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MSP430F524x, MSP430F523x Mixed-Signal Microcontrollers
1 Features — 32-kHz watch crystals (XT1)

* Low supply-voltage range:
3.6 Vdownto 1.8V
* Ultra-low power consumption
— Active mode (AM):
all system clocks active
290 pA/MHz at 8 MHz, 3.0 V, flash program
execution (typical)
150 yA/MHz at 8 MHz, 3.0 V, RAM program
execution (typical)
— Standby mode (LPM3):
real-time clock (RTC) with crystal, watchdog,
and supply supervisor operational, full RAM
retention, fast wakeup:
1.9pAat2.2V, 2.1 pAat 3.0V (typical)
low-power oscillator (VLO), general-purpose
counter, watchdog, and supply supervisor
operational, full RAM retention, fast wakeup:
1.4 pA at 3.0 V (typical)
— Off mode (LPM4):
full RAM retention, supply supervisor
operational, fast wakeup:
1.1 pA at 3.0 V (typical)
— Shutdown mode (LPM4.5):
0.18 pA at 3.0 V (Typical)
*  Wake up from standby mode in 3.5 ys (typical)
» 16-bit RISC architecture, extended memory, up to
25-MHz system clock
* Flexible power-management system
— Fully integrated LDO with programmable
regulated core supply voltage
— Supply voltage supervision, monitoring, and
brownout
» Unified clock system
— FLL control loop for frequency stabilization
— Low-power low-frequency internal clock source
(VLO)
— Low-frequency trimmed internal reference
source (REFO)

— High-frequency crystals up to 32 MHz (XT2)

16-bit timer TAO, Timer_A with five capture/
compare registers

16-bit timer TA1, Timer_A with three capture/
compare registers

16-bit timer TA2, Timer_A with three capture/
compare registers

16-bit timer TBO, Timer_B with seven capture/
compare shadow registers

Two universal serial communication interfaces
(USCils)

— USCI_AO0 and USCI_A1 each support:

« Enhanced UART with automatic baud-rate
detection

» IrDA encoder and decoder
* Synchronous SPI
— USCI_BO0 and USCI_B1 each support:
« 12C
* Synchronous SPI

10-bit analog-to-digital converter (ADC) with
internal reference, sample-and-hold
Comparator

Hardware multiplier supports 32-bit operations
Serial onboard programming, no external
programming voltage needed

3-channel internal DMA

Basic timer with RTC feature

Device Comparison summarizes the family
members

2 Applications

Analog Sensor Systems
Digital Sensor Systems

Data Loggers
General-Purpose Applications

3 Description

The TI MSP family of ultra-low-power microcontrollers consists of several devices featuring different sets of
peripherals targeted for various applications. The architecture, combined with extensive 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 contribute to maximum code efficiency. The
digitally controlled oscillator (DCO) allows the device to wake up from low-power modes to active mode in 3.5 us

(typical).

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.


https://www.ti.com
https://www.ti.com/product/MSP430F5249
https://www.ti.com/product/MSP430F5247
https://www.ti.com/product/MSP430F5244
https://www.ti.com/product/MSP430F5242
https://www.ti.com/product/MSP430F5239
https://www.ti.com/product/MSP430F5237
https://www.ti.com/product/MSP430F5234
https://www.ti.com/product/MSP430F5232
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS897C&partnum=MSP430F5249
https://www.ti.com/product/msp430f5249?qgpn=msp430f5249
https://www.ti.com/product/msp430f5247?qgpn=msp430f5247
https://www.ti.com/product/msp430f5244?qgpn=msp430f5244
https://www.ti.com/product/msp430f5242?qgpn=msp430f5242
https://www.ti.com/product/msp430f5239?qgpn=msp430f5239
https://www.ti.com/product/msp430f5237?qgpn=msp430f5237
https://www.ti.com/product/msp430f5234?qgpn=msp430f5234
https://www.ti.com/product/msp430f5232?qgpn=msp430f5232
https://www.ti.com/product/MSP430F5249
https://www.ti.com/product/MSP430F5247
https://www.ti.com/product/MSP430F5244
https://www.ti.com/product/MSP430F5242
https://www.ti.com/product/MSP430F5239
https://www.ti.com/product/MSP430F5237
https://www.ti.com/product/MSP430F5234
https://www.ti.com/product/MSP430F5232

13 TEXAS
INSTRUMENTS
www.ti.com

MSP430F5249, MSP430F5247, MSP430F5244, MSP430F5242

MSP430F5239, MSP430F5237, MSP430F5234, MSP430F5232
SLAS897C — SEPTEMBER 2013 — REVISED OCTOBER 2020

The MSP430F524x series are microcontroller configurations with four 16-bit timers, a high-performance 10-bit
ADC, two USCiIs, a hardware multiplier, DMA, a comparator, and an RTC module with alarm capabilities.

The MSP430F523x series microcontrollers include all of the peripherals of the MSP430F524x series except for
the ADC.
For complete module descriptions, see the MSP430F5xx and MSP430F6xx Family User's Guide.

