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MSP430F1xx Versus MSP430F2xx

BOR

TXX 2XX
CPU Clock aMHz 16MHz
Wakeup BUS Tus
Stand-by <2UA <TUA

ALL

Flash ISP 2.7V 2.2V ;
P1/2 - Pull-up / Down  §
Oscillator +20% +2 5% :
OscFault HF HF/LF ;
Watchdog SW sw
Invalid Address
Clock Fault

Hackproof

2X faster

1/2 power

Better
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New MSP430F20xXx

» Tiny 14-pin packaging
QFN dxdmm, TSS0F, POIF

« Fast 0-to-16 MIPS <1us

» Flexible
<< ud RTC and 200uAMIPS
1.8 to 3.6 operation
Zero-power BOR
Failsafe OSCMWDT+

+ 2.5% programmable DCO
2.2V Flash ISP

Full-up/down port resistors

126B RAM and 1/2kB ISP Flash
Spy Bi-Wire emulation

Universal Serial Interface (USI)
Comparator/10-bit/16-bit ADC
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F20xx Family

Device Flash |RAM |Timer Analng USIl | 1ku Price
F2001 1KB 128B | WDT+/A2 | Comp A $0.55
F2011 2KB 128B | WDT+/AZ | Comp_A 0.70
F2002 1KB 12886 |WDT+/A2 [ADC10 |V 0.99
F2012 ZKB 12886 |WDT+/AZ2 | ADC10 v 1.15
F2003 1B 1288 |WDT+/AZ [sD16 A |v 1.49
F2013 2KB 12868 |WDT+/AZ [SD16 A | 1.65

« Worlds lowest power MCU
* Tiny, fast and flexible

+ Non-compromised architecture
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F20xx Easy In-System Emulation

JTAG Connector

] SBWTCK | TCK
1 SBWTDIO de=p| TOO/TDI

g
=

* Unobtrusive 2-wire Spy Bi-Wire Emulation
Full-speed, single siep
Hardware breakpoints
Clock control

« Compatible with installed MSP430 IDEs
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All F2xx Have Zero Power BOR
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+ MSP430 BOR is always-on and zero-power
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Achieving Ultra-low Power

+ Max time in Ultra-low Power LPM3 standby mode
+ Acrtive Performance on-demand

* Minimum active duty cycle
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#1111 MCLK = XT2, SMCLK = DCOCLK, #MCLKHP5.4%it. (MSP430X14X
5| HIP5.4AFIMCLKE A

SEHL_EIRDhRemIRE e |

#include <msp430x14x.h>

void main(void)

{

unsigned int i;

WDTCTL = WDTPW + WDTHOLD; 115 1EE T 1)
P5DIR |= 0x10; /1 P5.4 i

0x10; /I P5.4 HAEMCLK it
TL1 &= ~XT20FF; I XT2H %%

1 &= ~OFIFG; I3 BRI i i IR A0UbR 5
= OxFF; i > 0; i--); /] A& € BT

*G1 & OFIFG) = 0);  // W45 3% 28 Je slohr s A7 AE
TL2 |= SELM1; /l MCLK = XT2
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FL L+ F 24451

%11 #%: ACLK = LFXT1 = 32768Hz, 2-MCLK = SMCLK = DCOCLK
= (n+1) X ACLK, JEMCLKAIACLK ) HiliEidP1.15IP1.5%iH .

AL

#include "msp430x44x.h"
void main(void)

DTCTL = WDTPW + WDTHOLD:  // {&1-% [ 14
= 10 |= FN_2;
FLL_CTLO = XCAP18PF:

g

74: /] (74+1) X 32768 = 2.45Mhz
; /| P1.1 & P1.5 i

0x22; /I P1.1 & P1.5%iili MCLK & ACLK
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@ RST/WMT 2% RESET 313

WOT ez w
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ICC/ A

WOTIFG =1

15 — 300
270 +
225 1 200
0 ¢ =RV
135 L W Vcc=2
90 1+ 55 1,
45 +
] | 1T 41 0907 0101
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Operating Modes

15 TSI LI
CPU Cff, FLL+ Off,
MCLK Cff, AGLK Off

DG Gai tor Off
CPUOFF = e
CPUOFF =1 SCa0=1
SCE0=0 ST = A T

SCG1 =1 CPU OF, FLL+ Of,

MCLK Off, AGLK On

{E T AEHESE Ly
CPU OF, FLL+ O
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AL
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Detect Dela > POR
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> Latch |—»
| | —pR
ov ov
RSTNMI [ ¢ Delay [«
NMI(WDTCTLS)T m ) >O *
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WDTTSELT m > B
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A POR s adevicereset. APOR is only generated by the following two events:
] Powering up the device
] Alow signal on the RST/NMI pin when configured in the reset mode

A PUC is always generated when a POR is generated, but a POR is not
generated by a PUC. The following events trigger a PUC.:

] A POR signal
] Watchdog timer expiration when in watchdog mode only
] Watchdog timer security key violation

] A Flash memory security key violation
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Device Initial Conditions After System Reset

After a POR, the initial MSP430 conditions are:

EI
EI

The RST/NMI pin is configured in the reset mode.
/O pins are switched to input mode as described in the Digital I/O chapter.

Other peripheral modules and registers are initialized as described in their
respective chapters in this manual.

Status register (SR) is reset.
The watchdog timer powers up active in watchdog mode.

Program counter (PC) is loaded with address contained at reset vector
location (OFFFEh). CPU execution begins at that address.
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Port Register Short Form Address Register Type Initial State

P1 Input P1IN 020h Read only -
Output P10OUT 021h Read/write Unchanged
Direction P1DIR 022h Read/write Reset with PUC
Interrupt Flag P1IFG 023h Read/write Reset with PUC
Interrupt Edge Select P1IES 024h Read/write Unchanged
Interrupt Enable P1IE 025h Read/write Reset with PUC
Port Select P1SEL 026h Read/write Reset with PUC

Input P3IN 018h Read only -
Qutput P30UT 019h Read/write Unchanged
Direction P3DIR 01Ah Read/write Reset with PUC

Port Select P3SEL 01Bh Read/write Reset with PUC
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Software Initialization

After a system reset, user software must initialize the MSP430 for the
application requirements. The following must oceur;

] Initialize the SP, typically to the top of RAM.
] Initialize the watchdog to the requirements of the application.
] Configure peripheral modules to the requirements of the application.

Additionally, the watchdog timer, oscillator fault, and flash memory flags can
be evaluated to determine the source of the reset.
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161217

CPU Off
LPMO
DCO on, ACLK on
35uA

TEEHR
CPU on

DCO on, ACLK on
250uA

RAM{E &
LPM4
All clocks off

0.1uA

- o Em -

Stand-by
LPM3

DCO off, ACLK on
0.8uA

-~

T R RHCPUIRIIRERL RS, FTLLLECPUT AR T2 Stk .
B TEOL T, AR 7 A R CPU T e B 5 — R I FE THERE T,
6 FH K CPU M PRHRIR A5 FI - 58 i A2 5 ST EAE AR R AR BRAR S
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RGN RS RE

1 1A E B 8 RS

PC A%

SR

o i T[] R 45 PC

GIT. CPUOFF. OSCOFF#ISCG1j

5
| FGHR SRR CHRIE TR \

[termn

[tam?2

4-sp

[tem

ltemn2

L IRAT P AL B R

PC

SR

4-SP

C JWITRETIRS (PR [ED
SRAE (IR JERIFRRE)

[tam

[tem2

PCHi#%

+=-SP
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{&TIFE0F 22 N (KT #E3

Bl: RGP e e e TAETARIIAER 0, iRk 203 s i, Hikat
B G5 a3\ BRI FERAS,

ltem
ltem2 «-SP

3 Eff}?
...... s WAL IRAE T 46
S T
; e PC
i S #GIE+CPUOFF, SR ; FH/FH it BERIHFEAL0 SR=0018_| 4-5F
e F%‘%Eaz@?m
., —

LY

E+CPUOFF+SCG1+SCGO0, 0 (SP) ; &ESRINLIIFERR3
FAE

A KD F615 (3,
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{EDIFERITESPIRE R

. TR

..... ; %}Jﬁﬁ%fs‘éﬂ’ﬁﬂﬁﬁ

UG 5E B

J #GIE+CPUOFF, SR :; T BLIhFEREZ0

D bR

._CPUOFF, 0 (SP) 5 WESRATEFHIL
Tl hWTRIE, REHENEEIHIR.
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(& e R
RIS DO RE S

