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MSP430x4xx Ef0|{ S &

MSP430x4xx series= Ct=1f 22 352 EfO|H L&
Basic Timer1
Two independent, cascadable 8-bit timers
Selectable clock source
Interrupt capability
LCD control signal generation
Timer A, Timer B
16-bit timer/counter with 3 or 5 capture/compare registers
Multiple capture/compares, PWM outputs, interval timing
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Basic Timer 1

) o7lo| HE FI2H (1&2)
« BTCNT1: incremented with

Block diagram

Figure 13-1. Basic Timer1 Block Diagram

ACLK, LCD controller9|
CholLte) HE2 9ot
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Lt e 1 Y RN ACLK,SMCLK, ACLK/256
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BT1 Registers

Table 13-1.Basic Timer! Registers

Reglster Short Form Reglster Type Address Initial State
Basic Timer1 Control BTCTL Read/write 040h Unchanged
Basic Timer1 Counter 1 BTCNTA Read/write 046h Unchanged
Basic Timer1 Countar 2 BTCNTZ2 Read/write 047h Unchanged
SFR interrupt enable register 2 IE2 Read/write 001h Reset with PUC
SFR interrupt flag registar 2 IFG2 Read/write 003h Reseat with PUC
BTSSEL Bit 7 BTCNT2 clock select. This bit, together with the BTDIV bit, selects the
BTCTL, Basic Timer1 Control Register clock source for BTCNT2. See the description for BTDIV.
BTHOLD Bit 6 Basic Timer1 Hold.
0 BTCNT1 and BTCNTZ2 are operational
7 6 5 4 3 ! 0 1 BTCNT1 s held if BTDIV=1
BTSSEL | BTHOLD BTDIV BTFRFQx BTIPx BTCNTZ s held
BTDIV Bit 5 Basic Timer1 clock divide. This bit together with the BTSSEL bit, selects
w W w w w w w the clock source for BTCNT2.
BTSSEL BTDIV BTCNT2 Clock Source
IE2, Interrupt Enable Register 2 0 0 ACLK
0 1 ACLK/256
7 6 5 4 3 1 0
1 0 SMCLK
BTIE 1 1 ACLK/256
-0
" BTFRFQx  Bits fLcp frequency. These bits control the LCD update frequency.
4-3 00 faqu/32
IFG2, Interrupt Flag Register 2 10 facik/128
11 facLk/256
- 5 5 4 3 ’ 0 BTIPX Bits Basic Timer1 Interrupt Interval.
| 2-0 000 fCLKEJ'?
BTIFG 001 foLkold
010 foLko/8
rw=0

011 o kol16
100 fo ke/32
101 o ko/64
110 fo ko/128
111 oy /256
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BTCNT1 operation: Signal F 4

MCtsSLCDE 22 M AHA HEH

BTCNT1 X| & 7t £4: ACLK/256,128,64,32 455
=K A|3 _I_'I'Ll-A LCD — =2X muXXfFrame

» 28, 4-mux LCD AE, frame freq.”7} 30~100Hz2|H:

» f.0p =2%4%30 (100) = 240Hz(min), 800OHz(max)

» [FEfA fop = 32768/128(64)=256 (512)Hz

ICD ARE= &SI e BRI A2 =8 E Fip
L& 2|25 7HX[E2 0| 7|50 2R g 5.

5 7 oo Hallym Open Course Ware
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BTCNT?2 operation
2 HtX 0| 8bit up counter 2 25
=3 A AT} CNT10| ACLKOj| H|3l| 35 F(ACLK,
ACLK/256, SMCLK) ME&! 7t
ACLK/256= MERSIH 16bit counter= AIE 7t

BTIPx bit 28 = Sl 85 F2| AlZF 7F4 X[z =0 ¢
E 2 E 2HM (BT Timeout event: BTIFG)

forko/(2,4,8,16,32,64,128,256)

\\Z"JE et Hallym Open Course Ware
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7| =50l 0|8 YE

BT12| Z<2 QHIX O]
LCD ZHE =
7| 2501 A|Z

Ex.