Device Information

PART NUMBER PACKAGE BODY SIZE(")
MSP430F5249IRGC VQFN (64) 9mm x 9 mm
MSP430F52491ZQE BGA (80) 5 mm x 5 mm
MSP430F5244IRGZ VQFN (48) 7 mm x 7 mm
MSP430F52491ZXH nFBGA (80) 5mm x 5 mm
MSP430F5249I1ZQE(?) MicroStar Junior™ BGA (80) 5mm x 5 mm

(1) The sizes shown here are approximations. For the package dimensions with tolerances, see the
Mechanical Data in Section Mechanical, Packaging, and Orderable Information.

(2)  All orderable part numbers in the ZQE (MicroStar Junior BGA) package have been changed to a
status of Last Time Buy. Visit the Product life cycle page for details on this status.
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4 Functional Block Diagrams
Figure 4-1 shows the functional block diagram for the MSP430F5249 and MSP430F5247 devices in the RGC,

ZXH, and ZQE packages.

DVCC AvCC
XIN XOUT RSTDVCC RST/NMI DVSS AVSS VCORE PA PB PC PD  PJ
A ‘ ‘ 'f * ‘ P1.x P2.x P3.x|, P4x_, P5x, P6x  P7.x| PJx
v v v v v 4 4
A A 4
XT2IN — P1 P2 P7
] Unified [ ACLK 128KB 8KB Power SYS 1x810s | 1x8los ||1x5 \/05|1xa 1/0s| 1x6 \/05|1xs 10s| 1x6 1/0s| usclo,1
Clock 64KB 4KB Management PA PB PC PD PJ .
XT20UT 41— System | SMCLK Watehdog 1x16 1/0s 1x13 1/0s 1%14 1/0s 1x6 1/Os | 1x4 1/0s| ULSJiIRT‘/r\x
Port Ma| 1/0 Port :
LDO Controlp Interrupt &OWsakeup /O Ports IrDA, SPI
SVM/SVS
MCLK (P4) USCI_Bx:
Brownout —
Flash RAM SPI, T’C
MAB
CPU)évz DMA
an
Working MDB 3 Channel
Registers
EEM
(S:3+1)
ADC10_A
JTAG, TAO TA1 TA2 TBO 10 Bit comP B
200 ksps -
Infle?f\gvce MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CRC16 12 Chanﬁels REF
5CC 3¢cC 3¢cC 7CC 10 ext, 2 int 8 Channels
Registers Registers Registers Registers
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Figure 4-1. Functional Block Diagram — F5249, F5247 — RGC, ZXH, ZQE Packages

Figure 4-2 shows the functional block diagram for the MSP430F5244 and MSP430F5242 devices in the RGZ
package.
DVCC AvCC
XIN XOUT RSTDVCC RST/NMI DVSS AVSS VCORE PA PB PC PJ
A ‘ ‘ * * ‘ P1.x] P2.x P3.x, P4x, P5x, P6.x, pjx
v v v Vv v 4
A
XT2IN — P1 P2 P3 P4 P5 P6
] Unified [ ACLK 128KB 8KB Power svs 1x8 1/0s 1x11/0s 1x5|/05|1x7|/05 1x6 1/0s | 1x6 1/0s uscio,1
Clock 64KB 4KB Management PA PB PC PJ .
XT20UT <— System | SMCLK Watchdog 1x9 1/0s 1x121/0s 1x12 1/0s 14 1/0s Uﬁilﬁfﬁx
Port Ma :
LDO Controlp Interrupt & Wakeup /0 Ports IrDA, SPI
SVM, SVS
MCLK " P4 :
Flash RAM Brownout *9 Ussé:l'—lzBCX'
CPUXV2 MAB DMA
and
Working MDB 3 Channel
Registers
EEM
(S:3+1)
ADC10_A
JTAG, TAO TA1 TA2 TBO 10 Bit COMP B
SBW 200 ksps -
Interface MPY32 Timer A || Timer A [| Timer A [| Timer B RTC_A CRC16 P REF
5CC 3¢cC 3cC 7¢C 10 Channels 6 Channels
Registers Registers Registers Registers (8 ext, 2 int)
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Figure 4-2. Functional Block Diagram — F5244, F5242 — RGZ Package
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Figure 4-3 shows the functional block diagram for the MSP430F5239 and MSP430F5237 devices in the RGC,

ZXH, and ZQE packages.

