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MSP430F14x, MSP430F14x1, MSP430F13x Mixed-Signal Microcontrollers

1 Device Overview

1.1 Features

* Low Supply Voltage Range, 1.8 Vto 3.6 V
» Ultra-Low Power Consumption:
— Active Mode: 280 pA at 1 MHz, 2.2 V
— Standby Mode: 1.6 pA
— Off Mode (RAM Retention): 0.1 pA
» Five Power-Saving Modes
» Wakeup From Standby Mode in Less Than 6 ps

» 16-Bit RISC Architecture, 125-ns Instruction Cycle

Time

« 12-Bit Analog-to-Digital Converter (ADC) With
Internal Reference, Sample-and-Hold, and
Autoscan Feature

» 16-Bit Timer_B With Seven Capture/Compare-
With-Shadow Registers

» 16-Bit Timer_A With Three Capture/Compare
Registers

e On-Chip Comparator

e Serial Onboard Programming, No External
Programming Voltage Needed, Programmable
Code Protection by Security Fuse

1.2 Applications
* Sensor Systems
* Industrial Controls

1.3 Description

Serial Communication Interface (USART),
Functions as Asynchronous UART or Synchronous
SPI Interface

— Two USARTs (USARTO, USART1) On
MSP430F14x and MSP430F14x1 Devices

— One USART (USARTO0) On MSP430F13x
Devices

Family Members (Also See Device Comparison)
— MSP430F133

— 8KB + 256 Bytes of Flash Memory,
256 Bytes of RAM

MSP430F135

— 16KB + 256 Bytes of Flash Memory,
512 Bytes of RAM

MSP430F147, MSP430F1471

— 32KB + 256 Bytes of Flash Memory,
1KB of RAM

MSP430F148, MSP430F1481

— 48KB + 256 Bytes of Flash Memory,
2KB of RAM

MSP430F149, MSP430F1491

— 60KB + 256 Bytes of Flash Memory,
2KB of RAM

Hand-Held Meters

The Texas Instruments MSP430™ family of ultra-low-power microcontrollers (MCUs) consist of several
devices featuring different sets of peripherals targeted for various applications. The architecture, combined
with five low-power modes is optimized to achieve extended battery life in portable measurement
applications. The device features a powerful 16-bit RISC CPU, 16-bit registers, and constant generators
that attribute to maximum code efficiency. The digitally controlled oscillator (DCO) allows wake-up from

low-power modes to active mode in less than 6 ps.

The MSP430F13x, MSP430F14x, and MSP430F14x1 MCUs support two built-in 16-bit timers, a fast 12-bit
ADC on the MSP430F13x and the MSP430F14x devices, one USART on the MSP430F13x devices or
two USARTs on the MSP430F14x and MSP430F14x1 devices, and 48 I/O pins. The hardware multiplier
enhances the performance and offers a broad code and hardware-compatible family solution.

For complete module descriptions, see the MSP430x1xx Family User’s Guide.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Device Information®

PART NUMBER PACKAGE BODY SIzE®
MSP430F1491PM LQFP (64) 10 mm x 10 mm
MSP430F149IPAG TQFP (64) 10 mm x 10 mm
MSP430F1491IRTD VQFN (64) 9 mm x 9 mm

(1) For the most current device, package, and ordering information, see the Package Option Addendum in Section 8, or see the Tl website

at www.ti.com.
(2) The sizes shown here are approximations. For the package dimensions with tolerances, see the Mechanical Data in Section 8.

1.4 Functional Block Diagrams
Figure 1-1 shows the functional block diagram for the MSP430F13x MCUs.

XIN  XOUT DVce DVss AVge AVgs RSTANMI P1 P2 P3 P4 P5 P6
| | |
A v Yy v Yy v VY
\4 8 8 8 8 8 J}8
Rosc {——{ oscillator |- ACLK | 16KB Flash| | 5128 RAM ADC12 110 Port 1/2| | 1/0 Port 3/4| | /0 Port 5/6
16 1/0s, 16 1/0s 16 1/0s
XT2IN Sé’f;;?“ —» SMCLK | 8B Flash | | 2568 RAM 12-Bit with |
XT20UT 8 Channels Interrupt
<10ps Conv. Capability [ B
MCLK PN N\ AN N\ N\ N\
\ 4
MAB,
[ ] Test MAB, 16-Bit N, 4Bit
| JTAG v/
[ PAN PAN N\
cPu [ MCB
Incl. 16Reg| | _ . 1 1
So
| £3 /\/ NS S A4 A4 S N
] E2 K, MDB, 16-Bit (I:BC;J: MDB, 8 Bit
N\ PN N\ PN PN Y
#
™S \VAVIAVAVA NS NS N v N/
TCK Watchdog [| Timer_B3 [| Timer_A3 POR [|Comparator [| USARTO
Timer B H m A H
3 CC Reg 3 CC Reg UART Mode,|
TDITCLK 15/16-Bit | | “Shadow SPI Mode
TDO/TDI Reg
Figure 1-1. Functional Block Diagram, MSP430F13x
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Figure 1-2 shows the functional block diagram for the MSP430F14x MCUs.

