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PROPERTY RIGHTS OF ANY THIRD PARTY) WITH RESPECT TO ANY AND ALL INFORMATION GIVEN IN
THIS APPLICATION NOTE.

Information

For further information on technology, delivery terms and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).

Warnings

Due to technical requirements, components may contain dangerous substances. For information on the types in
question, please contact the nearest Infineon Technologies Office.

Infineon Technologies components may be used in life-support devices or systems only with the express written
approval of Infineon Technologies, if a failure of such components can reasonably be expected to cause the
failure of that life-support device or system or to affect the safety or effectiveness of that device or system. Life
support devices or systems are intended to be implanted in the human body or to support and/or maintain and
sustain and/or protect human life. If they fail, it is reasonable to assume that the health of the user or other
persons may be endangered.



. AP16181
Infl neo/n Using an I12C Temperature Sensor with the XC22xx Microcontroller

Device1
Revision History: V0.1, 2010-06
Previous Version: none

Page Subjects (major changes since last revision)

We Listen to Your Comments

Is there any information in this document that you feel is wrong, unclear or missing?
Your feedback will help us to continuously improve the quality of this document.
Please send your proposal (including a reference to this document) to: IX]

ipdoc@infineon.com

Application Note 3 V0.1, 2010-06



. AP16181
Infl neo/n Using an I12C Temperature Sensor with the XC22xx Microcontroller

Table of Contents

Table of Contents

1 e To 1T T 1T o 5
2 Introduction to the lIC (I2C) BUS........ccciiiiiiiiiicemrire s ssss s s mne e e e e s s s smmnnnes 6
3 Digital Temperature Sensor (LM75A) ........cccccciiriiiiiiisssseereeressssssssssssssrs s s ssssssssssssssssesssssssssssssnnnsnnes 7
4 Interfacing the XC22xx Device With LIMT75A ......... e sn s s 8
5 IIC Configuration UsSing DAVE...........oo e s am e e e mn e e 10
6 Example C Code for the XC2265N DevVicCe.........cccceeviiiiiiiiiiiiiiieesssssees s s sssssssss s s s ss s s s s sssnsnsanes 16
7 ADBDBIreVvIiations.........o e e 19
8 Related DOCUMENES ........oiieiiii it 19

Application Note 4 V0.1, 2010-06



. AP16181
In fl n eo/n Using an 12C Temperature Sensor with the XC22xx Microcontroller

Introduction

1 Introduction

This application note focuses on 12C (IIC) communication with a Temperature Sensor (LM75A in this example),
driven by a Microcontroller.

The IIC functionality is described, along with an example on how to set up the |IC using the Infineon DAVE tool
with an XC2265N device.

Temperature
- Senor
(LM35A)

Figure 1 Block Diagram of XC22xx Starter Kit with Temperature Sensor
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2 Introduction to the IIC (I12C) Bus

The IIC bus is a bi-directional two line bus, enabling communication between any kind of integrated circuit that
supports this protocol, either by hardware or software. Examples of such ICs are EEPROMs, RAMs, and
Temperature Sensors, data converters or general purpose microcontrollers.

The main advantage of this protocol is its two line interface, as shown in figure 2.

C

V_||:,|: W

Pull-up
‘ registars
SDA
SCL
Temp
uC Sensor
haster Slave -
Figure 2  1IC Communication

The two-line bus consists of an SDA (Serial Data Line) and an SCL (Serial Clock Line). These lines are to be
connected to a positive supply via pull-up resistors (Note: Please read the 1IC bus specification).

The multi-master capability of the IIC bus is not used in this application example. There is only one master, the
Infineon XC22xx microcontroller, and a slave (the Temperature Sensor).

Application Note 6 V0.1, 2010-06



. AP16181
Infl neo/n Using an 12C Temperature Sensor with the XC22xx Microcontroller

Digital Temperature Sensor (LM75A)

3 Digital Temperature Sensor (LM75A)

The LM75A is an industry-standard digital temperature sensor with an integrated Sigma-Delta analog-to-digital
converter and I12C® interface.

