MSP430FR5969 12C izt

SCFHES

/I MSP430FR59xx Demo - eUSCI_BO0 12C Master RX multiple bytes from MSP430 Slave
1

/I Description: This demo connects two MSP430's via the 12C bus. The master

/I reads 5 bytes from the slave. This is the MASTER CODE. The data from the slave
/I transmitter begins at 0 and increments with each transfer.

/I The USCI_BO RX interrupt is used to know when new data has been received.

/I ACLK = n/a, MCLK = SMCLK = BRCLK = DCO = 1MHz

1

/I ****used with "MSP430FR59xx_euscib0_i2c_11.c"***

1

I /NN

I MSP430FR5969 10k 10k MSP430F5969
1 slave | master

U | |

I -|XIN P1.6/UCBOSDA|<-|----+->|P1.6/UCBOSDA XIN|-
I | | | | 32kHz

1 -|xout | | XOUT-

I |  P1.7/UCBOSCL|<-+------ >|P1.7/UCBOSCL |
I | | | P1.0--> LED

I

/I P. Thanigai

/I Texas Instruments Inc.

/I Feb 2012

/I Built with CCS V5.5
I
#include <msp430.h>

volatile unsigned char RXData;
int main(void)
WDTCTL = WDTPW | WDTHOLD;

/I Configure GPIO

P10UT &= ~BITO; /I Clear P1.0 output latch
P1DIR |= BITO; /I For LED
P1SEL1 |= BIT6 | BIT7; /I'2C pins

/I Disable the GPIO power-on default high-impedance mode to activate
/I previously configured port settings
PM5CTLO &= ~LOCKLPMS5;

/I Configure USCI_BO for I2C mode

UCBOCTLWO |= UCSWRST; /I Software reset enabled
UCBOCTLWO |= UCMODE_3 | UCMST | UCSYNC; // 12C mode, Master mode, sync
UCBOCTLW1 |= UCASTP_2; /I Automatic stop generated

/I after UCBOTBCNT is reached
UCBOBRW = 0x0008; // baudrate = SMCLK / 8
UCBOTBCNT = 0x0005; /I number of bytes to be received
UCBOI2CSA = 0x0048; /I Slave address

UCBOCTL1 &= ~UCSWRST;
UCBOIE |= UCRXIE | UCNACKIE | UCBCNTIE;

while (1)
__delay_cycles(2000);
while (UCBOCTL1 & UCTXSTP); /I Ensure stop condition got sent
UCBOCTL1 |= UCTXSTT; /1'12C start condition

__bis_SR_register(LPMO_bits | GIE);  // Enter LPMO W/ interrupt
}
}

#if defined(__TI COMPILER_VERSION_ ) || defined(__IAR_SYSTEMS_ICC_ )
#pragma vector = USCI_BO_VECTOR

__interrupt void USCI_BO0_ISR(void)

#elif defined(__GNUC___

void __attribute__ ((interrupt(USCI_B0_VECTOR))) USCI_BO_ISR (void)

#else

#error Compiler not supported!

#endif

switch(__even_in_range(UCBOIV, USCI_I2C_UCBIT9IFG))

{
case USCI_NONE: break; /I Vector 0: No interrupts
case USCI _12C_UCALIFG: break; /I Vector 2: ALIFG
case USCI_12C_UCNACKIFG: /I Vector 4: NACKIFG
UCBOCTL1 |= UCTXSTT; /1'12C start condition



break;
case USCI_I2C_UCSTTIFG: break; /I Vector 6: STTIFG
case USCI_I2C_UCSTPIFG: break; /I Vector 8: STPIFG
case USCI_I2C_UCRXIFG3: break; /I Vector 10: RXIFG3
case USCI_12C_UCTXFG3: break; /I Vector 12: TXIFG3
case USCI_12C_UCRXIFG2: break; /I Vector 14: RXIFG2
case USCI_12C_UCTXFG2: break; /I Vector 16: TXIFG2
case USCI_I2C_UCRXIFG1: break; /I Vector 18: RXIFG1
case USCI_I2C_UCTXIFG1: break; /I Vector 20: TXIFG1

