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Set up for WOI’kShOpI Please Sign in on Sheet. Please include your email.

While you are waiting for the Workshop to begin...

Please signin
1. Make sure you are connected to the local Wifi )
Guest Password: Welcome2DMS Member Y/ | Emll addes
2. Make sure you have Arduino IDE installed and Name
working:

Download Arduino Version 1.6.4 or newer.

Add the Wire.h library
Sketch - Include Libraries - Manage Libraries - Wire?

3. Copy Programs off the USB Memory stick.
Projectl, Project2, Project3, Project4 &

Extra Project

Parts Needed: ( Ask about Parts kits )
Arduino Uno,

Breadboard & Wires,
3 - LED’s,

3 - 330 ohm resistors,
1- TC74 Temp sensor,

1- I2C eeprom




2 Most significant features include:
I C - T VV I Bus e Only two bus lines are required
e No strict baud rate requirements like for
instance with RS232.

I)C Bus e The master generates a bus clock.
The I12C bus was designed by Philips in the early '80s a. Bus can have different clock speeds.
to allow easy communication between components . CLOCK SPEED 10 KHZ

which reside on the same circuit board. i, CLOCK SPEED 50 KHz

iii. CLOCK _SPEED 100 KHZ

iv. CLOCK _SPEED 400 KHZ

The Inter-Integrated Circuit name translates: e Simple master/slave relationships exist
lIC, 12C IC or TWI between all components

e Each device connected to the bus is

Philips Semiconductors migrated to NXP in 2006.

TWI Bus
TWI stands for Two Wire Interface. This bus is software-addressable by a unique address
identical to I?’C. The name TWI was introduced by e [2C is a true multi-master bus providing
Atmel and other companies to avoid conflicts with arbitration and collision detection

trademark issues related to 12C.



http://www.nxp.com/
http://www.i2c-bus.org/MultiMaster/

[°C Overview

The devices on the 12C bus are either masters or
slaves.

Master This is the device that generates clock, starts
communication, sends 12C commands and stops
communication

Slave This is the device that listens to the bus and is
addressed by the master

Multi-master |2C can have more than one master and
each can send commands

Arduino already has pull-up resistors on the SDA and SCL
pins. All though this would not hurt the circuit it’'s not needed
because when the Wire.h library is initialized it knows pins 4
and 5 are going to be used for I2C so it also activates the
built-in pull-up resistors.

Bus Example: Refer to Data sheet for Resistor values

The I12C bus’ master uses a device’s 7-bit address to signal the
component it wants to talk to and is shifted left to create an 8-bit value
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I°C Bus & Addressing

I2C bus uses a 7-bit address that is passed along with a
read/write bit. Since a byte comprises eight bits.

The extra bit is used to indicate whether the signal is being sent
by the master to the slave as a ‘write’ or a ‘read’.

Because of the I1?C addresses being 7-bit numbers enables the
bus to comprise up to 127 devices.

The 7-bit address is placed in bits one through seven.

The Arduino takes care of the last R/W bit for us depending
on what function we’re using so as long as you’re using the
standard Arduino Wire library.

The Seven middle address bits.

The first four bits(Control Code) are hard-wired and can'’t be
changed.

The next three bits(A2,A1,A0) are the important bits and we
can change them.

What address the chip will have is dependent on what we set
these pins to.

Tie pins 1,2 and 3 on the 24L.C256 to GND then the chip
would have address 0x50 and if tie them all Vcc then the chip
would have address 0x57 .

Read/Write Bit
Chip Select
Control Code Bits
| l !
s I 1| 0| 1| o| A2|A1]| A0 HM_IACK
| |
Slave Address
Start Bit Acknowledge Bit
Al = 1001 ODO PDIP/SOIC
A1 = 1001 oDl 7
AZ = 1001 OLD AOE.‘ 8:]\&'00
A3 = 1001 011 w
Al[ ]2 7[Jwp
A&d = 1001 100 !: ﬂ j
A5 = 1p01 101 A2[]3 % 6 ]SCL
A = 1001 110 N
AT = 1001 111 vss[]4 5] 1S0A




[°C Bus Data Transfer

Write 121

“’“‘%Ju

1 7-5CL

Data transfer sequence

1. Send the START bit (S).

. Send the slave address (ADDR).