The LM75A provides 9-bit digital temperature readings with an accuracy of +2°C, from -25°C to 100°C and +3°C
over -55°C to 125°C.

LM75A SOP-8 and MSOP-8
_/
Sha —1 8= +Ve
SCL=— 2 7 AD
0.5.—3 61— Al
GHO = 4 5= AZ
Figure 3 LM75A Pin Description
Table 1 Pin Description
Label | Pin# | Function Typical Connection
SDA 1 12C Serial Bi-Directional Data Line, From Controller, tied to a pull-up resistor or current
Open Drain source
SCL 2 12C Clock Input From Controller, tied to a pull-up resistor or current
source
0.S 3 Over temperature Shutdown, Open Pull-up Resistor, Controller Interrupt Line
Drain Output
GND |4 Power Supply Ground Ground
+Vs 8 Positive Supply Voltage Input DC Voltage from 2.7V to 5.5V 100nF bypass
capacitor with 10uF bulk capacitance in the near
vicinity
A0-A2 | 7,6,5 | User-Set 12C Address Input Ground (Low, “0”) or +Vs (High, “17)
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Interfacing the XC22xx Device with LM75A

4 Interfacing the XC22xx Device with LM75A

41 LM75A

The LM75A sensor operates with a single supply from +2.7V to +5.5V. Communication is via a 2-wire interface
which operates up to 400 kHz. The sensor has three address pins (User-Set 12C Address Inputs), allowing up to
eight LM75A devices to operate on the same 2-wire bus.

The LM75A temperature sensor incorporates a band-gap type temperature sensor and 9-bit ADC (Sigma-Delta
Analog to-Digital Converter). The temperature data output of the LM75A is available at all times via the 12C bus.

411 IIC Bus Interface

The LM75A operates as a slave on the 12C bus, so the SCL line is an input (no clock is generated by the
LM75A) and the SDA line is a bi-directional serial data path.

According to the 12C bus specification, the LM75A has a 7-bit slave address. The four most significant bits of the
slave address are hard wired inside the LM75A and are “1001”. The three least significant bits of the address
are assigned to pins A2—-A0Q, and are set by connecting these pins to ground for a low, (0); or to +Vs for a high,

().

The complete slave address is:

1 | o | o | 1 | a2 | a1 ] ao
MSB LSB
4.1.2 Temperature Data Format

Temperature data is represented by a 9-bit, two's complement word with an LSB (Least Significant Bit) equal to
0.5°C:

Table 2 Temperature Data Format
Temperature Digital Output
Binary Hex

+125°C 011111010 OFAh
+25°C 00011 0010 032h
+0.5°C 0 0000 0001 001h
0°C 0 0000 0000 000h
-0.5°C 11111 1111 1FFh
-25°C 11100 1110 1CEh
-55°C 11001 0010 192h
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Interfacing the XC22xx Device with LM75A

4.2 XC22xx Configuration

XC22xx is configured in Master Mode with 400kbaud.
Pin P0.6 is used as SDA pin.

Pin P0.5 is used as SCL pin.

USIC1 CH1 is used for 12C protocol.

e o o o

-I-"IJ'S
B

+"u"s “hﬂ 7
Al B

GND Az 5 3 08,

R1 éﬂz e " LM75A] out
P06 10k 10k - SDA 1
P05 __:§GL2

4
GND

Figure 4 Interfacing the XC22xx Device with LM75A
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IIC Configuration using DAVE

5 lIC Configuration using DAVE

Note: Although USIC1 CH 1 is used as IIC Protocol in this example, other USIC channels can also be used.
The following steps describe the configuration.