DVCC AvVCC
XIN XOUT RSTDVCC RST/NMI DVSS AVSS VCORE PA PB PC PD  PJ
A ‘ ‘ {, * ‘ P1.x] P2.xj P3.x, P4x, P5x, P6.x, P7.x| PJx
v v v v v 4
N
XT2IN — sYs P1 P2 P3 P4 P5 P6 P7 s
Unified [ ACLK 128KB 8KB Power 18 1/0s 1x81/0s | |1x5 1/0s| 1x8 1/0s | 1x6 1/0s | 1x8 1/0s | 1x6 1/0s uscio,1
Clock 64KB 4KB Management PA PB PC PD PJ .
XT20UT 41— system - SMCLK Watchdog 1%16 1/Os 1x13 1/0s 1x14 1/0s 1%6 1/0s| 1x4 1/0s ULSJiIRT‘?x
Port Ma /0 Port :
LDO Controlp Interrupt &Ogvzkeup /O Ports IrDA, SPI
SVM/SVS
MCLK Flash RAM Brownout P4 USSIEIHE(;:
MAB
CPUXV2 DMA
and
Won_'king MDB 3 Channel
Registers
EEM
(S:3+1)
JSTBAVC\;I TAO TA1 TA2 TBO comp B
Interface MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CRC16 REF
5cCC 3cC 3cC 7¢cC 8 Channels
Registers Registers Registers Registers
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Figure 4-3. Functional Block Diagram — F5239, F5237 — RGC, ZXH, and ZQE Packages

Figure 4-4 shows the functional block diagram for the MSP430F5234 and MSP430F5232 devices in the RGZ

package.
DVCC AvVCC
XIN XOUT RSTDVCC RST/NMI DVSS AVSS VCORE PA PB PC PJ
A | | o | P1.x P2x, P3.x, P4x, P5x, P6x, pjyx
v v v v v 3 4 A
A
XT2IN — P1 P2 P3 P4 P5 P6
M Unified [ ACLK 128KB 8KB Power Svs 1x8 I/0s | 1x1 1/0s 1><5I/Os|1><7|/0$ 1x6 1/0s | 1x6 1/0s uscio,1
Clock 64KB 4KB Management PA PB PC PJ .
XT20UT 41— system |- SMCLK Watchdog 1x9 1/0s 1x12 1/0s 1x121/0s  |1x41/0s UfJ(A:IF?I/:\X
Port Ma| 1/0 Port :
LDO Controlp Interrupt & Wakeup /O Ports IrDA, SPI
SVM, SVS
MCLK ' (P4) USCI_Bx:
Brownout -
Flash RAM wnou SPILTC
MAB
CPU);VZ DMA
an
Working MDB 3 Channel
Registers
EEM
(S:3+1)
JS-I—BAVC\;/ TAO TA1 TA2 TBO COMP_B
Interface MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CRC16 REF
5CC 3CC 3CC 7CC 6 Channels
Registers Registers Registers Registers
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Figure 4-4. Functional Block Diagram — F5234, F5232 — RGZ Package
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5 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from revision B to revision C

Changes from September 28, 2018 to October 20, 2020 Page
» Updated the numbering for sections, tables, figures, and cross-references throughout the document.............. 1
* Added nFBGA package (ZXH) information throughout document..............ccccciiiii e, 1
* Added note about status change for all orderable part numbers in the ZQE package in Table 3-1 .................. 1
* Changed the MAX value of the Iggrase and Iyerase; Isank parameters in Section 8.41, Flash Memory ......... 45

Changes from revision A to revision B

Changes from November 26, 2015 to September 27, 2018 Page
e Added Section 6.1, REIAIEA PrOQUCES ............oooeeeeieeee et e e e e e e e e e e st eeeaa e s eaaneeseen 7
« Added typical conditions statements at the beginning of Section 8, Specifications .............cccccccoviiiiiiinnn. 18
+ Changed the MIN value of the V(pycc Bor hys) Parameter from 60 mV to 50 mV in Section 8.20, PMM,
Brownout RESET (BOR) ...ttt ettt ettt e e ettt e e e bttt e e e e abb ittt e e ant bt e e e e e nnbee e e e e nnnneeeas 31
» Updated notes (1) and (2) and added note (3) in Section 8.26, Wake-up Times From Low-Power Modes and
L0z AP PP PR TPPPPPP 34
* Removed ADC10DIV from the formula for the TYP value in the second row of the tconyerT parameter in
Section 8.36, 10-Bit ADC, Timing Parameters, because ADC10CLK is after division...............ccccovveeeenennn. 41
+ Added second row for tey_cmp With Test Conditions of "CBPWRMD = 10" and MAX value of 100 ps in Section
I L T ] o i o = PR 44
* Renamed FCTL4.MGRO and MGR1 bits in the fyc k mer parameter in Section 8.41, Flash Memory, to be
CoNSIStENt With NEAAET fIlES ...t e e e e e e e e e s e s nnneneereeeeeaaeeeeeaannnne 45
» Throughout document, changed all instances of "bootstrap loader" to "bootloader"...............cccovriveeeeeeeeennnn. 50
* Replaced former section Development Tools Support with Section 10.3, Tools and Software ....................... 96
» Updated list of related documentation in Section 10.4, Documentation SUPPOIt .............cccccciieieiiieeaeiiiiens 99
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6 Device Comparison
Table 6-1 summarizes the available family members.

