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MSP430F21X1

MSP430F21X1
- 1.8V-3.6V e FLASH Bootstrap
- -
- :1MHz 2.2V 200 uA MSP430F2101:1KB+256B FLASH
- :0.7 uUA 128B RAM
- (RAM ):0.1uA MSP430F2111:2KB+256B FLASH
- lus 128B RAM
e 16 , 62.5us MSP430F2121:4KB+256B FLASH
- 256B RAM
- 16MHz MSP430F2131:8KB+256B FLASH
- 32kHz 256B RAM
- 16MHz -
- 20 SOWB
- 20 TSSOP
- 3 / 16 20 TVSOP 24 QFN
Timer_A - MSP430x2xx
s , Family User’s Guide
A/D
hd )
-
MSP430 TI : ,
; : : .MSP430
CPU 16 : 16 ,
(DCO) lus .
MSP430x21x1 : / 16
: 16 1/0 .
, A/D : : A/D
Ta 20 SOwWB 20 TSSOP 20 TVSOP 24 QFN
(DW) (PW) (DGV) (RGE)
MSP430F2101IDW | MSP430F2101IPW | MSP430F2101IDGV | MSP430F2101IRGE
MSP430F2111IDW | MSP430F21111IPW | MSP430F2111IDGV | MSP430F2111IRGE
40 8 MSP430F2121IDW | MSP430F2121IPW | MSP430F2121IDGV | MSP430F21211IRGE
MSP430F2131IDW | MSP430F2131IPW | MSP430F2131IDGV | MSP430F2131IRGE
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DW, PW, or DGV PACKAGE

(TOP VIEW)
TEST[[ 1O 20 [T] P1.TITAZ/TDOITDI
Vecll] 2 19 [T P1.&TA1/TDITCLE
P2.5iCAs [T 3 18 [T] P1.5/TADITMS
Vag [T 4 17 [I] P1.4/ISMCLKITCK
XOUTP2.7iCAT [T 5 16 |11 P1.3/TA2
XIN/P2.6/CAG [T] 6 15 [T] P1.2/TA1
RET/NMI [T 7 14 [T P1.1/TAD
P2.0/acLKiCAZ [T] & 13 [T P1.0/TACLK
P2 1INCLK/CA3 [T] 9 12 [I] P2.4iTA2iCAN
P2 2/CAQUTITADICA4 [T] 10 11 [T] P2.3TA1/CAD

RGE PACKAGE
(TOP VIEW)

P1.7/TA2/TDOMOI
P1.ETANUTOITCLK

3
e 9 B
a = K
O 24 23 22 21 20
NCR1 P1E/TANTMS
Vssll2 | P1.4/SMCLKITCK
]
XOUT/P2T/ICAT R | P1.3/TA2
XINP2E/CAG || 4 | P1.2/TA1
RST/INMI g5 | P1.1/TAD
P2 OWACLKICAZ I 6 Sommmmmmmeee- P1.0/TACLK
7 8 9 10 11 12
Lo B o ol T = B e
S5Z233 =<
= - &
gE E&
2E =3 NC
= 2 R
od (o] o o
e 3
I
o
[+
" y } Pix& P2x&
vee ¥s5 RETINMI TG KINAOUT
HIN XOUT XIM
v4 R
1 acw
ga-s':: 8k3 Flash 2565 RAM 19 Port P o Bort P2
= smoLk 4kB Flash 2568 RAM Brownout 2 1/Ds with 8 1/0s with
2KB Flash 1288 RAM Frotection niemupt Interrupt
¢MC_K 1KB Flash 1288 RAM Capability Capability
CPU &
Working
Registers
L} Emulation :
! i
Watchdog Timer_A3 Comparatar_
WDT+ A
icc
15/18-Bit Registers Sng:f:ﬂf:
1
H i
' i
Y e ———————————— -l
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DW,PW,DGV