BAALPM3FIHTIE], SH32KHz48 77 fE2GACLK #f 8, DCOAH TCPU B i I A AL BT 1T
B RRCE KA B DI -
HF B IR/ FE 1T
M A eFE /977 A CEF pR s (LT ) 5%
HRBEEZR{CE LKA H Ao
FETL K BIEAF o1 7 (/7 2 S B ICPU &7 7 %
- BBIEN TR
SR GEE B/ Mt A

LB ABEI H R

FESFHIFET| B B BN SS
AGIH#[ITMS, TCKATDI AEELEINSS
ST TGP EEBET TR, FEITE BIASBEE 25 1 -
[T 22X TR, R AT EENRHIE IR, WRAEWHGEEN B H
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R ThAE IR 2 SE I I 4

At 32768 M SPA30F 41381740 22
WIS ;“' AR Ll
croozzly L : = 5 32768H 243
- l FETNM ¥ xouTh—e 9
WSS 2 '-.-
122, LART., SR Fx.x el S -
---'.."
e T T, —
#_,.-' | Zezc R 1 aec : MSP430 CPUI%?
1mA - “__,.--' : ;;Tgb ggiziéwc : 1 min? : %)ﬁ‘ﬁﬁ?
- : clr.b SEC H I (] o
" dade.b  MIN ; | Ib
I cmp . b #060h, MIN ; 60 min? "
1 jlo CLEend I
1 clr.b MIN I
\\CLKend -'J'
: Time
o - "y ; A
=PV LRI SR ST
- =0.80uA+250uA X100us/1000000us L PM3J8 20.80u4
~0.80 UA +0.030UA o0 LA
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- F4-6 MSP430 fimO«
AEld o P1le P2¢ | P3¢ |Pde |PBe | PEe | 3¢ COMe
MSP430EL 1% N NER e o E E o
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******************************************/

#include <msp430x44x.h>

/******************************************/
void main(void)

{

unsigned long tmp;

~ WDTCTL = WDTHOLD + WDTPW; IR ETETH
- P50UT = 0x02: 11 EP5.157H 91
"xWh 1le(1)

" P5DIR = 0x02; I fEEEPS.1 % 55 H)
'P50UT "= 0x02; I XfEHHER
Or(tmp=0; tmp<67500; tmp++); Il ZER
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LEDI1 UsS
1 10 18 P37
= 13 gQ % W X
'\ \ ‘ ‘ \ ) 13 63 o S
‘ “ ‘ ‘ ‘ ‘ 3 e . e S !
5 T 5Q D T Pi3
0 o D
= 5 3 o T D31
5 = = = 10
= e =] - = o LE (———=21
=
SNI74AHC3737 (20)—
U7
P37
10 % %. 18 3.7
z 1 5
Ig @ oo 1333
o - S = s
5 4 3.1
2 20 2D P
= 1Q 1D 3.0
11 P40
LE {——
OE |

SNI7T4AHC373T (2 O%

1—14H, 2—CDH, 3—5DH, 4—1EH,
—dbH, /7/=15H, 8—DEH, 9—0GCFH
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//********************************************************//

MSP436=FESFA#X—Demo—tsing—BasicFimer—interruptionrto—

output 0~9 on each LED recuersively
// inBB: {EfBasic Timerd Wi{E X MNLEDZEAEIAE 7R0~9

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

#include<msp430x44x.h>

L xcd,0x5d,0x1e,0x5b,0xdb, 0x15, 0xdf, 05} ;
AL, 5814H T HR0EI9——Rf 59
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// 7EposASLED L& HnumBYy &

// P40UT=0x01; // P4 0%

// P30UT=nPosition[pos];// P3OUTTEERTEHHEAEAY /Y, posAOZ5
// P30UTA=Oxff; // P3OUTERS, %iititthibfs

:#MF§§%;;0x02; // P41

U ;nNumber[num]; // #wiinFEEg

Sy o
|I (Tt I‘h.._

ne  SHOW(pos., num)
0x01;P30UT=nPosition[pos];P30UT =0xfT;

i}

3P30UT=nNumber [num] ; }
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VU'i'd—ma'iu(){
WDTCTL=WDTPW+WDTHOLD; // EIEEI
IE2|=BTIE; // {EREBTHT

FLL_CTLO|=XCAP14PF;
~ BICTL=BIDIV+BTIP1+BTIPO;
D :0X7f;

\_BIS_SR(LPM3_bits);

// 125msH i8] BE
// P3.0%P3.7#iH
// P4.05P4 1
//  EZP30UT,P40UT
/! (ERERZ ST

//  FEALPM3

. 0
w!.a“ 3' () g }} MSP430——79
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“//Basic TimerH iR Z 2~

~ #pragma vector=BASICTIMER_VECTOR

- _Interrupt void basic_timer(void)

-' 0s,value); //  TEpos/NLED_E#iHvalue
lue=(value+1)%10; /7 value \OBIOTEIR

_ﬂQfE -

+D)%6; // WMREHTL0REI9, FET—ALED i
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#include <msp430x44x.h>

void main (void ){

unsigned i;

WDTCTL=WDTPW+WDTHOLD; /115 1B T 1)
PSDIR |= BIT1; //P5.1 Mt
PSOUT &=— BIT1; //P5.1 M1

~ for (i=0;i<60000;i++) /1

. P50UT |= BIT1; //P5.1 755
or (i=0;i<60000;i++) // 3L

v (DTCTL=WDTPW; /1)5 81 T4
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#include <msp430x44x.h>

void main (void ){

unsigned i;

//0<=1<=65535
WDTCTL=WDTPW+WDTHOLD; /115 1EE 1)
PS5DIR |= BIT1; //P5.1 i

~ P50UT &=~ BIT1; //P5.1 41
r (i=0;i1<60000;i1++) // TN}
|= BIT1; //P5.1 )5
~ 1I=0;i<60000;i++) //SEHY
| CTL=WDTPW; /1 )58 E 1)

DTPW+WD-EQ‘I§I)T_@L; //H“é&%%ﬁ%%;:}}
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#include <msp430x11x1.h>

void main(void){

WDTCTL = WDT_ADLY_250; /1 VB E ) R 0.25ms
IE1 |= WDTIE; // WDT1fg

P1DIR |= 0x01; /1%E P1.0 Mk

_EINTOQ; VAR DIWAE

for (5;) {
~_BIS_SR(LPM3_bits); // FEALPM3

& NOPQ; /1 B, FIHC-SPYMIEE }}
Watchdog Timer interrupt service routine

aterrupt[WDT_VECTOR] void watchdog_timer(void)

50UT ~= 0x01; // PS. 1 AU
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337}%' ﬁl/ %ﬁ#fﬁ/\’ DTCT L%J% ﬁl/ Z‘ﬂ-?: 69H
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FFETTE

HETO% RIW

I e |eew
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#4-9 WDT B)Z B i A

SSELe ISl 1S0. R A] /mse
1o Q—@ﬁl-@m tsmclk"‘zEﬂ
e Q—ém 4 tsmclk"‘zgﬂ
le 1.9].95 ¢ Laarx 2o
Lo 88. 19¢ Banen X2 ¢
0« 16.-015. 63 Ly 2 e
0. 3230, 77+ twenx? (PUC BALEHME)
1o EAslIE tacl]{legﬂ
0e 1000+ LacrX 2 o
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& 120 %€ i 28 N 25461

FRIIF

WDTIEA, F _
|ELO, 248 # include <msp430x14x.h>

WA void main(void)

{
NDTCTL =WDT_MDLY_32;  // ;£ 3 h32ms
1|= WDTIE; I A REWDT el

P1DIR |= 0x01; /1 P1.0%
_EINT(); I RGN RV
for (5;)
{
_BIS_SR(CPUOFF); /I #E LPMO
R0; il
} BANH,
) — AL

Il & 1100 v K e 551 A2
#pragma vector= WDT_VECTOR

__interrupt void watchdog_timer (void)

~ P1OUT = 0x01; I P1.0LR

MSP430——87



http://www.Microcontrol.cn

www.Microcontrol.cn #d % 1HM F [EMSPA30 A F 1L b kY

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

*

*

XAFER -
5 main_c.c
XAFoE A -
FESPH TR E TR Pt L ERAH T
* 2setWDT (0) #f, FE/FiEETHHIETHE
2setWDT (1) #f, FE/FMiEETHHE M #5E

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

e

*

*

LA
M, BN FRIELIM, #EWDTLZL%250ms

f; kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkhkhkkkhkkkkkkkkk
; MSP430——88
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void setWDT(int mode)

{

unsigned int tmp;

if(mode==1)

{ I ERT =
WDTCTL = WDT_ADLY_250; // 250ms # 85/5]55
IE1 |= WDTIE; Il (€8 WDT F47
P5DIR |= 0x02; // P5.1 output mode
_EINT(); Il FF 87

e if(mode==0)