Table 6-1. Device Comparison

UscCl
FLASH SRAM . . o ADC10_A | Comp_B
1) @) ) 4 | CHANNEL A: . = p_
DEVICE (KB) (KB) Timer_A Timer_B T CHANNEL B: (Ch) (Ch) 1/0s PACKAGE
v ’ SPI, I2C
SPI
64 RGC,
MSP430F5249 128 8 53,3 7 2 2 10 ext, 2 int 8 53 80 ZXH,
80 ZQE
64 RGC,
MSP430F5247 64 8 53,3 7 2 2 10 ext, 2 int 8 53 80 ZXH,
80 ZQE
MSP430F5244 128 8 53,3 7 2 2 8 ext, 2 int 6 37 48 RGZ
MSP430F5242 64 8 53,3 7 2 2 8 ext, 2 int 6 37 48 RGZ
64 RGC,
MSP430F5239 128 8 53,3 7 2 2 - 8 53 80 ZXH,
80 ZQE
64 RGC,
MSP430F5237 64 8 53,3 7 2 2 - 8 53 80 ZXH,
80 ZQE
MSP430F5234 128 8 53,3 7 2 2 - 6 37 48 RGZ
MSP430F5232 64 8 53,3 7 2 2 - 6 37 48 RGZ

(1)  For the most current package and ordering information, see the Package Option Addendum in Section Mechanical, Packaging, and
Orderable Information, or see the Tl website at www.ti.com.

(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines 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.

6.1 Related Products
For information about other devices in this family of products or related products, see the following links.
Products for Tl Microcontrollers

TI's low-power and high-performance MCUs, with wired and wireless connectivity options, are optimized for a
broad range of applications.

Products for MSP430 Ultra-Low-Power Microcontrollers

One platform. One ecosystem. Endless possibilities. Enabling the connected world with innovations in ultra-low-
power microcontrollers with advanced peripherals for precise sensing and measurement.

Companion Products for MSP430F5249
Review products that are frequently purchased or used in conjunction with this product.
Tl Reference Designs

Find reference designs that leverage the best in Tl technology to solve your system-level challenges.
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7 Terminal Configuration and Functions

7.1 Pin Diagrams
Figure 7-1 shows the pinout for the MSP430F5249 and MSP430F5247 devices in the 64-pin RGC package.

P6.0/A0/CBO
P6.1/A1/CB1
P6.2/A2/CB2
P6.3/A3/CB3
P6.4/A4/CB4
P6.5/A5/CB5
P6.6/A6/CB6
P6.7/A7/CB7
P5.0/A8/VeREF+
P5.1/A9/VeREF-
AVCC

P5.4/XIN
P5.5/XOUT
AVSS

DvCC

DVSS

A. Tl recommends connecting the exposed thermal pad to Vss.
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_| P4.7/PM_NONE

P4.6/PM_NONE
P4.5/PM_UCA1RXD/PM_UCA1SOMI
P4.4/PM_UCA1TXD/PM_UCA1SIMO
P4.3/PM_UCB1CLK/PM_UCA1STE
P4.2/PM_UCB1SOMI/PM_UCB1SCL
P4.1/PM_UCB1SIMO/PM_UCB1SDA

_| P4.0/PM_UCB1STE/PM_UCA1CLK

DvCC

DVSS
P3.4/UCAORXD/UCAOSOMI
P3.3/UCAO0TXD/UCAOSIMO
P3.2/UCBOCLK/UCAOQSTE
P3.1/UCBOSOMI/UCBOSCL
P3.0/UCB0OSIMO/UCBOSDA

| P2.7/JUCBOSTE/UCAOCLK

Figure 7-1. 64-Pin RGC Package (Top View) — MSP430F5249, MSP430F5247
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Figure 7-2 shows the pinout for the MSP430F5244 and MSP430F5242 devices in the 48-pin RGZ package.
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A. Tl recommends connecting the exposed thermal pad to Vgs.

Figure 7-2. 48-Pin RGZ Package (Top View) — MSP430F5244, MSP430F5242
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Figure 7-3 shows the pinout for the MSP430F5239 and MSP430F5237 devices in the 64-pin RGC package.
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A. Tl recommends connecting the exposed thermal pad to Vgs.

Figure 7-3. 64-Pin RGC Package (Top View) — MSP430F5239, MSP430F5237
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| P4.6/PM_NONE

| P4.5/PM_UCA1RXD/PM_UCA1SOMI
| P4.4/PM_UCA1TXD/PM_UCA1SIMO
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Figure 7-4 shows the pinout for the MSP430F5234 and MSP430F5232 devices in the 48-pin RGZ package.
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A. Tl recommends connecting the exposed thermal pad to Vgs.

Figure 7-4. 48-Pin RGZ Package (Top View) — MSP430F5234, MSP430F5232
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Figure 7-5 shows the pinout for the MSP430F5249, MSP430F5247, MSP430F5239, and MSP430F5237 devices
in the 80-pin ZXH or ZQE package.

