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/I MSP430FR59xx Demo - USCI_AOQ External Loopback test @ 115200 baud
I

/I Description: This demo connects TXto RX of the MSP430 UART

/I The example code shows proper initialization of registers

/I and interrupts to receive and transmit data. If data is incorrect P1.0 LED is
/I turned ON.

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

I
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/I Built with CCS V4 and IAR Embedded Workbench Version: 5.5
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#include <msp430.h>

volatile unsigned char RXData = 0;
volatile unsigned char TXData = 1;

int main(void)

WDTCTL = WDTPW | WDTHOLD; /I Stop watchdog
/I Configure GPIO

P10UT &= ~BITO; /I Clear P1.0 output latch
P1DIR |= BITO; /I For LED on P1.0

P2SEL1 |= BITO | BIT1; /I USCI_AO UART operation

P2SELO &= ~(BITO | BIT1);

/I Disable the GPIO power-on default high-impedance mode to activate
/I previously configured port settings

PM5CTLO &= ~LOCKLPMS5;

/I Configure USCI_AO for UART mode

UCAOCTLWO = UCSWRST; /I Put eUSCI in reset

UCAOCTL1 |= UCSSEL__ SMCLK; // CLK = SMCLK

UCAOBRO = 8; // 1000000/115200 = 8.68

UCAOMCTLW = 0xD600; // 1000000/115200 - INT(1000000/115200)=0.68
/I UCBRSx value = 0xD6 (See UG)

UCAOBR1 = 0;

UCAOCTL1 &= ~UCSWRST; /I release from reset

UCAOIE |= UCRXIE; /I Enable USCI_AO RXinterrupt

while (1)

{
while(!(UCAOIFG & UCTXIFG));
UCAOTXBUF = TXData++; /I Load data onto buffer

}
}

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

__interrupt void USCI_AQ_ISR(void)

#elif defined(__GNUC__)

void __attribute__ ((interrupt(USCI_AO0_VECTOR))) USCI_A0_ISR (void)

#else

#error Compiler not supported!

#endif

switch(__even_in_range(UCAOIV,USCI_UART _UCTXCPTIFG))

{
case USCI_NONE: break;
case USCI_UART_UCRXIFG:

RXData = UCAORXBUF; /I Read buffer
if(RXData != TXData) /I Check value
{

P10UT |= BITO; /' If incorrect turn on P1.0

while(1); /I Trap CPU



TXData++; /I increment data byte

break;
case USCI_UART_UCTXIFG: break;
case USCI_UART_UCSTTIFG: break;
case USCI_UART_UCTXCPTIFG: break;
1
}
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Figure 18-1. Watchdog Timer Block Diagram

WDTCTL = WDTPW | WDTHOLD;

B LIS SC A T 1.
Hr: WDTPW = 0x5A00, WDTHOLD = 0x0080. 5 N 24356 H & [ 141



Figure 18-2. WDTCTL Register
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Table 18-2. WDTCTL Register Description
Bit Field Type Reset Description
15-8 WDTPW RW &9h Watchdog timer password. Always read as 069h. Must be written as 05Ah, or a
PUC is generated.
7 WOTHOLD RW Oh Watchdog timer hold. This bit stops the watchdog timer. Setting WDTHOLD = 1
when the WOT is not in Use conserves power.
0b = Watchdog timer is not stopped
1b = Watchdog timer is stopped
8-5 WDTSSEL RW Oh Watchdog timer clock source select
00b = SMCLK
01b = ACLK
10b = VLOCLK
11b = X_CLK, same as VLOCLK if not defined differently in data sheet
4 WDTTMSEL RW Oh Watchdog timer mode select
0Ob = Watchdog mode
1b = Interval timer mode
3 WDTCNTCL RW Oh Watchdog timer counter clear. Setting WDTCNTCL = 1 clears the count value to
0000h. WOTCNTCL is automatically reset.
0b = Mo action
1b = WDTCNT = 0000h
20 WDTIS RW 4h Watchdog timer interval select. These bits select the watchdog timer interval to
set the WDTIFG flag or generate a PUC.
000b = Watchdog clock source / 2*' (18:12:16 at 32.768 kHz)
001b = Watchdog clock source | 2% (01:08:16 at 32.768 kHz)
010b = Watchdog clock source / 2% (00:04:16 at 32.768 kHz)
011b = Watchdog clock source / 2™ (00:00:16 at 32.768 kHz)
100b = Watchdog clock source / 2'® (1 s at 32.768 kHz)
101b = Watchdog clock source / 2™ (250 ms at 32.768 kHz)
110b = Watchdog clock source / 2* (15.625 ms at 32.768 kHz)
111b = Watchdog clock source / 2° (1.95 ms at 32.768 kHz)