case USCI_12C_UCRXIFGO: /I Vector 22: RXIFGO
RXData = UCBORXBUF; /I Get RX data
__bic_SR register_on_exit(LPMO_bits); // Exit LPMO
break;
case USCI_12C_UCTXFGO: break; /I Vector 24: TXIFGO
case USCI_I2C_UCBCNTIFG: /I Vector 26: BCNTIFG
P10OUT 7= BITO; // Toggle LED on P1.0
break;
case USCI_I12C_UCCLTOIFG: break; /I Vector 28: clock low timeout

case USCI_I2C_UCBITOIFG: break; /I Vector 30: 9th bit
default: break;
}
}

H T I TH A 2R UART 5 21 (¥ % 2 Zend ity FVERAE, B Bh BB T RN AR, X Bt RABI2CIH A 25
UCA10 UCGCEN

Address Mask
UCE:xADDMASK

Own Addrass | Own Address | Own Address | Own Address
UCBxI2COAD | UCBxI2COA1 | UCBxI2COAZ | UCExI2ZCOA3

F 3

UCxSDA

[= Recaive Shift Reg!

v

| Receive Buffer UCBxRXBUF |

12C State Machina
[ o —| Byte Counter UCEBxXBCNT

| Transmit Buffer UCBxTXBUF I
+ L @

: Transmit Shift Register |
e ] > 1

Slave Address UCExI2ZCSA

" Clock Low
UCSLA10 MODCLK — yimeout generator

1 _ucxscL

UCSSELx

Bit Clock Generator

ucLK™

ACLK
SMCLK
SMCLK

Y6 o
ucMsT

-|:> Prescaler/Divider

* Externally provided clock on the eUSCI_B SPI clock input pin
“ Not the actual implementation (transistor not located in eUSCI_B module)

Figure 26-1. eUSCI_B Block Diagram — I’C Mode
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UCBOCTLWO |= UCSWRST; /I Software reset enabled
UCBOCTL1 &= ~UCSWRST;



Table 26-4. UCBxCTLWO Register Description

Type

Reset

Description

ucaio

RW

i3}

Own addressing mode select.

Madify only when UCSWRST = 1.

Ob = Own address s a 7-bit address.
1b = Own address is a 10-bit address.

UCsLA10

RW

i3}

Slave addressing mode select
Ob = Address slave with 7-bit address
1b = Address slave with 10-bit address

ucmm

RW

iy}

Multi-master environmeant select.
Meadify anly when UCSWRST = 1.

0b = Single master enviranment. There is no other master in the system. The
address compare unit is disabled.
1b = Multi-master environment

Resarved

0n

Reserved

UCMsT

RW

i3}

Master mode select. When a master loses arbitration In a multi-master
environment (UCMM = 1), the UCMST bit is automatically cleared and the
module acts as slave.

0Ob = Slave moda

1b = Master mode

10-8

UCMODEx

RW

iy}

elUSCI_B mode. The UCMODEX bits select the synchronous mode when
UCSYNC =1.

Meadify anly when UCSWRST = 1.

00k = 3-pin SPI

01b = 4-pin SP1 {master or slave enabled if STE = 1)
10k = 4-pin SPI {master or slave enabled if STE = 0)
11k = 12C mode

UCSYNC

RW

1h

Synchronous mode enable. For eUSCI_B always read and write as 1.

UCSSELx

RW

3h

elISCI_B clock source select. These bits select the BRCLK source clock. These
bits are ignored In slave mode.

Medify only when UCSWRST = 1.
00b = UCLKI

01b = ACLK

10b = SMCLK

11b = SMCLK

UCTHACK

RW

Oh

Transmit ACK condition in slave mode with enabled address mask register. After
the UCSTTIFG has been set, the user needs to set or reset the UCTXACK flag
to continue with the [2C protocol. The clock ks stretched until the UCBxCTL1
register has been writlen. This bit is cleared automatically after the ACK has
been send.

0b = Do not acknowledge the slave address

1b = Acknowledge the slave address

Ta

ble 26-4.

