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I2C Communication with the TMS470R1x

John Fahrenbruch Automotive Embedded Controls
ABSTRACT

This application note describes how to configure the internal registers of a TMS470R1x
(TMS470) device for setting up inter-integrated communication (12C) with an industry
standard 24LCO00 12C memory device. This application report assumes the reader is
familiar with the 12C protocol and is meant to supplement the TMS470 Inter-Integrated
(I2C) Reference Guide (literature number SPNU223) and the device-specific data
sheet, which may be obtained from Texas Instruments (TI).
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1 Clock Registers

The 12C specification states two bit rates (100 bps and 400 bps) for successful operation of I12C devices.
The TMS470 has an elaborate internal register-controlled clocking system that offers complete control
over the 12C clocking scheme. illustrates the internal clock division for the SCL clock signal.

TMS470
12C module
I2CCLK

12CPSC I2CCKH

TMS470 | ICLK . . Master clock
OSCIN > clock > . I i s > on SCL pin
generator
Module clock for
12C module operation

Figure 1. Clocking Diagram for the 12C Module
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Clock Registers

The OSCIN input is the external oscillator input to the TMS470 into the clock generation unit. The ICLK
frequency can be numerically determined using the following formulas:

f(sys)= Mx f(osc) / R where M= {4 or 8 and R={1,2,3,4,5,6,7,8} when PLLDIS = 0 Equation 1
f(sys)= f(osc) / R where R={1,2,3,4,5,6,7,8} when PLLD'S = 1. Equation 2
f(ICLK) = f(sys) / X, where X ={1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16} . Equation 3

PLLDIS is an input pin on the TMS470 and can be set externally. See section 4 in TMS470R1x Zero-Pin
Phase-Locked Loop (ZPLL) Clock Module Reference Guide (literature number 212) for a detailed
description of R and M. To configure the global control register (GCR), values for R and M have been
chosen such that R = 1 for divide-by-2 and M = 1 for a multiply-by-4. Therefore, the lower nibble
(GCR(3-0)) is set equal to 0x9h.

For PLLDIS = 0 and selecting an oscillator clock of 10 MHz, the frequency of the system clock can be
determined to be:

f(sys) = 4 * 10Miz / 2 = 20MH

To determine the frequency of the ICLK, the value of X (Equation 3) must be determined. The peripheral
clock register (PCR) is described in the TMS470R1x System Module Reference Guide (literature number
SPNU189). Bits PCR(4-1) are set according to the desired clock division. For the purpose of this
example, a divide-by-2 will be used and the PCR(4-1) bits will be set to 0001. From Equation 3, the ICLK
frequency can now be determined with X = 2.

f(ICLK) = 20 MHz/2 = 10MHz

The divide values for the module clock must now be calculated to meet the following constraint:
6.7 MHz < Mbdule Clock < 13.3 Mz

Good design practice would be to divide the clock to be somewhere in the middle of the design constraint
and not push the envelope to the endpoints. Because of this consideration and because ICLK = 10 MHz, a
divide-by-1 was chosen. The frequency of the module clock can be determined from the following formula:

Mbdul ed ockFrequency = | CLK/ (1 2CPSC + 1) Equation 4

[2CPC is an eight-bit prescale register located at offset 0x30. Clearing the 12CPC register to equal 0x00
will set the module clock equal to the ICLK (refer to Figure 1). The module clock frequency is calculated to
be:

Modul ed ockFrequency = 10 MHz/ (0+1) = 10MHz

The 12CCKL and I2CCKH registers are used to further divide the module clock frequency and set the duty
cycle of the serial clock (master clock) on the SCL pin. The I2CCKL and 12CCKH registers can be used to
change the duty cycle of the serial clock. To achieve a 50% duty cycle, the I2CCKI and I2CCKH registers
must be equal. The following equation is solved for I2CCLK (I2CCK = [2CCKL = [2CCKH). In the following
equation d is defined by [Table 1l
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Table 1. Equation D

12CPSC
0
1
Greater than 1

o | N

SCL = Modul ed ockFrequency / [(12CCKL + d) + (12CCKH + d)]
50%lut cycycle -> 12CCK = i 2CCKL = | 2CCKH
therefore,

Equation 5
| 2CCK
| 2CCK
1 2CCK

Therefore, loading registers I2CCKL and I2CCKH with 0x2Bh (43 decimal) will yield a bit rate of 100 bps.

