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I12C is a two-wire serial bus. There is no need for chip select or arbitration logic, making it cheap and simple to
implement in hardware. The two 12C signals are serial data (SDA) and serial clock (SCL) and are both bi-directional.
These are open drain output hence one need to connect pull up register on the SDA and SCL line.

Contents
1 INErOAUCHION......eeiiiiie i 3.3 Slave Address Detection ..........ccccceeeieiiiiiieeeenn. 6
2 Registers 3.4 Slave Address Masking
21 Bus Control Register (IBCRO) 3.5 Addressing Slaves
2.2 Bus Status Register (IBSRO).........cccccvvvveeiiineenn. 3 3.6 Acknowledgement
2.3 Ten Bit Slave Address Register (ITBAO)............. 4 4 Interfacing to EEPROM .........cccccoiiiiiiiiiiieee e 8
2.4 Ten Bit Address Mask Register (ITMKO)............. 4 4.1 EEPROM e 8
2.5 Seven Bit Slave Address Register (ISBAO)......... 4 4.2 Connection to MBO14XX .....ccccovvviiiviereeeeeiiiinnnnn, 8
2.6 Seven Bit Address Mask Register (ISMKO) ........ 4 4.3 AJAresSiNg  ...oocovciiiiiiiee e 9
2.7 Data Register (IDAR0) 5 4.4 Example Code e, 9

2.8 Clock Control Register (ICCRO0) 5 Slave mode using Interrupt.........cccccoevviiiiienneennnens 23

3 12C Operation ............cc........ 6 Additional Information .28
3.1 Start Condition Document HiStOrY..........uuviiiiiiiiiiiiiiee e 29
3.2  Stop Condition i 6

1 Introduction

I12C is a two-wire serial bus. There is no need for chip select or arbitration logic, making it cheap and simple to
implement in hardware. The two 12C signals are serial data (SDA) and serial clock (SCL) and are both bi-directional.
These are open drain output hence one need to connect pull up register on the SDA and SCL line.

The device that initiates a transaction on the 12C bus is termed the master. The master normally controls the clock
signal. A device being addressed by the master is called a slave.

Each 12C-compatible hardware slave device comes with a predefined device address, the lower bits of which may be
configurable at the board level. The master transmits the device address of the intended slave at the beginning of
every transaction. Each slave is responsible for monitoring the bus and responding only to its own address.

Data transfer is initiated with the START bit (S) when SDA is pulled low while SCL stays high. Then, SDA sets the
transferred bit while SCL is low and the data is sampled (received) when SCL rises. When the transfer is complete, a
STOP bit (P) is sent by releasing the data line to allow it to be pulled up while SCL is constantly high.

Figure 1. Timing Diagram
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The master begins the communication by issuing the start condition (S). The master continues by sending a unique
7-bit slave device address, with the most significant bit (MSB) first. The eighth bit after the start, read/not-write (0/1),
specifies whether the slave is now to receive (0) or to transmit (1). The receiver, acknowledging receipt of the
previous byte, issues an ACK bit. Then the transmitter (slave or master, as indicated by the bit) transmits a byte of
data starting with the MSB. At the end of the byte, the receiver (whether master or slave) issues a new ACK bit. This
9-bit pattern is repeated if more bytes need to be transmitted.

In a write transaction (slave receiving), when the master is done transmitting all of the data bytes it wants to send, it
monitors the last ACK and then issues the stop condition (P). In a read transaction (slave transmitting), the master
does not acknowledge the final byte it receives. This tells the slave that its transmission is done. The master then
issues the stop condition.

This application note describes how to communicate via 12C with a Serial EEPROM. In this note a 24C04 EEPROM
from Turbo IC is used.

Please note, that this document only gives a rough overview about the communication. The described source codes
were written for understanding not for code size or speed. Neither interrupts nor timers were used. Time critical
program code is always performed by simple flag polling or wait loops.

N

Registers

2.1 Bus Control Register (IBCRO)
The IBCRO consists of the following bits:

. Bit Initial —
Bit No. Name value Value Description
0 Clear bus error interrupt flag*
*
15 S 0 1 No effect
0 No bus error detected*
1 One of the error conditions described below detected*
0 Bus error interrupt request disabled
14 BEIE 0
1 Bus error interrupt request enabled
0 No effect
13 scc 0
1 Generate repeated start condition during master transfer
0 Go to slave mode
12 LS 0 1 Go to master mode, generate start condition and send address data byte in IDARO
register
0 The interface will not acknowledge on data byte reception
11 ACK 0
1 The interface will acknowledge on data byte reception
0 The interface will not acknowledge on general call address byte reception
10 GCAA 0
1 The interface will acknowledge on general call address byte reception
0 Interrupt request disabled
9 INTE 0
1 Interrupt request enabled
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. Bit Initial .
Bit No. NETIE value Value Description
0 Clear transfer end interrupt flag*
1 No effect*
0 Transfer not ended or not involved in current transfer or bus is idle*
Set at the end of a 1-byte data transfer or reception including the acknowledge bit
under the following conditions:
8 INT 0 * Device is bus master.
* Device is addressed as slave.
1 * General call address received.

