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MSP430F42X0

1.8v-3.6V
:250pA@1MHz 2.2V
1.1pA
(RAM ):0.1pA

6us
16 RISC 125ns
16 S -
12
3 / 16 Timer_A
Brownout
BSL
56 LCD
MSP430x42x0 . - MSP430F4250: 16KB ROM 256B RAM 256B Flash Memory
- MSP430F4260: 24KB ROM 256B RAM 256B Flash Memory
- MSP430F4270: 32KB ROM 256B RAM 256B Flash Memory
MSP430x4xx SLAUO56
MSP430
16
16 DCO
6us
MSP430x42x0 16 16 S - 12 32
I/O
TA

48-PIN SSOP(DL)

MSP430F4250IDL

-40°C to 85°C MSP430F42601DL

MSP430F4270I1DL
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MSP430F42x0
ToOmDI [ 19 48 [] P5.4/COM3
TDITCLK |: 2 47 :| P5.3/COM2
TMs [] 3 46 [J Ps.2/cOMA
Tck [ 4 45 [] como
RST/MNMI |: 5 44 N P2.0/s13
DVee [ 6 43 [ P2.1/s12
Dves [ 7 42 ] P2.2/s11
XIN[ 8 41 0 P2.3/810
¥OUT E g MSP430F42x01DL 40 ] P2 4/59
Avss [ 10 39 ] p2sise
AV E 11 38 j P2.6/S7
Veer [ 12 37 [ Pa7iss
pe.0a0+ [ 13 36 s5
P6.1/a0- [] 14 35 [J P5.7/s4
pe.2iat+ [ 15 34 [] P5.6/S3
P6.3A1- [ 16 33 [J Ps.5is2
P64 ] 17 32 :| Ps.0/81
Pe.s ] 18 31 g Ps.1/50
PG.6 |: 19 30 :| LCODCAR/RZ3
P6.7 [] 20 29 [J LCDREF/R13
P1.7/A2+ |: 21 28 :| P1.0/TAD
F’1.E3.-"A2—E 22 27 [ P1.UTAOMCLK
P1.5TACLK/ACLK/ A3+ |: 23 26 [ P1.2TA1A4-
P1.4/A3-/DACO ] 24 25 [] P1.3/TAZ/A4+
MSP430F42x0
RET) F5
— XN XOUT _ T:C Drss_jtoi_'e]v_ss_ﬂjqjl____il_g _PB _ .
I w 1 8 g ta 8 I
= Oscillator =i ACLK %‘%EE Ezsp 2568 RAM SD16_A DAC12 Lfci"ﬁpﬁ&vz ‘?gﬁgﬁ"ﬁ I
I FLL+  [H» SMCLK | 16KE Foh 16-Bit 12-Bit with i I
1 Channel Interrupt
Woltage out Capability I
MCLK rd FASE i I
L J I
N e I
| s MAB, 16-Bi p == 1 =
| o H JTAG N s |
Incl. 16 Reg|__| s 1 |
E EE ‘VMDB. 16-Bit :,v \Jr'ﬂDB.SEil :)
™S @U ﬁ‘v' ﬁ
TEK e Timer-A3 Bromout || a1 e
TOWTCLK 15M16-Bit iECRe 1 Interrupt lszegrﬁ.?tlsx
TDOITOI Wachar 9
— — — — — Lco —
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MSP430F42x0
1/0
TDO/TDI 1 1/0 . TDO/TDI
TDI/TCLK 2 1 TDI/TCLK
TMS 3 I -TMS
TCK 4 1 .TCK
RST/NMI 5 | 1/0 /
DVce 6 ,
DVss 7 ,
XIN 8 | XT1
XOuT 9 0 XT1
AVss 10
AvVcc 11
VREF 12 1/0
P6.0/A0+ 13 170 1/0 / A0+
P6.1/A0- 14 170 170 / AO-
P6.2/A1+ 15 1/0 170 / Al+
P6.3/A1- 16 170 170 / Al-
P6.4 17 1/0 1/0
P6.5 18 170 170
P6.6 19 170 170
P6.7 20 170 170
P1.7/A2+ 21 170 170/ A2+
P1.6/A2- 22 1/0 1/0/ A2-
P1.5/TACLK/ACLK/A3+ 23 1/0 1/0/ Timer_A, TACLK
ACLK 1,24 8 ) A3+

P1.4/A3-/DACO 24 170 170/ A3-/DAC12
P1.3/TA2/A4+ 25 | 1/0 1/0/Timer_A :CCI2A, out2 / Ad+
P1.2/TA1/A4- 26 1/0 1/0/Timer_A :CCI1A, Outl / Ad-
P1.1/TAO/MCLK 27 1/0 1/0/Timer_A :CC10B/MCLK
P1.0/TAO 28 1/0 1/0/ Timer_A :CCIOA / OutO /BSL
LCDREF/R13 29 LCD /LCD 3 V3 V4
LCDCAP/R23 30 LCD / LCD 2 V2
P5.1/S0 31 | 1/0 1/0/LCD 0
P5.0/S1 32 | 1/0 1/0/LCD 1
P5.5/S2 33 1/0 1/0/LCD 2
P5.6/S3 34 170 1/0/LCD 3

639 C 0571-88800000 50 0571-89908080 -3-



(0 mmiz

0571-89908088

89908091

www.lierda.com

P5.7/54 35 | 1/0 1/0/LCD 4
S5 36 | 170 | LCD 5
P2.7/56 37 | 1/0 1/0/LCD 6
P2.6/S7 38 | 1/0 1/0/LCD 7
P2.5/S8 39 | 1/0 1/0/LCD 8
P2.4/59 40 | 1/0 1/0/LCD 9
P2.3/510 41 | 1/0 1/0/LCD 10
P2.2/511 42 | 1/0 1/0/LCD 11
P2.1/512 43 | 1/0 1/0/LCD 12
P2.0/513 44 | 1/0 1/0/LCD 13
COMO 45 | 0 |LCcD 0,COMO-3  LCD
P5.2/COM1 46 | 1/0 1/0/LCD 1,COMO-3  LCD
P5.3/COM2 47 | 1/0 1/0/LCD 2,C0M0-3  LCD
P5.4/COM3 48 | 1/0 1/0/LCD 3,C0M0-3  LCD
CPU
MSP430CPU 16

7 4
CPU 16

4 RO R3
CPU

639 C

0571-88800000 50

PC/RO

SP/R1

SR/CG1/R2

CG2/R3

R4

RS

R14

R15
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51 1
2
1
- ADD R4 R5 |RA4+R5-R5
CALL RS PC- TOS R8-PC
INE
2
s d
v |V |MOVRs Rd MOVRI0 RIl | R10-RIl
vV |V | MOVXRn) YRm) | MOV2(RS) 6(R6) | M(2+R5) ~ M(6+R6)
°C ) |v |V | MOVEDE TONI M(EDE) - M(TONI)
v~ |~ | MOV&MEM TCDAT M(MEM) — M(TCDAT)
v MOV @Rn  Y(Rm) MOV @R10 Tab(R6) | M(R10) — M(Tab + R6)
Y4 MOV @Rn+ RM MOV @R10+ R11 | M(R10)-R11, R10 +2-R10
V4 MOV #X  TONI MOV #45  TONI #45 - M(TONI)
s= d=
MSP430
6
° AM
° 0(LPMO)
- CPU
- ACLK SMCLK MCLK
- FLL+
° 1(LPM1)
-CPU
-FLL+
-ACLK  SMCLK
- MCLK
° 2(LPM2)
-CPU
-MCLK ~ FLL+ DCOCLK
-DCO
-ACLK
° 3(LPM3)
-CPU
-MCLK  FLL+ DCOCLK
-DCO’s
-ACLK
639 C 0571-83800000 50 0571-89908080 -5 -
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° 4(LPM4)
_CPU
-ACLK
-MCLK FLL+ DCOCLK
-DCO
OFFFFH-OFFEOH 16
3 MSP430F42x0
WDTIFG
KEYV OFFFEh 15,
( 1)
( 4
NMI( ) NMIFG (1 3) ()
OFIFG( 1 3) () OFFFCh 14
ACCVIFG (1 3) ()
OFFFAh 13
SD16CCTLX SD160VIFG
- SD16 A ' OFFFsh
> — SD16CCTLX SD16IFG ( 1 2) 12
OFFF6h 11
WDTIFG OFFF4h 10
OFFF2h 9
OFFFON 8
OFFEEh 7
Timer A3 TACCRO CCIFGO ( 2) OFFECh 6
TACCRI CCIFG1, TACCR2 CCIFG2
Timer A ’ ’ FFEAh
imer_A3 TAIFG( 1 2) 0 °
o P18 ) |PUFGO PLFG7( 1 2 OFFESh 4
DAC12 DAC12 0IFG(  2) OFFE6h 3
OFFE4h 2
o P28 ) | P2FGO P2FG7( 1 2) OFFE2h 1
1 BTIFG OFFEOh | O,
1.
2.
3. ()
4. cpU (Oh-1FFh)
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MSP430

Address

(SFR)