H7tE E ACLK=32768Hz, SMCLK=ACLK*32=1048576Hz
(=1MHz)
21 742 e
ACLK/256=128Hz
128Hz/2,4,8,16,31,64,128,256
- 64Hz, 32Hz, 16Hz,8Hz,4Hz,2Hz,1Hz, 0.5Hz A|ZtZtZA0[CF CIEHEHE
2 (O] 0| 8)
T Al7h 7120
ACLKS MENSI T 9| R Tt o56H) B 7t24 AN 7ts
o B2 7422 SMCLK AfE gt

gH — — 1
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C 210] 0|8 278 & H

#pragma vector=BASICTIMER_VECTOR
__interrupt void btl_handler(void)
{

P20OUT ~=0x02; //toggle LED1
}
void main(void)

WDTCTL =WDTPW + WDTHOLD; // Stop
watchdog timer

s

BTCTL &7
g TR UM A4 28
* BTSEL=0, BTHOLD=0,
BTDIV=1
* f cp freq. = fACLK/64 <=0 1
* BT Irg. Interval = /64 <= 101

P2DIR |= Ox06;_

PeOUT =002 ﬂ CNT reg. X£7|2}

//setup Basic Timerl

/ gém% <f1CD=s51oHz * CH 71 RES'?TH il |OO| E[Lt

<-slow Interva z X7|s5l ST @)

BTCTL = 0x2d; //; // 001 01 104+->0X — =7|et e BRI UL

BTCNT1=0;

BTCNT2 =0;

IE2 |= 0x80;

__enable_interrupt(); /intrisiefea— | Interrupt enable

while(1); « |[E2.7 (BTIE bit) = 1 5}|OFBt
IRQ. % &9,

Hallym Open Course Ware
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= O O
7|12 7|5 578 CIHEOIC QIHE E 2 dAIL
2. 7|2 ATEQIO EIOHE =&
2= OSOf| M & 5t system ticks TTE =0 AHE. S 783t Q1 H
oM SE XY = 7t
Ol1: ALK 21" 7=
7= 2st2 =0 20] AFE Bt ST QS XRI(ME)S S|
BT1 0|2 M 7tZ{0iCE A QK| MEH 210 BH2S|AH St

Matrix keypad scanning €t [} 0| £,
Ol2: CI X[ & AlA ¢

= QIE{H 47, 0|5 XA} countdtO] Al 732t
F71 7|5 LPM3 0| & MU 55 7tsoi7 &

= S5 =

LPM3= ACLK A2 7IsolE £ EfO|H =4tot 1, BT101| |
ol= @I H E = sleep2tEf 2] MCUE 7l % (awaking) Of tH

St

AOIl-
= T Al

rof
|:|O|-

B 2
O-IQ
H =
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Example code #1: LPM & BT1

olX A|7t 7tZ40 2 BT10| QIE{HE
I% 0] LEDS H2A|7|

= HFAH
—= =2 o

Of

AlZ|41 0=
- O O
- O O

#define LEDI1 BIT1
void main (void)

//port and BT1 ZX7|3}

LP 2 E(LPM3)=2

Xl 0!

| M

=728 0|z 0| FE= f or0f LPM3 2
HH > ACLKO|2| CtE 24 M= OFF, CPUE=
= J(H JEfO|A & (Sleep H)

{ *IRQ. 2245t H 77H01'“*

// BTl irqg. Enable

__low _power mode 3();
}

//LPM3; ACLKEl

#pragma vector=BASICTIMER VECTOR
__interrupt void BT1 ISR (void)
{

P20UT *= LEDI1;

}

o%
& Al2H 22 0] XILF BT10| IRQ.E

2 MAID|H sleepXEHOIA THOHLE ISRS
/\Ial-lgb

=, LED EZ25}1 main £EIS 2 E0}Z.
*C| S0t M A0 JEHNE SR gt S
=2 > LPM 2C M0l ®2(= LMP3
2Ell 2 X1)

10

Qfﬂ%m oful
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Example code #3: LPM & BT1 & SW1

M7 &EJO| A 278 Al ZEOFCE SW1 & Eff 910{(debouncing X&)
O| £f0| <t [ OFCF LEDE toggleA |7 | = =2 1 &H

unsigned char firstread, swpush;
volid main (void)
{
// GPIO port MAM: swi1 @&, LED &=
273
// BTl AXN:. & 20~40msec ©E OQOlHHY
// BTl irg. Enable &AH

firstread = 0;

__low power mode 3(); //LPM3;
ACLKEF 82
}

#pragma vector=BASICTIMER VECTOR
__interrupt void BT1 ISR(void)
{

//SWl AZ

swpush = PxIN & SWIBIT;

if (!swpush) //SW1 =&Lf?

