227 SMART SENSOR
SM series

Pressure Sensor-Package

1 12C/ Analog Interface

I Pressurerange:0~250Pa/ +125Pa
1 Total Error band : +/-1.0% F.S.

1 24Bit/16Bit *-A ADC

1 Operating voltage 3.3V / 5.0V

1 Operating Temperature:-20 ~ 70 °C
1 SOIC-16 package

SOIC16 Package Type

Module Type

The SM Series is the pressure sensor which measures differential gauge pressures. The pressure sensor element
and the ASIC are mounted inside a system-in-package and wire-bonded to appropriate contacts. The SM Series
provides the digital output data with the format of 12C interface. It can achieve ESD robustness, fast response
time, high accuracy and linearity as well as long-term stability. All measurement data is fully calibrated and
temperature compensated.

In addition, it allows for easy system integration.

O Electrical Characteristics

Parameter Symbol Min. Typ. Max. Unit Comments
- 24 - mA Operating Mode @25°C
Operating Current lavad
- - 1 uA Standby Mode @25°C
ADC Resolution RESgaw - 24 - bits
DAC Resolution - 12 bits
Output load resistance Ricad 1 - - KOhm Analog output
Output load capacitance Cioad - - 15 nF Analog output
Full Accuracy ACC -1 - +1 %FS
Power up time Tue - 100 - ms 0~50°C
O Operating Range
Parameter Symbol Min. Typ. Max. Unit Comments
Supply Voltage Proof Pressure VDD ’ >3 i v Vob=3.
4.5 5 55 Vv VDD=5.0V
Operating Pressure Range Prange -125 - 250 Pa Pmax - Pmin
High level voltage at digit 1/0 VIH 2 - - Vv
Low level voltage at digit 1/0 VIL - - 0.8 Vv
12C clock frequency Fsax - - 400 kHz
Operating temperature Topr -20 - 70 °C
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O Absolute Max Ratings

SM Series

Parameter Symbol Min. Typ. Max. Unit Comments
Supply Voltage VDDnax -0.3 - 6.5 '
Analog output current limit - - 25 mA
Digital pin voltage VDD-0.3 - VDD+0.3 Vv @25 °C
Proof pressure Pproof 30 - - kPa Pressure range<10Kpa
Burst pressure Phurst 50 - - kPa Pressure range<10Kpa
ESD HBM - 2 - kv
Storage temperature Tstg -40 - 100 °C

3 PIN Description

SOIC16 Package Description

Function description

1-3 NC No Connected
ne [ /, - 161 NC
" 4 GND Ground
Ne 2] ) I" l/’,)\\ll T ne
Ne \\g _/)I a1 NC 5 VDD Power Supply
sNp 131 NC 6 OUT | Analogoutput
vob L3 121 He 7-9 NC No Connected
our B /_ \\ ] scl
| |/(—:>ﬂ\| | 10 SDA 12C data Signal
VTR i % J 0] sDA
1 SCL 12C clock Signal
NG [CE ] &1 NC
12-16 NC No Connected
3 12C Interface
Parameter Symbol Min. Typ. Max. Unit Comments
Clock frequency fa - - 400 kHz
SCL low pulse tiow 13 - - us
SCL high pulse thigH 0.6 - - us
SCL setup time tsupar 0.1 - - us
SDA hold time tuppar 0.0 - - us
Setup time for arepeated ) )
Start condition tsusma 0.6 us
Hold time for a start condition thpsta 0.6 - - us
Setup time for a stop condition tsusto 0.6 - - us
Time before a new transmission tour 13 ) ) us
can start .
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SM Series

3 Function Description

Diagram
VDD
T T T T T T QT T TTTTTTTTTTTT oo |
I |
| REF Control Logics |
I |
| 1 | l |
I |
I Diag MUX —0 scL
I (‘|>
| I — Interface SDA
AX~64
Buffer

: PG ADC |

Filter& |
: DSP :
l OSC &Timing POR l
I L~ |
| Int Temp I
I sensor |
I |
e e - . (. 0 - V—-—— - -— . - -

O Digital output Transfer Function

P=A*code/8388608 + B
Code is the register 0x06~0x08 value;
P is the pressure value, differential pressure ,unit is Pa/kPa;

EX) SM250CA -125Pa | +125Pa | 838861 | 7549746 1.250 -0.625
-125Pa,
Count VS Pressure(Pa) 7549746
-76Pa,
5872025
OPa,
4194304 Ex)
N Pressure range Low : -125Pa
-76Pa, Pressure range High : +125Pa
2516582
~ Output range
-125Pa, = Low:838861
838861 = High :7549746
Gain and offset
= A:1.250
-125 -76 0 76 125 = B:-0.625
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SM Series

0x30 7T-4 Reserve 4’b0000 | Write with Ox0A to start a conversion, automatically
come back to 0x02 after conversion ends.
3 Sco 1’b0
2-0 Measurement_ ctrl<2:0> | 3’'b000
0ox06 7-0 PDATA<23:16> 0x00 Output Pressure Data.
0x07 7-0 PDATA<15:8> 0x00 Code = DataOXOG*ZA 16+ Data0X07*2"8+ DataOx08 ;
0x08 7-0 PDATA<T:0> 0x00

For example:

If the value of the registers 0x06. 0x07. 0x08 are 0x3F, OxFF, OxFF, according to SM series transfer function,
Code = 4194303, P(Pa) = 4194303/8388607*A+B, and finally get the value of pressure about OkPa.