6 5 4 3

Oh

ACCVIE NMIIE

OFIE WDTIE

WDTIE:

OFIE:
NMIIE:

ACCVIE:

Address

rw—0 rw—0

rw—0 rw—0

01h

BTIE

rw—0

BTIE:

Address

1] 5 4 3

1 0

02h

NMIIFG

OFIFG WDTIFG

WDTIFG:

OFIFG:

NMIIFG:

Address

rw—0

RST/NMI

[ 5 4 3

VCC

rw-1 rw—{(0)

RST/NMI

03h

BTIFG

rw—0

BTIFG:

Address

04h

Address

05h

rw-0,1:
rw-(0,1):

rw:

L1

PUC
POR
SFR

639 C 0571-88800000 50
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MSP430F4250 MSP430F4260 MSP430F4270
16kB 24kB 32kB

OFFFFh—OFFEOh
OFFFFh—0C000h

OFFFFh—OFFEOh
OFFFFh—O0A000h

OFFFFh—OFFEOh
OFFFFh—08000h

256 256 256
010FFh—01000h 010FFh—01000h 010FFh—01000h
1kB 1kB 1kB
ROM OFFFh—O0C00h OFFFh—O0C00h OFFFh—O0C00h
256 256 256
RAM
02FFh—0200h 02FFh—0200h 02FFh—0200h
16 01FFh—0100h 01FFh—O0100h 01FFh—0100h
8 OFFh—010h OFFh—O010h OFFh—O010h
8 SFR OFh—Q0h OFh—O00h OFh—00h
(BSL)
MSP430 (BSL) UART FLASH RAM
BSL MSP430 BSL
MSP430 SLAA089
BSL DL
28-P1.0
27-P1.1
JTAG CPU CPU
° n 128 (A B) 512
® 0 n
o A B 0 n
o ( )

639
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16KB 24KB 32KB
e
OFFFFh OFFFFh OFFFFh Segment 0
wi Interrupt Vectors
OFEDDh OFE0Oh OFEDDOh
OFDFFh OFDFFh OFDFFh Segment 1
OFCO0h OFCO0h OFCO0h
OFBFFh OFBFFh OFBFFh Segment 2
OFADDh OFADOh OFADDh
0F9FFh OF9FFh OF9FFh Main
. Memory
~ L] iy
.
.
0C400h 0A400h 0B400h
DC3FFh 0A3FFh 083FFh
Segment n-1
0C200h 0A200h 08200h
OC1FFh 0A1FFh 081FFh
Segment nf
0CO00h 0ADDOK 08000k <
010FFh 010FFh 010FFh
Segment A
01080h 01080k 01080h } Information
0107Fh 0107Fh 0107Fh Memory
Segment B
01000k 01000h 01000h A
, : CPU
MSP430x4xx SLAUO056
MSP430FE42x0 FLL+ 32768Hz
DCO FLL FLL
DCO
DCO 6us FLL+
o ACLK 32768Hz
° MCLK CPU
° SMCLK
° ACLK/n ACLK ACLK/2 ACLK/4 ACLK/8
Brownout
brownout
CPU VCC VCC(min)

FLL+ VCC VCC min
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1/0
4 8 1/0 P1 P2 P5 P6
° 1/0
[
® Pl P2 8
1
8 16 /
1
LCD
LCD A LCD A
2MUX  3MUX 4MUX
LCD LCD
WDT
Timer_ A3
Timer_A3 16 / / Timer_A3
PWM A3
Timer_A3 Signal Connections
Input Pin Number Device Input Module Input Maodule Module Output | Qutput Pin Number
DL Signal Name Block Signal DL
23-P15 TACLK TACLK
A ACK Timer NA
SMCLK SMCLK
23-P15 TACLK INCLK
28-P10 TAD CCIDA 28-P1.0
27-P11 TAD CCIOB
DVss GND CCRO TAD
DVee Vee
26-P12 TA1 CCI1A 26-P1.2
26-P12 TA1 CCIB
DVss GND CCR1 TAT
DVce Vee
25-P13 TAZ CCI2A 25-P1.3
ACLK (internal) CCIZB — —
DVssg GND
DVcg Vee
SD16_A
SD16_A 16 16 >-

VCC

639 Cc 0571-88800000 50
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DAC12
DAC12 12 DAC 8 12
MSP430FE427
PERIPHERALS WITH WORD ACCESS

Watchdog Watchdog timer control WDTCTL 0120h

Timer_A3 Capture/compare register 2 TACCRZ 01 7Eh
Capture/compare register 1 TACCRA 0174h
Capture/compare register 0 TACCRO 0172h
Timer_A register TAR 0170h
Capture/compare control 2 TACCTLZ2 0166h
Capture/compare control 1 TACCTL1 0164h
Capture/compare control 0 TACCTLO 0162h
Timer_A control TACTL 0160h
Timer_A interrupt vector TAIN 012Eh

Flash Flash control 3 FCTL3 012Ch
Flash control 2 FCTLZ2 01240
Flash control 1 FCTLA 0125h

DAC12 DAC12_0 data DACITZ_0DAT 01Csh
DAC12_0 control DACIT2_DCTL 01COh

SD16_A General Control SD16CTL 0100h

(see also: Channel 0 Control SD16CCTLO 0102h

Peripherals with )

Byte Access) Interrupt vector word register sD1ev 0110h
Channel 0 conversion memory sSD16MEMD 0112h

PERIPHERALS WITH BYTE ACCESS

SD16_A Channel 0 Input Control SD16INCTLO DB0h

(see also:

Peripherals with Analog Enable SD16AE 0OB7h

Word Access)

LCD_A LCD “oltage Control 1 LCDANVCTL 0AFh
LCD “Yoltage Control O LCDANCTLO DAER
LCD Voltage Port Control 1 LCDAPCTLY 0ADRH
LCD Voltage Port Control O LCDAPCTLO 0ACH
LCD memory 20 LCDM20 Dadh
LCD memory 16 LCDM16 0AOR
LCD memory 15 LCDM15 D9Fh
LCD memory 1 LD 091h
LCD control and mode LCDiCTL 0900

FLL+Clock FLL+ Contral 1 FLL_CTL1 054h
FLL+ Control O FLL_CTLO 053h
System clock freguency control SCFQCTL 052h
System clock freguency integrator SCFI1 051h
System clock freguency integrator SCFI0 050h

Basic Timer1 BT counter 2 BTCHNT2 047 h
BT counter 1 BTCNT1 046h
BT control BTCTL 040h
639 C 0571-88800000 50 0571-89908080 -11-
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PERIPHERALS WITH BYTE ACCESS (CONTINUED)

Port PG Port PG selection PESEL 037h
Port PE direction PEDIR 036h
Port PE output PEOUT 035h
Port PE input PGIN 034h
Port P53 Port P5 selection PSSEL 033h
Port P5 direction PEDIR 032h
Port PS5 output P5OUT 031h
Port P5 input P5IN 030h
Port P2 Port P2 selection P2SEL 02Eh
Port P2 interrupt enable PZIE 02Dh
Port P2 interrupt-edge select PZIES 02Ch
Port P2 interrupt flag P2IFG 02Bh
Port P2 direction PZ2DIR 024h
Port P2 output P2OUT 0259h
Port P2 input P2IN 028h
Port P1 Port P1 selection P1SEL 026h
Port P1 interrupt enable P1IE 025h
Port P1 interrupt-edge select P1IES 024h
Port P1 interrupt flag P1IFG 023h
Port P1 direction FI1DIR 022h
Port P1 output P1OUT 021h
Port P1 input P1IN 020h
Special functions SFR module enable 2 MEZ 005h
SFR module enable 1 ME1 004h
SFR interrupt flag 2 IFG2 003h
SFR interrupt flag 1 IFG1 002h
SFR interrupt enable 2 IE2 001h
SFR interrupt enable 1 IE1 000h
VCC VS -0.3v 4.1V
....................................... -0.3V VCC+0.3V
........................................................................ +2mA
...................................................................... -55 150
...................................................................... -40 85
VSS. JTAG Vg JATG
TDI/TCLK

639 Cc 0571-88800000 50
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MIN NOM MAX | UNITS

Supply voltage during program execution, 18 16 v
Vee (AVec = DVee =Vee) ' ' )
Supply voltage during flash memory programming, 75 16 v
Vee (AVece =DVee =Vee) ' ' '
Supply voltage, Vss (AVss = DVss = Vsg) 0 0| Vv
Operating free-air temperature range, Ta -40 85 G

LF selected

’ I}

XTS_FLL=0 Watch crystal 32.765 kHz
LFXT1 crystal frequency, fLFxT1) XT1 selected, .
(see Note 1) ! XTS_FLL=1 Ceramic resonator 450 8000 | kHz

XT1 selected. )

XTS_FLL=1 Crystal 1000 5000 | kHz

Ceramic resonator 450 5000
XT2 crystal frequency, fixT2) Crysta 7000 3000 kHz
) Veg=18VY DG 4.15
Processor frequency (signal MCLK), f(System) VoG =36V oC 5 MHz
LF LFXT1 XT1 LFXT1

F 3
fSystem (MHz)