* Arbitration loss occurred.

Set at the end of an address data reception (after first byte if seven bit address
received, after second byte if ten bit address received) including the acknowledge
bit if the device is addressed as slave. *

+ Read Access

* Write Access

2.2 Bus Status Register (IBSRO)

The IBCRO consists of the following bits:

. Bit Initial —
Bit No. Nearie value Value Description
0 Stop condition detected (bus idle)
7 BB 0
1 Start condition detected (bus in use)
0 Repeated start condition not detected
6 RCS 0
1 Bus in use, repeated start condition detected
0 No arbitration loss detected
5 AL 0
1 Arbitration loss occurred during master sending
0 Receiver acknowledged
4 LRB 0
1 Receiver did not acknowledge
0 Not transmitting data
3 TRX 0
1 Transmitting data
0 Not addressed as slave
2 AAS 0
1 Addressed as slave
0 General call address not received as slave
1 GCA 0
1 General call address received as slave
0 Incoming data is not address data (or bus is not in use)
0 ADT 0
1 Incoming data is address data
WWW.CYpress.com Document No. 002-05323 Rev. *C 3
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2.3 Ten Bit Slave Address Register (ITBAO)
This register (ITBAHO / ITBALO) designates the ten bit slave address.

. Bit Initial s
Bit No. Nz value Value Description
15-10 RES 0
9-0 TAn 1 Address bits

2.4 Ten Bit Address Mask Register (ITMKO)

This register contains the ten bit slave address mask and the ten bit slave address enable bit

. Bit Initial —
Bit No. Name value Value Description
0 Ten bit slave address disabled
15 ENTB 0
1 Ten bit slave address enabled
0 Addressed as seven bit slave.
14 RAL 0
1 Addressed as ten bit slave
13-10 RES 1
0 Bit is not used in slave address comparison
9-0 TMn 1
1 Bit is used in slave address comparison.

2.5 Seven Bit Slave Address Register (ISBAQ)
This register (ITBAHO / ITBALO) designates the ten bit slave address.

. Bit Initial s
Bit No. Name value Value Description
7 RES 0
6-0 SAn 1 Address bits

2.6 Seven Bit Address Mask Register (ISMKO)
This register contains the ten bit slave address mask and the ten bit slave address enable bit

. Bit Initial .
Bit No. NETE value Value Description
0 Ten bit slave address disabled
15 ENSB 0
1 Ten bit slave address enabled
0 Bit is not used in slave address comparison
14-8 SMn 1
1 Bit is used in slave address comparison.
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2.7 Data Register (IDARO)
The data register is used in serial data transfer, and transfers data MSB-first.

. Bit Initial s
Bit No. Nz value Value Description
15-8 RES 0
7-0 Dn 0 Data bits

2.8 Clock Control Register (ICCRO)
The clock control register (ICCRO) has the following functions:

m  Enable 10 pad noise filters

m  Enable I12C interface operation

m  Setting the serial clock frequency

. Bit Initial L

Bit No. Nz value Value Description

15 RES 0

14 NSF 0 This bit enables the noise filters built into the SDA and SCL 10 pads
0 Interface disabled

13 EN 0
1 Interface enabled

12-8 CSn 0 Clock pre-scalar

WwWWw.Ccypress.com

Document No. 002-05323 Rev. *C



http://www.cypress.com/

o CYPRESS

-— EMBEDDED IN TOMORROW™ FR, MB91460, 12C

3 I2C Operation

This Chapter Describes Operation of 12C

3.1 Start Condition

When the bus is free (IBSRn: BB = 0, IBCRn: MSS = 0), writing ‘1’ to the IBCRn: MSS bit places the 12C interface in
master mode and generates a start condition and the contents of the IDARO register (which should be address data)
is sent.

Repeated start conditions can be generated by writing ‘1’ to the IBCRn: SCC bit when in bus master mode and
interrupt status (IBCRn: MSS=1 and IBCRn: INT=1).

If a 1 is written to the IBCRO: MSS bit while the bus is in use (IBSRn: BB=1 and IBSRn: TRX=0; IBCRn: MSS=0 and
IBCRn: INT=0), the interface waits until the bus is free and then starts sending.

Writing ‘1’ to the MSS bit or SCC bit in any other situation has no significance.

3.2 Stop Condition

Writing ‘0’ to the IBCRn: MSS bit in master mode (IBCRn: MSS=1 and IBCRn: INT=1) generates a stop condition and
places the device in slave mode. Writing ‘0’ to the IBCRn: MSS bit in any other situation has no significance.