[f(osc)/(2xDataRate)] - 7
[ 10MHz/ (2x100KHzO0] - 7
43

2 Write Sequence

The flow chart in describes the event sequence for an 12C write and verify. The associated gel
script can be found in Bection 4. Polling is used to determine when an event occurred before moving on to
the next task. Many 12C devices allow for sequential access by internally incrementing an address pointer
once initialized. This can be easily implemented with the TMS470 by appropriately changing the number
of bytes transmitted and placing the transmit/receive code inside a looping structure.

SPNA082-July 2005 12C Communication with the TMS470R1x 3
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Write Sequence

Load the slave address
register. Load the number
of bytes to transmit.
Load the data address.

Transmit control byte

Acknowledge

received
?

Load and transmit
data byte

Transmit
complete
?

Acknowledge

received
?

Load the slave address
register. Load the number
of bytes to transfer.
Load the data address.

Transmit control byte

Acknowledge
received
2

Load number of bytes
to receive

Transmit control byte

Data

received
?

No

Transmit stop bit

No match
Compare bytes

Match

Output warning

Transmit stop bit

Figure 2. Write Flow Chart
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3 Read Sequence

The read sequence is similar to the write sequence and is shown in Eigure 3. The associated gel script

can be found in Bection 4.

Load the slave address
register. Load the number
of bytes to transmit.
Transmit the control byte

Acknowledge
received
?

Load the data address

Acknowledge

received
?

Load number of bytes
to receive. Transmit the

control byte

Receive

complete
?

Transmit stop bit

Figure 3. Read Flow Chart
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4 Gel Script

/************************************************************************ */
/* */
/* This gel file tests the functionality of the I12C port 1 for a */
/* Texas |nstruments TMS470R1lx by performing a read/wite-verify to an */
/* industry standard 24LCO0 |2C EEPROM */
/* */
/* File Name: TMS470R1x| 2Cv1_0. gel */
/* Author: J. Fahrenbruch */
/* */
/* Revision History: */
/* */
/* 5/25/2005: Initaial Release */
/**************************************************************/
#def i ne MFBAHRO OxFFFFFEOO
#defi ne MFBALRO OXFFFFFEO4
#def i ne MFBAHR1 OxFFFFFEO8
#defi ne MFBALR1 OxFFFFFEOC
#defi ne MFBAHR2 OXFFFFFE10
#defi ne MFBALR2 OxFFFFFE14
#def i ne MFBAHR3 OxFFFFFE18
#defi ne MFBALR3 OXFFFFFELC
#defi ne PCRO OxFFFFFD30
#def i ne CLKCNTL OxFFFFFFDO
#defi ne GCR OxFFFFFFDC
#define | NPUT 0
#defi ne OQUTPUT 1
#def i ne i nput 0
#defi ne out put 1
#define | 0
#define O 1
#define i 0
#define o 1
/* 12Cl Defines */
#define |1 2C10AR Oxf ff7d800
#define | 2C1I MR oxf ff 7d804
#define | 2C1SR Ooxf f f 7d808
#define | 2C1LCKL Oxf ff7d80c
#defi ne | 2C1CKH oxfff7d810
#define | 2CLCNT Ooxf ff7d814
#defi ne | 2C1DRR Oxfff7d818
#define | 2C1SAR Oxfff7d81lc
#define | 2C1DXR oxf ff7d820
#define |1 2C1MDR oxfff7d824
#define | 2Cll VR oxfff7d828
#define | 2CLEMR oxf ff7d82c
#define |1 2C1PSC Oxf ff7d830
#define |1 2C1DI R oxfff7d834
#defi ne | 2C1DOUT Ooxf ff7d838
#define | 2C1DI N Oxfff7d83c
#defi ne | 2CLPFNC Oxfff7d848
#defi ne TXMASK 0x0010 // TXRDY Mask |2CSR bit 4
#def i ne RXMASK 0x0004 // RXRDY Mask |2CSR bit 3
#defi ne BBMASK 0x1000 // Bus Busy Mask |2CSR bit 12
#defi ne ACKMASK 0x0002 // Acknow edge nmask |12CSR bit 1
Start Up()
{