2. EEGPIOMN,
/I Configure GPIO
P10UT &= ~BITO; /I Clear P1.0 output latch
P1DIR |= BITO; /I For LED on P1.0
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12.2 Digital I/O Operation
The digital I/O are configured with user software. The setup and operation of the digital I/O are discussed
in the following sections.
12.2.1 Input Registers (PxIN)
Fach bit in each PxIN register reflects the value of the input signal at the corresponding I/O pin when the
pin is configured as I/O function. These registers are read only.
* Bit =0: Input is low
«Bit = 1: Input is high
NOTE: Writing to read-only registers PxIN
Writing to these read-only registers results in increased current consumption while the write
attempt is active.
12.2.2 Output Registers (PxOUT)
Each bit in each PxOUT register is the value to be output on the corresponding I/O pin when the pin is
configured as I/O function, output direction.
« Bit = 0: Output is low
« Bit = 1: Output is high
If the pin is configured as I/O function, input direction and the pullup or pulldown resistor are enabled; the
corresponding bit in the PxOUT register selects pullup or pulldown.
« Bit =0: Pin is pulled down
« Bit = 1: Pin is pulled up
12.2.3 Direction Registers (PxDIR)
Each bit in each PxDIR register selects the direction of the corresponding I/O pin, regardless of the
selected function for the pin. PXDIR bits for I/O pins that are selected for other functions nmust be set as
required by the other function.
« Bit =0: Port pin is switched to input direction
« Bit = 1: Port pin is switched to output direction
12.2.4 Pullup or Pulldown Resistor Enable Registers (PxREN)
Each bit in each PXREN register enables or disables the pullup or pulldown resistor of the corresponding
/O pin. The corresponding bit in the PXOUT register selects if the pin contains a pullup or pulldown.
« Bit = 0: Pullup or pulldown resistor disabled
« Bit = 1: Pullup or pulldown resistor enabled
Table 12-1 summarizes the use of PXDIR, PXREN, and PxOUT for proper I/O configuration.
Table 12-1. I/O Configuration




PxDIR PxREN

PxOUT | 1/O Configuration

0 0 % Input
0 1 0 Input with pulldown resistor
0 1 1 Input with pullup resistor

x
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3. WHELIHASMEE.
P2SEL1 |= BITO | BIT1;
P2SELO &= ~(BITO | BIT1);
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/I USCI_AO UART operation

Table 12-2. I/O Function Selection
PxSEL1 PxSELD 1/0 Function
0 0 General purpose /0 is selected
1] 1 Primary module function is selected
1 0 Secondary module function is selected
1 1 Tertiary module function is selected

E/9PxSELIFNPXSELORASTERT I B | AL AR SESOX A ML,
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PM5CTLO &= ~LOCKLPMS;
Hrf, LOCKLPMS = 0x0001. 7] 23 T T (1 304 i B
2.3.4 PMS5CTLO Register (offset = 10h) [reset = 0001h]

Power Mode 5 Control Register 0

Figure 2-7. PM5CTLO Register
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Reserved
0 ] 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Reserved | LOCKLPMS
Y 0 0 0 0 0 0 w-{1}
Table 2-5. PM5CTLO Register Description
Bit Field Type Reset Description
15-1 Reserved R 0Oh Reserved. Always reads as 0.
0 LOCKLPMS RW 1h Locks I/O pin and other LPMx.5 relevant (for example, RTC) configurations upon
exit from LPMx.5.
This bit is set by hardware and must be cleared by software. It cannot be set by
software.
After a power cycle IO pins are locked in high-impedance state with input
Schmitt triggers disabled until LOCKLPMS is cleared by the user software.
After a wake-up from LPMx.5 IfO pins and other LPMx.5 relevant (for example,
RTC) configurations are locked in their states configured before LPMx.5 entry
until LOCKLPMS is cleared by the user software.
0Ob = IfO pin and LPMx.5 configurations unlocked.
1b = IfO pin and LPMx.5 configuration remains locked.
5. EcERdsf.
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/I ACLK = n/a, MCLK = SMCLK = BRCLK = default DCO = 1MHz
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The block diagram of the clock system module is shown in Figure 3-1.
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Figure 3-1. Clock System Block Diagram
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PJSELO |= BIT4 | BIT5; /I Configure XT1 pins
R, ZETEMBED.
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3.3.1 CSCTLO Register
Clock System Control 0 Register

Figure 3-5. CSCTLO Register
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Table 3-4. CSCTLO Register Description
Bit Field Type Reset Description
15-8 CSKEY RW 96h CSKEY password. Must always be written with ASh;|a PUC is generated if any
other value is written. Always reads as 96h. After the correct password is written,
all CS registers are available for writing.
7-0 Reserved R Oh Reserved. Always reads as 0.

CSCTLO_H = CSKEY >> 8;
Hrh, CSKEY = 0xA500,

/I Unlock CS registers

(2) WEDCOR % . 7FEDCORESLMDCOFSELRL &K HE .

3.3.2 CSCTL1 Register

Clock System Control 1 Register

Figure 3-6. CSCTL1 Register
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Table 3-5. CSCTL1 Register Description

Bit Field

Type

Reset

Description

15-7 Reserved

Oh

Reserved. Always reads as 0.

6 |DCORSEL |

RW

oh

DCO range select. For high-speed devices, this bit can be written by the user.
For low-speed devices, it is always 0. See description of DCOFSEL bit for
details.

5-4 Reserved

oh

Reserved. Always reads as 0.

3-1

RW

6h

DCO frequency select. Selects frequency settings for the DCO. Values shown
below are approximate. Refer to the device-specific data sheet.

