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LW191 A-SS 3 A I XXXX X X XX X

Model
LW191<1psi
LW192>1psi

Output Type
A = Analog
D = Digital
Package Style

SS = Single Side Port
DS = Dual Side Port
TP = Top Port

MM = Manifold Mount

Supply Voltage
3=33Vdc

Output Type
A = 10% to 90%
B = 5% to 95%

Pressure Type
| = 12C (Addr. 0x28H)
J =12C (Addr. Ox36H)
K = 12C (Addr. Ox46H)
S = SPI (Not Available for ‘L’ Pin Style)
0 = 12C (Addr. Ox48H)

9 = 12C (Addr. Ox51H)

@ o

Humidity Protection
C = Gel Coating
Black

Option Type
FP = FR4 Substrate &
PPS Pressure Port

CC = Ceramic Substrate &
Ceramic Pressure Port

Pin Style
P = Thru Hole
S =] Lead
L = In Line

Pressure Type
D = Differential
G = Gauge
A = Absolute

Pressure Range
002 M = 2 Mpa
004 W = 4 InH20
005 K =5 Kpa
010 P =10 Psi
020 B = 20 Bar
100 A = 100 Pascal

FTEEREHEEAR ORI BRAE
www.linkwon.com.cn

Email: sales1@bill-well.com

AT BILX B 175 AR ELRE 44525A

Tel: 0755-2664 7945 /189 2389 8109  Fax: 0755-2641 9680
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1. 12C Interface Specification
LW19 series is optimized in terms of sensor readout and power consumption when the factory setting for
I2C. For detailed specifications of the 12C protocol, see The 12C Bus Specification.

1.1 Interface Connection-External
Bi-directional bus lines are implemented by the devices (master and slave) using open-drain output
stages and a pull-up resistor connected to the positive supply voltage. The recommended pull-up resistor
value depends on the system setup (capacitance of the circuit or cable and bus clock frequency). In most
cases, 4.7kQ is a reasonable choice. The capacitive loads on SDA and SCL line have to be the same. It
is important to avoid asymmetric capacitive loads.

I°C Transmission start Condition
DD -
trazter HF'H]] Hf—'[l] zlave
] Sha T
— —
7 SCL o
— —

Bath bus lines, S0A and SCL, are bi-directional andtherefore
require an extemal pulkup resistor,

1.212C Address
The 12C address consists of a 7-digit binary value. The factory setting for I12C slave address is 0x28,
0x36 or0x46 depending on the interface type selected from the ordering information. The address is
always followed by a write bit (0) or read bit (1). The default hexadecimal 12C header for read access to
the sensor is therefore 0x51, 0x6D, 0x8D respectively, based on the ordering information.

1.3INT/SS pin
When programmed as an 12C device, the INT/SS pin operates as an interrupt. The INT/SS pin rises
when new output data is ready and falls when the next 12C communication occurs.

1.4 Transfer sequences
Transmission START Condition (S): The START condition is a unique situation on the bus created by

the master, indicating to the slaves the beginning of a transmission sequence (the bus is considered
busy after a START).



I°C Transmission start Condition

q
SDA : [
| .
| |
SCL | |
- LS —
START condition

A HIGH to LOW transition on the SDA line while SCL is HIGH

Transmission STOP Condition (P): The STOP condition is a unique situation on the bus created by the master,
indicating to the slaves the end of a transmission seguence (the bus is considered free after a STOP).

I’C Transmission stop Condition

- r
SDA I :
: [ |
| |
SCL { | |
f
STOP condition

A LOW to HIGH transition on the SDA line while SCL is HIGH

Acknowledge (ACK) / Not Acknowledge (NACK): Each byte (8 bits) transmitted over the 12C bus is followed by an
acknowledge condition from the receiver. This means that after the master pulls SCL low to complete the transmission of
the 8th bit, SDA will be pulled low by the receiver during the Sth bit time. If after transmission of the 8th bit the receiver
does not pull the SDA line low, this is considered to be a NACK condition.

If an ACK 15 missing during a slave to master transmission, the slave aborts the transmission and goes into idle mode.

I°’C Acknowledge / Not acknowledge

naot acknowledge

Lo D S

acknowledpe

5CL tm_w‘ |A|:x* kml ----- M

Each byte is followed by an acknowledge or a not acknowledge,
generated by the receiver

LW19 &3 +100 Pa %] 4300 psi
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1.5Data Transfer Format

Data is transferred in byte packets in the 12C protocol, which means in 8-bit frames. Each byte is followed by an
acknowledge bit. Data is transferred with the most significant bit (MSB) first.