{\A_»]/\
P62
‘\B_’l/‘
Pes
{\(i»]/\
P66
‘\D_’l/‘
B?P
1\5_1/\
R?f
{\|:_1/\
R?@
{\G_1/\
DYQP
{\H_‘]/\

DVSS
[ \
1

{\A_z/\
P61
1\5_2 )
R@g
1\0_2 /\
P65
{\D_Z )
P5.d
{\E_z /\
A\[C\C
{\F_z )
A\lS\S
2)
P1.0

RN
[ \
\H?/

P6.0 RSTDVCC PJ.2

[ \
\6?/

PJ§
[ \
\??/

P67
[ \
D3)

-~
[ \
\??/

-~

1 E3)
\F3/

-~
[ \
\9?/

P1.1

-~
(H3)
\H?/

VQQBE P1.2

[ \
)

[ \
%)

TEST RST/NMI

{\A_4 )
R?@
1\5_4 )
Eg!
1\0_4 )

-~
[ \
\?ﬁ/
-~

[ \
\??/

-~

[ \
(F4)

P1.3
(G4)
ij
(Ha)
P1s
A s )

{\A_S/\
R?@
1\5_5 /\
PO
1\0_5 /\

-~
[ \
\??/
-~

[ \
\??/

-~

[ E5 )
\F5/

P18
‘\G_S/‘
P17
{\H_5 )
E?Q
‘ J_5 )

El?
r\A_g )
NG
‘\B_s )

-~
[ \
\9?/
-~

[ \
\P?/
-~

[ \
\??/

-~

[ Fg )
\FG/

P2,
(G6)
P23
{\H_6 )
P2.2
‘4 _6 )

P7.4
(A7)
il

P72
1\5_7 )
P47
(c7)

P4.4
f\B_?)
P4
{\E_7/\

-~

g7\
\F7/

E;f
{\G_7 /\
E?Z
(H7)
P2.4
‘ J_7 )

R?g RZ!
Ké?) KA?)
/_\P?D -
K??)AAAK??)
Eﬂ@ Rﬂ@
KQ?) KQ?)
Eﬂ@ Eﬂ@
K??) KP?)
Piq\ DYQP
Kg?) K;?)
- Dyss
KE§) KE?)
E?g E?@
19?) Kq?)
P30 P3
KH?) KH?)

P25 P26
[ \ [ \
g,y

Figure 7-5. 80-Pin ZHX or ZQE Package (Top View) — MSP430F5249, MSP430F5247, MSP430F5239,
MSP430F5237
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7.2 Signal Descriptions

Table 7-1 describes the signals for all device variants and package options.

Table 7-1. Signal Descriptions

TERMINAL
b0k [{e]V)] DESCRIPTION
NAME RGe | 200 | Rez

General-purpose digital 1/0

P6.4/CB4/A4 5 C1 2 I/O | Comparator_B input CB4
Analog input A4 for the ADC (not available on all device types)
General-purpose digital 1/0

P6.5/CB5/A5 6 D2 3 I/O |Comparator_B input CB5
Analog input A5 for the ADC (not available on all device types)
General-purpose digital I/O (not available on all device types)

P6.6/CB6/A6 7 D1 N/A /O | Comparator_B input CB6 (not available on all device types)
Analog input A6 for the ADC (not available on all device types)
General-purpose digital /0O (not available on all device types)

P6.7/CB7/A7 8 D3 N/A I/O | Comparator_B input CB7 (not available on all device types)
Analog input A7 for the ADC (not available on all device types)
General-purpose digital 1/0

P5 0/A8/VeREF+ 9 E1 4 /o Analog input A8 for the ADC (not available on all device types)
Input for an external reference voltage to the ADC (not available on all
device types)
General-purpose digital 1/0

P5.1/A9/VeREF- 10 E2 5 /o Analog input A9 for the ADC (not available on all device types)
Negative terminal for the ADC reference voltage for an external applied
reference voltage (not available on all device types)

AVCC 11 F2 6 Analog power supply

P5.AXIN 12 F1 7 Vo General-purpose digital 1/0
Input terminal for crystal oscillator XT1
General-purpose digital 1/0

P5.5/XOUT 13 G1 8 110 ) )
Output terminal of crystal oscillator XT1

AVSS 14 G2 9 Analog ground supply

DvVCC 15 H1 10 Digital power supply

DVSS 16 J1 11 Digital ground supply

VCORE® 17 2 12 E:g?nlzt)ed core power supply output (internal use only, no external current
General-purpose digital I/O with port interrupt

P1.0/TAOCLK/ACLK 18 H2 13 I/0 | TAO clock signal TAOCLK input
ACLK output (divided by 1, 2, 4, 8, 16, or 32)
General-purpose digital /0O with port interrupt

P1.1/TA0.0 19 H3 14 /O | TAO CCRO capture: CCIOA input, compare: OutO output
BSL transmit output
General-purpose digital I/O with port interrupt

P1.2/TA0.1 20 J3 15 /O | TAO CCR1 capture: CCI1A input, compare: Out1 output
BSL receive input
General-purpose digital I/0 with port interrupt

P1.3/TA0.2 21 G4 16 110
TAO CCR2 capture: CCI2A input, compare: Out2 output
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Table 7-1. Signal Descriptions (continued)