. Send the Read(R)-1 / Write(W)-0 bit.

. Wait for/Send an acknowledge bit (A).

. Send/Receive the data byte (8 bits) (DATA).
. Expect/Send acknowledge bit (A).

. Send the STOP bit (P).

NOUThhWN

Repeated START (Sr)

The main reason that the Sr bit exists is in @ multi master configuration
where the current bus master does not want to release its mastership.
Using the repeated start keeps the bus busy so that no other master can
grab the bus.

“Wrte 12

HUU

Data Transfer from master to slave

A master device sends the sequence S ADDR W and then waits
for an acknowledge bit (A) from the slave which the slave will
only generate if its internal address matches the value sent by
the master. If this happens then the master sends DATA and
waits for acknowledge (A) from the slave. The master completes
the byte transfer by generating a stop bit (P) (or repeated start).

Data transfer from slave to master

Instead of W, R is sent. After the data is transmitted from the
slave to the master the master sends the acknowledge (A). If
instead the master does not want any more data it must send a
not-acknowledge which indicates to the slave that it should
release the bus.



[2C PinOut Overview
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1°C & Arduino

In order to use the I12C interface we need to include the Arduino
standard Wire library #include <Wire.h>

Need to define the address for your device
#define diskl 0x50 //Address of 24LC256
#define Temp 0x50 //Address of TC74A0
intaddress =72; //Decimal Address of TC74A2
Note: Arduino versions before 1.0 use Wire.send and Wire.
receive
If you are using Arduino 1.0 and above then you need to use
Wire.write and Wire.read
Analog port 4 (A4) = SDA (serial data)
Analog port 5 (A5) = SCL (serial clock)

s{roy H rowmn HTwoo T s
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2-Wire pins
A4 (SDA) <a—p

]
]

A5 (SCL) ~t—

#include <Wire.h>
#define diskl 0OxE0 FrAddress of Z4LCZ5£ eeprom chip
vold setup (vold)
{
Serial.begin(9e00);
Wire.begini):
unsicgmed int address = 0;
writeEEPROM(diskl, address, 123);
Serial.print(readEEPROMidisk]l, address), LDEC);

}
woid anpi]I}
vold writeEEPROM(int deviceaddress, unsiomed int eeaddress, byte
{

Wire.beginTransmissionideviceaddress);

Vire.write((int) (eeaddress »> 8)); £ HSE

Wire.write((int) (ecaddress & OxFF)): // LSE

Wire.write(data):

Wire.endTransmission():

delay(5);




Communication Between Arduinos Using I’C

Arduino Board 12C pins

Uno, Pro Mini A4 (SDA), A5 (SCL)
Mega, Due 20 (SDA), 21 (SCL)
Leonardo, Yun 2 (SDA), 3 (SCL)

ViIN
5v

DO/RX

DI/TX

b2

D3 PWM

D4

D5 PWM

p6pwM Arduino
D7 Uno
o8

D9 PWM

D10 PWM/55
D11 PWM/MOSI
D12/MIS0

D13/5CK

GND

3vV3

RESET

AREF

A
Al
A2
A3
A4/SDA
AS/5CL

[TTT

3v3

RESET

AREF

AD
Al
A2
A3
Ad4/SDA
AS/SCL

5V
VIN

DO/RX

D1/TX

D2

D3 PWM

D4

DS PWM
Arduino D& PWM
Uno D7
D8

D9 PWM

D10 PWM/55
D11 PWM/MOSI
D12/MISO
D13/5CK

GND




IC Projects 1, 2, 3,4, 5

Project 1
I°C Scanner Tool.
Project 2
Read TC74 Temperature Sensor & Display to
console.
Project 3
Write to & Read from eeprom
Project 4
Read TC74 Temp and Write to eeprom.
Project 5
Use &View with Logic Analyzer.
Project Extra
Connect 2 Arduino Uno together using I°C

Set up your breadboard with your I2C devices

Connect your breadboard to the Arduino.
TC74 Pinout

Arduino analog pin 4 to TC74 pin 2

Arduino analog pin 5 to TC74 pin 4

Arduino 5V to TC74 pin 5

Arduino GND to TC74 pin 3

Arduino Pin 12 to Green LED

LED Resistor to GND

Red +volt
Black - GMND

- - - -
______________
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Project 1- I°C Scanner

Download I2C Scanner
http://playground.arduino.cc/Main/I2¢Scanner
Connect your I2C devices to your Arduino Bd.