XIN  XOUT DVgc DVgs  AVge  AVgg RST/NMI P1 P2 P3 P4 P5 P6
| | |
A v Yy v Yy v VY
\ 4 8 8 8 8 8 18
Rosc ——{ Oscillator |- AcLK | 60KB Flash| | 2xB RAM ADC12 110 Port 1/2| | 1/0 Port 3/4| | /0 Port 5/6
16 1/0s, 16 1/0s 16 1/0s
XT2IN Sé’f;i;” —» SMCLK | 488 Flash| | 2kB RAM 12-Bit with || |
XT20UT 8 Channels Interrupt
32KB Flash| | 1KB RAM | |<10us Conv, Capability |7 ]
MCLK N\ AN N\ AN PN N\
\ 4
MAB,
[ | Test MAB, 16-Bit N\, 48Bit
| JTaG v/
|| PN N\ N\
VI MCB
Incl. 16Reg] | _ | =1 1
So
| S3 /\/ NS A A4 S S N
| £z K, MDB, 16-Bit ggns MDB, 8 Bit
AN PN N\ PN PN Y
#
™S ANAVIRAVAVA NS Ny N v N/ 3
Hard
TCK Maurltivp\)/l?erf—3 We_li_tifrr]gjrog : Timer_B7 : Timer_A3 POR :CompAarator: USARTO : USART1 [
7 CC Reg 3 CC Reg UART Mode| |UART Mode
TDUTCLK s 15M6-Bit || Shadow SPI Mode | | SPIMode
TDO/TDI Reg

Figure 1-2. Functional Block Diagram, MSP430F14x

Figure 1-3 shows the functional block diagram for the MSP430F14x1 MCUSs.

XIN  XOUT DVce DVss  AVcc AlvSS RST/NMI PI P2 P3 P4 P5 P6
A v vy Vv vy VvV
v 8 8 8 8 8 18
Rosc [—»—{ Oscillator [ ACLK | 60KB Flash| | 2B RAM 110 Port 1/2| | 110 Port 3/4| | 110 Port 5/6
16 1/0s, 16 1/0s 16 1/0s
XT2IN Sé’ls(};’(“ —» SMCLK | 488 Flash| | 2kB RAM with || |
XT20UT Interrupt
32KB Flash| | 1KB RAM Capability [ u
MCLK N PN N\ N\ AN
v
MAB,
[ | Test MAB, 16-Bit N\ 4Bt
| [ JTAG PN AN /\'/
cPu [ | MCB
Incl. 16 Reg| | _ | 1
So
i PVAAV VAl BV BV .
| £2 < __MoB, 16-Bit ch;J: MDB, 8 Bit
N\ N\ N\ N\ Y
#
™S AVAAVS A4 A4 A4 AVER 2 VAR ] Y
Hard
TCK Multipher watchdog [ Timer_87 [ Timer_ A3 POR  ['|Comparator [| USARTO | USART [
TDITCLK MPY, MPYS 7 CC Reg 3 CC Reg UART Mode| |[UART Mode
MAC, MACS 15/16-Bit Shadow SPI'Mode | | SPI Mode
TDO/TDI Reg
Figure 1-3. Functional Block Diagram, MSP430F14x1
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2 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from February 12, 2009 to May 23, 2018 Page
« Document format and organization changes throUghOUL ........cieeeiiii i r s e s s e s sannneesaannes 1
LI Yo [0 [=To IS Y =Yoo g W A2 Y o ] =V o o = PP 1
e Added Section 3, DEeVICE COMPANISON «...uueeereeetaaannessaannnessaannessaanreesaanneessaannessaanneessssnnessssnnessssnnnns 6
o Added SeCtion 5.2, ESD RaAliNGS. .. uuuueetieeeiiateeaaateeaaate e eaaaneesaaann e s aaan e e taannessaannessaannner aanrnraaannes 16
« Removed note (2) with duplicate information from the f x; parameter in Section 5.3, Recommended Operating
L0 3T 1110} 16
* Removed duplicate conditions "XTS = 0, SELM = 0 or 1" from the second row of Test Conditions on the |y,
parameter in Section 5.4, Supply Current Into AV.c and DV Excluding External Current.......c.covvvvevvviiinnennnns 17
* Added Section 5.5, Thermal Resistance CharacteriStiCS .....uuvvueiiiiiiiieiieiriiriiirr e 18
* Removed ADC12DIV from the equation in the TYP value of the tconvert Parameter (because ADC12CLK is
after division) in Section 5.26, 12-Bit ADC, TiMING Parameters .......euiviiereiriiiesiaiienesiaansasiaaanrssiaanrssaaannns 30
« Changed all instances of bootstrap loader to bootloader throughout documMeNt........c.vviiiiiiiiiiiiiiiii e 35
e Added Section 7, Device and DOCUMENTAtION SUPPOI. ..uuuueiieiiiteiiasiiterissraessiarsarsrasssarerassraessanssanns 59
Copyright © 2000-2018, Texas Instruments Incorporated Revision History 5
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3 Device Comparison