8MHz T~ — T T T T T —
Supply voltage range,
MSP430F42x0, during
program execution
415MHz T——

|
|
|
|

1.8 2.5 3 3.6
Supply Voltage -

639 Cc 0571-88800000 50
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Avcc DVcc
PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Active mode, (ses Note 1) Voo =22V 350 170
am (MCLI-(I = ‘{ZSMGLK} =1 Mz, Tp = —40°C to 85°C uA
M) facLK) = 32,768 Hz Veg=3V 400  520|
J(TS 0, SELM=(0,1) cc=
Low-power mode, (LPMO) B N . Voc =22V 55 70
I(LPMD) (see Note 1) TA=-40°C o 85°C Voo =3V 95 110 HA
Low-power mode, (LPM2], Voo=22V " 14
liLpmz)y  f(MCLK) = (SMCLK) = 0 MHz, Ta =-40°C to 85°C uA
fACLK) = 32,768 Hz, SCGO0 =0 (see Note 2) Voo =3V 17 22
L de (LPM3 Tp =-40°C 1.0 20
PR (LPM3) Ta = 25°C 11 20
{MCLI-('! fSMCLK}—OMHZ. Voo =22V
fiaciiy = 32768 Hz, SCGO =1 Ta =60°C 20 30
asic mer1 enabled , ACLK selected Tp = 85°C 15 50
litpm3y LCD_A enabled, C'PEN 0 — uA
{ ) (etalic mode ; fy op = gACLK)Bz’ Ta = -40°C 18 28
(see Note 2 and Note Tp =25°C Ve =3V 1.6 27
TA = 60°C cc- 25 35
Tp =85°C 42 75
Low-power mode, (LPM3) Ty =-40°C 25 35
{MCLKJ‘ sMCLK) = 0 MHz, s _
f(AGLK) = 32,768 H?_ sCGO=1 Ta=25°C Voo =22V 25 35
asic mer1 enabled , ACLK selected Tp = 85°C 18 6.0
liLPm3) LCD_A enabled, CPEN 13 = A
{4-mux mode; f gD = fACLK)/32) Ta=-40°C 2.9 4.0
(see Note 2 and Mote 35 Ta =25°C Voo =3V 29 40
Ty = 85°C 44 75
Tp =-40°C 0.1 05
Ta =25°C 0.1 05
Tp = 60°C Vec =22V 0.7 1.1
Low-power mode, (LPM4) T = 85°C 17 30
iipma)y  fivcLk) = 0 MHz, figpcrk) = 9 MHz, —— uA
(LPM4) f(ACLK) = 0 Hz, SCGO = 1 (see Note 2) Ta=-407C 01 08
Tp =25°C v av 0.1 08
Ta =60°C ce= 08 12
Tp =85°C 1.9 35
F-
iy = liany [1 MHz] < fisystem) MHZ]
F-
lianny = liann 3 vy + 175 AV x (Ve -3 V)
P1 P2,P5 P6 RST/NMIJTAG:TCK,TMS, TDI/TCLK,TDO/TDI
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
. - o Voo =22V 1.1 1.55 v
VIT+ Positive-going input threshold voltage Vo =3V 15 108 /
. _ o Voo =22V 04 0.9 v
IT- Negative-going input threshold voltage Voc =3V 09 T3 /
y Input voltage hysteresis (V] ViT) Voo =22V 0.3 1.1 v
! nput voltage eresis -VIT- :
hys p ge nys T+ - VIT Voo =3V 05 1
639 C 0571-88800000 50 0571-89908080 -14 -




LHD TR 0571-89908088 89908091 www.lierda.com

Px.x, TAX
PARAMETER TEST CONDITIONS Vee MIN  TYP MAX | UNIT
o . L Port P1, P2: P1.x to P2 x, external trigger signal 2.2V 62
t‘:'”fl External interrupt timing for the interrupt flag, (see Mote 1) IV 50 ns
22V 62
Ycap) Timer_A capture timing TAD, TA1, TA2 m = ns
| Timer_A clock frequency i _ 22V 8
f(TAext) externally applied to pin TACLK, INCLK: (1) = (1) 3y 0 MHz
22V 3
frrainty | Timer_A, clock frequency SMCLK or ACLK signal selected 3V m MHz

P1 P2 P5 Pé6 notel

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Leak .
likg(Px.y) cSlE{reﬁ?e Port Px | V(Px y) (see Note 2) Voo =22V vV +50 nA

NOTES: 1. The leakage current is measured with Vg5 or V¢ applied to the corresponding pin(s), unless otherwise noted.
2. The port pin must be selected as input.

P1L P2 P5 P6

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

IOH({max) =-1.5mA, Vgg=22Y, SeeNotel Veoo-0.25 Yoo
IOH(ITI:{X'J = -6 mA, Voo =22V, See Note 2 Vee-0.6 Ve

W High-level t vaolt: Ay
OH gh-level output voltage IOH({max) =-1.5mA, Vgoc=3V, See Note 1 | Voo-0.25 Voo
IoH{max) =-6mA,  Vgg=3V, See Note 2 Voo-0.6 Voo
IoL(max)=1.5mA,  Vgg=22VY, SeeNotel Vgg Vgg+0.25
| =6 mA Vog=22V See Note 2 v Veg+0 6

VoL  Low-level output voltage OlL(max) - cC - S SS \
|OL{max} =15mA, Veg=3V See Note 1 Vgg Vgg+0.25
I0L{max) = 6 mA, Voo =3V, See Note 2 Vgs Vgg+0.6

NOTES: 1. The maximum total current, IQH({max) and IQL(max), for all outputs combined, should not exceed £12 mA to satisfy the maximum
specified voltage drop.

2. The maximum total current, lgH(max) and lgL{max), for all outputs combined, should not exceed £48 mA to satisfy the maximum
specified voltage drop.

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
CL =20pF,
fPxy) (x=1,2.560<y=T) ||_L= e _EPmA Voo =223V DC foystem | MHz
fIMCLK) P11UTADMCLK CL=20pF foystem | MHz
P1.1/TAD/MCLK, fivcLi) = fpxrn 40% 60%
t[Xdc} Duty cycle of output frequency CL =20 pF, ; ¢ _ B0%— 50% 0%+
Voe=22VI3V (MCLK) = ((DCOCLK) 15 ns - 18 ns
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lOL- Typical Low-level Qutput Current - mA

| OH- Typical High-level Output Current - mA

P1L P2 P5 P6

TYPICAL LOW-LEVEL OUTPUT CURRENT

vs
LOW-LEVEL OUTPUT VOLTAGE
30 I
Voo =22V
P1.0 Tp =—40°C
/ L~ | Ta-25C
20 ///,-/—-—TA = 85°C
5 ///
10 %
5
0
0.0 0.5 1.0 1.5 2.0 2.5
VoL - Low-Level Output Voltage - V
2
TYPICAL HIGH-LEVEL OQUTPUT CURRENT
Vs
HIGH-LEVEL OUTPUT VOLTAGE
0 T
Ve =22V
P1.0
-5
=10
-15 A
/ 7
Ta = 85°C A, Ta = 25°C
=20 -_—____________,./,
25— Ta = -40°C
0.0 0.5 1.0 1.5 2.0

VoH - High-Level Qutput Voltage - V

639

4

2.5

TYPICAL LOW-LEVEL OUTPUT CURRENT

Vs

LOW-LEVEL OUTPUT VOLTAGE

50
I I
Vee=3V J
< 45 pip Tp =-40°C 1
E / .
g 40 - Tp=25C —
3 /
s ¥ A = Tp = 85°C
g A 1"
S 9 A
. 4
: 1/
o 25
SN //4
3 J
e/
3 15 / /
S
2 10
e
4 5
°
0
00 05 1.0 1.5 2.0 25 30 35
Vo - Low-Level Output Voltage - V
3
TYPICAL HIGH-LEVEL OUTPUT CURRENT
Vs
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LPM3
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
f=1MHz
t4(LPM3) Delay time f=2MHz Voo =22V us
f=3 MHz
RAM
PARAMETER TEST CONDITIONS MIN  TYP MAX ]| UNIT
YVRANMR CPU halted (see Note 1) 1.6 W
NOTE 1: This parameter defines the minimum supply voltage when the data in program memory RAM remain unchanged. No program execution
should take place during this supply voltage condition.
LCD_A
PARAMETER TEST CONDITIONS vCccC MIN  TYP MAX | UNIT
VooiLcp)  Supply Voltage Range ChaEgh? pum@&?gg'gdmam 22 36 v
CLcp  Capacitor on LCDCAP (see Note 1) (R P ooy A7 WF
Vl:EB&tXPTJDSg ;%IPsEegrr;eLts on
otc) - Supply Curen e B oo ttaz) | 22 S
Tp =25°C
fLeD LCD frequency 1.1] kHz
VicD LCD voltage VLCDx = 0000 VCC v
Vico LCD voltage WVLCDx = 0001 2.60 W
VicD LCD voltage VLCDx = 0010 2.66 vV
Vien LCD voltage VLCDx =001 272 W
VicD LCD voltage VLCDx = 0100 278 v
VicD LCD voltage VLCDx = 0101 2.84 v
Vien LCD voltage VLCDx =0110 2.90 W
ViLcD LCD voltage VLCDx = 0111 2.96 v
VicD LCD voltage WVLCDx = 1000 3.02 A
VLCD LCD voltage VLCDx = 1001 3.08 v
VLCD LCD voltage VLCDx = 1010 3.4 v
VicD LCD voltage VLCDx = 1011 3.20 v
VicD LCD voltage VLCDx = 1100 3.26 v
Vico LCD voltage WVLCDx = 1101 332 W
VicD LCD voltage VLCDx = 1110 3.38 vV
VicD LCD voltage VLCDx = 1111 TBD 344 TBD W
Rico LCD Driver Qutput impadance 3&%8;3}&%&%_%;;};: +10uA 22V 10 | kOhm
POR/ BOR notel
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
id{BOR) 2000 us
YCCistart) dVoofdt <3 Vis (see Figure ) 0.7 V(B _IT-) \Y
ViB IT-) Brownout d¥/dt = 3 Vis (see Figure 6 through Figure 8) 1.71 v
Vhyss (T-y | (588 Note 2) [ dveoidt < 3 Vis (see Figure 6) 70 130 180 mV
Pulse length needed at RST/NMI pin to accepted reset internally,
tireset) Vg =22VBY 2 us
NOTES: 1. The current consumption of the brownout module is already included in the IcC cumment consumption data. The voltage level V(B |T-)
+ Vh\;s(B IT-)is=1.8V.
2. During power up the CPU begins code execution following a period of td(BOR) after Voo =V(B_IT-) + Vhys(B_IT-). The default