RGE

1/0
P1.0/TACLK 13 13 1/0 110 |/ A TACLK
110 |/ A CCIOA ;
P1.1/TAO 14 14 1/0
OuUTO /BSL
110 |/ A CCI1A
P1.2/TAl 15 15 1/0
OUT1
/0 |/ A CCI2A
P1.3/TA2 16 16 1/0
OuUT2
/0 /SMCLK /
P1.4/SMCLK/TCK 17 17 1/0
/0 / A OuUTO0 /
P1.5/TAO0/TMS 18 18 1/0
P1.6/TA1/TDI/ 110 [ A OuUT1 /
19 20 1/0
TCLK
P1.7/TA2/TDO/ 110 |/ A ouT2 /
20 21 1/0
TDI /
P2.0/ACLK/CA2 8 6 1/0 /0 /ACLK / A+ CA2
110/ A INCLK /
P2.1/INCLK/CA3 9 7 1/0
A+ CA3
P2.2/CAQUT/ 110 |/ A CCloB /
10 8 1/0
CAO0/CA4 A+ / A+ CA4 /BSL
110 |/ A OUT1 /
P2.3/CAO0/CAL 11 10 1/10
A+ CAO0
110 |/ A ouT?2 /
P2.4/CA1/CA2 12 11 1/0
A+ CAl
P2.5/CA5 3 24 1/0 110 |/ A+ CA5
/ /10 [/ A+ CAB
XIN/P2.6/CA6 6 4
/ 110/ A+ CA7
XOUT/P2.7/CA7 5 3 1/0
RST/NMI 7 I
JTAG
TEST 1 22 |
Vcce 23
Vss 2
QFN Pad Vss
639 4 0571-88800000 0571-88259460 310012 3
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TDO/TDI JTAG
XOUT/P2.7/CA7 P2SEL.7
| | PC/RO
CPU | | SPIRL
MSP430 CPU 16 , ,
, | | SRICGL/R2
4 | | CG2/R3
cPU 16 | | Ra
RO-R3 | | R5
’ | | R6
’ | | R7
CPU CPU
| |
| |
| |
| | R13
3 7 51
R14
1 3 - |
) | | R15
1
, - e.gADD R4, R5 R4+R5 5 R5
e.gCALL RS PC . (TOS),R8 - PC
, e.g INE Z=0
2
S D
- - MOV Rs, Rd MOV R10 ,R11 R10 - R11
- | « | MOVXRn),Y(Rm) | MOV 2(R5)6(R6) | M(2+R5)_ M(6+R6)
PC)( - | - | MOVEDEEONI M(EDE) - M(TONI)
MOV &MEM,
- . M(MEM) — M(TCDAT)
&TCDAT
MOV @R10,
- - MOV @Rn, Y(Rm M(R10) - M(Tab+R6
@ (Rm) Tab(RS) (R10) - M( )
MOV M(R10) - R11
- MOV @Rn+, Rm
@R10+,R11 R10+2 -~ R10
- MOV #X, TONI MOV #45,TONI #45 -, M(TONI)
S D
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MSP430 5
MSP430 6 ,
- AM
- 0 LPMO
-CPU
-ACLK  SMCLK
-MCLK
- 1 LPM1
~CPU
-ACLK  SMCLK
-MCLK  ,  DCO ,DCO
- 2 LPM2
~CPU
-MCLK  SMCLK
-ACLK
-DCO
- 3 LPM3
~CPU
-MCLK  SMCLK
-DCO
-ACLK
- 4 LPM4
~CPU
-MCLK  SMCLK
-ACLK
-DCO
OFFFFh-OFFEO 16
, OFFFFH(  FLASH ),CPU LPM4
PORIFG
RSTIFG
WDTIFG Reset OFFFEh 15(
FLASH KEYV
PC 1) )
NMI NMIIFG ()
OFIFG ()
OFFFCh 14
FLASH ACCIFG ()
(284
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OFFFAh 13
OFFF8h 12
A+ CAIFG OFFF6h 11
WDTIFG OFFF4h 10
TACCRO CCIFG( 9
A3 OFFF2h
3)
TACCR1 CCIFG 8
A3 TACCR2 CCIFG OFFFOh
TAIFG( 2&3)
OFFEEh 7
OFFECh 6
OFFEAhO 5
OFFES8h 4
P2 3 P2IFG.0-P2IFG7 OFFE6H 3
( 2&3)
P1IFG.0-P1IFG7 2
P1 8 OFFE4h
( 2&3)
OFFE2h 1
OFFEOhN 0
1 CPU (Oh-1FFh) Reset
2
3
4 ()
MSP430 ,
1 2
7 6 5 4 3 2 1 0
Oh ACCVIE NMIIE OFIE WDTIE
rw-0 rw-0 rw-0 rw-0
WDTIE: ,
OFIE:
NMIIE:
ACCVIE: FLASH
7 6 5 4 3 2 1 0

01h
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1
7 5 4 3 2 1 0
02h NMIIFG RSTIFG PORIFG OFIFG WDTIFG
rw-0 rw-(0) rw-(1) rw-1 rw-{0)
WDTIFG :
Vce RST /NMI
OFIFG:
RSTIFG: . RST/NMI ,
PORIFG:
NMIIFG: RST /NMI
7 5 4 3 2 0
03h
rw:
rw-0,1 PUC
rw-(0,1) POR
|
MSP430F2101 MSP430F2111 MSP430F2121 MSP430F2131
1KB 2KB 4KB 8KB
FLASH OFFFFh-OFFFEh OFFFFh-OFFFEh OFFFFh-OFFFEh OFFFFh-OFFFEh
FLASH OFFFFh-OFC00h OFFFFh-OF800h OFFFFh-OF000h OFFFFh-OE000Oh
256 Byte 256 Byte 256 Byte 256 Byte
FLASH 010FFh-01000h 010FFh-01000h 010FFh-01000h 010FFh-01000h
1KB 1KB 1KB 1KB
ROM OFFFh-0C00h OFFFh-0C00h OFFFh-0C00h OFFFh-0C00h
RAM 128 Byte 128 Byte 256 Byte 256 Byte
027Fh-0200h 027Fh-0200h 02FFh-0200h 02FFh-0200h
16 01FFh-0100h 01FFh-0100h 01FFh-0100h 01FFh-0100h
8 OFFh-010h OFFh-010h OFFh-010h OFFh-010h
8 SFR OFh-00h OFh-00h OFh-00h 0Fh-00h
(BSL)
MSP430 UART FLASH RAM BSL
MSP430 BSL MSP430
MSP430 Bootstrap Loader SLAAO089
639 4 0571-88800000 0571-88259460 310012 7
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BSL DW,PW,DGV RGE
14-P1.1 14-P1.1
10-P2.2 8-P2.2
FLASH
FLASH JTAG BSL CPU .CPU
FLASH n ( 512 ) 4 (A B C D, 64
- 0 n
- A D 0-n
s A
; CPU
MSP430x2xx Family User’s Guide
:32768Hz )
DCO lus
s ACLK, 32768Hz
s MCLK, CPU
s SMCLK,
DCO A
DCO
IMHz CALBC1_1MHz 1 010FFh
CALDCO_1MHz 1 010FEh
CALBC1 _8MHz 1 010FDh
8MHz
CALDCO_8MHz 1 010FCh
19MHz CALBC1_12MHz 1 010FBh
CALDCO_12MHz 1 010FAh
CALBC1 _16MHz 1 010F9h
16MHz =
CALDCO_16MHz 1 010F8h
1/0
2 8 1/0 -P1L&P2
- 110
e Pl P2
s 1/10 /
WDT+
(WDT+)
639 4 0571-88800000 0571-88259460 310012 8
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A+
A/D
A3
A3 3 / 16 / A3
/ PWM A3 /
A3
DW,PW,DGV RGE DW,PW,DGV RGE
13-P1.0 13-P1.0 TACLK TACLK
ACLK ACLK
SMCLK SMCLK
9-P2.1 7-P2.1 INCLK INCLK
14-P1.1 14-P1.1 TAO CCI0A 14-P1.1 14-P1.1
10-P2.2 8-P2.2 TAO CCloB 18-P1.5 18-P1.5
CCRO TAO
Vss GND
Vce Vce
15-P1.2 15-P1.2 TAL CCI1A 11-P2.3 10-P2.3
CAOUT(
) CCliB o ] TA1 15-P1.2 15-P1.2
Vss GND 19-P1.6 20-P1.6
Vce Vce
16-P1.3 16-P1.3 TA2 CCI2A 12-P2.4 11-P2.4
ACLK( ) | CCI2B 16-P1.3 16-P1.3
Vss GND CCR2 A 20-P1.7 21-P1.7
Vcce Vcce
017Eh
017Ch
017Ah
0178h
/ TACCR2 0176h
/ TACCR1 0174h
A3 / TACCRO 0172h
TAR 0170h
016Eh
016Ch
016Ah
0168h
/ TACCTL2 0166h
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/ TACCTL1 0164h
/ TACCTLO 0162h
TACTL 0160h
TAIV 012Eh
FLASH FCTL3 012Ch
FLASH FLASH FCTL2 012Ah
FLASH FCTL1 0128h
/ WDTCTL 0120h
CAPD 05Bh
A CACTL2 05Ah
CACTL1 059h
3 BCSCTL3 053h
2 BCSCTL2 058h
1 BCSCTL1 057h
DCO DCOCTL 056h
P2 P2REN 02Fh
P2 P2SEL 02Eh
P2 P2IE 02Dh
P2 P2 P2IES 02Ch
P2 P2IFG 02Bh
P2 P2DIR 02Ah
P2 P20UT 029h
P2 P2IN 028h
P1 P1REN 027h
P1 P1SEL 026h
P1 P1lIE 025h
P1 P1IES 024h
Pl P1 P1IFG 023h
P1 P1DIR 022h
P1 P1OUT 021h
P1 P1IN 020h
SFR 2 IFG2 003h
SFR 1 IFG2 002h
SFR 2 IE2 001h
SFR 1 IE1 000h
Vce-Vss 0.3 4.1V
0.3 Vcc+0.3V
+2mA
( ) 55 150
( ) 40 85
639 4 0571-88800000 0571-88259460 310012 10