> el
NDTCTL = WDT_ARST_250; /I B/ T/ IR %250ms
“Sally IEFGIAE, Bl FRAIIEEIM

(tn =0x 7fff;tmp>0;tmp--);// ZEE
/IP5.1 output mode
|= 0x02; Iight LED4
=0x7fff:tmp>0;tmp--); /[ ZE, FFTF—Atmp-- BB/ 1154
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/**********************************************************

A2 kTR

i WDT # 87 ¥

*

Kk kR k ko k ok kkk Rk Rk k Rk Rk ko ko ko |
5 s

I R EFEFE{THEE [ THHEA
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A E A
U SRR A B AR R, T REA R B

PR AT
BTCTL -
TITIILT pE:

Hold  FRFQ IF 1P IP

FRFQ1 ——9 0 ©
FRFQO —— f =
0l1]2]2 ) Lo %
SSEL DIV flep
| | g
ACLK:256 g—a ;
MCLK >————0
—0 3 f2§‘¢ﬁl ﬁ‘qb
_ Bitrias B
b

_BTIFG
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BTDIV m—e— | ) =
BTHOLD B——8— BTCNT1 BTFRFQ
ACLK —@ > CLK1 X
Q4 Q5 Q6 Q7
l— 11
10
01 flco
BTSSEL 00
00 —
ACLK:256  @—1 01 s CLK2 BTCNT2 BTIPx
10
» Q0 Q@1 Q2 Q3 Q4 Q5 Q6 Q7
[ 11
110
101
100 o set BTIFG
011
010
001
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=4-11 ficp 5 5HIZE.

FRFQ1« FREQO. f&&@f
0o fion/ axes—320
IR f@i@m@‘.—ﬂélﬂ
0+ f@é@m‘.—lzgﬂ
IR f@ém;g‘.—25 S
F4-12 BTCNT2 H)E BT iR,

IP1. TPD: B TR

0o 0o fcu;z/zﬂ

0. lo fn:u:z/filu

le e fcu;z/&ﬂ

Lo 1o fcmz/lﬁp

0- 0o fCLKE,/quJ

O lo fcmz/ﬁ‘iﬂ

le 0o fewa/ 1280

la le fcm2/2569
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#include <msp430x44x.h>
void main(void)

{
WDTCTL = WDTPW + WDTHOLD;

IE2 |= BTIE; IMEREBT Ik
FLL CTLO |= XCAP14PF;
BTCTL = BTDIV + BTIP1 + BTIPO:  // 125ms* W [A] &
P5DIR |= 0x02; /| P5.1 #ith
- EINT() /] B R4 iy

“':V:f;SR(Lplvls bits); I/ N LPM3

pt void basic_timer (void)

I A= 0x02; I1HL e P5.1
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SERT B AT BRI

TR AT e B AP s, P e i) iy
NuTUAL, 2. 4sR853MidE v Eui%, Timer An] LU i ik
FEAPP TAERL R 1) 58 e I 0 e

AR/ LB RE I TR P 2 O I ] 3™ 2 B T D
B NG 31N R TR0 S 1 A5 1
 DRBIE. RFIFIMSPAS0N T HL, Timer ARt I A
IR R MR R, AR LR RS 4 4
I, T A T TR A A R s
S, SRR B[R T AR SO
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#4-14 Timer A & 1785,
FiEdne el EEREL | whake | MRS
Timer A fEH|FEF 5. TACTL- EE. 160H- | POR B fire
Timer A tHE28. TAR. = 170He POR B fif-
AR/ LB R & 1 48 Oo CCTLO- EE. 162H. | POR Efire
Wk /L FF4E 00 CCRO- #EE. 172Hs | POR B fir-
Wk R FE A Lo CCTL1- EE. 164H- | POR BEfir-
Wk B FEEE L CCRIe EE. 174H. | POR Efir-
i/ LR iEdFEE 2. CCTLZe EE. 168H- POR B 7o
Wk LB F A 20 CCRZ. EE. 178H. | POR Efir-
i [n) & F 7 2% TATV. EE. POR B fif.

AR 16003 K05 %L BTG, R R L ik

SRIEG e 75 17 2 700 AR/ LR e, i)

. =
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1
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1H—-10- Qe 0o Yo G He 4. B o 1 « e
F H.| SSEL1-| SSELO ID1- ID0-| MCle| MCO-| SRA.| CLR- TAIE-| TAIFG.-
SSEL1e SSELO- | A BHERYE . WA 00 A5,
0« 0« TACLK. Ftfr e f 5L Ef 5 BIE 5 01 2440, |
0o 1o ACLE. i BRI =
Lo 0o MCLK- R LT 10 453505
1o 1. INCLK- LR 11 84340,
MC1, MCO 50 R8I, . CLR & B4 8% & Bk Hr |

TAIE JEB 233+ H 1F . -
0 ZEb e B 2% & B
1 3% 2 B 856 B B

% 2 BUE A

TAIFG 2 B 2562 th b fr e -
W iR, BENIBE CCROHET) 0 F, TAIFG & 7.
I EB 2% OFFFFH i+t Z ®] 0 5,

TAIFG & 7.
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65 536[1iE 4t TE I . T A TART] DA 40 £
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EEN

Iy 52 57 5 N OJT- 4 B3 T 4L
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J
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| o S

Timer _YCcRo-1¥ccro X _on ¥ 1 X Xccro-1)coro W on ¥ 1 X

W\ |

| SetFlag
TAIFG

| Set Flag
CCIFGO

]

BT B
Hh WA A B
=
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BAZCCROEE B v 805 B — v 205 5\

Timer CCROold=2
Register CCROnaw =3

I I I I FABAT
1= 4. _'_______T_I_ JH R HT  fY
0 fr—,— —t — —l——|— —-l-—.|__ —_—
nhfhpnnhphnphnnfp -

1 I I ! |
ola1]l21lol1lz2lzlolalz2]2lol]H

CCRO 2 RS 3
Timer . Timer
Regisiar CCROold = 5 Regisiar CCROold = 5
sl o CCRAewmZ __ CCROnew=2
s ——r— 4 —_py————
skbk—-r+t+r—MmT— sk-rttY—1T"1-———- s
iH DI.#— Taareal TS I T
o Oy OIS o HH- - IB/ERHI W
hihhg Ui
I O S S A S S PITRE PP PEIEPT PP EPT
CCRD 5 X 2 CCRO 5 X 2
CCRO Lgaded With 2 Duting High Clock Phase | __ ___CCRO Loaded Vith 2 During Low Clock Phase

Timer Clock _/JI'_Jl"\_”_\_/_ TimerClock  /~ %3 W~ S oA SN/

I L1
Timer T Timer )( n__ %  n+l X ODornt K:
T L
CCRO CCReld CCRnew | CCRO CCRold X CCRnaw
| [

Load New CCRO Load New CCRO
During High Phase of Clock During Low Phase of Clock
1 Up mode: 0, up/down mode: n—1 1 Up mode: O; up/down made: n
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o ER R M ATIME I BIOFFFFH)S , X NOFF UG E 8T 1T 4L

Timer
Clock

Timer :}(FFFE){FFFF o X ih M X FFFE X FFFF X 0Oh X 1h )C

i N
Set Interrupt
Flag TAIFG
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CCROf CCROI
OFFFFh CCROe CCROk /
CCROd / CCROj /
CCROc / CCROi /
CCROb / CCROh /

CCROa / CCROg / coRo

m
on | L

?"*;,ﬁ? Interrupt Events Alalalsmlalal sl aalalacl sl al

JEEZ BT RIN 1G5 . TR LTIt R
H A B FAER LRI E N 8550

Sl NE 7 LA BTAL AR IR BEASCOR L
S NEASI. ARSI BERIHCCR )
. B F— N p IR AR RUTE T 1]
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TR A HHCCROE X, & 72 CCROVI Hu s 2 {H 1 21 .

OFFFFh gLl
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Timer
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w: ACLK = TACLK = LFXT1 = 32768Hz, MCLK = SMCLK = DCO = 32XACLK =
1.048576MHz, %K PS5 15—~ 7 i
AN VEISZAMCL IS
#include <msp430x44x.h>
void main(void)
{ WDTCTL = WDTPW + WDTHOLD;
TACTL = TASSELO + TACLR; /I ACLK, i5F% TAR

CCTLO = CCIE;
CCRO = 1000; 117 A% 32768/1000/2=16.384
P5DIR |= 0x02;

TACTL |= MCO; Il Timer_al i1 #op =,

_EINT();
for (;;)
{
_BIS_SR(LPM3_bits); Il XN LPM3
_NOP();

X }

| imer AO* 1 ¥ i 55 727

: 'interrupt void Timer_A (void)
3 { P50UT 7= 0x02; /1 Y2 % P5.1
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i CAP M 0L f LR

]
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HCCTLX P HICAPX=1, ZMH TR X
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H 1)
M= A /P AT T
e WEBELFF 2 TR 6]

SR C R, Wb S AL CCIFGX 4 B AV .