This program will Scan for all devices on the I2C bus and
report back all the device address found.

12C Master 12C Slave 12C Slave
2.g. Micrcoontrallsr 2.g. Senal EEPROM 8. ATC

A4 TIZC Scanner

#include <Wire.h®

wold setup() {
Serial.begin (115200) :
Serial.println [):

Serial.println ("I2C scanner. Scanrircg

bvte count = 0;
Wire.begini()
for (byte i = 8; i < 12Z0; i4++)
{
Wire.beginTransmission (i)
if (Wire.endTransmission () == 0
{
Serial.print ("Found address:
Serial.print (i, DEC) :
Serial.print (™ (0x"™):
Serial.print (i, HEX):
Serial.println (")1™):
counti;
delay (1) S maybhe mnneesded?
} S end of good response
} S end of for loop
Serial.println ("Done.™):
Serial . .print ("Found ) :
Serial.print {(count, DEC) :
Serial.println (7 dewvice(s).™):
} 4F end of setup
wold loopfl {)

)

rr -
-

UL
== om -



http://playground.arduino.cc/Main/I2cScanner
http://playground.arduino.cc/Main/I2cScanner

Project 2 Read TC74 Temperature Sensor

TC74Ax
TC74 always operates as a Slave
TC74A0 in TO-220 package.

AO corresponds to the device address 1001 000 (72)
A1 corresponds to the device address 1001 001 (73)
Pinout

Arduino analog pin 4 to TC74 pin 2
Arduino analog pin 5 to TC74 pin 4 T0-220

Arduino 5V to TC74 pin 5 O
Arduino GND to TC74 pin 3
TC74
TCT4A0-5.0VCT 1001 00D 1234
TC74A1-5.0VCT 1001 001
TC74A2-50VCT 1001 010
TC74A3-5.0VCT 1001 011 AR
%ﬂz—' i}
TC74A4-50VCT 1001 100 LB0Z>
TCT74A5-50VCT 1001 101+
TCT4A6-5.0VCT 1001 110
TCT4AT-5.0VCT 1001 111

Refer to the TC74 datasheet

Include Wire I12C library
#include <\Wire.h>
int temp_address = 73; 1001 001 written as decimal number
void setup()
{
Start serial communication at 9600 baud
Serial.begin{9600);
Create a Wire object
Wire.begin();
¥
void loop(]
i
Send a request & sh:arl: talking to the device at address 73
Wire.beginTransmission{temp address);
Send a bit asking for register zero, the data register
Wire.write(0);
Complete Transmission
Wire.endTransmission():
Read the temperature from the device using the read bit
Request 1 Byte from the specified address
Wire.requestFrom{temp address, 1);
Wait for response
while{\Wire.available() == 0);
Get the temp and read it into a variable
int c = Wire.read();
Math to convert the Celsius to Fahrenheit
int f = round(c*9.0/5.0 +32.0);
Temperature in degrees C and F to the serial monitor display
Serial.print["Testing Temp "});
Serial.print{c);
Serial.print{"C "};
Serial.print(f);
Serial.printin("F");
delay(500);
¥



http://ww1.microchip.com/downloads/en/DeviceDoc/21462D.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/21462D.pdf

Project 3 -Write & Read to eeprom

Connect 24L.C256 eeprom To Arduino Uno

Arduino analog pin 11 to LED on Bread Bd.
Arduino analog pin 12 to LED on Bread Bd.
Arduino analog pin 4 (A4) to EEPROM pin 5. SDA
Arduino analog pin 5 (A5) to EEPROM pin 6. SCL
Arduino 5V to EEPROM pin 8 VCC.