TERMINAL
NAME NO. 1o DESCRIPTION
ZXH,
RGC ZQE RGZ

General-purpose digital /0 with port interrupt
P1.4/TA0.3 22 H4 17 I/0

TAO CCR3 capture: CCI3A input compare: Out3 output

General-purpose digital I/0 with port interrupt
P1.5/TA0.4 23 J4 18 le}

TAO CCR4 capture: CCI4A input, compare: Out4 output
General-purpose digital I/O with port interrupt
P1.6/TA1CLK/CBOUT 24 G5 19 I/0 | TA1 clock signal TA1CLK input

Comparator_B output

General-purpose digital /0 with port interrupt
TA1 CCRO capture: CCIOA input, compare: Out0 output

General-purpose digital /0 with port interrupt (not available on all device
types)

TA1 CCR1 capture: CCI1A input, compare: Out1 output (not available on all
device types)

P1.7/TA1.0 25 H5 20 110

P2.0/TA1.1 26 J5 N/A IO

General-purpose digital /O with port interrupt (not available on all device
types)

TA1 CCR2 capture: CCI2A input, compare: Out2 output (not available on all
device types)

P2.1/TA1.2 27 G6 N/A 110

General-purpose digital /O with port interrupt (not available on all device
types)

TAZ2 clock signal TA2CLK input

SMCLK output (not available on all device types)

P2.2/TA2CLK/SMCLK 28 J6 N/A 10

General-purpose digital /0O with port interrupt (not available on all device
types)

TA2 CCRO capture: CCIOA input, compare: Out0 output (not available on all
device types)

P2.3/TA2.0 29 H6 N/A IO

General-purpose digital /O with port interrupt (not available on all device
types)

TA2 CCR1 capture: CCI1A input, compare: Out1 output (not available on all
device types)

P2.4/TA2.1 30 J7 N/A 110

General-purpose digital I/0O with port interrupt (not available on all device
types)

TA2 CCR2 capture: CCI2A input, compare: Out2 output (not available on all
device types)

P2.5/TA2.2 31 J8 N/A 110

General-purpose digital I/O with port interrupt (not available on all device
types)
P2.6/RTCCLK/DMAEQ 32 99 N/A Vo RTC clock output for calibration (not available on all device types)

DMA external trigger input (not available on all device types)

General-purpose digital 1/0
Slave transmit enable for USCI_BO SPI mode
Clock signal input for USCI_AQ SPI slave mode

P2.7/UCBOSTE/UCAOCLK 33 H7 21 110

Clock signal output for USCI_AO SPI master mode

General-purpose digital 1/0
P3.0/UCB0OSIMO/UCBOSDA 34 H8 22 I/O | Slave in, master out for USCI_BO SPI mode
I2C data for USCI_BO I2C mode
General-purpose digital 1/0
P3.1/UCB0OSOMI/UCB0OSCL 35 H9 23 I/O |Slave out, master in for USCI_BO0 SPI mode
I2C clock for USCI_BO 12C mode
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Table 7-1. Signal Descriptions (continued)

TERMINAL
NAME NO. o™ DESCRIPTION
ZXH,
RGC ZQE RGZz
General-purpose digital 1/0
Clock signal input for USCI_BO SPI slave mode
P3.2/UCBOCLK/UCAQSTE 36 G8 24 I/0 .
Clock signal output for USCI_BO SPI master mode
Slave transmit enable for USCI_AO SPI mode
General-purpose digital 1/0
P3.3/UCAOTXD/UCAOSIMO 37 G9 25 I/O | Transmit data for USCI_AO UART mode
Slave in, master out for USCI_AO SPI mode
General-purpose digital 1/0
P3.4/UCAORXD/UCAQSOMI 38 G7 26 I/O |Receive data for USCI_AO UART mode
Slave out, master in for USCI_AO SPI mode
DVSS 39 F9 27 Digital ground supply
DvVCC 40 E9 28 Digital power supply
General-purpose digital /0O with reconfigurable port mapping secondary
function
P4.0/PM_UCB1STE/ Default mapping: Slave transmit enable for USCI_B1 SPI mode
PM UCA1CLK 41 E8 29 110 pping _
- Default mapping: Clock signal input for USCI_A1 SPI slave mode
Default mapping: Clock signal output for USCI_A1 SPI master mode
General-purpose digital /0 with reconfigurable port mapping secondary
P4.1/PM_UCB1SIMO/ P e T function
PM_UCB1SDA Default mapping: Slave in, master out for USCI_B1 SPI mode
Default mapping: 12C data for USCI_B1 12C mode
General-purpose digital /O with reconfigurable port mapping secondary
P4.2/PM_UCB1SOMI/ s | Do | 31 | yo |Meten
PM_UCB1SCL Default mapping: Slave out, master in for USCI_B1 SPI mode
Default mapping: 12C clock for USCI_B1 I12C mode
General-purpose digital 1/O with reconfigurable port mapping secondary
function
P4.3/PM_UCB1CLK/ Default mapping: Clock signal input for USCI_B1 SPI slave mode
PM UCA1STE 44 D8 32 lfe} pping 9 p _
- Default mapping: Clock signal output for USCI_B1 SPI master mode
Default mapping: Slave transmit enable for USCI_A1 SPI mode
General-purpose digital /0O with reconfigurable port mapping secondary
P4.4/PM_UCA1TXD/ s | o7 | 33 | 1o function
PM_UCA1SIMO Default mapping: Transmit data for USCI_A1 UART mode
Default mapping: Slave in, master out for USCI_A1 SPI mode
General-purpose digital /0O with reconfigurable port mapping secondary
P4.5/PM_UCA1RXD/ 4% | co | 34 | 1o function
PM_UCA1SOMI Default mapping: Receive data for USCI_A1 UART mode
Default mapping: Slave out, master in for USCI_A1 SPI mode
General-purpose digital 1/O with reconfigurable port mapping secondary
P4.6/PM_NONE 47 | c8 | 35 | /o |function
Default mapping: no secondary function.
General-purpose digital 1/O with reconfigurable port mapping secondary
P4.7/PM_NONE 48 c7 N/A I/0 |function (not available on all device types)