000b = If DCORSEL = 0: 1 MHz; If DCORSEL = 1: 1 MHz

001b = If DCORSEL = 0: 2.67 MHz; If DCORSEL = 1: 5.33 MHz

010b = If DCORSEL = 0: 3.5 MHz; If DCORSEL = 1: 7 MHz

011b = If DCORSEL = 0: 4 MHz; If DCORSEL = 1: 8 MHz

100b = If DCORSEL = 0: 5.33 MHz; If DCORSEL = 1: 16 MHz

101b = If DCORSEL = 0: 7 MHz; If DCORSEL = 1: 21 MHz

110b = If DCORSEL = 0: 8 MHz; If DCORSEL = 1: 24 MHz

111b = If DCORSEL = 0: Reserved. Defaults to 8 MHz. It is not recommended to

use this setting; If DCORSEL = 1: Reserved. Defaults to 24 MHz. It is mot
recommended to use this setting

0 Reserved

oh

Reserved. Always reads as 0.

CSCTL1 = DCOFSEL 0;

Hrh , DCOFSEL 0 = 0x0000,
(3) BB BRI P

// Set DCO to 1IMHz




Table 3-6. CSCTL2 Register Description

Field

Type

Reset

Description

15-11

Reserved

0Oh

Reserved. Always reads as 0.

10-8

SELA

RW

0Oh

Selects the ACLK source

000b = LFXTCLK when LFXT available, otherwise VLOCLK.

001b = VLOCLK

010b = LFMODCLK

011b = Reserved. Defaults to LFMODCLK. Not recommended for use to ensure
future compatibility.

100b = Reserved. Defaults to LFMODCLK. Not recommended for use to ensure
future compatibility.

101b = Reserved. Defaults to LFMODCLK. Mot recommended for use to ensure
future compatibility.

110b = Reserved. Defaults to LFMODCLK. Mot recommended for use to ensure
future compatibility.

111b = Reserved. Defaults to LFMODCLK. Not recommended for use to ensure
future compatibility.

Reserved

0Oh

Reserved. Always reads as 0.

64

SELS

RW

3h

Selects the SMCLK source

000b = LFXTCLK when LFXT available, otherwise VLOCLK.

001b = VLOCLK

010b = LFMODCLK

011b = DCOCLK

100b = MODCLK

101b = HFXTCLK when HFXT available, otherwise DCOCLK.

110b = Reserved. Defaults to HFXTCLK. Mot recommended for use to ensure
future compatibility.

111b = Reserved. Defaults to HFXTCLK. Mot recommended for use to ensure
future compatibility.

Reserved

0Oh

Reserved. Always reads as 0.

SELM

RW

3h

Selects the MCLK source

000b = LFXTCLK when LFXT available, otherwise WVLOCLK

001b = VLOCLK

010b = LFMODCLK

011b = DCOCLK

100b = MODCLK

101b = HFXTCLK when HFXT available, otherwise DCOCLK

110b = Reserved. Defaults to HFXTCLK. Mot recommended for use to ensure
future compatibility.

111b = Reserved. Defaults to HFXTCLK. Mot recommended for use to ensure
future compatibility.

CSCTL2 = SELA__LFXTCLK | SELS__DCOCLK | SELM__DCOCLK,;
A, SELA LFXTCLK = 0x0000,SELS__DCOCLK = 0x0030,SELM__DCOCLK = 0x0003 .
(4) BEPPZH




Table 3-7. CSCTL3 Register Description

Field

Type

Reset

Description

1511

Reserved

0Oh

Reserved. Always reads as 0.

10-8

DIVA

RW

0Oh

ACLK source divider. Divides the frequency of the ACLK clock source.

000b = M1

001b = /2

010b = /4

011b=/8

100b = M6

101b = /32

110b = Reserved. Defaults to /32. Not recommended for use to ensure future
compatibility.

111b = Reserved. Defaults to /32. Not recommended for use to ensure future
compatibility.

Reserved

0Oh

Reserved. Always reads as 0.

6-4

DIVS

RwW

3h

SMCLK source divider. Divides the frequency of the SMCLK clock source.
000b =M

001b = /2

010b = /4

011b=/8

100b = M6

101b = /32

110b = Reserved. Defaults to /32. Mot recommended for use to ensure future
compatibility.

111b = Reserved. Defaults to f32. Not recommended for use to ensure future
compatibility.

Reserved

0Oh

Reserved. Always reads as 0.

DIV

RW

3h

MCLK source divider. Divides the frequency of the MCLK clock source.

000b =M1

001b = /2

010b = /4

011b=/8

100b = M6

101b = /32

110b = Reserved. Defaults to f32. Not recommended for use to ensure future
compatibility.

111b = Reserved. Defaults to f32. Not recommended for use to ensure future
compatibility.

CSCTL3=DIVA__1|DNS__1|DVM_1;
HErh, DIVA_1, DIVS_1, DIVM_1 #B/90x0000,

(5) FHELEXT

/I Set all dividers




Table 3-8. CSCTL4 Register Description

Bit Field Type Reset Description

15-14 HFXTDRIVE RW 3h The HFXT oscillator current can be adjusted to its drive needs. This in
combination with the HFFREQ bits can be used for optimizing crystal power
based on crystal characteristics.

