With I12C Digital Output

Piezo-resistive silicon micro-machined sensor
Operating voltage : 3.0V
Digital output : 12C interface
Pressure range : -1,000 to +1,000 pa
Operating mode current: ~0.6mA (typical)

24 bit ADC

O Electrical Characteristics

RoHS compliant and Halogen-free Package
Approximately 200Hz data output rate
Available package : SOP6

PS-200D

Test Conditions

TYPICAL APPLICATIONS

v Medical instrumentation

v Pneumatic control
v Air cleaner
v Filter Control

Parameter
Voo Operating Voltage — — 1.68 3.0 3.6 v
Iop Operating Current 3.0V — — 0.6 1.2 mA
Ista1 Standby Current 3.0V | Temperature = 85°C — 20 250 nA
Pero Proof pressure — — — — +20,000 Pa
Pop Operating pressure 3.0V — -1,000 — +1,000 Pa
Pracc Relative Accuracy 3.0V | P:+/-1000 Pa, T: 0 ~ +50°C -10 — +10 pa
Pancct Absolute Accuracy 1 3.0V P:+/-1000 Pa, T: +25 °C -20 — +20 Pa
Paacc2 Absolute Accuracy 2 3.0V P:+/-1000 Pa, T:0 ~ +50 °C -30 — +30 Pa
Pres ADC Resolution — By internal option — 20 — bit
Psen Pressure Sensitivity 3.0v — — 0.0027 — Pa/LSB
Pns Pressure Resolution (RMS) 3.0V — — 0.1 — Pa
tanc AD Conversion Time 3.0v — — 1.7 — ms
. Full measurement and tem

tupdate Data Update Time 3.0V — 7 — ms

perature compensation

VDD ramp up to communication — — 1 ms
tst Start-Up Time 3.0v

VDD ramp up to Analog operation — — 25 ms

Sleep to communication — — 0.5 ms
torp Wake-UP Time 3.0V

Sleep to analog operation — — 2 ms
Fsys System Frequency 3.0v — — 4 — MHz
Fixc 12C Clock Frequency 3.0V — — — 3.4 MHz
Fspi SPI Clock Frequency 3.0V — — 1 20 MHz
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PS-200D

Maximum Ratings

Voltage (with respect to GND unless otherwise noted)

VDD -04Vto+3.63V
Voltage at Digital 10 Pins -0.5V to VDD+0.5V
Operating Temperature Range -40 to +85°C
Storage Temperature Range -40 to +125°C
Electrostatic Discharge Tolerance - Human Body Model +/- 2KV

O Main ASIC Part Diagram

Diagram
Sensor VRP_BUF Power MGM
Regulator Regulator Oscillator
[e<—VDD
SDA/SDI
Pressure . 12C/SPI SCL/SCLK
Sensor 24Bit le_,| Microprocessor || Interface sSDO
PGA AY ADC DSP
> SS
> —VSS
Sensor -
POR Digital
Regulator Register
O Dimensions (mm)
Dimensions (mm)
NO. PIN Note
12345
1 j X
2 SDA i
3 GND
|
4 ScL . T Y = |
Fl 1
17 y, T -
5 vce N S 3 =
PCB_Rev0.5 &
i " |

Tl
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PRESSURE SENSOR | 2475 PS-200D

O System Reading Timing

scL (A) (B) (D) (D) Q) (A)
\_7‘— ‘;74 -;/
ook —~] {;{; N e

Start Address or Data Stop
Condition Acknowledge Allowed Condition
Valid Change
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PS-200D
3 PS-200D control address

