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Counter Basics

Digital counter (A £=7])

» A device which stores the number of times a particular event
or process has occurred. (

» 2 HAE MOIM =XE H2[5k7| fleh =2| 2| 2 (C|X| E

—

2|2) (?17| T Cfot et=

» &S 23|

7| A4 FHRE U (A91K| F£2) = 22
& A (rising or falling edge)
AtE| = = 7}2H g|X[AH A7
8bit counterQ| Al 4= Q] = H2|: 0~255,
10 bit 2> 0~ 1023 (10247})

http://en.wikipedia.org/wiki/File:CountersMechanical.agr.jpg
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http://ko.wikipedia.org/wiki/%EA%B3%84%EC%88%98%EA%B8%B0
http://ko.wikipedia.org/wiki/%EA%B3%84%EC%88%98%EA%B8%B0

Digital counter &&=

Asynchronous (ripple) counter- H2|5l = ME{| HHE7 Ct&
CHO[ 28 BH2E ALE

Synchronous counter-2 = A'E}j H E7} SILIC| 22 M|
ofaf Hatel.

Up-down counter-5 7}/ 4 A G 8igfo 2 Al 4= Q= 72 E
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Reset/Clk http://en.wikipedia.org/wiki/File:4-bit-jk-flip-flop_V1.1.svg
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Ex. 8-bit timer 2 0~255 (2567H),
16-bit timer->0~65535(64K=64%1024),
32bit-timer->0~4G(4¥1024%*10247}) \ .

http://en.wikipedia.org/wiki/File:Lux_Products_Long_Ring_Timer.jpg
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MSP430x4xx E}O|H ==

MSP430x4xx series= Ctadf €2 35 72| EtO|H LI
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

) 27O HEE 72 H (1&2)
« BTCNT1: incremented with

Block diagram

Figure 13-1. Basic Timer1 Block Diagram

ACLK, LCD controller9|
Cho|Lte) 2SS 9|3t

ToteS N2

e BTCNT2: source

ETDIV m—9—] —
BTHOLD B } ENT ACLK,SMCLK, ACLK/256
ACLK —@ > CLKA BTCNTH BTFRFOx
A\ Q4 Q5 06 Q7
ACLK: R >
e 10
zglxﬂlary clock ) fLop
BTSSEL 00
HE:32768Hz ‘L
00 —
ACLK:256 ¢— | 01 ENZ
e CLK2 BTCNT2 BTIPx
SMCLK 10
"y Q0 01 Q2 Q3 Q4 Q5 Q6 Q7
L 11

[1] 13-3 page
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Clock signals in MCU

2 = Sequential digital logic devices(=Xt =2| 3| £
X7t 25| i M= clock Al 7FE Q. > O] Al
of 2ol 2= W& =2| 2|2&0| S7|2tE[0 &k
(synchronized)

N
o
<

MCU = typical sequential logic device
r REUWE X729 Al=20| 2fd) 57|2f
» OOk 2 H M7 HEH MCUS| s&t: HE

(sleep / suspend/ low-power mode)
=2 AlS A Hf

1M

» CHEE92| 4%: 2| F crystal oscillator + L| & &l /&= 3|2

XA Mot =7 =t g BFA: Tt
» LHE RC oscillator 3|2 0|&: H7HZEA), EX s =7 (EHA)
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Clocks in MSP430

CH7 S| MCUQS| AL 27 O|Ato| 24 M O|&
Main clock

CPUQ} LiE T3 Y| K| AE SX &, [}2FA 0§ w2

Q| & oscillator| Fij=F L& &l 2|2 F 0| &5t HiS(X)5HN

A|--9-"' = 7-|0| OI|:||-I-I.

MCLK in MSP430FG4618

0 L& clock module(ch.5) 2| 2 LA

0 Q& Osc. (=32768Hz) * x = MCLK (master clock)

0 Default: f,,q.* 32, EFZIE E: 32768%32 =1048576Hz
Peripheral (auxiliary) clock : FH & X| =220 2 Ll
Main clockOf| H|3| &£ =7 =2|L} O HHfE 2 OE U=

MSP430 4%

- ACLK (auxiliary clock): 32.768KHz for real-time clock module
—->SMCLK (sub-main clock): MCLK1} =&
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EFO|H e = 5 L2t

MCU L& EfO|H (=72 E)

32768Hz clocks R 7l M| =LfZ O| &5t R&ot= AlZE 744

(interval) = 47

BT10|& 4<:
BTCNT1 (8bit)
0 ACLK 1 =0f| 2} o~2557HA| #A| 7t5 (4 H{E= QxZE HA|)
0 Q78| BF F7|=ACLK/2560 =& 4= 7t E. (2f??)
0 Overflow: Xl 4t 255 + 1 (22 A =2H)->0 (reset)
BTCNT2 (8bit)
1 37}X| Z8 0| 22 A A: ACLK, ACLK/256 (by using BTCNT1), SMCLK
0 9HEE= 240 h2f o,1,2, ..., 254, 255, 0, 1, 2, ...2 BNCNT2 4} H3}
0 2} Xt2| = H| E 7} rising/falling edge 2lig [ Q15 HE A Z.
02> F, 848 8 (fex.)= 2,4, 8,16, ...,128,256 71 & 2 U2 QIHES

>0
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1
3
O
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=52 0|8 T
BT19] 32 LT 0| Y

S
|2 22 MM (MSP430FG46182 Sl|EF 91 2)
7

Ex.
» EfZIE E default &7d: ACLK=32768Hz,
SMCLK=ACLK*32=1048576Hz (=1MHz2z)
r 17k Hd2?
ACLK/256=128Hz

128Hz/2,4,8,16,31,64,128,256
- 64Hz, 32Hz, 16Hz,8Hz,4Hz,2Hz,1Hz, 0.5Hz A|ZtZFZ30(CF QI H
T E W4 (05 0|8)

y TS A7 7EAL?