FLL+ settings must not be changed until Voo 2 Veg(min), where Voc(min) is the minimum supply voltage for the deswed
operating frequency. See the MSP430x4xx Family User's Guide (SLAUDSE) for more information on the brownout.
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1 i
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»——+ {d(BOR)
6 POR/ BOR
v
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)
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DCO
PARAMETER TEST CONDITIONS Voo MIN  TYP MAX | UNIT
fIDCOCLK) Nipc)y=01EDh, FN_§=FN_4=FN_3=FN_2=0, D = 2; DCOPLUS= 0 22Vi3V 1 MHz
22V 03 065 125
fiocoz) FN_8=FN_4=FN_3=FN_2=0: DCOPLUS =1 3V 03 07 3 MHz
22V 25 56 105
fipcozm FN_8=FN_4=FN_3=FN_2=0; DCOPLUS =1, (see Note 1) 3V 57 01 113 MHz
22V 07 13 23
fiocoz) FM_8=FN_4=FN_3=0, FN_2=1; DCOPLUS =1 v 08 s 7E MHz
22y 57 108 18
fiocozm) FN_8=FN_4=FN_3=0, FN_2=1; DCOPLUS = 1, (see Note 1) 3V 55 121 20 MHz
22V 1.2 2 3
fibcoz) FMN_8=FN_4=0, FN_3=1, FN_2=x; DCOPLUS =1 3V 13 25 e MHz
22V 9 155 25
fipcozm) FM_8=FN_4=0, FN_3=1, FN_2=x; DCOPLUS =1, {see Note 1) vl 103 179 e MHz
22y 1.8 2.8 4.2
fiocoz) FN_8=0, FN_4=1, FN_3=FN_2=x; DCOPLUS =1 3V X 34 52 MHz
22V 135 215 33
fipcozm) FN_8=0, FN_4=1, FN_3=FN_2=x; DCOPLUS =1, (see Note 1) v 5 266 Iy MHz
22V 28 42 6.2
fincoz) FN_8=1, FN_4=FN_3=FN_2=x; DCOPLUS =1 3V 22 53 92 MHz
22V 21 32 46
fiocozn FN_8=1FN_4=FN_3=FN_2=x; DCOPLUS =1, {see Note 1) 3V 30 16 70 MHz
5 Step size between adjacent DCO taps: 1<TAP<20| 1.06 1.11
n Sn =fDCO(Tap n+1) ! fDCO(Tap n). (see Figure 10 for taps 21 to 27) TAP=2T7| 107 117
oy Temperature drift, N(DCQ) = 01E0h, FN_8=FN_4=FN_3=FN_2=0 22v| 02 -03 04 oo
D =2; DCOPLUS =0, (see Note 2) av| -02 -03 -04 '
Dy gri"t;ggg&\bagi&lgn{,srié[)r?o?g 2}0 IEQh, FN_8=FN_4=FN_3=FN_2=0 0 5 151 o
NOTES: 1. Do not exceed the maximum system frequency.
2. This parameter is not production tested.
fioco) fioco)
flocoav) fiocozo°c) * |
~— | I
T S —
I |
I I
I |
I I
I |
St -
0 18 2.4 3.0 3.6 —40 -20 0 20 40 60 85
Vee -V Ta-°C
9 DCO Vcce
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M4+ - ——— I
| &

Mﬂx| .
SN

T

Sp - Stepsize Ratio between DCO Taps

1.06

>

DCO Tap

10 DCO

Legend
Tolerance at Tap 27

fioco)