UCBExCTLWO Register Description (continued)

Bit

Type

Resat

Description

UCTR

RW

Oh

Transmitter/receiver
0b = Recalver
1b = Transmitter

UCTHXNACK

RW

Oh

Transmit a NACK. UCTXNACK Is automatically cleared after a NACK is
transmitted. Only for slave receiver mode.

0Ob = Acknowledge normally
1b = Generate NACK

UCTXSTP

RW

Oh

Transmit STOP condition in master mode. Ignored in slave mode. In master
receiver mode, the STOP conditicn is precaded by a NACK. UCTXSTP is
automatically cleared after STOP Iz generated. This bit is a don't care, Iif
automatic UCASTPx Is different from 01 or 10.

0b = No STOP generated

1b = Generate STOP

UCTXSTT

RW

Oh

Transmit START condition in master mode. lgnored in slave mode. In master
receiver mode, a repeated START condition is preceded by a NACK. UCTXSTT
is autormnatically cleared afier START condition and address information is
transmitted. Ignored in slave mode.

0b = Do not generate START condition

1b = Generate START condition

UCSWRST

RW

1h

Software raset enable.
(b = Disabled. eUSCI_B released for operation.
1b = Enabled. eUSCI_B logic held in reset stale.

(2> WEBN.
UCBOCTLWO |= UCMODE_3 | UCMST | UCSYNC; // 12C mode, Master mode, sync
HH, UCMODE 3 = 0x0600, UCMST = 0x0800, UCSYNC = 0x0100,

R

(3) WEEILFMT

eUSCI_BIt #1152k A /£ SMCLK.




Table 26-5.

UCBxCTLW1 Register Description

Field

Reset

Description

158

Resanved

an

Reserved

UCETXINT

RW

ah

Early UCTXIFGO. Only in slave mode. When this bit is set, the slave addresses
defined in UCxI2C0A1T to UCxI2C0A3 must be disabled.

Meodify only when LUCSWRST = 1.

Ob = UCTXIFGx is set after an address maich with UCx|2C0Ax and the direction
bit indicating slave transmit

1b = UCTXIFGO is set for each START condition

7-8

uccLTo

RW

an

Clock low time-out select.

Medify anly when UCSWRST = 1.

00b = Disable clock low time-out counter

01b = 135000 MODCLK cycles (approximately 28 ms)
10b = 150000 MODCLK cycles (approximately 31 ms)
11b = 165000 MODCLEK cycles (approximately 34 ms)

UCSTPNACK

RW

an

The UCSTPNACK bit allows to make the eUSCI_B master acknowledge the last
byte in master receiver mode as well. This does not conform to the 2C
specification and should only be wused for slaves thatl automatically release the
SDA after a fixed packet length.

Meodify only when LUCSWRST = 1.

0b = Send a not acknowledge before the STOP condition as a master receiver
(conform to 12C standard)

1b = All bytes are acknowledged by the eUSCI_B when configured as master
raceiver

UCSWACK

RW

Oh

This bit selects whether sanding an ACK of the address is triggered by the
eUSCIL B module or is controlled by software.

0b = The address acknowledge of the slave is controlled by the eUSCI_B

maodule

1b = The user needs to trigger the sending of the address ACK by issuing
UCTXACK

32

UCASTPx

RW

Oh

Automatic STOP condition generation. In slave mode, only settings 00b and 01b
are available.

Meadify only when LUCSWRST = 1.

00b = No autornatic STOP generation. The STOP condition is generated after
the user sets the UCTXSTP bit. The value in UCBxTBCNT is a don't care.

01b = UCBCNTIFG is set with the byte eounter reaches the threshold defined in
UCBXTBCNT

10b = A STOP condition is generated automatically after the byte counter value
reached UCBxTBCNT. UCBCNTIFG iz set with the byte counter reaching the
threshald.