: 1 ~ & 7 .
, -
2 Vss . JTAG Vg ,
TEST
3 JEDEC-STD-020
Supply voltage during program execution, Voo MSP430F21x1 1.8 36 Y
Supply voltage during program/erase flash memory, Voo MSP430F21x1 22 36 Y
Supply voltage, Vg 0 W
Operating free-air temperature range, Ta MSP430F21x1 -40 85 °C
Voo =18V,
Duty Cycle = 50% +10% de 6
Vo =22V,
Duty Cycle = 50% +10% de 8
Ve =27V,
Duty Gycle = 50% +10% de 12
Procassor frequency f: Maximum MCLK fraquency) MHz
quency fSYSTEM ( quency] ey ) TED.
Duty Cycle = 50% +10% ¢ ~12MHz
Voo =33V, d TBD,
Duty Cycle = 50% +10% ¢ =12MHz
Voo =36V, de TBD,
Duty Cycle = 50% +10% =12MHz
16 MHz—— - -~ =~~~ m oo
Supply voltage
range, '®x21x1, during TBD
E [prograim execution
= 12MHz4+—---¥--——----—— Supply voltage range,
- e '®21x1, during flash
L memaory pmgramming
=
w
}
i
e
6 MHz -{---
I
1
1
1
|
|
1 1 1 1 >
18V 22V 27V 33V 3ie6V

Supply Voltage, V

1

FLASH Vce 2.2V

( Vcce)

639 4 0571-88800000 0571-88259460 310012 11
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VCC
Ac ; foco = fMcLk = fsmcLk = TMHz, 29y 200 250
clive mode fACLK = 32.768Hz,
'ACTIVE current Program executes in flash 3V 300 350 HA
CPUOFF =0, SCG0 =0, SCG1 =0, OSCOFF =0
Low-power mode | ficLk = OMHz, fpco = fgpmeoLk = TMHz, 22V 32 45
ILPMOD 0 current, (LPMO) JfacLk = 32,768Hz, uA
see Note 3 CPUOFF =1, 8CG0 =0, SCG1=0, 0SCOFF =0 |3V 55 70
Low-power mode | fmcLK = fspmeLk = OMHz, fpco = 1MHz, 22V 11 14
ILPM2 1 current, (LPM2) [ facpk = 32.768Hz, nA
see Note 4 CPUQFF = 1, 5CG0=0,SCG1=1,0sCOFF =0 |3V 7o 22
Ta =-40°C 07 TBD
Tp =25°C 07 TBD
Low-power mode A foco = fmeLk = fsmeLk = OMHz, 22V
| 2 current, (LPM3) | TA=85"C  |facik = 32.768Hz, 10 _T80Y A
LPM3  see Note 4 Ta=- -40°C | CPUOFF = 1,5CG0 = 1, 3CG1 =1, 09 T8D|
Tp=25C | OSCOFF=0 3V 09 TBD
Tp =85°C 15 TBD
Low-power mode | /A= ~40°C Egg:frid%ga;;sm(:m = OMHz, 01 18D
ILPM4 4 culr\;e;]t,éLF’Md} Tp=25°C CPUOFF=.1: SCG[]= 1.SCG1=1, 22VEV 01 TBD HA
see Note T,"-\ = 85°C OSCOFF =1 08 TBD
1 0V Ve,
2. KDS DT-38 CAPx=1
3. SMCLK  WDT
4, ACLK WDT
5.
-P1 P2
0.45 075 Veo
ViT+ Puositive-going input thrashold voltage Vee=22V 1.00 1.65 v
Voo =3V 135 2.25
0.25 055 | Vee
ViT= Negative-going input threshold voltage Vog=22V 0.55 1.20 y
Vee =3V 0.75 1.65
v Input voltage hysteresis (VT+ - V Vec=22V 0.2 el
hys nput voltage hysteresis (ViT+ - ViT-) VoG =3V 03 0
~ . ) For pull-up: VN = Vgs;
Rpull Pull-up/pull-down resister For pull-down: Vi = VGG TBD TBD Q
Cy Input Capacitance VN = Veg orVee TBD pF
-P1 P2
VCC
. 2.2V 50
T(int) P1,P2 ns
3V 30
1. T(int) , T(int)
VCC
likg(Px.x) 1&2 2.2VI3V + 50 nA
1 , Vss  Vce
2 /
639 4 0571-88800000 0571-88259460 310012 12



