Application Note

HWntersema Software library for
ANSOS MS5536

1 Introduction

Interfacing the MS5536 with a computer or a microcontroller is very easy thanks to the serial digital interface that is
provided by the pressure module. The MS5536 rely on the Sensor Interface ASIC for communication and data
conversion.

This document provides C-language source code examples that access the MS5536, thus reducing Time-To-Market
and reducing development risks for our customers.

Warning: The source code provided in this document and in the additional source files is given for information to
customers to help them developing their application. The reference documents are always the controlled datasheets of
the products, and customers should refer to these documents instead of the source code for the specifications.

2 Communication with the Sensor Interface ASIC

The MS5536 is based on the Sensor Interface ASIC which handles A-to-D conversion as well as the serial
communication. Thus low-level functions are product independent (see figure 1). Future products based on the same
IC might re-use the same library.
Sensor specific functions decode the sensor's coefficients (Cx) from the calibration words (Wx) and calculate the
compensated pressure and temperature. The ASIC access functions rely on a few hardware and time related functions
and are thus platform dependent.

MS5536 specific

functions
ASIC
access
Hardware Time related
access functions

Figure 1. Software hierarchy
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2.1 Hardware related functions
The MS5536 module has the following pins:

VDD
GND
PEN
PV
MCLK
SCLK
DIN
DOUT

During normal operation, the software controls only SCLK, DIN and DOUT while MCLK is connected to a 32kHz
oscillator. The other pins have static voltage as described in the datasheet.

The interface with the IC is a simple 3-wire interface handling both coefficients and acquisition reading. Output signals
are SCLK and DIN, while the input signal is DOUT. To control and read these signals, the software described in this
application note uses the following functions:

unsi gned char sensor_control Init (); // 0 =no error
voi d sensor _control Exi t (void);

/1l set SCLK to the specified state (true/false)
voi d set SCLK (unsi gned char state);

/1l set DIN to the specified state (true/false)
voi d setDI N (unsi gned char state);

/1l returns the current state of DOUT
unsi gned char get DOUT (void);

/1 Wait for a "pulse" duration
voi d WAi t OnePul se (void);

sensor_controllnit() and sensor_controlExit() functions are used to initialize and exit the hardware control if necessary.

The implementation of these functions is platform dependent. An example for the parallel port, working on Win32 (i.e.
Windows 95/98,...NT/2000) is given in appendix A.

2.2 Time related functions

Communication using serial interface must meet several time constraints. In particular serial data shift must not be too
fast. Therefore, we use the WaitOnePulse function to put sufficient time between the two SCLK edges. Please refer to
the module's datasheet for the exact value. Typically this function is implemented using a busy loop (especially on
microcontrollers).

voi d Wai t OnePul se (void); /1 Wait for a "pulse" duration

Note that one function of this library also uses the C run-time time() function. For more details, please refer to the
description of the waitOnDoutFall() below.

2.3 Sensor Interface ASIC access functions

The sensor interface related functions give access to the module through the serial interface. They provide access to
the ADC through reading D1 and D2, and also to the coefficient memory. The function prototypes are given hereafter.

/1l send a reset sequence to the IC
void reset (void);

/1 Read the corresponding calibration word of the IC (index [1:4])
unsi gned short getW (unsigned char index);
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/[l Start a D1 acquisition, wait for end of conversion and return the val ue

unsi gned short getDl1 (unsigned char *error_pt);

/[l Start a D2 acquisition, wait for end of conversion and return the val ue

unsi gned short getD2 (unsigned char *error_pt);

These functions rely on a few sub-functions described below:

/1 wait until a falling edge on DOUT is detected
unsi gned char wait OnDout Fal | (void);

/1 shift in (fromlICto PC) a 16 bit val ue
unsi gned short Serial Get 16 (void);

/1 shift out (fromPCto IC) a sequence of bits

voi d Serial SendLsbFirst (unsigned char pattern, unsigned char

nbr _cl ock);

2.3.1 waitOnDoutFall

This function make a busy loop polling on the DOUT pin. It waits until DOUT goes low. If no module is connected, the
DOUT pin might remain at 1 forever. Thus in some application, it is necessary to implement a timeout that would stop
the loop after a certain time. This is especially useful in some Microsoft Windows application. In embedded

applications, this timeout is usually removed.