11b = Resarved

Table 26-5. UCBxCTLW1 Register Description (continued)

Field

Type

Resat

Description

10

UCGLITx

RW

L]

Deglitch time
00b = 50 ns
01b =25 ns
10b = 12.5 ns
11b=6.25ns

UCBOCTLW1 |= UCASTP_2;

Hrdr, UCASTP 2 = 0x0008.,

(4) BEREIRE,

26.4.3 UCBxBRW Register
eUSCI_Bx Bit Rate Control Word Register

/I Automatic stop generated
/I after UCBOTBCNT is reached

Figure 26-19. UCBxBRW Register
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Can be modified only when UCSWRST = 1.

Table 26-6. UCBxBRW Register Description

Bit

Field

Resat

Description

15-0

UCBRx

RW

Oh

Bit clock prescaler.
Medify only when UCSWRST = 1.

UCBOBRW = 0x0008;

f BitClock = fBRCLK/UCBRx
(5) WEBWCT IR R

/I baudrate = SMCLK / 8




26.4.5 UCBXTBCNT Register
elUSCI_Bx Byte Counter Threshold Register

Figure 26-21. UCBXxTBCNT Register
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Can be modified only when UCSWRST = 1.

Table 26-8. UCBxTBCNT Register Description
Bit Field Type Reset Description
15-8 Reserved R iy} Resarvad
70 UCTBCNTx RW Oh The byte counter threshold value ks used to set the number of 12C data bytes

after which the automatic STOP or the UCSTPIFG should occur. This value is
evaluated only If UCASTPx is different from 00.

Medify only when UCSWRST = 1.

UCBOTBCNT = 0x0005;

(6) BB MHLHLE.
26.4.14 UCBxI2CSA Register

elUSCI_Bx I12C Slave Address Register

/I number of bytes to be received

Figure 26-30. UCBxI2CSA Register
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Rasarved 12C5Ax
r-0 rd ] rQ M rd rw-0 rw-0
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12CSAx
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Table 26-17. UCBxI2CSA Register Description
Bit Field Type Reset Description
15-10 Reserved R Oh Resarved
&0 [2CSAx RW Oh 12C slave address. The I2CSAxX bits contain the slave address of the extemal
device to be addressed by the eUSClx_B module. It is only used in master
made. The address is right justified. In 7-bit slave addressing mode, bit & s the
MSE and bits 87 are ignored. In 10-bit slave addressing mode, bit 9 is the MSB.

UCBOI2CSA = 0x0048;

(7 WEPWIHRE.

/] Slave address




Table 26-18. UCBxIE Register Description

Bit Field Type Reset Description
15 Reserved R ily] Reserved
14 UCBITSIE RwW Oh Bit position 9 interrupt enable

0Ob = Interrupt disabled
1b = Interrupt enabled

13 UCTXIE3 RwW Oh Transmit interrupt enable 3
0Ob = Interrupt disabled
1b = Interrupt enabled

12 UCRXIE3 RW Oh Receive interrupt enable 3
0Ob = Interrupt disabled
1b = Interrupt enabled

1 UCTXIEZ RW Oh Transmit interrupt enable 2
0b = Interrupt disabled
1b = Interrupt enabled

10 UCRXIE2 RW Oh Receive interrupt enable 2
0b = Interrupt disabled
1b = Interrupt enabled

9 UCTXIE1 RW Oh Transmit intefrupt anable 1
0Ob = Interrupt disabled
1b = Interrupt enabled

8 UCRXIE1 RW Oh Receive interrupt enable 1
0b = Interrupt disabled
1b = Interrupt enabled

7 UCCLTOIE RW Oh Clock low time-out interrupt enable_
0b = Interrupt disabled
1b = Interrupt enabled

6 UCBCNTIE RwW Oh Byte counter interrupt enable.
0Ob = Interrupt disabled
1b = Interrupt enabled

5 UCNACKIE RwW Oh Mot-acknowledge interrupt enable
0Ob = Interrupt disabled
1b = Interrupt enabled

4 UCALIE RW Oh Arbitration lost interrupt anable
0b = Interrupt disabled
1b = Interrupt enabled

3 UCSTRIE RW Oh STOP condition interrupt enable
0b = Interrupt disabled
1b = Interrupt enabled

Table 26-18. UCBxIE Register Description (continued)

Bit Field Type Resat Description

2 UCSTTIE RW Oh START condition interrupt enable
0Ob = Interrupt disabled
1b = Interrupt enabled

1 UCTXIED RW Oh Transmit interrupt enable 0
0b = Interrupt disabled
1b = Interrupt enabled

0 UCRXIED RW Oh Receive interrupt enable O
0b = Interrupt disabled
1b = Interrupt enabled

UCBOIE |= UCRXIE | UCNACKIE | UCBCNTIE;
H, UCRXIE = 0x0001,UCNACKIE = 0x0020,UCBCNTIE = 0x0040.