The seven bit is as slave address after START condition. The PS-200D slave address is
10011008 (7 bits). The eighth bit of control address is read or written bit that processor wants.
The processor read data sequence refers as below :
Read/Write
1 1 1 1 1
S Slave address R/W [ sak
| | | | | on
1 1
1 1
1 1
1 1
1 0 0 1 1 0 0
12C Command Format
Writing one Byte to slave
SAD+W
Master S <1001100 0> Command P
Slave (PS-
200D) SAK SAK
S START A Master acknowledge
P STOP ~A Master non-acknowledge
SAD+W | SlaveAddress (1001 100) + Write bit (0) SAK Slave acknowledge
SAD+R Slave Address (1001 100) + Read bit (1)
12C reading format for pressure data:
Example: Full measurement command (0xAA, Force Mode)
After written a command (0xAA), the master will start to read pressure value
through I2C interface. Reading format as below:
Write 0XAA Command (Force Mode) g?{:‘e'eszilg'; Read Pressure Data
Command SAD+R
SAD+W Status Pressure Data , |Pressure Datal ,| Pressure Data
Master | S| 10011000> <10101019 | Delay>10ms | $<10011001 <git7:05 A <Bit23:165 A| <sit15:8> <git7:0> | AP
Slave SAK SAK SAK
(PS-200D)
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PS-200D

O SPI Operation

SPI Operation

When the SS pin is falling to low, the SPI mode will be selected. The processor can read digital data through SPI communication
interface. In clock-edge, if SCLK is idle state that will output low. And data latch with rising-edge, data output with falling-edge.
The SPIsequence as below:

ss ]

scik J s o

—

SDI [ MSB | Bit7 | Bit6 | Bitd | Bit3 | Bit2 | Bit1 | 5B |
SDO [ MSB | Bit7 | Bit6 | Bit4 | Bit3 | Bit2 | Bit1 | LS8 |
Data Sampling I | | | | I | |

0 SPI Command Request

The command request must be 3 bytes, command format as below:

SDI Command 0x004ex 0X004ex
Status Data Data
SDo <Bit7:0 > < Bit 15:8 > <Bit 7:0 >

O SPI Read Request

SDI

SDO

Command (NOP)[Command Data|Command Data|
<0x00> < Bit 15:8 > < Bit 7:0 >
Status Data Data

<Bit7:0> <Bit 15:8 > <Bit 7:0 >

O SPI Read Example:
Reading pressure data with measurement command (0xAAye,) as below I>C format:

Pin Name Force Mode Command Format Conversion Time Delay Read Pressure Data (Bit 23:0) Format
SDI C:?:A::d 0X004ey 0004, Com:1;:0<:) (>NOP) 0X00,, 0x00y X001,
SDO Status Data Data Delay >10ms Status Pressure Data |Pressure Data | Pressure Data
< Bit 7:0 > < Bit 15:8 > < Bit 7:0 > <Bit7:0 > <Bit23:16 > | <Bit15:8 > <Bit7:0 >

Model [PS-200D] ver2.1
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O 12C/SPI Command

The command of pressure measurement as shown below:

PS-200D

12C/SPI Command

(1) Command Delay Time:

0 Command Delay Time Diagram

Command Description
OxAAex (1) When the PS-200D is written a OxAAgey, it will turn into force mode and start measurement pressure.
(Force Mode) |(2) After pressure measurement is done, the PS-200D will turn into sleep mode automatically.
NOTE:

Before next command (0xAA) write to PS-200D, the PS-200D must has a delay time is more than 10 ms for ADC

conversion time, as show below:

Command_1
(OxAA)

ADC Conversion T Read Status and Command_2
ime Delay 10ms Pressure Data (OxAA)

ADC Conversion T
ime Delay 10ms

Read Status and
Pressure Data

Command_3
(OxAA)

Command_N
(OxAA)

O Status Register

STATUS

Bit Description Attr Default
7 Reserved R 0
Power supply for ADC reference voltage:
6 1: Power on. R 0
0: Power off.
Busy:
5 1: Measurement is active. R 0
0: Sleep mode (Default after POR)
* This bit is reset to zero automatically after pressure sensor measurement done in force mode.
4 Reserved R 0
3 Reserved R 0
2 Reserved R 0
1 Reserved R 0
0 Reserved R 0
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PS-200D
(J Pressure Measurement Operating Flow

< Chip Power On

System Initial

Interface Seletion
1.SS=High ?
2. Write 12C Command (First)?