(8 s

WWW.LIERDA.COM

MSP430F21X1

-P1 P2
& % WP vCcC B LE S I
';OHmaxi =-15mA (see Motes 1and 3) |22V Vog-0.25 Ve
liOHmax) = —6 mA (see Notes 2and 3) |22V Vo106 Ve
v High-level output volt v
o s i & li{OHmax) = —1.5 mA (see Notes Tand 3) | 3V Voe-0.25 Ve
l{OHmax) = =6 mA (see Notes 2 and 3) |3V Vee-0.6 Vce
l{OLmax) = 1.5 mA (see Notes 1 and 3) |22V Vgg V554025
VoL  Low-level output voltage Oy PERG s TR cohd Vs hinil Y
l{OLmax) = 1.5 mA (see Notes 1 and 3) |3V Vgg Vgg+0.25
l(OLmax) = 6 mA (see Notes 2 and 3) KA Vgg Vgg+0.6
Co Qutput capacitance TBD pF
1. IOH max ! IOLmax +12mA
2. IOH max ? IOLmax +48mA
3.
-P1 P2
Vce
£ Px.y C =20PF, 2.2V 10 MHz
Px.
- ( ) R=1IK( 1&2) 3V 12 MHz
P2.0/ACLK,P1.4 2.2V 12 MHz
fPort CLK
- /SMCLK,C =20PF ( 2) 3V 16 MHz
0.5KQ Vec  Vss s
Vec 10 90
-P1 P2
16 T T 25 T T
! Veg=22V Ta=25C < Vee=3V
T 14 P10 — £ P10 L~ Ta-25C
5 P 5 20 /,—-"" '
=y 12 = Tp = 85°C
3 / |~ Ta-85C 3 // A
E 10 / H /
5 // E 15 A
[o] o
/4
] / i
g 8 3 /
E =
=2 4 =
= g 5
|
3 3
0 0
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 35

VoL - Low-Level Output Voltage -V

639 0571-88800000
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! ] T T
g Voo =22V q Voo =3V
1 -3 ra = P1.0
2 P
= = =10
i H
i / $
2 15
3 L | | 4
3 / g yd
* / £ -20 |— Ta=8%'C _f'f
2 -0 L 3
T 7 g
S .
e g | BT
= Ty = 25°C = | |
=14 L 30
0.0 0.5 1.0 1.5 240 4.5 o 05 1.0 1.5 20 2.5 3n 35
VryH = High-Lewel Chatput Yolage = W Vol = High Leavel Output Valtage - W
3
A3
VCC
SMCLK,ACLK 2.2V 10
f\ TA3
TACLK,INCLK; 3V 16 MHz
+10%
2.2V | 50
t, TA3 TAO0,TAL,TA2 ns
3V 30
A+
vce
22V 25 40
IoD) CAON=1, CARSEL=0, CAREF=0 [— G o] vA
CAON=1, CARSEL=0, 22V 30 50
l{Refladder/RefDiods) CAREF=1/2/3, no load at = uA
P2.3/CADTA1 and P2.4/ICA1/TA2 3V 45 71
v(ic) f;g;”e"”'"“’de nput CAON =1 22V3V 0 Vee-1| v
Voltage @ 0.25 V. node | PCAD=1. CARSEL=1, CAREF=1,
V(Ref025) =~ ©— CC No load at P2.3/CADTA1 and 22Vi3V 023 024 025
Vee P2.4/CA1/TA2
Voltage @ 0.5V ~ ~ node PCAO=1, CARSEL=1, CAREF=2,
V(Ref050) - No load at P2.3/CAO/TA1 and 22Vi3V 047 048 05
cC P2 4ICA1TAZ
PCAD=1, CARSEL=1, CAREF=3, |22V 390 480 540
YIRefVT) (see Figure 8 and Figure 9) | Mo load at P2.3/CAQ/TA1 and mv
P2 AICA1TAZ, Tp = 85°C 3V 400 430 550
V(offset) Offset valtage See Note 2 22Vi3v -30 30| mv
Vhys Input hysteresis CAON=1 22Vi3V 0 0.7 141 mv
T = 25°C, Overdrive 10 mV, 2.2V 160 210 300 ns
Without filtter: CAF=0 kX 90 150 240
Yresponse LH)
(resp ! Ta = 25°C, Overdrive 10 mV, 22V 14 19 34 ©
With fiter: CAF=1 3V 0s 15 26|
Tp, = 25°C, Overdrive 10 mV, 22V 190210 sy o
Without filter: CAF=0 v a0 150 240
tiresponse HL)
(resp ’ T = 25°C, Overdrive 10 mV, 2.2V 1.4 1.9 3.4 s
With filter: CAF=1 IV 049 15 26 '
likg Pxy
CAEX
639 4 0571-88800000 0571-88259460 310012 14
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650 650 |
N Vee=3V o Vee=22V
Z 600 ™ > 600 b,
= ~ £
: \\\ Typical P S Typical
3 ypica = \ ypica
= \ s M
@ 550 < g 550 ~
: \ 5
g 3 \\\
@
T 500 — X 500 \\\
g £ N
W w
© &
5= 450 £ 450
400 400
-45 -25 -5 15 35 55 75 95 45 -25 -5 15 35 55 75 95
Tp — Free-Air Temperature — =C Ta - Free-Air Temperature - °C
4 Vigenr)Vs Vee=3V 5 Vigenr) VS Vee=2.2V
0V Ve
CAF
r—————
| Low Pass Filter| | To Internal
| Modules

