit 0
02h D_byte_cnt[3] | D_byte cnt[2] | D_byte_cnt[1] | D_byte_cnt[0] | Req | R_WZ | Acc_ctl2[1] | Acc_ctl2[0]

- Acc_ctl2 [1:0] — access control bit:
00 = 16-bit address access (A15-A0) (internal ROM, registers, etc.)
01 = 8-bit address access (A7-A0) MCU internal 256-byte Dual-port RAM access
10 = reserved
11 = reserved

- R_WZ - read/write select bit
0 = write access
1 = read access

- Reg- request bit
0 = Last access request completed
1 = New Request When the internal serial bus bridge control circuit completes request processing, it clears the
Req flag to "0". In the case of a write access request, the internal bus bridge control circuit transfers data
in the write buffer to the register specified by the access address. In the case of a read access, the internal
bus bridge control circuit stores the data at the specified address in the read buffer.

- D_byte_cnt3 [3:0]
Specify the number of bytes transferred Only 1, 2, 3, and 4-byte transfers are supported.
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(5) CRC
- CRC Overview

The CRC is used as an error detection method in a data communication. Our flow sensor uses the CRC8 polynomial
X8 + x5 + x~4 + 1. The following is an example of I2C access 2 byte read using CRC function.

P

| s ‘ 12CAddr |W | PointerAddress |§| AccessMSBAdd |¥| AccessLSBAdd ||  #ofbytes g H
C T T T T T T T T T T T T T T T T T T T T T T T T T T e

|S‘ 12CAddr |w §| Readbuffer Add g SI 12CAddr + 1 |R g 1% byte 8§

| 20d Byte ] CRC byte g\il

Example of 2byte read with CRC

- Bit-level CRC-8 calculation method.
®The data bit sequence will be aligned in a line.

(@The polynomial bit string will be aligned under the line of the data bit sequence.

If the data bit above the leftmost the polynomial bit sequence is 0, the polynomial bit sequence is shifted one bit

to the right. If the data bit above the leftmost polynomial bit sequence is 1, the data bit and the polynomial bit
are calculated by XOR. Then the polynomial bit sequence are shifted one bit to the right.

@Steps M- are repeated until the polynomial bit sequence reaches the right end of the data bit sequence.

The following example shows how to calculate the CRC byte based on XOR calculation.

Data bit sequence

1st Byte of data 2nd Byte of data
hex bin (Jolofolofo]z]o]o|ofo]o[ofo]ofz]o[ofo]ofo]o[o]a]o
1st Byte of data 04h 100 1 10 0[1 100 0 1 ]i i i i i i E E E E
2nd Byte of data 02h 10 00 o0f1 1000 11 0f0 oo
Polynomial ( x"8 + x5 + X"4 +1) 131h | 100110001 / i 1 0 0 1 1 0 0 Of1 ]i : : : : : :
CC - byte checksum Elh | 11100001 0101 111010 ! ! o1
/ / A1 00110001,y
001001011001 1 11
/ / A1 00 1 1o 0 1]y oy
0000111010000
/ / -~ 1]o 0o 1100 01
[/ oft 1100 0 0 1

"

Polynominal bit sequence

XOR operation example of CRC-8
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(6) Communication terminal
For the I2C output, this product will require a pull-up resistor to each clock line (SCL) and data line (SDA). A pull-
up resistor of 2.2[kQ] (recommended value) should be implemented between the Vcc as shown in the figure

below.
In addition, please adjust the pull-up resistor’s value depending on the transfer rate of SCL and the 12C wire
length.
Vec Vee
E:| E] pull-up resister 2.2 k Q@
Vece 3.3V
SDA
Sensor >
SCL Master
(slave)
GND

Precautions when connecting the air velocity sensor
An error may occur during communication due to the effect of the noise of the customer’s environment. In such a
case, check the following points, and correct the communication error.

®Checking the communication speed

This product supports SCL frequencies up to 400 kHz, but if communication errors tend to occur, we
recommend setting the SCL to a lower frequency.
@Checking the wiring cable
If the length of the cable used to connect the customer-controlled microcontroller and our air velocity sensor is
long, the effects of noise may be more prominent. In such a case, we recommend using a shielded cable.
(®Checking the pull-up resistor’s value
A pull-up resistor is necessary for I2C communication of this product. Although the recommended resistor value
is 2.2[kQ], please select the optimum resistor value according to the length of the cable used to connect the
customer-controlled microcontroller and our air velocity sensor. A communication error is detected if an ACK is
not returned from the sensor side. The ACK response time is equal to one clock cycle of SCL. If an ACK
response is not returned after this time has elapsed, it results in a communication error. In such a case, turn off
the device.
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MARKING CONTENTS

