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- BBERBNELO ABTHRE, XERETNTHHASZHNFHEBEENEREA.
- FUESEIEEN, FABRITERM.

- PRASTRIRBESN, FEmIINEAERITIEA BUERRER.

- BREZERIBRRABHEAR.

SPI i

SPI Read DF(£#EisEEN)

AT EERRANREE, ATED T \%HE‘F&F,E.‘ SPI 4, SPI#EO#E SCLK MIEGEEBEHIEENL. XELL MISO ARINE
SCLK 9E7. %"%utﬂéﬁ&@ (32 i), BEEFTHERNR, {FSEFTHHERE. ARKE 11 EERE
(T[10:0]):E5ER TI10:3]F75, RARRET[2:0], xoxx)FH, RE—NFEHNRE 5 RN, MZENFRFHERdE,
RAFRRFEERNENDE, WAILESNFHZEELLERN, NRAFEEENREE, BREE 8 o, NRJLATEEEE
3dbyte [F£2ILEEY,

SPI Output Packet with Falling Edge SPI_Polarity

o UL~ U UL UL LI
TR G 0 €72 6 B % €38 B O3 €0 i IO G0 €3
. T -

Packet = [ {S(1:0),B(13:8)}, {B(7:0)}, {T(10:3)}{T(2:0),xxxxx}] 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)
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C code example for SPI with Read_DF4 command

ReadWithSPI.c

[

ReadWithSPI.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 */

[*PBO0 = SCLK*/

/*PB1 = MISO*/

/*PB2 = SS*/

#include —iom164p.hll
#define DF2 2
#define DF3 3
#define DF4 4
unsigned char bufptr[4];
void Init(void)

{

/* PO = SCLK — output */
/*P1=MISO - input*/
/* P2 =SS — output */

I* P7, P86, P5, P4, P3, P2, P1, PO */
FO0O0000O0I0Y
11111111
DDRB = 0xfd;

PORTB = 0Oxfc;

}
voidBitDelay(void)

{
char delay; delay = 0x03;

do

AL XFTREREIFT W ERMEARE 3 #% 12
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while(--delay) ;
_NOP();

return;

}
unsigned char GetOneByte (void)
{

unsigned char data=0;
unsigned char i;
for (i=0; i<8; i++)

{

BitDelay();
SCLK=1;
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;

SS=0;
BitDelay();
for (i=0; i<(DF_Command); i++)
{
bufptr[i] = GetOneByte (); /* 1 byte of read sequence */

}

SS=1;
BitDelay();
}

void main (void)

AL XFTREREIFT W ERMEARE 3 #% 13
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{

float Pressure, Temperature; unsigned

int Dpressure,Dtemperature;

float P1=819.15; /* 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); /*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;

12CHitH (24053 H=R)

{£F OXAC ap <TG R ER B E R 2R BRI AR
RIX OXAC g IRENEERI S TR T :
—. K5

<

From master to slave Start Acknowledge
From slave to master E Stop Not Acknowledge

S 0xFO OxAC AlP

]

1 Emd
B aad 0xFO TREIAR 7bits 12C &ttt 9 0x78, &fE 1bit 9 0 XRFIRESE(E.

. &

RETEwCERESFTRENABAEEGS, RARETAENNEFTE—RIYE. FEFARHKEURTOTP(Address:
Ox14)E9[13:11]FEAFIIREEZRFN OTP(Address: OxTARI15: 4IRS RERANRE, WRMRAER 1 70K 2, FRHRHK
=tP+tT, FEHIHKRATENE, FTLUBEAMENE IICRSFHHAHAMEREREEZETHK.
R IR XFEEREHT L FERRFIR AR, 3 1
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155

BRIESESTEE SRR EERATUENRHS A BEFSISEHEUEETE, EEIETVNE 2 FiR, <RI OxF1 R3E0A
A9 7bits 12C IREMBULA 0x78, &/g 1bit 9 1 FREIREFIERMF, RBRIRERIEL 6 1, XA 1 FEREF, 3 F
TEMREE, 2 FHEEREE.