Timer
Clock _/_\_/_\_/;P\_/_\_/_\_/_\_/_\_/_\_/_\_/_
1

Timer _Y¥_nZ ¥ ol ) G &I ST SEE) EETD S & YC

CClx

|
Capture \ RN

Set
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Iy

Capture
CCIED :
EQUO = o i
CCRO = Timer D_ p Set g
Cap
Timer Clock ——f
Reset
| o [ ) R
+#
ce ) CCIFG1
EQ1 —5
CMP1 —— el CCIET |
Timer Clock ——— R
|
FATe ¢ TR
-
CcCiz g CCIFG2
EQ2 5 L
CMP2 Sel CClE2 | q:ﬁ;q i /
Timer Clock =] o B )
| < £ Rl
IRACC e i ]
. J
Timer FFFF S TAIFG
Timer = CCROD 5
HH K, ——qSel TAIE
Timer Clock R
|
race ¥

A CCRO 447 ]
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FIE T 45 T BT
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Timer_ASZILPWM 2545

#: WACLK = TACLK = LFXT1 = 32768, MCLK = SMCLK = DCOCLK = 32XACLK
= 1.048576Mhz, FJHTimer A%t FiIh512 /32768 = 15.625ms. =54 75%
F125% [IPWMZE TE % -

#include <msp430x44x.h>

void main(void) {

WDTCTL = WDTPW +WDTHOLD:;

FLL_CTLO |= XCAP14PF;

TACTL = TASSELO + TACLR; /Il ACLK, ik TAR
BERO = 512-1: I/ PWM J& 1]
- CCTL1 = OUTMOD_7;

775 384/512=0.75

125 128/512=0.25
/I P1.2 Tt
// P1.2 TA1
/1 P2.0 %t
// P2.0 TA2

/ Timer A 31 Bok

R(LPM3_bits): /] BEXN LPM3
1
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JAdh
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0AZh
JATh
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J9Fh
O9Eh
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ot

W
Sn

Asmccigted "dxx
" Seqment Line

20, 29,348
2% 37,38
34 35, 34
32 33, 32
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24 25, 24
22 23, 22
20 21, 20
12 19, 18
16 17, 16
14 15, 14
12 13,12
10 11,10
8 g, 8

= 7.8

4 5, 4

2 3, 2

0 1,0
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SE o T Tg
a7 g 2 1h
58 W4 9 2a
30 A=k 10 2b
M0 A=@ 1 2o
RN o B ) 2
512 =@ 13 2
13 M 4| o
514 4 15| 2g
515 @ 16 | 2h
S16 a8 1T 2a
17 a—m 12 ] b
S18 w13 e
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520 a4 2] %
521 w220 X
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224 w25 da
256 P 5 ib
25 4R 27 de
27 &=k I8 del
S8 &= 20 da
520 e 30 df
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531 @8 32| 4h
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COMT MG
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2MUX 7 BN B A7 2 F

1

N

V-5 VR B IR

Pinout and Connections.

Connedions
|430 F'insl | LCD Pinout
Fi  COMO COM1
S0 g 1 bl 1a
51 qg—p 2 1h 1b
52 4@ 3 1d 1c
52 w4 1e 1g
54 g 5 2f Za
55 4 B Zh 2
S5 e T 2d s
57 wam 8 2a 2n
e 9 3 3a
10| 3h b
L = Bt ad Iz
s 12| 3 g
13| ar Aa
-+ 14| 4n ab
i 15 a4 Az
15| e ag
e 17| = Ba
& 12| 5h b
= 13| 5d 5c
e 20| 5a 8n
-~ &f fa
4 22 | &h b
e 23| &d Bo
e 24| Ge g
a5 | T Ta
a2 | Th 7h
e o7 7d Te
e g Te Tg
e 20 | & fa
o+ 30 &h an
e 39 ad e
o+ 3z | de fg
+ 33 | como
e oy Con1

Display Memary
coml3| 211013 2]11]0] —_
MAB 0ADh ~Jogfe]~]-]c|d] n=30 12Digts
09Fh = | bl h ]| =]-= a f 28
O8Eh -|ole|l=-[-]c]d %
090h — (o hn|=-]=lalf 24 D_'Q'”
08Ch T olel=1<]c]|3d —
09BN T ol rnl =1=1z17 op Didit®
09Ah ~Jofe|-|-|c|d 18
09%h e BTN TR e R 1 Digits
oesh ol M- L e e e 14 Digit 4
097h ~1blh]~-1~1alc° "
0SG6h == gl e = [ d 0
095h P BTN TR g Digts
094h ~{alel-[-]c|d g
Ugﬂh - b h - == a f 4 Dlg“z
092h ~ lolel-]-1c]la 2 To
081h ~Tolnl-1=1a1l+ o "
1 1 | L1 1
by 1
Al g 2 1 0|23 2 1 0 0 [~
o 3 A ELEEA
I g
Sn+1 2n
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— L)_‘ > E
A )
3MUX 7 R B R B A7 28 R 5 R BT R
LCD
: a ¥ a
il L | L5 Bl TR g P (e f b f b
|'=13IZIF'ins| | LCD Pinout |
PIN COMD CORI COM2 e < e c
S0 e 1 12 i iy d [ d ._h-
S1 e 2| 141 1
2 g% 3l m = m DIGIT0 ———————— DIGITA
32 W 4 2a . i 2y
4 45| W 29 22: EREARR
S5 4= 6| Zhn
S5 w7 e W W coml2l 21O 2121 1] 0]
87 W= 8| 34 3 3o pmaeornf-J=lagldal -y [ f]e|n=20"
g6 4w 0| 3 % B el e el e == 1213l = ..
20 A=k 10| doe 4 dy — ——— - Digit 1
B0 A= i dd -dg da 02Dh ¥ Digit 9
2 311 = 12 | dh 4 db oechl=l=lgld]l -y |fle=e 24
i 512 w12 52 5 5y —[B6lclh|-l=ala]d 77 .
513 #wid| 54 s 53 o = A A R L 1
514 #® 15| Sh = S 0 et T 15 T 7 1 4g DHEILT
515 4w 16| B2 B By 000k —
S16 ##17| 64 & 6a ooanp—2tlcthl~lal91d ® pigit g
17 w18 | 80 & b 0o7h yltjlel-3ble]h " bis
s ww19| 72 W Ty -Jlalgldl -]y |[f]e 12
519 #w20| 70 Tg Ta 0h T (clnh|-1alolad 0
520 aw2| T T T (-5 ey ey i e o ey g Duid
S21 22| %2 5 8y 004 - - e Digil 3
S22 4w 23| 34 g % —1=219 all B4 = -
529 w—w24| 3h 8 @ OGzhf—-|blelbh]|—-Jalg]ld 4 Digitz
24 w4 25| 9% @ 9 ooy | fle|—-Jblc]h 2 it 1
S5 #w2E| 99 99 9o oot —] = dl -y l7le o
E26 o-m 27 | Sh S Db 1 ? T 1 T 1 1 -
527 W 28| 10a 100 10y - - 1 olz 2z 1 o H
526 w-» 20| W0d 109 100 <2 Q_ JA .
g0 4% 0| w0h e 1B 2 1&g | HI1
COMD -+ 31 | como I 1
COM1 = 32 COM1 1
COMZ =i 22 COkE2
COMZ N snl Sn
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AIMUXTT A BE 74T

N

VASP EEIE GRS IV

SO I WIS B G P (i 4
|'4:y:| F'InE-l | LCD Firaut
FIN  COMOCORA COM2COMS
S0 e 1 | 1 12 g
S ogew? | 0 e 1B
% w3 | WM 3 3
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S g d | M 3 g
55 4G | 3 * B
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Y A7 4

et

e T, c, d, g, b, a

"~ 0—7BH ., 1—12H, 2—4FH, 3—1FH, 4—36
6—7DH, 7—13H, 8—7FH, 9—3FH
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(RIS 7T, o T BRI o0 0

n - " A K B f frame=fLCD ~2

MUXIRZ 7 5 f ¢ oe=FLop+4
UXQIX@J??;T:E f frame=fLCD ~6

UXQ]IX?XjJ ﬁﬁ fframe=fLCD ~8
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VR B AL R T 55 B 2%

Analog Levels
al'_ﬁ_‘\. Voo .
CoMn l!: ".fdta;a_[:n:-nna-::h:hna
Seqn For the Different Modes:
=
) 3hux
Rast Static  2Mux  4Nux
WA OWE  WC WD Ron W open
RZ2