PGB0 MADE IN JAPAN
(121034516

Upper
Model name marking
The last 7digits of MMS651P010N1 1PO10N1
(7)(8)(9)(10)(11)(12)(13) the model name
MMS651P003N1 1PO0O3N1
Lower
(D) Production year (Last digit of production year)
Production month
month marking month marking month marking
Q) JAN 1 MAY 5 SEP 9
FEB 2 JUN 6 OCT J
MAR 3 JUL 7 NOV K
APR 4 AUG 8 DEC L
Production day
day marking day marking day marking
1 1 11 B 21 M
2 2 12 C 22 N
3 3 13 D 23 P
4 4 14 E 24 R
(3) 5 5 15 F 25 S
6 6 16 G 26 T
7 7 17 H 27 U
8 8 18 J 28 V
9 9 19 K 29 W
10 A 20 L 30 X
31 Y
(4)(5)(6) Other lot information
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Product lineup

Model name Packing Product status
MMS651P010N1 Tray MP
MMS651P003N1 Tray MP
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Digital output air velocity sensor
DIMENSIONS
| UNIT | mm |
N ;OJ” (rartsum ]| Cl>u’rle’r2 9] 10
= IN => our Outletl ﬂ&\
OOy

; mma [/
N So=v= 1|

\Inlet _ 175400 | \ 5 %03
- 22'5 ==

=

Flow Direction

T

,/

o Vcc @ SDA o SCL @ GND

(1) Applicable Connecter Information
- Company J1.S.T.MFG.CO., LTD.
- Connecter SUHR-04V-S-B

- Contact SSUH-003T-P0.15
- Applicable wire AWG#32 to #28

(2) Precautions during installation
The wind to be measured is drawn in from the Inlet into the sensor, where the airflow is measured, and then
discharged to the outside of the sensor from Outlet 1 and 2. Therefore, please pay careful attention to the following

- Do not block the Inlet, Outlet 1, or 2.
- Ensure that the wind direction matches the "Flow direction" in the above diagram so that the wind to be measured can be
correctly drawn in from the Inlet. Install the Inlet so that it is perpendicular to the wind direction.
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NOTES

Safety Precautions
- Though Mitsumi Electric Co., Ltd. (hereinafter referred to as "Mitsumi") works continually to improve our product's quality
and reliability, semlconductor products may generally malfunction or fail. Customers are responsible for complying with
safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which a malfunction or failure of this product could cause loss of human life, bodily
injury, or damage to property, including data loss or corruption. Before customers use this product, create designs including
this product, or incorporate this product into their own applications, customers must also refer to and comply with (a) the
latest versions or all of our relevant information, including without limitation, product specifications, data sheets and
application notes for this product and (b) the user’s manual, handling instructions or all relevant information for any
products which is to be used, or combined with this products. Customers are solely responsible for all aspects of their own
product design or applications, including but not limited to (a) determining the appropriateness of the use of this product
in such design or applications; (b) evaluating and determining the applicability of any information contained in this
document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents;
and (c) validating all operating parameters for such designs and applications. Mitsumi assumes no liability for customers’
product design or applications.

- This product is intended for applying to computers, OA units, communication units, instrumentation units, machine tools,
industrial robots, AV units, household electrical appliances, and other general electronic units.

- This product is not designed as a component of equipment or devices that require a high degree of reliability, may affect
the life or body, or could damage the property (space systems, submarine repeaters, nuclear power controllers,
infrastructure controllers, medical equipment, military devices, units related to the control and safety of transport
equipment (automobiles, trains, aircraft, etc.), traffic signaling equipment, disaster / crime prevention units, or the like).
In the case where this product is used in these applications, Mitsumi does not bear any responsibility. If the product is
used as a component of the above equipment or devices, Mitsumi shall not be liable for any damage caused thereby. It is
the customer's responsibility to carry out the necessary safety design for the customer's hardware, software and systems.

- Before using this product, even when it is not used for the applications written previous paragraph, notify and present us
beforehand if special care and attention are needed for its application, intended purpose, environment of usage, risk, and
the design or inspection specification corresponding to them.

- If any damage to our customer is objectively identified to be caused by the defect of this product, Mitsumi is responsible
for it. In this case, Mitsumi is liable for the cost limited to the delivery price of this product.

Appllcatlon considerations during actual circuit design
- The outline of parameters described herein has been chosen as an explanation of the standard parameters and
performance of the product. When you actually plan to use the product, please ensure that the outside conditions are
reflected in the actual circuit and assembling designs.

- Before using this product, please evaluate and confirm the actual application with this product mounted and embedded.

- To investigate the influence by applied transient load or external noise, It is necessary to evaluate and confirm them with
mounting this product to the actual application.