I I CAOUT
| I |
| 1 Set CAIFG
S R o
1=2.0pus
6 A
Overdrive VcaouT
VSK JL /f
1 s0mv T
AN
Vi —¥ t(response)
7
639 4 0571-88800000 0571-88259460 310012 15



I4{BOR) 2000 us
VCC{start} dVpofdt <3 Vis (see Figure 13) 0.7 x V(B_lT—] v
V(B IT-) Brownout dVpcfdt = 3 Vis (see Figure 13 through Figure 15) 1.71 v
Vhys(B (T-) | (see Note 2} ] dVpeidi= 3 Vis (see Figure 13) 70 130 180 mY
Pulse length needed at RST/NMI pin to accepted reset internally,
{reset) Veg=22VI3V 2 ks
1 rownout Icc V(B_IT-)+Vhys(B_IT+)<1.8V
2 VCC=V(B_IT-)+Vhys(B_IT+) Td(BOR) DCO
VCC=VCC(MIN),VCC(MIN)
&
UCC S O I e T e T
Ihyﬂ;m_ﬁ—}
e e e e e e e e s o s e e
Vis i
VCC[start} e R A A R R R S AT A R S S S e Ryt
r
1
” =
5 < td{BOR)
8 POR/Brownout VS
V IJ 'LI
2 T T T 33[:“ ™ 'pw -
Vee=3V -T TTTTT oo - -
Typical Conditions ' \
1.5 - 1 1
> [ 1 1
1 1 1
£ * ! !
E 1 1 1
O 1 1
=4 / Vee(miny-f--—- -+ f
0.5 7 b o
1 1 | 1
1 1 I 1
0 ] — >
0.001 1 1000 > >
1ns 1ns
tpw — Pulse Width - us tpw — Pulse Width - us
9 VCC(MIN) POR/Brownout
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Vecy :4 tow >
2 [T T T T 3V -
V=3V
= 1.51 Typical Conditions
| e T ™ L
= L] My ]
E 1 / P
[&]
O v -
CC{min)
=
0.5
0 &
0.001 1 1000 .
thw — Pulse Width - us thw — Pulse Width - us
10 VCC(MIN) POR/Brownout
DCO
- RSELX RSELx+1 RSELx=0
RSELx=1
e DCO DCOx SDCO
- MODx 32 DCOCLK  fpcomseLpco+1)  focowrseLpco)
f _ 32x fDCO(RSEL,DCO) < fDCO(RSEL,DCO+1)
average
MOD x fDCO(RSEL,DCO) + (32 o MOD) x fDCO(RSEL,DCO+l)
DCO
vCC
fDCO(0,3) RSELx=0,DCOx =3, MODx=0 22Vi3V 0.08 012 ] MHz
fDCOr1.3) RSELx=1,DCOx =3, MODx=0 22V 0.10 015 | MHz
fDcoi2,3) RSELx=2,DCOx =3, MODx=0 22Vi3v D.14 020 MHz
fDCo(3,3) RSELx =3, DCOx =3, MODx=0 22Vi3v 0.21 029 MHz
fDCO4.3) RSELx=4,DCOx =3, MODx=0 22Vi3v 0.29 040 | MHz
fDCoE.3) R5ELx =5 DCOx=3, MODx=0 22Vi3v 0.41 056 | MHz
fDCO6,3) RSELx =6, DCOx =3, MODx=0 22Vi3v 0.58 077 | MHz
fDCO(7.3) RSELx=7,DCOx =3, MODx=0 22Vi3vV 0.81 107 | MHz
fDCo(8.3) RSELx =8, DCOx =3, MODx=0 22Vi3v 1.14 154 | MHz
fDCO(9.3) RSELx=9,DCOx=3, MODx=0 22Vi3vV 167 227 MHz
fDCO(10.3) RSELx=10,DCOx=3, MODx=0 22Vi3vV 2.35 325 | MHz
fDCo11.3) RSELx =11, DC0Ox =3, MODx=0 22Vi3v 294 407 | MHz
fDCo(12,3) RSELx =12, DCOx=3, MODx=0 22Vi3V 415 567 | MHz
fDco(13.3) RSELx =13, DCOx =3, MODx=0 22V 570 745 | MHz
fDCo(14,3) RSELx = 14, DCOx =3, MODx =0 22Vi3v 8.25 1.3 MHz
fDCO(15,3) RSELx =15 DCOx=23, MODx=0 22Vi3vV 10.9 16.5 | MHz
fDCO(15.7) RSELx =15 DCOx=T7, MODx=0 22V 16.0 230 | MHz
SRSEL SRsEL = fDCO(RSEL+1,DCO)DCO(RSEL DCO) 22VI3V e
SDco Spco = fDCO(RSEL.DCO+1)fDCO(RSEL,DCO) 22V3V 105 110 1.12
Duty Cycle Measured at P1.4/SMCLK 22Vi3vV 45 50 55 %
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DCO