Table 3-1 summarizes the features of the device variants in this data sheet.
Table 3-1. Device Comparison®®)
Device Flash SRAM | Timer_ A® | Timer B® | USART COMP_A ADe I/Os Package
(Channels)

64-pin PM

MSP430F149 60KB 2KB 3 7 2 1 8 48 64-pin PAG
64-pin RTD
64-pin PM

MSP430F1491 60KB 2KB 3 7 2 1 8 48 64-pin RTD
64-pin PM

MSP430F148 48KB 2KB 3 7 2 1 8 48 64-pin PAG
64-pin RTD
64-pin PM

MSP430F1481 48KB 2KB 3 7 2 1 8 48 64-pin RTD
64-pin PM

MSP430F147 32KB 1KB 3 7 2 1 8 48 64-pin PAG
64-pin RTD
64-pin PM

MSP430F1471 32KB 1KB 3 7 2 1 8 48 64.pin RTD
64-pin PM

MSP430F135 16KB | 512 bytes 3 3 1 1 8 48 64-pin PAG
64-pin RTD
64-pin PM

MSP430F133 8KB | 256 bytes 3 3 1 1 8 48 64-pin PAG
64-pin RTD

(1) Forthe most current package and ordering information, see the Package Option Addendum in Section 8, or see the Tl website at

www.ti.com.

(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.
(3) Each number in the sequence represents an instantiation of Timer_A with its associated number of capture/compare registers and PWM
output generators available. For example, a number sequence of 3, 5 would represent two instantiations of Timer_A, the first

instantiation having 3 and the second instantiation having 5 capture/compare registers and PWM output generators, respectively.
(4) Each number in the sequence represents an instantiation of Timer_B with its associated number of capture/compare registers and PWM

output generators available. For example, a number sequence of 3, 5 would represent two instantiations of Timer_B, the first

instantiation having 3 and the second instantiation having 5 capture/compare registers and PWM output generators, respectively.

3.1 Related Products

For information about other devices in this family of products or related products, see the following links.

Tl 16-bit and 32-bit microcontrollers High-performance, low-power solutions to enable the autonomous
future

Products for MSP430 ultra-low-power microcontrollers One platform. One ecosystem. Endless
possibilities.

Products for other MSP430 microcontrollers MCUs for metrology, monitoring, system control, and
communications

Companion Products for MSP430F149 Review products that are frequently purchased or used with this
product.

Reference Designs The Tl Designs Reference Design Library is a robust reference design library that
spans analog, embedded processor, and connectivity. Created by Tl experts to help you
jump start your system design, all Tl Designs include schematic or block diagrams, BOMs,
and design files to speed your time to market.
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4 Terminal Configuration and Functions

4.1 Pin Diagrams

Figure 4-1 shows the pinout for the MSP430F133 and MSP430F135 MCUs in the 64-pin PM, PAG, and
RTD packages.