Initialize_ TMB470R1x();

&L_Text OJt(“*************************************************** \n“)’

GEL_Text Qut ("*

*\n");
GEL_TextQut("* Welconme to the TMS470R1lx | 2C test program *\n");
GEL_Text Qut ("*
*\n");

&L_Text OJt(“***************************************************\n“);

6
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GEL_Text Qut ("*

* AN
GEL_Text Qut ("*

*\n");

GEL_Text Qut ("*

*\n");
GEL_Text Qut ("*

* AN
GEL_Text Qut ("*

*\n");

GEL_Text Qut ("*

*\n");
GEL_Text Qut ("*

*An);
(EL_TeXtOJt("*************************************************** \n")’
GEL_Text Qut ("*

s
GEL_TextQut("* Version 1.0 5/25/2005 JF Initial Release *\n");
GEL_Text Qut ("*

*An);

(;EL_TGX( OJt(“*************************************************** \n“);

}
menui tem " TMs470"

/* This function should be used instead of the Debug->Restart nenu
sel ecti on when running ARM progranms in mxed or 16 BI' S (Thunb)
mode. It ensures the processor is in ARM node at the entry
point of TI C runtines. */

hot menu Reset Restart ()

{

GEL_Reset ();
GEL_Restart();

}

/* This function is used instead of Debug-> Reset nenu sel ection when
running ARM prograns. |t ensures the processor is in ARM node and
then goes to the beginning of the program (main) */

hot menu Reset GoMai n()

{

GEL_Reset ();
GEL_Go(mai n);
}

hot menu Reset Peri pheral s()

{

*(unsi gned int *)PCRO
*/
*(unsigned int *)PCRO = 0x03; /* Peripheral reset is deasserted, |CLK = SYSCLK/2  */

0; /* Peripheral reset is asserted (default at reset)

}
hot menu Set _CCS_Menory_ /* Menmory Map Used to Debug From SRAM */

{
GEL_MapOn() ;
GEL_MapReset () ;
GEL_MapAdd( 0x00000000, 0, 0x00004000, 1, 1) ; /* SRAM */
GEL_MapAdd(0x00200000, 0, 0x00000800, 1, 1); /* Space al |l ocated for HET */
GEL_MapAdd( OXFFE88000, 0, 0x0000C000, 1, 1); /* Flash Control Registers */
GEL_MapAdd( 0xFFF00000, 0, 0x00080000, 1, 1); /* Peripheral Register Frame */
GEL_MapAdd( OxFFF80000, 0, 0x00080000, 1, 1) ; /* System Modul e Control Registers */
}
/* This function is used to setup the nenory nmap for the TM5470 family
of devi ces */
hotmenu Initialize_TMS470R1x()
{
Set _CCS_Menory_Map_RAM)) ;
*(unsi gned int *)M-BAHRO
*(unsi gned int *)MBALRO
*/
*(unsigned int *)MBAHRL = 0x00000000; /* Starting address is 0x0000

0x00000000; /* int FLASH boot FLASH ROM */
0x00000100; /* Enabl e the nenory nap

SPNA082-July 2005 12C Communication with the TMS470R1x 7
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/1 12C Base address = Oxfff7d800
{

long 1 2C1CLKLv, |2C1PSCv;

float dr, iclk, nodclkl;

if (12C1FREQ == 1)

{
dr = .100;

el se

{
}

| 2C1PSCv = O0;
do

dr = .400;

modcl k1 = | CLK/ (1 2C1PSCv + 1) ;
| 2C1PSCv ++;
}
whi l e (nodcl k1 >= 13. 3);
1 2C1PSCv- -;
if (12C1PSCv == 0)
| 2C1ICLKLV = ((nodclkl / dr) - 2 * 7) | 2;
else if (12C1PSQv == 1)
| 2C1CLKLV = ((nodclkl / dr) - 2 * 6) /| 2;
else if (12C1PSCv > 1)
1 2C1CLKLVY = ((modcl k1l / dr) - 2 * 5) [/ 2;