Select USIC1 Bubble from XC22xx GUI

Figure 5 DAVE Showing USIC1 Module
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IIC Configuration using DAVE

infineon
-

Configuration of USIC1

1. Select IIC from USIC1 Channel 1 Protocol Selection
# Universal Serial Interface Channel (USIC1) ﬂ
=) -| 2|
Protocol |
—USICT Channel 0 Protocol Selechon
USIC Protocol for L1C0 [Mone -
—USICT Channel 1 Protocal Selechon
USIC Fratocol far U1CT [Mere ﬁ@
Maone
ASC
550
Figure 6 IIC Protocol Selection from USIC1 Channel 1
V0.1, 2010-06
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IIC Configuration using DAVE

Select CH 1 bubble (Part of USIC1)

P

CAP
crT1 § arzf com J CCY || c5V

2 60 61

Figure 7 CH 1 Bubble of USIC1
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IIC Configuration using DAVE

Configuration of IIC General Tab

1. Select the ‘Enable module; the module is supplied with the input clock’ checkbox.

2. Select SCL pin (P0.5) from Pin Selection.

3. Select SDA pin (P0.6) from Pin Selection.

4. Configure Baud rate to 400 kbaud
& Universal Serial Interface Channel {USICY U1C1 ﬂ
|| 17

IIC General | I:c:ntn:ull FIFO | Interruptsl Irit. E:-:tensiu:unl Eank Selectl PEC I Funu:tiu:unsl Nu:utesl

— Enable UICY —IIC General
v Enable module; the module iz supplied with the input clock Input clock, [MHZ] : a0

— Operation mode————— 1~ PFin zelection —Baud rate @
= Master mode Mode SCL pin Baud rate [kbaud] ﬁ
™ Slave mode SOA pin
Step walue [STEF) IEI:-:EEIEI
— Addresz mode
_ Divider factor [FOIY]  (0=002
% 7't Address
0 bt [o00 Real Baud rate [400.000
[kbaud]
™| Slave acknowledge to address D0H [&EED0]
—Mote
“Word Lenth a
Frame Lenth : 3F

Figure 8 U1C1 IIC General Page
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Configuration of FIFO

IIC Configuration using DAVE

1. Set ‘No. of FIFO Buffer entries’ to 4.
2. Set ‘Tx FIFO Data Pointer’ to 0.
3. Set ‘No. of FIFO Buffer entries’ to 2
4. Set ‘Rx FIFO Data Pointer’ to 4
@ Universal Serial Interface Channel {USIC) U1C1 ﬂ
oo &tm - 2|
||nterru|:uts| [, EHtEﬂSiDnI Bank Selectl FEC I Funu:tiu:unsl Nu:utesl
— Tranzmit FIFO Butfer Configuration 1 — Receive FIFO Buffer Configuration /3\
Mo, of FIFD buffer entriez |4 Z Mo, of FIFO buffer entries |2 Z
T« FIFD Data Pointer ] Fx FIFO Drata Pointer 4
— Tranzmit FIFOD [nterrupts Configuration — Receive FIFO Interrupts Configuration
Livifls o (et B 2ner m Feceiver Maotifization Mode [RMRM]
™ Buiffer Event on Limit Overflovs @ Filing level made " Rl mode
Limit for Interupt Generation II:I vl
[ Standard T Butfer Int INnne j F
™ Buiffer Event on Limit Overflow
[ Tx Buffer Emar Int INu:une j
[ Standard Fi= Buifer Int INnne j
™| Zlternate B Butter lnt INnne j
[ R Bufer Ermar nt INnne j
Figure 9 U1C1 IIC FIFO Page
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IIC Configuration using DAVE

Configuration of Functions Tab

Select U1C1_IIC_vinit.

Select U1C1_IIC_uwGetStatus.
Select U1C1_IIC_vFillTxFIFO.

Select U1C1_IIC_uwGetRxFIFOData.
Select U1C1_IIC_ublsRxFIFObusy.
Select U1C1_IIC_ubIsTxFIFObusy.
Select U1C1_IIC_ublsRxFIFOempty.
Select U1C1_IIC_ublsTxFIFOempty.
Select U1C1_IIC_ubGetRxFIFOFillingLevel.
10. Select U1C1_IIC_vFlushRxFIFO.