E X
N O S 5 a E 8 d %
onalIIZ OCEzgkE <o
OV NN - O EXN=0qQN ©B
Zaze0eRRERERKE R
/C>|_l|_l|_l|_l|_l|_l|_l|_l|_l|_l|_l|_l|_l|_l|_l|_l N
DVee :| f 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 4%18[ P5 4/MCLK
P6.3/A3 [] 2 47[] P53
P6.4/A4 [] 3 4s[] P5.2
P6.5/A5[] 4 45[] P5.1
P6.6/A6 [] 5 44[] P5.0
P6.7/A7 [] 6 43[| P4.7/TBCLK
Vrers 7 42[| P46
XIN[] 8 41[] P45
XouT [J o 40[] P4.4
Verer+ ] 10 39[] P4.3
Vree/Veree- [ 11 38[| P4.2/TB2
P1.0/TACLK [] 12 37[] P4.1/TB1
P1.1/TA0 [] 13 36[] P4.0/TBO
P1.2/TA1 [ 14 35[] P3.7
P1.3/TA2[] 15 34[| P36
P1.4/SMCLK [] 16 33[] P3.5/URXDO
17 18 19 20 21 22 23 24 25 26 2728 29 30 31 32

N A rArArarrararg

0
EO
0

P3.1/SIMO

£ g
==
© «©
- -
oo

P2.1/TAINCLK
P2.2/CAOUT/TAO
P2.3/CAOQ/TA1
P2.4/CA1/TA2
P2.5/Rosc
P2.6/ADC12CLK
P3.2/SOMIO
P3.3/UCLKO
P3.4/UTXD0

Figure 4-1. 64-Pin PM, PAG, or RTD Package (Top View) for MSP430F133 and MSP430F135
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Figure 4-2 shows the pinout for the MSP430F147, MSP430F148, and MSP430F149 MCUs in the 64-pin
PM, PAG, and RTD packages.

E X
o X IZIZ OSEzgE <D
O HN - O E X D=0 N ©©
Zaze0EeRCERLERKERE
/Ol_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_l N
DVee :| f 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 4948 P5 4/MCLK
P6.3/A3 [] 2 47[| P5.3/UCLK1
P6.4/A4[] 3 46[| P5.2/SOMI1
P6.5/A5 [] 4 45[| P5.1/SIMO1
P6.6/A6 [] 5 44[] P5.0/STE1
P6.7/A7 [1 6 43[] P4.7/TBCLK
Vrer+ 1 7 42[| P4.6/TB6
XIN[Je8 41[] P4.5/TB5
XOUT[] 9 40[] P4.4/TB4
Verers [J 10 39[| P4.3/TB3
Vrer-/Verer- ] 1 3s[] P4.2/TB2
P1.0/TACLK [] 12 37[] P4.1/TB1
P1.1/TA0 [] 13 36[] P4.0/TBO
P1.2/TA1 [] 14 35[] P3.7/URXD1
P1.31A2[] 15 34[] P3.6/UTXD1
P1.4/SMCLK [] 16 33[] P3.5/URXDO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

N A rrrararary

P1.5/TAO
P1.6/TA1
P1.7/TA2
P2.0/ACLK
P2.1/TAINCLK

P2.2/CAOUT/TAO
P2.7/TAO

P2.3/CAOQ/TA1
P2.4/CA1/TA2
P2.5/Rosc
P2.6/ADC12CLK
P3.0/STEO
P3.1/SIMO0
P3.2/SOMIO
P3.3/UCLKO
P3.4/UTXD0

Figure 4-2. 64-Pin PM, PAG, or RTD Package (Top View) for MSP430F147, MSP430F148, and MSP430F149
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Figure 4-3 shows the pinout for the MSP430F1471, MSP430F1481, and MSP430F1491 MCUSs in the 64-
pin PM and RTD packages.

I
5«3
— Yo (@]
s 35 580=
® z SCEzgE <D
BB Ju-opExnE0TIR OB
S>S00ooNO0O=200FF WL VW
0oL oo 0o RFHREXXooo
/C)l_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_l
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
DVec ] 1 4SH P5.4/MCLK
P6.3([]2 47[] P5.3/UCLK1
P6.4[]3 46[] P5.2/SOMI1
P6.5 (] 4 45[] P5.1/SIMO1
P6.6[] 5 44[] P5.0/STE1
P6.7[]6 43[] P4.7/TBCLK
Reserved [] 7 42[] P4.6/TB6
XIN[] 8 41[] P4.5/TB5
XOUT[] 9 40[] P4.4/TB4
DVss [J 10 39[] P4.3/TB3
DVss [ 11 38[]| P4.2/TB2
P1.0/TACLK [] 12 37[] P4.1/TB1
P1.1/TAO0 [] 13 36[] P4.0/TBO
P1.2/TA1 [1 14 35[] P3.7/URXD1
P1.3/TA2 [ 15 34[] P3.6/UTXD1
P1.4/SMCLK [ 16 33[ P3.5/URXDO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 3
N OO rAraArAararararararara
552832 m82¢€8
EEEQQOEEEZAEEZSZAX
BORLZESS s ~NQ=Q9F
S-S5 %2<<® 58P DD
00 GFEQQON O N® I
A =<eoS [ B I
a9 o Loaoa
oNOoOQ
o
o