After clearing the IBCRn: Mss bit, the interface tries to generate a stop condition which might fail if another master
pulls the SCL line low before the stop condition has been generated. This will generate an interrupt after the next byte
has been transferred.

3.3 Slave Address Detection

In slave mode, after a start condition is generated the IBSRn: BB is set to ‘1’ and data sent from the master device is
received into the IDARN register. After the reception of eight bits, the contents of the IDARN register is compared to
the ISBAnN register using the bit mask stored in ISMKn if the ISMKn: ENSB bit is “1'.

If a match results, the IBSRn: AAS bit is set to ‘1’ and an acknowledge signal is sent to the master. Then bit 0 of the
received data (bit O of the IDARN register) is inverted and stored in the IBSRn: TRX bit.

If the ITMKn: ENTB bit is ‘1’ and a ten bit address header is detected, the interface sends an acknowledge signal to
the master and stores the inverted last data bit in the IBSRn: TRX register. No interrupt is generated. Then, the next
transferred byte is compared (using the bit mask stored in ITMKn) to the lower byte of the ITBAnN register. If a match
is found, an acknowledge signal is sent to the master, the IBSRn: AAS bit is set and an interrupt is generated.

3.4 Slave Address Masking

Only the bits set to ‘1’ in the mask registers (ITMKn / ISMKn) are used for address comparison, all other bits are
ignored. The received slave address can be read from the ITBAn (if ten bit address received, ITMKn: RAL=1) or
ISBAnN (if seven bit address received, ISMKn: RAL=‘0’) register if the IBSRn: AAS bit is ‘1°.

If the bitmasks are cleared, the interface can be used as a bus monitor since it will always be addressed as slave.
Note that this is not a real bus monitor because it acknowledges upon any slave address reception, even if there is no
other slave listening.

3.5 Addressing Slaves

In master mode, after a start condition is generated the IBSRn: BB and IBSRn: TRX bits are set to ‘1’ and the
contents of the IDARN register is sent in MSB first order. After address data is sent and an acknowledge signal was
received from the slave device, bit 0 of the sent data (bit 0 of the IDARN register after sending) is inverted and stored
in the IBSRn: TRX bit.

Acknowledgement by the slave may be checked using the IBSRn: LRB bit. This procedure also applies to a repeated
start condition.

WWW.CYpress.com Document No. 002-05323 Rev. *C 6
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In order to address a ten bit slave for write access, two bytes have to be sent. The first one is the ten bit address
header which consists of the bit sequence ‘1111 0 A9 A8 0, it is followed by the second byte containing the lower
eight bits of the ten bit slave address (A7 - A0). A ten bit slave is accessed for reading by sending the above byte
sequence and generating a repeated start condition (IBSRn: SCC) followed by a ten bit address header with read
access (11110A9A81).

Summary of the address data bytes:

7 bit slave, write access: Start condition - A6 A5 A4 A3 A2 A1 A00

7 bit slave, read access: Start condition - A6 A5 A4 A3 A2 A1A01

10 bit slave, write access: Start condition-11110 A9 A8 0 - A7 A6 A5 A4 A3 A2 A1 A0

1% bitgslave, read access: Start condition-11110A9 A81 - A7 A6 A5 A4 A3 A2 A1 A0 -repeatedstart-11110
A9 A8 1

3.6  Acknowledgement

Acknowledge bits are sent from the receiver to the transmitter. The IBCRn: ACK bit can be used to select whether to
send an acknowledgment when data bytes are received.

When data is sent in slave mode (read access from another master), if no acknowledgement is received from the
master, the IBSRn: TRX bit is set to ‘0’ and the device goes to receiving mode. This enables the master to generate a
stop condition as soon as the slave has released the SCL line.

In master mode, acknowledgement by the slave may be checked by reading the IBSRn: LRB bit.

WWW.CYpress.com Document No. 002-05323 Rev. *C 7
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4 Interfacing to EEPROM
This Chapter Describes How to Communicate With the 24C04 EEPROM
41 EEPROM
The 24L.C04 serial EEPROM from Turbo IC has 4096-Bit memory size, organized as 512 x 8 Bits.

The 24L.C04 has the following pin-out:
Figure 2. Pin Diagram of EEPROM 24LC04

NC | 1 . 8 | Vcc
Al |2 7 | WP
A2 |3 6 | SCL
Vss | 4 5 | SDA

Pin names:
Table 1. Pin names of EEPROM 24LC04

NC Not connected

Al Address select 1

A2 Address select 2

Vss Ground

SDA Serial Data

SCL Serial Clock

WP Write Protect

Vce Power Supply (+ 5 volts)

4.2 Connection to MB914xx

The EEPROM can be connected as in the following schematic. Please note, that no power supply pins and other
MCU-Pins are drawn than those for the connection to the EEPROM.