Vi——=1 V== c';H

WA R F
Analog KUX
Ri3
W W

LCD Phases —iw

LECMT e RO3t

LCOME —— WE sl ] W

LD S — ]

O o0 ——

CscOff  LCDOM4 LCDM2 LCOMOD | WA WB WC WD ROMT

= = X 1] [i] 1] [ 1] OFF
1 = X X a 1] ] a OFF
o a 0 1 WEAT O WINE WEN WG palt}
o a 1 1 WEAT O WINE WANG WINE palt}
o 1 X 1 WEAT W2NA WANG WG palt}

28 A B R23, R13, V1=Vcc, V5=Vss
I A B R23. R13. R03, V1=Vcc
A A B R23, R13, R0O3, R33
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T+

G+

B

g4

g+

247

1+

1+

LCDMT+

LCDMS+

LCDME+

LCDNd <

LCDMS+

LCDIZ+

LCDM1+

LCDMO+

LCDMT, 6, 5 #FHERSmOSSMES, NE 4-19 BFF. #{E
AT EE MR HA SR s, HABENLCD B, -

=4-10 FibEEiR 525

S G o G o (31 o1 (31 o G o Gt o (31 0n1; (31 o
LCDWS | BEEDEES | o, ’ 14 ’ 24 i 34 ’ 4 ’ 5 ’ B i T4 ’
0+ E AT 0+ 0+ 0+ 0+ 0+ 0+ a+ 0+

i ]+
14 S0~~315+) 1+ 0+ 0+ 0+ 0+ 0+ 0+ 0+
0+ S0~-3519+4) 1+ 14 0+ 0+ 0+ 0+ 0+ 0+
1+ al~=323+| 1+ 1+ 14 0+ 0+ 0+ a+ 0+
0+ S0~-3S2T+ | 1+ 1+ 14 1+ 0+ 0+ 0+ 0+
14 a0~~331+4) 1+ 14 14 1+ 14 0+ 0+ 0+
0+ S-=535+| 1+ 1+ 1+ 1+ 1+ 1+ 0+ 0+
1+ S-=539+| 1+ 1+ 1+ 1+ 1+ 1+ 1+ 0+
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LCDMd+ LCDM3+| LCDM2e | BB LoD fmHE«

Xa | ®e  |oe Hafl mOmbEEFRE .

0+ 0 14 Hhe Radks ROSke

0 10 14 IMITH B35 E13. ROGES

1 0¢ 14 T R3%#, E23, R13, ROSke
1 10 14 4 ML R3%, E23, R13, ROSke

2 LCDMO  ERTE LS, EEMANAEEESTF LOD ik, IR
| RAETET LeDMo =0 AL ] LD 85, AT RESKMEIE. -
: 0 EBRERKE. COMEIEMEmEARY. «

1B AT, COM 2.5 BIRAN AT BRI 8 B A7 AR 5
BRES. o
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AM UX B 7~ 25451

#include <msp430x44x.h>
char digit[10] ={
OXEB, /*"0" LCD segments a+b+c+d+e+f , AN FHIBBILHAE—ANF. */
0X60, /*"1"*/
0OXC7, [*"2"*/
OXES5, /*"3"*/
0X6C, /*"4"*/
0XAD, /*"5"*/
OXAF, /*"6"*/
OXEO, /*"7"*/
OXEF, /*"8"*/
OXED /*"9"* };
void main(void)
{
inti;
WDTCTL = WDTPW + WDTHOLD; // {5& 15
FLL_CTLO |= XCAP14PF; // i & FLL+
LCDCTL = LCDON + LCD4MUX + LCDP2; // 4Mux, S0-S17
BTCTL = BTFRFQ1; 1] FEASE N o
P5SEL = OxFC; /I AL AT Rxx 1%

for (;;)
{
for (i=0; i<7; ++i) /I 5 5"6543210"
LCDMEMI[i] = digit[il;
Y
Y
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Rt A I X Y 5 e 2k 55 CPUAHE

e

M SPA430r] PAZEA B AE CPUZE #4 R H5 2 WG O T 34 I D g .
KT b M Re ) FH T 6 i S B SR AR A B B . B

Feyd 28 KR IN5E T MSPA30 Th g T LAt T A4 41 3

TDI

TDO

MAB, 168 Bit

] CFU

Incl. 18 Reg. JTAG

MOE, 16 Bit

EH
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D BT (] 95 750 A el
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MPY 1300 iE rw O 15 w 0
MPYS 132h g —R e W {41380
MAC 134h -' Mode %I
MACS 136h 16 x 16 fir ik 4%
31 o
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ey | MPYS EeE MPY, MPYS . MAC, MACS

N, 32 ik

/ T + SR T ) ) e [

Mode —aY £ ERI)IR

15 r

‘-D‘Iréﬁi’ﬁ:-'ﬁ:13Eh I C o =

S|indE ACC
SumHi 13Ch SumbLo 01340

0
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15 W 0
MPY 130h
MPYS 132h 15 rw .
}I OP1 OP2 138h |
MAC 134h |
MACS 136h
| 16 x 16 Multipiler ‘

i Accessible
e Register

MPY = 0000 MACS MPY5

MAC

\ Multiplexer /
N

A

iﬁ

N\

32-bit Adder /

<~ MPY,MPYS

'4 ; MAC, MACS

AN

32-bit Multip

lexer /

N~

I SUMEXT 13Eh C ‘ IS RESHI 13Ch

RESLO 13Ah
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R F RIS RIS

L BRMERCA AR OPLFIOP2, 25— MNEptEHAT kB T4 %
Fa5: MPY, MPYS, MACKMACS, ‘EA1HEME Tt
R, Y0 AEAEEE NG, AN IRVEERAE L B PAT
, AN A%

- il F S Al ETFEAAS (RESHD | 458 /T F A7
- ar (RESLO) LK&URY JEFrds (SUMEXT) o #fras

- RESHIANIRESL O N 7 24 A~ 1647 ZURH e ) 3247 e FA 45 i
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]

EPESRVA S & 7 A

. MPY BRVERL, TR EON AT 5 2 e
- MPYS  #BAEEL, FRRERAEEONE RS AR
- MAC PR, fenBAEEO BT 52 BN .
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(il

RIS HE R

]

33

BRSNS, TRE SR TR, — B 5
L HTEAL~ 25354, LARIEIS S 1 (0 77 22
U, A B A — MR, I A
P L, L ALEAT U 52 R AT At
 GRAAER (SUMEXT) A%, SIEHAT S
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FLASH - fig s Pt R E4E A

L YRR DAL R AR

- A LLE I ITAG. BSLAISPHEAT 4 f

- 1.8-36V ILIEH &, 2.7~-3.6VfLH &
- BUEOREFIN T 104 5 1004 A 55

" BOK i <5
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FLASHE g et £ EHRE A

YRR R] DLAE AT . T R A
A LA ITAG. BSL AT SPHEAT 4 FE

11836V I 1EHE, 2.7~3.6VHifid &

" IRAFIN ] )\ 1O 5 1004F 443
¢80 )\ 10031 100,000
FLIN 1) <575
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A= FL ASH B 5 iR X N ok &

One Module One Module
AKbyte + 256Byte Several Segments
St AIEEL Segmento
4-kKbyie FEOOh
Flash FOFFh
Main Memory FCOOh Segment1
LI Segment2
O10FFh =
Eﬁgiﬁte Segment3
01000h
Information segmentd

Memory

Segments

Segmentis

FODOR Segment7
010FFh

SegmentA

01000h SegmentB
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Programming Flash Memory Devices

There are three options for programming an MSP430 flash device. All options
support in-system programming:

] Program via JTAG
1 Program via the Bootstrap Loader

] Program via a custom solution
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- Programming Flash Memory via the Bootstrap loader (BSL)

Every MSP430 flash device contains a bootstrap loader.

The BSL enables users to read or program the flash

| memory or RAM using a UART serial interface. Access to

MSP430 flash memory via the BSL is protected by a
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Programming Flash Memory via a Custom Solution

Flash Memory
Commands, data, etc.