Figure 4-3. 64-Pin PM or RTD Package (Top View) for MSP430F1471, MSP430F1481, and MSP430F1491
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4.2 Signal Descriptions

Table 4-1 describes the signals for the MSP430F13x and MSP430F14x MCUs. See Table 4-2 for the
MSP430F14x1 signal descriptions.

Table 4-1. Signal Descriptions for MSP430F13x and MSP430F14x

SIGNAL NAME PIN NO. 110 DESCRIPTION
AVcce 64 Analog supply voltage, positive terminal. Supplies the analog portion of the ADC.
AVss 62 Analog supply voltage, negative terminal. Supplies the analog portion of the ADC.
DVce 1 Digital supply voltage, positive terminal. Supplies all digital parts.
DVss 63 Digital supply voltage, negative terminal. Supplies all digital parts.
P1.0/TACLK 12 e General-purpose digital /0 pin

Timer_A, clock signal TACLK input

General-purpose digital I/O pin
P1.1/TAO 13 110 Timer_A, capture: CCIOA input, compare: OutO output
BSL transmit

General-purpose digital I/O pin

P1.2/TA1 14 110 Timer_A, capture: CCIOA input, compare: OutO output
BSL transmit
P1.3/TA2 15 /o General-purpose digital I/O pin

Timer_A, capture: CCI2A input, compare: Out2 output

General-purpose digital /0 pin
SMCLK signal output

General-purpose digital I/O pin
P1.5/TAO 1 Vo Timer_A, compare: OutO output

P1.4/SMCLK 16 110

General-purpose digital 1/0 pin
Timer_A, compare: Outl output

General-purpose digital I/O pin
PL7ITA2 19 Vo Timer_A, compare: Out2 output/

P1.6/TA1 18 110

General-purpose digital 1/0 pin
ACLK output

General-purpose digital I/O pin
P2.1/TAINCLK 21 Vo Timer_A, clock signal at INCLK

General-purpose digital /0 pin

Comparator_A output
P2.2/CAQUTITAO 22 Vo Timer_A, capture: CCIOB input
BSL receive

P2.0/ACLK 20 110

General-purpose digital I/O pin
P2.3/CAQ/TAL 23 110 Timer_A, compare: Outl output
Comparator_A input

General-purpose digital I/O pin
P2.4/CA1ITA2 24 110 Timer_A, compare: Out2 output
Comparator_A input

General-purpose digital I/O pin
P2.5/Rosc 25 Vo input for external resistor defining the DCO nominal frequency
P2 6/ADC12CLK 26 e General-purpose digital /0 pin

Conversion clock for ADC

General-purpose digital I/O pin
P2.7[TAO 21 Vo Timer_A, compare: OutO output

General-purpose digital /0 pin
Slave transmit enable for USARTO in SPI mode

General-purpose digital I/O pin
P3.1/SIMO0 29 Vo Slave in/master out of USARTO in SPI mode

General-purpose digital /0 pin
Slave out/master in of USARTO in SPI mode

General-purpose digital 1/0
P3.3/UCLKO sl Vo USARTO clock: external input in UART or SPI mode, output in SPI mode

General-purpose digital /0 pin
Transmit data out for USARTO in UART mode

P3.0/STEO 28 110

P3.2/SOMIO 30 110

P3.4/UTXDO 32 110
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Table 4-1. Signal Descriptions for MSP430F13x and MSP430F14x (continued)