A data transfer sequence is initiated by the master generating the Start condition (S) and sending a header byte. The [2C
header consists of the 7-bit |12C device address and the data direction bit (R/_W).

The value of the R/_W bit in the header determines the data direction for the rest of the data transfer sequence. IfR/_W =
0 (WRITE) the direction remains master-to-slave, while if R/_W = 1 (READ) the direction changes to slave-to-master after
the header byte.

1.6 Command Set and data Transfer Sequences

The 12C master command starts with the 7bit slave address with the 8th bit =1 (READ).The sensor as the slave sends
an acknowledge (ACK) indicating success. The sensor has four 12C read commands: Read_MR, Read_DF2, Read_DF3,
and Read_DF4 Figure 1.6 shows the structure of the measurement packet for three of the four 12C read commands,
which are explained in sections 1.6.1 and 1.6.2

(1) PC Read_MR - Measurement Request:
Slave starts a measurement and DSP calculation cycle. Stist Conditon
Device Slave Address
S8 6 6|4|3(2|9/0R|A(S (example’ Bit 5)
b 4 L Data Bit
Device Slave Wait far (example: Bit 2)
Addrese [60] Slave ACK
ReadWrite Bit
(example: Read=1)

(2) ’C Read_DF2 - Data Fetch 2 Bytes:

Slave retums only bridge data to the master in 2 bytes. Acknowledge (ACK)
asa4321nnn.1a|12|111nilnvnl¢::1nnn No Acknowledge
(NACK)
N\ / | \ F N )
Device Slave Wait for Bridge Data Master  Bridge Data Master Stop Conditian
Address [6:0] Slave ACK [13:8] ACK [7:00 NACK
Status Bit

B ([Pl == r=]

(3) °C Read_DF3 - Data Fetch 3 Bytes:
Slave returns 2 bridge data bytes & temperature high byte (T[10:3]) to master.

SE!4!2‘II:IFtA.'ISl‘I!l'I'I‘W"!?I-“Sﬂ'l#lﬂliﬂ?l-l-l!nﬂs
i A

— / T T S 1, W— ~ £
Device Slave Wait for Bridge Data Master Bridge Data Master Temperature Master
Address [6:0] Slave ACK [13:8] ACK [7:0] ACK Data[10:3] NACK

(4) PC Read_DF4 - Data Fetch 4 Bytes:
Slave returns 2 bridge data bytes & 2 temperature bytes (T[10:3]} and (T[2:0pbxxxx) to master.

SE!4S!‘I&RA.‘ISI'IZ|'I‘H#‘!A7I lﬁAibI!l?l!l!A!‘lﬂnlathB
I

@/

Device Slave Wait for Bridge Data Master Bndge Master Temperature Master Temperature Master

Address [6:0] Slave ACK [13:8] ACK  Data ACK Data [10:3] ACK Data [2:0] NACK
701

A S TE. I | 15, a

Figure 1.6 — 12C Measurement Packet Reads

LW19 &3 +100 Pa %] 4300 psi



I12C Read_DF (Data Fetch)

For Data Fetch commands, the number of data bytes returned by the RBiciLite™ is determined by when the master
sends the NACK and stop condition. For the Read_DF3 data fetch command (Data Fetch 3 Bytes; see example 3 in
Figure 1.6), the sensor returns three bytes in response to the master sending the slave address and the READ bit (1): two
bytes of bridge data with the two status bits as the MSBs and then 1 byte of temperature data (8-bit accuracy). After
receiving the required number of data bytes, the master sends the NACK and stop condition to terminate the read
operation. For the Read_DF4 command, the master delays sending the NACK and continues reading an additional final
byte to acquire the full corrected 11-bit temperature measurement. In this case, the last 5 bits of the final byte of the
packet are undetermined and should be masked off in the application. The Read_DF2 command is used if corrected
temperature is not required. The master terminates the READ operation after the two bytes of bridge data (see example 2
in Figure 1.6).

The two status bits (Bit 15 and Bit 14) give an indication of stale or valid data depending on their value. A returned
value of 00 indicate “normal operation and a good data packet” while a returned value of 10 indicates "stale data that has
been already fetched”. Users that use “status bit" polling should select a frequency slower than 20% more than the
response time,

2. 8Pl interface Specification
The SPI interface of sensor can be programmed for falling-edge MISO change.