Temperature drift (Box Method),

o RSELx=0,DCOx=3, MODx=0
T(0,3) Ta = -40°C - +85°C

(see Note 1)

2.2VI3V TBD )

Temperature drift (Box Method),

D RSELx=7,DCOx=3, MODx =0
T(7.3) Tp = —40°C - +85°C

(see Note 1)

22Vi3V TBD %

Temperature drift (Box Method),

o ) RSELx =15, DCOx=3, MODx=0
T(15.3) Ta = —40°C - +85°C

(see Note 1)

22ViE3v TBD %

Supply voltage drift (Box Method),

D ) RSELx=0,DCOx=3, MODx =0
V{U.3J TA = 25°C

(see Note 1)

1.8V -386V TBD %

Supply voltage drift (Box Methad),
RSELx=7,DCOx=3, MODx =0
Ta=25°C

(see Note 1)

DT1(7,3) 18V -36V TEBD| %

Supply voltage drift (Box Methad),

D ) RSELx =15 DCOx=3 MODx=0
T[15:3_J TA = 35°C

(see Note 1)

Total drift (Box Method),

D RSELx=0,DCOx=3, MODx=0
T(0.3) Ta = -40°C - +85°C

(see Note 1)

Total drift (Box Method),

o RSELx=7,DCOx =3, MODx =0
T(7.3) Ty = —40°C - +85°C

(see Note 1)

Total drift (Box Method),

o ) RSELx =15, DCOx =3, MODx=0
T(15.3) Tp = —40°C - +85°C

(see Note 1)

18V -36V TBD %

18V -386V TBD %

1.8V -36V TBD %

1.8V -36V TBD %

(LPM3/4)

vcC

foco =fDco(3,3). RSELx =3,
DCOx =3 22VIaV 7

foco =fDco(7 3). RSELx =7, y
- - 22NV 2
DCO clock wake—up time from LPM3/4 DCOx=3

1 us
Clock,LPM3/4 | (see Note 1) fDCO =DCo(11,3). RSELx= 11, Do vy 5

DCOx =3

foco=Dco(15,3). RSELx =15, y
DCOx =3 22Vi3V 10

CPU wake-up time from LPM3/4 1HMCLK
(CPULPM3X | (See Note 2) +

tClock LPM3/4

1 DCO (MCLK/SMCLK)
2 DCOCLK MCLK
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LFXT1
VCC
LFXT1 oscillator crystal
fLFXT1 LF frequency, LF mode 0, | XTS=0, LFXT1Sx=00r 1 32,768 Hz
1
LFXT1 oscillator crystal _. _
fLFXT1,HFO frequency, HF mode 0 XTS=1,LFXT1Sx=0 04 1| MHz
LFXT1 oscillator crystal . _
fLFXT1,HF1 frequency, HE made 1 XTS=1,LFXT1Sx =1 1 41 MHz
LFXT1 oscillator crystal ., _
fLFXT1 HF2 frequency, HF mode 2 XTS=1,LFXT1Sx=2 2 16| MHz
LFXT1 oscillator logic
fLEXT1 LFlogic level square wave input | XTS=0, LFXT1Sx =3 10,000 32,768 50,000 Hz
frequency, LF mode
LFXT1 oscillator logic
fLFXT1 HF logic level square wave input | XTS =1, LFXT15x=3 0.4 16 | MHz
frequency, HF mode
Supported ESR for LF _ _
ESRLF crystals XTS=0,LFXT18x=00or 1 20 100 ko
XTS=0,LFXT1Sx =0, 500 o
Supported ESR for HF | ILEXT1.HF = 1 MHz Ci = 32 pF
ESR crystals (refer to XTS=0,LFXT1Sx =1 100 0
HF Figure 17 and fLFXT1,HF =4 MHz, C_ =32 pF
Figure 18) XTS=0,LFXT1Sx=2 50 o
fLFXT1 HF = 16 MHz, C| =32 pF
XTS=0,XCAPx=10 2 pF
| ) XTS=0, XCAPx =1 11 pF
nput capacitance - —
CxiN (see Note 1) XTS =0, XCAPx =2 7 o
XTS=0, XCAPx =3 22 pF
XTS =1 (see Note 2) 2 pF
XTS=0,XCAPx=10 2 pF
o ) XTS=0, XCAPx=1 11 pF
utput capacitance — —
Cxour (see Note 1) XTS=0, XCAPx =2 17 pF
XTS=0, XCAPx =3 22 pF
XTS =1 (see Note 2) 2 pF
XTS =0, Measured at P1.4/ACLEK, o
LF mode ALEXTI LF = 32,768 Hz 22VI3V 30 50 70 Yo
XT3 =1, Measured at P1 4/ACLK,
Duty Cycle fLEXTA HF = 10 MHz 223V 35 50 65 %
HF mode XTS 1 I d at P1.4/ACLK
=1, Measured at P1. \
fLEXT1,HE = 16 MHz 22Vi3V 40 50 60 %
Oscillator fault XTS=0,LFXT15x=3
fFauitLF frequency, LF made (see Note 3) 22VI3V TED 10,000 Hz
Oscillator fault XTS=1,LFXT15x=3
FaultHF frequency, HF mode (see Note 3) 22VI3V 0.05 0.25 1 MHz
( 2PF)
]
1
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FLASH
VCC
VeoPGMY
ERASE) Program and Erase supply voltage 22 36 W
FTa Flash Timing Generater frequency 257 476 | kHz
IPGM Supply current from Voo during program 27TVI3eV 3 51 mA
IERASE Supply current from Vo during erase 27TVI36V 3 7] mA
topT Cumulative program time see Mote 1 27TVI36V ms
{CMErase Cumulafive mass erase time 27VI36V 20 ms
Program/Erase endurance 104 105 cycles
tRetention Data retention duration Ty=25°C 100 years
tword Word or byte program time 30
tBlock 0 Block program time for 15t byte or word 25
tBlock 1653 | Block program time for each additional byte or word 18
: — see Note 2 F1R
1Block, End Block program end-sequence wait time 6
tMass Erase | Mass erase time 10593
{Seq Erase Segment erase time 4819
1 64
2 FLASH ( tere =1/ fer)
RAM
Vramny CPU (1) 16 v
1 RAM ,CPU
JTAG
VCC
fTCK 2.2V 0 5 MHz
TCK 1
3V 0 10 MHz
Rinternat | TEST 2.2VI3V 25 60 90 KQ
1 frex
JTAG 1
VCC
VCC(FB) TA=25 2.5 Vv
Ves TEST 2.2VI3V 7 \Y
Irs TEST 100 mA
=) 1 ms
JATG
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P1 P1.0-P1.3 /
PxSEL.x CAPD x
PxDIR.x 0 Direction | I
Madule Direction ’l,. 0: Input | &—a |
1: Output| |
PxOUTx ™ | I
Module Output 1 |
=" | | R0
PxIN.x ¢ I | KBUS I P1.2/TA1
eeper
Module Input | g | P1.3/TA2
| EMN |
— | l |
EN | |
Set PxIFG.x < Interrupt I |
Logic | |
- _
GPIO Module 1O Analog (O JTAG
Control BitsiSignals input output input output
P1SEL.x 0t 0 1 1 MIA NIA
P1DIR x 0t 1 0 1 MNIA NIA
Pin Name (P1.x)
P1.OITACLK P1.0 inputt P1.0 output Timer_A3.TACLK DVgg MNIA NIA
P1.1TAD P1.1 inputt P1.1 cutput Timer_A3 CCI0A Timer_A3.TAD MIA NIA
P1.2ITA1 P1.2 inputt P1.2 cutput Timer_A3 CCI1A Timer_A3.TA1 MIA NIA
P1.3ITAZ P1.3 inputt P1.3 output Timer_A3.CCI2A Timer_A3.TA2 MNIA NIA