ACLKS MENSIH QH L} o56H) B2 7+ MM 7ts
y O B2 72+H422 SMCLK A EH
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EFOIH 28 & (Yh'E Oldh)

 0.5%9| QIE{HS BHSO|(RH5010]) 0] A|ZH 2222 LEDS
7+EHO| K}

QAL

» 0.5X0| Ol Y =

» LED 17} ON/OFF

EFAl HE QA =..

» ACLK=32768Hz OI O 2 T=1/32768 sec, [[}2}A] O| 2 EH =
163847HE MM 0.52=7} &. (ﬂgéﬁt—f@m/fdwred)

» 4745t QIE{ Y OiCF LEDE toggleA|7|H =,
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BT1 Control Registers

Table 13-1. Basic Timeri Registers

Register Short Form Register Type Address  Initial State
Basic Timer1 Contraol BTCTL Read/write 040h Unchanged
Basic Timer1 Countar 1 BTCNTA Read/write 046h Unchanged
Basic Timer1 Counter 2 BTCNT2 Read/write 047h Unchanged
SFR interrupt enable ragister 2 IE2 Read/write 001h Resat with PUC
SFR interrupt flag reqgistar 2 IFG2 Read/write 002h Resat with PUC
BTSSEL Bit 7 BTCNT2 clock select. This bit, together with the BTDIV bit, selects the
clock source for BTCNT2. See the description for BTDIV.
BTHOLD Bit 6 Basic Timer1 Hold.
0 BTCNT1 and BTCNTZ2 are operational
1 BTCNT1 is held if BTDIV=1
BTCTL, Basic Timer1 Control Register BTCNTZ2 is held
BTDIV Bit 5 Basic Timer1 clock divide. This bit together with the BTSSEL bit, selects
7 5 5 4 3 1 0 the clock source for BTCNT2.
BTSSEL BTHOLD BTDIV BTFRFQx BTIPx BTSSEL STOIY BTONT2 Clock Soimes
w w w w w w 0 0 ACLK
0 1 ACLK/256
1 0 SMCLK
IE2, Interrupt Enable Register 2 1 1 ACLK/256
7 8 5 3 1 0 BTFRFOXx  Bits flop frequency. These bits control the LCD update frequency.
BTIE 4-3 00 facL/32
rw-0 10 facLk/128
11 facLk/256
BTIPX Bits Basic Timer1 Interrupt Interval.
2.0 000 fouof2
IFG2, Interrupt Flag Register 2 001 foLko/4
010 foLko/8
7 6 5 3 1 0 011 fo ko/16
‘ 100 foLko/32
BTIFG 101 foLko/64 R
— 110 foLko/128 [1] 13-7 page
11 fgy /256
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C program for LED blinking using polling

void main (void)

{
WDTCTL = WDTPW + WDTHOLD;

P2DIR |= 0x02;
P20UT = 0x02;

BTCTL =
while (1) {
/78T 2 M2
if ( BTCNT2 == 255
//LED toggle
P20UT “*= 0x02;

//setup Basic Timerl
// BTCNT2 <- slowzizzizzé%:ffi:::::

0x25; //001 00 101

)<

BT1 AMHN
‘BTCNT1/2 reg. 7|3}
(CH7Y reseto]| 2|3 00| L},
00 =29| X7|3} 2 Q)
BTCTL A A
I sl MY S5 48
* 323 AA A BTSEL=0&
BTDIV=1 = ACLK/256
* OIE{ 2 E 2hA OIE{H: /64 >101

Polling g+
* BTCNT2&= XL} 87| 7ts,
[hetA O] 44= H|Woty 58 7H4

SEES) 7ts
« 2557} | ™ LED toggle
« 255 C}2 727

O HA —
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C program for LED blinking using Interrupt

{

}

{

void main (void)

Vector=BASICTIMER;VECTOR
interrupt void btl_handler(voiéiiii::

P20UT “~= 0x02; //toggle LED1

WDTCTL = WDTPW + WDTHOLD;

P2DIR |= 0x02;
P20UT = 0x02;

//setup Basic Timerl
// BTCNT2 <- slow interval 2Hz

BTCTL = 0x25; //001 00 101

J BT1 Irq. Serive Routine(ISR)
* X| gt QI E0tC} BT10]
A A2,

+ 0| WjO}CH XHE O 2 0| ZE
415l = LED toggle

BT1 control reqg. 4%
. U SR
« =5 AA=ACLK/256, BT1
Interrupt Interval = fclk2/64

IE2 |= 0x80;
__enable interrupt();

while (1) ;

Interrupt enable
« |[E2.7 (BTIE bit) = 1 S}{OF3t
IRQ. 4 3.

* GIE=1 (by __enable..())
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