00b = Lowest current consumption

01b = Increased drive strength HFXT oscillator
10b = Increased drive strength HFXT oscillator
11b = Maximurm drive strength HFXT oscillator

13 Reserved R Oh Reserved. Always reads as 0.

12 HFXTBYPASS RW 0k HFXT bypass select
Ob = HFXT sourced from external crystal
b = HFXT sourced from aexternal clock signal

11-10 HFFRECQ RW 3h The HFXT frequency selection. These bits must be set to the appropriate
fraquency for crystal or bypass modes of operation.

00k = 0 1o 4 MHz

01b = Greater than 4 MHz to 8 MHz

10b = Greater than § MHz to 16 MHz

11b = Greater than 16 MHz to 24 MHz

9 Reszervad R Oh Reserved. Always reads as 0.

8 HFXTOFF RW 1h Tums off the HFXT oscillator

0Ob = HFXT is on if HFXT is selected through the port selection and HEXT is not
in bypass mode of operation

1b = HFXT Is off if it is not used as a source for ACLK, MCLK, or SMCLK

7-6 LFXTDRIVE RW 3h The LFXT oscillator current can be adjusted 1o its drive neads.

00k = Lowest drive strength and current consumption LEXT oscillator
01k = Increased drive strength LEXT oscillator

10b = Increased drive strength LEXT oscillator

11b = Maximum drive strength and maximum current consumption LEXT

oscillator
Reservad RW Oh Reservad. Must be written as zero.
4 LFXTBYPASS RW 0k LFXT bypass select

0Ob = LFXT sourced from external crystal
b = LFXT sourced from extarnal clock signal

3 VLOOFF RW 1h WLO off. This bit turns off the VLO.

Ob = VLO is on

1b = WVLO Is off if it is not used as a source for ACLE, MCLE, or SMCLK or if not
used as a source for the RTC in LPM3.5

2 Rasarvad R Oh Resarvad. Always reads as 0.
1 SMCLKOFF RW 0k SMCLK off. This bit turns off the SMCLK.
Ob = SMCLEK on
1b = SMCLK off
Table 3-8. CSCTL4 Register Description (continued)
Bit Field Type Resat Description
0 LFXTOFF RW 1h LFXT off. This bit tums off the LFXT.

Ob = LFXT is on if LFXT is selectad through the port selection and LFXT is not in
bypass mode of operation

1b = LFXT is off if it is not used as a source for ACLK, MCLK, or SMCLK

CSCTL4 &= ~LFXTOFF; /I Enable LFXT1
Hrh , LFXTOFF = 0x0001,
XEENEETEERE—RIALFXTBYPASSH SRR , ZRIFEASTM320T , BEE—NNEA , AlLSET ¢
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3.3.6 CSCTL5 Register
Clock System Control 5 Register

Figure 3-10. CSCTL5 Register

15 14
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Reserved

ra 0

] ] 0 ] ]

7 6

4 3 2 1 0

ENSTFCNT2 | ENSTFCNT1 |

Reserved | HFXTOFFG | LFXTOFFG

rw-(1) rw-(1)

0 0 0 nw-(0) nw=(1)

Table 3-9. CSCTLS Register Description

Field

Type

Reset Description

15-8

Reserved

Oh

Reserved. Always reads as 0.

ENSTFCNT2

RW

1h

Enable start counter for HFXT when available.
Ob = Startup fault counter disabled. Counter is cleared.
1b = Startup fault counter enabled

ENSTFCNT1

RW

1h

Enable start counter for LFXT.
0Ob = Startup fault counter disabled. Counter is cleared.
1b = Startup fault counter enabled

Reserved

0Oh

Reserved. Always reads as 0.

HFXTOFFG

RW

Oh

is set if a HFXT fault condition exists. HFXTOFFG can be cleared through
software. If the HFXT fault condition still remains, HFXTOFFG is set.

Ob = No fault condition occurred after the last reset
1b = HFXT fault; an HFXT fault occurred after the last reset

LFXTOFFG

RW

1h

is set if a LFXT fault condition exists. LFXTOFFG can be cleared through
software. If the LFXT fault condition still remains, LFXTOFFG is set.

Ob = Mo fault condition occurred after the last reset

1b = LFXT fault; an LFXT fault occurred after the last reset

Table 1-14. SFRIFG1 Register Description

Field

Resst

Description

15-8

Reserved

ah

Reserved. Always reads as 0.

JMBOUTIFG

RW

ih

JTAG mallbox output Interrupt flag

0b = Mo imterrupt pending. When in 16-bit mode (JMBMODE = 0), this bit is
cleared automatically when JMBOO has been written with a new message to the
JTAG module by the CPU. When in 32-bit mode (JMBMODE = 1), this bit is
cleared automatically when both JMBOO and JMBO1 have beaen writien with new
messages to the JTAG module by the CPU. This bit is also cleared when the
associated vector in SYSUNIV has bean read.

1b = Interrupt pending, JMBO registers are ready for new messages. In 16-bit
made (JMBMODE = 0), JMBOO has been received by the JTAG module and is
ready for a new message from the CPU. In 32-bit mode (JMBMODE =1) ,
JMBOO and JMBO1 have been received by the JTAG module and are ready for
new messages from the CPLU.