DCO Frequency
Adjusted by Bits
2910 25 in SCFI {N{pcO}}

Tolerance at Tap 2

Overlapping DCO Ranges:
Uninterrupted Frequency Range

FN_2=0 FN_2=1 FN_2=x FN_2=x FN_2=x

FN_3=0 FN_3=0 FN_3=1 FN 3=x FN_3=x

FN_4=0 FN_4=0 FN_4=0 FN_4=1 FN_4=x

FN_8=0 FN_8=0 FN_8=0 FN_8=0 FN_8=1
11 FN_x DCO
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LFXT1 notel note2
PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
OSCCAPx =0h, Voo =22VI3V 0
c Integrated input capacitance OSCCAPx = 1h, Vg =22V I3V 10 .
XIN (see Note 4) OSCCAPx=2h Ve =22V/3V 14 P
OSCCAPx =3h, Voo =22VI13V 18
OSCCAPx=0h Vo =22V/3V 0
c Integrated output capacitance | OSCCAPx = Th,Vgg =2.2V/3V 10 .
XOUT  (see Note 4) 0SCCAPx =2h, Voo =22V/3V 14 P
OSCCAPx =3h, Voo =22VI13V 18
V) W, 0.2V
IL 55 cC
Input levels at XIN Voo =2.2VI3V (see Note 3) v
ViH 084¢c Vee
NOTES: 1. The parasitic capacitance from the package and board may be estimated to be 2 pF. The effective load capacitor for the crystal is
(CxIN % CxouT) M(CxIN + CxouT)- This is independent of XTS_FLL.
2. Toimprove EMI on the low-power LFXT1 oscillator, particularly in the LF mode {32 kHz), the following guidelines should be abserved.
— Keep as short of a trace as possible between the 'F42x0 and the crystal.
= Design a good ground plane around the oscillator pins.
= Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
= Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
= Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.
= If conformal coating is used, ensure that it does not induce capacitive/resistive leakage between the oscillator pins.
= Do not route the XOUT line to the JTAG header to suppart the senal programming adapter as shown in other
documentation. This signal is no longer required for the serial programming adapter.
3. Applies only when using an external logic-level clock source. XTS_FLL must be sef. Not applicable when using a crystal or
resonator.
4. External capacitance is recommended for precision real-time clock applications; OSCCAPx = Oh.
SD16_A
PARAMETER TEST CONDITIONS Voo MIN TYP MAX | UNIT
Analog supply AVeo =DVee
Avee voltage AVgg =DVgg =0V 25 36 v
SDI6LP = 0. SD16BUFx = 00; GAIN: 1,2 3V 550 TBD
fgp16=1MHz, | SD16BUFx=00; GAIN: 48,16 v 730 TBD
SD160SR =256 | 5p16BUFx = 00; GAIN: 32 3V 1050  TBD
Analog supply SD16LP =1, SD16BUFx = 00; GAIN: 1 3v 620  TBD
lepig current including fgp1g =05 MHz, LA
internal reference SD160SR =256 | SD16BUFx = 00; GAIN: 32 kA 700 TBD
SDI6LP = 0. SD16BUFx = 01; GAIN: 1 3V TBD
igp1e=1MHz, |SD16BUFx =10; GAIN: 1 3V TBD
SD160SR =256 | 5p16BUFx = 11; GAIN: 1 3V T8D
Analog front-end SD16LP = 0 {Low power mode disabled) IV 0.03 1 1.1
fsnig input clock MHz
frequency SD16LP = 1 ({Low power mode enabled) 3V 0.03 05
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SD16_A
PARAMETER TEST CONDITIONS Ve MIN TYP MAX UNIT
v Differential full scale | Bipolar Mode, SD1SUNI =0 “VREF2GAIN +VREF/2GAIN mY
ID.FSR linput voltage range | Unipolar Mode, SD16UNI = 1 0 FVREFIZGAIN | mV
SD16GAINX =1 +500
Differential input SDI1EGAINx = 2 +250
'“'0“3%9 ;3”99 for SD16GAINX = 4 +125
ViD specifie SD16REFON=1 - — my
performance SD16GAINX =8 +62
(see Note 1) SD16GAINX = 16 +31
SD16GAINx = 32 +15
fgpig = 1MHz, | SD16GAINx =1 3V 200 .
Input impedance SD16BUFx =00 | SD16GAINX = 32 IV 75
prd | (one input pin P Ty
to AVgs) SD16 = ' 1 = Vi
SD16BUFx = 01 SD16GAINX = 1 3N =10 Mgz
fspi1g = TMHz, | SD16GAINx =1 IV 300 400 .
Differential SD16BUFx = 00 | SD16GAINX = 32 3V 100 150 «
ZiD Input impedance P YT
(IN+ to IN-) SD16 = . } _ v
SD16BUFx > 00 SD16GAINX = 1 3 =10 Mgz
v Absolute input SD16BUFx = 00 AVss -0V AVec v
! vaoltage range SD16BUFx = 00 AVes Ao —1.2V
v Common-mode SD16BUFx = 00 A -0V AVee v
1c input voltage range | SD16BUFx > 00 AVes Ao —12V
SD16_A fspie 30kHz SD16REFON 1 SD16BUFx 01
PARAMETER TEST CONDITIONS Voo MIMN TYP MAX UNIT
SD1eGAIMNx = 1,Signal Amplitude = 500
SD160SRx = 256 3V 84
Signal-to-Moise + SD16GAINx = 1,Signal Amplitude = 500m" _
SINAD Distortion Ratio SD160SRx = 512 fin =280z | 3V 84 d8
SD16GAINX = 1, Signal Amplitude = 500mY
SD180SRx = 1024 3V 84
Naminal Gain SD16GAINx = 1; SD160SRx = 1024 3V 0.97 1.00 1.02
dGdT gﬁ;t” Temperature SD16GAINX = 1; SD160SRx = 1024 (see Note 1) 3V 15 ppm/©C
Gain Supply SD16GAINx = 1; SD160SRx = 1024, Ve = 2.5V - 3.6V N
da/dvVec “oltage Drift (see Mote 2) 035 ol
SD16_A fspie 1MHz SD160OSRx 256 SD16REFON 1 SD16BUFx 00
PARAMETER TEST CONDITIONS Vce | MIN TYP  MAX UNIT
SD16GAINX = 1,Signal Amplitude = 500mV 3V 835 85
SD16GAINx = 2, Signal Amplitude = 250mY v 815 B4
SINAD Signal-to-Noise + SD16GAINX = 4, Signal Amplitude = 125mV | fiy = 50Hz, v 76 79.5 4B
Distortion Ratio SD16GAINX = 8,Signal Amplitude = 62mY 100Hz 3V 73 76.5
SD16GAINX = 16.Signal Amplitude = 31TmV KAY 69 73
SD16GAINX = 32.Signal Amplitude = 15mV 3V 62 59
SD16GAINx =1 v 097 1.00 1.02
SD16GAINX = 2 3V 1.90 1.96 2.02
. 3 SD16GAINX = 4 3V 376 3.86 3.96
G Mominal Gain
(see Note 1) SD16GAINX = 8 av | 736 762 7.84
SD16GAINX = 16 3V 1456 1504 1552
SD16GAINX = 32 3V | 2720 2835 2978
Offset Error SD16GAINX = 1 3V +0.2
L]
Eos {see Note 1) SD16GAINX = 32 3V Ti5| PSR
Offset Error Temper- | SD16GAINx = 1 3V +4 20| oo,
dEps/dT ature Coefficient FSR/FC
(see Note 1) SD16GAINX = 32 3V +20  +100
SD16GAINx = 1, Common-mode input signal: 3 ~90
Common-Mode ViD= 500 mV, fiy = 50 Hz, 100 Hz i
CMRR Rejection Ratio SD16GAINx = 32, Common-mode input signal: 3V -75 de
ViD = 16 mV, fiy = 50 Hz, 100 Hz -
PSRR E"?"e".s“pp”’. SD16GAINX = 1 3V =80 dB
ejection Ratio
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SD16_A
PARAMETER TEST CONDITIONS Vee | MIN TYP MAX | UNIT
Sensor temperature L
TCseansor coefficient See Note 1 118 132 146 mviK
VOiffset sensor | Sensor offset voltage | See Note 1 -100 100 mv
Temperature sensor voltage at Ty = 85°C ERY 435 475 515
VSensor {S;ZS;L;J; ';P}UT rolee Temperature sensor voltage at Ty = 25°C kY 355 395 435 mv
Temperature sensor voltage at Ty = 0°C (see Note 1) | 3V 320 360 400
NOTES: 1. Not production tested, limits characterized.
2. The following formula can be used to calculate the temperature sensor output voltage:
Vsensortyp = TCSensor ( 273 + T [°C] ) + VOffset sensor [MV]
3. Results based on characterization and/or production test, not TCgengar ©F Voffset sensor
SD16_A
PARAMETER TEST CONDITIONS Vee | MING TYP MAX | UNIT
VREF 'a';zma' reference volt- o1y 16REFON = 1, SD16VMIDON = 0 v | 112 120 126 v
IREF iiftere”"e SUPPIY €U | 5 16REFON = 1, SD1EVMIDON = 0 3V 175 260| uA
TC Temperature coefficient | SD16REFON =1, SD16VMIDON =0 EAY 18 50| ppmiK
CrEF VREF load capacitance | SD16REFON = 1, SD16VMIDON = 0 (see Note 1) 100 nF
v -
ILoAD (EF () Maximim °ad 1 5016REFON = 1; SD16VMIDON = 0 3V 200| na
. SD16REFON = 0->1; SD16VMIDON = 0;
toN Turn on time CREF = 100nF ERY 5 ms
PSRR Line regulation SD16REFON = 1; SD16VMIDON = 0 ERY 10 uny
NOTES: 1. There is no capacitance required on VREF. However, a capacitance of at least 100nF is recommended to reduce any reference
voltage noise.
SD16_A
PARAMETER TEST CONDITIONS Vee | MING TYP MAX | UNIT
VREF,BUF iﬁi;‘l”“e buffer output | Sy 16REFON = 1, SD16VMIDON = 1 3V 12 v
Reference Supply +
IREF BUF Reference autput buffer | SD16REFON =1, SD16VMIDON = 1 3V 385 600( upA
quiescent current
Required load } _ .
CREF(O) capacitance on VREF SD16REFON =1, SD16VMIDON =1 470 nF
Maximurm load current ) _ .
ILOAD Max on VREF SD16REFON =1, SD16VMIDON = 1 ERY 1] mA
Maximum voltage varia- _ _ y
tion vs. load current 'LoADI = 0o TmA 3V 15 i
i SD16REFON = 0->1; SD16VMIDON = 1;
fon Turn on time CREF = 470nF 3V 100 ps
SD16_A
PARAMETER TEST CONDITIONS Vee | MIN TYP MAX UNIT
VREF(I) Input voltage range SDI6REFON=0 3V 10 125 1.5 N
IREFl) Input current SD16REFON =0 IV 50 nA
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12 DAC
PARAMETER TEST CONDITIONS Ve MIN TYP MAX| UNIT
AVee =DV,
MNee Analog supply voltage AVss = DVss =0V 220 3.60 V
DAC12AMPx=2, DAC12IR=0, — 50 110
DAC12_xDAT=0800h o
DAC12AMPx=2, DAC12IR=1
. ' 2.2VI3vV 50 110
| Supply Current DAC12_xDAT=0800h, VREFDAC12 =AVCC A
DD (see Notes 1 and 2) DAC12AMPx=5, DAC12IR=1, vy o0 at0 .
DAC12_xDAT=0800h, VREF DAC12 = AVCC B
DAC12AMPx=7, DAC12IR=1
- ' 2.2VI3V 700 1500
DAC12_xDAT=0800h, VREF DAC12 =AVCC
Power supply iy
= W =1. V
PSRR  rejection ratio S:\?u‘f?g;—m\?mh' REFDAC12=12 27V 70 dB
(see Notes 3 and 4) avee )
MNOTES: 1. Noload at the output pin assuming that the control bits for the shared pins are set properly.
2. Current into reference terminals not included. If DAC12IR = 1 current flows through the input divider; see Reference Input
specifications.
3. PSRR = 20%og{AAVCo/AVDACT? xOUTH-
4. VREF is applied extemally. The internal reference is not used.
12 DAC
PARAMETER TEST CONDITIONS Vee MIN  TYP MAX | UNIT
Resolution (12-bit Monetonic) 12 bits
Integral nonlinearity VREFDAC12 = 1.2V
INL ; 2.7V 20 30| LSB
(see Note 1) DAC12AMPx =7, DACI2IR =1
Differential nonlinearity VREFDAC12 = 1.2V
! vV + +
DNL (see Note 1) DAC12AMPx =7, DACI2IR =1 27 04 10 LSB
Offset voltage wio
i VREFDAC12=12V
calibration ’ 27V +20
DAC12AMPx =7, DACI2IR =1
Eo (see Notes 1, 2) x4 v
Offset voltage with _ m
calibration VREFDAC12 =12V 2.7V 125
DAC12AMPx =7, DAC12IR =1 ) o
(see Notes 1, 2)
dE(OYdT Offset errar _
temperature coefficient 27V +30 uviIc
(see Note 1)
Eg Gain error (see Note 1) VREFDAC1Z= 12V 27V +350 | % FSR
Gain temperature ppm of
d d 2.7V 10
E(GYdT coefficient (see Note 1) FSRI°C
DAC12AMPx=2 27V 100
Time for offset calibration
DAC12AMPx=35 2.7V 32
tOﬁset_Cal {SB‘E' Mote 3] ! ms
DAC12AMPx=46,7 2.7V 6
NOTES: 1. Paramefers calculated from the best-fit curve from Ox0A to OxFFF. The best-fit curve method is used to deliver coefficients “a” and
“b" of the first order equation: y = a + b*x. Vpac12 xouT=Eo + (1 +Eg)* (VREF DAC12/4095) * DAC12_xDAT, DAC12IR = 1.
2. The offset calibration works on the output operational amplifier. Offset Calibration is triggered setting bit DAC12CALON
3. The offset calibration can be done if DAC12AMPx = {2, 3, 4, 5, 6, 7}. The output operational amplifier is switched off with DAC12AMPx