CPLU executes

Host MSP430
user software

Readfwrite flash memary
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Programming Flash Memory via a Custom Solution

The ability of the MSP430 CPU to write to its own flash memory
allows for in-system and external custom programming solutions as
shown In Figure. The user can choose to provide data to the

MSP430 through any means available (UART, SPI, etc.). User-

:'L
e

leveloped software can receive the data and program the flash
Since this type of solution is developed by the user, it can
tely customized to fit the application needs for

ming , erasing, or updating the flash memory.
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FLASHF S IS5 M HEE

MDB
—hl Mt SE1E I—l- BolE gir e
-

Hi bk #5497
i

FLASH
i w53

e e A

o EE e

i P o, A A
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FL ASH 7728 ) R ThRE # 4

L BT, BHIFLASHIEME S IB R 5 5 N

 FLASHTF iR fififik
P
PRGBS R AN BT B R A
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Erase Modes

MERAS ERASE Erase Mode

0 1 Segment erase
1 0 Mass erase (all main memory segments)
1 1 Erase all flash memory (main and information segments)

| Wite Modes

BLKWRT WRT Write Mode

0 1 Byte/word write

1 Block write
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Erase Cycle from Within Flash Memory

Disable all interrupts and watchdog

v

Setup flash controller and erase
mode

v

Dummy write

v

Set LOCK=1, re-enable Interrupts
and watchdog
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Erase Cycle from Within RAM

Disable all interrupts and watchdog

Setup flash controller and
erase mode

v

Dummy write

Set LOCK = 1, re-enable
interrupts and watchdog
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Initiating a Byte/Word Write from RAM

Disable all interrupts and watchdog

Setup flash controller
and set WRT=1

v

Write byte or word

Set WRT=0, LOCK =1
re-enable interrupts and watchdog
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HERBRAE

L OIEREE Y RPN AR -, A R AR AR R A L A

PN

- R Lock=1, NPKEEA7

- IBRFEBUSY FraG s G {BUSY =0 A 7] IPAT F—25, &
—H i ALBUSY .

- WRERR B WBCEERASE=L.

 WURER B, N EMERAS=1

T g RIENFLASHE# R, Wk ERASE=1[FIfMERAS=1.
BRI ML TR P AR AL B RE SN, HI LS 3l
SR . WERZH I HAEAE A REPAT I R BRAR 1 BB IEE
>g,mEAﬁ¢$ﬁ¢%
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Erase Cycle Timing

|

4 , , >

| GEHEFE:EF Erase Operation Active ’ﬂRem:}ve|
F‘ro{;ramming Voltage Programming Voltage

| Erase Time, V¢ Current Consumption is Increased |

» >

|

Yall erase) = Y(mass erase) = 9297/f(FTG). {segment erase) = 4819/ FTg) L—
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Any erase is initiated by a dummy write into the address range to
be erased. The dummy write starts the flash timing generator and

the erase operation. Figure shows the erase cycle timing. The

cycle times are equivalent for all MSP430 devices.

=y
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FL ASHZR a8k

OEREIE Y I DL R S T8 ) 43 AR
- Wi Lock=1, HEEN

- RABUSY (I, HFIBUSY=0/&A [N

o' B
S P
k? 3 o
e
s

RIEA T FE
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LR S S VN

}‘ I I
0 T —
Ganarale Programming Operation Active Remov
F'nzu%rarnming Voltage Programming
F Programming Time, Voo Current Consumption is Increased 4
I
tiword Writa) = F3HFTG) L
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BR5 N R

BLEWRT bit

v

Write to Flashe.g., mov #123h, &Flash

Cumulative Programming

| | I
b !
ime Y CPT) —== 3ms, Vi Lur

b
e - . — 11 r—h
| Ganarate ragramming Oparation Activa Remwg
Programming Voltage i i i F'r%qr{rnmmg u“[nltage

nt Consumption is Inu:reqsep

E—— —

|
|
>

']
Lo
LLJ ]

blockwrite, byta 0) = 20 FTE) ‘ ,‘ tibytes 1-63) = 20VFTG

. 1,
ibytes 1-63)= 200 FTGJ‘ ,,| Yand)=0tFTG)
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FL ASHES R ER/E R A HE

L WECRE NG T AR, WEIKPUCHE S ANM#ERAE Al LLIEE 5 ;

- EXNFLASHEAE AR S FLASHIN 2, 25| KACCVFIGIR AN ) &

s MDA AT DU

SELASHER IR, 5 2 IR TR), A RO N [ )4 I 4%
MARIOT RS, WA T IR I A8 HE i AT R FRLASH
HISE AT | 1RSI B, SRR AR L R T IF A 10
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- FTE FIFLASHZE R 1 M SPA30 4 12E 11 OB #5027 A v K7 v 1

s R FACES, A TR R AR, W Tl

B JE R W R AT FLASHEREZ T, Jok iz

L BIEEAGE RO A SIRAM S A S
B RRTOB, 5 B 56 FHE BUISEHCR (o

.“%?ﬁm>;ﬁw~%xgﬁmﬁ%ﬁME%ﬁﬁmgw
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Flash Memory Controller Interrupts

The flash controller has two interrupt sources, KEYV, and
ACCVIFG. ACCVIFG is set when an access violation occurs.
When the ACCVIE bit is re-enabled after a flash write or erase, a
set ACCVIFG flag will generate an interrupt request. ACCVIFG
sources the NMI interrupt vector, so it is not necessary for GIE to
be set for ACCVIFG to request an interrupt. ACCVIFG may also
| | be checked by software to determine if an access violation
« rred. ACCVIFG must be reset by software.

key violation flag KEYV is set when any of the flash control

';.
W

ers are written with an incorrect password. When this occurs,
IS generated immediately resetting the device.
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LA B8 A 1K) 2514

A

. | Ly i acIFG
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FiiliE A
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CAON

CAF

CClB

CAOUT

Set CAIFG

CARSEL
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RC-Filter Response at the QOutput of the Comparator

+ Terminal
_ Comparator Inputs

Comparator Output

|_| |_| H || H H H ” Unfiltered at CAOUT

— - Comparator Output
Filtered at CAOUT
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Temperature Measurement System

CCI1B
Capture
Input

Of Timer_A
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Vi &

0.25 x VCC e 1

Timing for Temperature Measurement Systems

Phase Il Phase lll:
| Discharge | Charge | Discharge |
‘ trEf . h_ tmeas —.I

MSP430——178



http://www.Microcontrol.cn

www.Microcontrol.cn #d % 1HM F [EMSPA30 A F 1L b kY

Nmeas —Rpeas X C < In ;é‘i
Nrer —R, s >x C x In V:;
Nmeas _ Rmeas
Nref Rref
Rmeas = R af X Nﬂeas

ref
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ELa B3 A K Th B

| LEEES AR BT RE 2 TR H M N B R CAOFICA L R /N
T A, REHEHEE S CAOUTIHE. W CAO>CA1L
. CAOUT=1, FMCAOUT=0.

| 5 R R CAORICA L] BUZ AR E R P i 3L it
Hso AEATAL GRS AT HERY o

P B LB
BE S BEFIA S0.5V o BRO.25V LB
BN S BTN S P B BHE A [ B
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0.25 x Voo

< (R2/(R1+R2)) > VINL  CAOUT=1 7MW  CAOUT=0

T
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Input ~ PCAD

- Selection |
2 (1) I
VinNGO InD Ctri y - P1.0...1 —O |
IND
ViND$ ni Huxom
ViND2 in2
Vino3 In3

|
|
1
l
|
I
|
i
|
I
I
|

h_-__-____"#*“_j E

R3I+ R4
R4

A - CAOUT =17 CAOUT =0
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PEBLAS A B M

PR AR AT N 18T ) 25 A O

FHBIR: HRFREFTHREG R
R E Pk : CAIESEFEH BRI LT T EHAE
1 kR ACAIEG &LV .
FIF RV HBEAFH AV (CAEEL)) « B BB Y
(GIEEL))

CAF CAIE

—————— Vol
|r a —i rﬂﬂ“ﬁ L L—\
Set Ld
sz 4 caes LpSetol | J
I | +——CaouT RGN
I | Set 0
|

I L > carFG | [ .
L__;E;s__J 1 Reset
4 <
POR RACC, TEilETE

[ mrmns, G naEs R AR, BT, T
| 2 SR B AR fICAIFG
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ELBeas AN FH 254

L OH A PR.3E A ARSI R R LA S A IR i, NS
2% H R0.25Veckz 2l bb e an AT, SRR AN KT
0.25Vce, PLOEAL, 5NPLOEA.