/1 Need to check for error

INSTRUMENTS
www.ti.com
Gel Script
*/
*(unsi gned int *)MBALRL = 0x00000000; /* Block size is 0 Kb */
*(unsigned int *)MBAHR2 = 0x00000000; /* Starting address is 0x0000
*/
*(unsi gned int *)M-BALR2 = 0x00000050; /* Block size is 16 Kb */
*(unsigned int *)MBAHR3 = 0x00000020; /* HET Starting address is 0x002000000 */
*(unsigned int *)MBALR3 = 0x00000010; /* Block size is 2 Kb */
*(unsigned int *)PCRO = 0x00000003;
}
/)\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\')\'***********************/
/*** Qutput the | CLK or SYSCLK on the clkout pin ***/
/***************************************************/
nmenui tent' G ock Qutput for Test";
/] Qutput the ICLK on cl kout pin
hot menu CQut put _I CLK_on_CLKOUTPUT_Pi n()
{
*(unsigned int *)CLKCNTL | = 0x30;
}
/1 Qutput the SYSCLK on cl kout pin
hot menu Qut put _SYSCLK_on_CLKOUTPUT_Pi n()
{
*(unsigned int *)CLKCNTL | = 0x70;
}
/**********************************************/
/*** |nitialize the |12C channel 1 registers ***/
/**********************************************/
dialog I2Cl_Initalization(lCLK "Enter |CLK Frequency (MHz)", |2ClFREQ "Bit Rate (1 = 100K / 4 =

if 12CPSCv > 255 (not Possible)

GEL_Text Qut ("The channel 1 12C was set to operate with the follow ng paraneters: \n");

GEL_TextQut ("1 CLK input = % Mz\n",,,,, |CLK);
GEL_Text Qut ("Modul e clock = % MHz\n",,,,, nodcl kl);
GEL_TextQut ("1 2C1CLKL = %d\n",,,,, |2ClCLKLV);
GEL_Text Qut ("1 2C1CLKH = %\ n",,,,, |2CLCLKLV);

12C Communication with the TMS470R1x
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GEL_Text Qut ("Master clock (SCL) = % K bits/sec\n",,,,, dr * 1000);
*(unsigned int *)I2C1LMDR = 0x4620; // Initalize the Mbde Register
*(unsigned int *)I2C10AR = 0x02; /1 Set the Master address
*(unsigned int *)GCR = 0x09; /1 f(sys)= 10wvhz * 4/2 = 20M&
*(unsigned int *)PCRO = 0xO00; /1 Put PCRin reset
*(unsigned int *)PCRO = 0x02; /1 Set the iclk = sysclk/2 = 10MHz
*(unsigned int *)PCRO |= 0x01; /1 PCR out of reset
*(unsigned int *)|2C1PSC = | 2C1PSCv; // 0x0000; Set the prescale nmoduleclk = iclk/1
*(unsigned int *)I12C1CKL = | 2C1CLKLv; //Ox1A; /1 Set the master clock (SCL) low tine
*(unsigned int *)I2C1CKH = | 2C1CLKLv; //Ox1A; /1 Set the naster clock (SCL) high tine
/1 SCLK = 100KHz 50% duty cycle

*(unsigned int *)I2C1DI R = OxOF; /1 Set SCL and SDL direction as |2C out put

}

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

/*** Wite data to |12C Channel 1 xRk

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

dialog I12C1_Wite(l2Cladd "Address to Wite",|2Cldta "Data to Wite")