SIGNAL NAME PIN NO. 1/0 DESCRIPTION
5|0 ST e mooe
P3GITHOLD 34 VO | Franamit dath oot for USARTL in UART mode
PaTIURXOL 35 10| Receive dath i for USARTL in UART mod
P4.0/TBO0 36 Vo '(I';ii:];r_alg,pg;g(t)jree:d icgg?tl)xcgrp(i:nCIOB input, compare: OutO output
Pa.1TBL 37 Vo ‘I(?imeerr_arl:‘-,pclzjarl?)?usli:d igg?illxc())rp(i:nCIlB input, compare: Outl output
Pa2/TB2 38 Vo %i:];?g,pggg?jree:d icgg?éxgrp(i:nCIZB input, compare: Out2 output
Pa.3/TB3 39 Vo ‘I(?i(rem?eerr_al'l:»‘-,pcl:JarlirJ)(t:)lelse:OI igg?flaxc())rp(i:nCBB input, compare: Out3 output
Pa.4TB4® 40 Vo '(I';ii?eerr_allﬂ_,pgerlg(t)jree:d icggillxgrp(i:nCMB input, compare: Out4 output
P4.5/TBS®) 4 Vo ‘I(?i(rem?eerr_al'l:»‘-,pcl:JarlirJ)(t:)lelse:OI igg?slxc())rp(i:nCISB input, compare: Out5 output
Pa.6/TBo™ 42 Vo '(I';ii?eerr_allﬂ_,pgerlg(t)jree:d icgg?éxgrp(i:nCIGB input, compare: Out6 output
PA-TITBCLK 4 1o | Fimer B clock signal TBCLK nput
PoOISTELD “ VO | Save mansmit enabe for USARTL in SPI mode
suswol | s | w0 |Sneret S O b ot o
rasowit | s | 10 |SHEREe O b seimo
PS.3LCLKLY 47 Vo S?Ai?tpcul(r)%ok:siggﬁl Illr?pﬁt”}n UART or SPI mode, output in SPI mode
S IRt
o |0 SRt SR o
I I v
Po.TITBOUTH 1 Vo gv%ﬂsrza;‘l)%wvoﬁed?sggﬁgzglﬂigorts to high impedance for Timer_B7 (TBO to TB6)
O I
Po-iAl 0 1o | Rralog mputAL for ADC "
O G
Posihs 2 1o | Rralog mput A3 for ADC "
PoAin : VO | fnalog input Ad or ADC "
Po-siRs 4 Vo | Rralog mput A5 for ADC "
I
Po-TiAT ° 1o | Rralog mput A7 for ADC "

(1) MSP430F14x devices only
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Table 4-1. Signal Descriptions for MSP430F13x and MSP430F14x (continued)

SIGNAL NAME PIN NO. 110 DESCRIPTION
. Reset input
RST/NMI 58 | Nonmaskable interrupt input port
Bootloader start
TCK 57 | Test clock, the clock input port for device programming test and bootloader start
TDITCLK 55 | $gs|/t_rd(?lt_?<fnput or test clock input. The device protection fuse is connected to
TDO/TDI 54 1/0 Test data output or programming data input
T™MS 56 | Test mode select, used as an input port for device programming and test
VeREF+ 10 | Input for an external reference voltage to the ADC
VREF+ 7 (@) Output of positive terminal of the reference voltage in the ADC
VREF-NVeREE- | 11 e o an o cores te g1 e merma
XIN 8 | Input port for crystal oscillator XT1, standard or watch crystals can be connected
XOUT 9 (@) Output terminal of crystal oscillator XT1
XT2IN 53 | Input port for crystal oscillator XT2, only standard crystals can be connected
XT20UT 52 (@) Output terminal of crystal oscillator XT2
QFN Pad NA NA QFN package pad, connect to DVgg
12 Terminal Configuration and Functions Copyright © 2000-2018, Texas Instruments Incorporated
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Table 4-2 describes the signals for the MSP430F14x1 MCUs. See Table 4-1 for the MSP430F13x and

MSP430F14x signal descriptions.