#include "msp430x11x1.h"
void main (void)

{
WDTCTL = WDTPW + WDTHOLD; // 15 1T 144
P1DIR |= 0x01; // P1.0 %t
CACTL1 = CARSEL + CAREFO0 + CAON; // 0.25 Vcc = -comp
CACTL2 = P2CAQ; /[ P2.3 = +comp
while (1)
{
if (CAOUT & CACTL2))
P10OUT |= 0x01; /I CAOUT =1, &7 P1.0

. elseP1OUT 8=~0x01;  // fIS(
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M SP430 DM A 53 51| 28 4

b b}

BIRALIEATTECPUMN A, 52 HDMAERil#s BATE 2,
FEFEAS Hi k=5 (8] Yo [ 9 A a2l s B0y XAk n] 18655367 19
HeWo P& i i WA At 5e ), SEO e i 4r, RS2 s - i)
fEEIAN 75 22 -MCLK
/D RS IRE, BIAAE WA MR AT B i A\ Bl B, CPU AT DL Ak
TR D FEA =X iy A 75 0o P
C CFERIEEER T LR A RN DMAfH AT LR AR E R
S i S M I S e £ P A SR e e S (AR e e
AR, N R, AR BT ARTET, R ASEE

BRI R A SR R DMAR I, T LU F A
AR

MsSP430——185



http://www.Microcontrol.cn

www.Microcontrol.cn #d % 1HM F [EMSPA30 A F 1L b kY

M SP430 DM A $2 ] 8% i) 45 4

s IEG
LS ED

OMACTSELx [
|
I PR IR Tupt R usst
R RE D — Co0s0 Hal (= STSTT
TROCCRR OIS el OO0 — RO RO RO
TRCCRZ CCIF G ey 0010
LISARTO dala recedwed —] 0011 OLADSTIMNGRE  DMALT
USSR TO Erarsmil ey — 0100 LA LT T
DACA2_OIF S — o101 =24 ™ EnY :3
ADCTZIFG: — 0110 —
TACCRO OIS — 0111 [ T T |
TECCRO_CCIE G ey 1000
LISA T 1 dals recedwesd — 10071 DL O
USART trarsmil ready —1 1010 | gl _——
EAullipler recsly —f 1011 (] B ] WL
PO LA e —
Mo tHgger — CALS0S
CAAETIEG —) 1110
CAASED —y 1111 1 R N [JE— TE l
L- ORMASRCIMNCRE DRSER
rAs1 TSELX b=
~T2
orasRED —) coca E DMADSTIMNCRE ORADTE
TaCCRZ_CCIFG —f oo 2] = DMADSTEYTE 13
TRCCRZ_CCIFG —) o010
LESARTO dalta recetwed —§ o011 i DL, G G 2
LS ARTO trarsmil ready — oo
Des12 _alFs —f o101 O R, 1.5
ADCIZIFGE —] o110 i
TacCRO_CoIFG —f o111 i -l TE— == ]
TRCCRO_CClFS—] 1000 iy 1f-
LISa T 1 dala ecedwesd —§ 1001 F T
USARTA trarsmil ready —] 1010
rAutipier resdy —] 1011
Mo tigger — FE= ?'t I — l
Mo troger — DMASRCIMCRE  DRSER
rAsaliFG —f 1110
orasED —] 1111 =1
CAAADTSEL= DORSOSTIMGR DRSO
a4 OSSO TEYTE ta
CIRAARED ——f C0S0 DA il i 3
TROCCRRZ OIS el OO0
THRCCRZ SIS ey 0010 DL 25 5
LSARTO data recetved —) co11 | g _——
LS SR TO IFErsi M FEE] Yy —— 0 OO0 DR EZ DA
OS2 _ OIS el G101
A 120 FSr ] O G (&N =T
TADCRO_CCIEG —— 0111
TRCCRD CCIFG —) 1000 =
LISA T dalta recedwesd — 1001 I La orasrsevre
LISART trarsmil resdy —f 1010 DMASRCIMCRE= DRAER
FAUEIEr ey —) 1011
Pl b e — | - CMACOMEFETCH
Mo Eigger —]

1110 |
1111 Hall )
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DM A3 il 8% B D) BE B BR -

AN PST AL R 0. WEINIEIE2, R IEIEE
AR R s . H b Ao . AR KIS A5
M BT A g o BRI TE P b AT Sk v LU 59 SR AN 2E |-

PG H BB L e : RS BUR R T, A ia i Lt
] AR, 6 [R] N AT Al A SR AR IE A T L e Sk,
fff 2 IR A T PR AIE 56 S e . MSPABOFKIDMAZS il 1 AR H]
[l EETed, & Tumﬂ%f}ﬁfwt%é&o
- REfram IR, AEANDMATE TE TT AR AR HT,  CPUZE 4
‘J%éé;mifaaéﬁﬁﬁﬁéﬁwfﬁﬂl% DL DMATE T A2 4 1 28 2
: RUTIC FL I AL IR MR 25 AVACURIR PEREER,  DMAREQ  CHRPHfih
L&) . Timer A CCRZ’JFHIJEH Timer_B CCR2frt. 12C 24
IG5 F  12C Ol SRR T USARTHRISU R Bl

_;THE%EEDAC12IFG\ ADC12#5H [FJADC121FGX DMAXIFG.
IAE0 ShElfil At I HIE AT MR IRy e ke )]
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4.1

DM A$z i 2% 1 3-HE

P

DmaA,
FEEhilEE

Rl HEH =[]

DMA = FEHr 5 5]

I

EE R E = e hk

DMA
EERE

F ARHEEEE]

(5] 5E Bl Bk

e S RFHEHL (]

|—..

R o vichalu A1) o1 st bl
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DM A M. FH 25451

. K DMA il 28 B E s B i RAM 1 220h-240h 5. o A& 4 2|
240h-260h*. 7T

#include <msp430x16x.h>

void main(void)

{

WDTCTL = WDTPW + WDTHOLD; // {&%& 144

P1DIR |= 0x01; // P1.0%nH

DMAOSA = 0x0220; /1 R as bl

DMAODA = 0x0240; /1 B sk

DMAOQSZ = 0x010; I A& RIS

- DMAOCTL = DMADT_5 + DMASRCINCR_3 + DMADSTINCR_3 + DMAEN: // &

P

. -t'.gr

for (;;) ﬂ%ﬁ&%ﬁ
{
P10UT |= 0x01; /I EArP1.0

| DMAOCTL |= DMAREQ; I il Hefi
" P1OUT &= ~0x01; /I KP1.0

MsP430——190



http://www.Microcontrol.cn

www.Microcontrol.cn 435 %™ H EMSPA305 AL 4 b R

DM A M. FH 25451
1H I TACCR2fit % DM AT Hill 4% 265 i 1 PL&gn L — > 19

#include <msp430x16x.h>

const unsigned char testconst[] = { 0x00, 0x03, 0x02, 0x03, 0x00, 0x01 };
void main(void)

{
WDTCTL = WDTPW + WDTHOLD;
P1DIR |= 0x03; /1 P1.0/1.1 iy

DMACTLO = DMAOTSEL_1; // CCR2IFG fili &
DMAOSA = (unsigned int)testconst; // #2 ik
- DMAODA = P10UT _; Il H Pyl
: DMAOSZ = sizeof testconst;  // f& A
" DMAOCTL = DMADT_4 + DMASRCINCR _3 + DMASBDB + DMAEN; // T2 .5 fi iz
L\i’H_jAﬁJ: EIEJ DMA{E
" TACTL = TASSEL 2 + MC_2; // SMCLK, 3% it $fist
. _BIS_SR(LPMO_bits);: /it A LPMO
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[
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T T
i — 1
TECCR 1
—_— TECCAD — TEHCC
r [}
| 1 TECCEA



http://www.Microcontrol.cn

www.Microcontrol.cn #d % 1HM F [EMSPA30 A F 1L b kY

DM A F 2545

ADC12%: # 1¥) 4 il
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USART IR G5 1)

I L Ty I Iiﬁﬁiﬁi‘-rﬂumemamr o mmqm.ui

SSEL1 SSELO

I____ $

AR AP AT AR

£

LS R

i A AT 2

y

T B A J

SYMNC RXE

b I::—-S‘r’ME
'4 ﬂ&*h’%ﬁﬁi#ﬁ CLKS

Listen

MMy SYNC

&

2 IR ER T2 UOTKBUF or um-;]mi

| T?I SYMNC S
YNG 1 oloe<
ﬂ
| STE
| e |
|
| UTXD
P S i >
|
> & o| SIMO
o <__>
—ﬂf.'b
CKPH  SYNC CKPL
+ e v UCLK

UCLKI S —
ucms:__.l B b i 7 26 Bl |-v—<:>
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SWRST URXEx® URXEIE URXWIE
T T T T S¥YNC=0
URMIFGx™®
U FE FE OE BEK Recsive Control
I Receive Status I Receiver Buffer LIxRXBLUF I LISTEM MM Sy
R T 1 |
RXERR  RXWAKE Receiver Shift Register | SOMI
Ly :
1 (]
T I L
ﬁ SSEL1 SSELD sp CHAR FPEV PEMNA : 1 URXD
I
DeLKe ._I_G_-—-D-{:
y% UCLED —a— 00 Saud—Fate Generator 0
STE
ACLE 01
2 [ SMOLK 10 FrescalerDivider UxBRx
“H
T SMCLEK 11
g Modulator UxMITL UT*D
- L >
SP CHAR FE PEMA

I 4

TEWAKE I Transmit Bufer UsTXBUF

a

|
I
I
I
I
|
I
I
|
I
1
|
I
T I
I
1]
I WUIT H Tranamit Shift Register F - 3| 1 SIMO
|
I
I
I .
I
I
I
I
|
I
| .
|
I
I
I
I

UTEIFG=*"
Transmit Conirol
L L i SYMCZ CEPH CHEPL
SWRST UTxEEx® T=EEPT
LK I Clock Phass and Polarity

- |
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BT 2 B SN
| SRR, LR L R
BN (R TR (R B % 1
RATRIRSRIECE, T A R R B e
L RSB AAHE R A
I SR T R N B
B gt A
3 45 A 6 0 45 M SPASO M1
B U o L
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Character Format

— —— Mark

STID0  ees  DB|D7|AD [PA [sPlsp ]
‘ | _J_ _ _ _ Space

L [2nd Stop Bit, SP = 1]

[Parity Bit, PENA = 1]
[Address Bit, MM = 1]

[Optional Bit, Condition] [8th Data Bit. CHAR = 1]
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7o S HLEEE

- When two devices communicate asynchronously, the idle-

line format is used for the protocol.