Arduino GND to EEPROM pin 1,2,3,4

Pin 7 of the EEPROM tie it to GND otherwise the
EEPROM will be write protected

241L.C256 Data Sheet

PDIP/SOIC
A0O[ 1 i 8| ] Vece
Al[ ]2 g 7 Jwp
A2[ |3 x 6| ] SCL
vss [ |4 i 5 ] SDA

#include <Wire.lo

#define diskl 0=50 S/Address of Z4ALCIZS5E eeprom chip
int a =128; // Data

int b =255; /4 Data

vold setup (void)

{
Serial.begin(9600) ;
Vire.begin()

pinMode (12, OUTPUT): S/Weite LED
pinMode (11, OUTPUT): S /Bead LED
unsigned int address = 0; S/ o dtarting point address 0

Serial.print("Writing to EEPROM Address "):
Serial.printlnladdress); Serial.print("Data ");
Serial.println (a);

writeEEPROM(diskl, address, a); //Write 128 into location 0
address = address +1; f/increment the address
Serial.print("Writing to EEPROM Address ");

Serial.println (address); Serial.print("Data ");
Serial.println (b):

delay (500): J/Delay to watch the write to eeprom
writeEEPEOM (diskl, address, b):

address = 0;

delay (1000) ; /4 Delay to see Green LED
Serial.print("Feading from EEPEOM Address ™):
Serial.println (address); Serial.print("Data "):
Serial.printlnireadEEPROM (diskl, address), DEC);

address = address +1;

Serial.print("Eeading from EEPROM Address ™);
Serial.println (address); Serial.print("Data ) :
Serial.print(readEEPROM(disk]l, address), DEC);



http://ww1.microchip.com/downloads/en/DeviceDoc/20001203U.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/20001203U.pdf

- N OT WO~

—

S s A EE B EEER s E
5 A E AR EEEEYrD

9
-
-
-
..
- =
.I
-
-
-
-
-t
-
-

AmR

sEEEE o ‘l'"fi .

2 e a0

ing eeprom 241L.C256

ing us

I2C Project 3 Wir




Project 4 -Read Temperature Sensor and Write to eeprom

Now let's tie it all together.

Load Program for Project 4
[2¢_EEPROM_Workshop_Project_4

Writing to EEPROM Address O
Data 128

Writing to EEPEROM Address 1
Data Z55

Feading from EEFROM Address O
Data 128

Reading £from EEPECOM Address 1
Data Z55

Feading data from TICT74

Data Z4

Writing to EEPEREOM Addre=ss 0O
Data 24

Feading data from TICT74

Writing to EEFEROM Address 1

Feading from EEFROM Address O

Reading from EEPROM Lddress 1

#include <Wire.h>
#define diskl 0x50
int temp address = 73;

S Address of IZ4LCZ5E eeprom chip
A4 1001001 written as decimal number TCT74A1

int a = 128; /4 Data
int b = Z55; A4 Data
unzigmed int address = 0; A4 Starting point address 0 for eeprom

vwold setup (vold)

{
Serial.begin(9600) ;
Wire.begin() ;
pinMode (12, OUTPUT) :
pinMode (11, OUTPUT) ;
pinMode (10, OUTPUT)

S#f Write IZ4LCZ56 LED
// Fead Z4LCZ58 LED
/# Read TC74 LED

1 Write wariable a and b to eepron

A4 unsimmed int address = 0;
Serial.println(™ "):
Serial.println("---------————————— e ——— B
Serial.print("Writing to EEPROM Address "):
Serial.printlnfaddress); Serial.printc("Data "):
Serial.printlnia);

wWEiteEEPROM (diskl, address, a);

address = address + 1;
Serial.print({"Writing to EEPROM Address "):
Serial.println{address); Serial.print("Data "):
Serial.println (b);

writeEEPROM (diskl, address, b);

J/Write 128 into memory location O
Jiincrenent the address

J/Write Z55 into memory location 1




Project 5 Arduino I*C Bus connected to Logic Analyzer

Configuration Logic Analyzer Connect probe channel 1 to SDA pin A4
Analyzers - 12C Connect probe channel 2 to SCL pin A5
Configuration - Edit Settings Name channel 1 SDA - Name Channel 2 SCL
Display - Decimal Address Display to 7 -bit address bits only

¥ Analyzers SDA 6 - 'SDA! =
sCL TTOr -

Address Display [?-bit,, address bits only i

R2C

Wt 73] T RCE

"““"%u”“‘”*“ up“”u“ Huu 4l

7-5CL