BridgeDat BridgeDat BridgeDat TempDat TempDat
5| [ F status 1 A] “23i1g) [15:8] wop |A pse |2 mo |[N|F

2 12CiEH 5 FHRERNENTIEEE

M. #E
EERERIRE, EEELLAD BRI HASEIMTERNGE. AAEEERIIRSERINIRESIE:
0x04 0x9B OxBO OxC5 0x56 OxAA

0x04 AIRE=F  Bit5 81 RERIA—IR 12CHC, TEHFF—ERITE. 208 Bit5 3 0 REAIZRIEIT, TLUEREIR. XTI
SEZISHNFERAES IR

0x9B 0xBO O0xC5 =Ny Bt EE

0x56 OXAA FNFTREEREE

EROE(EHAES : 15 0x9B 0xBO OxC5 &&#ag+ihal/9 10203333,

RRTERRIREIERIETES 20Kpa-120Kpa, IIRAY AD it 1677722~15099494 (10%AD~90%AD)

RIS EEREREAER:

SEPRESME= (120-20) / (15099494-1677722) * (10203333-1677722) +20=83.5208 Kpa

RERAEERE: 1§ 0x56 OxAA FRiEAHiHFIEN 22186, AT ERERIRESIERUBSFRFRN, XITESt
B EHETRANRBEERR TS 6bits TAFSERIKAE (65535) Ztb, FRLAEREBSURAHTNTTE

H

22186/65536*100%=33.85%
IREIRAEEEME-40°C—150°C FTLAREE= (150— (-40) ) *33.85%—40=24.32°C

LiES
R EDTRERMUER AR

OSR Pressure[13:11] (Zi#H)) Xt RIS RAF MEHTE tP(ms)
000 32768 203

001 16384 105

010 8192 56

011 4096 31

100 2048 19

101 1024 13

110 512 10

AL X FreeReR L E R AR 3 1
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&2 RET RN ER AXIIRER

OSR Temperature[15:14] (Zitil) X ML A SRAF R MUEFTE] tT(ms)
00 2048 19
01 4096 31
10 8192 56
11 16384 105

%3 Status FTHLUE{HEL

etz B X moA
Bit7 {RER EEAH 0
Bit6 LE#E7R (Power indication) 1i8%% L8 (VDDBon) ; 0ig%i=E
Bit5 tLR#ER(Busy indication) 1iRTIC, TIPSO —IX 12C dpSprEkiE
EEUERARB M. MRIREIC, FHHHSE
AERLIE, 0 FEAEIA—IR 12C mSFEK
5 AR O SR IFARIEEN
Bit4 {RER EEN 0
Bit[3] TEIRZ (Mode Status) 0 NOR mode
1 CMD mode
Bit2 FiEER SRR E R 0 7= OTP Zifss SR 2 ML (CRC)
(Memory integrity/error B,
flag) 1 TR, JEIREE MR
IR EBEFEFR(POR)ITE—IR, LS
NBJFET CRCERBEAERE TRA POR Zfa(#E
%0
Bit1 REB EEHN O
Bit0 {RER EEH 0

AYIMELL X FEEREIFT RN ARE 3 #
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N 751
/* * *k%k * *k*k * *k*k * *k*k * * *
* WPS_IIC.c

* Date: 20XX/XX/XX
* Revision: 1.0.0

*

* Usage: IIC read and write interface
* /
#include "WPS_IIC.h"

/NIC clock line sbit
SCL=P171;
/NIC data line sbit
SDA=P1470;

//Set the input and output mode of IIC data pin
#define Set_SDA_INPUT() \
P1MDOUT &= OxFE; \

P1 |= 0X01
#define Set SDA_OUTPUT() PIMDOUT |=
0x01;

////Delay function needs to be defined void
DelayUs(unsigned char i) {
}

//Start signal
void
Start(void) {
SDA =1;
DelayUs(2);
SCL =1;
DelayUs(2);
SDA =0;
DelayUs(2);
SCL =0;