_\I When three or more devices communicate, the USART
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2t 2= N Z2 LA

r,,ﬂsﬂﬂ‘ Wi -~Hﬁﬁﬁw
|

e e—" Frm — A —,

|‘xl 3 /;
10 {5885 5 1952 P

UT XD LIRXDx

&) UTXD/URKD

UT XD UIRMD
’ ’ —‘ST it i ISF' ST HrilE SP STI iz op

L1 N I % £
W W v

{10 s W e EE SRR el by el scdin il feal
— R LAY b 10 f 5 [H
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A

sk 2 HIAEE

Blocks of
/ Characters \‘
£ A N £ A k! £ A %,
UTXDx/URXDx

\ Idle Periods of No Significance /I’T

ldle Time Is of No Significance

|
|
| UTXDx/URXDx
| Expanded
|
|
|
|
|
UTXDx/URXDx —‘
ST Address 1|SP| ST Data 0| SP ST Data SP
kY P Y r 5, )
W AT AT
First Character Within Block AD Bit Is O for
|s an Address. AD Bit Is 1 Cata Within Block.
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SATERAE B3R

'I'I‘I'[

FE prasmiie: 29— MM RICA R s IEAL O e N2
WCRAT, B A — R, S MU b i B T i Al L
» B AR 22458 1B A AR STt R 58 — AN 17 o TRVRE,
T RAF 1A ARG MG GA DL T AR I R DR et 2, 2
ARSI, AR [F] 2D AL, DAL Z b R AT A AL
t5 1k, FEAESTES MG 5 HEL K B I FER BB b1
PE Al e el i YA /7 A AN 30 B IR A2 AN
FARF, B NN AN, RAERKA, WEPEN]
- OE#m & 4 MR E ANBERZ A URXBUFN,
“ﬁ%w~A%ﬁﬁ&ﬁﬁ&ﬁ LI HIF— AN AT AR o 1 25
, AW (A2 5 PG oA RD
~ BRK T il A5 s - éﬂii AT W I URX EIE & A7 I}
L N E YL, RoR OIS AT RS . RXDZ R 2
HOSE N5 IR A T ariZE 2 I %2 /D 1O AIK FE-F 45 R0
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BRI

b

7
1
8 13

0

UCLK]
ACLK —0 EREH{
MCLK —o

i
7
MOLK —o o

0 7 ()
55EL|1 SlSEL{iI JERO Start
1 7

T FE S UOMCTL 8% UIMCTL
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Note: Initializing or Re-Configuring the USART Module

The required USART initialization/re-configuration process is:
1) Set SWRST (BIS.B #SWRST,&UXCTL)
2) Initialize all USART registers with SWRST =1 (including UxXCTL)

3) Enable USART module via the MEx SFRs (URXEX and/or UTXEX)

= -.* P,

"Ilow this process may result in unpredictable USART
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UETEGT=SWRST;

UCTLO|=CHAR; // 8-bit FFF

UTCTLO=SSELO+SSEL1; // UCLK=SMCLK

UBRO0O=0xa0; // TEAMHZ NiEAT 96003 K % 1A
- UBR10=0x01; // 4000000/9600=416_67

%%?%UW%TLO 0X5e; /] EEF 1745 (0.67*8=5.4)

';fﬁﬁ;(UTXEO + URXEQ);  // 1fifi& USARTO TXD/RXD

|= 0x30; // P2.4,P2.5 = USARTO TXD/RXD
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SPI B R Z5 4y

SPl
SPI - #L

L]

oy tl.-' fes L
v b Tl FHI g

o & U e
i T I

o

MHT 6 1

SPI it 2 i 1C

-

M HT 63 3

N

SPI i A AR 1C

"N MCU
SPI MHL
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%34 (SOMI, SIMO, UCLK) [f4hFtiifs
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J SIMO  Slave in, master out

|3 soml

Master mode: SIMO is the data output line.
Slave mode: SIMO is the data input line.

Slave out, master in
Master mode: SOMI is the data input line.
Slave mode: SOMI is the data output line.

USART SPI clock
Master mode: UCLK is an output.
Slave mode: UCLK is an input|
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] STE  Slave transmit enable. Used in 4-pin mode to allow multiple
masters on a single bus. Not used in 3-pin mode.
4-Pin master mode:
When STE is high, SIMO and UCLK operate normally.
When STE is low, SIMO and UCLK are set to the input direction.
4-pin slave mode:
When STE is high, RX/TX operation of the slave is disabled and

SOMI is forced to the input direction.
When STE is low, RX/TX operation of the slave is enabled and

SOMI operates normally.
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M SP4301¥ [F] 2518 {5 B ELRE i

| S FR3%k Ak SPI A
lffz'%ﬁmﬁﬁ—%wftﬁﬁ

.
; L

L BECRIR A SO RS 2

BRI A A 2 B
B BRI s
I PR 45

B F I i T i

" i

VARSI
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SWRST USPIE=* URXEIE URXWIE
e T T SYNC= 1
LURXIFGx™
FE PE OE BREK Fecaive Confrol I—-
Receive Status Receiver Buffer U=RXBLIF I LISTEM WA Sy IO
£ 0 1
FAERR  RFEWAKE Receiver Shift Register ? 1 S0OMI
o—e—— :
L 1 a
I o
S5EL1 SS5ELD =sp CHAR BPEY PEMA, : 1 LIRXD
1
UCLKS i
UCLED e OO Baud-Rate Generator ] — | o sTE
Lo 1
A ACLK 01 - : -]
; SMOLK 10 Prescaler/Divider UxBRx I
1
SMCLK 1 Modulator UxpCTL |
ulator Lix | UTHD
=P CHAR PEW PER.& :
1
. .
1
WUT Transmit Shift Register I - - 1 1 SIMO
. hQ\OD
o o
THWAKE Transmit Buffer UxT*BUF I :
1
I
UTXIFGx™ 1
] Tranamit Conftrol I :
|
L L * L SYMC CKPH CHPL :
SWRST USPIE=* TXEPT STC _= T T : UCLK
U'ﬂ-l{l . I Clock Phase and Polarity -, >
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ADC 12 F 2441

1 RSN S R

#include "msp430x44x.h"

void main(void)

{

WDTCTL = WDTPW+WDTHOLD;

P6SEL |= 0x01; I/ ffGEA/D JH A0

ADC12CTLO = ADC120N+SHTO 2; // 3T/ ADC12, & &
RN
ADC12CTL1 = SHP; 11 A5 FH R A I 4o
ADC12MCTLO = SREF_2; /I Vr+ = VeREF+ (¥
)
ADC12CTLO |= ENC; 11 A e s 4t
while (1)

{
ADC12CTLO |= ADC12SC; /1 FF g e

while ((ADC12IFG & ADC12BUSY)==0);
_NOP();
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ADC 12 F 2441

1 NS

#include "msp430x44x.h"
void main(void)
{
unsigned int i;
WDTCTL = WDTPW+WDTHOLD;
P6SEL |= 0x01; /1 ffiGE A/D 1HIEAO
ADC12CTLO = ADC120N+SHTO0_2+REFON+REF2_5V;
ADC12CTL1 = SHP;
ADC12MCTLO = SREF_1; /Il Vr+=Vref+
for (i=0; i<0x3600; i++) Il 2255 8 S g IR
{

}
ADC12CTLO |= ENC; 1] A BE & Hi

while (1)
{
ADC12CTLO |= ADC12SC; Il FF R4
while ((ADC12IFG & BIT0)==0);
_NOP();
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