To implement the timeout function, we're using the C run-time time() function. The loop's duration is checked from time

to time. If DOUT is not low within 1 seconds, the loop is aborted.

unsi gned char wai t OnDout Fal | (voi d)
{

unsi gned char worki ng;

| ong cnt;

unsi gned | ong tO0;

unsi gned | ong t1;

unsi gned char error;

wor ki ng

g
error 0;

Wai t OnePul se();

to

(unsi gned long) time(0);
cnt 0;

whi | e(wor ki ng)
{
wor ki ng = get DOUT() ;
cnt ++;
Wi t OnePul se() ;
if (cnt>=100)
1 = (unsigned long) tine(0);
f ((t1-t0)>1)
wor ki ng
error

t
i
{
0;
il

}

cnt = 0O;
b

return(error);
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2.3.2 SerialGetl6

This function shifts in a 16-bit value of the Sensor Interface IC. Note that we read DOUT after the falling edge of SCLK
to be sure that the IC has had enough time to set the data on the DOUT pin. This function is used mainly to fetch the
Wx, D1 and D2 words out of the IC.

/* e sy —p——— === e ——————————— */
/* Seri al Get 16 */
/* o e e e e e e e e e =t o o o */
unsi gned short Serial Get 16(voi d)

{

unsi gned char i;
unsi gned short v;

v = 0;
set SCLK(0) ;
Wi t OnePul se();

for (i=0; i<16; i++)

set SCLK(1);

Wi t OnePul se() ;

set SCLK(0) ;

V =V << 1;

if (getDOUT())
v =v | 1;

Wi t OnePul se();

return(v);

2.3.3 SerialSendLsbFirst

This function generates a serial pattern on DIN. It generates nbr_clock cycles and the value of DIN is set according to
the pattern. The first data transmitted is the bit 0 of pattern, the second data is bit 1 (LSB first). This function is used
mainly to send the commands to the IC.

/* e ——————— —_—=—=—=== e ————————————————————— */
/* Seri al SendLsbFi r st */
/* s ——————— ====== e ———————————————————————— */

voi d Serial SendLsbFirst(unsigned char pattern, unsigned char nbr_cl ock)
{

unsi gned char i;

unsi gned char c;

set SCLK(0) ;
WAi t OnePul se() ;
for (i=0; i<nbr_clock; i++)
{
c = pattern & 1;
if (c==1)
set DI N(1);
el se
set DI N(0) ;
Wi t OnePul se() ;
set SCLK(1);
Wi t OnePul se() ;
set SCLK(0) ;
pattern = pattern >> 1,
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2.3.4 reset

This function sends a reset sequence to the Sensor Interface IC.
/* —==== —==== —==== —==== —==== —==== */
[ * reset */
/* —==== —==== —==== —==== —==== —==== */

voi d reset (void)

Seri al SendLsbFi rst (0x55, 8);
Seri al SendLsbFi r st (0x55, 8);
Seri al SendLsbFi rst (0x00, 5);

2.3.5 getW

This function reads the W coefficients stored in the Sensor Interface IC. The index value is 1 for W1, 2 for W2 and so
on. Note that we generate a single pulse on SCLK AFTER reading the data to be compliant with the datasheet. This
pulse is often forgotten.

/* —==== —==== —==== —==== —==== —==== */
/* getw */
/* =_==== =_==== =_==== =_==== =_==== =_==== */
unsi gned short getW (unsigned char index) // 1 to 4

{

unsi gned short data;

data = O;
swi t ch(i ndex)

case 1:
Seri al SendLsbFirst((char) 0x57, (char) 8);
Seri al SendLsbFi rst((char) 0x01, (char) 5);
data = Serial Get16();
br eak;

case 2:
Seri al SendLsbFirst((char) 0xD7, (char) 8);
Seri al SendLsbFi rst ((char) 0x00, (char) 5);
data = Serial Get 16();
br eak;

case 3:
Seri al SendLsbFirst((char) 0x37, (char) 8);
Seri al SendLsbFirst((char) 0x01, (char) 5);
data = Serial Get 16();
br eak;

case 4:
Seri al SendLsbFirst ((char) OxB7, (char) 8);
Seri al SendLsbFi rst((char) 0x00, (char) 5);
data = Serial Get16();
br eak;

}
Seri al SendLsbFirst (0x00, 1); // to be conpliant with the data sheet
return(data);
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2.3.6 getD1

This function starts a D1 acquisition, waits for the end of conversion and reads the result out of the IC.
/* —==== —==== —==== —==== —==== —==== */
[ * get D1 */
/* —==== —==== —==== —==== —==== —==== */
unsi gned short getD1 (unsi gned char *error_pt)

unsi gned short di;
unsi gned char error;

Seri al SendLsbFi rst (0Ox2F, 8);
Seri al SendLsbFirst (0x00, 2);

error = O;
i f (get DOUT() ==0)
error = 1; // line should be at 1 now

Seri al Sendsti:i rst (0x00, 2);

if (lerror)

error = waitOnDout Fall ();
if (lerror)

dl = Serial Get 16();
el se

dl = 0;