{

if (firstread) //O|HHO| Z=HR| HFE°
{
P20UT "= LED1; //Toggling
firstread = 0;
}
else
firstread = 1; //XEHK =&l

\‘fﬂ%mmm
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Real Time Clock

A A EF?
1Hz clock= £(60)/A[(60)/'=2(24) Tt 2 75 MO A
St & X
RTC module

Calendar Mode: ZUZIE{ /Al A 7| s
ASHCNA/Z/=2 A Z/(E/E/L/2E) ALt 7]
BCD format 7=
Counter Mode: 2 2tX Q| 32-bit E}O|H /72 H 7| &
37§ 23 £ A(ACLK, SMCLK, BTCNT2.Q6) ME& 7t
47 8-bit 7} 2 B g X|AEH(RTCNT1~4)2| 7iE R/W 75, % A
4510 32-bit 7t 2 HZE S
8/16/24/32-bit overflow 54 A| CIE H E Ei44

12 \\fga et Hallym Open Course Ware
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RTC block diagram

Figure 14-1. Real-Time Clock

ACLK oo

Basic Timer BTCHT2.Q o
SMCLK 10

1

ATCMODEX
ATCHOLD

RTCBCD

BCD Maode
i 24 23 .. 1§ 15 ... & ¥ .. 0

RTCNT4/ RTCNTA/ RTenTz: || RTCNTY/
RTcDOW <} RTcHoUR<H mTomiN <} RTcseEc < ATCTEVX

B—bit owarflow £ minute changed
16-hit overflow / hour changed
24-hit overflow / BTCHOUR = Midnight
22-bit overflow / RTCHOUR = Moon

Set_RTCFG

Set_BTIFG

Saet_BTIFG from
Basic Timer

BCD EN
Calandar

RTCDAY <] Midrnight

ATCYEARH<H RTCYEARL=] RTCMON <]
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RTC =4t: calendar mode

QEFEQIAA EE (H, 5, 8, 28, A, & = HS)
w3 AL 0E|F WY (1901~2099)
BCD (Binary Coded Decimal) format x| &
10X =9| ZF X}2| = 4bite| 2Xl=2 HEZ2 HA|Sl= 2. Ex)10 2
0x0A (X), ox10(O) 32-> 0x10(X), 0x32(0)
10l =AO| C|AE YO HX|(7H AHE S)Z 0|8t HAO| AL
g
BT11tO| 2+A|
Calendar2 E M E|H Xtz O 2 ACLKO| BT19| AA 2, 2]

8-bit counter7f A ZA(cascaded)x|0| 1Hz 28 M/H5I=& &
(MK Z=H:ACLK=32768Hz)

14 \\%a et Hallym Open Course Ware
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RTC =4t: calendar mode

Interrupts 2t& Atat
RTCO| O3] ALZ1S-2 BT1 QIE|BIE 221 51290 382
=ANEE. (B QHEEHHIL B
RTIE=10|™ RTC Event 2440 2|3}| BTIFG(BT1 irqg. Flag) set (&=
cHolof 12 A &)
RTCEVx bit0f] 2|3} 7} E{/Z4 21| 2 S 0f| [}2} ZHZH 47 O|HIE
Xo|z|of 9|2,
(12t 2 E A0 A= BT10i| C{SH ISRS BtE = Z4 0 S5 Y
Al ISR A}/ 6] Of 2i!
=, #pragma vector=BASICTIMER_VECTOR A}E

]