={0, 1}. It is recommended that the DAC12 module be configured prior to initiating calibration. Port activity during calibration may
effect accuracy and is not recommended.
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12

DAC VOUT‘

DAC Output -~
e V ________ L, N
I T R =00 R+
! : Load Ideal transfer
i Ao function |
: ' 2 |
i ! o L Oiffset Error |
""""""""" - Load = WP Positive ] |P

Negative {H‘z"— DAC Code
12 /
DAC
TYPICAL INL ERROR
vs
DIGITAL INPUT DATA
4 T T
Voo =22V, VR =1.2V
m 3 |- DAC12AMPx =7
4 DAC12IR =1
i
- 2
£
i
£ il
L]
g, A A
5 f v v r!
= 1
[ - L
g v 4
E 2
1
-
2 3
-4
0 2 1024 1536 2048 2560 3072 3584 4095
DAC12_xDAT - Digital Code
13
TYPICAL DNL ERROR
vs
DIGITAL INPUT DATA
2.0 I I
m Vec =22V, VREF =12V
« 1.5 - DACT12AMPx =7
i DAC12IR =1
g 10
w
=
T 05
g
=
K]
£ -05
@
&
5 -10
-
Z -1.5
-2.0
0 52 1024 1536 2048 2560 3072 3584 4095
DAC12_xDAT - Digital Code
14
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12 DAC
PARAMETER TEST CONDITIONS Ve MIN TYP MAX | UNIT
No Load, VREF,DAC12 = AYCC,
DAC12_xDAT = 0h, DAC12IR =1, 2.2VI3V 0 0.005
DAC12AMPx =T
No Load, VRer DAC12 = AYCC:
Qutput voltage DAC12_xDAT = OFFFh, DACI2IR =1, 22VI3V | AVpe-0.08 ANee
v range DAC12AMPx =T v
0 (see Note 1, Rload= 3 k&, VREF,DAC12 = AVCC.
Figure 15} DAC12_xDAT = 0h, DAC12IR =1, 2.2VI3V 0 0.1
DAC12AMPx =7
Rload= 3 kK2 VREF DAC12 = AVEC.
DAC12_xDAT = OFFFh, DACI12IR =1, 22VI3V | AVpe-0.13 ANee
DAC12AMPx =7
Max DAC12
C 2.2VI3V 100 F
L(DAC12) load capacitance P
Max DAC12 2.2V -05 +0.5
'L(DAC12) load current v -1.0 +1.0 mA
Rl oad= 3 k2 Voyppac12) <03V,
2.2VI3V 150 250
DAC12AMPx = 2, DAC12_xDAT = 0Oh
Output Rl pad= 3 k2,
RO/P(DAC12)  Resistance VaolP(DAC12) > AVee-03V 2.2VI3V 150 2201 @
(see Figure 15) | DAC12_xDAT = OFFFh
R =3 ki,
Load™ 7 K84 . 2.2vi3v 1 4
0.3V =Voipipaci12) =AVce - 0.3V
NOTES: 1. Data is valid after the offset calibration of the output amplifier.
Ro/P(DAC12 x)
Maxj—-—+— — — — — —1—-
I
! |
! I
! I
! I
! I
Min{—= : l
. >
AVpc-03V i VouT
AVCC
15 DAC12 x
12 DAC
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
. Reference input | DAC12IR=0, (see Notes 1 and 2) 2.2Vi3v AVeold AVoe+02
"REF voltage range | DAC12IR=1, (see Notes 3 and 4) 2213V AVee AVecr0z|
) Reference input | DAC12IR=0, (see Note 5) 2.2V(3V 20 M1
RI(VREF) resistance DAC12IR=1 22Vi3V 40 48 56 [ ke
NOTES: 1. For a full-scale output, the reference input voltage can be as high as 1/3 of the maximum output voltage swing (AVcc).
2. The maximum voltage applied at reference input voltage terminal VRer = [AVcc - VE(O)/ [3*(1 + EGIL-
3. For a full-scale output, the reference input voltage can be as high as the maximum outpuf voltage swing (AVc).
4. The maximum voltage applied at reference input voltage terminal VRer = [AVcC - VE(O)I/ (1 + EG).
5. Characterized, not production tested
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12 DAC Vrer paciz AVcc DACI2IR 1 16 17
PARAMETER TEST CONDITIONS Ve MIN TYP MAX| UNIT
DACT2 DAC12_xDAT = 800h, | DACT2AMPx=0 — {2, 3, 4} 2.2Vi3V 60 120
toN fime o Emonygy < #0.5LSB | DAC12AMPx=0 — {5, 6} 22Vi3V 15 30 s
(see MNote 1,Figure 18) | DAC12AMPx=0 — 7 2.2Vi3v 6 12
Sett DAC12 XDAT DAC12AMPx=2 2.2Vi3V 100 200
ettling X = ~
'S(FS)  fime full-scale | 80h— F7Fh-s 80h DACTZAMPX=2.2 223V 0 %0) s
DAC12AMPx=4,56,7 2.2V 15 30
o DAC12 xDAT = DAC12AMPx=2 2.2Vi3v 5
Setlng me, | g 408h— 3F8h | DACI2AMPx=35 22Vi3V 2
1S(C-C)  code to code — - - — Hs
BFSh— C08h— BFBh | DAC12AMPx=467 2.2V 1
DAC12AMPx=2 22vi3v | 0.05 012
SR Slew Rate E&C‘IZF—:E';H ;Dh DAC12AMPx=35 22Vvi3v | 035 0.7 Vius
— —
DAC12AMPx=4,6,7 2.2Vi3V 1.5 27
DACT2 xDAT DAC12AMPx=2 2.2Vi3V 10
x —
. . } - - kv 2
Glitch energy: full-scale 80h—s F7TFh—s 80h DAC12AMPx=3,5 2.2Vi3 10 nV-s
DAC12AMPx=4,6,7 2.2Vi3V 15
NOTES: 1. Rlgad and C| gad connected to AVgg (not AVcc/2) in Figure 16,
2. Slew rate applies to output voltage steps == 200mV.
| |
G ion 1 C ion 2 G ion 3
onversion >A|-< ONVErsion >|< onversion
DAC Output VouT Glitch | +-1/2LSB l
T R gad=3 k2 I
! i lLoad :
i L AVee | |
; ! 2 | Il 412188
! 1 | |
] i Clpag = 100pF I I
RO/P(DAC12.x) | ! I A
L 1 L 1
| | | | >
= O S =
lsettlel H tsettleHL
16
Conversion 1>(: Conversion EX Conversion 2
YouT
17 slew
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12 DAC Ta 25
PARAMETER TEST CONDITIONS Voo MIN TYP MAX]| UNIT
DAC12AMPx = {2, 3, 4}, DAC12SREFx = 2
= 2 2y 40
_ DAC12IR = 1, DAC12_xDAT = 800h Y
B i‘ds ha”fj."’.d:h . DAC12AMPx = {5, B}, DAC12SREFx = 2 povrv | 180 -
-3d8  Vpc=1.5Y VAC=UVPP | pacqoir = 1, DACIZ xDAT = 800h ISV =
{see Figure 18)
DAC12AMPx = 7, DAC125REFx = 2, I
DAC12IR = 1, DAC12_xDAT = 800h ISy
NOTES: 1. RLpap =3k, C oap =100 pF

DAC12_x ~'ec
2
18 3-dB
PARAMETER TEST Ve MIN  NOM  MAX | UNIT
CONDITIONS
Veoipamy
ERASE) Program and Erase supply voltage 25 36 v
= e} Flash Timing Generator frequency 257 476 | kHz
[=Te3¥ Supply current from DV during program 2.E5Vi3.6Y 3 5 mA
IERASE Supply current from DV during erase 2.E5Vi3.6Y 3 7 mA
tCPT Cumulative pregram time see Note 1 2.E5Vi3.6Y 4 ms
{CMErase Cumulative mass erase time see Note 2 2.5Vi3.6Y 200 ms
Program/Erase endurance 104 105 cycles
tRatantion Data retention duration Ty=25°C 100 years
tWord Word or byte program time 35
1Block, 0 Block program time for 15t byte or word 30
tBlock 1-63 Block program time for each additional byte or word 21
: — see Note 3 e
tBlock, End Block program end-sequence wait time B
thMass Frase [Mass erase time 5297
iSeq Erase Segment erase time 4819
NOTES: 1. The cumulative program time must not be exceeded when writing fo a 64-byte flash block. This parameter applies to all programming

methods: individual word/byte write and block write modes.