Default mapping: no secondary function. (not available on all device types)
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Table 7-1. Signal Descriptions (continued)

TERMINAL
NAME NO. ot DESCRIPTION
ZXH,
RGC ZQE RGZ
General-purpose digital /O (not available on all device types)
P7.0/TB0.0 49 B8,

B9 N/A I/O | TBO CCRO capture: CCIOA input, compare: OutO output (not available on all
device types)

General-purpose digital /0O (not available on all device types)

P7.1/TB0.1 50 A9 N/A I/O | TBO CCR1 capture: CCI1A input, compare: Out1 output (not available on all
device types)

General-purpose digital I/O (not available on all device types)

P7.2/TB0.2 51 B7 | N/A | 1O |TBO CCR2 capture: CCI2A input, compare: Out2 output (not available on all
device types)

General-purpose digital I/O (not available on all device types)

P7.3/TB0.3 52 A8 | N/A | I/0 |TBO CCR3 capture: CCI3A input, compare: Out3 output (not available on all
device types)

General-purpose digital I/O (not available on all device types)

P7.4/TB0.4 53 A7 | N/A | /0O |TBO CCR4 capture: CCI4A input, compare: Out4 output (not available on all
device types)

General-purpose digital /0O (not available on all device types)

P7.5/TB0.5 54 A6 N/A I/O | TBO CCR5 capture: CCI5A input, compare: Out5 output (not available on all
device types)

Reset input, active low (also see Section 7.2.1)(7)

RST/NMI 56 A5 37 |
Nonmaskable interrupt input
General-purpose digital 1/0
P5.2/XT2IN 57 B5 38 I/0
Input terminal for crystal oscillator XT2
General-purpose digital I/O \
P5.3/XT20UT 58 B4 39 110 ) )
Output terminal of crystal oscillator XT2
Test mode pin — Selects four-wire JTAG operation
TEST/SBWTCK®) 59 A4 40 |
Spy-Bi-Wire input clock when Spy-Bi-Wire operation activated
General-purpose digital 1/0
PJ.0/TDO®) 60 C5 41 I/0 purp 9
JTAG test data output port
General-purpose digital 1/0
PJ.1/TDI/TCLK®) 61 C4 42 I/0 . .
JTAG test data input or test clock input
General-purpose digital 1/0
PJ.2/TMS®) 62 A3 43 I/0 pure 9
JTAG test mode select
General-purpose digital 1/0
PJ.3/TCK®) 63 B3 44 lfe} pure g
JTAG test clock
Reset input active low (also see Section 7.2.1)(@)
RSTDVCC/SBWTDIO®) 64 A2 45 lfe}

Spy-Bi-Wire data input/output when Spy-Bi-Wire operation activated

General-purpose digital 1/0
P6.0/CB0/AO 1 A1 46 I/O | Comparator_B input CBO
Analog input A0 for the ADC (not available on all device types)

General-purpose digital 1/0
P6.1/CB1/A1 2 B2 47 /O |Comparator_B input CB1
Analog input A1 for the ADC (not available on all device types)

General-purpose digital 1/0
P6.2/CB2/A2 3 B1 48 I/O |Comparator_B input CB2
Analog input A2 for the ADC (not available on all device types)
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Table 7-1. Signal Descriptions (continued)

TERMINAL
NAME NO. ot DESCRIPTION
ZXH,
RGC ZQE RGZ

General-purpose digital 1/0
P6.3/CB3/A3 4 Cc2 1 I/O |Comparator_B input CB3

Analog input A3 for the ADC (not available on all device types)
Reserved 55(2) @ | 36@ Reserved
QFN Pad Pad N/A | Pad QFN package pad. Connection to Vs recommended.
(1) 1 =input, O = output, N/A = not available

(2) This pin is reserved and can be left unconnected or connected to ground.

(3) Pins C6, D4, D5, D6, E3, E4, E5, E6, F3, F4, F5, F6, F7, F8, G3 are reserved and should be connected to ground. Pin B6 is reserved
and can be left unconnected or connected to ground.

(4) VCORE is for internal use only. No external current loading is possible. VCORE should only be connected to the recommended
capacitor value, CycoRre-

(5) See Section 9.5 and Section 9.6 for use with BSL and JTAG functions, respectively.