2. ERCE5EUSCI_BOJG, i S5eill T BLA R A e . T8 ROETHR RLEAT He ek .
while (UCBOCTL1 & UCTXSTP); /I Ensure stop condition got sent
UCBOCTL1 |= UCTXSTT; /I 12C start condition

XEFIER] T A, PRI —LemE], AR AL SRWIE S ALK R



Table 26-4. UCBxCTLWO Register Description (continued)
Bit Field Type Reset Description

4 UCTR RwW Oh Transmitteriraceiver
0b = Recaiver

1b = Transmitter

3 UCTXNACK RW Oh Transmit a MACK. UCTXMACK is automatically cleared after a NACK Is
transmitted. Only for slave recaiver mode.

0Ob = Acknowledge normally

1b = Generate NACK

2 UCTXSTP RW Oh Transmit STOP condition in master mode. Ignored in slave mode. In master
raceiver mode, the STOP conditicn is preceded by a NACK. UCTXSTPR is
automatically cleared after STOP Is generated. This bit Is a don't care, if
automatic UCASTPx is different from 01 or 10.

0Ob = Mo STOP generated

1b = Generate STOP

1 UCTXSTT RW Oh Transmit START condition in master mode. Ignored in slave mode. In master
receiver mode, a repeated START condition is preceded by a NACK. UCTXSTT
is automatically cleared after START condition and address information is
transmitted. Ignored in slave mode.

0Ob = Do not generate START condition
1b = Generate START condition

1} UCSWRST RW ih Software reset enable.

0Ob = Disabled. eUSCI_B released for operation.
1b = Enabled. eUSCI_E logic held in reset state.

XERTLAAHE , MSPFRS96OBIAZRIMTISHERFRY . FRAMISEET ZEXRF | [RERIMlcodemiaiiaR.
UCBOCTLWO |= UCTR | UCTXSTT,; I1'12C TX; start condition
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4.3.3 Status Register (SR)

The 16-bit Status Register (SR, also called R2), used as a source or destination register, can only be used
in register mode addressed with word instructions. The remaining combinations of addressing modes are
used to support the constant generator. Figure 4-9 shows the SR bits. Do not write 20-bit values to the
SR. Unpredictable operation can result.

15 9 8 7 1]
0sC|CPU
Reserved WV | 3CG1 | SCGO OFF | oEF GIE|N|Z|C
/
W
rw-0

Figure 4-9. SR Bits

Table 4-1 describes the SR bits.
Table 4-1. SR Bit Description

Bit Description

Resarved  Reserved

W Owerflow. This bit is set when the result of an arithmetic operation overflows the signed-variable range.
ADD{.BE), ADDX{.E,.R), Setv_than:
ADDC(.B), ADDCX(.E.&), poslu\_fs + posltlu\g= negative
ADDA negative + negative = positive

otharwise resat

SUE(.B), SUSX(.E,.A), Set when:
SUBC(.B},SUBCX (.8, .A), positive — negative = negative
SUBA, CMP(.B), negalive — positive = positive

CMPX(.B, .&), CMPR otherwise reset

SCG1 System clock generator 1. This bit may be used to enable or disable functions in the clock system depending on the
device family; for example, DCO bias enable or disable.
3CG0 System clock generator 0. This bit may be used to enable or disable functions in the clock system depending on the

device family, for example, FLL enable or disable.

OSCOFF  Oscillator off. When this bit is set, it urns off the LFXT1 crystal oscillator when LFXT1CLK is not used for MCLK or
SMCLE. In FRAM devices, CPUOFF must be 1 to disable the cyrstal oscillator.