JMEINIFG

RW

ah

JTAG mailbox input interrupt flag

0b = Mo interrupt pending. When in 16-bit mode (JMBMODE = 0), this bit is
cleared automatically when JMBID is read by the CPU. When in 32-bit mode
(JMBMODE = 1), this bit iz cleared automatically when bath JMBIO and JMEBI
have been read by the CPU. This bit is also cleared when the assoclated vector
in SYSUNIV has been read

1b = Interrupt pending, a message |s waiting in the JMBIN registers. In 16-bit
made (JMBMODE = 0) when JMBIO has been written by the JTAG module. In
32-bit mode (JMBMODE = 1) when JMBI0 and JMBI1 have been written by the
JTAG module.

Reserved

an

Reserved. Always reads as 0.

NMIIFG

RW

an

NI pin interrupt flag
0b = Mo interrupt pending
1b = Interrupt pending

VMAIFG

RW

an

‘Vacant memory access interrupt flag
0b = Mo interrupt pending
1b = Interrupt pending

Resared

an

Reserved. Always reads as 0.

OFIFG

RW

Oscillator fault interrupt flag
0b = Mo interrupt pending
1b = Interrupt pending

WDTIFG

RW

ah

‘Watchdog timer interrupt flag. In watchdog mode, WDTIFG clears itself upon a
walchdog timeout event. The SYSRSTIV can be read to determine if the reset
was caused by a watchdog timeout event. In interval mode, WDTIFG is reset
automatically by servicing the interrupt, or can be reset by software. Because
other bits in SFRIFG1 may be used for other modules, it is recommended to set
or clear WOTIFG by usging BIS.B or BIC.B instructions, rather than MOV.B or
CLR.B instructions.

0b = Mo interrupt pending
1b = Interrupt pending

do

CSCTL5 &= ~LFXTOFFG;

SFRIFG1 &= ~OFIFG;
twhile (SFRIFG1&OFIFG);

/I Clear XT1 fault flag

/I Test oscillator fault flag

HFXT oscillator fault flag. If this bit is set, the OFIFG flag is also set. HFXTOFFG

LFXT oscillator fault flag. If this bit is set, the OFIFG flag is also set. LEXTOFFG




(7)) EREEEAMATHECE S 7es.
CSCTLO_H=0; /I Lock CS registers

6. it EUSA_AOSUARTHESL,

UCMODEx UCSPB  UCDORM UCRXEIE UCRXERR
X
UCRXERKIEB— —EuUCPE
?2 T T | —mUCFE

Error Flags

—aUCOE
Recaive State Machine P Set Flags
B Set RXIFG [ Set UCRXIFG
— — Set UCBRK
— Set UCADDR/UCIDLE

Receive Buffer UCAxRXBUF | UCIREM UCLISTEN

*

0—{:;— Receive Shift Register

UCAXRXD

n n [ n
UCPEN UCPAR UCMSB UCTBIT

UCABEN
UCSSELx s
Receive Baud-Rate Genarator
UCOBRx
UCOCLK — 00 }1 6
ACLK LIl "

[~  Prescaler/Divider Receive Clock

SMCLK 10 | BRCLK

S 1 Modulator Transmit Clock

4 &

UCBRFx UCEBERSx UCOS16

UCIREN

UCPEN UCPAR UCMSE UCTBIT
" % =

u—l::- Transmit Shift Register }

*

| Transmit Buffer UCAxTXBUF ‘

UCAxTXD

IrDA Encoder

UCIRTXPLx

Transmit State Machine L Set UCTXIFG
—aUCTXBRK
—1= | mUCTXADDR

2
UCMODEx UCSPB
Figure 24-1. eUSCI_Ax Block Diagram — UART Mode (UCSYNC = 0)

(1) FERCE B E BT E eUSCLA BEHLR B 1% 50K UCSWRSTHE 1 LA 4 I B 4515, L B 56 2 R B L.
UCAOCTLWO = UCSWRST; /I Put eUSCl in reset

UCAOCTL1 &= ~UCSWRST; /Il release from reset



24 41 UCAxCTLWO Register
elSCI_Ax Control Word Register 0

Figure 24-12. UCAxCTLWO0 Register

15 14 13 12 11 10 9 8
UCPEN ucPaR | ucmse | ucvem | uUcsPB | UCMODEx | ucsync
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 & 5 4 3 2 1 0
UCSSELx | UcrxElEe | UCBRKIE | UCDORM [ UCTXADDR UCTXBRK | UCSWRST
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-1

Can be modified only when UCSWRST = 1.

Table 24-8. UCAxCTLWO Register Description

Bit Field Type Raset Description

15 UCPEN RwW Oh Parity enable
0Ob = Parity disabled

the parity calculation.

1b = Parity enabled. Parity bit is generated (UCAxTXD) and expected
(UCAxRXD). In address-bit multiprocessor mode, the address bit ks included in

14 UCPAR RW Oh Parity select. UCPAR is not used when parily is disabled.
0b = Odd parity
1b = Even parity

Ob = LSB first
1b = MSB first

13 UCMSB RW Oh MSE first select. Controls the direction of the receive and transmit shift register.

12 ucreir RW Oh Character length. Selects 7-bit or 8-bit character length.
0b = 8-bit data
1b = T-bit data

11 UCSPB Rw Oh Stop bit select. Number of step bits.
0b = One stop bit
1b = Two stop bits

UCSYNC = 0.

b = UART mode

01b = ldle-line multiprocessor mode

10k = Address-bit multiprocessor mode

11b = UART mode with automatic baud-rate detaction

10-8 UCMODEx RW Oh eUSCI_A mode. The UCMODEX bits select the asynchronous mode when

8 UCSYNC RW Oh Synehronous mode enable
0b = Asynchroncus mode
1b = Synchronous mode




76 UCSSELx RW Oh eUSCI_A clock source select. These bits select the BRCLK source clock.
00b = UCLK

01b = ACLK

10b = SMCLK

11b = SMCLK

5 UCRXEIE RW Oh Receive erroneous-character interrupt enable
0Ob = Erroneous characters rejected and UCRXIFG Is not set.
1b = Erroneous characters received set UCRXIFG.