T Default after reset (PUC/POR)

1 N/A
2 X
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P1 P1.4-P1.7 /

F’xREN.xI—IiI ______ ) ________ )

1: Output

I
PxOUTx |
Lx |
DV

Ss s I

— o DVee
PxDIR x Direction . I
Module Direction 0: Input #—aq I
I
|

PxOUT.x m——

Module Output P1.4/SMCLKITCK

1711

I
I
I
I
i
I
I
I
I
I
I
I
I
I
I
I
Set PxIFG.x <4 Interrupt |
|
I
|
I
I
L

I P1 5TADTMS
PxIN x ¢ + I I P1.6TA1TDI
Module Input ¢ P1 7/TAZTDOTDI

\ |
— I
I
EN |
Lagi |
ogic N
= -
To JTAG { ( |
I

_____________ ] From TEST pad

From JTAG I |
| Ne
i

From JTAG (TDO)

To JTAG pads I » —I < >
TEST
I JTAG |
I Fuse I
I_TE_ST_F@_______DV_SE_JI
GPIO Madule 10 Analog 10 JTAG
Control Bits/Signals input output input oufput
P1SEL.x 0f 0 1 1 (R X
P1DIR.x 0t 1 0 1 i X
TEST (from pin) 0f 0 0 ] i 1
Pin Name (P1.x)
P1A/SMCLKITCK P1.4 inputt P14 output Tf SMCLK (A1 TCK
PSTADTMS P1.5 inputt P1.5 output A Timer_A3.TAD (NI TMS
P1.E/TA1TDUTCLE P1.6 inputt P18 output M Timer_A3.TA1 (RIE TONTCLKE:
P TITAZTDONTDI P17 inputt P1.7 autput R Timer A3 TAZ (R TDOVTDIE

T Default after reset (PUC/IPOR)
T Function confrolled by JTAG

1 NA
2 X
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P2 P2.0-P2.5 /

P20UTx

P2SEL x |
: |
P2DIRx——— 0 Diraction I
Module Direction 1 0: Input |
-~ 1: Outputl
P20UTx B—| n: I
[
Module Output | | | P2.0/ACLK/CA2
—* | P2 1INCLK/CA3
P2IN.x ¢ | Bus I P2 2ICAQUTITADICA4
Module Inout | Keeper P2 3TA1/CAD
. | EN I P2 4ITA2ICA1
P2.5ICAL
— | | |
EN | |
SetP2IFG.x 4 Interrupt I |
Logic | |
| |
[ ——————
From Comparator | I
I I
To Comparator | |
- I
GFIO Module 10 Analog 10 JTAG
Control Bits/Signals input output input output
P2SEL x 0t 0 1 1 X NFA
P2DIR x 0t 1 0 1 X MNFA
CAPD .x ot 0 0 0 1 NIA
Pin Mame (P2.x)
P2 VACLKICAZ P2.0 inputt P2.0 cutput NIA ACLK CAZ NFA
P2 1/INCLKICA3 P2.1 inputf P2.1 output Timer_A3.INCLK DVgg CA3 NIA
P2.2/CAOUTITADICA4 P2.2 inputt P2.2 output Timer_A3.CCIOB Comparator_A.OUT CA4 NFA
P2.3/TATICAD P2.3 inputf P2.3 output NIA Timer_A3.TA1 CAD NIA
P2 AITA2ICA P2.4 inputt P2 .4 output NIA Timer_A3.TAZ CA1 A&
P2 .5/CAS P2.5 inputf P2.5 output NIA NIA CAS NIA