(6) See Section 9.6 for use with JTAG function.

(7)  When this pin is configured as reset, the internal pullup resistor is enabled by default.

(8) This nonconfigurable reset has an internal pullup to DVCC.

7.2.1 RST/NMI and RSTDVCC/SBWTDIO Pins

The RST/NMI and RSTDVCC/SBWTDIO pins have overlapping function when configured as reset but they are
differentiated as shown here:

* Both can be used for the reset function. When both are used as reset, they can be tied together.
* RST/NMI also includes the external NMI function and has a configurable pullup or pulldown when used as

reset.

» RSTDVCC/SBWTDIO also includes the SBWTDIO function and has a nonconfigurable pullup when used as
reset.
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8 Specifications

All graphs in this section are for typical conditions, unless otherwise noted.

Typical (TYP) values are specified at Ve = 3.3 V and Tp = 25°C, unless otherwise noted.

8.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Voltage applied at Vg to Vsg -0.3 41 \Y
Voltage applied to any pin (excluding VCORE)®?) —0.3 Ve +0.3 \%
Diode current at any device pin +2 mA
Storage temperature, Tgtg () 55 150 °C

M

)
(©)

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.

All voltages are referenced to Vgs. VCORE is for internal device use only. No external DC loading or voltage should be applied.
Higher temperature may be applied during board soldering according to the current JEDEC J-STD-020 specification with peak reflow
temperatures not higher than classified on the device label on the shipping boxes or reels.

8.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000
Vesp) Electrostatic discharge - — \
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +250

M
@)

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.

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.

8.3 Recommended Operating Conditions

MIN NOM MAX| UNIT
PMMCOREVx =0 1.8 3.6
v Supply voltage during program execution and ~ |PMMCOREVx =0, 1 2.0 36 v
ce flash programming (AV¢c = D) @) PMMCOREVx =0, 1, 2 2.2 36
PMMCOREVx=0,1,2,3 2.4 3.6
Vss Supply voltage (AVss = DVgg) 0 \%
Ta Operating free-air temperature -40 85| °C
T, Operating junction temperature —40 85| °C
CvCOoRE Recommended capacitor at VCORE(®) 470 nF
Covee/ € Capacitor ratio of DVCC to VCORE 10
VCORE
PMMCOREVx = 0 (default condition), 0 8.0
1.8V <Vec<3.6V '
PMMCOREVx = 1, 0 12.0
¢ Processor frequency (maximum MCLK 20V<sVec=36V ’ MHz
SYSTEM frequency)® (see Figure 8-2) PMMCOREVx = 2, )
22V<Vee <36V 0 0.0
PMMCOREVx = 3,
24V <Vee <36V 0 25.0

(1)
@

Tl recommends powering AV and DV from the same source. A maximum difference of 0.3 V between AV and DV can be
tolerated during power up and operation.

The minimum supply voltage is defined by the supervisor SVS levels when it is enabled. See the threshold parameters in Section 8.22
for the exact values and further details.

18

Submit Document Feedback Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: MSP430F5249 MSP430F5247 MSP430F5244 MSP430F5242 MSP430F5239
MSP430F5237 MSP430F5234 MSP430F5232


https://www.ti.com/product/MSP430F5249
https://www.ti.com/product/MSP430F5247
https://www.ti.com/product/MSP430F5244
https://www.ti.com/product/MSP430F5242
https://www.ti.com/product/MSP430F5239
https://www.ti.com/product/MSP430F5237
https://www.ti.com/product/MSP430F5234
https://www.ti.com/product/MSP430F5232
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS897C&partnum=MSP430F5249
https://www.ti.com/product/msp430f5249?qgpn=msp430f5249
https://www.ti.com/product/msp430f5247?qgpn=msp430f5247
https://www.ti.com/product/msp430f5244?qgpn=msp430f5244
https://www.ti.com/product/msp430f5242?qgpn=msp430f5242
https://www.ti.com/product/msp430f5239?qgpn=msp430f5239
https://www.ti.com/product/msp430f5237?qgpn=msp430f5237
https://www.ti.com/product/msp430f5234?qgpn=msp430f5234
https://www.ti.com/product/msp430f5232?qgpn=msp430f5232

1} TEXAS MSP430F5249, MSP430F5247, MSP430F5244, MSP430F5242

INSTRUMENTS MSP430F5239, MSP430F5237, MSP430F5234, MSP430F5232
www.ti.com SLAS897C — SEPTEMBER 2013 — REVISED OCTOBER 2020

(3) A capacitor tolerance of +20% or better is required.
(4) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.
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A. The device remains in reset based on the conditions of the RSTDVCC/SBWTDIO and RST pins, along with the voltage present on
DVCC voltage supply. Holding RSTDVCC/SBWTDIO or RST at a logic low or holding DVCC below the SVSH_+ minimum threshold
causes the device to remain in its reset condition; that is, these conditions form a logical OR with respect to device reset.

Figure 8-1. Reset Timing
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NOTE: The numbers within the fields denote the supported PMMCOREVX settings.

Figure 8-2. Maximum System Frequency
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