Table 4-2. Signal Descriptions for MSP430F14x1

SIGNAL NAME PIN NO. 110 DESCRIPTION
AVcce 64 Analog supply voltage positive terminal
AVsg 62 Analog supply voltage negative terminal
DVce 1 Digital supply voltage, positive terminal. Supplies all digital parts.
DVss 63 Digital supply voltage, negative terminal. Supplies all digital parts.
General-purpose digital I/O pin
PLO/TACLK 12 Vo Timer_A, clock signal TACLK input
General-purpose digital 1/0 pin
P1.1/TAO 13 110 Timer_A, capture: CCIOA input, compare: OutO output
BSL transmit
General-purpose digital 1/0 pin
P1.2/TAL 14 o Timer_A, capture: CCI1A input, compare: Outl output
General-purpose digital I/O pin
P1.3/TA2 15 Vo Timer_A, capture: CCI2A input, compare: Out2 output
General-purpose digital 1/0 pin
P1.4/SMCLK 16 110 SMCLK signal output
General-purpose digital I/O pin
PL5/TAO 1 Vo Timer_A, compare: OutO output
General-purpose digital 1/0 pin
P16/TAL 18 o Timer_A, compare: Outl output
General-purpose digital I/O pin
PL7ITAZ2 19 Vo Timer_A, compare: Out2 output
General-purpose digital 1/0 pin
P2.0/ACLK 20 110 ACLK output
General-purpose digital I/O pin
P2.1/TAINCLK 21 Vo Timer_A, clock signal at INCLK
General-purpose digital 1/0 pin
P2 2/CAOUT/TAD 29 e Timer_A, capture: CCIOB input
Comparator_A output
BSL receive
General-purpose digital I/O pin
P2.3/CAOQ/TAL 23 110 Timer_A, compare: Outl output
Comparator_A input
General-purpose digital I/O pin
P2.4/CA1ITA2 24 110 Timer_A, compare: Out2 output
Comparator_A input
General-purpose digital I/O pin
P2.5/Rosc 25 Vo Input for external resistor defining the DCO nominal frequency
P2.6 26 110 General-purpose digital 1/0 pin
General-purpose digital 1/0 pin
P2.7ITAO 21 o Timer_A, compare: OutO output
General-purpose digital I/O pin
P3.0/STEO 28 Vo Slave transmit enable for USARTO in SPI mode
General-purpose digital 1/0 pin
P3.1/SIMOO 29 Vo Slave in/master out of USARTO in SPI mode
General-purpose digital I/O pin
P3.2/SOMI0 30 Vo Slave out/master in of USARTO in SPI mode
General-purpose digital 1/0
P3.3/UCLKO 81 o USARTO clock: external input in UART or SPI mode, output in SPI mode
General-purpose digital I/O pin
P3.4/UTXDO 32 Vo Transmit data out for USARTO in UART mode
P3.5/URXDO 33 /o General-purpose digital 1/0 pin

Receive data in for USARTO in UART mode
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Table 4-2. Signal Descriptions for MSP430F14x1 (continued)

SIGNAL NAME PIN NO. 110 DESCRIPTION

General-purpose digital I/O pin

P3.6/UTXD1 34 Vo Transmit data out for USART1 in UART mode
General-purpose digital 1/0 pin

P3.7/URXD1 35 Vo Receive data in for USART1 in UART mode
General-purpose digital I/O pin

P4.0/TBO 36 Vo Timer_B, capture: CCIOA or CCIOB input, compare: OutO output
General-purpose digital 1/0 pin

P4.1/TB1 37 o Timer_B, capture: CCI1A or CCI1B input, compare: Outl output
General-purpose digital I/O pin

P4.2/TB2 38 Vo Timer_B, capture: CCI2A or CCI2B input, compare: Out2 output
General-purpose digital 1/0 pin

P4.3/TB3 39 o Timer_B, capture: CCI3A or CCI3B input, compare: Out3 output
General-purpose digital I/O pin

P4.4/TB4 40 Vo Timer_B, capture: CCI4A or CCI4B input, compare: Out4 output
General-purpose digital 1/0 pin

P4.5/TB5 41 o Timer_B, capture: CCI5A or CCI5B input, compare: Out5 output
General-purpose digital I/O pin

P4.6/TB6 42 Vo Timer_B, capture: CCI6A or CCI6B input, compare: Out6 output
General-purpose digital 1/0 pin

P4.7ITBCLK 43 Vo Timer_B, clock signal TBCLK input
General-purpose digital I/O pin

P5.0/STEL 44 Vo Slave transmit enable for USART1 in SPI mode
General-purpose digital 1/0 pin

P5.1/SIMO1 45 Vo Slave in/master out of USART1 in SPI mode
General-purpose digital I/O pin

P5.2/SOMI1 46 Vo Slave out/master in of USARTL1 in SPI mode
General-purpose digital 1/0 pin

P5.3/UCLK1 a7 o USARTL1 clock: external input in UART or SPI mode, output in SPI mode
General-purpose digital I/O pin