2.1 SPI Read_DF (Data Fetch)

For simplifying explanations and illustrations, only falling edge SPI polarity will be discussed in the following sections.
The SPI interface will have data change after the falling edge of SCLK. The master should sample MISO on the rise of
SCLK. The entire output packet is 4 bytes (32 bits). The high bridge data byte comes first, followed by the low bridge data
byte. Then 11 bits of corrected temperature (T[10:0]) are sent: first the T[10:3]byte and then the {T[2:0], 000 byte, The
last 5 bits of the final byte are undetermined and should be masked off in the application. If the user only requires the
corrected bridge value, the read can be terminated after the 2nd byte. I the corrected temperature is also required but
only at an 8-bit resolution, the read can be terminated after the 3rd byte Is read.

WSO Hz | s (su “ ------- ------- 80 | T4 T9 | "E
s | [

Packet = [ {S(1:0),B(13:8)},{B(T-0)}{T{10:3)}.{T(2.0) xxx00¢}] Where
S(1:0) = Status bits of packet (normal, command, busy, diagnostic)
B(13:8) = Upper 6 bits of 14-bit bridge data.
B(7:0) = Lower 8 bits of 14-bit bridge data.
T(10:3) = Corrected temperature data (if application does not require corrected temperature, terminate read early)
T(2:0) xxxxx =. Remaining bits of corrected temperature data for full 11-bit resolution
HiZ = High impedance

Figure 2.1 — SPI Output Packet with Falling Edge SP1_Polarity

LW19 &3 +100 Pa %] 4300 psi



TIMING DIAGRAM

12C INTERFACE PRRAMETERS

PARAMETERS SYMBOL MIN TYP | MAX | UNITS
SCLK CLOCK FREQUENCY FSCL 100 400 KHz
START CONDITION HOLD TIME RELATIVE TO SCL EDGE tHDSTA 0.1 us
MINIMUM SCL CLOCK LOW WIDTH @1 tLow 0.6 us
MINIMUM SCL CLOCK HIGH WIDTH @1 tHIGH 0.6 us
START CONDITION SETUF TIME RELATIVE TO SCL EDGE 1SUSTA 0.1 us
DATA HOLD TIME ON SDA RELATIVE TO SCL EDGE tHDDAT 0 us
DATA SETUF TIME ON SDA RELATIVE TO SCL EDGE tSUDAT 0.1 us
STOF CONDITION SETUF TIME ON SCL tSUSTO 0.1 us
BUS FREE TIME BETWEEN STOP AND START CONDITION tBUS 2 us

@1 COMBIMED LOW AND HIGH WIDTHS MUST EQUAL OR EXCEED MINIMUM SCL PERIOD.
12C TIMING DIAGRAM

BT
scL A 1 .' /_\ 1

SPI INTERFACE PRRAMETERS

PARAMETERS SYMBOL MIN TYP | MAX | UNITS
SCLK CLOCK FREQUENCY FSCL 50 800 KHz
S5 DROP TO FIRST CLOCK EDGE tHDSS 25 us
MINIMUM SCL CLOCK LOW WIDTH @1 tLow 0.6 us
MINIMUM SCL CLOCK HIGH WIDTH @1 tHIGH 0.6 us
CLOCK EDGE TO DATA TRANSITION tCLKD 0 0.1 us
RISE OF 55 RELATIVE TO LAST CLOCK EDGE tSUSS 0.1 us
BUS FREE TIME BETWEEN RISE AND FALL OF S5 tBUS 2 us

@1 COMBINED LOW AND HIGH WIDTHS MUST EQUAL OR EXCEED MINIMUM SCLK PERICD.
SPI TIMING DIAGRAM

s C .

tﬁkﬁﬂ CLED

55

LW19 &3 +100 Pa %] 4300 psi



12C/SPI PROGRAMING SAMPLE

I2C (LW191D-DS-3BI002WDP)

C code example for 12C with Read_DF4 command

On power-up, PORTB is initialized to all inputs with the internal pull-ups turned off, the external pull-ups
pull the SDA and SCL lines high and the PORTB output latch bits SCL and SDA are initialized to zero.
Routines Write SDA and Write SCL toggle their respective data direction bit depending on the value of
parameter “state”. When state is a “1” the port pin is configured as input (external pull-ups pull high). When
state is a “0” the port pin is configured as an output and the latch drives the pin low. Write SDA and

Write SCL are very simple routines that could be incorporated into their respective calling routines to further
reduce the code size.