//Stop signal
void Stop(void)

{

AL X FreeReR L E R AR 3 1
TEL:+86-755-83439588 17
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Set_ SDA_OUTPUT(
); SDA =0;
DelayUs(2);
SCL =1;
DelayUs(2);
SDA = 1;
DelayUs(2);

}

/IRead ACK signal
unsigned char Check_ACK(void)

{

unsigned char ack;
Set_SDA_INPUT();
SCL=1;
DelayUs(2);
ack = SDA;
SCL=0;
Set_ SDA_OUTPUT(
); return ack;

}

//Send ACK signal
void Send_ACK(void)

{

Set_SDA_OUTPUT(
); SDA = 0;
DelayUs(2);

SCL = 1; DelayUs(2);
SCL = 0; DelayUs(2);

}
//Send one byte

void SendByte(unsigned char
byte) {

unsigned char i = 0;
Set_SDA_OUTPUT(

); do
{
if (byte & 0x80)
{
SDA =1;
!
else

AL X FreeReR L E R AR 3 1
TEL:+86-755-83439588 18
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SDA =0;
}
DelayUs(2);
SCL =1;
DelayUs(2);
byte <<= 1;
i++;

SCL=0;

}while (i < 8);
SCL =0;

//IReceive one byte
unsigned char
ReceiveByte(void) {

unsigned chari =0, tmp = 0;
Set_SDA_INPUT();
do

{

tmp <<=1;
SCL =1;

DelayUs(2);
if (SDA)
{
tmp |=1;
}
SCL =0;
DelayUs(2)
I
} while (i < 8);
return tmp;
}
/\Write a byte of data through 11IC
uint8 BSP_IIC_Write(uint8 address, uint8 *buf, uint8
count) {
unsigned char timeout,
ack; address &= OxFE;
Start();
DelayUs(2);
SendByte(address);
Set_ SDA_INPUT();
DelayUs(2);
timeout = 0;

AYIMELL X FEEREIFT RN ARE 3 #
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do

ack =
Check_ACK();
timeout++;

if (timeout == 10) {

Stop();
return 1;
}
} while (ack);
while (count)

{

SendByte(*buf);
Set_SDA_INPUT(
); DelayUs(2);

timeout = 0;
do
{
ack = Check_ACK();
timeout++;
if (timeout == 10)
{

return 2;

}
} while (0);
buf++;

count--;
}
Stop();
return O;

/IRead a byte of data through 1IC
uint8 BSP_IIC_Read(uint8 address, uint8 *buf, uint8
count) {

unsigned char timeout,
ack; address |= 0x01;
Start();
SendByte(address);
Set_SDA_INPUT();
DelayUs(2);

timeout = 0;

do

{

AL X FreeReR L E R AR 3 1
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ack =
Check_ACK();
timeout++;
if (timeout == 4)
{
Stop();
return 1;
1
} while (ack);
DelayUs(2);
while (count)
{
*buf = ReceiveByte();
if (count 1= 1)
Send_ACK();
buf++;

count--;

}
Stop();
return O;

}

/*x * * * *

* WPS_IIC.h
* Date: 20XX/XX/XX

* Revision: 1.0.0

*

* Usage: IIC read and write interface

*

WPS_IIC_H_
#define WPS_IIC_H_
uint8 BSP_IIC_Write(uint8 IIC_Address, uint8 *buffer, uint8
count); uint8 BSP_IIC_Read(uint8 IIC_Address, uint8 *buffer,
uint8 count);
#endif

[#ifndef

/* * * * * * *% *

*WPS.c
* Date: 20XX/XX/XX
* Revision: 1.0.0 *

* Usage: Sensor Driver file for WPS

*

#include "WPS.h"

#include "WPS_IIC.h"
AL X FreeReRT L E R AR 3 1
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/I Define the upper and lower limits of the calibration pressure