2. The mass erase duration generated by the flash timing generator is at least 11.1ms ( = 5297x1fFTG,max = 5297x1/476kHz). To

achieve the required cumulative mass erase time the Flash Contrellar's mass erase cperation can be repeated until this time is met.
(A warst case minimum of 19 cycles are required).
3. These values are hardwired into the Flash Controller's state machine (tfrT3 = 1fET3)-

JATG
PARAMETER CONTI;EI?-I[ONS Vee MIN  NOM  MAX | UNIT
22V 0 51 MHz
fTcK TCK input frequency see Mote 1 3v 0 o1 iz
Rinternal Internal pull-up resistance on TMS, TCK, TDI/TCLK | see Note 2 22VI3V 25 60 90 k€l
NOTES: 1. frck may be restricted to meet the timing requirements of the module selected.

2. TMS, TDITCLK, and TCK pull-up resistors are implemented in all versions.
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JATG 1
TEST
PARAMETER CONDITIONS Ve MIN  NOM  MAX | UNIT
VCC(FB) Supply voltage during fuse-blow condition Ta =25°C 25 W
VEB Voltage level on TDITCLK for fuse-blow: F versions 6 7 V4
IFB Supply current into TDIUTCLK during fuse blow 100 mA
tER Time to blow fuse 1 ms
NOTES: 1. Once the fuse is blown, no further access to the MSP430 JTAG/Test and emulation features is possible. The JTAG block is switched
to bypass mode.
/
P1,P1.0 P11, /
___________ =
| Pad Logic |
DVss : T I
DVss | ﬂq I
I
DV gg ! I
I .
|_ -rr =
PADIRx .'t o Direction N |
1 0: Input | &—o |
1: Output | |
P1IOUTx m— 0 I |
. [
Module X OUT  — 1 : | 10mTA0
| P1ATANMCLE
P1SELx | Bus |
| Keeper
| EN I
I |
PN - ® | I
C=—— || |
Module X IN <] DJ ¢ - d
P1IE.x [ |
EN
—H
P1IRQX q—c R
I Set
P1IFG.x
P1SELx m—] Interrupt
Edge
F1ESx B Seclect —
P1 P1.0,P1.1
PIN NAME (P1.X) CONTROL BITS / SIGNALS
’ X FUNCTION P1DIR.x P1SEL.x
P1.0/TAOD 0 |P1.0% Input/Output 0/1 0
Timer_A3.CCI0A 0 1
Timer_A3.TAD 1 1
P1.UTADMCLEK 1 | P11t Input/Qutput 0/1 0
Timer_A3.CCIOB 0 1
MCLK 1 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Mot available or not applicable.
2. X:Don't care.
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P1 P1.2, /
INCH=4 I_________Pad_mﬁ_i
. [
0 AV
Ad- ; S8 | !
! i
SD1BAE X ] |
I '
_—_——_———————— =
P1DIRx 0 - Direction I * I
1 0: Input I |
1: Quiput | |
P1OUTx . ! |
|
Module X OUT | : P1.2ITA1IA4-
P1SEL.x | KEIUS |
eeper
[ ’ |
EN
' |
i :
P1IN.x I I
EN | :
Module X IN — L-———
P1IEx g 21
P1IRQ.x <—G—_'Ii a
Set
P1IFG.x
P1SELy W Interrupt
Edge
P1ESx BM— sSolact —
P1 P1.2
PIN NAME (P1.X) CONTROL BITS  SIGNALS
' X FUNCTION P1DIR.x P1SEL.x SD16AE.x
P1.2ITA1AL- 2 | P1.21 Input/'Output 0 0 0
Timer_A3.CCHA 0 1 0
Timer_A3.TA1 1 1 0
Ad— (see Notes 3, 4) X X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the SD16AE x bit disables the output driver as well as the input schmitt trigger to prevent parasitic cross currents when
applying analeg signals.
4. Megative input to SD16_A [Ad-) connected to Vgg if corresponding SD16AE x bit is cleared.
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P1 P1.3 P1.5P1.7, /
INCH=y | T T T Tpad Lagic _i
| |
| |
Ay+ T
! |
SDIBAE.xX | |
I .
I_ i e b |
PADIR x l 0 Direction L @ |
1 0: Input I |
1: Output | |
P1OUTx ! |
. *—
Medule % OUT | I P13TAZIAGH
| P1STACLK/ACLKIAZ+
P1SEL.x | Bus | P1.TIAZ+
I Keeper
| =0 [
|
| .
PlNx a) | |
EI > I
. l |
Module X IN | <] D] —® -—————————— -
B1IRGx P En et
Nasa|
I Set
PIFG.x
P1SELx m—{ miemupt
Edge
FUESx B— soiect |—
Mote: x = 3,57
y=432
P1 P1.3,P1.5,P1.7
PIN NAME (P1.X) X FUNCTION CONTROL BITS / SIGNALS
’ P1DIR.x P1SEL.x SD16AE.x
P1.3TAZ2IA4+ 3 | P1.31 Input’'Output 0N ] 0
Timer_A3.CCI2A 0 1 0
Timer A3 TA2 1 1 0
Ad+ (see Note 3) X X 1
P1ASTACLKIACLK/AZ+ | 5 | P1.5F Input/Output oM 0 0
Timer_A3 TACLK/INCLK 0 1 0
ACLK 1 1 0
A3+ (see Note 3) X X 1
P1.TIAZ2+ 7 | P1.5% Input’'Output on 0 0
MNIA 0 1 0
DVsS 1 0
A2+ (see Note 3) X X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the SD16AE. x bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.

639 Cc 0571-88800000 50 0571-89908080 -31-



() iz

0571-89908088 89908091 www.lierda.com
P1 P1.4, /
INCH=3 ] Pad Logic _i
o AV ce |
A3- S5 |
1 I |
T
SD1BAEx I |
JACI20PS B ] |
I 1
I_ -_-Tr |
P1DIRx l o Direction . - |
1 0: Input | & |
1: Cutput | I
P10UTx ! |
DV * |
Va5 | | P1.4/43-/DACD
P1SELx | Bus |
I Keeper
EN |
I l |
PlINx ] | |
EI >7 I
! |
—_
DAC120PS
1IE x L |
EN DACD }O7 O
P1IRG.x <—C_.
» Q
; Set
P1IFG.x
P1SELx W nterrupt
Edge
PUESx B— seiect —
Mote: x =4
P1 P14
CONTROL BITS / SIGNALS
PIN NAME (P1.X
(P1.X) X FUNCTION P1DIR.x P1SEL.x SD16AE.x DAC120PS
P1.4/A3-/DACD 4 | P14t Input/Qutput 0/ 0 0 0
NIA 0 1 0 0
DVSS 1 1 0 0
A3~ (see Notes 3, 4) X X 1 0
DACD (see Note 5) X X X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X Don't care.

3. Sefting the SD16AE x bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.

4. Negative input to SD16_A (A3-) connected to AVgg if corresponding SD16AE x bit is cleared.
5. Setting the DAC120PS bit also disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.
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P1,P1.6, /
INCH=2 1 Pad Logic I
I
AV 55 I
A2- | i
T
! |
SD1GAEx W ] |
L .
P1DIR.x Diirection ! * I
0: Input | |
1: Output | |
P1OUTx ! |
o *+ |
Y88 | | P1.6/A2-
P1SELX | KEUS |
eeper
' ey !
| |
| :
PNy ] | I
E} >7 I
' |
- —
PAIE x =1
PR <—C _ a
I Set
P1IFG.x
P1SELx W Interrupt
Edge
P1ESx B—] select —
Mote: x =6
P1 P1.6
PIN NAME (P1.X) X FUMCTION CONTROL BITS [ SIGNALS
’ P1DIR.x P1SEL.x SD16AE.x DAC120PS
P1.4/A3-/DACO 4 | P1.47 Input/Qutput 0n 0 0 0
A 0 1 0 0
DVSS 1 1 0 0
A3- (see Notes 3, 4) X X 1 0
DACO (see Note &) X X X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the SD16AE x bit disables the cutput driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
4. Megative input to SD16_A (A3-) connected to AVgg if corresponding SD16AE x bit is cleared.
5. Setting the DAC120PS bit also disables the output driver as well as the input Schmitt tigger to prevent parasitic cross currents when
applying analog signals.
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P2,P2.0 P27,