Figure 3. Connection block diagram

MB914xx

24C04

SCL

A

SDA

WWW.CYpress.com Document No. 002-05323 Rev. *C 8


http://www.cypress.com/

o CYPRESS

-— EMBEDDED IN TOMORROW™ FR, MB91460, 12C

4.3  Addressing

The EEPROM uses the 8-bit addressing scheme of the 12C bus. The 4 most significant bits are fixed to “1010”. The
Al and A2 lines of the chip select the next two address bits. The next bit is the least significant bit of the memory
address. The last address bit select Read or Write operation, as defined by the 12C standard.

1 0 1 0 A2 Al AO RAWW

The actual address that is written to or read from is transmitted as the first data byte. It can only be set by a write
operation, i.e. if a certain memory address needs to be read, a write access for that address is required before
reading it.

4.4  Example Code *
The following code shows how to establish a communication to and from the EEPROM using the MB91F467D.

4.4.1 Initial Functions and Declarations

4.4.1.1 Flowchart

I2C Init

Disable 12C Interface v

v Disable sending of Acknowledge

Set clock [2C prescaler
(ICCRO: CS bits)

Disable generation of Call

Y Acknowledge

Enable 12C interface

I |

Clear data register Disable interrupt
A\ 4 l
Clear Bus Error flag Clear interrupt flag
Disable Bus Error interrupt Enable inputs for SDA, SCL
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4.4.1.2 C Code

void IEC Init{void)
{
PFREZ = 0x30; 44 set port function register for 12C
ICCROEN =0} 44 stap 12C interface
ICCRO C34 = 1; 44 054..0 2 set prescaler
ICCRO_C33 = 13
ICCRO_C32 = 13
ICCRO_CSL = 1+
ICCRO_C30 = 1;
ICCROEN = 1: ## enable 12C interface
IDARD = [; 41 clear data register
IECRO_BER = [; 44 clear bus error interrupt flag
IECRO_BEIE = I; 4/ bus error interrupt enabled
IECRO_ACK = [; 41 no acknowledge generated
IECRO_GCAL = [; 44 na call acknawledge is generated
IECRO_INTE = 1; /{ enable interrupt
IECRO_INT = 0; 44 clear transfer interrupt request flag
}

4.4.2 Write EEPROM
Writing to the EEPROM is done in several steps. First, the 12C controller is set to Master mode and the slave address

is configured. Then, the memory address is transmitted to the EEPROM. Next, actual data to write is transmitted.
Finally, the 12C controller is switched back to slave mode.
4.4.2.1 Timing Diagram

Figure 4. Byte write

S W
T R g
A I T
R DEVICE T 0
T ADDRESS E WORD ADDRESS DATA P
1 L L T T T T 11
SDA LINE | | | |_|
| 11 L1 1 1 1 1 1 1 1 1 1 11
M L R A A
S S/ C C
B BWK K

WWW.CYpress.com Document No. 002-05323 Rev. *C 10


http://www.cypress.com/

A
W

CYPRESS

EMBEDDED IN TOMORROW™

FR, MB91460, I12C

4.4.2.2 Flowchart

12C Start

Clear Bus Error

interrupt flag

v

Enable 12C
interface

v

Load Slave
address in
transfer register

v

Set Master mode
and send START
condition

v

Clear transfer end
interrupt

'

Wait for transfer

12C Write

Load data in
transfer registel

'

Clear transfer end
interrupt

'

Wait for transfer to
finish

'

Wait for
Acknowledge from
Slave

to finish

Acknowledge?

Send RESTART
condition

v

Wait for transfer to
finish

—

12C_Stop

Wait for transfer to
finish

'

Change to slave
and release STOP
condition

'

Clear transfer end
interrupt

'

Wait until bus is
free

4.4.2.3 Code

11
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woid T20_Acknowlegde()

{
while{IESRD_LRE = 1};

{
do
{
IBCRO_BER. = [;
ICCROEN = 1;
IDARD = zlave_address;

IBCRO_M35 = 1;
IBCEO_INT = [;

while(IECRD_INT — 0);
}
while (IBCRO BER — 1):

while (IBSR0_LRE = 1)
{

IBCRD_SCC = 17

while {IECRO_INT = 0};
}

A4 nio anwser from slave, program stucks here

#4 0 timgout mechanism should be implemented her

vold I2C_Start{unsigned char slave_address)

4 clear bus error interrupt flag
4 enable 120 interface

/4 slove_oddress is sent out with start condition

/¢ set master mode and set start condition

{4 clzar transfer end interrupt flag

A4 ook if transfer is in process

24 retry if Bus-Errar detectad

44 no acknowledge means devics not ready
4 mayhe last write cycle nat ended yet

A4 try restart (= continue)
24 wait that transfer is finished

void T2C_dtop{woid)
{
while (IECRO_INT = 0};
IBCRO_MSS = 0;
IECRO_INT = 0
while (IBESRZ_BE);

{
IDAROD = value;

IBCRO_INT = 0;
while (IBCRO_INT = 0);
I2C_Acknowlegde():