Seri al SendLsbFirst (0x00, 1); // to be conpliant with the data sheet
if (error_pt!=0)

*error_pt = error;
return(dl);

}
2.3.7 getD2

This function starts a D2 acquisition, waits for the end of conversion and reads the result out of the IC.
| * ===== === === === === === */
/* get D2 */
| * ===== ===== ===== ===== ===== ===== */
unsi gned short get D2(unsi gned char *error_pt)
{

unsi gned short d2;
unsi gned char error;

Seri al SendLsbFi rst (0x4F, 8);
Seri al SendLsbFirst (0x00, 3); // Note the difference with getD1l

error = O;
i f (getDOUT()==fal se)
error = 1; // line should be at 1 now

Seri al Sendsti:i rst (0x00, 1);

if (lerror)
error = wai t OnDout Fal | ();

if (lerror)

d2 = Serial Get 16();
el se

d2 = 0

if (error_pt!=0)
*error_pt = error;
return(d2);
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3 MS5536 specific functions

The functions described here are specific for the MS5536 and process the data read from the sensor interface. In
particular, Tsensor5536_ConvertWtoC() is used to convert the W words read from the device into the C coefficients
used by the calculation. Since these values are read only once the corresponding C coefficients are stored in global
variables. Tsensor5536_calcPT() calculates the pressure and the temperature from the D1 and D2 values.

The algorithm descibed in the datasheet [1] was designed to work with 16-bit signed arithmetics. The multiplication
used makes a 16x16-bit signed multiplication with a 32-bit signed result. This 32-bit value is the shifted right and only
the LSB are kept. However, the final pressure calculation might overflow the 16-bit depending on the chosen resolution
and the applicable pressure range. The following table summarize the principals configurations:

pressure range Resolution [mmHg] #bits signed Right shifts
... - 1000 mmHg 0.01 18 11

0.02* 17 12

0.04 16 13
... - 500 mmHg 0.02* 16 12

* resolution given in the datasheet
We see clearly the relationship between the resolution and the number of bits necessary to store the result of the
multiplication. The column "right shift" indicates the number of right shifts that must be performed to get the correct
result.

With a resolution of 0.01 mmHg, a value of 9998 represents 99.98 mmHg. In case of 0.04 mmHg resolution, a value of
5412 represents 216.48 mmHg (5412/25).

Similarly, the temperature is stored with a 1/100 of °C of resolution, so a value of 3680, for example, represents a
temperature of 36.80°C

The datasheet [1] defines the following calculation to get the pressure
X = (SENS*(D1-OFF))/2*

Temperature compensated pressure:
P = 2X (weight: 0.01 mmHg)

The following piece of code is taken from the Tsensor5536_calcPT() listing. It highlights the multiplication and the
following right shifts.

X = dl - off;

mult_res = mul tiply(sens, Xx);

mult_res =mult_res >> 13;

pressure = (short) mult_res; /1 for 1000mHg range and 0. 04nmHg resol ution

Obviously, when more than 16 signed bits are required, it it not possible to store pressure in a short variable and a
long must be used instead. This has an impact on the number of memory used and on the processing time of the
microcontroller. It depends also of the usage of the pressure variable.

3.1.1 global variables and prototypes for the 5536

global variables:

short tenperature;
short pressure;
short util;

short Ci;

short C2;

short C3nod;

short C4nod;

short C6nod;

prototypes:

void Tsensor5536_ConvertWoC (short W, short W2, short W8, short W);

AN504.doc www.intersema.ch 7/12




Software library for MS5536

void Tsensor5536_cal cPT (short di, short d2);

extern short tenperature;
extern short pressure;

3.1.2 Tsensor5536_ConvertWtoC

The Tsensor5536_ConvertWtoC() function converts the W1-W4 to the C coefficients. The C3, C4 and C6 coefficients
are not stored directly since it is more efficient to store the C3mod, C4mod and C6mod which represent the modified
value of these coefficients to which an constant integer is added or substracted (see datasheet).

A similar method is used for C5 which is used only for the calculation of utl. So we prefer to store only utl.

22— * [
[* e Tsensor 5536_ConvertWoC -------------------- */
/* ________________________________________________________________________ */

[** Convert the Wk coefficients into the Cx */
void Tsensor5536_ConvertWoC (short W, short W2, short W8, short W)

{

short Xx;
short vy;
short C3;
short C4;
short C5;
short C¢;
Cl = W & OxOFFF;
if (W & 0x8000)

Cl = C1 | 0x1000;
C2 = W & Ox1FFF;
C3 = (W >> 8) & OxFF;
if (W & 0x2000)

C3 = C3 | 0x100;
4 = (W >> 8) & OxFF;
if (W & 0x4000)

C4 = C4 | 0x100;
X = W & OxFF;
y = (WB>>4) & O0x0FO00;
G =x1y;
C6 = W2 & OxOOFF;
utl = (C5 << 2) + 15136;
C3nod = C3 + 222;
C4mod = C4 - 243;
Cémod = C6 + 262;
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3.1.3 Multiply

The multiply() function makes a 16x16 bits signed multiplication with a 32-bit signed result. Since this multiplication is
platform dependant (especially with 8-bit microcontrollers), we prefer to use the multiply() function to ease software

development.