No ——————————» Selected SPI Mode & Initial

»
Write Force Mode Command
Command
Yes SDI S 0x00e, 0x00y,,
* Status Data Data
SDO| <Bit7:0> <Bit15:8> | <Bit7:0>
Selected I°C Mode
» ADC Conversion Time Delay
Write 0xAA Command (Force Mode) Delay Time > 10ms
Master s SAD+W Command P
<1001100 0> <10101010 Yes
Slave A
(SM6330) SAK SAK Read Pressure Data (Bit 23:0) Format
Command(NOP)|
¢ g 0x004c, 0x004c, 0x00y0,
Status Pressure Data Pressure Data Pressure Data
ADC Conversion Time Delay <Bit7:0 > <Bit23:16 > <Bit15:8 > <Bit7:0 >
Delay Time> 10ms
v
Read Pressure Data A
SAD+W Pressure Data Pressure Data Pressure Data :
Yes | Master |S 100110005 | A | <onazes | A | <erisss | A | <miros |“A| P Calculation Pressure
STave And Display Value
(SM6330) SAK
<
) 4
A Write 0xAA Command (Y/N)?
Calculation Pressure
And Display Value
<
r‘io
Sleep Mode

Write 0XAA Command (Y/N)?

No

v

Sleep Mode
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PS-200D
(J Pressure versus digital out value

The relationship between digital output value and pressure is given as show below :

Pressure Data Pressure vs Digital Output Value (Typical)
Bit 23:0

% OXFFFFFF 100% /
PxD99999 35% - 7\/
E 80%

70%

60%

0x800000 500
40%

30%

ig'pxzeeeee 15%8:?' """ 7\/
L

oxoo0000 0% | 1

500 -1000  -500 0 500 1000 1500

1428.5
-1428.5

Pressure (Pa)

(ADC Value (g 3.0 — 0800000 e ) * (0X07dl0,ygy)

Pout (Pa) =
(0xb33333,5,)
O Application Circuit (For 12C/SPI Interface)
chart
VDD VDD
VDD VDD- Li
Im R2 l R1 %Cl
ASIC S8 ASIC
Micro-Controller Micro-Controller
i s 01 i cx 101
SDA o2 sol 102
SDO
103
Pressure Module ves SDO (No Connected) ves Pressure Module vss Lss = lioa vss
T L +
Flg. 1:13C Application Circuit. Fig. 2:SPI Application Circuit.
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PS-200D
3 12C Reading Code Example

//* MAIN PRORGAM *//

/I* MAIN PRORGAM *//

void main()

{

SYSTEM_INITIAL(); // 10(12C Mode: SS Pin Output High) , LCM Display, Memory Initail
ms_DELAY(5); // Delay 5ms

while (1) // Read pressure loop in force mode

{

CMD_WRITE(0x98,0x0aa); // Force Mode & Full Measurement.
m s_DELAY(10); // ADC Conversion Time Delay 10ms

IIC_read _pressure(0x99); // Read Pressure data

}

}

void CMD_WRITE(uint16_t sub_address,uint16_t wr_data)

//======= Slave Address + Bit 0 (write=0)
start();

if((sub_address >>7) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((sub_address >>6) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((sub_address >>5) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((sub_address >>4) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((sub_address >>3) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((sub_address >>2) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((sub_address >>1) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((sub_address >>0) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

//=======write data
if((wr_data >>7) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((wr_data >>6) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((wr_data >>5) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((wr_data >>4) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((wr_data >>3) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((wr_data >>2) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((wr_data >>1) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((wr_data >>0) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

SACK();

stop();

}

Vi //
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3 12C Reading Code Example

PS-200D

//* MAIN PRORGAM *//

void IIC_read _pressure (uint16_t read_address)
{

status_reg=0; counts1=0;

start(); // start condition

//======= Slave Address + Bit 0(Read=1)

if((read_address >>7) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((read_address >>6) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((read_address >>5) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((read_address >>4) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((read_address >>3) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((read_address >>2) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((read_address >>1) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

if((read_address >>0) & 0x01) {SDA_DOUTSET;}
else {SDA_DOUTCLR;} ; clock();

SACK(); // master ack low

SDA_IN; // set sda input

//=======Read status

if (SDA==1) status_reg+=128; clock();
if(SDA==1) status_reg+=64; clock();

if (SDA==1) status_ reg +=32; clock();

if (SDA==1) status_ reg +=16; clock();

if (SDA==1) status_reg+=8; clock();

if (SDA==1) status_reg+=4; clock();

if (SDA==1) status_reg+=2; clock();

if (SDA==1) status_reg+=1; clock();
MACK();