/¢ wait that transfer is finished

/¢ change to slave and relecse stop condition
/¢ clear transfer end interrupt flag

¢ wait till bus free

void IZC_Write{unsigned char value)

/¢ load dota or address in to register
/¢ clear transfer end intrerupt flag
4 ook if transfer is in process

¢ wait for Acknowledge

WwWWw.Ccypress.com
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vold main{void) {
__EI{):
_get i1{3l);
InitIrglevels():

PORTEN = (3

TZ0_Initd):

#* write to EEFROM */

T2C_WMrite {000y,

T2C WMrite(0xll);
TaC_WMrite {0z},
T20 WMeite{0x33);
T20_WMrine{0uxdd);
T2C_WMrite{0x55);
I20_Write{Oxo6);

I2C_dtap(d:

/% enable interrupts */
£ allow oll levels *#

/% init interrupts */

#* gnable 140 Ports */

/% This feature is not supported by WESLY 4604 */

£+ Far all ather devices the 140 Ports must be enabled*/

/% nitialize the 12C */

I2C_%tart(Slave_addr | IZC_WRITE);

#* hddress where to write to */

#* Dotabytes '8 */
#* Dotabytes 'B' */
#* Databytes 'C' */
4% Dotabytes ‘D' *+/
#* Dotabytes 'E' +/
#* Databytes 'F' 4

while(l) {

HD_CL = 0

/* feed hardware watchdog */
1% (Ol for devices with hardware (RAC based) watchdag) #/
/* The hardware (RAC bosed) watchdog is started */

#* autamatically after power-up and can not be stopped */

/% g reset is ganerated. */

#* andlass lnop */

## If the hardware watchdeg is not cleared frequently */

4.4.3 Read from EEPROM

Reading from the EEPROM is performed in several steps. First, a START condition is generated. A write command
containing the memory address is sent next. This is followed by a RESTART condition and the actual read cycles.
Please note that after the last read byte, no-acknowledge has to be generated by the Master. Finally, a STOP
condition is generated.

The START, write, and STOP functions are the same as for writing data to the EEPROM. In the following, only the
flowchart of the RESTART condition and the actual read function is shown. For the other functions, please refer to the

write command.

WwWWw.Ccypress.com
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4.4.3.1 Timing Diagram
Figure 5. Random Read

S W
A |
WORD E T
R DEVICE T ADDRESS N DEVICE A O
T ADDREsSs E ADDRESS D DATA n P
I I Ll I LIEE | I I 1 I 1 1 I I Ll I I Ll
SDA LINE | | | ‘ | | | |_|
11 1 1 I.I'IJ'I 1 1 1 1 11 1 1 1 1 1
M LRA A A N
S s/cC C C O
B B WK K K
I I A
C
DUMMY WRITE K

4.4.3.2 Flowchart

I2C_Continue I2C_Read I2C_LastRead
Write Slave address Send Acknowledge Do not send
to transfer register Acknowledge
L v v
A Clear transfer end Clear transfer end
Set RESTART interrupt interrupt
condition
L v v
A Wait for transfer to Wait for transfer to
Wait for transfer to finish finish
finish
v v
Read data from Read data from
transfer register transfer register
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4.4.3.3 Code

unsigned char I2C_LastRead{void)

{
IBCRO_ACK = 0; ¢ acknowledge has to be sent after last byte
IBCRO_INT = 0; 4 clear transfer end interrupt flag
while (IECRO_INT = [); 4 wait that transfer is finished
return{ IDAR0); /4 read received data aut
}

void I2C_Startirite (unsimmed char slave_address)

{
while (IESR0_EE) : ¢ wait till bus is free
IBCRO_BER = [; 44 tlear bus error interrupt flag
ICCRO_EN = 1; A enable 120 interface
IDARO = slave_address; 44 slove_uddress is sent out with start condition
IBCRO_M35 = 1; ## set master mode and set start condition
IECRO_INT =0;

}

void I20_Contimie{unsimmed char slave address)

{
IDARA = zlave_address; 44 shave_address is sent out with start condition
IECRO_3CC = 1; 4 restart (= continug)
while (IBCRO_INT = 0): 47 wait that transfer is finished

}

void main{void) {

_EI(b: #* enable interrupts */
_ger il1{il); % allow all levels =/
InitIrglevels(): #* init interrupts */
PORTEN = 0x3; #* enatle [/0) Ports */

4% This faature is not supported by tAES 1Y 4604 */
#* Far all ather devices the T/0 Parts must be enabled*/

IZ2C_Init(): #* initializz the 12C */

WWW.CYpress.com Document No. 002-05323 Rev. *C
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#* read from EEPROM */
I2C_Start{Slave_Addr | I2C_WRITE);