LCOS4/8/12

Segment Sy

DV gg

|
|
[
|
!
|
P2DIR.x ' 0 - Direction I
1 0: Input I F
1: Qutput |
P20UTx !
. I
DVss I
P2SELx B—@ | Bus
I Keeper
I EM
|
P2IN.x - I
L >
e —— =
P2IE.x =
P2IRQ.x Q
P2IFG.x Set
p2sELx m—] 'nterupt
Edge
PZIESx B—] salect
Mote:x=017
y=13tc 6
P2 P2.0 P2.7
CONTROL BITS / SIGNALS
PIN NAME (P2.X) x FUNCTION P2DIR.x P2SEL.x LCDS12
P2.0iS13 0 | P2.0T Input/Output 01 0 a
RIS 1} 1 a
DVSS 1 1 [
S13 x X 1
P2.1/S12 1 | P21 Input/Output 0 0 a
N/ 0 1 a
DWVSS 1 1 a
512 X * 1
P2.2/511 2 | P2.2T Input'Qutput M 0 a
IS 1] 1 a
DVSS L 1 a
S11 x X 1
P2.3/510 3 | P2.31 Input/Output 01 0 a
N/ 0 1 a
DWVSS 1 1 a
510 X * 1
P2.4/59 4 | P24t InputOutput 01 0 a
IS 1] 1 a
DVSS 1 1 a
S9 x X 1
P2.5/58 5 | P2.5% Input/Output aM 0 a
/A 0 1 a
DWVSS 1 1 a
58 X * 1
P2.6/ST 6 | P2.67 Input/Output 01 0 a
RIS 1} 1 a
DVSS 1 1 [
ST x X 1
P2.7/56 7 | P2.71 Input/Output 0 0 a
N/ 0 1 a
DWVSS 1 1 a
S6 X X 1
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P5,P5.0,P5.1 P55 P5.7,

LCDS0/4

Sagment Sy

I =1
! :
: :
- | I
DVgg 1 I
| '
I_ - - =
PSDIRx .th Dirgction P I
0: Input | o |
1: Qutput | |
PSOUTx m— ! |
- 1
DVss | I PS.0/51
. | PS /S0
P5SEL.x | . us | P5.5/52
| sEper | PE.6/S3
EN P5.7/54
| |
PSIM.x | I
E) >7 I
! |
e e e e —
MNote: x = 0,1,56,7
y=10234
P5 P5.0,P5.1P55 P5.6
CONTROL BITS / SIGNALS
PIN NAME (P5.) X FUNCTION P5DIR.x P5SEL.x LCDS0
P5.0/IS1 0 | P5.0t Input/Qutput 01 0 0
NIA 0 1 0
DVSS 1 1 0
51 X X 1
P5.1/50 1 | P5.1t Input/Output 01 0 0
N/A 0 1 0
DVSS 1 1 i
S0 X X 1
PS5 5IS2 5 | P55t Input/Output 01 0 i
N/A 0 1 0
DVSS 1 1 0
s2 X X 1
P5.6/53 6 | P56t InputQutput 01 0 0
N/A 0 1 0
DVSS 1 1 0
S3 X X 1
P5 P5.7
CONTROL BITS / SIGNALS
PIN NAME (P2.X) X FUNCTION PSDIR.x P5SEL.x LCDS4
PE.7I54 7 | P5.71 Input/Output 01 0 0
N/A 0 1 0
DVSS 1 1 0
84 X X 1
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P5, P5.2 P5.4, / LCD
—_——————————
| Pad Logic I
| T |
LCD Signal | &G !
DV fand ! I
e | I
. :
x ﬂ
PaDIRx .t 0 Dirzciicn I Py |
1 0: Input I —d |
( 1: Qutput | |
PSOUTx B0 l |
.. [l
. |
oY 1
53 | l P5.2/COM1
P5.3COM2
PSSELx IL | Bus )
| Keeper | P5.4/COM3
| EN |
=R | I I I
L —————————— —
Motex=2fo4
P5 P52 P54
oI NAME (P5.X CONTROL BITS / SIGNALS
(P5.X) X FUNCTION PSDIR.x P5SEL.x
P5.2/COM1 2 | P5.2t Input/Output 01 0
COM1 X 1
P5.3/COM2 3 | PE.3t InputiOutput 01 0
COM2 X 1
P5.4/COM3 4 | P54t Input/Output 01 0
COM3 X 1

T Default after reset (PUC/IPOR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
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P6,P6.0,P6.2 /
INCH=0r1 # | T T T T T radlege |
| |
I I
ay+ ¥ | f
I I
|
- _ '
PEDIR.x l Direction ! |
0: Input I |
1: Output | |
PEOUTX ! |
" I
DV gg | I PE.D/AD+
| PE.21A1+
PESELx B—@ | Bus
l Keeper I
| = !
| |
PEINx | I
|
>
e -
Mote: x =02
y=0,1
#Sgnal from or to 5016
P6 P6.0,P6.2
PIN NAME (P6.X) FUNCTION CONTROL BITS / SIGNALS
' P6DIR.x PGSEL.x
PE.0/AD+ P6.01 Input/Output 01 0
AQ+ (see Note 3) X 1
PE2/AT+ P6.21 Input/Output 01 0
A1+ (see Note 3) X 1
P6,P6.1,P6.3 /
—_—_———— e ———
INCH=0/1 ¥ Pad Logic
Ay
\‘ - - - - - - - - - =
PEDIR.x l-t 0 Direction .
1 0: Input P
( 1 Cutput
PEOUTx m— O
L

D"‘n'll SS

PESELx W

PEIN.x -

Bus
Kesper

EN
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P6 P6.1,P6.3
CONTROL BITS / SIGNALS
PIN NAME (P6.X) FUNCTION PEDIRx PESEL x
P&.1/A0- PE.11 Input/Output 01 0
AQ- (see Note 3) X 1
P6.3/A1- P6.31 Input/Output 0/ 0
Al- (see Note 3) X 1

T Default after reset (PUCIPOR)

NOTES: 1.
2. X: Don't care.

N/A: Mot available or not applicable.

3. Setting the PESEL x bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.

P6,P6.4 P6.7
PeDIRx me D) | Padlagc |
’ .'t Direction NP |
1 0 Input I ® |
( 1: Output | |
FEOUTx m— 0 I |
DV gg— 1 : |
PESELx M T | |
PEINx - | l
- —_
P6 P6.4 P6.7
PIN NAME (P6.X) CONTROL BITS / SIGNALS
' X FUNCTION PEDIR.x P6SEL.x
P6.4 4 | P6.41 Input/Output 0N 0
NIA 0 1
DVSS 1 1
P6.5 5 | P6.5% Input/Output 0/ 0
NIA 0 1
DVSS 1 1
P6.6 6 | P6.61 Input/Output 0/ 0
NIA 0 1
DVSS 1 1
P67 7 | PE7T Input/Output 0N 0
NIA 0 1
DVSS 1 1

T Default after reset (PUC/POR)

NOTES: 1.

N/A: Mot available or not applicable.
2. X:Don't care.
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JTAG TMS TCK TDI/TCLK, TDO/TDI, /

TDO
Controlled Ej.r JTAG

I

I

I

I

il Controlled by JTAG :
_|

| |
I |
| |
| I
| I
I -t .
| JTAG ) L
| | Controlled
I I | by JTAG DVec I
| |
l : :
|
| || I
| || 9) I
|
I !“1 1 Burn and Test |
| i | > Fuse |
| - I
I I e S __TDUTCLK—
| Test | r—— "\ -1
| and | | DVec :
| Emulation | I ™S |
I Module i | -4 @ < |
| | t—m—m———-— = ™s —-
| |l Y — -
I | DVce I
| I ek
| I — =
| | L——— = TCK —
b - RST/NMI
-« @ ]
Tau ~ 50 ns
Brownout | m
'_
TCK | T
Dc —
JTAG
TDI MSP430 POR JTAG
3V1.8mA IFT TDI
TMS TMS TMS
POR POR
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T™S 19 JTAG
Time TMS Goes Low After PGRj
TMS L -
TF —
ITon —_— —_—
19 MSP430F42x0

DL (R-PDSO-G**)
48 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

48

R38R ARARRAA AR ARARAAR?

f

0.299 (7,59)
0.291 (7,39)

1 24

A

0.420 {10,67)
0.395 (10,03)

O
HHHHHHHHHHHHHHHHHHHHHHHH—l

v W RRR R 2 samng oione

0.0135 (0,343)
*”' 0.008 (0,203) 0008013 @

0.010 {0,25)
0.005 (0,13}

l

i Gage Plane

A
E 0.010 (0,25)

0.040 (1,02)
0.020 (0,51)

— 0.110 (2,79) MAX 0.008 {0,20) MIN ] | =] 0.004(0.10)
PINS **
28 48 56
DIM
0.3580 0.630 0.730
A MAX ©.65 | (16.00) | (18.54)
. 0.370 | 0620 | 0720
A MIN (9.40) | (15.75) | (18,29
4040048/E 12/01
NOTES: A, Alllinear dimensions are in inches (millimeters).
E. This drawing is subject to change without notice.
C. Body dimensions do notinclude mold flash or protrusion net to exceed 0.006 (0,15).
D. Falls within JEDEC MO-118
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