General Calling Sequence for the Routines

SendStartBit(); f*start*/

SendByte(byte); *send address or command MSB first®/
GetOneByte(); I"'read one byte from serial stream */
SendStop(); *stop™

PORTB on the ATmega164P is used to communicate with SA18D transducer. Bit assignments are as follows:

12C.c

"PB0 = SDA"/

"PB1 = SCL"/

#include “i2c.h"

void Write SCL(unsigned char state)

{
if (state)
DDRB &= 0xfd; /* input ... pullup will pull high or Slave will drive low */
else
DDRB |= 0x02; [* output ... port latch will drive low */

LW19 &7l =+100 Pa %] %300 psi



void Write SDA(unsigned char state)

{

}

if (state)

DDRB &= Oxfe; I input ... pullup will pull high or Slave will drive low */
else

DDRB |= 0x01; I output ... port latch will drive low */

unsigned char SetSCLHigh(void)

{

WriteSCL(1); " release SCL*/

* set up timer counter 0 for timeout ™/

t0_timed_out = FALSE; " will be set after approximately 34 us */
TCNTO =0; I* clear counter */
TCCRO =1; I* c¢kf .. enable counting */

I wait till SCL goestoa1™f
while (! (PINB & 0x02) && 't0_timed_out)
TCCRO =0; I* stop the counter clock */

return(t0_timed_out);

void BitDelay(void)

{

char delay;
delay = 0x03;
do

{
_NOP();
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} while (--delay);

I* Routine SendStopBit generates an TWI stop bit assumes SCL is low stop bitis a 0 to 1 transition on SDA
while SCL is high

SDA /
*f

void SendStopBit(void)
{
Write SDA(0);
BitDelay();
SetSCLHigh();
BitDelay();
Write SDA(1);

BitDelay();

I* Routine SendStartBit generates an start bit start bit is a 1 to 0 transition on SDA while SCL is high

SCL /

SDA \
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void SendStartBit(void)
{
WriteSDA(1);
BitDelay();
SetSCLHighi);
BitDelay();
Write SDA(0);
BitDelay();
Write SCL(0);

BitDelay();

unsigned char SendByte(unsigned char byte)
{
unsigned chari;
unsigned char error;
for (i=0;i<8; i++)
{
WriteSDA(byte & 0x80); I* if > 0 SDA will be a1*/

byte = byte << 1; I* send each bit */

BitDelay();
SetSCLHigh();
BitDelay();
Write SCL(0);
BitDelay();

}

* now for an ack */
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I* Master generates clock pulse for ACK */

WriteSDA(1); I release SDA ... listen for ACK ™/

BitDelay();

SetSCLHigh(); f* ACK should be stable ... data not allowed to change when SCL is
high */

f* SDA at 0 ?*/

error = (PINB & 0x01); I* ack didn't happen if bit0=1"*/
Write SCL(0);

BitDelay();

return{error);

unsigned char GetOneByte(unsigned char lastbyte)
{

I lastbyte ==1 for last byte */

unsingned char i;

unsigned char data;

DDRB &=0xfe; /" release SDA ... listen for slave output */

data=0;

for (i=0; i<B;i++)
{

SetSCLHigh(); /™ Slave output should be stable ... data not allowed to change when
SCL is high */

BitDelay();
data=data<<1;

if (PINB & 0x01)
data=data | 1;

Write SCL(0);



BitDelay();

I"send ACK™/
Write SDA (lastbyte); /* no ack on last byte ... lastbyte = 1 for the last byte */
BitDelay();

SetSCLHigh();

BitDelay();
WriteSCL(0);
BitDelay();
Write SDA(1);

BitDelay();

return (data);

ReadWithPollingl2C.c
It

ReadWithPollingl2C.c reads the digital output simply at any time and be assured the data is no older than
the selected response time specification by checking the status of the 2 MSBs of the bridge high byte data

*

#include “i2ec.h”
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extern unsigned char GetOneByte(unsigned char lastbyte);
extern unsigned char SendByte(unsigned char byte);
extern void SendStartBit(void);

extern void SendStopBit(void);

extern void BitDelay(void);

extern unsigned char SetSCLHigh(void);

extern void Write SDA(unsigned char state);

extern void WriteSCL(unsigned char state);

unsigned char SA181D0O_Address;
unsigned char bufptr[4];
void Init (void)

{
__disable_interrupt();

I* PO = SDA - bidirectional */

* P1 = SCL - output */

I* P7, P6, P65, P4, P3, P2, P1, PO */
Fooooo000Y
Fi1111111%

DDRB = 0xff;

PORTB = 0Oxfc;

"setup SA181DO device address®/
SA181DO_Address=0x28;
!II

The factory setting for 12C slave address is 0x28, 0x36 or 0x46 depending on the interface type selected
from the ordering information.