/22— * [
T multiply -=-------cccmmmomi oo */
/* ________________________________________________________________________ */

Il ong multiply(short a, short b)

return(((long) a) * ((long) b));

3.1.4 Tsensor5536_calcPT

22— * [
L Tsensor5536_cal cPT ------------ooocooonnoo */
/* ________________________________________________________________________ */
voi d Tsensor5536_cal cPT (short di, short d2)
{

short dt;

short off;

short sens;

short x;

long mult_res;

dt = d2 - utl;

nult_res = nmul tiply(C4nod, dt);

mult_res = mult_res>>12;

of f = (short) mult_res;

of f = off + C2 + 10381,

mult_res = multiply(C3npod, dt);

mult_res = mult_res>>11;

sens = (short) mult_res;

sens = sens + Cl1 + 10179;

X = dl - off;

nmult_res = mul tiply(sens, Xx);

mult_res =mult_res >> 13;

pressure = (short) mult_res; /1 for 1000nmHg range and 0. 04mHg resol ution

mult_res = multiply(C6nod, dt);

nult_res = mult_res>>9;

tenperature = (short) nmult_res;

tenperature = tenperature + 2000;
}
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Appendix A : Implementation for the parallel port

The source code described in this application note can be downloaded with the file AN504_01_src.zip. This file
can be found on Intersema'’s web site (http://www.intersema.ch)

A.2 Requirement

The ZIP file contains a project for Borland C++ Builder 6.0 and for Microsoft Visual C++ 6.0. They work with the
parallel port module manufactured and distributed by Intersema. This parallel port module is currently available
only with MS5534 and MS5535 mounted. Testing the MS5536 will require to modify this board to connect a
MS5536 otherwise any other board with the same pin-out as described hereafter will work.

PC SubD-25 parallel port pin-out:
pin2 SCLK
pin3 DIN
pin4 VDD
pin12 DOUT
pin25 GND

Note: The pin 4 is used for the power supply of the parallel port module. This signal is set to 1 when the
sensor_controllnit() function is called and is set back 0 at the end of the program.

Warning: Don't forget that the parallel port is working at 5V and the MS5536 cannot work above 3.6V; levelshifter
are therefore necessary.

A.1 Accessing the parallel port

Accessing directly the parallel port under Windows NT or 2000 is not possible since the operating system
prevents applications to modify 10 registers. In order to bypass this limitation, it is possible to use a device driver
that will manage all access to the parallel port. The source code provided in this application note uses the
NTPORT software developed by Zeal SoftStudio (http://www.zealsoftstudio.com/ntport). This piece of code
allows any application to access the 10 registers without restriction. A copy of the NTPORT evaluation software is
included in the archive file. It is possible to purchase an unlimited version of NTPORT directly by Zeal SoftStudio.

To install the evaluation version of NTPORT on your computer, run setup.exe located in the ntport_setup
directory.

A.3 Files provided in the archive

bcbport.lib NTPORT library for Borland Builder
borlanddemo.bpf Borland Builder project file
borlanddemo.bpr Borland Builder project file
borlanddemo.exe Executable generated by Borland Builder
hardware.cpp hardware related functions (interface with NTPORT)
harware.h hardware related functions
interface_ic.cpp sensor interface ASIC functions
interface_ic.h sensor interface ASIC functions
main.cpp main

sensor5536_int.cpp MS5536 functions

sensor5536 _int.h MS5536 functions

ntport.h NTPORT interface functions

ntport.lib NTPORT library for VC++

vcdemo.dsp VC++ project file

vcdemo.dsw VC++ project file

ntport_setup directory containing NTPORT setup files
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Appendix B : References

[1] DA5536_005.doc MS5536 datasheet, July 7 2005
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NOTICE

Intersema reserves the right to make changes to the products contained in this document in order to improve the design or performance
and to supply the best possible products. Intersema assumes no responsibility for the use of any circuits shown in this document, conveys
no license under any patent or other rights unless otherwise specified in this document, and makes no claim that the circuits are free from
patent infringement. Applications for any devices shown in this document are for illustration only and Intersema makes no claim or warranty
that such applications will be suitable for the use specified without further testing or modification.
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