O 12C Interface

I2C bus uses SCL and SDA as signal lines. Both lines are connected to VDD externally via pull-up resistors so that
they are pulled high when the bus is free. The I2C device address of SM series is shown below.

The I2Cinterface protocol has special bus signal conditions. Start (S), stop (P) and binary data conditions are shown
below. At start condition, SCL is high and SDA has a falling edge. Then the slave address is sent. After the 7 address bits,
the direction control bit R/W selects the read or write operation. When a slave device recognizes that it is being
addressed, it should acknowledge by pulling SDA low in the ninth SCL (ACK) cycle. At stop condition, SCL is also high,
but SDA has a rising edge. Data must be held stable at SDA when SCL is high. Data can change value at SDA only when
SCLis low.

3 12C Protocol

Start ACK By ACK By
Slave Slave
l——— Frama 1 Two-Wire Slave AddressByte —————p» | 44— Frarna 2 Data Byt —
5oL 1 2 2 4 5 g T ) 4
contnued mﬂm
DA A S T T U T N T ST O T T B B A
(Continued)
ACKBY crpp
Slave
|- Framez Data Byte  ————m|
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SM Series

3 12C Write Byte

Byte Write

SDA }/1 S T R °+m -

Start ACK By ACK By
Slave Slava
f— Frarme 1 Device address — | -— Frame 2 Wiord addrass ~ —————]

1 2 2 4 A ] T 8 9

SCL
NN RN RN E

=0a
(Continued)

[@———  Frame 3DataByte ——pm

3 12CRead Byte

Byte Write

j— Frame 1 Device address — | -— Frame 2 Wiord address ~ ————9=]
1 2 3 4 A [} T a G

SCL
e |4 441444 4 14141
{04 D3>

sDA
(Continued)

[—— Frame ZDataByte  —— gl

O Typical Application

[ NC NC
] nc ne [
[ NC NC
GND > { GND NC
Wi D _L o Ne : MCU_I2C_SCL R14.7K
c1 >— | vour scL -
100nF MCU_I2C_SDA |
I VOUT [ NC SDA f {1 <_]vDD
N ] e ne [ R2 47K
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SM Series

SOIC16 Package [unit/mm]

I

dngpgages

EEEEEEL
| a8

SIDE=YIEW BOTTOM=VIEW

Bottom of

b | . Zma 2
s=ie]
b

N

il A
o o ¥

) N “‘]

| %8 |mm
i 2% o=
s ] a—
27 Th A N2*20.8 | 16+0,4140,05 -
127 T S5ellS| 170,410,035
Tep of sensor 75202

10

TOR—VIEW SIDE=VIEW

Top of sensor is tube connected to top side of sensor die. Topside pressure is positive pressure.
An increase in topside pressure will result in a increase in sensor output.
Bottom of sensor is tube connected to bottom side of sensor die.

Module Type [unit/mm]

30

25 | w |
a2 |
=1|=30 700 =H11=30

1=BLACK(GND) [
2=NONE(DRDY) 1 T
3=WHITE(SDA)  |s= =
a=GREEN(sCL) | = %\% =
5-RED(VCC) = =

HOUSING : 12505HS-05(1.25mm pitch 5pin)
==Z5Y 12 20mm

SM Series Rev0.2 6 of 11



3 How to order

SM Series

SM 250 C A M
1) Pressure Range | | | |
0to 250 Pa 250 | | [
-125to 125 Pa 125 I I I
Option XXX I I |
2) Output e I I |
’CInterface = ------------ C | [
Analog Interface  ------------ A | |
3) Power | [
5VDC A [
3.3VDC B I
4) With Module |
Module Type M
O Document Revision History
Revision DATE Description
0.0 2022.12.11 First Release.
0.1 2023.05.15 Spec changed to page 1.
0.2 2023.05.24 Add to Module Type

DISCLAIMER

We hereby expressly disclaims any liability of us to any customer, licensee or any other third party, and any such customer,
licensee and any other third party hereby waives any liability of us for any damages in connection with or arising out of the
furnishing, performance or use of this technical data, whether based on contract, warranty, tort (including negligence),

strict liability, or otherwise.