T2 _WMrite{0x00); #* hddress where to read from */
I2C_Contimme{ilave_iddr | I2C_READ); #* Restart, with READ comand */
i=10;

reault[i++] = IZC_Readi); #* receive data from EEPROM */
regult[i++] = I2C_Read(); #* receive data from EEFROM */
regult[i++] = I2C_Read(); #* receive data from EEFROM */
regult[i++] = IZ2C_Read(): #* receive data from EEFROM */
regult[i++] = IZ2C_Read(): #* receive data from EEFROM */

result[i++] = IZC_LastRead(d: /% receis last byte from EEPROM */
I2C Stop()d:

while{l) { #* endless loop */

HinD_CL = 0}

#* fzed hardware watchdog */

## (Cinly for devices with hardware (RAC based) watchdog) */
#* The hardware (R/C bosed) watchdog is started =/

#+ qutomatically after power-up and can not be stopped */
£+ If the hardware watchdag is not cleared fraquently */

#* areset is generated. */

4.4.4 Master mode using Interrupt
Here actual read and write of data is carried out in Interrupt service routine.

In master mode, after a start condition is generated the contents of the Data (IDARn) register are sent in MSB first
order. After address data is sent and an acknowledge signal was received from the slave device, bit 0 of the sent
data (bit O of the IDARO register after sending) is inverted and stored in the TRX bit. Acknowledgement by the slave
may be checked using the LRB bit in the IBSRO register. This procedure also applies to a repeated start condition.
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4.4.4.1 Timing Diagram
Figure 6. Master read/write
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4.4.4.2 Flowchart
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4.4.4.3 Code

| interrupt woid IZ2CInterrupt{void)
t
if (IBECRO_INT)
{
if (VIECRO_EBER)
{
if (IBSRO_GCA=L || IBSRO_AAS=I1)
{
#% implementation behaviour as slove */
}
else
{

#* Master mode send/get data | £/
if (IBSRO_AAS=0)

{
if{IB3R0_AL)
{
errar = i
}
else
{
1f(IESR0_LFE && !get_wvalue)
{
BrIOL = 5}
IBCRO M35 = O;
}
else
{
if (IBSRO_TRX)
{
switch {cnt)
{
case [ :

IDARO = adr_buf;

Cht++;
hreak;

case | :
if (get_wvalue)

1% L3R request 7 %/
#* check for Bus error */

#* general call os slave or addressed os slave ? */

#* addressed not o5 slave 7 %/
#* arbitration lost 7 %/

/% arbitration error mastar mode */

/% check if gat Acknowlagde from slave */

#* slave did not ACk */

#* Set to slove and release stop condition */

#* check if send or receive data in Master mode*/
#* sending data in Master mode */

#* send data address */

2% write Address */

% write DATA or restort send slove oddress to read data */

/% dota read or write ¥ +/

{
IDARD 5lave_Addr | IZ2C_READ; A slave_nddress is sent aut with start condition */
IBCRO_SCC = 1 /% restart (= continue) */
CHE++}
}
else
{
IDARD = write buf[cnt-1]; #* write DATA */

WwWWw.Ccypress.com
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cnt++;
}
hreak;
case 7 : #% release bus after suzcesful write cycle =/
IBCRO_M35 = 0; #% Set to slave and relense stop condition */
ready = 1; #* transmission ready */
hreak;

default: //case2 345
IDARD = write_buffcnt-1]; /* write DATA */
cnt++;
hreak;
} A7 switch (ent)
}
else // if (IESRO_TRX)
{
switch (cnt) #* receiving data in aster mods */
{
case . !
IBCRO_ACK = 1; #* send acknovledae request data byte =/
Cht++;
hreak;

case 7
rec_buf[cnt-3]=IDAR0D;  /* get data*/
IBCRO_ACKE = [; #* do not send acknowledge on next byte */
ChL++}
hreak;

case o : ## read transfer finished, releosa bus +/
rec_buf[cnt-31=ID4R0;  #* get data =/
IBCRO_M33 = 0} #+ et o slave and release stop condition */
ready = 1; /% set transfer ready flag */
hreak;

default: /fcosed 456
rec buf[ent-3]=IDAR0;  /* getdata =/
IECRO_ACK = 1; #* send acknowledge request nexd data byte =/
CHE++}
hreak;
¥ A switch (cnt)
} /4 if (IBSRO_TRX) - else
} A IfIBER0_LRE 88 lget _valug) - else
} 41 f(IBSRO_AL) - slse
) 24 if (1BSRO_ARS =30
) A/ if (1BSRO_GCA==1 || IBSRO_AAS:21)- ol
VA4 if (TBCRO_BER)
else // if (IBCRO_BER)

{
error=1; #* Bus errar */
IBCRO_M33 = 0; #% Set to slave and release stop condition */
IBCRO_EER = 0; #* clear bus error flag */

} H if QTECRO_BER) - slse
} A if (TBCRO_INT)

IBCRO_INT = 0; #% clear Int flag */

¥ A _interrupt wid I2¢ Interruptivoid)