{
int statin, n, a, d, DRRv;
*(unsigned int *)l2C1SAR = 0x50; /1 Load Sl ave Address
*(unsigned int *)I2C1CNT = 0x02; /1 Nunber of bytes to transmt
*(unsigned int *)|2C1IDXR = | 2Cladd; // Load data address
do {} while ((*(unsigned int *)|2ClSR & BBMASK) == BBMASK); // Wait for a free bus
*(unsigned int *)I2C1MDR = Ox6E20; /1 Start Transmit of Control Byte
do {} while ((*(unsigned int *)I2CLSR & ACKMASK) == ACKMASK); // Wait for acknow edgenent
*(unsigned int *)|2CLDXR = | 2Cldt a; /! Load data
do {} while ((*(unsigned int *)I2C1SR & TXMASK) != TXMASK); // Wit for data transmt to
conpl ete
do {} while ((*(unsigned int *)I2CLSR & ACKMASK) == ACKMASK); // Wait for acknow edgenent
*(unsigned int *)l2C1LMDR = Ox4E20; /1l Transmit STOP Bit
GEL_TextQut ("Wite Conpleted to address = %\n",,,,,|2Cladd);
/lVerify Wite
GEL_TextQut("Verifing wite\n",,,,,);
/] Start Transmit of Control Byte
*(unsigned int *)I2C1SAR = 0x50; /1 Load Control Byte
*(unsigned int *)|2CLCNT = 0x01; /1 Number of bytes to transmt
*(unsigned int *)|2C1LMDR = 0x6620; /1l Transmit control byte
do {} while ((*(unsigned int *)I2C1SR & ACKMASK) == ACKMASK); // Wait for acknow edgenent
*(unsigned int *)12CLDXR = | 2Cladd; /1 Load data address
do {} while ((*(unsigned int *)I2CLSR & ACKMASK) == ACKMASK); // Wait for acknow edgenent
*(unsigned int *)I2C1CNT = 0x01;
*(unsigned int *)|2C1LMDR = 0x6C20; /'l Receive data byte
do {} while ((*(unsigned int *)I2C1SR & RXMASK) == RXMASK); // Wit to receive data
DRRv = 0;
DRRv = *(unsigned int *)I|2CLlDRR;
*(unsigned int *)I2C1MDR = O0x4E20; // Transmt STOP Bit
*(unsigned int *)I2C1SR & ~BBMASK;
if (DRRv == | 2Cldta)
{
GEL_Text Qut (" DATA VERI FI ED AT Address = %\n",,,,,|2Cladd);
GEL_TextQut ("% = %&\n\n",,,,,12Cldta, DRRv);
}
el se
{
GEL_TextQut ("*** WRI TE FAILED *** DI D NOT VERI FY *** AT Address = %\n",,,,,|2Cladd);
GEL_TextQut ("% <> 9%&\n\n",,,,,|2Cldta, DRRv);
}
}
/**************************************************/
/*** Read data from|2C channel 1 xRk

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

di al og | 2Cl_Read( | 2Cladd "Address")

SPNA082-July 2005 12C Communication with the TMS470R1x 9
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{

int DRR, ndrin, a, b;
*(unsigned int *)|2C1SAR = 0x50; /1 Load Control Byte
*(unsigned int *)I2C1CNT = 0x01; /1 Nunber of bytes to transmt

*(unsigned int *)l2C1MDR = 0x6620; /1 Transnmit control byte

do {} while ((*(unsigned int *)I2CLSR & ACKMASK) == ACKMASK); // Wait for acknow edgenent
*(unsigned int *)I2C1DXR = | 2Cladd; /'l Load data address

do {} while ((*(unsigned int *)I2CLSR & ACKMASK) == ACKMASK); // Wait for acknow edgenent

*(unsigned int *)I2C1CNT = 0x01;

*(unsigned int *)|2C1LMDR = 0x6C20; /'l Receive data byte

do {} while ((*(unsigned int *)|2CLSR & RXMASK) == RXMASK); // Wit to receive data
DRR = 0;

DRR = *(unsigned int *)|2CLlDRR,

*(unsigned int *)|2C1MDR = Ox4E20; /1l Transmit STOP Bit

*(unsigned int *)I2C1SR & ~BBMASK;

CEL_TextQut ("Data read at address = 9%\n",,,,,|2Cladd);
GEL_TextQut("Data = %\n\n",,,,,DRR);
}
5 Reference Material
1. TMS470R1x Inter-Integrated Circuit (12C) Reference Guide (SPNU223)
2. TMS470R1X Zero-Pin Phase-Locked Loop (ZPLL) Clock Module Reference Guide (SPNU212)
3. TMS470R1x System Module Reference Guide (SPNU189)
10 12C Communication with the TMS470R1x SPNA082-July 2005
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