P5.4/MCLK 48 Vo Main system clock MCLK output
General-purpose digital 1/0 pin

P5.5/SMCLK 49 o Submain system clock SMCLK output
General-purpose digital I/O pin

P5.6/ACLK 50 Vo Auxiliary clock ACLK output
General-purpose digital 1/0 pin

P5.7/TBOUTH 51 o Switch all PWM digital output ports to high impedance for Timer_B7 (TBO to TB6)

P6.0 59 110 General-purpose digital I/O pin

P6.1 60 110 General-purpose digital I/O pin

P6.2 61 110 General-purpose digital I/O pin

P6.3 2 110 General-purpose digital 1/0 pin

P6.4 3 110 General-purpose digital /0 pin

P6.5 4 110 General-purpose digital /0 pin

P6.6 5 110 General-purpose digital 1/0 pin

P6.7 6 110 General-purpose digital 1/0 pin
Reset input

RST/NMI 58 | Nonmaskable interrupt input port
Bootloader start

TCK 57 | Test clock, the clock input port for device programming test and bootloader start
Test data input or test clock input. The device protection fuse is connected to

TDI/TCLK 55 | TDITCLK.

TDO/TDI 54 1/0 Test data output or programming data input

T™MS 56 | Test mode select, used as an input port for device programming and test

DVsg 10 | Connect to DVgg

Reserved 7 Reserved, do not connect externally
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Table 4-2. Signal Descriptions for MSP430F14x1 (continued)

SIGNAL NAME PIN NO. 110 DESCRIPTION
DVss 11 | Connect to DVsg
XIN 8 | Input port for crystal oscillator XT1. Standard or watch crystals can be connected.
XOUT 9 (@) Output terminal of crystal oscillator XT1
XT2IN 53 | Input port for crystal oscillator XT2. Only standard crystals can be connected.
XT20UT 52 (@) Output terminal of crystal oscillator XT2
QFN Pad NA NA QFN package pad, connect to DVgg
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5 Specifications

5.1 Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Voltage applied at V¢ to Vss -0.3 4.1 \%
Voltage applied to any pin @ -0.3 Vee + 0.3 Y
Diode current at any device terminal +2 mA
Programmed device -40 85
Storage temperature - °C
Unprogrammed device -55 150

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to Vgg, unless otherwise noted. The JTAG fuse-blow voltage, Vgg, is allowed to exceed the absolute
maximum rating. The voltage is applied to the TDI/TCLK pin when blowing the JTAG fuse.

5.2 ESD Ratings

VALUE | UNIT
y Electrostatic discharge | Human-body model (HBM), per ANSVESDAIJEDEC J5-001%) £1000 |
(ESD)  ratings Charged-device model (CDM), per JEDEC specification JESD22-C101 +250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as £1000
V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as 250 V
may actually have higher performance.

5.3 Recommended Operating Conditions
Typical values are specified at Voc = 3.3 V and T, = 25°C (unless otherwise noted)

MIN NOM MAX | UNIT
During program execution 1.8 3.6
Vee Supply voltage (AVcc = DVee = Vee) - - \%
During flash memory programming 2.7 3.6
VSS Supply Voltage (AVSS = DVSS = Vss) 0 0 \V
Ta Operating free-air temperature -40 85 °C
LF selected, XTS = 0, watch crystal 32768 Hz
fLExTL LFXT1 crystal frequency® XT1 selected, XTS = 1, ceramic resonator 450 8000 iz
XT1 selected, XTS =1, crystal 1000 8000
1 Ceramic resonator 450 8000
fyro XT2 crystal frequency® kHz
Crystal 1000 8000
f P fi (signal MCLK) Vec =18V be A5
rocessor frequency (signal z
SYSTEM q y (Si9 Voo = 3.6V DC 8

(1) InLF mode, the LFXT1 oscillator requires a watch crystal. TI recommends a 5.1-MQ resistor from XOUT to Vgg when Ve < 2.5 V.
In XT1 mode, the LFXT1 and XT2 oscillators accept a ceramic resonator or crystal up to 4.15 MHz at Ve 2 2.2 V.
In XT1 mode, the LFXT1 and XT2 oscillators accept a ceramic resonator or crystal up to 8 MHz at Vcc 2 2.8 V.
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Figure 5-1. Frequency vs Supply Voltage

5.4 Supply Current Into AV and DV Excluding External Current
over recommended operating supply voltage and free-air 