4 UCBRKIE RW Oh Receive break character interrupt enable

0b = Recelved break characters do not set UCRXIFG.
1b = Received break characters set UCRXIFG.
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Table 24-8. UCAxCTLWO Register Description (continued)
Bit Field Type Resat Description
3 UCDORM RW Oh Dormant. Puts aUSCI_A into sleep mode.

0b = Mot dormant. All received characters sat UCRXIFG.

1b = DormanL Only characters that are preceded by an idle-line or with address
bit set UCRXIFG. In UART mode with autematic baud-rate detection, only the
combination of a break and synch field sets UCRXIFG.

2 UCTXADDR RW Oh Transmit address. Next frame to be transmitted is marked as address, depending
an the selected multiprocessor mode.

Ob = Maxt frame transmitted is data.

1b = Next frame transmitted is an address.

1 UCTXBRK RW Oh Transmit break. Transmits a break with the next write to the transmit buffer. In
UART mode with automatic baud-rale datection, 055h must be written into
UCAxTXBUF to generate the required breakisynch fields. Otherwise, Oh must be
written into the transmit buffer.

Ob = Mext frame transmitted is not a break.

1b = Mext frame transmitted is a break or a breakisynch.
o UCSWRST RW n Software reset enable

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

(2)12EeUSA_ARIHHIR , 1E/9R-EERd iR,
UCAOCTL1 |= UCSSEL__ SMCLK; /I CLK = SMCLK
HEBESMCLK A 45 o
(3) BEWIFR,
BRI B E S
STFAEHIBRCLKAS R | (AR RE 7RISR N
N = fBreLk /SRAEER
DIEFNEFERIEE , Al , FRED— oS N E R R s g mZE 7
WNEENETEAT16 , TEENGEHZEUCOS 63T S R Al

IR RERRERERE

BT ERREREIERSE | BTATSR |

L8N = fBRCLK /iRRER[ANSEN> 164452553 | RULEE2]

2.0516 =0, UCBRx = INT (N ) [4k525%4]

3.0516 =1, UCBRx =INT (N/16) , UCBRFx =INT ([ (N/16) -INT (N/16)]x16)
EILUBIEEZR24-4HHIN (= N-INT (N) ) A7) e sRix@IUCBRSX

SHMFRIEEOS16 = 0, TR IR R



Table 24-4. UCBRSx Settings for Fractional Portion of N = fy,, /Baud Rate

Fractional Portion of N UCBRSx™ Fractional Portion of N UcBRsSx'"
0.0000 0x00 0.5002 OxAA
0.0529 0x01 0.5715 0x6B
00715 0x02 0.6003 OxAD
0.0835 0x04 0.6254 0xB5
0.1001 0x08 0.6432 0xB6
0.1252 0x10 0.6667 0xD6
0.1430 0x20 0.7001 0xB7
0.1670 0x11 0.7147 0xBB
0.2147 0x21 0.7503 DD
0.2224 0x22 0.7861 0xED
0.2503 Oxd4 0.8004 O0xEE
0.3000 0x25 0.8333 0xBF
0.3335 0x489 0.8464 0xDF
0.3575 Oed 0.8572 OxEF
0.3753 0x52 0.8751 0xF7
0.4003 0x92 0.9004 0xFB
0.4286 0x53 0.8170 0xFD
0.4378 0x55 0.9288 xFE

M The UCBRSx setting in ane row is valid from the fractional portion given in that row until the one in the next row

thATL BT kTable 24-SHRARITREEL,
Table 24-5. Recommended Settings for Typical Crystals and Baud Rates'"