T Default after reset (PUC/POR)

1 NA
2 X
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P2 P2.6 /

P20UT.x
P2ZREN.x

P25EL x CAPD x

P2DIRxm——] 0 Direction |
DVgg } 0: Input | o
1: Qutput | )
I
P20UTx m '
I | XIN/P2 6/CAB
P2IN.x . I Bus I
| Keeper |
I EN |
= | | |
EN I I
Set P2IFG.x Interrupt . | I
Logic | |
|

From Comparatar } |
| |
To Comparator 4 | —a

I I
LFXT1CLK | /‘l |
I ~N |
|
. i I
|OSCOFF |
I |
BCSCTL3.LFXT1S =11 | XOUT
- _
GFPIO Moduie 10 Analog IO JTAG
Control Bits/Signals input output input output
P2SEL x 0 0 1T NIA 0 NIA
P2DIR.x 0t 1 X NIA X NIA
CAPD x ot 0 X NIA 1 MIA
Pin Name (P2.x)
P2 GIXINICAG P26input | P2.Goutput | XINt | N/A cae | N/A

T Default after reset (PUC/IPOR)

1 NA
2 X
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P2 / P2.7

P20UTx
P2REN.x

P23EL.x CAPD.x

Logic

P2DIRxm—— 0 Direction | -
DVgg y O:lnput | | g—d
1: Output |
|
P2OUTx m |
I | XOUT/P2.7/CAT
P2IN.x ¢ 9 I Bus I
| Keeper |
| EN |
= | | |
EN | |
Set P2IFG.x Interrupt | |
I
| |

From Comparator

X

To Comparator

1 From P2.6/XIN/CAS hFX” Oscillator
LFXT1CLK
0 \q o XIN

| I
| |
N I I
| I
:OSCOFF :
| I
BCSCTLILFXTIS =11 |
- - I
GFIO Module 10 Analog 10 JTAG
Control Bits/Signals input output input output
P25EL x 0 0 N/A 11 0 NIA
P2DIR.x 0t 1 NIA X X N/A
CAPD.x 0t 0 NIA X 1 N/A
Pin Name (P2.x)
XQUT/P2.7/CAT P2.7input | P27 output | N/A | XOUTt | CAT N/A
T Default after reset (PUC/POR)
1 NA
2 X
3. XOUT/P2.7/ICAT , P2SEL.7 ,
JTAG
(POR) ,MSP430 JTAG  TDITCLK

, le(Vee=3V. ~ 1mAS5V  25mA) TEST ,
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,TEST TMS
TMS TMS
, POR
POR
TMS
TMS ( )
POR TMS j
TMS
e —
ITEST
11 ,MSP430F21X1
JTAG , Bootstrap Loader RAM 256 ,
Bootstrap Loader

DW (R-PDSO-G™)
16 PIN SHOWMN

PLASTIC SMALL-OUTLINE PACKAGE

+1
eb-| 0. . )
0.014 {0,35) 01410.35} [ ] 0.010 10,25 @

16

] -
TIITLEE

0.419

0.400
0.299 (7,59)
0.293 (7,45)

{10,65)

(10,15)

TEEAHEEY

o A

LU_I_I_U_U_U_U_U_LU_&
0.012 (0,30)

0.104 {2,65) MAX

0.010 {0,25) NOM

o

Gage Plane

0e—8°

-
E 0.010 (0,25)

0.050 {1,27)
0.016 (0,40)

|
L

0.004 {0,10)
PINS =
oM 16 20 24
D410 | 0510 | 0.610
A MAX (10,41) | (12,95) | {15.49)
D400 | 0500 | 0.600
A MIN (10,18) | (12,70} | {15,24)

4040000/D 02/98
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0.006 0.15

A o DN -

JEDEC MS-013

PW (R-PDSO-G™) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

4
—F
4
=1
218
&
®

il T

T 0,15 NOM
L
! (Jl.age Pﬂi

[ 0,25

PINS **
DIM a8 14 16 20 24 28
A MAX 3,10 5,10 5,10 8,60 7,80 9,80
A MIN 290 490 490 6,40 7,70 9,60
4040064/F 0197

1 (MIL)
2 :
3 0.006
4 JEDEC MO-153
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DGV (R-PDSO-G™)
24 PINS SHOWH

PLASTIC SMALL-OUTLINE

]
hE

il

o [ 007 @]

0,16 NOM

450 660
4,30 6,20
T

4 Gage Plane

[ A

1,20 MAX 015 (=[008 | S
: 0,08 -
ST 16 | 20 24 8 | 48 56
DIM
A MAX 370 | 370 | 510 | st0 | 790 | g0 | 1140
A MIN 350 | 350 | 490 | 4% | 770 | 90 | 11,20
4073251/E 08/00
1 )
2. :
3. 0.006
4.

JEDEC 24/28 MO-013

14/16/20/56 MO-194
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RGE (S-POFP-N24) PLASTIC QUAD FLATPACK

4,15
3,85

=y
=Y
[54]

85

.
|
|

Pin 1 Index Area _ 4
Top and Bottom [N

1,00
0,30 l f 0,20 REF.
!

Seating Plane
Slom) T as] T

1 |
Yy uuiguy ’JJ
24—y | 7
3 | ]
> ]
S =
) |« C©
18 | \EJ.Z_ Exposed Thermal Die Pad
IEANAHANARI) (See tlote )
18 I - 0,30
> r]l ¥ 24Xm

il g ¢ | @010 @

4204104/ 11/02

QFN

g~ W N -

JEDEC MO-220
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