WWW.CYpress.com Document No. 002-05323 Rev. *C 20


http://www.cypress.com/

A,

w CYPRESS

v EMBEDDED IN TOMORROW™

FR, MB91460, I12C

{
adr_buf = nem adr;
oht =0
ready = 0;
EILOL =0;
get_value = [;
}

void PRead NeworyINT (BYTE mew adr)

{

adr buf = nem adr;

cnt =10

ready = 0;

BLLOL =10

get_value = 1;

IZC_3tartWrite( 3lave Addr | I2C_WRITE ):
}

void Urite MemoryINT (unsigned char mem adr)

#* store memory address */

% get buffer count fo '0' */
#* clear transfer flag */

#* clear grror flag */

#* clear Read_flag */

I2C_StartUrite{ Slave Addr | I2C_WRITE );  /* starl WRITE fransfer */

#* store memory address */

% get buffer count fo '0' */
#* clear transfer flag */

## clear error flag */

#* set Read_flag */

#% start READ transfer, write save Address */

’
#include "wh91467d.0"
#include "global.h”

/126

#define I2C_READ 0x01
#define IZC_WRITE  Ox00
#define Slave Addr  Oxa0

@INCLUDE_START####aattaasnsssrsssn]

1 120 Slave device address =/

i’

volatile int i;

Rt LT e BAL_VARTA B|.E5_5T.‘\RT*******************{’

BYTE cnt, ready, error, getchar, get_value;
ETTE adr buf, write buf[10], rec buf[l0]:

[.f1"k********************@GLO BAL_\"AR I BLEst D********************[}
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woid main{void)
{
_EI(y: /% enable interrupts */
et 11(30h: £ allow all levels */
InitIrglevels{): 4% init interrupts */
PORTEN = [x3: £ enable TAD Parts =/
/% This feature is not supported by MBS 1Y 4604 =/
/% Far all other devices the 140 Parts must be enabled*/
I2C_Init(): /* initializs the 120 */
#* write transmission buffer 'write_buf[]' fo EEPROM */
write uf[0] = 0xll;
write_tuf[l] = 0xiZ;
write_buf[Z] = 0x33;
write_buf[3] = (xdd;
write tuf[4] = 0xi5;
write uf[5] = Oxoc;
Write_MemoryINT (0x00);
while{!ready); % wait until transmission ready */
#* deloy loop for internal write cycle time of EEFROM *7
#* e x24008 typ. Bms £ max. 10 ms =/
for {i=0; 1400007 i++);
#* rend from EEFROM to reception buffer 'rec_huf[]' */
Read_MemoryINT (0x00);
while{!ready); 4% wait until reception ready */
while{l} #* endless loop */
{
HimWD_CL = 07
#* feed hardware watchdog *#
#% (Only for devices with hardwars (RAC based) watchdog) */
/* The hardware (RAC based) watchdog is started *=/
#* autematically after power-up and can not be stopped */
#% T the hardware wotchdog is not cleored frequently */
/% areset is generated. */
22 whils (1)
¥ // main

WwWWw.Ccypress.com

Document No. 002-05323 Rev. *C

22


http://www.cypress.com/

o CYPRESS

-— EMBEDDED IN TOMORROW™ FR, MB91460, 12C

5 Slave mode using Interrupt

This Chapter Describes How to Use MB91F467D in Slave Mode

Here MCU is configured in slave mode with seven bit addressing enabled. MCU has two data arrays, write_buff],
where data received from master is stored and read_buf[], from where data to the master is sent.

In slave mode, after a start condition is generated data sent from the master device is received into the Data (IDARnN)
Register. After the reception of eight bits, the contents of the Data (IDARn) Register is compared to the Seven Bit
slave Address (ISBA) register using the bit mask stored in Seven bit slave address Mask (ISMKn), if the ISMKn:
ENSB bit is 1. If a match results, an acknowledge signal is sent to the master and an interrupt is generated. For data
transfers slave need to generate Acknowledge signal by setting IBCRn: ACK bit to 1.

Only the bits set to ‘1" in the mask registers (ISMKn) are used for address comparison, all other bits are ignored. For
correct Master and slave addressing and for setting of (ISBA) register, Please refer 3.3, 3.4 and 3.5.
5.1.1.1 Timing Diagram

Figure 7. Slave read/write
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5.1.1.2 Flowchart
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5.1.1.3 Code

|4+ 120 ISR *4
| interrupt void IZCInterrupt{woid})