TX Error™® (%) RX Error™ (%)
BRCLK Baud Rate |UCOS16 | UCBRx | UCBRFx | UCBRSx'®
neg pos neg pos
32768 1200 1 1 11 0x25 =2.29 225 -2.56 535
32768 2400 li] 13 - 0xB& =312 3 -5.52 B.84
32768 4800 li] 6 - 0xEE -T2 B.98 -21 10.25
32768 8600 li] 3 OxS2 “A7.18 16.02 =23.24 3ra3
1000000 9800 1 6 8 020 048 0.84 -1.04 1.04
1000000 18200 1 3 4 2 -08 0.96 -1.84 1.84
1000000 38400 1 1 10 (] (1] 1.76 (1] 344
1000000 57600 0 17 - OxdA 272 2.56 376 7.28
1000000 115200 li] 8 0xD6 -T.36 56 -17.04 6.96
1048576 9600 1 [ 13 0x22 046 0.42 0.48 123
1048576 19200 1 3 [ OxAD -0.88 0.83 -2.38 118
1048576 38400 1 1 11 0x25 =2.29 225 -2.56 535
1048576 57600 li] 18 - 011 -2 3.37 5.3 555
1048576 115200 o] 9 - 0x08 -5.37 4.49 -5.83 14.92
4000000 8600 1 26 4] 0xB& -0.08 0.16 -0.28 0.2
4000000 19200 1 13 4] OxB4 0.32 0.32 -0.64 0.48
4000000 38400 1 ] 8 020 -0.48 0.64 =1.04 1.04
4000000 57600 1 4 5 0x55 -08 0.64 -1.12 1.76
4000000 115200 1 2 2 0xBB -1.44 1.28 -3.82 1.68
4000000 230400 li] 17 - Oxda 272 256 -3T78 728
4194304 9800 1 27 4 0xFB 011 a1 -0.33 4]
4194304 19200 1 13 10 0x55 021 0.21 -0.55 0.33
4194304 38400 1 6 13 022 -0.46 0.42 -0.48 1.23
4194304 57600 1 4 8 0xEE -0.75 0.74 -2 0.87
4194304 115200 1 2 4 0x52 -1.62 1.37 -3.56 2.06
4194304 230400 V] 18 - O -2 3.3 5.3 555
8000000 9600 1 52 1 0x49 -0.08 0.04 =01 014
000000 19200 1 26 4] 0xB& -0.08 0.16 -0.28 0.2
8000000 38400 1 13 4] OxB4 0.32 0.32 -0.64 0.48
/000000 57600 1 8 10 OxF7 0.32 0.32 -1 0.36
000000 115200 1 4 5 0x55 08 0.64 =112 1.76
/000000 230400 1 2 2 0xBB -1.44 1.28 -3.82 1.68
000000 460800 li] 17 Oxda 272 256 -3T78 728
B388E08 9800 1 54 g 0xEE -0.06 0.06 0.1 013
H358608 19200 1 27 4 0xFB <011 0.1 -0.33 0
B388608 38400 1 13 10 0x55 021 0.21 -0.55 0.33
5388608 57600 1 9 1 0xB5 -0.31 0.31 -0.53 0.78
8388608 115200 1 4 8 OxEE 0.75 0.74 2 0.87




Table 24-5. Recommended Settings for Typical Crystals and Baud Rates'" (continued)

TX Error® (%) RX Error™ (%)
BRCLK Baud Rate |UCOS16 | UCERx | UCBRFx | UCBRSx™

neg pos neg pos
8388608 230400 1 2 4 0x92 -1.62 1.37 -3.56 2.06
8388608 460800 o] 18 - 0x11 -2 3.37 6.3 555
12000000 8600 1 78 2 L] 1] li] 1] 0.04
12000000 19200 1 39 1 L] 1] o 1] 0.16
12000000 38400 1 18 8 0xB5 016 0.16 =04 0.24
12000000 57600 1 13 4] 0x25 016 0.32 -0.48 0.48
12000000 115200 1 6 8 020 048 0.84 -1.04 1.04
12000000 230400 1 3 4 2 -08 0.96 -1.84 1.84
12000000 460800 1 1 10 L] 1] 1.78 1] 344
186000000 G800 1 104 2 0xD6 -0.04 0.02 -0.09 0.03
18000000 19200 1 52 1 048 -0.08 0.04 -0 014
16000000 38400 1 26 i 0xB6 -0.08 0.16 -0.28 0.2
16000000 57600 1 7 5 0xDD 016 0.2 0.3 0.38
16000000 115200 1 8 10 axF7 -0.32 0.32 -1 0.36
16000000 230400 1 4 5 0x55 =08 0.64 =1.12 1.76
16000000 460800 1 2 2 0xBE -1.44 1.28 -3.92 1.68
16777216 9600 1 109 3 OxB5 0.03 0.02 -0.05 0.06
168777216 19200 1 54 g 0xEE -0.06 0.06 0.1 013
16777216 38400 1 27 4 0xFB 011 a1 -0.33 4]
168777216 57600 1 18 3 Oxdd 016 0.15 -02 0.45
16777216 115200 1 1 0xB5 -0.31 0.31 -0.53 078
168777216 230400 1 4 8 0xEE 075 0.74 2 0.87
168777216 460800 1 2 4 0x82 -1.82 1.37 -358 206
20000000 G800 1 130 3 0x25 -0.02 0.03 (1] 0.07
20000000 19200 1 @5 1 0xD6 -0.06 0.03 0.9 0.1
20000000 38400 1 32 8 0xEE -0.1 0.13 -0.27 0.14
20000000 57600 1 | 11 022 0.16 0.13 -0.16 0.38
20000000 115200 1 10 13 OxAD -0.29 0.26 -0.48 0.66
20000000 230400 1 3 0xEE 067 0.51 A7 0.62
20000000 460800 1 2 11 OxS2 -1.38 0.99 -1.84 28

24.4.3 UCAxBRW Register
elSCI_Ax Baud Rate Control Word Register

Figure 24-14. UCAxBRW Register

15 14 13 12 11 10 9 8
UCBRx

w mw W w w mw W w

7 6 5 4 3 2 1 0
UCBRx

w w w w w w w w

Can be modified only when UCSWRST = 1.