#define PMIN 20000.0 //Full range pressure for example 20Kpa

#define PMAX 120000.0 //Zero Point Pressure Value, for example 120Kpa

#define DMIN 3355443.0 //AD value corresponding to pressure zero, for example 20%AD=2"24*0.2

#define DMAX 13421772.0 //AD Value Corresponding to Full Pressure Range, for example 80%AD=2"24*0.8

/[The 7-bit IIC address of the JHM1200 is 0x78
uint8 Device_Address = 0x78 << 1;

//Delay function needs to be defined
void DelayMs(uint8 count)

{

}

//IRead the status of IIC and judge whether IIC is busy
uint8 WPS_IsBusy(void)

{

uint8 status;
BSP_IIC_Read(Device_Address, &status,
1); status = (status >> 5) & 0x01;

return status;

[

* @brief Using the 0XAC command to calculate the actual pressure and temperature using the WPS internal
algorithm

* @note Send OxAC, read IIC status until IIC is not busy

* @note The returned data is a total of six bytes, in order: status word, three-byte pressure value, two-byte
temperature value

* @note The returned three-byte pressure value is proportional to the 24-bit maximum value 16777216.
According to this ratio,

the actual pressure value is again converted according to the calibration range.
* @note The returned two-byte temperature value is proportional to the 16-bit maximum value 65536.
According to this ratio,
the actual pressure value is again converted according to the calibration range.
* @note Zero pressure point and full pressure point of calibration pressure correspond to 20kpa and
120Kpa, respectively
* @note The zero point of the calibration temperature is -40°C and the full point is 150°C
* @note The pressure actual value is calculated according to the span pressure unit is Pa, temperature
actual value temp unit is 0.01°C
*/
void
WPS_get_cal(void) {

AL X FreeReR L E R AR 3 1
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uint8 buffer[6] = {0};

uint32 Dtest = 0;

uint16 temp_raw = 0;

double pressure = 0.0, temp = 0.0;

//Send 0XAC command and read the returned six-byte data
buffer[0] = 0xAC;
BSP_IIC_Write(Device_Address, buffer, 1);

SNPS IsBusy())

elayMs(5
while (1)
{
DelayMs(1);
}
else
break;
}

BSP_lIC_Read(Device_Address, buffer,

//T?\)e’ returned pressure and temperature values are converted into actual values according to the

calibration range

Dtest = ((uint32)buffer[1] << 16) | ((uint16)buffer[2] << 8) | buffer[3];

temp_raw = ((uint16)buffer[4] << 8) | (buffer[5] << 0);

pressure = (PMAX-PMIN)/(DMAX-DMIN)*(Dtest-DMIN)+PMIN; temp =

(double)temp_raw / 65536;

temp = temp * 19000 - 4000;
}

/* * *% * * * * * *% * * *% *

* File : WPS.h

*

* Date : 20XX/XX/XX

*

* Revision: 1.0.0 *

* Usage: Sensor Driver for WPS sensor

* [#ifndef
WPS_H

#define WPS_H__

void WPS_get cal(void);

#endif

IR AFHEROIST AL R RIEA RS 3 B
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2¥ GSas) MIN | TYP MAX UNITS
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I12C{§EFRead DF4#SAICHEITG!

ErERY, PMEBERIKE, PORTBHIIAMARTERAN, FNEBLALGSDARISCLASIS, PORTBEIHMITFAISCLANISDAIIAL
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RIBIRE, LB ENEHEISERERMES, MmE—2RMUEERIA/N.