{
if (IBCRO_INT)
{
if {1IBCRO_EER)
{
if (IBSRO_AAS=1)
{
if(IBSRO_AL)
{
EEYOr = I}
}
else
{
switchicnt)
{
case [I:
if(IBSRO_LDT)
{
IBCRO_ACK = 1;
cnt = 1;
}
break;
case 1:

offset = IDARD;
IECRO_ACK = 1;

freareersrerseersreaIntanupt Service Routingst s sesresss)

cnt = I;
break;
case !
if {IBSR0_R3C=1)
{
if(IBSRO_ADT)
{
cht = 3;
}
}
else if (IEJRO_RIC = 0}
{
write_buf[offset++] = IDARD;
IECRO_ACK = 1:
cnt = 4;
get data = I;
}

#* L3R request # */

#* chack far Bus arrar */

#* addressed as slave 7 */

#* arbitration lost 7 *¢

#* arbitration errar *+4

/* Chack if addrassed */

/% set to ack on next byte*/

#*%5et the pointer, to read # write data in # from array™/
/% get to ack on next byte */

#*1f repeated start condition detected 7%/

#* Check if addrassed */

IDARD = read buf[offset++]: /*3end dota*/

#* Read dota*/
/* Give hck */

WwWWw.Ccypress.com
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break:

case 3:

{

H

else

{

}
break;

case 4:
{
if{IBSRO_ADT = 1}
{
IECRO_ACK = 1;
cnt = 1;
}
else
{
write_buf[offset++] = IDARO:
IECRO_ACK = 1;

}
break:

default:
cnt = 0;
break:
Y A7 switch
A4 if (IBSRO_ALY - else
YAAif (IBSRO_AASZ=1)
}A4if (IBCRO_BER)

if {1 IESR0_LEE) A% check if got Acknowlegde from slave */

IDARD = read buf[offset++]: /*Send data*/

cnt = [} A*If Mot Ack*/

A% If new control byte is received*/

/* Restart the count */

/% Read data */
A+ Set ack */

else

{
error=1; A Bus arrar */4
IBCRO_M33 = [; #% Set to slave and relense stop condition */
IBCRO_BER = [} #% clear bus error flag */

} 4 if (BCRO_BER) - else
} A i (IBCRO_INT)

IBCRO_INT = [; /% clear Int flag +#

} 4/ _interrupt woid I2CInterruptivoid)

@INCLUDE_STARTFFFFEF 1t t e aasataaasass )
#include "mb91467d.h"
#include "global.h”

@IMCLUDE_EMD /
freaerrareererrertee st @GLOBAL_WARIABLES_START**+#atettrseataeses)
wolatile int if
EYTE cnt, ready, error, offset;

EYTE get_data;
BYTE write buf[256];

freeerrareererearee st @y OBAL_VARTABLES_ENDE*+ettsseetrrrettass)

BYTE read buf [256] = {0xa,0xb,0xc, Oxd, Oxe, 0xf, 055, 0xaa, 0x55, 0xaa} ¢
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wold I2C_Init{wvoid)
{
PFR22 = 0x30; /4 set port function register for 126
ICCRO_EN = 0: #4 stop 12t interface
ICCRO_CS4 = 1: #0540 - set prescaler
ICCRO_CH3 = 1:
ICCRO_CS2 = L
ICCRO_CSL = 1:
ICCRO_CS0 = L
IDARD = 0} /! clear data register
I5BAO = Ox05; A4 Bllow all address
TSMED = OxFF; £ T-hit slove addrass
ITMKO = Ox0000;
IECRO_BER = [; #4 clear bus error interrupt flag
IBCRO_BEIE = 1; #4 bus error interrupt enabled
IBCRO_ACE = 0; A/ no acknowledge generated
IBCRO_GCad = 0; /1 no call acknowlsdge is generated
IBCRO_INT = 0; ## clgar transfar interrupt request flag
ICCRO_EN = 1: /4 enable T2¢ interface
IBCRO_MA3 = 0; #4 st slave mode
IBECRO_INTE = 1; 44 enable interrupt
}
troid mainwoid)
{
_EI{): #% enable inferrupts +¢
__set_il{3l): A% allow all levels */
InitIrglevelsi); £* init interrupts */#
PORTEN = 0x3; /% enable 140 Forts */
#* This feature is not supported by METLY 4604 *#
/% Far all othar devices the 140 Parts must be enablad*/
IZC_Init{): A* initialize the 120 */
while{l} /% endless loop */
{
HIWD_CL = 0;
#* feed hardware watchdog */
#% (Only for devices with hardware (RAC based) watchdeg) */
/* The hardware (RAC based) watchdog is started */
4% automatically after power-up and can not be stoppad */
/% If the hardware watchdog is not cleared frequently =}
/% areset is generated. */
Y A4 whils (1)
1 /¢ main
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6 Additional Information

INFORMATION about CYPRESS Microcontrollers can be found on the following Internet page:
http://www.cypress.com/cypress-microcontrollers

The software examples related to this application note is:

91460_i2c_400khz-v11

91460_i2c_400khz_irg-v10

91460 _i2c_400khz_irq_slave-v10

It can be found on the following Internet page:

http://www.cypress.com/cypress-mcu-product-softwareexamples
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