For this sample code, 0x28 is used for Slave address of SA181DO.
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unsigned char ReadSA181D0O(unsigned char DF_Command)
{

unsigned char i;
unsigned char error;

SendStartBit();

if (SendByte{(SA181D0O_Address<<1) + read)) "send salve address byte®/

return (1); [Mcheck error®/

}

for (i=0; i< (DF_Command-1); i++)

bufptr[i] = GetOneByte (0); I 1 byte of read sequence */
}
bufptr[DF_Command-1] = GetOneByte (1); * 1 signals last byte of read sequence */
SendStopBit ();
return (0);

}

void main (void)

{

float Pressure, Temperature;

unsigned int Dpressure, Dtemperature;

float P1=819.15; * P1= 5% ~ 16383 - A type™/

float P2=15563.85; * P2=95% * 16383 — A type™/

float Pmax=2.0;

float Pmin=-2.0;



Init();

do

ReadSA181D0O (DF4); "Read_DF4 command - data fetch 4 bytes */

If ({(bufptr [0] & 0xc0) ==0x00) f“test status of the 2 MSBs of the bridge high byte of data™/

{

Dpressure= ((unsigned int) (bufptr [0] & 0x3f) <<8) + (bufptr [1]);

Dtemperature= (((unsigned int) bufptr [2]) <<3) + bufptr [3];

Pressure= ({(float) Dpressure)-P1) * (Pmax-Pmin) / P2+Pmin;

Temperature= ((float) Dtemperature) * 200 / 2047 -50;

}
} while (1):

}F main */

12C.h

#include “iom164p.h"

#idefine DF2 2
#define DF3 3
#idefine DF4 4

#define write 0
#define read 1
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SPlI (LW191D-DS-3BS002WDP)

C code example for SP| with Read_DF4 command

ReadWithSPl.c
;*

ReadWithSPl.c reads the digital output simply at any time and be assured the data is no older than the
selected response time specification by checking the status of the 2 MSBs of the bridge high byte data */

*PB0 = SCLK*/
PB1 = MISO*/

"PB2 = §5*/

#include “iom164p.h”
#define DF2 2

#define DF3 3

#define DF4 4
unsigned char bufptr[4];
void Init{void)

{

I P0=SCLK - output ™/

~P1=MISO - input™/

" P2=58 - output™/

I* P7, P6, PS5, P4, P3, P2, P1, PO */
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F111111117%

DDRB = 0xfd;
PORTB = Oxfc;
}

void BitDelay(void)
{

char delay;

delay = 0x03;

do

{
while(--delay)
_NOP();

return;

}

unsigned char GetOneByte (void)

{

unsigned char data=0;

unsigned char i;

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

{
BitDelay();

SCLK=1;

LW19 &7l
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BitDelay();
data=data<<1;
if (PINB & 0x02)

data=data | 1;

SCLK=0;

BitDelay()

}

return (data);

}

unsigned char ReadSA191D{unsigned char DF_Command)
{

unsingned char i;

SCLk=0;
$8=0;
BitDelay();
for (i=0; i<(DF_Command); i++)

{
bufptr[i] = GetOneByte (); f* 1 byte of read sequence */

55=1;
BitDelay();
}

void main (void)

{
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float Pressure, Temperature;

unsigned int Dpressure,Dtemperature;

float P1=818.15; " P1= 5% " 16383 - B type"/

float P2= 15563.85; /" P2=95% " 16383 - B type"/

float Pmax= 2.0;

float Pmin= -2.0;

Init();

do

ReadSA191D (DF4); I"Read_DF4 command - data fetch 4 bytes */
If{(bufptr [0] & 0xc0)==0) ["test status of the 2 MSBs of the bridge high byte of data®/

{
Dpressure= ((unsigned int) (bufptr [0] & 0x3f) <<8) + (bufptr [1]);
Dtemperature= (((unsigned int) bufptr [2]) «<3) + bufptr [3];

Pressure= (((float) Dpressure)-P1) * (Pmax-Pmin) / P2+Pmin;

Temperature= ((float) Dtemperature) * 200 / 2047-50,
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