11. Select U1C1_IIC_vFlushTxFIFO.

& Universal Serial Interface Channel {USIC) U1C1 ﬂ
= otn | 2

lIC Generall I:u:untrDII FIFO I Interruptsl Int. E:-:tensiu:unl Bank Selectl PEC = Functions |N|:utes|

© N o o bk~ w DN =

©

—Iniliali nctioh———— — Source File "Header File

V1S winit ’7 File: name ILI1I:1.u: File name ILI1I:1.h
7\

Function Library [Part 2]

— Function Library [Part 1]

™ |UAC_IC_whd asterT ransmit IMC_E_wFillTxFIFO

I |UAC1_IIC_ v asterR eceive INC1_IC_uwGetR«FIFOData

r LIAIIE_VWritEData INC1_IC_ublsRxFIFObusy

r £ Y IC_wBReadD ata IMC_IC_ublzT=FIFObusy
ICT_NC_wwiGetStatus IJTCT_IC_ubl R =FIFDful

I~ |UAC1_IIC_vFesetStatus LTC_IE_ublzT=FIFO6I

I [UMCT_IC_vEnahlACk 1CT_IIC_ublsR=FIFOemphy

I |UCI_NC_vDisableslr, 1CT_IIC_ubleT=FIFOempty

™ UAC1_IIC_vinitSlavetdode IMC_IC_ubGetR=FIFOFillinglewvel

T AT _NC_ il I1CT_IIC_ubGetT «FIFOFillingLewvel

T UACT_NC sl 1CT_IIC_wFlushR=FIFO

™ [UCT_IC_wi2Ic 1C1_INC_wFlushT=FIFO

r

LNCT_NE_wi3lC_CC2

Figure 10 U1C1 Function Page

Application Note 15 V0.1, 2010-06



. AP16181
Infl neo/n Using an 12C Temperature Sensor with the XC22xx Microcontroller

Example C Code for the XC2265N Device

6 Example C Code for the XC2265N Device

The following example C code, written for the XC2265N device, shows how to read the temperature from the
temperature sensor with IIC as a protocol using USIC. Only temperature data is read in this example, using
FIFO.

Tools Used

DAVE v2.1r22

DAVE_XC22xxN_Series_v0.2.dip (Latest Dip)

EASY KIT XC22xxX / XE166 V3.1

TASKING Tools for C166-VX v2.4r1

Universal Debug Engine, Release: 2.04.19 (Universal access device 2)

Example Code

//****************************************************************************

// @Function vold Test vApplication(void)

e et
// @Description This function Reads Temperature

// NOTE: This function should be called in MAIN.C

/) m e
// @Returnvalue None

e i et
// QParameters: None

//****************************************************************************

uword uwFIFO SendDatal4];

uword uwFIFO RecData[2] = {0};

void Test vApplication (void)

{

ubyte ubReadData = 0;

ubyte ubFIFOLevel = 2;

uword uwSlAdr = 0x90; // Address A0 - A2 = 0

Doprintf ("\r\n-—+-—+-—t—t—t—t—t—t—t—t -ttt bttt bbbt bt =)
Doprintf ("\r\nTemperature Sensor");

Doprintf ("\r\nUSIC UOCO - ASC Communication for UART");

Doprintf ("\r\nBaud rate - 19,200 kbaud, Used pins for UART: Txd -> P7.3, Rxd ->

P7.4");

Doprintf ("\r\nUSIC UlCl - IIC Communication for Temperature Sensor");

Doprintf ("\r\nBaud rate - 400 kbaud, Used pins for IIC: SDA -> P0.6, SCL ->
PO.5");