CPUOFF CPU off. When this bit is set, it turns off the CPU and requests a low-power mode according to the settings of bits
OSCOFF, SCGO, and SCGA.

GIE General interrupt enable. When this bit is set, it enables maskable interrupts. When it is reset, all maskable interrupts
are disabled.

N Negative. This bit is set when the result of an operation is negative and cleared when the result is positive.

rd Zearo. This bit is set when the result of an operation is 0 and cleared when the result is not 0.

C Carry. This bit is st when the result of an operation produced a carry and cleared when no cary occurmed.

bis_ SR_register(LPMO_bits | GIE);  // Enter LPMO W/ interrupt
KR T HEANLPMORE S, JEIT @A h il fe, S vF A TR s nse i .
__bic_SR register_on_exit(LPMO_bits); // Exit LPMO
XA T8  LPMOR K
JUT-Ir A BR SRR A T DL AR I P AR
4. TR
HMSPA30M WA Fr B 77 4 tH O BIRRAR 58 B T, % IRIRE QR e— Tt ae i, BARIIRARA, Mt CMERBS T T, #aBlIE
WIEAT. KEA—MHEEERI




Table 26-3. eUSCI_B Registers

Offset  Acronym Register Name Type Access Reset Section
00h UCBxCTLWO elSCI_Bx Control Word 0 Readiwrite  Word 01C1h  Section 26.4.1
00h UCExCTL1 alSCI_Bx Control 1 Readiwrite  Byle Cih
01h UCBxCTLO elSCI_Bx Control 0 Readiwrite  Byle 01h
02h UCBxCTLWA elUSCI_Bx Control Word 1 Readhwrite  Word 0000h Section 26.4.2
06h UCBxBRW elSCI_Bx Bit Rate Control Word Readiwrite  Word 0000k Section 26.4.3
06h UCBxBRO elSCI_Bx Bit Rate Control 0 Readhwrite  Byle 0oh
07h UCBxBR1 elSCI_Bx Bit Rate Control 1 Readhwrite  Byle 0oh
08h UCBxSTATW elUSCI_Bx Status Word Read Waerd 0000k Section 26.4.4
08h UCBxSTAT elSCI_Bx Status Read Byte 0ok
0%h UCB=BCNT elUSCI_Bx Byte Counter Register Read Byte 0ok
0Ah UCBXTBCNT "Rggg:s—?‘ Byin Counter Thrashold Read/Write Werd  00h Section 26.4.5
OCh UCBxRXBUF alUSCI_Bx Receive Buffer Readiwrite  Word 00k Section 26 4.6
OEh UCBxTXBUF eUSCI_Bx Transmit Buffer Read/write  Word 00k Section 26 4.7
14h UCExI2COAD alSCI_Bx 12C Own Address 0 Readiwrite  Word 0000k Section 26.4.8
16h UCBxI2COA1 eUSCI_Bx 12C Own Address 1 Readiwrite  Word 0000k Saection 26.4.9
18h UCExI2COA2 alSCI_Bx 12C Own Address 2 Readiwrite  Word 0000k Section 26.4.10
14h UCBxI2COA3 eUSCI_Bx 12C Own Address 3 Readiwrite  Word 0000k Saection 26.4.11
1Ch UCExADDRX aUSCI_Bx Received Address Register Read Word Section 26.4.12
1Eh UCBxADDMASK elUSCI_Bx Address Mask Register Readhwrite  Word 03FFh  Section 26.4.13
20h UCBxI2CSA @lSCI_Bx 12C Slave Address Readiwrite  Word 0000k Section 26.4.14
2Ah UCExIE alUSCI_Bx Interrupt Enable Readiwrite  Word 0000h Section 26 4.15
2Ch UCBxIFG aUSCI_Bx Interrupt Flag Readiwrite  Word 0002h Section 26 4.16
2Eh UCBxIV alUSCI_Bx Interrupt Vector Read Word 0000h Section 26 417

IXEEERMSPFRS96IAJLAUSEAM Ut , R —1"MSPFR59698JLUE/IIT ML,