- Any usage above the maximum rating may destroy this product or shorten the lifetime. Be sure to use this product under
the maximum rating.

- If you continue to use this product highly-loaded (applying high temperature, large current or high voltage; or variation
of temperature) even under the absolute maximum rating and even in the operating range, the reliability of this product
may decrease significantly. Please design appropriate reliability in consideration of power dissipation and voltage
corresponding to the temperature and designed lifetime after confirming our individual reliability documents (such as
reliability test report or estimated failure rate). It is recommended that, before using this product, you appropriately derate
the maximum power dissipation (typically, 80% or less of the maximum value) considering parameters including ambient
temperature, input voltage, and output current.

Precautions for Foreign Exchange and Foreign Trade Control Act

- If you export or take products and technologies in this document which are subject to security trade control based on the
Foreign Exchange and Foreign Trade Act to overseas from Japan, permission of the Japanese government is required.
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Prohibitions for Industrial Property Rights

- Since this document contains the contents related to our copyright and know-how, you are requested not to use this
document for any purpose other than the application of this product.

- If a use of this product causes a dispute related to the industrial property rights of a third party, Mitsumi has no liability
for any disputes except those which arise directly from the manufacturing and manufacturing method of our products.

Precautions for Product Liability Act
- Mitsumi does not bear any responsibility for any consequence resulting from any wrong or improper use of this product
and other factors.

Others

- Any part of the contents contained herein must not be reprinted or reproduced without our prior permission.

- In case of any question arises out of the description in this specification, it shall be settled by the consultation between
both parties promptly.

ATTENTION

- This product is designed and manufactured with the intention of normal use in general electronics. No special circumstance
as described below is considered for the use of it when it is designed. With this reason, any use and storage under the
circumstances below may affect the performance of this product. Prior confirmation of performance and reliability is
requested to customers.

Environment with strong static electricity or electromagnetic wave
Environment with high temperature or high humidity where dew condensation may occur
- This product is not designed to withstand radioactivity, and must avoid using in a radioactive environment.

ADDITIONAL NOTES

- Warranty conditions
- The warranty conditions for Mitsumi product are as follows:
(1) The warranty period is one year after purchase.
(2) If Mitsumi product fails, Mitsumi will provide an equal number of replacements or substitutions free of charge.
(3) The warranty does not cover the following items even during the warranty period:
(a) Any use of Mitsumi product other than its intended use.
(b) Use that deviates from the precautions, etc. listed in "NOTES", "ATTENTION” and "ADDITIONAL NOTES”".
(c) Causes that could not have been foreseen at the scientific and technological level at the time of shipment form
Mitsumi.
(d) Causes other than Mitsumi or Mitsumi product, including natural disasters and other force majeure.

- In some position of installation or ambient environment, a foreign substance such as dirt may adhere to the inside of the
sensor or in the flow-path. As the result, the sensor may be unable to demonstrate the performance as intended. Prior to
use, please thoroughly understand and consider this product's characteristics, and conduct a pre-evaluation of the product
integrated into your company's actual equipment.

- Use air only.

- The performance is not guaranteed, in case the fluids other than the applicable medium.

- Do not use with corrosive gases such as chlorine, sulfur, ammonia, etc.

- Do not enter the foreign object in the sensor in handling after you take it out of the packing. Mixing the foreign object in
the sensor causes the breakdown.

- Please install in the direction of the arrow displayed on the sensor so that the gas flows correctly. The right measurement
cannot be performed in the state of incorrect installation.

- Keep the ports of the sensor horizontal. Otherwise, it causes the error. The M2 screw, for attachment, can be used to
adjust the above direction. In addition, please use a screw torque of 0.176 N-m or less.

- Execute confirming operation after the installation.
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- Do not use or store in the following environments.
- Place where radiant heat from heating equipment is received directly
- Place where water, oil, chemicals, or solvents splash
- Place where direct sunshine or ultraviolet rays strikes
- Place with dust and corrosive gas (especially, chlorine, sulfur, ammonia, etc.)
- Place with extreme temperature change
- Place with fear of freezing and be dewy
- Place with large influence of vibration and impact

- Noise Countermeasures
This products do not have protecting circuit. Do not give electrical load over absolute maximum rating even for moment.
Please install a protecting circuit in your equipment.

Please detach as much as possible and install from the apparatus which generates strong high frequency, or the apparatus
which generates surge. Please attach a surge suppressor and a noise filter in the peripheral equipment which has
generated the noise. In order to prevent an inductive noise, separate the sensor terminal wiring from high-voltage/high-
current power lines. When using a switching regulator, please ground the FG (Frame Ground) and G (Ground) terminals.