General Calling Sequence for the Routines

SendStartBit(); [*start*/

SendByte(byt e); /*send address or command MSB
GetOneByte(); first*/ /*read one byte from serial
SendStop(); stream */ [*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 WriteSCL (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 */

void WriteSDA(unsigned char state)

IR X FEEReIF TR 3 %
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{
if (state)
DDRB &= 0Oxfe; /* input ... pullup will pull high or Slave will drive low */
else
DDRB |= 0x01; [* 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; /* clear counter */
TCCRO = 1; /* ck/1 .. enable counting */

/* wait till SCL goes toa 1 */
while (! (PINB & 0x02) && !t0_timed_out) ;
TCCRO =0; [* stop the counter clock */

return(t0_timed_out);

}
void BitDelay(void)

{
char delay;
delay = 0x03;
do
{

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

}

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

SCL /

R L X FreeReIFT - EEMEAE 3 & 27
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*/
void SendStopBit(void)
{
WriteSDA(0);
BitDelay();
SetSCLHigh(
); BitDelay();
WriteSDA(1);

BitDelay();
}

WwWoosens

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

/
scL__/

\
SDA |\
*

void SendStartBit(void)

{
WriteSDA(1);

BitDelay();
SetSCLHigh()
; BitDelay();
WriteSDA(0);
BitDelay();
WriteSCL(0);

BitDelay();
}

unsigned char SendByte(unsigned char byte)
{

unsigned char i;
unsigned char error;
for (i=0;i<8;i++)
RYIT R L X FreeReUF T =B AE 3 %
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WriteSDA(byte & 0x80); [* if > 0 SDA will be a
byte = byte << 1; 1*/ I* send each bit */
BitDelay();

SetSCLHigh();

BitDelay();

WriteSCL(0);

BitDelay();

}

/* now for an ack */

/* Master generates clock pulse for ACK */
WriteSDA(1); /* release SDA ... listen for ACK */

BitDelay();
SetSCLHigh /* ACK should be stable ... data not allowed to change when SCL is
(); high */
/* SDA at 0 ?*/
error = (PINB & 0x01); [* ack didn't happen if bit 0 = 1 */
WriteSCL(0);
BitDelay();

return(error);

}

unsigned char GetOneByte(unsigned char lastbyte)
{
[* 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<8;i++)

{
SetSCLHigh() ; /* Slave output should be stable ... data not allowed to change when
SCL is high */
ARYITE L XFreeREeIF R RFIER R, 3 & 29
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BitDelay();

data=data<<1;

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

WriteSCL(0);

BitDelay();

I*send ACK*/
WriteSDA (lastbyte); /* no ack on last byte ... lastbyte = 1 for the lastbyte */

BitDelay(); SetSCLHigh();
BitDelay();

WriteSCL(0);

BitDelay();

WriteSDA(1) ;

BitDelay();

return (data);

}
ReadWithPollingl2C.c

/*
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 “i2c.h”

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 WriteSDA(unsigned char state);

extern void WriteSCL(unsigned char state);

RYITEE L XFreeReUF = RS 3 30
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unsigned char SA181DO_Address;
unsigned char bufptr[4];

void Init (void)

__disable_interrupt();

/* PO = SDA - bidirectional */ /
* P1 = SCL - output */

/* P7, P6, P5, P4, P3, P2, P1,
PO*//*OO0O0O000O0™/
11111111%

DDRB = 0xff;

PORTB = 0xfc;

/*setup SA181DO device address*/
SA181DO_Address=0x28;
/*

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.
*/

}

unsigned char ReadSA181DO(unsigned char DF_Command)

{

unsigned char i;
unsigned char error;

SendStartBit();
if (SendByte((SA181DO_Address<<1) +re {ad)) [*send salve address byte*/

{

return (1); /*check error*/

}
for (i=0; i< (DF_Command-1); i++)
{
bufptr[i] =GetOneByte (0); /* 1 byte of read sequence */
RYIITHES L X FReIREIFT A R AR 3 31
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}
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; I* P2=95% * 16383 — A type*/

float Pmax=2.0;

float Pmin=-2.0

Init();

do

{

ReadSA181DO (DF4); /*Read_DF4 command — data fetch 4 bytes */

If ((bufptr [0] & Oxc0) ==0x00)/*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);

R LU X FeEROUF AL EERFE A 3 #
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} /* main ¥/

12C.h

#include “iom164p.h”

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

#define write 0
#define read 1

R L X FraeReUFT EEMEAE 3 % 33
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