Doprintf ("\r\n-+-+-—+-t—+—t—F—F—t—t—t—t—t—t—F bttt =ttt bttt === —+="") ;
uwFIFO_ SendData[0O]= (((UICITDF MStart << 8) & 0x0700) | ((uwSlAdr + UICIIIC READ
)& O0x00FF)); // Read mode

uwFIFO SendData[l]= ((ULCITDF MRxAckO << 8) & 0x0700); // TDF AckO

uwFIFO SendData[2]= ((ULC1TDF MRxAckl << 8) & 0x0700); // TDF Ackl
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Example C Code for the XC2265N Device

uwFIFO SendData[3]= ((ULCLTDF MStop << 8) & 0x0700); // TDF_Stop
while (!U1C1l_IIC ubIsTxFIFOempty()); // Wait for Tx FIFO Empty
Doprintf ("\r\nTxFlush Empty");

while (U1C1_IIC ubIsTxFIFObusy()); // Wait for TxFIFO Not Busy
Doprintf ("\r\nTxFIFO Not Busy");

UlCl_IIC_vFlushTxFIFO () ; // clear the transmit FIFO

Doprintf ("\r\nClear the transmit FIFO");

UlCl_IIC vFillTxFIFO (uwFIFO SendData , 4);

sprintf (s, "\r\nProtocol Status[%x]", UlCl_IIC uwGetStatus());

Doprintf (s) ;

while (UlCl_IIC ubGetRxFIFOFillingLevel() != 2); // Wait for Two Data's
while (ubReadData != ubFIFOLevel) // Read Two Data's
{
while (UlCl_IIC ubIsRxFIFObusy()); // Wait for RxFIFO Not busy
uwFIFO RecData[ubReadData] = ULCl_IIC_uwGetRxFIFOData () ; // Get the Received
Data

Doprintf ("\r\nRec Data");
ubReadData++;
}

UlC1l_IIC_vF1lushRxFIFO () ;
while (!U1C1l_IIC ubIsRxFIFOempty()); // Wait for Tx FIFO Empty
Doprintf ("\r\nRxFlush Empty");
sprintf (s, "\r\nRecDataO[%x]", (uwFIFO RecData[0] & O0xO00FF)); // Read lst Byte
Doprintf (s);

sprintf (s, "\r\nRecDatal[%x]", ((uwFIFO RecData[l] & 0x0080) >> 7)); // Read 2nd
Byte (1-LSB bit)

Doprintf (s) ;

Doprintf ("\r\n+-+-+-+-+ +-+-+-+-+ Communication END +-+-+-+-+ +—+-+-+-+\r\n") ;
// end of application

}
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Example C Code for the XC2265N Device

6.1 Results

The Test_vApplication result, captured through Serial Port (HyperTerminal), is given below.

The received value can be converted to temperature by using the Temperature Data Format (see section 4.1.2).

& COM10_19200 - HyperTerminal -|I:I|ﬂ
File Edit “ew Call Transfer Help

Temperature Sensor

USIC UBCG - ASC Communication for UART

Baud rate - 19,200 kbaud, Used pins for UART: Txd —> P7.3, Rxd —> P?1.4
USIC U1C1 - IIC Communication for Temperature Sensor

Baud rate - 480 kbaud, Used pins for IIC: SDA -> PO.6, SCL —> PB.5
TxFlush Empty

T=xFIFO Mot Busy

Clear the transmit FIFO

Protocol Status[10]

Rec Data

Rec Data

RxFlush Empty

RecDataBl19]

RecDatallB]

- ———+ - ———+ Communication END +——+—+—+ +———+—+

=

N

Disconnected 47100 [tozomen-1 [SCROLL [CAPS UM [Capture  [Print echa

Figure 11 Result Captured through Serial Port
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7 Abbreviations

FIFO First In, First Out

12C IIC - Inter-IC Bus Protocol

LSB Least Significant Bit

MSB Most Significant Bit

SDA Serial data line

SCL Serial clock line

usSIC Universal Serial Interface Channel
8 Related Documents

www.infineon.com

e XC2200N User’'s Manual (xc2200n_um_v1.2_2009_07.pdf), Jul 2009, v1.2
e XC226xn Data Sheet (xc226xn_ds_v1.2_2009_12.pdf), Feb 2010, v0.2

e StarterKits and Evaluation Boards Manuals.

e XC22xxN-Series DIP files for DAVE — latest version

www.national.com

e LM75A Data sheet
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