- Regarding wiring
Please ensure the terminal polarity is correct to avoid miswiring, as it causes the breakdown. Also, do not hot-swap.
Always disconnect the power supply to the sensor before connecting or disconnecting the wiring.

- About handling
The sensor is a precision device, and if large shock and load is applied, it may cause a failure or
characteristic change. Please do not use sensors that have been subjected to excessive impact on the terminals, have
disassembled covers, have fallen, or have been pressed or poked with hard objects.

The sensor shall only be handled in electrostatic discharge protected areas (EPA) under protected and controlled conditions.
If cleaning liquid (including water or solvents) enters the sensor, it may be damaged. Please do not perform any actions
that may allow cleaning liquid to enter (including ultrasonic cleaning).

- When disposing of this sensor, please follow the instructions of the local government. Depending on the ambient
environment and mounting position, the sensor may not exhibit the aforementioned characteristics. Please understand
and take this into consideration when adopting this sensor, and evaluate it in advance on your actual equipment before
use.
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MITSUMI ELECTRIC CO., LTD.

Strategy Engineering Department Semiconductor Business Division

Tel: +81-46-230-3470 / https://www.mitsumi.co.jp/profile/contact.html

Notes:
Any products mentioned this datasheet are subject to any modification in their appearance and others for improvements without prior

notification. The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you
will be asked to check their specifications.
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Disclaimers

Disclaimers (Handling Precautions)

1. All the information described herein (product data, specifications, figures, tables, programs, algorithms and application
circuit examples, etc.) is current as of publishing date of this document and is subject to change without notice.

2. The circuit examples and the usages described herein are for reference only, and do not guarantee the success of
any specific mass-production design.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by the reasons other
than the products described herein (hereinafter "the products") or infringement of third-party intellectual property
right and any other right due to the use of the information described herein.

3. MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by the incorrect
information described herein.

4. Be careful to use the products within their ranges described herein. Pay special attention for use to the absolute
maximum ratings, operation voltage range and electrical characteristics, etc.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by failures and / or
accidents, etc. due to the use of the products outside their specified ranges.

5. Before using the products, confirm their applications, and the laws and regulations of the region or country where
they are used and verify suitability, safety and other factors for the intended use.

6. When exporting the products, comply with the Foreign Exchange and Foreign Trade Act and all other export-related
laws, and follow the required procedures.

7. The products are strictly prohibited from using, providing or exporting for the purposes of the development of
weapons of mass destruction or military use. MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages,
claims or demands caused by any provision or export to the person or entity who intends to develop, manufacture,
use or store nuclear, biological or chemical weapons or missiles, or use any other military purposes.

8. The products are not designed to be used as part of any device or equipment that may affect the human body,
human life, or assets (such as medical equipment, disaster prevention systems, security systems, combustion control
systems, infrastructure control systems, vehicle equipment, traffic systems, in-vehicle equipment, aviation equipment,
aerospace equipment, and nuclear-related equipment), excluding when specified for in-vehicle use or other uses by
MITSUMI ELECTRIC CO., LTD. Do not apply the products to the above listed devices and equipment.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by unauthorized or
unspecified use of the products.

9. In general, semiconductor products may fail or malfunction with some probability. The user of the products should
therefore take responsibility to give thorough consideration to safety design including redundancy, fire spread
prevention measures, and malfunction prevention to prevent accidents causing injury or death, fires and social
damage, etc. that may ensue from the products' failure or malfunction.

The entire system in which the products are used must be sufficiently evaluated and judged whether the products
are allowed to apply for the system on customer's own responsibility.

10. The products are not designed to be radiation-proof. The necessary radiation measures should be taken in the
product design by the customer depending on the intended use.

11. The products do not affect human health under normal use. However, they contain chemical substances and heavy
metals and should therefore not be put in the mouth. The fracture surfaces of wafers and chips may be sharp. Be
careful when handling these with the bare hands to prevent injuries, etc.

12. When disposing of the products, comply with the laws and ordinances of the country or region where they are used.

13. The information described herein contains copyright information and know-how of MITSUMI ELECTRIC CO., LTD.
The information described herein does not convey any license under any intellectual property rights or any other
rights belonging to MITSUMI ELECTRIC CO., LTD. or a third party. Reproduction or copying of the information from
this document or any part of this document described herein for the purpose of disclosing it to a third-party is strictly
prohibited without the express permission of MITSUMI ELECTRIC CO., LTD.

14. For more details on the information described herein or any other questions, please contact MITSUMI ELECTRIC
CO., LTD.'s sales representative.

15. This Disclaimers have been delivered in a text using the Japanese language, which text, despite any translations
into the English language and the Chinese language, shall be controlling.

Disclaimers - Ver.1.00
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