//=======Read pressure Data Bit 23:16

if (SDA==1) counts1+=0x800000; clock();
if(SDA==1) counts1+=0x400000; clock();
if (SDA==1)) counts1+=0%x200000; clock();
if(SDA==1) counts1+=0x100000; clock();
if (SDA==1) counts1+=0x080000; clock();
if (SDA==1) counts1+=0x040000; clock();
if SDA==1) counts1+=0x020000; clock();
if SDA==1) counts1+=0x010000; clock();

//=======Read pressure Data Bit 15:8

MACK(); // master ack low

if(SDA==1) counts1+=0x8000; clock();
if (SDA==1) counts1+=0x4000; clock();
if (SDA==1) counts1+=0x2000; clock();
if SDA==1) counts1+=0x1000; clock();
if SDA==1) counts1+=0x0800; clock();
if SDA==1) counts1+=0x0400; clock();
if (SDA==1) counts1+=0x0200; clock();
if (SDA==1) counts1+=0x0100; clock();
MACK(); // master ack low
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PS-200D
3 12C Reading Code Example

//* MAIN PRORGAM *//

//=======Read pressure Data Bit 7:0
if (SDA==1) counts1+=0x80; clock();
if (SDA==1) counts1+=0x40; clock();
if (SDA==1) counts1+=0x20; clock();
if (SDA==1) counts1+=0x10; clock();
if (SDA==1) counts1+=0x08; clock();
if (SDA==1) counts1+=0x04; clock();
if (SDA==1) counts1+=0x02; clock();
if SDA==1)) counts1+=0x01; clock();
NACK(); // master ack High

stop();

Vi Calculation Pressure output value //
Offset =0x800000; // offset value

negative_flag=0; // clear negative_flag

if (counts1>= Offset)

// ====== Calculation pressure value, Display resolution : 0.1Pa =====//
counts1= (counts1- Offset)* (0x07d0)*10/(0xb33333);}
else

{
counts1= ~(( Offset -counts1)*(0x07d0)*10/(0xb33333))+1; // Calculation negative pressure value
negative_flag=1;

Display_Pressure(counts1, negative_flag); // display pressure value

Vi
/!
void start() // start condition //

{

SDA_OUT; // SDA set to Output mode.
SDA_DOUTSET; // SDA Output high.
SCL_DOUTSET; // SCL Output high.
NOP_DELAY(30);

SDA_DOUTCLR; // SDA output low.
NOP_DELAY(30);

SCL_DOUTCLR; // SCL output low.
NOP_DELAY(30);

}

void stop()

{

SDA_OUT; // SDA set to Output mode.
SDA_DOUTCLR;

SCL_DOUTCLR;

NOP_DELAY(30);

SCL_DOUTSET;

NOP_DELAY(30);

SDA_DOUTSET;

NOP_DELAY(30);

void clock()

{
SCL_DOUTSET;
NOP_DELAY(2);
NOP_DELAY(2);
SCL_DOUTCLR;
NOP_DELAY(1);
NOP_DELAY(1);
}
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PS-200D
3 12C Reading Code Example

/* MAIN PRORGAM *//

void MACK()

{

SDA_OUT; // SDA set to output mode
SDA_DOUTCLR;

NOP_DELAY(30);

clock();

NOP_DELAY(30);

SDA_IN; // set sda input
NOP_DELAY(30);

}
void NACK()

{

SDA_OUT; // SDA set to output mode
SDA_DOUTSET; // SDA output high
NOP_DELAY(30);

clock();

NOP_DELAY(30);

}

void SACK()

{

SDA_IN; // SDA set to input mode
NOP_DELAY(30);

SCL_DOUTSET;

NOP_DELAY(30);

ack_error_flag=SDA_N; // read ACK Signal
clock();

NOP_DELAY(30);

SDA_OUT;

NOP_DELAY(30);

}

/! End /11
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PS-200D

Revision DATE Description
1.0 2016.02.01 First Release.
1.1 2016.03.01 Spec changed
2.0 2017.11.23 Main sensor asic changed.
2.1 2018.09.27 SPEC changed to page11 and added page12.

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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