Table 24-10. UCAxBRW Register Description

Bit Field Type Reset Description

15-0 UCBRx RW Oh Clock prescaler setting of the Baud rate generator

24.4.4 UCAxMCTLW Register
elSCI_Ax Modulation Control Word Register

Figure 24-15. UCAXMCTLW Register

15 14 13 12 11 10 9 8
UCBRSx
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 6 5 4 3 2 1 0
UCBRFx Reserved ucos16
rw-0 rw=0 =0 rw-0 il rQ | rw=0

Can be modified only when UCSWRST = 1.

Table 24-11. UCAXMCTLW Register Description

Bit Field Type Resat Description

15-8 UCBRSx RW Oh Second modulation stage select. These bits hold a free modulation pattern for
BITCLK.

74 UCBRFx RW Oh First modulation stage select. These bits determine the modulation pattern for

BITCLK1E when UCOS16 = 1. Ignored with UCOS16 = 0. The *Oversampling
Baud-Rate Generaticn® section shows the modulation pattern.

31 Rasarved R 4] Raserved
o UCOS16 RW Oh Owersampling mode enabled
0Ob = Disabled
1b = Enablad
UCBRx = INT(N)
UCAOBRO = 8; // 1000000/115200 = 8.68

AN <16 ,57LL0S16 =0, UCBRFx A ## %, Hi8.68-8=0.687 Table 24-4/5UCBRSx = 0xD6



UCAOMCTLW = 0xD600; // 1000000/115200 - INT(1000000/115200)=0.68

/I UCBRSx value = 0xD6 (See UG)
UCAOBR1 = 0;
2R RAERE T M
UCAOQIE |= UCRXIE; /I Enable USCI_A0 RXinterrupt
24.4.10 UCAXIE Register

elUSCI_Ax Interrupt Enable Register
Figure 24-21. UCAxIE Register

15 14 13 12 11 10

9

8

Raserved

r-0 r-0 r-0 r-0 r-0 r-0

r-0

r-0

7 6 5 4 3 2

1

0

Reserved | UCTXCPTIE | UCSTTIE

UCTXIE

UCRXIE

r-0 r-0 r-{ r<0 rw=0 rw=0

rw-0

rw-0

Table 24-17. UCAXIE Register Description

Bit Field Type Reset Description

15-4 Reserved R ] Reserved

3 UCTXCPTIE RW Oh Transmit complete interrupt enable
0b = Interrupt disabled
1b = Interrupt enabled

2 UCSTTIE RW Oh Start bit interrupt enable
0Ob = Interrupt disabled
1b = Interrupt enabled

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

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

7. BRSPS
24.4.11 UCAxIFG Register
elUSCI_Ax Interrupt Flag Register

Figure 24-22. UCAxIFG Register

15 14 13 12 11 10

9

8

Reserved

r-0 r-0 r0 r<0 r-0 r-0

r0

0

7 6 5 4 3 2

1

0

Reserved | UCTXCPTIFG [ UCSTTIFG |

UCTXIFG

UCRXIFG

r-0 r0 r-0 r-0 rw=0 rw=0

rw-1

rw-0

Table 24-18. UCAxIFG Register Description

Bit Field Type Resat Description

15-4 Rasarved R 4] Raserved

0b = No interrupt panding
1b = Interrupt pending

3 UCTXCPTIFG RwW Oh Transmit complete interrupt flag. UCTXCPTIFG is set when the entire byte in the
internal shift register got shifted out and UCAXTXBUF is empty.

0Ob = No interrupt pending
1b = Interrupt pending

2 UCSTTIFG RwW Oh Start bit interrupt flag. UCSTTIFG is set after a Start bit was received

0Ob = No interrupt pending
1b = Interrupt pending

1 UCTXIFG RW h Transmit interrupt flag. UCTXIFG is sat when UCAxTXBUF emply.

complete character.
0b = No interrupt pending
1b = Interrupt pending

0 UCRXIFG RW Oh Receive interrupt flag. UCRXIFG is set when UCAXRXBUF has received a

while (1)

{
while(!(UCAQOIFG & UCTXIFG));
UCAOTXBUF = TXData++; /I Load data onto buffer

}
1% 58 BUR AR R buffer e H A .
8. hHTERE TR
" A% I IR
Example 24-1. UCAxIV Sofiware Example
#pragma vector = USCL_AO0_VECTOR __interrupt void USCI_ A0_ISR(void) {
switch(__even_in_range(UCAOQIV,18)) {
case 0x00: // Vector 0: No interrupts

break;

case 0x02: ... // Vector 2: UCRXIFG
break;

case 0x04: ... // Vector 4: UCTXIFG
break;

case 0x06: ... // Vector 6: UCSTTIFG




break;
case 0x08: ... // Vector 8: UCTXCPTIFG
break;
default: break;
}
}
Hrf,  even_in_rang(UCAOIV, 18)ffifF% :
f#J1__even_in_range f%F b AT LAAL BRACR LU R ROARS £ I 22 o IRt ) o BT AR oIS T LA FH e R 2
JZ%: unsigned short even in range(unsigned short value, unsignedshort upper_limit);
Digg: R eeSswitch iHE5 A, HlWivalue /& 5 N HCH /N T45 Tupper_limit.