This datasheet is applies to a product under development. Its characteristics and specifications are subject to change
without notice and we assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

However, under no circumstances shall us be liable to any customer, licensee, or any other third party for any special,
indirect, incidental, or consequential damages of any kind or nature whatsoever arising out of or in any way related to the
furnishing, performance, or use of this technical data. The datasheet is furnished hereby is believed to be true and accurate.
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3 12C Reading Code Example

/1* MAIN PRORGAM *//

#define ACK 1
#define NACK 0

uchar REG06=0,REG07=0,REG08=0;

uchar number=1;
uchar Reg30[1];
int PCode=0,Pdata=0;
float Pressure=0.0;,
void IIC_Start(void)
{
IIC_SCL(1);
SDA_QUT(1);
Delay_us(2);
SDA_OUT(0);
Delay_us(2);

void IIC_Stop(void)

{
IIC_SCL{D);
Delay_us(2);
1C_SCL{1);
SDA_QUT(0);
Delay_us(2);
SDA_OUT(1);
Delay_us(2);

void IIC_ACK(void)
{
SDA_QUT(0);
NC_SCL(1);
Delay_us(2);
IIC_SCL(0);

void IIC_NACK(void)
{
SDA_OUT(1);
NC_SCL(1);
Delay_us(2);
C_SCL(0);

uchar IC_Wait_ACK(void)

{

int ErrTime=0;

/{Start the I’C, SDA High-to-low when SCL is high

//SCL output high level
//SDA output high level

//Delay 2us

//SDA output low level

//Stop the I’C, SDA Low-to-high when SCL is high

//Send ACK (LOW)

//Send No ACK (High)

SM Series
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SM Series

/1* MAIN PRORGAM *//

SDA_IN(); //SDA set as input
NC_SCL{(1);
Delay_us(2);
while(Read_SDA)
{
ErrTime++;
if(ErrTime>200)
{
IIC_Stop();
return 1;

1

NC_SCL{0);

SDA_OUT(0);

Delay_us(2);

return O;

void IIC_Send(uchar IIC_Data) /{Send a byte to I*C
{

uchari;

IIC_SCL{D);

Delay_us(2);

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

{
if(11IC_Data&0x80)>>T)

SDA_OUT(1);
else
SDA_OUT(0);

IIC_Data<<=1;
NC_SCL{1);
Delay_us(2);
NC_SCL{0);
Delay_us(2);

1

bichar IIC_Receive(uchar ACK) /{Receive a byte from I°C
{
uchari,Receive_Data=0;
SDA_IN();
for(i=0;i<8;i++)
{
IIC_SCL{0Y;
Delay_us(2);
NC_SCL{1);
Receive_Data<<=1;
if(Read_SDA==1)
Receive_Datat+;
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SM Series

/1* MAIN PRORGAM *//

Delay_us(2);
i
[IC_SCL(0Y;
Delay_us(2);
if(ACK==0x01)

IC_ACK();
else

IIC_NACK();
return Receive_Data;

'
void NSPDS5F001DT02_Write_Byte(uchar WriteAddr,uchar WriteData)

{

[IC_Start();
IIC_Send(0xFE|0x00);
IIC_Wait_ACK();
IIC_Send(WriteAddr);
1IC_Wait_ACK();
IIC_Send(WriteData);
IIC_Wait_ACK();
11C_Stopl);

zfoid NSPDS5F001DT02_Read_Byte(uchar ReadAddr, uchar *pBuffer)

{
[IC_Start();
IIC_Send(0xFE|0x00);
IIC_Wait_ACK();
IIC_Send(ReadAddr);
1IC_Wait_ACK();
I1C_Start{);
IIC_Send(0xFE|0x01);
1IC_Wait_ACK();
pBuffer[0]=1IC_Receive(0);
11C_Stopl);

t
void NSPDS5F001DT02_Read_3Byte(uchar ReadAddr,uchar *pBuffer)

{
I1C_Start{);
IIC_Send(0xFE|0x00);
IIC_Wait_ACK();
IIC_Send(ReadAddr);
1IC_Wait_ACK();
I1C_Start{);
IIC_Send(0xFE|0x01);
1IC_Wait_ACK();
pBuffer[0]=11C_Receive(ACK);
pBuffer[1]=1IC_Receive(ACK);
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3 12C Reading Code Example

SM Series

/1* MAIN PRORGAM *//

pBuffer[2]=11C_Receive(NACK);

C_Stop();
i
void main(}
{
uchar PData[3]={0,0,0};
while(1)
{
NSPDS5F001DT02_Write_ Byte(0x30,0x0A);
while(1) //Check whether the conversion ends
{
if(number<=50)
{
number++;
delay_ms(1);
NSPDS5F001DT02_Read_Byte(0x30,Reg30);
if(0x02==Reg30[0])
{
number=1;
break;
1
1
if(number=50)
{
number=1;
//User can add his own error handler function
break;
1
1
NSPDS5F001DT02_Read_3Byte(0x06,PData);
REGO6 = PData [0]; //Register 0x06
REGO7 = PData [1]; //Register 0x07
REGO08 = PData [2]; //Register 0x08
PCode=(REG06*65536+REGO7*256+REG08); //PCode = Data0x06*2/ 16+ DataOx07*28+ Data0x08
if (PCode >8388607)
Pdata= PCode-16777216; /{Symbol processing
else
Pdata= PCode;
Pressure = float (1.25*Pdata/8388607-0.625) ; // PCode=(AR B-+) 8388607 P=A*PCode/8388607+B
// A=1.25, B=-0.625
//PNarmalized=PCode/8388607
1
i
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