OF

15

$
B
=00
=
1
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RTC registers

RTCCTL, Real-Time Clock Control Register | |
7 & 5 4 3 2 1 0 Mode
~— 15 Ll 7T .. 0
RTCBCD | RTCHOLD RTCMODEX RTCTEVX RTCIE RTCFG ~
2] RTCHNTAS
(0] (1) -(0) rw-(0) rw-(0) n-(0) -0 \ H mTC H__RTCSEC ATCTEVx
\\
~
RTCBCD Bit 7 BCD format select. This bit selects BGD format for the calendar registers B—hit ovarflow { minu ad
when RTCMODEx = 11. . .
0  Hexadecimal format 15-bit averflow / hour changed\\‘ Set_RTCFG
1 BCD format 24-hit overflow / RTCHOUR = Midnight
RTCHOLD ~ Bit&  Real-Time Clock hold 32-bit overflow / RTCHOUR = Noon
0 Real-Time Clock is operational - —
1 RTCMODEX < 11: The RTC module is stopped Set BTIFG
RTCMODEX = 11: The RTC and the Basic Timer1 are stopped 1 el
RTCMODEX Blits Real-Time Clock mode and clock source select Set BTIFG from 0
5-4 N Basic Timer
RTCMODEX Counter Mode Clock Source indlar
00 32-bit counter ACLK
o1 32-bit counter BTCNT2.Q6
10 32-bit countar SMCLK
11 Calendar mode BTCNT2.06 RTCSEC, RTC Seconds Register, Calendar Mode with Hexadecimal Format
RTCTEVX  Bits Real-Time Clock interrupt event. These bits select the event for setting 7 8 5 4 3 2 1 0
3-2 RTCFG.
0 0 Seconds (0...59)
RTC Made RTCTEVx Interrupt Interval -0 r-0 w w w w w w
Counter Mode 00 a-bit overflow
01 16-bit overlow
10 24-bit overflow RTCSEC, RTC Seconds Register, Calendar Mode with BCD Format
1 32-bit overflow
Calendar Mode 00 Minute changed 7 6 5 4 3 2 1 o
01 Hour changed 0 Seconds - high digit {0...5) Seconds - low digit (0...9)
10 Every day at midnight {00:00)
11 Every day at noon (12:00) o i d i i i i i
16 \f Hallym Open Course Ware
N m ym Op
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RTC module Coding

H | EH
o dJd

RTCCTL &7

#pragma vector=BASICTIMER VECTOR
__interrupt void rtc_handler (void)
{

P20UT ~= 0x02;
}
void main (void)
{

P2DIR |= 0x06;

P20UT = 0x02;

//toggle LED1

//setup Real-Time Clcok
RTCCTL = O0xF2;

RTCCTL &= ~RTCHOLD; // Enable RTC
__enable_interrupt(); //GIE=1
while (1) ;

// 0b 1 1 11 00 10 -> OxF2

4
S

M SN S5 2F

« RTCBCD=1 (BCD formatA}&)
« RTCHOLD =1 (stop)

« RTCMODEX = 11 (calendar
mode)

« RTCTEVx= 00 (& H3}A]
CIEHEE Zd)

T « RTCIE =1 Irg. enable

3

MZHEW B X| 2E 7|3}
- [{{ 7§ RESETE|™ 0(or 1) O
E[LF AR ERYAIZE 27|20 &
287t QUL

17
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C Programming TIP #1

Ao R=ES& ZEAHE2 557

7

1o
>
>
El
o
un
I

c 2FAE sh=0f| Cist 2 E &AM led_init(), led_num_dis) &

ledh: CH TH A0 A led B2 345 call2t 4 YEE Mo 2 345
M A (declaration)st.

main_ clock.c: main() &7} Q= I}

0 #include “led.h” £ O| & led 2t&H 2h=71 221 0| R =X| QtL}.
0 AE Z0f led & et=Z CALL

18 \\%E et Hallym Open Course Ware
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C Programming TIP #1

/* lcd.c file: LCD A FO{7| B &4E
*/
#include “lcd.h”

void lcd init (void)
{
//port setup
//LCDA setup
}
void lcd nu dis(int digit, int num)
{
//digit: 77| =Xt ZF SiLt K| ™
//num: HA|S}= ==X}t
}

{

/* main clock.c file */
#include “lcd.h”

void main (void)

//2=7|=h 2E.L
ledl init();
led init ()

//LCD 2% Z=XHEHO| 2EHA|
lcd num dis(2,2);
lcd num dis(3,3);

/* lcd.h filex/

void lcd init (void);
void lcd nu dis(int digit, int num);

19
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